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PREFACE

To practice the art of medicine, one must learn the secrets of pathophysiology, diagnosis and therapy. In this text, you
will find the answers to many questions about the hepatic and digestive diseases. We hope that medical students,
residents, fellows, and, yes, even attending physicians will find the fifth edition of GI/Liver Secrets Plus instructive and
insightful.

As editor, I wish to thank James Merritt, Kelly McGowan and the staff at Elsevier for their wonderful support of
this project and their courage and determination to make this book available on the web. I am most appreciative of all
my contributing authors who have shared their invaluable secrets and made this book an enjoyable, as well as an
educational, experience.

Peter R. McNally, DO, MSRF, MACG
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10.

11.
12.

. Runyon criteria for diagnosis of secondary bacterial peritonitis (based on presence of two the following

three ascitic fluid criteria):

e Total protein more than 1 g/dL

e Glucose less than 50 mg/dL

e Lactate dehydrogenase (LDH) more than 225 mU/mL (or > upper limit of normal [ULN] for serum)

It is important to differentiate spontaneous bacterial peritonitis (SBP) from secondary bacterial peritonitis in
cirrhotic patients, because treatment for SBP is medical, whereas treatment for secondary bacterial
peritonitis is usually surgical. Patients with Runyon criteria for secondary bacterial peritonitis must be
evaluated promptly by abdominal computed tomography imaging and early surgical consultation.

. InCentral and South America, Chagas disease is a multisystem infectious disease caused by the protozoan

Trypanosoma cruzi and transmitted by bites from the Reduvid (kissing) bug. Ganglion cells are destroyed
throughout the body, resulting in megaesophagus, duodenum, colon, and rectum. Esophageal Chagas
disease is identical to idiopathic achalasia.

. ALL individuals born in between 1945 and 1965 should have a once in a lifetime test for hepatitis C virus

(HCV) exposure, regardless of risk factors (HCV Cohort Screening).

. Suspected variceal bleeding requires additional preendoscopic medical therapy with antibiotics and

octreotide.

. Eighty-five percent of cases of lower gastrointestinal bleeding are self-limited and uncomplicated, and

urgent colonoscopy versus elective colonoscopy has not been proven to change clinical or cost outcomes.

. Dysphagia is common after a stroke (at least 25% of patients) and is a risk factor for pneumonia and

aspiration. In most stroke patients dysphagia will improve and percutaneous gastrostomy should be
avoided for at least the first 2 weeks.

. Aspiration of amebic abscess should be considered under the following circumstances:

¢ When pyogenic abscess or secondary infection of an amebic abscess cannot be excluded

¢ \When the patient does not respond to 5 to 7 days of adequate therapy

e When the abscess is very large, usually greater than 5 cm, or in the left lobe, which are risk factors for
rupture and causes severe pain

. The combination of ulcerative colitis (UC) and primary sclerosing cholangitis (PSC) is more often associated

with pancalitis, less endoscopic activity, backwash ileitis, rectal sparing, an increased risk of pouchitis,
peristomal varices after proctocolectomy with ileostomy, and colon cancer when compared with chronic
UC not associated with PSC.

. Symptoms of esophageal obstructive dysphagia have been shown to correlate with luminal diameter

smaller than 13 mm, and symptoms are unlikely at luminal diameter larger than 20 mm.

Vertical transmission of HCV occurs in 2% to 10% for infants born of HCV-RNA positive mothers. The risk
for vertical transmission increases dramatically with mothers coinfected with HCV and human
immunodeficiency virus and those with HCV RNA of more than 1 million copies. There is no evidence
that HCV is transmitted in breast milk.

Scleroderma is associated with esophageal motility disorders in greater than 90% of patients.

Colonoscopy colon cancer screening recommendations, by risk group:

Patients with average risk and asymptomatic screening:

e All men and women 50 years or older

e Exception: African Americans 45 years or older

e Repeat colonoscopy every 10 years, after a negative examination

For patients found to have multiple or large polyps:

e Colonoscopy at the time of initial polyp diagnosis.

e |f 1 to 2 small adenomatous polyps with low grade abnormality, repeat in 5 to 10 years.
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17.

18.

19.

20.
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e |f 3to 10 adenomatous polyps or 1 adenomatous polyp greater than 1 cm, repeat colonoscopy within
3 years after polyp removal.

o With certain types of polyps or with high-grade abnormality, repeat colonoscopy within 3 years. If normal,
repeat again in 5 years.

¢ |f more than 10 adenomatous polyps, repeat in less than 3 years.

e |f polyps are permanently attached and not on a stem and are removed in portions, repeat colonoscopy
in 2 to 6 months to verify complete polyp removal.

Patients with prior surgery for colorectal cancer:

e Colonoscopy within 1 year after surgery; if normal, repeat in 3 years; if still normal, repeat in 5 years.

Persons with family history of colon cancer:

e Colonoscopy at age 40 or 10 years before the age that the index family member was diagnosed with
cancer or colon adenomatous polyps, whichever is earlier; if normal, repeat every 5 years.

Persons with a family history of familial adenomatous polyposis:

e At age 10 to 12, annual flexible sigmoidoscopy.

¢ |f positive genetic test, colon removal should be considered because of very high risk of colorectal
cancer.

People with a family history of hereditary nonpolyposis colon cancer (Lynch syndrome):

e Colonoscopy every 1 to 2 years, starting at age 20 to 25 or 10 years before age that immediate family
member had cancer, whichever is earlier.

e Genetic testing should be offered to first-degree family members.

Persons with inflammatory bowel disease (IBD):

e Colonoscopy every 1 to 2 years, starting 8 years after the start of pancolitis (involvement or the entire
colon) or 12 to 15 years after the start of left-sided colitis.

Antimitochondrial antibodies (AMA) are highly specific (95%-98%) for primary biliary cirrhosis (PBC). When
clinical suspicion for PBC is high and AMA is negative, a liver biopsy should be performed to establish
the diagnosis of AMA (-) PBC.

Autoimmune pancreatitis is associated with other autoimmune disorders such as autoimmune hepatitis,
PSC, PBC, Sjogren’s syndrome, and scleroderma. It is characterized by the presence of autoantibodies,
increased serum immunoglobulin (Ig) levels, elevated Ig4 levels in the serum (usually above 140 mg/dL), and
a response to administration of corticosteroids. There is a recurrence rate of approximately 41% upon
discontinuation of steroids.

Acetaminophen hepatotoxicity is the most common cause of acute liver failure in the United States. Risk
factors for poor prognosis associated with acetaminophen hepatotoxicity include pH of less than 7.3 or
international normalized ratio of more than 6.5, creatinine of more than 3.4, and grade 3 or higher
encephalopathy. The N-acetylcysteine antidote should be given in all cases of potential acetaminophen
overdose.

Vedolizumab is a highly selective monoclonal antibody targeting the a 4p 7 integrin receptor found on the
surface of T-cell honing to the lymphoid tissues of the gastrointestinal tract. It has been shown to be
effective in inducing response and remission of ulcerative colitis.

A combined esophageal pH/impedance catheter performed off proton pump inhibitors can help distinguish
acid reflux from non—-acid reflux and esophageal hypersensitivity from functional heartburn.

The diagnosis of achalasia should be entertained in young women with suspected eating disorders and
patients with intractable gastroesophageal reflux disease (GERD) symptoms and a stricture not responding
to dilation.

Metastatic carcinoma to the esophagus is unusual, but melanoma and breast cancer are the most
common.

Liver transplantation will definitively cure an underlying hypercoagulable state caused by protein C, protein
S, or antithrombin deficiency. Patients with other underlying hypercoagulable states require long-term
anticoagulation.

Endoscopic ultrasound (EUS) fine-needle aspiration should not be performed with suspected
pheochromocytomas because of the risk of hypertensive crisis, and possible hepatic carcinoid metastases
should not be sampled, because of the risk of profound hypotension.

Avoid antibiotics when Escherichia coli such as O157:H7 infection is suspected because of the risk of
hemolytic uremic syndrome.

The diagnosis of insulinoma is suggested by the presence of Whipple’s triad (i.e., symptoms of
hypoglycemia, blood sugar levels of less than 70 mg/dL, and resolution of symptoms with food).
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The risk of cancer in Barrett’s esophagus is 0.5% per year, which means that approximately 1 in 200
patients with Barrett’s esophagus will develop esophageal cancer each year.

The central scar in focal nodular hyperplasia is hyperintense on T2-weighted (T2-w) images, but in
fiorolamellar hepatocellular carcinoma (HCC), it is hypointense on T2-w images.

Magnetic resonance imaging is accurate in differentiating HCC from dysplastic nodules, with HCC usually
having increased T2-w signal and dysplastic nodules having decreased T2-w signal.

Hallmarks of ischemic hepatitis (shock liver) include marked elevations in aspartate transferase (AST),
alanine aminotransferase (ALT) (10 times the ULN), bilirubin, prothrombin time (PT), and LDH levels after an
episode of systemic hypotension or decreased cardiac output.

A patient presenting with chest pain and crepitus after an episode of persistent vomiting and retching
should prompt a diagnosis of Boerhaave’s syndrome.

Evaluate for HCC in cirrhotic patients with a new diagnosis of portal vein thrombosis.
The two most common causes of acute cholestatic hepatitis are hepatitis A and drug-induced liver injury.
Plummer-Vinson syndrome is a triad of an esophageal web, iron deficiency anemia, and glossitis.

The most important studies to order on ascitic fluid are cell count and differential, gram stain and bacterial
culture, aloumin, total protein, and cytologic examination (only when peritoneal carcinomatosis is
suspected).

Combination therapy with Ledipasvir and Sofosbuvir has been shown to be extremely effective in the
treatment of chronic hepatitis C. Sustained virologic response rates of 99% have been reported after
12 weeks of treatment with this combination of NS5A and NS5B inhibitors.

EUS fine needle aspiration should not be performed with suspected pheochromocytomas because of
the risk of hypertensive crisis, and possible hepatic carcinoid metastases should not be sampled because
of the risk of profound hypotension.

Patients with cirrhosis who consumed raw oysters were 80 times more likely to develop Vibrio vulnificus
infection and 200 times more likely to die of the infection.

Women with IBD have higher rates of cervical dysplasia and cancer-causing human papillomavirus (HPV)
serotypes, particularly if on immunosuppression for longer than 6 months. The HPV vaccine is
recommended for women and men ages 9 to 26 years.

In patients with acute severe (fulminant) autoimmune hepatitis, treat with prednisolone alone because
prednisone is a prodrug and azathioprine has a slow onset of action.

Acute onset diarrhea during hospitalization is most likely due to Clostridium difficle.

Patients should be considered for liver transplantation if they have a Model of End-Stage Liver Disease
score of 15 or more, or life-threatening complications such as ascites, encephalopathy, portal hypertensive
bleeding, jaundice, weight loss, or HCC.

Frontline therapy with budesonide in combination with azathioprine has the strongest rationale in
asymptomatic, noncirrhotic patients with mild autoimmune hepatitis disease and no concurrent immune
diseases or in older adults with osteopenia.

Endoscopy is the most valuable procedure for evaluation of upper and lower gastrointestinal symptoms in
patients with acquired immune deficiency syndrome.

The serum-ascites albumin gradient (SAAG) is calculated by:
SAAG = albumingerym — albuminaggites

The SAAG is a useful tool in the classification of ascites. Patients with gradients of 1.1 g/dL or more
have portal hypertension, whereas patients with gradients less than 1.1 g/dL do not have portal
hypertension.

Aleiomyoma is benign proliferation of spindled smooth muscle cells that strongly react with smooth muscle
actin (SMA) and desmin, but are negative for CD117. A gastrointestinal stromal tumor (GIST) is composed
of a proliferation of spindle cells that react strongly with CD117 and CD34. Malignant potential for GIST
depends on the extent of mitotic activity, necrosis, and cytological atypia.

The treatment of vasculitis caused by hepatitis B or C infection must include antiviral therapy to eliminate the
antigenemia.
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The most common causes of acute liver failure in the United States are acetaminophen (46%),
indeterminate (14%), drug-induced (11%), hepatitis B (6%), autoimmune hepatitis (6%), ischemia (4%),
hepatitis A (3%), and other (9%).

All patients with an inflammatory small joint arthritis, positive rheumatoid factor, and elevated liver-
associated transaminase levels should have chronic hepatitis C infection ruled out before receiving the
diagnosis of rheumatoid arthritis.

Helicobacter pylori infection is believed to be acquired during childhood and is associated with low
socioeconomic status. The presence of the H. pylori cagA gene is associated with more severe
gastroduodenal disease (i.e., ulcers).

Type | hepatorenal syndrome is characterized by a rapid and progressive reduction of renal function,
defined by a doubling of the initial serum creatinine to a level greater than 2.5 mg/dL or a 50% reduction in
the initial 24-hour creatinine clearance to a level less than 20 mL/min in less than 2 weeks. Clinical
presentation is acute renal failure.

Elevated gastrin level and a gastric carcinoid suggest that achlorhydria is likely. Check a vitamin By level.

The ascitic fluid neutrophil count is the single most important test for detecting bacterial infection of
peritoneal fluid. An absolute neutrophil count of 250 cells/mm? or more warrants empiric antibiotic
treatment with cefotaxime.

Refractory celiac disease (RCD) is defined by persistent or recurrent malabsorptive symptoms and signs
with villous atrophy despite a strict gluten-free diet for more than 12 months. RCD is uncommon, affecting
1% to 2% of patients with celiac disease (CD). Type | RCD is identified by polyclonal intraepithelial
lymphocyte infiltration in the small intestinal mucosa similar to that seen in untreated CD. Type Il RCD is
recognized by monoclonal aberrant CD3 positive T lymphocytes that lack expression of CD8. Traditional
treatment for both type | and Il RCD, consists of systemic corticosteroids, budesonide or azathioprine. Type
I RCD carries a less favorable prognosis because of the risk for malignant transformation to enteropathy-
associated T-cell lymphoma.

Essential mixed cryoglobulinemia is due to chronic hepatitis C infection in more than 90% of patients.

All patients with a systemic medium or small vessel vasculitis should be evaluated for chronic hepatitis B
and C infection.

Antibiotic therapy for H. pylori can cure a large proportion of patients with MALT lymphoma, even in the
absence of documented Helicobacter infection.

JAK2 mutations are strongly implicated in the pathogenesis of myeloproliferative disorders and
hypercoagulability. Anywhere from 30% to 50% of patients with Budd Chiari syndrome exhibit JAK2
mutation.

Botox therapy for achalasia can provide clinical improvement within 1 month in more than 80% of patients,
but less than 60% are in remission at 1 year.

Hepatitis A virus (HAV) and hepatitis B virus (HBV) vaccines are strongly recommended in patients with
cirrhosis as concomitant infection dramatically increases morbidity and mortality.

Key predictors of the malignant potential for GISTs are size larger than 3 cm and more than 10 mitotic
figures per high powered field.

Herpes simplex hepatitis can be fulminant during pregnancy and associated with high mortality rates.
Patients present in the third trimester with fever, systemic symptoms, and possibly vesicular cutaneous
rash. Associated pneumonitis or encephalitis may be present. Liver biopsy is characteristic, showing
necrosis and inclusion bodies in viable hepatocytes, along with few or no inflammatory infiltrates. Response
to acyclovir therapy is prompt; there is no need for immediate delivery of the baby.

Sixty percent of patients with gastroparesis have concomitant small intestinal bacterial overgrowth (SIBO)
based on breath testing data. Some symptoms of postprandial bloating in gastroparesis may be explained
by SIBO and responsive to therapy with antibiotics, probiotics, and promotility agents.

Gilbert’s syndrome is common benign disorder seen in the United States (~5% white population). It is
characterized by elevations of unconjugated bilirubin (2-7 mg/dL), which is often more pronounced after
fasting or illness. There is no increased risk for liver disease with Gilbert’s Syndrome.

Chronic pancreatitis may lead to splenic vein thrombosis in approximately 12% of patients.

Kayser-Fleischer (KF) rings are virtually always present when there are neurologic features of Wilson
disease. Demonstration of KF rings often requires a slit lamp examination. The absence of KF rings
does not exclude Wilsonian liver disease and KF rings have rarely been reported in other conditions (e.g., PBC).
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Hereditary hemochromatosis gene testing should be done to evaluate unexplained elevations in ferritin
(>300 ng/mL) and transferrin saturation (>45%).

UC and Crohn’s colitis are present in at least 70% to 80% of patients with PSC. In contrast, only 5% of
patients with IBD will have concurrent PSC.

The ZZ phenotype of a1-antitrypsin deficiency is the most likely to cause liver disease.

Nonepidermolytic palmoplantar keratoderma (Tylosis) is a rare autosomal-dominant disorder defined by
a genetic abnormality at chromosome 17925, that confers 95% lifetime risk of squamous cell esophageal
carcinoma. It is characterized by hyperkeratosis of the palms and soles, as well as by thickening of

the oral mucosa.

Wilson disease is diagnosed with a ceruloplasmin less than 20 mg/dL, KF rings, urine copper of more than
40 mcg/24 h, and most precisely by hepatic copper levels of more than 250 mcg/g dry weight.

Autoimmune hepatitis should be considered with in the presence of antinuclear antibodies, SMA,
liver-kidney microsomal 1 titers greater than 1:80 and AST and ALT elevations (5-10 times the ULN).

The reported incidence of malignancy within a congenital bile duct cyst ranges from 10% to 30%.
Consider testing for HBV exposure in most individuals born outside of the United States.

The risk for acute HBV to become chronic hepatitis varies inversely by the age at which acute infection
occurs: 90% HBV chronicity for perinatal (vertical) acquired infection, 20% to 50% HBV chronicity for
infection during the ages of 1 to 5 years, and 5% chronicity for adult-acquired HBV infection.

Celiac Disease (CD) evaluation is divided into diagnostic and confirmatory testing:

Diagnostic Testing

e Preferred test IgA anti-tissue transglutaminase (TTG)
* If IgA is normal: 95% sensitive and specific
e Poor test, if IgA deficient
e [f IgA deficient: deamidated gliadin peptides (DGPs)
e Alternative test IgG TTG
DQ2 and HLA-DQS8 is an excellent negative predictive test
In children younger than 2 years, IgG TTG alone or with DGP
All patients should be on gluten-containing diet before antibody testing

Confirmatory Testing Duodenal biopsy (>2 duodenal bulb and >4 from second and third duodenum)
Histologic findings consistent with Marsh or Corazza criteria

All patients about to start immunosuppressive therapy should be tested for hepatitis B infection. If positive
for the hepatitis B surface antigen antiviral therapy should be started even if ALT levels are normal and levels
of hepatitis B DNA are low or nondetectable.

Vertical transmission of HBV is common. Mothers who are e-antigen positive and have a viral load
exceeding 200,000 IU/mL have a 7% to 9% risk of transmitting the infection despite passive and active
immunization of the newborn.

Extraintestinal manifestations of IBD occur in approximately 30% of patients and include uveitis, scleritis,
episcleritis, pyoderma gangrenosum, erythrema nordosum, peripheral arthritis, axial arthritis, PSC,
aphthous stomatitis, thromboembolic events, and oxalate-nephrolithiasis.

PSC is associated with malignancies that include cholangiocarcinoma, gallbladder cancer, colorectal
cancer (when associated with IBD), and HCC (when cirrhosis is present).

Ursodeoxycholic acid is the treatment of choice for PBC, but response is less likely in men, those
diagnosed at an earlier age, patients with cirrhosis, and individuals who do not demonstrate biochemical
improvement.

Eosinophilic esophagitis is the most common cause for acute food impaction.
Minocycline and nitrofurantoin account for 90% of all drug-induced autoimmune-like hepatitis.

If traveling within 4 weeks to an endemic area for HAV, one should receive immunoprophylaxis with anti-
HAV Ig as it takes 4 weeks after vaccination to develop adequate immunity.

Hereditary pancreatitis genetic abnormalities include mutations in the cationic trypsinogen gene (PRSS1),
pancreatic secretory trypsin inhibitor (SPINK1), and cystic fibrosis transmembrane conductance regulator
(CFTR) genes have been confirmed as major risk factors for chronic pancreatitis.



83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.
97.

98.

99.

100.

TOP 100 SECRETS

Prednisolone 40 mg daily for 28 days improves survival for alcohol hepatitis, if the Maddrey discriminant
function (Formula: 4.6 x (PT - Control PT)+ Thili) is 32 or more. Contraindications to treatment of
alcoholic hepatitis with prednisolone include renal failure, gastrointestinal bleeding, and active infection.

Drugs can cause gallbladder stones. Remember, ceftriaxone is excreted into bile and may precipitate with
calcium sludge in the gallbladder, and progestins, oral contraceptives, and octreotide (somatostatin) impair
gallbladder emptying and promote gallbladder sludge and stone formation.

Any cause of cirrhosis is an indication to screen for esophageal varices and HCC.

Individuals with more than 6 months of abstinence from alcohol and decompensated alcohol cirrhosis do well
with liver transplantation. Unfortunately, alcohol recidivism still remains commmon after liver transplantation.

Suspect Budd-Chiari Syndrome among females on oral contraceptives or who are pregnant, with chronic
dull abdominal pain, new-onset ascites, edema of lower extremities, and elevated liver enzymes.

The combination of octreotide and midodrine has also been demonstrated to be an important treatment for
type 1 hepatorenal syndrome.

The probability of survival after the first onset of ascites has been estimated at 50% and 20%, after 1 and
5 years of follow-up, respectively. The prognosis is even worse in patients with diuretic-resistant ascites; the
1-year survival rate is 25%. Because the 1-year survival rate after liver transplantation is greater than 75%,
patients with cirrhosis who develop ascites should be considered for liver transplantation.

In type Il hepatorenal syndrome, renal failure does not have such a rapidly progressive course. These
patients develop a clinical picture of refractory ascites.

Treatment of amebic abscess consists of metronidazole followed by an intraluminal amebicide.

Management of suspected SBP includes paracentesis: send ascitic fluid for cell count and differential,
albumin, protein, gram stain, and culture. If ascitic fluid neutrophils are 250 cells/mm?® or more, or high
clinical suspicion exists for SBP, then immediately start cefotaxime 2 g intravenously, dosed every 8 hours.
If nosocomial or cephalosporin-resistant SBP is suspected, then consider starting a carbapenem.

Diagnostic liver biopsy findings for PBC and PSC:

e PBC: a florid bile duct lesion (nonsuppurative destructive cholangitis), characterized by biliary epithelial
damage, basement membrane destruction and lymphoplasmacytic infiltrate. Noncaseating granulomas
are seen in up to 25% of cases.

e PSC: findings of onion skin fibrosis and reduced number of bile ducts is diagnostic, but present in less
than 40% of the liver biopsies.

Clinical signs in pancreatic carcinoma (PC) include:

Courvoisier sign: A palpable, distended, gallbladder in the right upper quadrant in a patient with jaundice
resulting from bile duct obstruction secondary to PC. However, this finding is not specific to PC.
Patients with distal cholangiocarcinoma or an ampullary mass may present similarly.

Trousseau’s syndrome: Manifestation of pancreatic cancer as superficial or deep vein thrombosis.

Small Intestinal Bacterial Overgrowth (SIBO) is common and should be considered in any case of
unexplained diarrhea.

H. pylori infection does not have an important role in the pathogenesis of gastroesophageal reflux disease.

The most common mechanism of GERD is transient lower esophageal sphincter relaxation (TLESR). These
TLESRs permit reflux of the “acid pocket,” a layer of unbuffered acidic gastric juice that sits on top of a meal,
to reflux in the postprandial period.

Transarterial chemoembolization (TACE) with drug-eluting beads is commonly used to control HCC tumor
burden in patients considered for liver transplantation.

Selective internal radiation therapy with Yttrium-90 microspheres for colorectal liver metastases or HCC
requires prior embolization of the gastroduodenal artery and other feeding celiac and SMA branches to
prevent posttreatment ulceration of the stomach and duodenum.

Hepatic hydrothorax is defined as the accumulation of ascitic fluid in the pleural space in a patient with
cirrhosis, in whom cardiac, pulmonary, or pleural causes have been excluded. Approximately 5% to 10% of
patients with cirrhotic ascites develop hepatic hydrothorax (70% right sided). Approximately 10% of
patients with cirrhosis admitted to the hospital with hepatic hydrothorax have a spontaneous bacterial
empyema and 40% of these episodes are not associated with SBP. A diagnostic thoracocentesis in these
patients is useful to evaluate for other causes of pleural effusion and to diagnose spontaneous bacterial
empyema. Chest tube insertion is contraindicated in patients with simple hepatic hydrothorax and can lead
to rapid clinical deterioration.
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. What is the definition of dysphagia?

Dysphagia derives from the Greek words dys (which means difficult) and phagia (which means “eating”), and refers
to a subjective difficulty or abnormality in swallowing, or passage of food or liquid from the mouth to stomach.

. What is the definition of odynophagia?

Odynophagia derives from the Greek roots odyno (which means pain) and phagia (which means “eating”),
and refers to pain with swallowing. Odynophagia can accompany dysphagia or exist independently.

. What is the definition of globus sensation?

Globus sensation is defined as an intermittent or persistent sensation of a foreign body or lump in the throat between
meals and in the absence of dysphagia or odynophagia. This was previously referred to as globus hystericus because of
erroneous suspicion by prior generations of physicians that the cause may stem from factors produced by the uterus.

. What are the different phases of normal swallowing?

Swallowing can be separated into three distinct phases. The oral preparatory/transfer phase occurs when food is
voluntarily chewed, mixed with saliva, and transferred to the back of the tongue. The pharyngeal phase occurs
when the bolus is propelled from the pharynx across the relaxed upper esophageal sphincter. The esophageal
phase occurs when the bolus is transferred by peristalsis through the esophagus and across the lower esophageal
sphincter into the stomach. The pharyngeal and esophageal phases are mediated by reflexes and are involuntary.

. Is dysphagia an alarm symptom?

Yes. The presence of dysphagia suggests an organic abnormality and mandates additional evaluation.
Although dysphagia may occur because of benign processes, it is neither a natural phenomenon nor a
result of aging, and always requires additional evaluation.

. How is dysphagia classified clinically?

Dysphagia can be clinically classified based on either location or etiologic factors. If classified by location,
dysphagia can generally be separated into either oropharyngeal dysphagia (also referred to as transfer
dysphagia) or esophageal dysphagia. If classified by etiologic factors, dysphagia can be separated into a
mechanical disorder (often characterized by dysphagia to solid foods only) or a motility disorder (generally
characterized by dysphagia to both solids and liquids).

. What are the clinical features of oropharyngeal dysphagia?

Oropharyngeal dysphagia results in difficulty transferring food from the mouth to the posterior pharynx.
This can lead to symptoms of subjective obstruction in the neck, coughing, choking, regurgitation with
either solids or liquids (including nasal regurgitation), drooling, dysphonia, and aspiration pneumonia.
Specific physical maneuvers may aid oropharyngeal function and may be used to compensate for deficits.

. What is the differential diagnosis for oropharyngeal dysphagia?

Oropharyngeal dysphagia can result from discoordination, weak propulsion, or structural abnormalities.
Although the differential diagnosis is broad, neurologic or muscular etiologic factors are most commonly
seen in practice and account for approximately 80% of cases in older adults. Of that group,
cerebrovascular accidents account for the vast majority. See Table 1-1 for a more extensive differential.

. When is it appropriate to evaluate dysphagia related to a cerebrovascular accident?

Dysphagia is common after a stroke (at least 25% of patients) and is a risk factor for pneumonia and aspiration. Although
early evaluation is reasonable to minimize these complications, and most patients with dysphagia after a
cerebrovascular accident will note improvement within the first 2 weeks. Because of this, invasive procedures
such as percutaneous gastrostomy should be avoided for at least the first 2 weeks after a cerebrovascular accident,
with the hopes that there will be improvement in the interim.

Do patients accurately localize the site of dysphagia?

Patients with oropharyngeal dysphagia generally recognize that their dysfunction is in the oropharynx and
often point to the cervical region when asked to localize the source of their symptoms. For patients with
esophageal dysphagia, however, symptoms may not be a reliable predictor of location. Localization of
dysphagia to the distal esophagus (near the xiphoid process) is generally viewed as specific for a distal
esophageal process; however, suprasternal (or upper chest) localization can be referred from a distal
process in approximately one third of cases and is viewed as less specific.
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Table 1-1. Differential Diagnosis for Oropharyngeal Dysphagia

Iatrogenic
Corrosive (pill injury or ingestion)
Functional dysphagia

neuroleptics, anticholinergics,
antihistamines, antihypertensives,
steroids, others less common)
Postsurgical

Radiation

Infectious

AIDS (CNS involvement)
Botulism

Diphtheria

Lyme disease

Mucosal inflammation (abscess,
candida, CMV, HSV, pharyngitis,
tuberculosis)

Rabies

Syphilis

Medication side effects (chemotherapy,

Metabolic

Amyloidosis

Cushing’s syndrome
Hypothyroidism with myxedema
Thyrotoxicosis

Wilson disease

Neurologic

Amyotrophic lateral sclerosis
Brainstem tumors

Cranial nerve palsies
Cerebrovascular accident
Dementia

Guillain-Barré syndrome
Head trauma

Huntington disease
Metabolic encephalopathies
Multiple sclerosis

Parkinson disease
Poliomyelitis (bulbar)
Postpolio syndrome

Tardive dyskinesia

Myopathic

Connective tissue disease
(scleroderma, Sjogren’s
syndrome, systemic lupus
erythematosus)
Dermatomyositis
Myotonic dystrophy
Myasthenia gravis
Metabolic myopathy
Oculopharyngeal dystrophy
Polymyositis
Paraneoplastic syndromes
Sarcoidosis

Structural

Cervical webs

Congenital disorders (cleft
palate for example)
Cricopharyngeal bar
Dental anomalies
Extrinsic compression
(goiter,

lymphadenopathy,
neoplasm)

Oropharyngeal neoplasm
Prosthetics

Skeletal abnormalities and
osteophytes

Xerostomia

Zenker diverticulum

AIDS, Acquired immune deficiency syndrome; CMV, cytomegalovirus; CNS, central nervous system; HSV, herpes simplex virus.

11. What is the best test to evaluate oropharyngeal dysphagia?
A careful history and detailed physical examination are essential first steps, and most patients with
oropharyngeal dysphagia will require radiographic imaging. Because of the rapid sequence of events that
comprise a swallow, static barium studies are often not adequate to evaluate the oropharynx. The preferred
initial study is video fluoroscopy or modified barium swallow. Some centers may also perform a fiberoptic
endoscopic evaluation of swallowing or nasoendoscopy, which allows direct imaging for structural
abnormalities and acquisition of biopsies if required. Routine esophagogastroduodenoscopy and esophageal
manometry have a limited and complementary role in this population.

12. What is the differential diagnosis of esophageal dysphagia?
Esophageal dysphagia is generally related to either a motility disorder (such as achalasia, spasm, nutcracker
esophagus, scleroderma) or a mechanical disorder (stricture, rings, web, diverticulum, cancer). A motlity disorder
is suggested by dysphagia to solids and liquids, whereas a mechanical disorder is suggested by dysphagia to solids only.
See Table 1-2 for a more extensive differential diagnosis.

Table 1-2. Differential Diagnosis for Esophageal Dysphagia

Mechanical
Caustic of NG tube stricture

Diverticulum

Eosinophilic esophagitis
Esophageal rings or webs
Infectious esophagitis
Medication-induced injury
Peptic stricture

Radiation injury

Tumor (benign or malignant)

Cardiovascular compromise (dysphagia lusoria)

Motor
Achalasia

Scleroderma

Diffuse esophageal spasm

Esophagogastric junction outflow obstruction
Functional dysphagia

Ineffective esophageal motility

Jackhammer esophagus

Nutcracker esophagus

NG, Nasogastric.
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Figure 1-1. A representative fluoroscopic image of a patient
with established achalasia. Note the dilated esophagus and
classic bird’s beak appearance (representing the tonically
contracted lower esophageal sphincter).
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What are the key questions to ask of a patient with suspected esophageal dysphagia?

A careful history can often clarify the etiologic factors of esophageal dysphagia. The key points to clarify

on initial evaluation are as follows:

¢ Chronology: How long have symptoms been present? How often does it occur? Is it progressing with time?

¢ Dysphagia: What type of foods cause problems (solids, liquids, both)? Where does the food become
stuck? How long does it stick for?

e Regurgitation: Does food or liquid come back up to the throat or mouth? Does this occur when eating,
soon after the meal is over, or at a much later time? Can this occur hours after the meal is complete? s it
more likely to occur when lying down or sitting up? Does it taste sour or bitter?

¢ Cough: Is there coughing or choking during or after eating? Does this occur with swallows, soon after
swallowing, or after the meal is over?

e Pain: Is there throat or chest pain either while eating or afterward? Where is the pain located? Does it radiate
anywhere else?

At what luminal diameter will most patients experience symptoms of dysphagia?

This exact issue was evaluated by radiologist Richard Schatzki in the 1950s and 1960s. He reported that for
patients with a distal esophageal ring (now named the Schatzki ring), dysphagia was almost universal if the diameter of
the lumen was less than 13 mm. If the diameter was greater than 20 mm, no one was symptomatic. Intermittent
symptoms could be seen in some people at ranges in between. It is because of these seminal studies that most
barium tablets used in a traditional radiographic dysphagia evaluation are 13 mm in diameter.

What diagnostic studies are available to evaluate a patient with esophageal dysphagia?

Much can be deciphered by a careful history; however, diagnostic studies are usually necessary to arrive at a

diagnosis and optimize therapy. To evaluate dysphagia, three main diagnostic modalities are currently employed,

plus other emerging studies. The key studies appear in the following list. Figure 1-1, E-Figure 1-2, and

E-Figure 1-3 show a representative example of achalasia using fluoroscopy, endoscopy, and manometry,

respectively.

¢ Fluoroscopy: The classic fluoroscopic study employed is a barium esophagram, in which contrast is ingested
while serial x-rays are obtained. This allows visualization of structural lesions such as rings, webs, bars,
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E-Figure 1-2. An extreme endoscopic image of a patient
with advanced achalasia. Note the dilated esophagus, atonic
mucosa, and scant retained food particles.
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E-Figure 1-3. A representative high-resolution esophageal manometry showing a patient with achalasia (type II pattern). Note the
absence of any esophageal peristaltic waves in this patient with achalasia, as compared with normal peristalsis shown in E-Figure 1-5.
Manometry is the most sensitive test for detection of achalasia and may detect abnormalities before either radiographic or
endoscopic changes are noted.
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strictures, masses, diverticula, and fistulas. It also may detect any gross motility abnormalities such as
spasm and achalasia.
Endoscopy: A flexible fiberoptic tube is passed from the mouth to small bowel and allows direct visualization,
biopsy acquisition, and potential therapeutic options (such as dilatation). This can also be combined with
endoscopic ultrasound if available to evaluate for possible extrinsic compression or submucosal processes.
Manometry: A catheter with numerous pressure sensors is placed, allowing measurement of the upper
esophageal sphincter, esophageal body, and lower esophageal sphincter. This study evaluates intraluminal
pressure and coordination of pressure activity. This is the most sensitive study for detection of an esophageal
motility disorder but is usually reserved for those cases in which the diagnosis is not readily apparent with
the tests detailed previously.
Impedance: Impedance allows direct measurement of bolus flow and can be a useful adjunct to manometry.
It is mainly used for detection of nonacid reflux, but can be employed if needed in the work-up of dysphagia.
¢ Impedance planimetry: This is a new technology recently approved by the Food and Drug Administration.
It can be used to evaluate esophageal compliance and has been shown in recent papers to have benefit in
predicting prognosis for patients with achalasia and eosinophilic esophagitis. This is limited to tertiary referral
centers at present and the role for this technology in evaluation of dysphagia remains unclear to a certain extent.

What is the best initial test for a patient with esophageal dysphagia?

This is a controversial area and there is a debate as to whether a barium esophagram or endoscopy should be
the initial test of choice. Endoscopy offers diagnostic value as well as the ability to obtain biopsies to clarify
etiologic factors and the ability to perform therapeutic intervention, such as dilatation. Barium studies may
provide more information in patients with proximal lesions or motility disorders. There are no official guidelines
recommending one approach versus the other, and the initial test of choice is often based on local practice
patterns and regional expertise.

What is the most common cause of dysphagia in young patients today?

Eosinophilic esophagitis is the most common cause of dysphagia in young patients today and is increasing in
both incidence and recognition. Although the etiologic impetus is not clear, it is believed to be an allergic
diathesis in which eosinophilic tissue deposition leads to remodeling of the esophagus and decreased
distensibility, characterized by development of rings and strictures. The diagnosis is made by esophageal biopsy
demonstrating more than 15 eosinophils per high-powered field. Typical endoscopic findings include
circumferential rings, longitudinal furrows, and white plaques (representing eosinophilic microabscesses),
although up to 20% of endoscopies may appear normal on gross appearance. For this reason, biopsies of the
esophagus should be taken during endoscopy for all patients with dysphagia.

What is the preferred treatment for patients with documented esophageal eosinophilia?
Approximately 25% of patients with esophageal eosinophilia will have marked improvement or resolution
of their symptoms with proton pump inhibitors. For this reason, the term eosinophilic esophagitis is reserved
for those patients with continued eosinophilic tissue deposition despite acid suppressive therapy. For these
patients, there is data to support the use of steroids (both topical and systemic), dietary modification, and
intermittent endoscopic dilatation. There is no clear consensus as to what the optimal initial therapy

should be and no good head-to-head trials at present. Most authorities initiate treatment with topical steroids,
usually either swallowed fluticasone (220-440 mcg twice daily) or viscous budesonide (1 mg twice daily).

Is it safe to perform endoscopic dilatation for patients with eosinophilic esophagitis?

Early reports of dilatation for patients with eosinophilic esophagitis suggested deep mucosal tears and an
increased risk of perforation, prompting the medical establishment to recommend against dilatation unless
medical therapy had failed and a clear stricture was present. However, more recent studies have suggested
that the rate of perforation in expert hands is much lower than previously reported (approximately 0.3% in
the largest series to date) and may be a safe treatment option if performed with care. Of note, although
dilatation is effective for relieving dysphagia, it has no effect on the underlying inflammation and
therapeutic relief will likely be transient.

What is a Schatzki ring?

A Schatzki ring is a thin membrane found at the squamo-columnar junction (separating the esophagus and
stomach), composed of mucosa and submucosa. There is debate as to whether it is a vestigial structure or a result of
reflux and inflammation. It is seen in approximately 15% of adults older than the age of 50 and is a benign process.
It can cause intermittent dysphagia to solids and is treated with dilatation. There is data to suggest that acid
suppressive therapy may decrease recurrence of the ring after dilatation. The classic clinical scenario is the
“steakhouse syndrome” wherein a businessperson is eating dinner at a steakhouse, socializing and taking larger
bites than normal, and subsequently develops food impaction from a piece of meat lodging at the ring.

What is Plummer-Vinson syndrome?
Plummer-Vinson syndrome is a rare condition characterized by the presence of an esophageal web, dysphagia,
and iron-deficiency anemia. An esophageal web is a thin, horizontal membrane of stratified squamous
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epithelium, which typically is eccentric and does not circle the entire lumen. Treatment consists of iron
repletion and dilatation and rupture of the esophageal web. Patients with Plummer-Vinson syndrome have
a higher risk of developing esophageal squamous carcinoma.

What is a Zenker diverticulum?

A Zenker diverticulum is a mucosal outpouching (or diverticulum) in the hypopharynx. This is immediately
proximal to the cricopharyngeus and often is a result of relative obstruction in this region. Symptoms consist
of dysphagia and regurgitation, often delayed. The best study to identify a Zenker diverticulum is a barium
swallow. Treatment consists of surgical diverticulectomy with or without myotomy, rigid endoscopic
myotomy, and flexible endoscopic cricopharyngeal myotomy.

What is the difference between conventional manometry and high-resolution esophageal
manometry?

Manometry uses pressure sensors arranged via a catheter to measure intraluminal esophageal pressure and
assess coordination of contractions. The fundamental difference between conventional manometry and high-
resolution manometry is the number of sensors and the space between them. Conventional manometry uses
sensors spaced at approximately 5-cm intervals, whereas high-resolution manometry uses sensors spaced no
more than 1 cm apart throughout the length of the esophagus. This allows more detailed analysis of
esophageal pressure patterns, may increase sensitivity of the study, and may provide prognostic information
for disorders such as achalasia. Because of the increased data obtained with high-resolution manometry,

the data is displayed as an esophageal pressure topography map to make visualization more intuitive.

A characteristic conventional and high-resolution manometry image for a patient with a normal
manometry swallow is detailed in E-Figure 1-4 and E-Figure 1-5.

What is the Chicago classification of esophageal motility?

Because of the increased data presented with high-resolution esophageal manometry, new classification
schemes have been proposed to guide use of results. The Chicago classification is currently the main system
in use for classification of esophageal motility disorders via high-resolution esophageal manometry. The
main steps of the Chicago classification are (1) assessment of the gastroesophageal junction, and (2)
assessment of esophageal contractility. Based on these two parameters, studies can be divided into disorders
that are clearly abnormal and not seen in normal individuals, as compared with borderline abnormalities
of uncertain clinical significance. The main classification categories of the Chicago classification are
listed in Box 1-1.

Box 1-1. Chicago Classification of Esophageal Motility: High-Resolution Manometry

Achalasia Borderline motor function

EGJ outflow obstruction Frequent failed peristalsis

Abnormal motor function Weak peristalsis

Esophageal spasm Rapid contraction

Hypercontractile (jackhammer) esophagus Hypertensive (nutcracker) esophagus
Absent peristalsis Normal

EGJ, Esophagogastric junction.

25.

26.

What is nutcracker esophagus?

The phrase nutcracker esophagus was coined by Dr. Donald Castell, who is perhaps the world’s foremost
authority on esophageal motility. The term was used to describe a condition in which the esophageal
pressures are so high that they could perhaps crack a nut (hence the name). The normal amplitude of esophageal
contractions is between 30 mm Hg and 180 mm Hg, and nutcracker esophagus was defined as an average
esophageal amplitude of more than 180 mm Hg. Symptoms of chest pain and dysphagia have both been
reported with this condition, although it remains unclear whether the high amplitude is a direct cause of
symptoms or a result of some other process. Treatment consists of reflux therapy (if appropriate) and

smooth muscle relaxants (such as calcium channel blockers or nitrates).

How common is esophageal spasm?

Esophageal spasm has been defined as uncoordinated or rapid contraction in association with symptoms
such as chest pain and dysphagia. Although this is commonly cited as the source of unexplained chest
pain and dysphagia, several large studies suggest that this is actually uncommon, with one large study
suggesting spasm is present in only 3% of patients with unexplained chest pain or dysphagia. The gold
standard for diagnosis is esophageal manometry, although barium radiography can also be highly suggestive.
Treatment consists of reflux therapy (if appropriate) and smooth muscle relaxants (such as calcium channel
blockers or nitrates).
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E-Figure 1-4. A normal manometry study using a conventional catheter.
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E-Figure 1-5. A normal manometry study using a high-resolution manometry catheter.
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. What is a scleroderma esophagus?
Scleroderma is associated with esophageal motility disorders in greater than 90% of patients.
The characteristic pattern is a hypotensive lower esophageal sphincter and either aperistalsis or weak
peristalsis; however, multiple variations can be seen and not all patients with scleroderma have this
pattern. Colloquially, a manometry pattern of aperistalsis with a hypotensive lower esophageal sphincter
has been referred to as a scleroderma pattern, or as scleroderma esophagus. However, it should be noted that
this pattern is not pathognomonic for scleroderma and can be seen in other conditions.

Can cardiovascular abnormalities cause dysphagia?

Occasionally, vascular anomalies can cause dysphagia by compressing the esophagus. This is referred to as
dysphagia lusoria, but is relatively rare. The diagnosis can be suggested by barium esophagram and can be
confirmed by endoscopic ultrasound or CT. In our experience, treatment is usually conservative. In older
adults, a large aneurysm of the thoracic aorta or severe atherosclerosis can result in impingement of the
esophagus and is referred to as dysphagia aortica.

What is functional dysphagia?

Functional dysphagia is defined by the Rome III criteria as a sense of solid or liquid food lodging or passing
abnormally through the esophagus in the absence of gastroesophageal reflux, a structural disorder, or a
defined motility disorder. Although the cause is not known, this is believed to be a manifestation of visceral
hypersensitivity. Patients should be reassured and instructed to avoid any known precipitants. Treatment is
largely supportive.

How should | approach a patient with esophageal dysphagia?

The evaluation of dysphagia is not standardized and variation can exist based on local practice patterns.
Societal guidelines have not been updated in more than a decade and it remains controversial whether an
upper endoscopy or barium esophagram should be the initial study. A suggested algorithm is detailed in
Figure 1-6.

Esophageal dysphagia

Complex stricture Suspected eosinophilic esophagitis
Suspected proximal lesion HIV
Local practice patterns Local practice patterns
Y Y
Barium esophagram |« »| Endoscopy with biopsies + dilatation
No mechanical obstruction Mechanical
Barium esophagram if not already done abnormality
v Y
Manometry Diverticulum

Eosinophilic esophagitis
Infectious esophagitis

Medication-induced injury
Abnormal Normal or Radiation injury
nonspecific Rings
Y Y Stricture
Achalasia Functional dysphagia Tumor
Aperistalsis Potential reflux Webs

EGJ outflow obstruction
Esophageal spasm
Hypercontractile esophagus

Figure 1-6. A suggested approach to esophageal dysphagia. EGJ, Esophagogastric junction; HIV, human immunodeficiency virus.
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Please access ExpertConsult to view the E-Figures and Clinical Vignette for this chapter.
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GASTROESOPHAGEAL REFLUX DISEASE

Fehmi Ates, MD, and Michael F. Vaezi, MD, PhD, MS

. What is gastroesophageal reflux disease (GERD)?

GERD develops when the reflux of stomach contents causes troublesome symptoms or complications. This
means that GERD is defined by a constellation of both symptoms or objective findings such as esophageal
erosions or Barrett’s esophagus.

. Is GERD a common disease?

GERD is one of the most common disorders of the gastrointestinal tract. In developed countries, the
prevalence of GERD (defined by symptoms of heartburn, acid regurgitation, or both, at least once a week) is 10% to
20%, whereas in Asia the prevalence is roughly less than 5%. In the United States, this disease is the most common
gastrointestinal diagnosis to prompt an outpatient clinic visit (8.9 million visits in 2009). The rising prevalence of
GERD seems to be related to the rapidly increasing prevalence of obesity, which includes increasing abdominal
girth and the resulting pressure-induced relaxation of the lower esophageal sphincter (LES), causing reflux.

. Is GERD an important public health problem?

GERD has become an important public health problem because it impairs quality of life, creates a considerable
economic burden, reduces productivity, and requires medications and consultations. The cost of treating
typical GERD in the United States is $9 to $12 billion; treating extraesophageal reflux is four to five times
as expensive as treating typical GERD and is estimated to be near $50 billion.

. What are the most typical symptoms of GERD?

The two most typical symptoms of GERD are heartburn (pyrosis) and regurgitation. Heartburn is characterized
by a painful retrosternal burning sensation of fairly short duration (several minutes). Regurgitation is defined as
backflow of gastric content into the mouth, not associated with nausea or retching. Some patients perceive their
reflux episodes as angina-like chest pain, but this symptom requires thorough evaluation for a cardiac cause
before GERD is considered.

. What are the other typical symptoms of GERD?

Water brash, dysphagia, and odynophagia are considered other typical symptoms of GERD.

Water brash is the sudden appearance in the mouth of a slightly sour or salty fluid. It is not regurgitated
fluid, but rather vagally mediated secretions from the salivary glands in response to acid reflux.

Dysphagia (difficulty swallowing) is seen in up to 40% of patients with long-standing GERD and may herald
the presence of an esophageal stricture, esophageal dysmotility, ring, or even esophageal carcinoma. Dysphagia is
an alarm symptom or warning sign and an indication for early endoscopy to rule out a GERD complication.

Odynophagia (painful swallowing) is usually described as a sharp or lancinating pain located behind the
sternum. Although severe erosive esophagitis or esophageal ulceration from reflux can cause painful swallowing,
both are uncommon causes of odynophagia. Its presence should raise the suspicion of an alternative cause of
esophagitis, especially infections or injury from impacted pills.

. What are the extraesophageal manifestations of GERD?

Chronic cough, asthma, chronic laryngitis, dental erosion, chronic obstructive pulmonary disease, hoarseness, globus,
postnasal drip disease, sinusitis, otitis media, recurrent pneumonia, and laryngeal cancer are the extraesophageal
manifestations of GERD. These symptoms may occur concomitantly with typical symptoms or in isolation. The
latter results in delayed diagnosis of reflux as a potential contributing factor to patients’ symptoms.

. What other diseases should be considered in the differential diagnosis of GERD?

GERD needs to be distinguished from infectious esophagitis, pill esophagitis, eosinophilic esophagitis, peptic
ulcer disease, nonulcer dyspepsia, biliary tract disease, coronary artery disease, and esophageal motor disorders.
Symptoms alone do not reliably distinguish among these disorders. Similarly, the severity and duration of
symptoms correlate poorly with the severity of esophagitis. However, because may patients with the diseases
listed previously share symptoms with GERD, it is important that these diagnoses be ruled out in a patient who is
not responsive to acid-suppressive therapy.

. Which mechanisms are involved in the pathophysiologic findings of GERD?

Dysfunction of the esophagogastric junction, esophageal body dysfunction, delayed gastric emptying,
increased intragastric pressure, acid pocket, and esophageal hypersensitivity are involved in the pathophysiologic
findings of GERD. The two most common pathophysiologic mechanisms include transient lower esophageal
relaxation (TLESR), which is the most common cause, and reduced LES pressure caused by hiatal hernia, which
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is more common in patients with Barrett’s esophagus. TLESR events are the result of a vagally mediated
reflex that is triggered by gastric distention and serves to enable gas venting from the stomach. On average, a
TLESR persists for approximately 20 seconds, which is significantly longer than the typical swallow-induced
relaxation. In patients with scleroderma or Sjdgren’s disease, alteration in esophageal peristalsis and saliva
are important contributing factors.

What are the components of the esophagogastric junction?

Three components make up the esophagogastric junction: the LES, the crural diaphragm, and the anatomic flap
valve. This complex functions as an antireflux barrier, which, when competent, prevents reflux of gastroduodenal
contents into the esophagus but when incompetent may result in symptoms or esophageal erosions.

Where is the LES? What is the function of the LES?

The LES involves the distal 3 to 4 cm of the esophagus and at rest is tonically contracted. It is the major
component of the antireflux barrier, being capable of preventing reflux even when completely displaced from the
diaphragmatic crura by a hiatal hernia. The proximal portion of the LES is normally 1.5 to 2 cm above the
squamocolumnar junction, whereas the distal segment, approximately 2 cm in length, lies within the abdominal
cavity. This location maintains gastroesophageal competence during intraabdominal pressure excursions.
Resting LES pressure ranges from 10 to 35 mm Hg with a generous reserve capacity because only a pressure of 5 to
10 mm Hg is necessary to prevent GERD.

What is the anatomic flap valve?

In healthy people, an anatomic flap valve is present at the esophagogastric junction, which functions to keep the
distal part of the LES in the abdomen and to maintain the angle of His (i.e., the acute angle between the entrance
to the stomach and the esophagus). As the flap valve disrupts and the LES moves above the crural canal, the
high-pressure zone loses its synergistic configuration and both sphincters (LES and diaphragm) become
appreciably weaker.

What is the role of the esophageal body dysfunction in the development of GERD?

Acid clearance begins with peristalsis, which empties the refluxed fluid from the esophagus, and is completed
by titration of the residual acid by swallowed saliva. Thus peristaltic function is an important defense
mechanism against GERD. Of particular importance are failed peristalsis and hypotensive peristaltic
contractions (<30 mm Hg), which result in incomplete emptying. This may result in the development of
esophagitis or symptoms of dysphagia resulting from poor esophageal clearance of bolus.

Is delayed gastric emptying a contributory factor in gastroesophageal reflux activity?

Postprandial relaxation of the proximal stomach is augmented or prolonged in GERD, and this abnormality is
associated with extended presence of the meal in the proximal stomach. A positive correlation was noted
between slow proximal—but not distal or total—gastric emptying and esophageal acid exposure. Patients who
only partially respond to acid suppressive therapy or continue to have epigastric discomfort or early satiety
should be suspected of harboring this diagnosis.

What is the importance of obesity in the development of GERD?

Obesity augments the risk of reflux symptoms, prolonged esophageal acid exposure, esophagitis, and Barrett’s
esophagus, and that increased abdominal pressure is the pivotal mechanistic factor. Obesity results in an
increased incidence of TLESR, which in turn results in increasing acid reflux and predisposes patients to
complications of GERD such as esophagitis, Barrett’s esophagus, and even adenocarcinoma.

What is the acid pocket?

In the postprandial period, a layer of unbuffered acidic gastric juice sits on top of the meal, close to the cardia,
ready to reflux. This occurrence has become known as the acid pocket and is facilitated by an absence of
peristaltic contractions in the proximal stomach. In patients with GERD, the acid pocket is located more
proximally with respect to the squamocolumnar junction, and it could even extend above the manometrically

defined LES.

Does esophageal hypersensitivity to acid occur only in people with erosive esophagitis?
Hypersensitivity to acid occurs both in people with erosive esophagitis and in those with a
macroscopically normal mucosa. Experiments in which acid is infused in the esophagus indicate that
the threshold to development of heartburn and pain is lower in patients with either erosive esophagitis
or nonerosive reflux disease than in controls. Factors contributing to the noted increased esophageal
sensitivity are impaired mucosal barrier function, upregulation of peripheral nociceptors, and central
sensitization.

Is there any relationship between Helicobacter pylori and GERD?

Helicobacter pylori does not have an important role in the pathogenesis of GERD. Eradication of the
microorganism does not lead to an increased chance of development of the disorder. Patients with H. pylori
should be treated to eradicate the organism, which is important in the development and recurrence of peptic
ulcer disease and gastric malignancy.
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What are the diagnostic methods for GERD?

The diagnosis of GERD is made using a combination of symptom presentation, objective testing with endoscopy,
ambulatory reflux monitoring, and response to antisecretory therapy. The symptoms of heartburn and
regurgitation are the most reliable for making a presumptive diagnosis based on history alone. Empiric therapy
with acid suppressive therapy and response to such therapy is considered an important indication for presence
of GERD. Diagnostic testing with endoscopy and pH monitoring are typically reserved for those who are
either unresponsive or suboptimally responsive to acid suppressive therapy.

What is the most reasonable approach to confirm the diagnosis of GERD?

Empiric proton pump inhibitor (PPI) therapy (termed PPI trial) is a reasonable approach to confirm GERD
when it is suspected in patients with typical symptoms. However, the PPI trial might also be positive in
other acid-related disorders, such as peptic ulcer disease and functional dyspepsia, and an important placebo
effect has been seen. Therefore the specificity of the test is poor (24%-65%) and is not higher than that of
testing with placebo (38%-41%). Nonetheless, in primary care, a short trial of a PPI is deemed useful, because
the combination of a favorable response and absence of alarm symptoms makes additional diagnostic testing
unnecessary.

Are barium radiograph and esophageal manometry used in the diagnosis of GERD?

Barium radiographs should not be performed to diagnose GERD without dysphagia. Esophageal manometry is
recommended for preoperative evaluation, but has no role in the diagnosis of GERD. Both tests have low
sensitivity to make a diagnosis of GERD and are reserved for patients with dysphagia in whom motility disorder is
considered likely.

Is upper endoscopy required for the initial diagnosis of GERD?

Upper endoscopy is not required in the presence of typical GERD symptoms. Endoscopy is recommended

in the presence of alarm symptoms (dysphagia, gastrointestinal bleeding, weight loss, anemia, recurrent
vomiting, etc.) and for screening patients at high risk for complications. Repeat endoscopy is not indicated in
patients without Barrett’s esophagus in the absence of new symptoms.

Is there a benefit of histologic analysis for diagnosis of GERD?

Routine biopsies from the distal esophagus are not recommended specifically to diagnose GERD. A large
interobserver variation, low sensitivity, and low specificity strongly limit the value of histologic analysis as a
diagnostic method for GERD. Biopsy samples should therefore only be taken when other causes of esophagitis are
being considered. In young patients with suspected eosinophilic esophagitis, biopsies should be taken for
confirmation of the diagnosis.

Why is upper endoscopy performed in patients with GERD?

Upper endoscopy should be performed in refractory patients with typical or dyspeptic symptoms principally to
exclude non-GERD etiologic factors. For example, the test serves to rule out alternative diagnoses, such as
eosinophilic esophagitis, infection, and pill injury; furthermore, an observation of typical reflux esophagitis

confirms the diagnosis of GERD. However, erosive esophagitis is only found in approximately 30% of untreated
GERD patients.

How is the severity of endoscopic reflux esophagitis classified?

GERD can be classified as the presence of symptoms without erosions on endoscopic examination (nonerosive
reflux disease [NERD]) or GERD symptoms with erosions present (erosive reflux disease). The severity of
endoscopically observed reflux esophagitis is graded with the Los Angeles classification (Figure 2-1).

Grade A: One or more mucosal breaks confined to folds, 5 mm or smaller.

Grade B: One or more mucosal breaks larger than 5 mm confined to folds but not continuous between tops of

mucosal folds.

Grade C: Mucosal breaks continuous between tops of two or more mucosal folds but less than 75% of esophageal

circumference is involved.

Grade D: Mucosal breaks encompass more than 75% of esophageal circumference.

25.

26.

What are the indications of ambulatory esophageal reflux monitoring?

Ambulatory esophageal reflux monitoring is indicated before consideration of endoscopic or surgical therapy
in patients with NERD, as part of the evaluation of patients refractory to PPI therapy, and in situations in which
the diagnosis of GERD is in question. It may also be performed in those who have undergone surgical
fundoplication whose symptoms have returned to assess if the wrap is loosened.

What are the advantages of ambulatory esophageal reflux monitoring?

Ambulatory reflux monitoring (pH or impedance-pH) is the only test that allows for determining the presence of
abnormal esophageal acid exposure, reflux frequency, and symptoms associated with reflux episodes. Performed
with either a telemetry capsule (usually 48 h) or transnasal catheter (24 h), pH monitoring has excellent
sensitivity (77%-100%) and specificity (85%-100%) in patients with erosive esophagitis; however, the
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Grade D

Figure 2-1. Los Angeles classification of grades A-D esophagitis.

sensitivity is lower in those with endoscopy-negative reflux symptoms (<71%) when a diagnostic test is more
likely to be needed.

What is the esophageal impedance? What are the advantages of the combination of impedance-pH
monitoring?

Esophageal impedance measurement allows detection of reflux independent of the pH of the refluxate.
This method uses a catheter with circular electrodes that measure the electrical impedance of the
esophageal contents at multiple levels along the longitudinal axis of the esophagus. Impedance and pH
monitoring are usually done in combination, and a distinction can be made between acid (pH <4), weakly
acidic (pH 4-7), and alkaline (pH > 7) reflux episodes. This combined technique is debated, as is whether
to test on or off therapy. As a true diagnostic test to determine whether abnormal acid exposure is present
and for evaluation before considering surgery in a patient with NERD, an off-therapy test is recommended.
Testing while on PPI therapy can help determine if the patient’s continued symptoms on therapy are due
to persistent reflux. Combined impedance and pH monitoring has a higher diagnostic yield than pH
monitoring alone.

What is the effectiveness of the dietary modifications for GERD patients?

The effectiveness of dietary modifications has not been shown, and in view of this absence of evidence,
limitation of dietary advice seems wise. Thus cessation of fatty foods, chocolate, caffeine, spicy foods,
peppermint, citrus, and carbonated beverages is not routinely recommended for GERD patients. Selective
elimination could be considered if patients note correlation with GERD symptoms and improvement with
elimination.

Is lifestyle modification helpful for GERD patients?

Cessation of tobacco smoking and alcohol drinking is a sensible recommendation in general, but no data
show that stopping smoking and alcohol drinking leads to a reduction in reflux symptoms. By contrast, much
evidence indicates the effectiveness of weight reduction, at least in patients who are overweight or obese.
The frequent advice to elevate the head of the bed is only rational for patients with GERD who have reflux
episodes at night.

What are the medical options for patients failing dietary and lifestyle interventions?

Medical options for patients failing lifestyle interventions include antacids, histamine-receptor antagonists
(H2RAs), or PPL In the past step-up therapy was recommended in which patients were first treated with antacids
and lifestyle modifications followed by H,RAs and PPIs. However, current recommendations are in favor of
step-down therapy in which PPI therapy is the first option followed by tapering to H,RAs and antacids if
possible.
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How should we treat patients with moderate to severe symptoms of GERD or severe erosive
esophagitis?

In patients with moderate to severe symptoms of GERD or severe erosive esophagitis, 8 week treatment with
PPIs should be regarded as first-line treatment. Findings of many studies show a clear advantage of PPIs
(omeprazole, lansoprazole, rabeprazole, pantoprazole, esomeprazole, and dexlansoprazole) over H; blockers for
both healing of esophagitis and maintenance of healing. There are no major differences in efficacy between
the different PPIs. Patients with severe esophagitis may need lifelong therapy with acid suppressive medications
because recurrence of esophagitis is common off therapy.

Is PPI treatment safe?

PPI treatment is very safe. However, over the years, some concerns about the effects of prolonged acid
suppression have been raised, including a high risk of infection, enhanced propensity to develop atrophic
gastritis, increased risk of Clostridium difficile—associated diarrhea, greater risk of fractures, hypomagnesemia,
deficiencies of vitamin By, and iron, and the potential for a transient increase in acid secretion after
discontinuation. Clinically important drug interactions are rare. The platelet aggregation inhibitor clopidogrel
is less active in conjunction with PPI treatment because of decreased activation. However, recent work
suggests that this interaction is not clinically relevant. Overall, we must be selective on the use of PPI
therapy and limit it to those who need it and who cannot be tapered off therapy because of recurrence of
symptoms or esophagitis.

Are the currently available prokinetics effective for treatment of GERD?

The currently available prokinetics metoclopramide and domperidone (not available in the United States) are
not effective for treatment of this disease. Cisapride was an effective drug but is no longer available. New
prokinetics are in development today. The main role of this class of agents is in those with gastroparesis.

What are the techniques for endoscopic treatment of GERD? What is the effectiveness of these
treatments?

Currently available techniques for endoscopic treatment of GERD include suturing devices, transmural fasteners
and staplers, and radiofrequency ablation. Although the techniques all seem feasible and have safety profiles
similar to those of antireflux surgery, they are not as effective as surgery for returning acid exposure to normal,
healing of esophagitis, and resolution of symptoms. Long-term results with endoscopic therapies may not be
as good as the gold standard of surgical fundoplication.

What are the indications for surgery in patients with GERD?

Reasons to refer GERD patients for surgery may include desire to discontinue medical therapy, noncompliance,
side effects associated with medical therapy, the presence of a large hiatal hernia, esophagitis refractory to
medical therapy, or persistent symptoms documented to be caused by refractory GERD (mainly caused by
continued regurgitations). Fundoplication has also proven effective in patients for whom nonacid reflux
(regurgitation) is an important determinant of symptoms. Preoperative ambulatory pH monitoring is mandatory
in patients without evidence of erosive esophagitis. All patients should undergo preoperative manometry to rule
out achalasia or scleroderma-like esophagus. Surgical therapy is as effective as medical therapy for carefully
selected patients with chronic GERD when performed by an experienced surgeon.

What is the management algorithm for GERD patients with alarm or refractory symptoms?

After endoscopy, patients undergo a trial of single-dose PPI, but when this approach has already been tried,
twice-daily PPI therapy (off-label indication) is started. When the response to PPI is satisfactory, patients with
severe esophagitis and Barrett’s esophagus should continue with daily PPI (maintenance treatment), whereas
those with no or mild esophagitis can use a PPl on demand or taper acid-suppressive therapy to H;RAs.
When symptoms persist despite a sufficiently long period with high-dose PPI, the next step is to investigate
whether symptoms are truly the result of reflux, using ambulatory reflux monitoring. The outcomes are either
that the patient’s symptoms are not related to reflux, that symptoms are the result of insufficient reflux therapy,
or more commonly that they are caused by non-GERD-related causes (Figure 2-2).

What is the treatment of extraesophageal reflux manifestations?

A PPI trial is recommended to treat extraesophageal symptoms in patients who also have typical symptoms of
GERD. Esophageal pH and impedance monitoring are usually reserved for those who continue to be
symptomatic despite initial empiric trial of PPI therapy. The reason behind the lower response rate for
extraesophageal symptoms could be that many patients have an alternative diagnosis, and reflux is not the cause
of their symptoms. Surgery should generally not be performed to treat extraesophageal symptoms of GERD in
patients who do not respond to acid suppression with a PPI.

What are the complications associated with GERD?

The complications of GERD can be broadly divided into three categories:

e Esophagitis, which can be associated with a variety of symptoms, including heartburn, regurgitation, and
dysphagia

e Consequences of the reparative process of esophagitis (peptic stricture and Barrett’s metaplasia)

e Extraesophageal manifestations of reflux, such as asthma, laryngitis, and cough



GASTROESOPHAGEAL REFLUX DISEASE 19

Alarm or refractory symptoms

Los Angeles grade C, D, or Barrett's Los Angeles grade A or B
Endoscopy
No abnormalities
Y Y
8-week course 8-week course 8-week course
of PPI of PPI of PPI
Y Y o
Persistent Persistent
symptoms symptoms |
\4 2 \4 12 \ 4
Symptoms | 8-week course of 4| Persistent 8-week course of | Symptoms
under control double-dose PPI symptoms | double-dose PPI under control
. Reflux monitoring .
Positive Negative
Y Y Y Y
PPI Consider Consider other PPl on demand
maintenance surgery diagnoses (or maintenance)

39.

40.

Figure 2-2. Management algorithm for symptoms of refractory reflux. PPI, Proton pump inhibitor.

What is the approach to treatment of peptic stricture?

The approach to treatment depends on the cause and characteristics of the stricture and usually includes acid
suppression, with at least daily PPI, and dilation therapy. The choice of dilator (bougie or balloon) depends on
the experience of the endoscopist; most strictures can be managed with either. Complicated strictures might
need a combination of approaches and repeated sessions. Refractory strictures are those not responding to
repeated sessions (usually three). An intralesional steroid injection or placement of an endoprosthesis might be
needed in such cases; however, data for these techniques are limited.

What is Barrett’s esophagus? How is Barrett’s esophagus managed?

Barrett’s esophagus is a complication of GERD in which potentially precancerous metaplastic columnar cells
replace the normal squamous mucosa. Barrett’s can be found in 5% to 15% of patients who have endoscopy for
symptoms of GERD and tends to be seen at the higher end of this range in patients with long duration of
symptoms who are white men older than 50. The American Gastroenterology Association supports intervals
of 3-5 years if no evidence of dysplasia is seen and a shorter interval for low-grade dysplasia (6 months) and
high-grade dysplasia (3 months or intervention). The endoscopic ablation is a viable option for some patients
with high-grade dysplasia. However, data for endoscopic ablation in Barrett’s esophagus without dysplasia
are not supported by evidence. Patients with Barrett’s esophagus with no dysplasia should be treated with
once-daily PPI therapy for life.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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1. What are the epidemiologic factors of noncardiac chest pain (NCCP)?
Chest pain is one of the most ubiquitous chief complaints presenting to outpatient clinics and is currently the
second most common reason for a visit to the emergency department. Population-based studies from several
countries have estimated the prevalence of NCCP to be between 13% and 33%, with an equal gender
distribution. There is an inverse relationship between age and prevalence of NCCP.

2. Does a cardiac etiologic factor need to be excluded before starting an evaluation for esophageal
chest pain?
Yes. It is important to recognize that a patient’s history does not reliably distinguish cardiac from
esophageal causes. As cardiac etiologic factors are potentially life-threatening, these should generally be
evaluated first. Patients should be risk stratified based on age, cardiac comorbidities and other risk factors, with
a referral to a cardiologist as appropriate. For example, a 20-year-old otherwise healthy woman probably
does not require an extensive cardiac evaluation. Conversely, a 65-year-old man with hypertension and
typical angina should be thoroughly evaluated for coronary artery disease before considering esophageal
causes.

3. Once a cardiac cause is excluded, what are the causes of NCCP?
The source of NCCP can be pulmonary, musculoskeletal, dermatologic, rheumatologic, or psychiatric. A careful
history and physical examination can often eliminate many of these potential sources. Among esophageal

sources of chest pain, gastroesophageal reflux disease (GERD) is the most common cause, accounting for up to
60% of cases.

4. How is esophageal chest pain transmitted?
Esophageal hypersensitivity results from a combination of peripheral and central sensitization. Although
GERD is the most common cause of esophageal chest pain, acid in the esophagus does not induce symptoms in
all individuals, which suggests alternate pain pathways. Mechanoreceptors are sensitive to esophageal
distention and therefore may be a potential source of pain. The challenge of identifying the underlying
pathophysiologic condition is compounded by the significant overlap between esophageal, intrathoracic,
and psychiatric disease states. Interestingly, not only is there shared innervation between the esophagus
and the heart, but distal esophageal acid exposure has also been documented to reduce coronary

blood flow.

5. Is a proton pump inhibitor (PPI) test a reasonable first-line approach for diagnosis of GERD?
Yes. Because GERD is the most common cause of esophageal chest pain, it is reasonable to give a trial of
a PPI for both diagnostic and therapeutic intent. The “PPI trial” is readily available to all physicians,
and offers sensitivity and specificity rates comparable to more invasive and expensive tests (endoscopy,

ambulatory pH studies), thus reducing health care costs and unnecessary referrals to subspecialty clinics
(Figure 3-1).

6. What PPI dosing strategies are used during a PPI test?

One dosing strategy for GERD associated NCCP is high-dose acid suppression for 1 to 2 weeks (e.g., omeprazole
40 mg by mouth twice daily or its equivalent) using symptom improvement as a measure of responsiveness.
Longer courses (2-3 months) have been more commonly used, but this strategy can be more costly and time
consuming, and can delay diagnosis without much increase in sensitivity or specificity. Typically, patients with
increased acid exposure or those with erosive esophagitis tend to have greater response and higher diagnostic
yield. It is important to ensure a patient does not remain on a high-dose PPI regimen indefinitely. Rather, the PPI
should be titrated to the lowest effective dose or discontinued if there is no symptom improvement.

7. Is there a role for endoscopy in the evaluation of esophageal chest pain?
The answer depends on the patient’s risk factors. Esophagogastroduodenoscopy (EGD) should be reserved for
those patients with high risk features or “red flags” that should prompt evaluation for erosive esophagitis, Barrett’s
esophagus, or malignancy. Patients at risk include men older than 50 years, particularly those with central
adiposity or with symptoms of dysphagia or odynophagia, or in the setting of unintentional weight loss.
Otherwise, the sensitivity of EGD in patients with typical reflux symptoms is 30% to 50% and should not be the
initial diagnostic tool in these patients.

21
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Esophageal chest pain
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*Esophageal manometry performed at the same time as a pH study for both accurate catheter placement and to
rule out motility disorders causing chest pain.

Figure 3-1. Algorithm for esophageal causes of chest pain. CBT, Cognitive behavioral therapy; EGD, esophagogastroduodenoscopy;
GERD, gastroesophageal reflux disease; MMI, multichannel intraluminal impedance; NERD), nonerosive reflux disease; PPI, proton

pump inhibitor; SAP, symptom association probability; SI, symptom index; SSI, symptom severity index; SNRI, serotonin
norepinephrine reuptake inhibitor; SSRI, selective-serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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8. Can esophageal motility disorders induce chest pain?

Yes. Sir William Osler described “pseudo angina” more than a century ago, which he attributed to esophageal
dysmotility. In patients with esophageal chest pain, abnormal manometry can be encountered in up to 50% of
patients. The most common motility disorder presenting as esophageal chest pain is nutcracker esophagus
(hypertensive peristaltic contractions), accounting for nearly half of all cases. Other dysmotility causes include
jackhammer esophagus (hypercontractile esophagus with repetitive high-amplitude contractions), ineffective
esophageal motility, diffuse esophageal spasm, achalasia, and hypertensive lower esophageal sphincter

(Table 3-1).

Table 3-1. Diagnostic Criteria of Esophageal Motility Disorders Adopted from the Chicago

Classification

DIAGNOSIS DIAGNOSTIC CRITERIA

Nutcracker esophagus (hypertensive Extremely high pressures during peristalsis with an average DCI

peristalsis) >5000

Jackhammer esophagus Diagnosed with a DCI >8000 on any one swallow during the study

(hypercontractile esophagus)

Ineffective esophageal motility Weak peristalsis or peristaltic defects, characterized by “breaks” in
the peristaltic wave

Diffuse esophageal spasm Premature or simultaneous contractions in >20% of swallows

Achalasia Failed peristalsis and incomplete LES relaxation

DCI, Distal contractile integral; LES, lower esophageal sphincter.

9.

10.

11.

12.

13.

How is esophageal motility evaluated?

Recent advances in high-resolution manometry (HRM) have improved both the diagnostic and prognostic data.
Whereas standard manometry graphically displays esophageal pressure changes in three to eight locations of the
esophagus, HRM uses up to 30 sensors spaced at 1-cm intervals and provides a detailed mapping of esophageal
pressures, which are displayed in graded color fields to visually distinguish changes in intraluminal pressures. This
information can also be reformatted into a three-dimensional display, where areas of high pressure appear to have
spikes or peaks as the swallow propagates through the esophagus. Figure 3-2 demonstrates propagation of a
swallow in a normal esophagus. Figure 3-3 gives an example of two of the more common motility disorders,
nutcracker esophagus and diffuse esophageal spasm.

What is the treatment for esophageal motility disorders?

Treatment of esophageal motility disorders can be challenging, and often requires trials of medications both
within the same class and across different classes to uncover the most efficacious treatment. Medications that
have been employed with success include calcium channel antagonists, nitrates, and anticholinergics. In small
clinical trials, trazodone and selective-serotonin reuptake inhibitors have demonstrated symptomatic
improvement without inducing manometric changes.

Is barium esophagogram a useful test in the evaluation of esophageal chest pain?

Not usually. Although acid reflux may be a cause of esophageal chest pain, a barium esophagogram has low
sensitivity for diagnosing GERD and should be reserved for patients with concomitant dysphagia. Barium
esophagogram studies can demonstrate reflux in up to 20% of healthy individuals, and therefore should not be
used as a substitute for other higher yield diagnostic modalities for GERD (i.e., PPI test, ambulatory pH study).
Barium esophagogram is useful in cases of suspected achalasia, which can demonstrate a dilated esophagus with
distal narrowing and a characteristic “bird’s beak” sign.

What is the next best test in someone who is partially responsive or unresponsive to PPI?

An ambulatory pH test measures the degree and duration of esophageal acid exposure with the degree of severity of
reflux expressed as a scoring index (i.e., the Johnson-DeMeester score, DeMeester score, or percent time pH < 4).
With a sensitivity similar to the PPI test, ambulatory pH testing is usually reserved for those who are PPl unresponsive
or partially responsive. Additionally, this test can be used when objective evidence of reflux is needed (i.e., prior to
antireflux surgery). Ambulatory pH testing not only provides objective evidence of abnormal esophageal acid
exposure, but it can assess the temporal relationship of chest pain and acid reflux events in up to 50% of cases.

How is pH monitoring performed?

Ambulatory pH testing can be performed using transnasal catheter-based probes or via wireless capsule
monitoring systems. Data can be collected over 24 to 48 hours. Figure 3-4 is an example of acid reflux on pH
testing.
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Figure 3-2. Normal manometric tracings obtained on high-resolution manometry and standard two-dimensional manometry.
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Figure 3-3. Right: High-resolution manometry and pressure graph tracing in a patient with nutcracker esophagus. The vigor of
the esophageal contraction is measured using the distal contractile integral (DCI), which is a three-dimensional measurement of
the segment spanning from the proximal to distal pressure trough or gastroesophageal junction (amplitude x duration x length).
Left: Diffuse esophageal spasm. Note the simultaneous contraction of the swallow.

14. What are some advantages and disadvantages of the transnasal catheter?
The procedure to place a transnasal catheter can be performed in the office without sedation and can usually
be combined with impedance monitors to provide additional information regarding reflux. The catheter,
which is placed 5 cm proximal to the lower esophageal sphincter, can have one or more pH sensors that will
measure acid exposure in different locations of the esophagus. The disadvantage of this system is that they
can be cumbersome and uncomfortable for patients, and data recording is typically limited to 24 hours. Patient
discomfort may lead to altered dietary intake and decreased daily activity, which can adversely affect the
accuracy of the test.

15. What are some advantages and disadvantages of the wireless pH monitor?
An endoscopically placed capsule is temporarily fixed to the esophageal mucosa, located 6 cm proximal to
the gastroesophageal junction, and information regarding esophageal acid exposure is transmitted to a receiver
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Figure 3-4. Note the change in impedance in sensors 1-6 with a prolonged drop in pH less than 4, indicating an acid reflux episode.

16.

17.

18.

19.

over 48 hours. This system tends to be better tolerated by patients and therefore patients are more likely to
resume normal dietary intake and daily activities. Disadvantages include the need for endoscopy with sedation
and a reported premature detachment of the capsule in up to 12% of cases. Additionally, wireless pH may
not be optimal in the evaluation of chest pain as these patients may report worsening symptoms with capsule
placement. Endoscopic removal for chest pain has been reported in up to 2%.

In a patient with a normal pH score, what is the next step in evaluating for reflux?

Multichannel intraluminal impedance (MII) is useful in detecting nonacid or weak-acid (pH >4) reflux
episodes that are undetected by conventional pH monitoring systems. Patients who have a normal pH study
but abnormal MII are diagnosed with nonacid reflux, which can occur in up to one third of patients with
GERD symptoms that persist despite a PPI trial.

How does Ml work?

MII allows detection of both acid and nonacid reflux contents. Multiple sensors embedded in a transnasal
catheter measure changes in intraluminal resistance to alternating current. Because air has poor electrical
conductivity and solids conduct well, MII can differentiate between the presence of liquid and gas. Additionally,
the multiple sensors, acting in concert, can determine the direction of flow of gas or solid material, thus
differentiating between aerophagia versus belch and food bolus versus reflux. Figure 3-5 is an example of nonacid
reflux.

Can any other data be obtained from a 24-hour pH/MII catheter?
Yes. Symptom correlation is an integral piece of information in the interpretation of data from a 24-hour pH/MII
study. Patients are connected to an ambulatory monitoring device that allows them to press a button when they
experience their index symptoms. Symptom episodes are then compared with the pH/MII data to establish a
correlation between symptoms and reflux events, either acid or nonacid.

How is functional esophageal chest pain defined?
According to the ROME III criteria, functional chest pain of esophageal origin must meet all of the following
diagnostic criteria:
1. Midline chest pain or discomfort that is not of burning quality (to distinguish from functional heartburn)
2. Absence of evidence that gastroesophageal acid reflux is the cause of the symptom
3. Absence of histopathologic-based esophageal motility disorders

Additionally, symptoms must be present for the preceding 3 months, with onset more than 6 months prior
to the diagnosis.
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Figure 3-5. Note the change in impedance in sensors 2—7 without a concomitant drop in esophageal pH (sensor 8), indicating
nonacid reflux.

20. What does a positive symptom correlation mean?

Three indices express the correlation between symptoms and reflux. Symptom index and symptom severity index
provide data on the strength of the association between symptoms and reflux events, whereas symptom
association probability evaluates the statistical probability that a symptom is due to a reflux event rather than
chance alone (Table 3-2). One weakness of any of these associations is that often there are too few episodes of
chest pain experienced in a 24 to 48 hour period to make an accurate assessment. Also, a chest pain episode may
be prolonged and a reflux episode may have occurred during that time by chance. Of note, none of these methods
can reliably predict response to treatment and are therefore viewed as complementary data to support findings on
the pH/MII study and clinical suspicions.

Table 3-2. Modalities for Calculating the Association of Symptoms and Reflux Events

SYMPTOMS SCORING POSITIVE

MODALITY CALCULATION SCORE

SI Symptomatic episodes associated with reflux events « 100 >50%
Total number of symptomatic episodes

SSI Number of symptomatic episodes with pH <4 < 100 >10%

Total number of reflux episodes

SAP Chi square: Total 24-hour pH recording data divided into 2- >95%
minute segments. Each segment is interpreted for reflux events
and reported symptoms. The data is summarized into a 2 x 2 table
and a probability that an association exists is calculated using the
Fisher’s exact test.

SAP, Symptom association probability; SI, symptom index; SSI, symptom severity index.

21. How do you treat esophageal hypersensitivity?
Treating esophageal hypersensitivity can be challenging and currently there are no uniformly recommended
treatments. Diagnosis can be with a normal endoscopy and normal pH/MII study but positive symptom
correlation. If a trial of acid suppressants has failed, pain modulators can be considered. Several medications have
been studied for esophageal pain in clinical trials. These include tricyclic antidepressants (imipramine),
selective-serotonin reuptake inhibitors (sertraline, citalopram, or paroxetine), or serotonin-norepinephrine
reuptake inhibitors (venlafaxine). Additionally, theophylline has been successful in increasing pain thresholds
in distention-induced esophageal chest pain. Finally, there may be a role for cognitive behavioral therapy in
patients with esophageal hypersensitivity.
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How do you treat functional chest pain?

Although less robust data exists regarding treatment of functional chest pain, anecdotal and expert
recommendations are similar to treatment of esophageal hypersensitivity. Patients with functional chest pain
tend to have other concomitant functional gastrointestinal disorders, which may similarly benefit from
neurotransmitter modulation.

Are there any provocative tests that can be done?

Yes, but these tests are rarely used outside of research settings because of difficulties in standardization and
increased diagnostic yields of newer modalities (e.g., ambulatory pH studies, PPI test, etc.). Of the tests designed
to evaluate esophageal sensitivity, only esophageal balloon distention test continues to have some clinical
implications. Otherwise, tests designed to evaluate for response to acid exposure (Bernstein test) or esophageal
dysmotility (bethanechol test, edrophonium test, ergonovine test, and pentagastrin test) are either not
readily available or have low diagnostic utility.

How is the esophageal balloon distention test performed?

Using serial inflations of an esophageal balloon, subjects are monitored for the degree of distention required to
induce index symptoms. A positive study is defined as reproducing symptoms at a volume that does not
induce pain in normal subjects. This study may have to be coupled with other provocative tests, such as acid
instillation and electrical stimulation, to unravel the complicated interplay between mechanoreceptors,
chemoreceptors, and nociceptors that govern the perception of esophageal pain. Using these methods, future
research in this area can potentially provide adequate medications to either increase the pain threshold or
blunt neurotransmitters in debilitating cases of esophageal chest pain.

What are the treatment options for reflux-related esophageal chest pain with a negative endoscopy?
For nonerosive reflux disease, PPIs should be titrated to the lowest effective dose. For nonacid reflux documented
on 24 pH/MII while on PPI therapy, reflux inhibitors (e.g., baclofen) can be used to reduce transient lower
esophageal sphincter relaxations.

Are there any emerging treatments or diagnostic modalities for esophageal chest pain?

Some receptors that have gained attention in clinical trials include:

¢ N-methyl-D-aspartate receptor antagonist (ketamine) increases sensory threshold without a change in
esophageal motility and reduces secondary hyperalgesia. There are considerable adverse drug reactions
(central nervous system depression, arrhythmia, respiratory depression) and it requires intramuscular or
intravenous administration.

¢ Alpha-2-delta ligand (pregabalin) reduces centrally acting pain modulators, glutamate, and substance P.

Are any psychiatric diagnoses associated with esophageal chest pain?

Yes. Psychiatric comorbidities, most commonly anxiety disorder, frequently present with esophageal chest pain.
Additional comorbid conditions include major depression, panic disorder, and somatization, and can occur in up
to 33% of patients with esophageal chest pain. The exact pathophysiologic factors linking these disorders to pain
is not clear, which makes treatment difficult. Cognitive behavioral therapy has been used with some success, but
treatment of the underlying psychiatric illness remains key to resolution of symptoms.

What is the long-term prognosis of NCCP?
Although there is no increase in overall mortality above the general population, several long-term, outcome-based
studies have demonstrated increased morbidity, as well as impaired quality of life in patients with NCCP. As many
as two thirds of patients will continue to experience their index symptoms up to 11 years later. Although providing
an exact diagnosis may not decrease the frequency or severity of symptoms, patients who understand their pain to
be esophageal in origin tend to feel less impaired and use less medical resources for ongoing symptoms.

The authors would like to acknowledge the contributions of Dr. Amit Agrawal and Dr. Donald O. Castell, who were
the authors of this chapter in the previous edition.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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1. Define achalasia.
Achalasia is the most well-recognized esophageal motility disorder and the only primary motility disorder with
established pathologic findings. The term is Greek for “failure to relax” and describes the predominant feature of
this disorder: a poorly relaxing lower esophageal sphincter (LES). The second cardinal feature is aperistalsis of
the esophagus. The first case of achalasia was reported more than 300 years ago by Sir Thomas Willis. The
patient’s esophageal obstruction responded to dilation with a whale’s bone.

2. How common is achalasia?
Achalasia is a rare disorder that affects all races equally with a mean age at diagnosis of 50 years. The mean
incidence of new diagnosis is approximately 0.5 to 1.5 cases per year per 100,000 population. The prevalence of
achalasia is much higher, between 8.7 and 10.8 cases per 100,000 population, owing to the fact that achalasia is a
chronic disease with a low disease-related mortality rate.

3. Where is the pathologic lesion in achalasia?
The pathologic changes identified at autopsy or from myotomy specimens are seen in the esophageal myenteric
(Auerbach’s) plexus and include a prominent but patchy inflammatory response consisting primarily of T
lymphocytes, loss of ganglion cells, and some degree of myenteric neurofibrosis. The end result of this chronic
inflammation is a selective loss of postganglionic inhibitory neurons containing nitric oxide and vasoactive intestinal
polypeptide. Postganglionic excitatory neurons are spared; therefore cholinergic stimulation continues
unopposed, leading sometimes to high resting LES pressure. The loss of inhibitory neurons results in incomplete
LES relaxation and aperistalsis is caused by a loss of the latency gradient that permits sequential contractions
along the esophageal body, a process mediated by nitric oxide.

4. What is the suspected cause of achalasia?

The exact cause is unknown, but evidence is accumulating that an autoimmune response targets the neurons,
possibly triggered by an infectious agent. Reports indicate a significant association with specific human leukocyte
antigen genotypes (DQA1*0103 and DQB1*0603 alleles) and achalasia. Recently, herpes simplex virus type 1
(HSV-1) DNA was demonstrated in esophageal tissue and shown to trigger a persistent immunologic cascade
consisting of infiltration of the ganglion cells with cytotoxic CD8 T cells and circulating antineuronal
antibodies. As HSV-1 is a neurotrophic virus with a predilection for squamous epithelium, this helps to explain
the selective loss of neurons in the esophagus.

5. What is the most common complaint in the patient suspected of having achalasia?
Dysphagia is reported by most patients with achalasia. Dysphagia is initially more for solids than liquids, but by
the time of presentation as many as 70% to 97% of patients have troubling dysphagia for liquids. The onset of
dysphagia is usually gradual, being described initially as an infrequent “fullness” in the chest or “sticking”
sensation, but usually occurs daily or with every meal by the time of presentation to the physician. Some patients
correctly locate their dysphagia to the subxiphoid area, but many complain of dysphagia referred to the cervical
esophagus. Patients cut their food up well, chew thoroughly, drink plenty of liquids, and usually are the last to
leave the table. Over the years they have learned to accommodate their dysphagia using various maneuvers,
including throwing their shoulders back, lifting the neck, or using the head-back position and simultaneously
using the Valsalva maneuver in the upright position to help empty the esophagus.

6. Are other symptoms commonly associated with achalasia?
Regurgitation of undigested retained food or accumulated saliva occurs in approximately 75% of patients
with achalasia. The food regurgitated is usually undigested, eaten several hours before, and does not have
an acid taste. Unprovoked regurgitation often occurs during or shortly after a meal. It is not unusual for
patients to induce vomiting manually to relieve chest discomfort. Other patients complain of thick white
phlegm in their mouth, which is the result of regurgitated swallowed saliva. Nocturnal regurgitation can be
annoying and quite severe. Regurgitated food or saliva may end up on the pillow case, cause audible gurgling
sounds, or may sometimes be aspirated in the trachea, producing bouts of coughing, choking, and rarely
aspiration pneumonia. In young women, the symptoms of regurgitation may be confused with an eating
disorder.
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Less common complaints include chest pain, heartburn, and weight loss. Chest pain is reported by nearly
40% of patients with achalasia, usually younger patients whose esophagi are not very dilated. Symptoms often
have no relationship to meals and frequently awaken the patient from a deep sleep. Prominent pain usually
occurs early in the course of achalasia when the esophagus is minimally dilated and over time pain usually lessens
and sometimes resolves. Surprisingly, heartburn can be seen in up to 50% of patients with achalasia and
many times these patients are initially misdiagnosed as having gastroesophageal reflux disease (GERD).
Occasionally the heartburn is related to true acid reflux but more frequently it is due to retention of acid-rich
beverages or, in patients with very large esophagi, retention of food. In the latter situation, the food may undergo
fermentation and the acid sensation is caused by lactic acid rather than hydrochloric acid. These patients
typically do not respond to antacids or proton pump inhibitors. More than half the patients with achalasia report
weight loss, on average approximately 10 to 20 pounds. However, morbidly obese patients have been
described with achalasia.

. What is the best initial test for diagnosing achalasia?

When achalasia is suspected, a barium esophagram with fluoroscopy is the best initial test. The esophagus is
usually dilated and sometimes torturous, and does not empty barium in the upright position. Retained food
and saliva produces an air-fluid level at the top of the barium column. Some patients’ esophagus are markedly
dilated, resembling a sigmoid colon. The distal esophagus is characterized by a smooth tapering leading to the
closed LES that resembles a bird beak. Fluoroscopy always shows a lack of peristalsis replaced by to-and-fro
movement in the supine position. Early cases may be misdiagnosed because screening barium x-ray studies fail to
reveal esophageal dilation and peristalsis is not evaluated.

. What are the classic manometric features of achalasia?

Esophageal manometry is required to establish the diagnosis of achalasia and should be done on any patient for
whom invasive therapies are planned. Because achalasia only involves the smooth muscle of the esophagus,
manometry abnormalities are confined to the distal two thirds of the esophagus. All patients have at least two
manometric abnormalities: aperistalsis and abnormal LES relaxation. Other abnormalities include elevated LES
pressure in up to 50% of patients and an increase in esophageal baseline pressure, often greater than gastric
pressure resulting from retention of food and saliva.

. What is high-resolution manometry and how has it improved our ability to diagnosis achalasia?

High-resolution manometry (HRM) is now the gold standard for diagnosing achalasia. In this procedure, a transnasal
catheter incorporating 36 pressure transducers approximately 1 cm apart is passed into the stomach (the old system
used five pressure sensors). HRM allows a detailed, colored pressure recording from the pharynx to stomach. For the
first time LES relaxation can be accurately measured, introducing a new manometric term: integrated relaxation
pressure (IRP). This parameter is automatically calculated to assess the postswallow LES pressure during a 4-second
period in between crural diaphragm contractions. Normal IRP in healthy controls is less than 15 mm Hg; therefore
values higher than this are the best predictor of impaired LES relaxation in achalasia patients.

With the emergence of HRM, achalasia can now be subclassifed into three clinically relevant groups
based on the contractile pattern in the esophagus (Figure 4-1). In Type I (classic achalasia) there is impaired
relaxation but no significant pressurization within the esophageal body. In Type II achalasia, swallowing of
water causes rapid panesophageal pressurization, usually exceeding 30 mm Hg. This may exceed LES pressure,
causing the esophagus to empty. Type 111 achalasia (formerly vigorous achalasia) is associated with rapidly
propagated pressurization; however, these are attributable to normal lumen obliterating contractions as seen
with spasm.

Do any manometric features of achalasia predict response to therapy or direct therapy?

Until the advent of HRM, the answer was no. However, for the first time, the esophageal patterns defined by
HRM can be used to predict response to various treatments. Type I and especially Type II achalasia patients
(60%-100%) respond well to pneumatic dilation, Heller myotomy, or botulinum toxin. Type III responds less
well (approximately 30%) and may do best with surgical myotomy.

Is there a role for endoscopy in the evaluation of achalasia?

Endoscopy may be reported as normal in a surprising number of patients in whom achalasia is not suspected
before the procedure. In more obvious cases, the esophagus is dilated and contains a variable amount of clear
fluid; saliva; or retained, macerated food. With long-standing disease, the esophagus can be very torturous and
sometimes it is difficult to intubate the LES. The esophageal mucosa demonstrate a variety of changes from mild
erythema to frank erosions or even ulcerations. The LES appears puckered and remains closed with air
insufflation; however the endoscope usually passes into the stomach with gentle pressure. In some patients a
“pop” is noted, but this is uncommon. If excessive pressure is required, the presence of pseudoachalasia should be
highly suspected. Retroflex view of the cardia should always be done and biopsy samples obtained from suspicious
areas to exclude a malignancy before treatment.

What are the two most common diseases mimicking achalasia?
In Central and South America, Chagas disease is a multisystem infectious disease caused by the protozoan
Trypanosoma cruzi and transmitted by bites from the reduviid (kissing) bugs. Ganglion cells are destroyed
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Figure 4-1. High-resolution manometry examples of the three types of achalasia proposed by Pandolfino and colleagues (2008).
Type L is characterized by the absence of esophageal pressurization to more than 30 mm Hg. Type Il is associated with panesophageal
pressurization to greater than 30 mm Hg observed after at least 2 of 10 water swallows. Type III has spastic contractions caused by
abnormal lumen, obliterating contractions with or without periods of panesophageal pressurization.

throughout the body, resulting in megaesophagus, duodenum, colon, and rectum damage. The esophageal disease
is identical to idiopathic achalasia. Many patients have cardiac disease, which is the leading cause of death in
Chagas patients.

In other regions, “pseudoachalasia” secondary to malignancies represent approximately 3% of all achalasia
patients and approximately 10% of achalasia patients older than 60 years of age. It should be suspected in
older adult patients with rapidly progressing dysphagia and weight loss, but it can be seen in much younger
individuals. The most common cancers are adenocarcinoma of the esophagus and stomach, but rare tumors
such as breast, prostate, lung, and lymphoma have been reported. The diagnosis usually can be made at endoscopy
with multiple biopsies. Sometimes endoscopic ultrasound with directed biopsies may be helpful.
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Are we seeing more secondary cases of achalasia?

Rare causes of secondary achalasia include amyloidosis, eosinophilic esophagitis, sarcoidosis, and pancreatic
pseudocysts. Increasingly, secondary achalasia is being recognized after laparoscopic fundoplication and
especially gastric banding. In these situations, the fundoplication is too tight around the distal esophagus or the
gastric band has been misplaced too high near the esophagogastric junction (EGJ), impairing esophageal
emptying. These patients complain of dysphagia and the esophagus dilates. Usually, correction of these surgical
problems results in return of peristalsis and resolution of the dysphagia.

What are the goals for the treatment of achalasia?
No treatment can restore muscle activity to the denervated esophagus. Treatment is directed at reducing the
gradient across the LES with three goals:
1. Relieve the primary symptoms of dysphagia and regurgitation.
2. Improve esophageal emptying.
3. Prevent the development of megaesophagus over time.
Opverall, using single or multiple modalities of treatment, more than 90% of achalasia patients do well.
However, the disease is never “cured” and touch-up treatments are required over longer periods of follow up.

Are oral drugs available for treating achalasia?

The two most common oral agents for treating achalasia are nitrates and calcium channel blockers. Nitrates
increase nitric oxide concentration in smooth muscle cells, promoting muscle relaxation. Channel blockers
inhibit cellular calcium uptake and lower LES pressure by approximately 50%. Nitrates in the form of isosorbide
dinitrate (5 mg) or nifedipine (10-30 mg) are given sublingually approximately 15 to 30 min before meals and at
bedtime. A significant drawback is the occurrence of side effects such as hypotension, headaches, and dizziness in
approximately 30% of patients; drug tolerance develops over time.

How does botulinum toxin work in achalasia?

Botulinum toxin A injected directly into the LES is the most common drug used in treating achalasia. It is a
neurotoxin that blocks the release of acetylcholine from the nerve terminals. The effect is temporary as the
cholinergic synapses eventually regenerate. Although there are five commercial formulations of botulinum toxin
with variable potencies, most studies have used Botox (Allergan Inc., Irvine, CA) or Dysport (Ipsen
Pharmaceutical, Bologne-Billancourt, France). Botox is available in vials containing 100 units of the lyophilized
powder. For use in achalasia, this can be diluted in 5 mL of normal saline to yield a solution containing 20 units/mL.
Flexible upper endoscopy is performed and the toxin injected via a 5-mm sclerotherapy needle into the LES region,
piercing the mucosa approximately 1 cm above the Z line and slanting the needle approximately 45 degrees. The
injections are administered in 5 aliquots (total of 100 units) distributed circumferentially around the closed LES.

What are the results of Botox therapy?

Using doses of 80 to 100 units of Botox, there is clinical improvement within 1 month in more than 80% of
patients, but fewer than 60% are in remission at 1 year. Older patients and those patients with vigorous achalasia
have a more favorable response to Botox. Of those responding to the first injection, 75% respond to a second
Botox injection, but some report a decreased response to further injections, probably from antibody production
to the foreign protein. Five randomized trials comparing botulinum toxin to pneumatic dilation and one to
laparoscopic myotomy found comparable dysphagia relief initially, but rapid deterioration in the drug-treated
group over 6 to 12 months.

Does Botox have any side effects or short comings?

Botox should not be given to patients with an egg allergy. Otherwise, the drug is safe and simple to administer.
Reported complications have included transient chest pain and heartburn. The major drawback is its cost
(approximately $500/vial) coupled with the need for multiple injections. Some surgical reports suggest that
repeated injections of Botox make surgical planes between tissue more difficult to dissect. However, the
outcomes after surgery appear not to be affected, whether or not Botox has been previously administered.

Where do botulinum toxin injections have greatest utility in the treatment of achalasia?

In the United States, botulinum toxin injections tend to be the first line of treatment for older adult patients or
those with severe comorbid illnesses because it is safe and improves symptoms, and because older patients
generally require treatments no more frequently than once a year. It should not be used in healthy younger
patients, as more definitive treatments are available. Botulinum toxin treatment may be cost effective for
achalasia patients living less than 2 years.

How is pneumatic dilation of the LES performed?

Pneumatic dilation tears the LES by partially stretching the muscle using air-filled balloons. The procedure has
been markedly simplified using the Microvasive Rigiflex balloon system (Boston Scientific Corp, Massachusetts
USA). These noncompliant polyethylene balloons come in three diameters (30, 35, 40 mm) mounted on a
flexible catheter placed over a guidewire at endoscopy. The procedure adds approximately 5 minutes to initial
endoscopy. The achalasia balloon is positioned across the LES with the location determined by fluoroscopy. The
“waist,” caused by the nonrelaxing LES, is gradually flattened using 7 to 15 psi of air held for 15 to 60 seconds.
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Most procedures are done in an outpatient setting, with the patient observed for 2 to 4 hours before returning to
normal activities the next day. Dilatations are usually started with the smallest balloon (30 mm) and then
repeated at 2- to 4-week intervals, with serially larger balloons if symptom relief and improved esophageal
emptying does not occur.

What are the results of pneumatic dilation?

In a recent review of nearly 1200 patients across 24 studies with an average follow up of 3 years, Rigiflex pneumatic
dilation resulted in good to excellent symptom relief in 74%, 86%, and 90% of patients with 30-, 35-, and 40-mm
balloons, respectively. Over 5 years, nearly one third of patients have symptom relapses; however, long-term
remission can be achieved in most patients by repeat dilations “on demand” based on symptom recurrence. If the
patient fails three serial balloon dilations, most authorities then recommend surgery. Pneumatic dilation is the most
cost-effective treatment for achalasia during a 5- to 10-year postprocedure window.

Are there subsets of patients who do better with pneumatic dilation?

Patients with the best outcomes following pneumatic dilation are older (older than 40 years), women, and
those with Type II pattern confirmed by HRM. Nevertheless, pneumatic dilation can be done on almost
any patient. Some authorities recommend beginning with the 35 mm balloon when treating young men and
those who have undergone a previous Heller myotomy.

What are the complications associated with pneumatic dilation?

Poor cardiopulmonary status or other comorbid illnesses preventing surgery, should a perforation occur, are
absolute contraindications to pneumatic dilations. Up to 33% of patients have complications after pneumatic
dilation, but most complications are minor, with chest pains being most common. Esophageal perforations are
the most serious complications with an overall rate in experienced hands of 2% (range, 0%-16%) of which 50%
will require surgery. Severe complications of GERD are rare after pneumatic dilatation, but 15% to 35% of
patients have heartburn responding to proton pump inhibitors.

What are the critical elements of the laparoscopic myotomy for treating achalasia?

From a surgical point of view, minimally invasive myotomy through the abdomen has become the gold standard
for treating achalasia. Patients are usually hospitalized for less than 48 hours and return to work within 2 weeks.
Recent surgical improvements include extending the myotomy 2 to 3 cm onto the proximal stomach to cut the
gastric sling fibers thereby nearly obliterating LES resting pressure and the addition of an incomplete
fundoplication (Dor or Toupet) to decrease complications of severe acid reflux.

How successful is surgical myotomy for achalasia?

Clinical success rates after laparoscopic myotomy are very high, on average 89% (ranging from 75% to 100%)
after an average follow up of nearly 3 years. However, the success rate drops to 65% to 85% after 5 years, probably
as a result of progression of the disease and GERD complications. Patients failing pneumatic dilatation or
botulinum toxin treatment can be successfully treated with surgical myotomy, although some studies suggest a
lower success rate.

Are there predictors of surgical success for myotomy?

Positive predictive factors for successful myotomy include younger patients (<40 years), men, LES pressure more
than 30 mm Hg, and a straight esophagus. As with pneumatic dilatation, the Type Il HRM achalasia pattern has
the best outcome after surgery. However, recent data suggest that surgery is superior in Type I1I patients, probably
because of the more extensive proximal disruption of the esophageal muscle.

What are the major problems with surgery?

Laparoscopic myotomy is very safe, with a mortality rate approximately 0.1%. The most common complication is
perforation of the esophageal or gastric mucosa (range, 0%-35%) during myotomy, which is usually recognized
during the procedure and repaired without clinical consequences. Recurrence of dysphagia, if it occurs after
myotomy, usually develops within 12 to 18 months. The most common cause is an incomplete myotomy, usually
on a gastric side where the dissection is more complicated, late scarring of the myotomy, and an obstructing
antireflux wrap. Recurrent dysphagia after myotomy can be treated with pneumatic dilatation or repeat
myotomy. GERD can be a severe complication after myotomy with a reported rate approaching 50%.
Approximately 25% of patients will have moderate to severe esophagitis and 7% to 10% of patients may develop
Barrett’s esophagus and occasionally a secondary adenocarcinoma.

Which is the best treatment for the healthy patient with achalasia?

Until recently, addressing this question has been difficult because large prospective randomized studies were not
available. This changed in 2011 with the publication of the European Achalasia Trial from five countries
randomizing 94 patients to Rigiflex pneumatic dilation (30 and 35 mm with up to three repeat dilations) and 106
to laparoscopic myotomy with Dor fundoplication performed by physicians highly skilled in both procedures.
Over 2 years, both treatments had comparable success in relieving symptoms (92% for dilation versus 87% for
myotomy), improving barium emptying, and decreasing LES pressure. Although longer follow up is planned, this
study indicates that both treatments are equally effective at least over 2 to 3 years.
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. What is the new endoscopic treatment for achalasia?
Developed in Japan, peroral esophageal myotomy is the most exciting new treatment for achalasia being
widely studies in the United States and Europe. An endoscopic myotomy is performed using a submucosal
tunnel; the circular muscles are divided over a minimum of 6 cm in the distal esophagus and 2 cm onto
the cardia, and the mucosal entry side is closed with standard endoscopic clips. Small studies usually involving
fewer than 20 patients report success rates on average of 90% with decreases in LES pressure and improved
esophageal emptying. However, the procedure is technically demanding; many patients get mediastinal air
leaks and purulent mediastinitis is a possible complication; and follow-up is still short, on average 6 months.
More importantly, an antireflux procedure is not included in this procedure and the risk of GERD may be
considerable (up to 45% in one study), which may represent a serious drawback.

What is the follow-up treatment for the patient with treated achalasia?

Because achalasia is never cured, all patients regardless of treatment or symptoms need physiologic follow up
of their achalasia. Previously, the preferred physiologic test was repeat measurements of the LES; however,

a recent study suggests an upright timed barium esophagram gives better information. In this test, the patient is
given 8 ounces of thin barium to drink in the upright position and esophageal emptying is assessed at 1 and
5 minutes. In the recent European Achalasia Trial, the timed barium esophagram was more predictive of 2-year
outcome (88%) than postprocedure LES pressure. Newer testing suggests that barium emptying correlates
well with EGJ distensibility. Those patients with normal distensibility usually have complete upright emptying
by 5 minutes, whereas those with persistent impaired esophageal opening have an average barium column
height of 5 to 8 cm at 5 minutes. Patients with symptom relief and good esophageal emptying do well in the
long term, and should be checked every 2 to 3 years. Those with persistent symptoms or poor esophageal
emptying warrant further treatment or close follow up in 1 year.

Is achalasia a premalignant condition?

The risk of developing esophageal cancer, particularly squamous cell cancer, is increased by ten- to fiftyfold in
achalasia. However, incidence of cancer is rare overall, endoscopic surveillance is difficult, and there are no
recommendations for routine follow up by gastroenterology societies. If considered, it seems most reasonable
in those patients with a very large esophagus and poor draining, as the cancer is most related to chronic
stasis and inflammation in the esophageal body.

What is a good algorithm for treating the patient with achalasia?
A treatment algorithm is determined by the skills of the surgeon and gastroenterologists in your community.
Figure 4-2 depicts an algorithm commonly used at centers seeing a large volume of achalasia patients.

<40 yrs >40 yrs
Y Y
Laparoscopic | _ Failure | Graded pneumatic
myotomy - dilation
Failure Success
Y Failure
Refer to esophageal Repeat as
center of excellence needed
¢ 4 ¢ Failure
Pneumatic Repeat Esophagectomy
dilation myotomy

Figure 4-2. Suggested algorithm for the treatment of achalasia. (From Boeckxstaens GE, Zanitto G, Richter JE: Achalasia, Lancet
2014;383:83-93.)
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ESOPHAGEAL CANCER

Peter R. McNally, DO, MSRF, MACG, Nimish B. Vakil, MD, FACP, FACG, AGAF, FASGE, and
John C. Deutsch, MD

How common is esophageal cancer?

Cancer of the esophagus accounts for 1% of all newly diagnosed cancers in the United States. In 2013,
approximately 17,990 new esophageal cancer cases were diagnosed (14,440 in men and 3550 in women) and
there were approximately 15,210 deaths from esophageal cancer (12,220 in men and 2990 in women). This
disease is three to four times more common among men than among women. The lifetime risk of esophageal
cancer in the United States is approximately 1 in 125 in men and 1 in 435 in women.

. Is the incidence of esophageal cancer increasing?

No, the incidence of esophageal carcinoma in the United States has plateaued for the last decade.
However, significant changes have been observed in the cell types of esophageal cancer seen. Forty years
ago squamous cell carcinoma (SCCA) was the most common form of esophageal cancer in the United
States; now adenocarcinoma (AdenoCA) is the most common form of esophageal carcinoma

(E-Figure 5-1).

Esophageal cancer was once much more common in black patients than in whites, but it is now about
equally as common, as rates have fallen in blacks and increased slightly in whites during the past few decades.
SCCA is the most common type of cancer of the esophagus among blacks, whereas AdenoCA is more
common in whites.

. Are there geographical variations in the incidence of esophageal cancer?

Yes. The incidence of esophageal cancer varies internationally nearly sixteenfold. For example, esophageal
cancer rates in the “esophageal cancer belt” (Iran, Northern China, India, and parts of Africa) are 10 to 100 times
higher than in the United States. Exposure to tobacco, low levels of soil selenium, high ingestion of nitrosamines
and hot liquids, and low intake of fruits and vegetables are thought to be causative factors.

. What are the most common types of esophageal cancer?

Worldwide the most common type of esophageal cancer is SCCA (90%-95% of all esophageal cancers),
whereas in the United States the incidence of SCCA has dwindled during the last 40 years. Prior to 1970, SCCA
was the most common cell type in the United States, but in recent years AdenoCA has become the most
common type of esophageal cancer (see E-Figure 5-1). A decline in tobacco use and smoking is thought to be
responsible for the decline in SCCA, whereas the epidemic of obesity and gastroesophageal reflux disease
(GERD) are responsible for the increase in AdenoCA.

. What is the association between bisphosphonates and esophageal cancer?

Use of bisphosphonates has been linked to esophageal AdenoCA and SCCA in postmarketing surveillance.
As a result, the Food and Drug Administration has recommended that oral bisphosphonates not be used
in patients with BE.

. What are the current recommendations for screening of esophageal cancer in the United States?

Currently, there is no cost-effective method of screening for esophageal cancer in the United States. Several
patient subgroups are at increased risk for esophageal cancer and should be independently considered for
endoscopic screening. These are patients with:
e Achalasia
® Lye ingestion
¢ Plummer-Vinson syndrome
e Tylosis

There are no strict guidelines for endoscopic cancer screening for patients with achalasia or previous
lye ingestion, but some experts suggest endoscopic examination and biopsy at the 15-year mark and the need for
a low threshold to investigate dyspeptic and dysphagia symptoms. Dysphagia symptoms associated with
Plummer-Vinson syndrome should be investigated with endoscopy and biopsy and iron deficiency corrected.
Patients with tylosis should begin endoscopic surveillance at the age of 30. Most cases of esophageal cancer in
these patients have been noted in the distal esophagus, so attention should be focused in this area during the
examination. BE is associated with increased risk for AdenoCA of the esophagus. However, optimal cost-
effective screening for the identification of BE is debated. The American College of Gastroenterology guidelines
suggest that patients with chronic GERD are most likely to have BE and should undergo endoscopy. The highest
yield for BE is in white men older than 50 years of age who have a long history of reflux symptoms. Once BE is
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TRENDS IN ESOPHAGEAL CANCER CELL TYPE
1970VS. 2010

Esophageal cancer U.S. Esophageal cancer U.S.
1970s 2010
506 27 10%

[0 SCCA [ AdenoCA [ Other

E-Figure 5-1. Comparison of esophageal cancer cell types: 1970 versus 2010 demonstrating a shift from squamous cell carcinoma
(SCCA) as the predominant esophageal cancer cell type in the 1970s to adenocarcinoma (AdenoCA) cell type in 2010.
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identified, periodic esophagogastroduodenoscopy (EGD) and biopsy is recommended. The reader is referred to
Chapters 7 and 62, “Barrett’s Esophagus” and “Endoscopic Cancer Screening and Surveillance,” respectively, for

additional information.

Achalasia: SCCA
Plummer-Vinson syndrome: SCCA
BE: AdenoCA

Celiac disease: SCCA

Prior gastrectomy: SCCA

Although SCCA typically occurs in the upper and midd
esophagus, both have similar clinical presentations. The

What gastrointestinal disorders are associated with increased risk for esophageal cancer?

What are the typical clinical features of esophageal cancer?

le esophagus and AdenoCA typically occurs in the distal
most common age of onset for esophageal cancer is 65 to

74 years. Typical clinical features of esophageal cancer are shown in Table 5-1.

Table 5-1. Clinical Features of Esophageal Cancer

FREQUENCY

CLINICAL FEATURE (%)

Peak age at onset 65-75

Gender (G : Q) 4:1

Race (black: white) 50:50
Dysphagia 90

Anorexia and weight loss 75
Odynophagia 50

Chest pain, often radiates to Less frequent

back
Vocal cord paralysis Less frequent
Cough and pneumonia Less frequent

Hoarseness Less frequent

Hiccups Less frequent

SIGNIFICANCE
Comorbidities often preclude operability

Much more common in men

SCCA > black men
AdenoCA > white men

Often advanced disease

Suggests tumor ulceration

Implies invasion of neuromediastinal structures

Suggests invasion more typical of SCCA
Esophageal obstruction, aspiration, fistula
High GERD, coincident ENT malignancy, SCCA

invasion

Diaphragmatic involvement

AdenoCA, Adenocarcinoma; ENT, ear, nose, and throat; GERD, gastroesophageal reflux disease; SCCA, squamous cell carcinoma.

9. What are the risk factors for esophageal cancer?
Risk factors for esophageal cancer vary according to cell

type and are outlined in Table 5-2. Tobacco and alcohol

are the most commonly identified risk factors, but obesity has recently been identified as an important

Table 5-2. Risk Factors for Esophageal Cancer

RISK FACTOR

Tobacco use

Alcohol use

Barrett’s esophagus

Frequent gastroesophageal reflux
Body mass index > 30

Low socioeconomic status

Prior caustic lye ingestion

Diet: high N-nitroso compounds, pickled vegetables, toxic
fungi, areca nuts or betel quid, hot beverages, low selenium
and zinc

Human papilloma virus

SQUAMOUS CELL
CARCINOMA ADENOCARCINOMA
+ +
+ _
- +
- +
- +
+ _
+ _
¥ _
+ !
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12.

13.

14.

15.

16.

17.

18.

independent risk factor. Barrett’s esophagus (BE) is an acquired condition associated with metaplastic
replacement of normal squamous epithelium with a columnar lining caused by chronic gastroesophageal reflux.
The incidence of AdenoCA increases nearly fortyfold in patients with BE and is the most significant risk
factor for esophageal cancer. It is estimated that 5% of patients with BE will eventually develop invasive cancer,
and patients with histologically proven BE require lifelong surveillance because of this risk. It is generally
believed that disease progresses from Barrett’s metaplasia to low-grade dysplasia to high-grade dysplasia to
AdenoCA.

Is there a link between current or past history of ear, nose, and throat (ENT) conditions and
esophageal cancer?

Yes. This probably reflects exposure to common SCCA risk factors, such as smoking and alcohol. Although some
studies have suggested the incidence of synchronous or metachronous SCCA to be between 3% and 14%,
there are no accepted guidelines for periodic surveillance. The American Society of Gastrointestinal Endoscopy
does recommend a single EGD to evaluate for synchronous esophageal cancer in patients with ENT malignancy.
It is prudent for caregivers to have a low threshold for investigation of aerodigestive symptoms among these
patients and to engage in a regular, directed inquiry about symptoms of dysphagia.

What genetic condition is highly associated with SCCA of the esophagus?

Nonepidermolytic palmoplantar keratoderma (tylosis) is a rare autosomal-dominant disorder defined by a genetic
abnormality at chromosome 17q25 and is the only recognized familial syndrome that predisposes patients to
SCCA of the esophagus. It is characterized by hyperkeratosis of the palms and soles, as well as by thickening
of the oral mucosa, and in affected families it confers up to a 95% risk of SCCA of the esophagus by the age of
70 years.

What type of cancers have been reported to metastasize to the esophagus?
Metastatic carcinoma to the esophagus is unusual, but melanoma and breast cancer are the most common.

What is the prognosis for esophageal cancer presenting with dysphagia?

Prognosis is poor; 50% to 60% of patients presenting with dysphagia have incurable locally advanced disease or
metastasis. Two factors seem to be responsible for this: tumors are usually far advanced before sufficient luminal
narrowing occurs to cause obstructive symptoms, and the lack of an outer esophageal serosa reduces the resistance to
local spread.

Is infection with Helicobacter pylori associated with increased risk for esophageal cancer?

No. There is actually an inverse relationship between H. pylori infection and the risk for development of
AdenoCA of the esophagus. The prevalence of the more virulent cagA +strain of H. pylori is lower in patients
with more severe complications of GERD. Also, the odds of having BE complicated by dysplasia or cancer is
reduced more than twofold in patients infected with cagA + strains.

How is esophageal cancer diagnosed and staged?

Endoscopy and biopsy are necessary for the diagnosis of esophageal cancer. Precise cancer staging is of critical
importance in the management of patients with esophageal cancer. Accurate staging helps to determine the
choice of treatment and is an important determinant of prognosis. Staging should include a clinical examination,
blood counts, endoscopy (including bronchoscopy in patients with SCCA) and a computed tomography scan of
the chest and abdomen. In patients who are candidates for surgery, high-resolution endoscopic ultrasound is
essential to assess the depth of invasion (T stage) and lymph node (N stage). Positron emission tomography
(PET) can be helpful in identifying otherwise undetected distant metastases. The strengths and weaknesses of
these staging modalities are outlined in E-Table 5-3.

What are the American Joint Committee on Cancer (AJCC) tumor, node, metastasis (TNM)
staging criteria for esophageal cancer?
The AJCC TNM staging criteria for esophageal cancer are outlined in Table 5-4.

What are the general principles that guide the management of esophageal cancer?
Interdisciplinary planning is essential in the management of patients with esophageal cancer. Interventions are
based on operability (“fitness” to tolerate surgery), stage of disease, and cell type. An algorithm defining the
pathway for patients with limited (stage I) and locally advanced (stage II-1I1) esophageal cancer is demonstrated
in Figure 5-2 and Figure 5-3.

What AJCC stage of esophageal cancer is considered amenable to endoscopic treatment?
Consideration of endoscopic resection (ER) for early esophageal cancer (T1a) requires precise staging and the
use of high-frequency endoscopic ultrasound. A more comprehensive subclassification scheme has been
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E-Table 5-3. Methods of Esophageal Cancer Staging

METHOD STRENGTH WEAKNESS

Endoscopy Tissue sampling No N or M staging
Location (cervical, thoracic, abdominal)
Tumor > 5 cm, poor prognosis

CT chest and Readily identified significant metastasis Limited value for celiac axis nodal
abdomen involvement
Limited for small metastasis

EUS Best for T and N staging Limited for M staging
Limited by obstructing tumors (30%
of esophageal cancers)

FDG-PET Complements EUS and CT FDG uptake by primary esophageal
PET scan +/— Most cost effective for detecting occult tumor may obscure local N
integrated CT metastasis Poor spatial resolution
Bronchoscopy Esophageal cancers of the proximal

esophagus, at or above the carina

CT, Computed tomography; EUS, endoscopic ultrasound; FDG, (18 F)-2-deoxy-D-glucose; M, metastasis; N, node; PET, positron
emission tomography; T, tumor.
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Table 5-4. American Joint Committee on Cancer Esophageal Cancer Staging Guidelines

Primary Tumor (T-Stage)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis High-grade dysplasia (Note: this includes carcinoma in situ, a term no longer used)
T1 Tumor invades lamina propria, muscularis mucosa, or submucosa

Tla Tumor invades lamina propria or muscularis mucosa

Tib Tumor invades submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

T4a Resectable tumor invading pleura, pericardium, or diaphragm

T4b Unresectable tumor invading other adjacent structures: aorta, vertebrae, trachea
Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

NO No regional lymph nodes

N1 Metastasis in 1-2 regional lymph nodes

N2 Metastasis in 3-6 regional lymph nodes

N3 Metastasis in > 7 regional lymph nodes

Note: 2010 TNM staging no longer classifies (+) celiac axis lymph node Mla; it is just N (+).
Distant Metastasis (M)

MO No distant metastasis

M1 Distant metastasis

Histologic Grade (G)

GX Grade cannot be assessed—stage in grouping as G1
Gl Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated—stage in grouping G3
Stage

Stage 0 Tis, NO, MO

Stage | T1, NO, MO

Stage IIA T2, NO, M0; T3, NO, MO

Stage 1IB T1, N1, M0; T2, N1, MO

Stage III T3, N1, MO; T4, any N, MO

Stage IVA Any T, any N, Mla

Stage IV B Any T, any N, M1b

TNM, Tumor, node, metastasis.

Edge SB, Byrd DR, Compton CC, et al: American Joint Committee on Cancer staging manual, ed 7, New York, 2010, Springer, p 103.

proposed for early esophageal cancers and is useful in deciding on ER. According to this classification, mucosal
tumors are divided into three types based on the depth of invasion:

e MI: limited to the epithelial layer

e M2: invades the lamina propria

e M3: invades into, but not through, the muscularis mucosa
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Figure 5-2. Esophageal cancer treatment algorithm for limited disease (stage I). AdenoCA, Adenocarcinoma; C, cisplatin; CT,
chemotherapy; E, epirubicin; F, fluorouracil; RO, complete resection; R1-2, incomplete resection; RT, radiation therapy; SCCA,
squamous cell carcinoma.

19.

20.

Lymph node metastasis with M1 and M2 lesions is uniformly O, but among M3 lesions LN (+) has been seen
consistently in approximately 8% to 12%. Identification of lymphovascular invasion seems to portend
significant additional risk for nodal metastasis. For M3 esophageal cancers treated with ER, the 5-year rate of
metastasis with and without lymphovascular invasion was 47% versus 7%, respectively.

ER techniques include endoscopic mucosal resection (EMR) and endoscopic submucosal dissection. Both
techniques require specialized skill and equipment, and do carry potential procedural risk (postresection
bleeding [10%], perforation rates [2%-5%], and stricture [5%-17%]) that need to be thoroughly discussed with
the patient. Description of these ER techniques and other evolving ablative therapies is beyond the scope of
this chapter; please see the referenced websites for video demonstration and further description.

What is the standard of care for “fit” patients with localized tumors?

Surgical resection is still the standard of care for local disease. In expert surgical hands, patients with stage |
disease have 5-year survival of 40% to 50%. The reader is referred to Chapter 73 for details about surgical
options. Radiation therapy alone can cure a minority of patients with SCCA and has been supplanted by
combination therapy. Preoperative chemotherapy is of benefit in patients with AdenoCA. Preoperative
chemoradiation has been shown to confer a survival benefit, and a meta analysis supports the use of
chemoradiation preoperatively. However postoperative mortality may be increased and the exact population
that benefits is not clear. Chemotherapy alone is now increasingly used as an induction therapy prior to surgery.
Stage-directed therapy is evolving as new endoscopic and minimally invasive surgical modalities become
available.

What are the treatment options for limited disease (stage 1)?

Patients with early stage disease generally are treated with curative surgery alone or in conjunction with
preoperative chemotherapy. Surgery is the treatment of choice for localized SCCA and AdenoCA, particularly if
the submucosa or muscularis are involved (T1[M3]-2 NO-1). Although controversial, many experts believe
that esophagectomy is the preferred treatment for intramucosal superficial cancers as well. Chemotherapy
and radiation are not used as adjuvants for early mucosal cancers (Tis [M1 or M2], NO). Surgical therapy
consists of resection of the tumor with anastomosis of the stomach with the cervical esophagus (gastric pull- up)
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Figure 5-3. Esophageal cancer treatment algorithm for locally advanced disease (stage 1I-1I). AdenoCA, Adenocarcinoma; C,
cisplatin; CT, chemotherapy; E, epirubicin; F, fluorouracil; RO, complete resection; R1-2, incomplete resection; RT, radiation
therapy; SCCA, squamous cell carcinoma.
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or interposition of the colon to reestablish gastrointestinal continuity (see Chapter 73). Results are better
in hospitals that perform this surgery frequently and poorer in small hospitals that perform the surgery
infrequently.

What are the treatment options for locally advanced disease (stages II-11l)?

Surgery alone is not a standard treatment in these patients because complete tumor resection is not possible in a
substantial number of patients and even when resection is apparently complete, survival rarely exceeds 20%. A
recent metaanalysis has shown that a multimodality approach consisting of chemotherapy and radiation
followed by surgery (triple therapy) offers the best likelihood of cure. Triple therapy is aggressive and expensive
and has a high side-effect rate. Patients who are in poor general condition may elect to have palliative therapy
after balancing the low probability of cure against the morbidity of treatment. Combined modality therapy using
chemoradiation followed by surgery or definitive chemoradiation in patients who cannot or will not undergo
surgery are the currently recommended treatments.

What are the treatment options for distant metastases (stage IV)?
Distant metastases make esophageal cancer incurable and therapy is palliative. External beam irradiation
(EBRT), radiation therapy, and chemotherapy are frequently used and may offer small increases in survival rates
with the trade-off of systemic side effects. In patients with dysphagia, a number of palliative measures are possible
but do not prolong survival.
Endoscopic options for palliation of malignant dysphagia include:
Esophageal dilation—transient relief
Endoscopic laser (ND:YAG)
Endoscopic injection (absolute alcohol)
Argon plasma coagulation
EMR
Photodynamic therapy (PDT)
Placement of prosthetic self-expanding plastic stent or self-expanding metal stent
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23. What does the future hold for patients at risk for development of esophageal cancer?
Prevention of esophageal cancer by lifestyle modification is a goal, but the U.S. epidemic of obesity and
resurgence in the popularity of tobacco and alcohol among young adults is cause for pessimism that we will
achieve this goal. Early detection (selective screening of at-risk groups), refinement of endoscopic and minimally
invasive surgical techniques complemented with targeted radio- and chemotherapy offers great optimism for
improved survival and decreased morbidity caused by this devastating disease. Advances in chemoprevention of
esophageal cancer holds great promise. Although definitive proof is lacking, there is a significant amount of
suggestive evidence that aspirin, nonsteroidal antiinflammatory drugs, COX-2 inhibitors, proton pump
inhibitors, and even statins may have a beneficial role in chemoprevention for selected patients.

Please access ExpertConsult to view the E-Figure and E-Table for this chapter.
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ESOPHAGEAL ANOMALIES, INFECTIONS,

AND NONACID INJURIES
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1. What is the difference between a ring and a web? Name the three different types of rings.
A ring is a concentric thin (2-5 mm) extension of tissue most commonly located in the distal esophagus, whereas a
web is a thin (<2 mm) eccentric membrane mostly located in the proximal esophagus (Table 6-1).

Table 6-1. Types of Esophageal Rings

TYPE LOCATION SYMPTOMATIC?
A 1.5 cm proximal to squamocolumnar junction Rare

B At the squamocolumnar junction or proximal border Often

(Schatzki ring) of a hiatal hernia

C Indentation caused by the diaphragmatic crura Never

2. What is the clinical presentation of a Schatzki ring?
Patients classically have intermittent solid-food dysphagia caused mainly by bread and meat—the “steakhouse
syndrome.” Dysphagia is either followed by regurgitation or passage of the food bolus. Occasionally, the patient
requires endoscopic intervention.

3. How is a Schatzki ring diagnosed?
A history of intermittent solid-food dysphagia can be followed by a barium esophagram with a solid food bolus
(i.e., marshmallow or barium tablet). Patients note dysphagia at 13 mm or less. Therefore per the “Schatzki rule,”
mucosal rings less than 13 mm almost always produce symptoms, whereas rings more than 20 mm rarely cause
dysphagia. Endoscopy is less sensitive to detect esophageal rings, but may be used with and therapeutic purposes,
such as food bolus disimpaction or dilation (Figure 6-1).

Figure 6-1. Barium esophagram displaying a
Schatzki ring.

43
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4. What are treatment options for patients with a Schatzki ring (or esophageal web)?
Patients should adhere to lifestyle modifications such as cutting and chewing food more carefully, eating more
slowly, and drinking plenty of fluids with meals. Because there might be a correlation with gastroesophageal
reflux disease, patients could be evaluated with pH monitoring and treated with chronic proton pump inhibitor
therapy if increased acid levels are present. If these measures are unsuccessful, esophageal dilation with a large
bougie or balloon (45-60 French) is required and aimed at fracturing the ring.

5. What is Plummer-Vinson syndrome?
Plummer-Vinson syndrome isa proximal esophageal web associated with microcytic iron deficiency anemia, glossitis,
angular cheilitis, and koilonychia. It is also known as Paterson-Kelly or sideropenic dysphagia. Patients typically have
chronic intermittent painless dysphagia. They describe a choking sensation or difficulty swallowing solid foods.

6. What other diseases are associated with esophageal webs?
Thyroid disease, Zenker diverticulum, esophageal duplication cyst, inlet patch, squamous cell carcinoma of the
esophagus, and chronic graft-versus-host disease are all associated with esophageal webs. Patients with blistering
skin diseases such as bullous pemphigoid, epidermolysis bullosa, and Stevens-Johnson syndrome may also
develop webs (Figure 6-2).

Figure 6-2. Endoscopic view of an esophageal web.
(Courtesy John DiBaise.)

7. How are esophageal webs diagnosed?
As with esophageal rings, radiographic techniques are the most sensitive method. Because of the proximal
location, videoradiography is the preferred modality with lateral and anteroposterior views. Endoscopy must be
pursued with caution via direct visualization of the upper esophageal sphincter to avoid piercing the web before
its presence can be appreciated.

8. What are the treatment options for a cricopharyngeal (CP) bar?
The first step is to ensure that other potential etiologic factors for oropharyngeal dysphagia have been excluded,
as it can be an incidental finding (prevalence is up to 20% of radiologic imaging).
Reflux has been associated with CP hypertrophy; therefore one may consider starting acid-suppressing
therapy. Endoscopic treatment options include bougie dilation or injection with botulinum toxin. A surgical
option is CP myotomy (Figure 6-3).

9. Describe the different types of esophageal diverticula.
See Table 6-2.

Table 6-2. Types of Esophageal Diverticula

NAME LOCATION PATHOGENESIS

Cervical Cricopharyngeus Abnormally high pressures during swallowing lead to protrusion
(Zenker muscle of mucosa through an area of anatomic weakness in the pharynx
diverticulum)

Midesophageal Middle third, Mediastinal inflammation secondary to infections such as
(traction bifurcation of the tuberculosis or histoplasmosis or lymphadenopathy

diverticula) trachea

Epiphrenic Distal esophagus Associated with motility disorders
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Figure 6-3. Barium swallow of cricopharyngeal bar.

10. What is the cause of Zenker diverticulum?
Zenker diverticulum is an acquired condition resulting from abnormally high pressures occurring during
swallowing leading to protrusion of mucosa through an area of anatomic weakness in the pharynx known as
Killian’s triangle. Killian’s triangle is located where the transverse fibers of the CP sphincter intersect with the
oblique fibers of the inferior pharyngeal constrictor muscle (Figure 6-4).

Figure 6-4. Videoradiography with large (7.5 cm) Zenker
diverticulum.




46 ESOPHAGEAL ANOMALIES, INFECTIONS, AND NONACID INJURIES

11. What are the presenting symptoms in patients with a Zenker diverticulum?
Patients present with slowly progressive upper esophageal dysphagia. As the condition worsens, patients
note regurgitation, choking, aspiration, voice changes, and halitosis. Approximately one third of patients
eventually develop weight loss. (Access ExpertConsult to see Video 6-1.)

12. What is the pathogenesis of diverticula of the esophageal body?
Midesophageal diverticula, also known as traction diverticula, are often related to mediastinal inflammation
secondary to infections such as tuberculosis or histoplasmosis. Enlarged mediastinal lymph nodes
from lung malignancies can also cause traction diverticula. Epiphrenic diverticula are also acquired and nearly
80% are associated with motility disorders (E-Figure 6-5).

13. What are treatment options for patients with esophageal diverticula?
Patients without symptoms require no intervention. Symptomatic patients should be treated given the almost
certain progression in size, symptoms, and potential for respiratory complications. Preoperative endoscopy
and manometry should be pursued. Surgery involves inversion or resection of the diverticula and myotomy
(given the high probability of associated motility disorder).

14. What is the common term for heterotopic gastric mucosal patch?
The common term is inlet patch. It is an island of ectopic gastric mucosa that is salmon colored and located in
the proximal esophagus. The true pathogenesis is unknown, but it is believed to be a congenital anomaly.
Another theory proposes a phenomenon similar to Barrett’s esophagus (i.e., an adaptation secondary to chronic
acid injury) (E-Figure 6-6).

15. What is the clinical significance of an inlet patch?
The majority of these lesions are found incidentally on endoscopy with no associated symptoms. However,
laryngopharyngeal reflux symptoms, such as regurgitation, dysphagia, hoarseness, globus sensation, and cough,
are the most frequently reported. Biopsies should be obtained to assess for metaplasia or dysplasia. If found,
surveillance for malignancy should be considered.

16. Name the etiologic factors for the development of an acquired tracheoesophageal fistula (TEF).
Malignancy accounts for more than 50% of TEFs; the primary tumor is usually esophageal, but can also arise from
the lung, trachea, thyroid, larynx, and lymph nodes. Nonmalignant TEFs are frequently a complication of
mechanical ventilation. Other causes include a history of trauma, granulomatous mediastinal disease, prior
esophageal or tracheal surgery, and acquired immune deficiency syndrome (AIDS). Coughing while swallowing
(Ono’s sign) is a key symptom among those with a TEF.

INFECTIONS

17. What are the presenting symptoms for those with infectious esophagitis?
Patients commonly have odynophagia or dysphagia. Other symptoms include chest pain, heartburn, and
bleeding. The discomfort may be so severe that it results in weight loss.

18. What subset of patients typically has esophagitis secondary to infection?
Esophageal opportunistic infections are most common in the immunocompromised patients such as those
infected with human immunodeficiency virus or AIDS. Also, patients with malignancies or following organ
transplantation or autoimmune diseases who require chemotherapy or immunosuppressive therapy are also
affected. Infections in the immunocompetent patient usually occur in the setting of an underlying motility
disorder causing prolonged stasis of luminal contents. Patients using local (and systemic) steroids may also
develop opportunistic infections.

19. What is the most common pathogen for infectious esophagitis?
Candida albicans is the most common pathogen causing infections esophagitis. Candida species are normal oral
flora but can become pathogenic. Typically patients have a predisposing condition such as immunodeficiency,
diabetes, adrenal insufficiency, alcoholism, or use of antibiotics. Oral thrush may be absent.

20. What is seen endoscopically in patients with Candida esophagitis?
Endoscopy shows small, yellow-white raised plaques with surrounding erythema in mild disease. Confluent linear
and nodular plaques reflect extensive disease. Confirmation is made by brushing the lesion followed by cytologic
examination or biopsy in which inflammation, hyphae, and masses of budding yeast are seen (E-Figure 6-7; access
ExpertConsult to see Video 6-2).

21. What is the treatment for Candida esophagitis?
Initial therapy is fluconazole 100 mg daily for 10 to 14 days. Patients with resistant disease may require
itraconazole 200 mg/day for 10 to 14 days. If patients cannot tolerate oral medications, the echinocandins
(i.e., caspofungin, micafungin) or amphotericin B (0.3-0.5 mg/kg/day) should be used.
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E-Figure 6-5. Endoscopic view of midesophageal
diverticula. (Courtesy John DiBaise.)
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E-Figure 6-6. Gastric heterotopia (inlet patch).
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E-Figure 6-7. Histologic examination of Candida esophagitis (Grocott’s methenamine silver stain). (Courtesy Dora Lam-Himlin.)
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What are the most common types of viral esophagitis among the immunocompetent host

and the immunocompromised host?

Herpes simplex virus (HSV) is the most common among the immunocompetent. It can represent either primary
infection or, more commonly, a reactivation of a latent virus. Oropharyngeal lesions are found in only one of five
cases. Severe odynophagia, heartburn, and fever are the principal symptoms. Cytomegalovirus (CMV) is the

most common opportunistic virus of the esophagus among the immunocompromised.

What are the differentiating features of HSV and CMV esophagitis on endoscopic and histologic
examination?

HSV often presents with multiple small superficial ulcers or erosive esophagitis with diffuse friability in the distal
esophagus. Vesicles are rarely visualized. Biopsies should be obtained from the edge of the ulcer as HSV affects
the epithelium. On histologic examination, ground-glass nuclei, eosinophilic Cowdry type A intranuclear
inclusions, and multinucleated cells are found.

CMV typically creates large shallow or serpiginous ulcers in the middle to distal third of the esophagus.
Biopsies should be taken from the base of the ulcer as CMV affects the vessels and endothelium. Cytopathic
changes include intranuclear inclusions, perinuclear halo, and cytoplasmic inclusions (Table 6-3, E-Figure 6-8,
and E-Figure 6-9).

Table 6-3. Distinguishing Features of Viral Esophagitis

HSV cwvv
Endoscopic Multiple small superficial ulcers Large serpiginous ulcers
features
Location Distal third Middle to distal third
Biopsy Edge Center
Histologic Ground-glass nuclei Intranuclear inclusions
findings Eosinophilic Cowdry type A Perinuclear halo
Multinucleated giant cells Cytoplasmic inclusions
Treatment IV acyclovir 250 mg/m? every 8 hours IV ganciclovir 5 mg/kg for
Oral valacyclovir 100 mg three times daily for 14 days
7-10 days Oral valacyclovir

CMV, Cytomegalovirus; HSV, herpes simplex virus; IV, intravenous.

24,

25.

26.

What is the most common parasitic infection of the esophagus?

Trypanosoma cruzi causing Chagas disease is the most common parasitic infection of the esophagus. This
parasite is endemic in South America. The pathologic condition is due to progressive destruction of
mesenchymal tissues and nerve ganglion cells throughout the body. Esophageal manifestations develop
approximately 20 years after acute infection. Symptoms mimic achalasia with dysphagia, cough, regurgitation,
nocturnal aspiration, and chest pain.

How is Chagas disease diagnosed?

A trypanosoma cruzi serologic test should be ordered. On manometry, the esophagus findings are similar

to achalasia but the lower esophageal sphincter pressure is less with Chagas disease. Other organ involvement
manifests as dilated cardiomyopathy, megacolon, and neuritis.

What are treatment options for patients with Chagas disease?

The first line of treatment is nitrates. If symptoms persist, balloon dilation is pursued. Refractory cases may
require myotomy at the gastroesophageal junction. Intractable symptoms or pulmonary complications are
candidates for esophagectomy.

PILL AND NONACID INJURY

27.

What risk factors predispose patients to pill-induced esophagitis?

Decreased salivary flow (age, sicca syndrome, anticholinergic medications)

Disorders of esophageal motility (achalasia, scleroderma)

Disordered local anatomy (esophageal diverticula, aortic aneurysms, enlarged left atrium, strictures)
Medication formulations (sustained-release, large tablets)

Medications that affect the tone of the lower esophageal sphincter (benzodiazepines, opioid analgesics,
calcium channel blockers)

¢ Bedridden, older adult patients
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E-Figure 6-8. Histology of herpes simplex virus esophagitis with evidence of multinucleation, margination of chromatin, and
molding of nuclei. (Courtesy Dora Lam-Himlin.)



ESOPHAGEAL ANOMALIES, INFECTIONS, AND NONACID INJURIES ~ 47.e2

-

E-Figure 6-9. Histologic examination of cytomegalovirus esophagitis with eosinophilic Cowdry-type A and B nuclear and
cytoplasmic inclusions. (Courtesy Dora Lam-Himlin.)



48 ESOPHAGEAL ANOMALIES, INFECTIONS, AND NONACID INJURIES

28.

29.

30.

31.

32.

33.

What is the classic clinical presentation of pill-induced esophagitis?

The typical patient has no antecedent history of esophageal disease, but presents with sudden onset of
odynophagia with or without dysphagia. Patients also have retrosternal chest pain that may be confused with an
acute cardiopulmonary process such as a myocardial infarction or pulmonary embolism. An astute clinician must
elicit the finding that, although the pain may be constant, swallowing exacerbates it.

What is the mechanism of injury in pill esophagitis?

There are four potential mechanisms:

® Production of a caustic acidic solution (ascorbic acid, ferrous sulfate)

e Production of a caustic alkaline solution (alendronate)

e Creation of a hyperosmolar solution in contact with the mucosa (potassium chloride)
e Direct drug toxicity to the mucosa (tetracycline)

Name some medications commonly associated with esophageal injury.
Nearly 100 different medications have been reported in the literature. Table 6-4 lists the more common
offending agents.

Table 6-4. Common Medications Causing Pill Esophagitis

Antibiotics Bisphosphonates
Doxycycline Etidronate
Penicillin Pamidronate
Rifampin Nonsteroidal Antiinflammatory Drugs
Tetracycline Aspirin

Antiviral Agents Ibuprofen
Nelfinavir Naproxen
Zalcitabine Other Medications
Zidovudine Ascorbic acid
Chemotherapeutic Agents Ferrous sulfate
Bleomycin Lansoprazole
Cytarabine Multivitamins
Dactinomycin Potassium chloride
Daunorubicin Quinidine
5-Fluorouracil Theophylline
Methotrexate

Vincristine

How is pill esophagitis diagnosed?
In uncomplicated cases with classic history, diagnostic evaluation is not required as it is usually a self-limiting
disease. Endoscopy is indicated when the symptoms continue to progress, when hemorrhage is present, when
dysphagia predominates, or when the pill-taking history is not elicited.

On endoscopy, there commonly are one or more discrete ulcers with normal surrounding mucosa. Biopsies
help exclude infection and neoplasia. Diffuse, severe esophagitis with pseudomembranes has also been observed
in the setting of bisphosphonates.

What portion of the esophagus is most likely to be affected by pill esophagitis?

The junction at the proximal and middle third of the esophagus is a common location. This is due to a
combination of esophageal compression by the aortic arch and the relatively low amplitude of peristaltic
contraction. Strictures are also prone to be affected by pill-induced esophagitis.

How should patients be advised to reduce the risk of pill-induced esophagitis?

¢ Drink at least 4 ounces of fluid with any pill, and twice this amount with pills such as alendronate, potassium
chloride, or quinidine, which are more prone to esophageal injury.

e Take all pills in the upright position.
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e Remain upright for at least 10 minutes after taking pills and for at least 30 minutes after taking pills that have
the potential to cause serious injury.

e Pills implicated in esophagitis should be avoided in bedridden patients or patients with esophageal
dysmotility.

What are the pathophysiologic findings of an alkali injury and subsequent complications?

Agents with a pH higher than 12 are extremely corrosive. These include drain, toilet, and oven cleaners; lye; and
disc batteries. Alkaline ingestion causes a liquefactive necrosis that rapidly extends through the mucosa,
submucosa, and muscularis of the esophagus. Vascular thrombosis occurs following the necrosis. Because of
transmural injury, perforation, mediastinitis, and peritonitis can occur. After a few days, the esophagus develops
ulcerations. Subsequently, granulation tissue, fibroblastic activity, and collagen deposition develop, leading to
stricture formation (E-Figure 6-10).

What is the initial management for caustic ingestion?
As in all emergency situations, airway, breathing, and circulation should be addressed immediately. Imaging of
the chest and abdomen with plain films or computed tomography should then be obtained to assess for
perforation evidenced by pneumomediastinum, pneumothorax, or pneumoperitoneum. Patients with
perforation should be evaluated for surgical intervention.

Inducing emesis or nasogastric lavage is contraindicated to avoid reexposure of the caustic substance
to the esophagus. Moreover, induced retching may increase the risk for perforation. Neutralizing agents are
not used, as they have not been shown to be effective. Empiric use of steroids and antibiotics are not
recommended.

What is the role of endoscopy in caustic ingestion?
Once perforation has been excluded, patients should have an upper endoscopy within 24 to 48 hours for
diagnostic and prognostic purposes. It should be noted that a patient with a normal physical examination should
still undergo esophagogastroduodenoscopy as severe esophageal injury was observed in approximately 20% of
patients who did not have symptoms. Conversely, approximately 60% of patients with clinical symptoms had
minimal esophageal injury.

Endoscopic grading is quite accurate in predicting the onset of complications. Strictures develop in 55% to
100% of patients with grade IIB or above. Grade 1V injury has a mortality of 65% (Table 6-5).

Table 6-5. Endoscopic Grading of Caustic Ingestions

GRADE ENDOSCOPIC FINDINGS

I Edema and erythema

IIA Hemorrhage, erosions, blisters, ulcers with exudate

1B Circumferential ulceration

11 Multiple deep ulcers with brown, black, or gray discoloration
v Perforation

How are late complications of caustic injury managed?
Primary treatment of esophageal strictures is frequent dilation. Unfortunately, caustic stricture formation is more
resistant to endoscopic dilation. As many as 10% to 50% of patients require surgical intervention.

Alkaline ingestion also increases one’s risk of squamous cell carcinoma 1000-fold. As a result,
endoscopic surveillance for malignancy is recommend 15 to 20 years after ingestion and every 1 to 3 years
thereafter.

How do patients with a Mallory-Weiss tear classically present?

Patients typically have a history of recent nonbloody emesis or frequent retching followed by hematemesis or
coffee-ground emesis. However, a Mallory-Weiss tear can occur with the first episode of vomiting. The tear is
secondary to increased intraabdominal pressure, which causes a shearing effect at the gastroesophageal junction
as it herniates through the diaphragm.

Name the eponym of a transmural esophageal tear.

Boerhaave’s syndrome is the eponym used to describe a transmural esophageal tear. Similar to a Mallory-Weiss
tear, preceding symptoms are related to an abrupt increase in intraabdominal pressure by vomiting, retching,
abdominal straining, or coughing. Symptoms include severe chest pain and subcutaneous emphysema with
crepitus, with the possibility of shock and sepsis. On chest imaging, pneumomediastinum and a left pleural
effusion are present.
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E-Figure 6-10. Pathophysiologic findings of alkali
injury.
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40. What are the early manifestations of radiation injury to the esophagus and when do they occur?

M.

Acute radiation esophagitis occurs 2 to 3 weeks following initiation of therapy. Clinically, patients report
dysphagia and odynophagia. Chest discomfort not related to swallowing is also present. Severe symptoms lead to
dehydration and weight loss. Candida esophagitis has identical symptoms and is common in this patient
population; therefore endoscopy is often necessary to differentiate.

Describe the late complications associated with radiation therapy.
Late complications include strictures, ulceration, altered motility, and fistula formation. They may occur months
to years (median 6 months) after treatment secondary to inflammation and subsequent fibrosis. Development of
late complications is dose dependent with the upper limit at 60 Gy. Because recurrence of malignancy might
present similarly, endoscopic evaluation is recommended.

The authors would like to acknowledge the contributions of Dr. Hunt, Dr. Meier, Dr. Davis, Dr. Bachinksi, and
Dr. James, who were the authors of this chapter in the previous edition.

Please access ExpertConsult to view the E-Figures, Videos, and Clinical Vignette for this chapter.
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1. How is Barrett’s esophagus defined?
Barrett’s esophagus may be simply defined as the presence of columnar metaplasia of the anatomic esophagus.
It is a complication of chronic gastroesophageal reflux disease (GERD). The current American
Gastroenterological Association guideline defines Barrett’s esophagus as a condition in which any extent of
metaplastic columnar epithelium that predisposes to cancer development replaces the stratified squamous
epithelium that normally lines the distal esophagus. This is consistent with an international consensus definition
of Barrett’s esophagus that defines Barrett’s esophagus as the partial replacement, from the gastroesophageal
junction proximally, of esophageal squamous epithelium with metaplastic columnar epithelium. It is important
to realize that both these definitions depart from the traditional view that the presence of intestinal metaplasia is
a prerequisite for the diagnosis of Barrett’s esophagus.

2. Why is Barrett’s esophagus important?
Barrett’s esophagus is a precancerous lesion. Identification of dysplasia in Barrett’s esophagus allows intervention
at an early stage with good outcomes. On the other hand, advanced esophageal cancer has a poor prognosis.
Surveillance using endoscopy is the cornerstone of management and allows patients to be detected at an
early stage.

3. What are the risk factors for Barrett’s esophagus?
Established risk factors for Barrett’s esophagus include:
e Age older than 50 years

Male gender

White race

Chronic GERD

Hiatal hernia

High body mass index

Truncal obesity

4. What is the endoscopic appearance and characterization of Barrett’s esophagus?
Barrett’s esophagus has a typical endoscopic appearance. It is generally described as a salmon or pink color within
the tubular esophagus, in contrast to the light gray appearance of esophageal squamous mucosa (Figure 7-1). It
should be emphasized that histologic examination of esophageal biopsy samples is required to confirm the
diagnosis of Barrett’s esophagus. The Prague Classification is a standardized method of reporting the extent of

Figure 7-1. Barrett’s esophagus seen at conventional endoscopy. Note the salmon-colored epithelium that contrasts with the normal
gray epithelial lining of the esophagus.

51
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Barrett’s esophagus and is recommended for routine endoscopy. The vertical extent of Barrett’s epithelium that is
circumferential is measured from the top of the gastric folds and designated as the C length. Longitudinal
columns of Barrett’s epithelium are designated by the letter M, followed by the vertical length. For example,
a patient with a circumferential change of 2 cm and 1 cm tongues of Barrett’s epithelium extending upward
from the circumferential segment is designated as C2ZM1 based on the Prague Classification (Figure 7-2).
Short-segment Barrett’s esophagus is defined by the presence of intestinal metaplasia identified in biopsies
obtained from the esophagus with an endoscopic appearance suggestive of Barrett’s that extends less than 3 cm
into the esophagus. Long-segment Barrett’s esophagus is defined by segments of abnormal epithelium

longer than 3 cm.

1 €—-H==%\-——————-—- Maximal extent
of metaplasia:
M=5.0cm

2 4 €-%YEe=f——————- Circumferential extent
of metaplasia:
C=2.0cm

———- True position of GEJ:
Origin = 0.0 cm

Distance (cm) from GEJ
5
1

Figure 7-2. Diagrammatic representation of endoscopic Barrett’s esophagus showing an area classified as C2ZM5. C, extent of
circumferential metaplasia; GEJ, gastroesophageal junction; M, maximal extent of the metaplasia (C plus a distal “tongue” of 3 cm).
(With permission, Sharma P, et al: The development and validation of an endoscopic grading system for Barrett’s esophagus: the Prague
C & M Ciriteria, Gastroenterology 131:1392-1399, 2006.)

10.

. What is the risk of cancer in Barrett’s esophagus?

The generally quoted figure for the risk of cancer is 0.5% per year, which means that approximately 1 in

200 patients with Barrett’s esophagus will develop esophageal cancer each year. Recent studies, however, suggest
that the risk may be substantially lower than originally estimated. Further data are needed to clarify this issue.
Until then, it may be reasonable to offer a range from 0.3% to 0.5% per year.

. What are the risk factors for the development of dysplasia and cancer in Barrett’s esophagus?

It is uncertain if the risk increases or decreases with the passage of time, but dysplasia and cancer are
typically found after the age of 50. There is good evidence to suggest a higher risk for patients with long-segment
Barrett’s esophagus and a greater risk in men compared with women. Obesity (particularly truncal obesity)

is a major risk factor that is amenable to intervention. Smoking increases the risk in some studies but not

in others.

. Does medical therapy prevent the risk of dysplasia or cancer?

There is no high-level evidence to tell us with certainty. Treatment with proton pump inhibitors has been shown
to reduce the risk of dysplasia and cancer in observational studies. Epidemiologic studies suggest a decrease in
the risk of cancer in users of low-dose aspirin or statins but these await confirmation in ongoing trials.

. Is there a role for screening upper endoscopy to identify Barrett’s esophagus?

There is no consensus on whether screening should be recommended and at what age and what intervals.
Despite the absence of evidence or cost-effectiveness data, the concept of a “once in a lifetime” endoscopy
to look for Barrett’s esophagus has gained popularity and is widely followed in the United States. If this is done,
the yield is probably greatest at or about the age of 50 years.

. What is the goal of medical treatment in Barrett’s esophagus?

The goal of medical treatment is to (1) treat the symptoms of GERD commonly associated with Barrett’s
esophagus, (2) to prevent complications by decreasing mucosal inflammation in the esophagus, and (3) to
monitor the patient for the development of dysplasia or cancer of the esophagus so that early intervention may be
offered to the patient.

What is the recommendation for surveillance in Barrett’s esophagus (Table 7-1)?
Surveillance of dysplastic Barrett’s esophagus should not be considered a definitive treatment and ablative
therapies should be considered when dysplasia is identified.
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Table 7-1. Recommended Surveillance Intervals for Barrett’s Esophagus

No dysplasia
Low-grade dysplasia

High-grade dysplasia

3-5 years
6-12 months

3 months (in the absence of ablation therapy)

11. What is the recommended biopsy protocol for Barrett’s esophagus?
Endoscopic evaluation is recommended using white light endoscopy. High-definition endoscopes and narrow
band imaging can help identify surface abnormalities that require targeted biopsies. Current recommendations
are that four-quadrant biopsy specimens be taken every 2 cm from the Barrett’s epithelium. Chromoendoscopy is
a technique using dye (Methylene blue or Indigo Carmine) sprayed over the Barrett’s epithelium to identify
surface abnormalities. Narrow-band imaging uses a narrow spectrum of light that achieves the same effect
(Figure 7-3).

Figure 7-3. Narrow band imaging of Barrett’s esophagus. Using a narrow spectrum of light enhances detail and allows clearer
visualization of the surface characteristics. It allows sharp demarcation from the normal squamous epithelium.

12. How reliable is the pathologic diagnosis of high-grade dysplasia?
It has long been recognized that there is interobserver variability between pathologists in identifying high-grade
dysplasia and early cancer. At least two experienced gastrointestinal pathologists should evaluate all Barrett’s
biopsies when a diagnosis of dysplasia is considered.

13. What is the management of high-grade dysplasia in Barrett’s esophagus?
Endoscopic treatment should be preferred over endoscopic surveillance for management of most patients with
Barrett’s esophagus who have high-grade dysplasia or intramucosal cancer in the esophagus (Figure 7-4).

Y Y \
8 Low-grade or indefinite High-grade
M Bl for dysplasia dysplasia
A \
Confirm with second Confirm with second
pathologist, treat GERD pathologist
Y y \
Continued Repeat biopsy—persistent| | Endoscopic ablation
surveillance low-grade dysplasia ~ therapy

Figure 7-4. Algorithm for the
management of Barrett’s esophagus based
on dysplasia identified at histopathologic
examination. GERD, Gastroesophageal
reflux disease.
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Endoscopic therapy is also preferred to surgical intervention in this setting. The commonly used options for
endoscopic therapy are radiofrequency ablation and photodynamic therapy. Both have shown a high degree of
success in ablating the dysplastic epithelium and preventing recurrence.

What is the management of early esophageal cancer in Barrett’s esophagus?

Endoscopic resection of early esophageal cancer is the preferred treatment when the lesion is confined to the T1
without vascular or lymphatic spread. Expert guidance and endoscopic ultrasound to stage the lesion are
mandatory.

How reliable is the pathologic diagnosis of low-grade dysplasia in Barrett’s esophagus?

The criteria for the definition of low-grade dysplasia are not well defined and vary in different regions of
the world. There is a tendency to over-diagnose low-grade dysplasia as a result of misinterpretation of
regenerative changes. Confirmation of the diagnosis with two pathologists is essential.

What is the risk of progression in low-grade dysplasia?

Low-grade dysplasia is a risk factor for malignancy. The risk for progression may have been under estimated in the
past. A recent study showed that many patients with low-grade dysplasia were down-graded to no dysplasia after
further pathologic review. In patients in whom low-grade dysplasia was confirmed by pathologic review, the rate
of progression was very high (85%). The incidence rate of high-grade dysplasia or cancer was 13.4% per patient
per year for patients in whom the diagnosis of low-grade dysplasia was confirmed.

How should low-grade dysplasia be managed?

As regenerative changes can be misinterpreted as dysplastic changes, confirmation of the diagnosis by a second
pathologist is essential. In patients who have not been adequately treated for reflux disease, treatment with
proton pump inhibitors followed by repeated biopsy is recommended (see Figure 7-3).The confounding effects of
inflammation and regeneration are removed. Persistent low-grade dysplasia needs careful monitoring for
progression. Many experts believe that, because of the high rate of progression when low-grade dysplasia is
persistent and confirmed, ablative therapy should be offered to these patients.

What future developments are anticipated?

The areas in which progress may be anticipated are (1) better diagnosis of dysplasia using cellular markers and
endoscopic biopsy techniques, (2) better identification of individuals at risk for progression using genetics and
cellular markers from Barrett’s epithelium, (3) noninvasive markers for progression such as serum tests, (4)
further endoscopic innovations for the management of dysplasia or cancer, and (5) pharmacotherapy to decrease
the risk of progression or to prevent the development of Barrett’s esophagus.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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ESOPHAGUS

1. Describe a normal esophagus lining.
e Esophagus consists of mucosa, lamina propria, muscularis mucosae, submucosa, muscularis propria, and
adventitia (lacks serosa) (Figure 8-1A).
e Sebaceous glands can be seen normally in the submucosa.
¢ Normal gastroesophageal (GE) junction (see Figure 8-1B) shows squamous and columnar epithelium.

sklis

Figure 8-1. Photomicrographs of A, Normal esophagus lining: 1, mucosa; 2, lamina propria; 3, muscularis mucosae; 4, submucosa;
5, muscularis propria (adventitia is not shown) (hematoxylin and eosin [H&E] stain). B, Normal gastroesophageal junction showing
squamous mucosa (arrow) and columnar mucosa (arrowhead) (H&E stain).

2. What are the histologic features of gastroesophageal reflux disease (GERD) and eosinophilic
esophagitis (EE)?
Histologic Features of GERD include the following (Figure 8-2A):
Distal esophagus is more severe than proximal esophagus.
Basilar hyperplasia is present.
Elongation of vascular papillae occurs.
Intraepithelial neutrophils and eosinophils increase (=8 eosinophils per high power field [HPF]).
Balloon cells (enlarged squamous cells with abundant accumulation of plasma proteins) indicate chemical
injury.
Histologic features of EE are the following (see Figure 8-2B):
Proximal esophagus is more common than distal esophagus. Distribution can be patchy. Obtain biopsy samples
from upper, mid, and distal esophagus.
Intraepithelial eosinophils in upper layers of epithelium are increased (>15-20 eosinophils/HPF).
Eosinophilic microabscesses appear in superficial layers of epithelium.
Extensive degranulation of eosinophils is more common.
GERD can coexist in 30% of cases and is difficult to distinguish histologically.

3. Discuss the infectious causes of esophagitis.

The infectious causes of fungal esophagitis are the following:

e Candida esophagitis (Figure 8-3A and B): C. albicans is the most common of the Candida species. Others
include C. glabrata, C. tropicalis, C. parapsilosis, and C. krusei. Endoscopy shows whitish, raised plaques
with erosions or ulcerations. Histologic examination reveals erosion of superficial layers of squamous
epithelium or ulceration with yeast and pseudohyphal forms (highlighted by special stains such as
Grocott methenamine silver or periodic acid-Schiff [PAS]). The key to diagnosis is presence of pseudohyphal
forms which indicates infection. The presence of yeast forms alone suggests oral contamination.

55
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Figure 8-2. Photomicrographs of A, Reflux esophagitis (gastroesophageal reflux disease). Basilar hyperplasia and elongated

vascular papillae (hematoxylin and eosin [H&E] stain). B, Eosinophilic esophagitis. Note the increased intraepithelial
eosinophils in this biopsy sample from the midesophagus (H&E stain).

P - .

Figure 8-3. Photomicrographs of A, Candida esophagitis. Note the erosion in the upper layers of squamous mucosa with
neutrophilic infiltrate forming microabscesses (hematoxylin and eosin stain). B, Yeast (arrowhead) and pseudohyphae (arrows)
highlighted by periodic acid-Schiff stain.

e Histoplasma: In the United States, Histoplasma is endemic around Mississippi and Ohio River valleys. It is
also endemic to Central and South America and the Caribbean islands. Endoscopy may appear normal.
Histologic examination reveals subepithelial necrotizing granulomas with giant cells that contain organisms
of 2 to 4 pm in diameter.

e Aspergillus: The most common species are Aspergillus fumigatus and A. flavus. Seen as branching
(at 45 degrees) septate hyphae 4 pm in diameter.

e Mucormycosis: Mucormycosis can be seen in immunocompromised hosts as nonseptate parallel hyphae
(10 to 15 pm in diameter) that branch at right angles.

The infections causes of viral esophagitis are the following:

® Herpes esophagitis (Figure 8-4): H. esophagitis is seen in immunocompromised patients. Endoscopic
examination may reveal vesicles or coalesced shallow ulcers. Histologic examination will reveal infected
epithelial cells that show multinucleation with molding and smudged intranuclear inclusions.

e Cytomegalovirus: Cytomegalovirus is seen in immunocompromised patients. The viral cytopathic effect
includes intracytoplasmic and intranuclear inclusions seen in endothelial cells, histiocytes, or fibroblasts.

4. What is the most important differential to be considered in biopsy samples to evaluate graft-versus-
host disease (GVHD)?
Infectious etiologic factors must be ruled out with the use of special stains (fungal and viral) and with serologic
and tissue culture examinations. In general, the upper esophagus is usually affected. Histologic examination
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grades GVHD as mild, moderate, or severe based on the degree of damage seen. Apoptotic bodies are seen in the
squamous epithelium; there are intraepithelial lymphocytes and basal vacuolization and, in severe cases,
ulceration and necrosis.

. What is the histologic prevalence of esophageal Crohn’s disease in endoscopically normal studies?
Histologic prevalence varies from 5% to 42% and does not correlate with endoscopic findings. Crohn’s
esophagitis may be seen with severe cases of ileocolic disease. Histologic features vary from mild
inflammation with epithelioid nonnecrotizing granulomas in the lamina propria to ulcerations and
transmural involvement with fistula formation.

. What are other miscellaneous esophageal conditions?

® Glycogen acanthosis: Endoscopic examination reveals small, white-gray plaques in the midesophagus.

There is an association with Cowden syndrome. Histologic findings include squamous cells distended with
increased intracellular glycogen.

e Gastric inlet patch: Endoscopic examination reveals a patch (2 mm to 3 cm) of gastric-appearing mucosa
located just below the cricopharyngeus muscle. Histologic findings consist of oxyntic (parietal)-type mucosa.
Intestinal metaplasia may be found.

® Pancreatic heterotopia: Endoscopic findings are often not apparent to the eye. This tissue is often seen in
biopsy samples at the GE junction or distal esophagus. It may represent metaplasia or ectopic foci of pancreatic
tissue. Histologic examination reveals acinar cells with dense, coarse eosinophilic granules are seen.

e Melanosis: Endoscopic findings include tiny 1- to 2-mm brown-black spots. Melanocytes may be seen in
the basal layer of squamous epithelium. The differential diagnosis is malignant melanoma. The melanocytes
in melanosis are benign-appearing and mature. Pigment can be seen in upper layers of mucosa and in the
adjacent lamina propria.

. List the dermatologic conditions that can affect the esophagus.

Dermatologic conditions that affect the esophagus are pemphigus vulgaris, bullous pemphigoid, erythema
multiforme, Behcet syndrome, lichen planus, dermatitis herpetiformis, scleroderma, and toxic epidermolysis
necrosis.

. Discuss the histologic characteristics of Barrett’s esophagus and the grading of dysplasia.
Barrett’s esophagus is an endoscopic change in esophageal epithelium of any length, confirmed to have intestinal
metaplasia at biopsy. Histologic findings include squamocolumnar junctional mucosa with intestinal metaplasia
recognized by the presence of goblet cells (Figure 8-5A), which stain blue with Alcian blue stain at pH 2.5
(see Figure 8-5B).

Dysplasia in Barrett’s esophagus is graded as follows:

None: There is no evidence of dysplasia.

Indefinite for dysplasia: This grading is assigned when distinction cannot be made between low-grade dysplasia
and inflammatory changes. The surface epithelium shows maturation, but the deeper glands show
architectural crowding, nuclear hyperchromasia, and occasionally increased mitotic activity.

Low-grade dysplasia (see Figure 8-5C): Lack of surface maturation and glandular epithelium shows amphophilic
cytoplasm with mucin depletion and nuclear hyperchromasia. Architectural crowding is similar to that
seen in colonic tubular adenomas.
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Figure 8-5. Photomicrographs of Barrett’s esophagus. A, Intestinal metaplasia is recognized by the presence of goblet cells (arrows)
in the glandular epithelium (hematoxylin and eosin [H&E] stain). B, Alcian blue stain at pH 2.5 stains the acidic mucin of
goblet cells blue. C, Barrett’s esophagus with low-grade dysplasia. There is lack of surface maturation and the glandular epithelium
shows nuclear stratification with hyperchromasia (H&E stain). D, Barrett’s esophagus with high-grade dysplasia and invasion
into the lamina propria (intramucosal carcinoma) seen next to the lymphoid aggregate (H&E stain).

High-grade dysplasia: Lack of surface maturation with cells shows marked cytologic atypia characterized by loss of
polarity, high nuclear-to-cytoplasm ratio, irregular nuclear contours, and prominent large nucleoli. The
architecture becomes complex with focal areas of cribriforming. Cytologic abnormalities supersede
architectural complexity in diagnosing high-grade dysplasia.

High-grade dysplasia with invasion or intramucosal carcinoma—T 1 (see Figure 8-5D): Invasion into the lamina
propria or muscularis mucosae has prognostic implications in the esophagus, unlike in the colon, because of
the presence of lymphatics in the former. Lymph node metastasis has been reported in 13% of T1 tumors.
Duplication of muscularis mucosae can at times be present and should not be mistaken for invasion into the
submucosa.

9. What histologic patterns can be seen in the biopsy samples from the GE junction that do not show
typical endoscopic findings of Barrett’s esophagus?
¢ Gastric-type mucosa without goblet cells—Gastric cardiac mucosa, mostly associated with inflammation
(gastric carditis)
¢ Prominent Z-line showing gastric-cardiac mucosa with goblet cells
¢ In endoscopically uncertain cases, presence of goblet cells may suggest either Barrett’s mucosa or gastric cardia
with goblet cells.

10. What is the differential diagnosis of esophageal polypoid lesions?
The differential diagnoses for nonneoplastic lesions are the following:
e Pancreatic heterotopia/metaplasia is usually seen at distal esophagus. On histologic examination, pancreatic
acinar cells are seen, rarely associated with ductal structures.
e Fibrovascular polyps are benign, submucosal (fibrovascular and adipose) tissue surrounded by squamous
epithelium. Occasionally, atypical stromal cells may be seen.
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o Squamous papilloma is not uncommon in the esophagus. Histologic examination reveals lobulated squamous
epithelium with fibrovascular cores. Squamous papilloma is seen in less than 0.1% of endoscopic
examinations. Dysplasia is not usually seen. These have been related to human papilloma virus (HPV);
however, reports also show that most are seen as a result of acid reflux and are not associated with HPV.

The differential diagnoses for neoplasms are the following:

o Granular cell tumor of the gastrointestinal (GI) tract occurs most commonly in the esophagus, whereas the
most common site in the body is the lingual dorsum. Endoscopic evaluation reveals submucosal nodules
that are mostly solitary (multifocal in 10%). Histologic examination reveals pseudoepitheliomatous
hyperplasia of overlying squamous mucosa with submucosal collection of neoplastic granular cells with
granular eosinophilic cytoplasm (Figure 8-6A), which are PAS and S100 reactive (see Figure 8-6B).

Most are benign; rare cases of malignant metastasis have been reported.

e [eiomyoma is submucosal benign proliferation of spindled smooth muscle cells. Leiomyoma strongly reacts
with muscle markers like smooth muscle actin (SMA) and desmin, and is negative for CD117. Its malignant
counterpart, leiomyosarcoma, is rare in the esophagus.

e Gastrointestinal stromal tumor (GIST) is rare in the esophagus. Histologic examination shows proliferation
of spindle cells that react strongly with CD117 and CD34. Malignant potential depends on the extent of
mitotic activity, necrosis, and cytologic atypia.

o Squamous cell carcinoma (E-Figure 8-7) is most common in the midesophagus. Histologic examination
demonstrates neoplastic squamous cells with intercellular bridges, and keratin overproduction with keratin
pearl formation. Involvement of mediastinal structures is common because of a lack of serosal barrier. Subtypes
include basaloid squamous cell carcinoma, verrucous carcinoma, and adenosquamous carcinoma.

e Adenocarcinoma (Figure 8-8) is most common in the distal esophagus; if found in the midesophagus, it is
usually as a result of Barrett’s esophagus. Variants include mucinous and signet ring cell type. The depth
of tumor (superficial versus deep) invasion correlates with tumor stage and prognosis. Lymph node metastasis
has been reported in 13% of T1 tumors. The presence of lymphovascular invasion predicts worse overall
survival and more tumor recurrence, and is an independent prognostic factor.

e Malignant melanomas are rare in the esophagus and are often larger polypoid lesions involving the distal
esophagus. Marked cytologic atypia with prominent nucleoli and increased mitotic figures are seen.
Malignant cells may show reactivity with one or more of the following antibodies: S100, Melan A, KBA-62,
and HMB-45.

e Other malignant tumors include metastatic small cell and sarcomatoid carcinomas; these are rare.

Figure 8-6. Photomicrographs of granular cell tumor. A, Note the abundant granular cytoplasm and small round nuclei hematoxylin
and eosin stain, and B, S100 staining in the cytoplasm.

STOMACH

11. What are the histologic features of the mucosal lining in different parts of the stomach?
The five layers of the stomach are the:
® Mucosa
® Muscularis mucosae
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E-Figure 8-7. Photomicrograph of squamous cell
carcinoma. Note the infiltrating markedly atypical
squamous cell nests, stromal response, and focal keratin
pearl formation (hematoxylin and eosin stain).
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Figure 8-8. Photomicrograph of esophageal adenocarcinoma showing infiltrating neoplastic glands with perineural invasion
(arrow) (hematoxylin and eosin stain).

e Submucosa
e Muscularis propria (innermost oblique, inner circular, and outermost longitudinal layer)
e Serosa

The mucosa has three zones that vary by function in different locations of the stomach.

Superficial layer of neutral mucin secretes foveolar epithelium and lines the entire luminal surface of the
stomach, followed by the isthmus (neck) and deep glandular layer.

Fundus and body mucosa have similar features and contain pyramid-shaped parietal or oxyntic (acid-
secreting and intrinsic factor—producing) cells and the chief cells (enzyme-producing) in the isthmus and base
with scattered endocrine cells. The lining foveolar layer is short. The isthmus also contains mucus-
secreting cells.

Cardia and antrum have similar features and have a broad, superficial zone of foveolar epithelial cells.
The gastric antrum also contains gastrin-secreting G cells. The other enteroendocrine cells have been shown to
secrete serotonin, somatostatin (D cells), and vasointestinal polypeptide-like substance.

12. What are the histologic patterns of gastritis?
The two major histologic patterns of gastritis are the following:
o Acute gastritis: Onset is acute. Neutrophilic inflammation, edema, and hemorrhage may all be seen. Acute
gastritis is associated with hemorrhage or erosions and ulcerations.
o Chronic gastritis with or without activity: Mixed inflammation with predominant mononuclear cell
infiltration and foveolar hyperplasia occurs, with or without intestinal metaplasia and atrophy. Activity
can be graded based on the extent of acute inflammation present (mild, moderate, or severe).

13. What are the various histologic manifestations of Helicobacter pylori-associated gastritis?
Changes may vary from acute to chronic injury patterns: chronic gastritis, chronic active gastritis,
multifocal atrophic gastritis, follicular gastritis, ulcers, adenocarcinoma, and mucosa-associated lymphoid tissue
(MALT) lymphoma. H. pylori organisms are gram-negative, urease-producing, seagull-shaped, curved
organisms (E-Figure 8-9) that adhere to the superficial foveolar epithelium, and are entangled in the mucus.
These are also seen in the lumens lined by parietal cells. Warthin-Starry (silver stain), Giemsa, Thiazine B,
and Diff-Quick are special stains that highlight H. pylori. The immunohistochemistry may be helpful in
detecting coccoid forms seen in treated gastritis and differentiating it from other causes of gastritis.

14. What is Helicobacter heilmannii-associated gastritis?
H. heilmannii (Gastrospirillum hominis) is a rare, long, tightly coiled gram-negative, urease-producing bacteria that
causes gastritis of mild severity.

15. What are the types of chronic atrophic gastritis, and how do these differ histologically?

o Autoimmune gastritis is also called type A gastritis. Endoscopic examination typically finds that the body
or fundus is affected. Histologic examination of advanced disease shows gastric body or fundus mucosa
with full-thickness, intense, chronic inflammation; loss of oxyntic glands with intestinal metaplasia
(E-Figure 8-10A); and hyperplasia (linear or nodular) of enterochromaffin cell-like (ECL) cell (chromogranin
stain; see E-Figure 8-10B). Pyloric antrum shows G-cell hyperplasia. Early disease is difficult to diagnose
histologically and is indicated by inflammation in the deep glandular layer with antral metaplasia and
ECL cell hyperplasia.
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E-Figure 8-9. Photomicrograph of Helicobacter pylori.
Note the curved, seagull-shaped forms on the epithelial
surface (Giemsa stain).
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E-Figure 8-10. Photomicrographs of A, Chronic atrophic gastritis. Dense chronic inflammatory infiltrate in the lamina propria
and with surface erosions. This biopsy from fundus shows antral-type epithelium. There is a loss of parietal cells (hematoxylin and

eosin stain). B, Chronic atrophic gastritis, chromogranin stain, highlights the enterochromaffin cell-like cell hyperplasia, both
linear and nodular.
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Figure 8-11. Photomicrograph of chemical-reactive
gastropathy. Note the foveolar hyperplasia, glandular
tortuosity, ectatic vessels in the lamina propria (arrow), and
minimal inflammation (hematoxylin and eosin stain).

17.

18.

19.

20.
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o Environmental gastritis is also called type B gastritis. Endoscopic evaluation typically reveals involvement of
antrum, and the body of the stomach if severe. In the initial stage, histologic examination finds chronic
inflammatory infiltrate in the superficial zone; the later stages are marked with atrophy and metaplasia.
Etiologic factors include H. pylori, lack of vitamin C, nitrosamines, and increased salt intake.

What are the salient histologic features of chemical and reactive gastropathy?

e Histologic examination reveals foveolar hyperplasia with glandular tortuosity, edema in lamina propria,
dilated superficial vessels, vertical muscle fibers in lamina propria, and minimal inflammation
(Figure 8-11).

e Etiologic factors include nonsteroidal antiinflammatory drugs (NSAIDs), alcohol, and alkaline reflux (bile).

What is lymphocytic gastritis, and with which disease processes is it associated?

e Lymphocytic gastritis occurs in the fundus and body of stomach, but the antrum is affected in celiac
disease.

e Histologic examination demonstrates chronic gastritis pattern with increased intraepithelial lymphocytes.

e Etiologic factors most commonly include celiac disease and H. pylori infection. Less common etiologic
factors include varioliform gastritis, lymphocytic gastroenterocolitis, human immunodeficiency virus
infection, and lymphoma.

What is the differential diagnosis of granulomatous gastritis?

e Histologic examination reveals granulomas that may be necrotizing or nonnecrotizing.

e Etiologic factors include infectious (tuberculous, fungal), Crohn’s disease, sarcoid, drug reaction, vasculitis,
or idiopathic (isolated granulomatous gastritis) causes.

What are the histologic features suggestive of gastric Crohn’s disease?

The biopsies show patchy involvement of gastric mucosa by acute and chronic inflammation and pit
abscesses (focally active gastritis) with intervening areas of normal mucosa (E-Figure 8-12). Occasionally,
granulomas can be seen. Although difficult to diagnose in the absence of granulomas, these histologic
features may suggest Crohn’s disease.

Histologically, how are gastric antral vascular ectasia (GAVE), portal hypertensive gastropathy,

Dieulafoy lesion, and radiation injury differentiated?

e GAVE on endoscopic evaluation demonstrates red longitudinal stripes usually located in the antrum of
the stomach; this is often referred to as “watermelon stomach.” Histologic examination reveals dilated,
congested vessels; fibrin thrombi and reactive changes like foveolar hyperplasia; and strands of muscle fibers
in the lamina propria.

e Portal hypertensive gastropathy on endoscopic evaluation demonstrates the “tiger skin” pattern of dilated
mucosal vessels in the body and fundus of the stomach. Histologic biopsy is not recommended. Histologic
features include dilated ectatic vessels, foveolar hyperplasia, and fibrosis in the lamina propria with minimal
inflammation. The lack of fibrin thrombi can distinguish this from GAVE.

e Dieulafoy lesion on endoscopic evaluation usually reveals a pigmented protuberant vessel in the proximal stomach
without mucosal ulceration. Histologic examination finds abnormal large artery in superficial submucosa,
which may erode and cause massive hemorrhage. The histologic features include erosion with fibrin and
hemorrhage, and a large vessel in the submucosa.
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E-Figure 8-12. Photomicrograph of gastric Crohn’s disease.
Note the neutrophilic infiltrate within the crypt lumens
(focally active gastritis) (hematoxylin and eosin stain).
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e Radiation injury on endoscopic evaluation demonstrates numerous mucosal red vascular ectasias located
in the radiation port. Histologic examination demonstrates dilated vessels with hyalinized walls.
The epithelial and stromal cells show marked atypia, raising the suspicion of dysplasia. Clinical history is
important to rule out other causes of angiectasias like GAVE and portal hypertensive gastropathy.

21. What are the histologic features of giant mucosal folds seen in Ménétrier’s disease and

Zollinger-Ellison syndrome?

¢ Endoscopic examination finds enlarged gastric folds greater than 8 mm.

¢ Histologic examination demonstrates that the giant folds are due to hyperplasia of foveolar epithelium or
oxyntic epithelium. Ménétrier’s disease resembles hyperplastic polyp and shows elongated hyperplastic
foveolar epithelium with loss of oxyntic glands in the gastric mucosa. Expansion of oxyntic glandular
zone resulting in hypertrophic gastropathy is seen in Zollinger-Ellison syndrome. Large folds can also be
seen in H. pylori-associated gastritis.

22. What are the histologic features of gastric polyps and polypoid lesions?

e Fundic gland polyp: On endoscopic evaluation, polyps are located in the fundus and body of the stomach.
They can be sporadic or seen with familial adenomatous polyposis. Histologic examination reveals dilated
oxyntic glands (Figure 8-13). The overlying foveolar epithelium is normal or occasionally shows
hyperplastic change. Dysplasia is extremely rare in sporadic ones.

Figure 8-13. Photomicrograph of fundic gland polyp
showing dilated oxyntic glands (hematoxylin and
eosin stain).

e Hyperplastic polyp: On endoscopic evaluation, usually a sessile polyp is located in the antrum. Histologic
examination reveals hyperplastic, dilated foveolar glands within inflamed and edematous lamina propria,
often with surface erosions or ulceration. The adjacent mucosa generally shows chronic gastritis. Rarely,
dysplasia may be seen in these polyps, and rarely these may be present next to an adenocarcinoma.
Hyperplastic morphologic characteristics are seen in the polyps of Cronkhite-Canada syndrome, Ménétrier’s
disease, juvenile polyps, and gastritis cystica profunda (in the postgastrectomy stomach). Isolated gastric
hyperplastic polyps are not associated with polyps in the small intestine or colon.

e Peutz-Jegher polyp: Endoscopic evaluation reveals polyps throughout the upper GI tract; they are more
common in the small intestine. Histologic evaluation reveals prominent foveolar hyperplasia in the stomach
with minimal or no inflammation in the lamina propria. Arborizing smooth muscle pattern in the lamina
propria is less common at this site.

® Pancreatic heterotopia and metaplasia: On endoscopic evaluation, pancreatic heterotopia and metaplasia are
most commonly located in the antrum; their appearance is that of a submucosal nodule with a central
depression (“volcano” lesion). Histologic examination shows ectopic pancreatic acini, ducts, and occasionally
islet cells (30%) in varying proportions (E-Figure 8-14).

e Gastric xanthoma: On endoscopic evaluation, a flat yellow lesion is discovered as an incidental finding.
Histologic examination reveals a benign collection of lipid-containing macrophages in the lamina propria.
These have been associated with bile reflux, postgastrectomy stomach, and patients with cholestasis.

Gastric adenoma is discussed next.

23. Compare gastric dysplasia and adenoma.
Gastric dysplasia refers to a flat lesion showing dysplasia (flat adenoma). A similar lesion with a polypoid
appearance is referred to as an adenoma, which consists of tubular, or tubulovillous, architecture.
Figure 8-15 depicts a gastric adenoma showing strong immunoreactivity with p53 antibody. The flat
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E-Figure 8-14. Photomicrograph of pancreatic heterotopia. Note the acinar cells with dense eosinophilic zymogen granules (asterisk)
and small ducts lined by cuboidal cells (arrowhead) (hematoxylin and eosin stain).
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Figure 8-15. Photomicrograph of gastric adenoma showing strong nuclear immunoreactivity with p53 antibody
(immunohistochemical stain).

lesion is more likely to be multifocal and associated with high-grade dysplasia. Mapping biopsies

are required to rule out invasive carcinoma in both. The adenomas can have morphologic characteristics
of the intestinal type (goblet or Paneth cells) or gastric type. Adenocarcinoma is more commonly
associated with intestinal-type morphologic characteristics. Table 8-1 depicts the Vienna classification of
GI epithelial neoplasia.

Table 8-1. Vienna Classification of Gastrointestinal Epithelial Neoplasia

Category 1 Negative for neoplasia and dysplasia

Category 2 Indefinite for neoplasia and dysplasia

Category 3 Noninvasive low-grade neoplasia (low-grade adenoma and dysplasia)
Category 4 Noninvasive high-grade neoplasia

Category 5 Invasive neoplasia

4.1 High-grade adenoma/dysplasia
4.2 Noninvasive carcinoma (carcinoma in situ)
4.3 Suspicion of invasive carcinoma

5.1 Intramucosal carcinoma™
5.2 Submucosal carcinoma or beyond

*Intramucosal carcinoma implies invasion into the lamina propria or muscularis mucosae.

(From Schlemper R] et al: The Vienna classification of gastrointestinal epithelial neoplasia, Gut 47:251-255, 2000.)

24.

25.

What are the histologic types of gastric adenocarcinoma?

The World Health Organization classification describes four histologic patterns:

A. Tubular

B. Papillary

C. Mucinous

D. Signet ring cell carcinoma

The Laurén system classifies gastric carcinomas into two subtypes:

A. Intestinal type (arising in the background of intestinal metaplasia)

B. Diffuse type (includes signet ring cell type) (Figure 8-16)

Rare variants include adenosquamous carcinoma, squamous cell carcinoma, and undifferentiated carcinoma.

What is the histologic classification of neuroendocrine neoplasms of the stomach?

e Carcinoid (well-differentiated neuroendocrine neoplasm)

e Small-cell carcinoma (poorly differentiated neuroendocrine neoplasm)

e Large-cell neuroendocrine neoplasm

The carcinoids can further be subclassified as:

1. ECL cell carcinoid associated with autoimmune chronic atrophic gastritis; hypergastrinemia caused by
increased gastrin production in the antrum




64 ESOPHAGEAL AND STOMACH PATHOLOGY

Figure 8-16. Photomicrograph of gastric adenocarcinoma
with signet ring cell morphology (arrows) (hematoxylin and
eosin stain).

2. Carcinoid tumors associated with MEN I or Zollinger-Ellison syndrome

3. Sporadic tumors not associated with hypergastrinemia or autoimmune chronic atrophic gastritis
Aggressive behavior in carcinoids is associated with size greater than 1 cm, invasion of muscularis
propria, increased mitotic activity, and angioinvasion.

26. What is the differential diagnosis of gastric stromal tumors?
Gastric stromal tumors are seen as submucosal masses, and the differential diagnosis includes schwannoma, leiomyoma,
GIST, and inflammatory fibroid polyps. The morphologic characteristics are similar to those seen in other sites.
GI stromal tumors are most commonly seen in the stomach (50%), followed by the small bowel (25%),
the colon and rectum (10%), and the esophagus (5%). Histologically, these can be spindled or epitheloid
and show strong reactivity with CD117 (95%), and positive staining with CD34 (60% to 70%). These also stain
positive with DOG 1 (Discovered On GIST) antibody (including some of kit negative tumors). Approximately
one third can also show reactivity with smooth muscle markers (SMA). These arise from interstitial cells of
Cajal, and kit mutations are seen in 85% to 90% of GISTs. Approximately 5% show mutation within the
PDGFRA gene, and these are seen in gastric GISTs and have epitheloid morphologic features and a less
aggressive clinical course. All the GISTs are potentially aggressive. The clinical behavior can be predicted
on the basis of size, mitotic figures, and site. Gastric GISTs have a better prognosis than the small bowel GISTs.
The GISTs with exon 11 mutation have a low risk for progressive disease (as opposed to exon 9 mutation)
and respond better to imatinib mesylate in the metastatic disease setting.
Inflammatory fibroid polyps are bland spindle cells accentuated around vessels, and accompanied by a
mixed inflammatory infiltrate in the stroma. These are negative for CD117 and may show
immunoreactivity with CD34.

27. What are the different types of gastric lymphomas?

MALT lymphomas (also known as extramarginal zone B-cell lymphoma) are low-grade and show lymphoepithelial
lesions (lymphoma cells infiltrating the gland epithelium). They extend deep into the muscularis mucosae,
unlike reactive lymphoid hyperplasia, which is generally more superficial and a major differential diagnosis
in these cases. These cells are CD20 (B-cell marker) positive; may coexpress CD43; and are CD5 negative,
CD10 negative, and positive for bcl-2 protein. Helicobacter organisms may be seen. Distinction between reactive
infiltrate versus neoplastic can be difficult in small biopsy specimens. Flow cytometry and cytogenetics are other
useful studies. Gene rearrangement studies generally help determine the clonality in atypical lymphoid
aggregates.

The other lymphomas that can involve the GI tract include mantle cell lymphoma, large B-cell lymphoma,
enteropathy-like T-cell lymphoma, and Burkitt lymphoma.

Special thanks are given to Lisa Litzenberger for her superb photographic technical assistance.

Please access ExpertConsult to view the E-Figures for this chapter.
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GASTRITIS, PEPTIC ULCER DISEASE, NSAIDS,
AND HELICOBACTER PYLORI INFECTION

Elizabeth Coss, MD, MSc, and Byron Cryer, MD

. What is gastritis?

Patients typically refer to the symptom of dyspepsia as gastritis. Gastroenterologists use the term gastritis to
describe endoscopic observations. Pathologists refer to a histologic finding. Most would agree that gastritis
requires a mucosal biopsy as it is a histopathologic diagnosis. Inflammation of the gastric mucosa can be classified
into two types: gastritis or gastropathy. The gastric mucosa can have injury to its epithelium and regeneration
without having significant inflammation. When this happens, it is referred to as gastropathy. Gastritis, however,
refers to inflammation of the gastric mucosa with an associated inflammatory infiltrate. Although gastritis can be
either acute or chronic, most cases of gastritis are truly chronic as acute gastritis is infrequently diagnosed soon
after initiation of the inflammatory process.

. What are the endoscopic findings associated with gastritis?

There is not one particular endoscopic entity that defines gastritis. Both gastroenterologists and pathologists
have come to realize that endoscopic appearance frequently does not predict changes in histology (i.e., the
presence of inflammation). Endoscopists use the word gastritis to describe an array of findings, including
erythema, edema, enlarged gastric folds, polyps, the presence of erosions or ulcers, mucosal bleeding, or atrophy.
The most common endoscopic finding associated with histologically diagnosed gastritis is a normal endoscopic
appearance.

. What is the Sydney system for diagnosis of gastritis?

The Sydney system is a gastric biopsy protocol indicating where gastric mucosal biopsies should be obtained
to optimize diagnosis of gastritis including Helicobacter pylori. Five biopsy specimens are taken: two from the
antrum within 2 to 3 cm from the pylorus (one from the distal lesser curvature and one from the distal greater
curvature), two from the corpus approximately 8 cm from the cardia (one from the lesser and the other from
the greater curvature), and one from the incisura angularis. Samples from the antrum, corpus, and incisura
angularis should be separately identified. Duodenal biopsies may be useful in certain settings (e.g., suspected
celiac disease and lymphocytic gastritis, or duodenal Crohn’s disease and granulomatous gastritis).

. What are common causes of chronic gastritis?

The most common cause of chronic gastritis is H. pylori infection. Autoimmune gastritis (atrophic gastritis)
accounts for the most common cause of H. pylori-negative chronic gastritis (roughly 5%); less common causes
include infections, eosinophilic gastritis, lymphocytic gastritis, granulomatous gastritis, graft-versus-host disease,
and inflammatory bowel disease (Table 9-1). As mentioned previously, most cases of gastritis are “chronic”
because patients with acute gastritis are rarely diagnosed.

. What are common etiologic factors of reactive gastropathy?

Medications (particularly nonsteroidal antiinflammatory drugs [NSAIDs]), toxins, tobacco, alcohol, portal
hypertensive gastropathy, cocaine, stress, radiation, bile reflux, ischemia, mechanical injury from gastric cardia
prolapsing to the esophageal lumen during retching or vomiting, aging, and certain infections are commonly
associated with reactive gastropathy.

. What medications are frequently associated with gastropathy?

Acetylsalicylic acid (even low-dose) and NSAIDs
Oral iron

Potassium chloride

Bisphosphonate

Fluoride

Systemic chemotherapy

Hepatic arterial infusion of chemotherapy

Toxic ingestion of heavy metals

. How does the gastric mucosa normally protect itself from injury given its acidic environment?

The stomach has epithelial defense mechanisms that serve to maintain its mucosal integrity. These protective
mechanisms are often characterized into three components: preepithelial, epithelial, and postepithelial, all
of which are prostaglandin dependent. See Box 9-1 and Figure 9-1.



PATHOLOGIC
DIAGNOSIS

Acute
suppurative
gastritis

Chronic and
chronic active
gastritis

Lymphocytic
gastritis

Granulomatous
gastritis

Eosinophilic
gastritis

Hypertrophic
lymphocytic
gastritis
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Table 9-1. Types of Gastritis

HISTOLOGIC
FINDINGS

Neutrophilic
inflammation

Mixed
inflammatory
infiltrates
(neutrophils,
plasma cells,
eosinophils) with
or without foveolar
hyperplasia,
lymphoid
aggregates,
erosions, ulcers,
intestinal
metaplasia,
atrophy (late
stages)

Chronic active
inflammation with
increased
intraepithelial
lymphocytes with
or without foveolar
hyperplasia,
erosions, ulcers

Multifocal
(frequently
necrotizing) active
chronic
inflammation with
epithelioid
granulomas

Sheets of
eosinophils

Lymphocytic
gastritis with
extreme foveolar
hyperplasia

ETIOLOGIC
FACTORS

Acute H. pylori
and Streptococcal
gastritis or other
bacteria

Chronic H. pylori
gastritis

Hypersensitivity to
gliadin,
hypersensitivity to
unknown agents,
autoimmune

Idiopathic isolated
granulomatous
gastritis; Crohn’s
disease; fungal,
mycobacterial, and
spirochetal
infections;
sarcoidosis;
vasculitis; drug
reactions

Idiopathic food
allergy, drug
allergy, parasitic
disease

Clinical syndrome
identical to
Ménétrier’s
gastropathy;
etiologic factors
presumed different

ENDOSCOPIC
FINDINGS

May be normal or
have mucosal fold
swelling; dark red,
distended

stomach; pus

Typically normal;
may present with
erythema,
friability,
nodularity, or in
some cases
erosions or
ulcerations

Varioliform or
chronic erosive
gastritis (nodules
with central
ulceration);
picture of
Ménétrier’s disease

Variable,
including
thickened folds

and ulcerations

Prominent folds,
hyperemia,
nodularity, ulcer,
or may be normal

Same as
hypertrophic
gastropathy

CLINICAL
ASSOCIATIONS

Acute
gastroenteritis-
like illness,
perforation,
gangrene

Varies; most may
be asymptomatic;
can present with
duodenal ulcer,
gastric ulcer,
gastric
adenocarcinoma;
some association
with functional
dyspepsia

Celiac sprue;
Ménétrier’s
disease

Depends on
underlying disease

Pain; nausea,
vomiting; early
satiety; weight
loss, anemia

Same as
hypertrophic
gastropathy

Adapted from Carpenter HA et al. Gastroenterol 108(3): p. 917-24, 1995.

8. What are common causes of gastric or duodenal ulcers?

Very common (>95%):
H. pylori infection

NSAIDs
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Box 9-1. Gastric Epithelial Defense Mechanisms

Preepithelial Postepithelial

Mucus barrier forms a continuous gel into which bicarbonate-rich Rich vascular anatomy within the gastric mucosa that ensure
fluid is secreted, forming a protective pH gradient by delivery of the newly released bicarbonate by parietal cells to the
maintaining a neutral pH. gastric epithelium to neutralize neutrons.

Epithelial

Surface epithelial cells can withstand acidic environments
as low as pH 2.5 and are designed to rapidly repair themselves
through a process known as mucosal restitution.

Acid and pepsin Stomach Figure 9-1. Gastric mucosa protective
| mechanisms include mucus layer
umen . .
pH 2 thickness, pH gradient, cell membrane
hydrophobicity, bicarbonate secretion,
HCI HCI and mucosal blood flow. These
mechanisms are mostly mediated by

\Tf— \T/ prostaglandins. HCOj3, bicarbonate; HCI,

hydrochloric acid.

Mucus layer

Gastric epithelium

Gastric pit

Less common (~5%):

Gastric malignancy (adenocarcinoma or lymphoma)

Stress ulceration (central nervous system trauma and burn patients)

Viral infection (herpes simplex virus type 1 or cytomegalovirus)
Uncommon or rare (<1%):

Zollinger-Ellison syndrome

Cocaine use

Crohn’s disease

Systemic mastocytosis

Myeloproliferative disorders with basophilia

Idiopathic (non-H. pylori) hypersecretory duodenal ulcer

Abdominal radiotherapy

Hepatic artery infusion of 5-fluorouracil

9. What is the role of NSAIDs in the pathogenesis of gastroduodenal ulcers?
There are two principal pathogenic mechanisms by which NSAIDs cause ulceration (Figure 9-2).
e Reduction of gastrointestinal mucosal prostaglandins
* Prostaglandins protect against injury in the gastrointestinal tract. NSAIDs inhibit cyclooxygenase (COX),

the rate-limiting enzyme in prostaglandin synthesis, leading to a reduction in prostaglandin concentrations
resulting in the loss of a major mechanism of protection and predisposing to injury. There are two
COX isoforms: COX-1 and COX-2. COX-1 is the predominant isoform present in the gastrointestinal tract.
COX-2 is primarily present at sites of inflammation; NSAIDs that inhibit primarily COX-2 cause
less reduction in gastrointestinal prostaglandins and thus lower rates of NSAID-induced ulcers.

e Local, topical injury to surface epithelial cells
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Figure 9-2. Nonsteroidal antiinflammatory drug’s NSAID’s MECHANISM OF ACTION
(NSAID) mechanism of action. NSAID’s main

mechanism of mucosal injury is via local irritation
of gastric mucosa and by inhibition of
cyclooxygenase, which subsequently leads to a

reduction in prostaglandins. COX,
Cyclooxygenase. N i
) onspecific )
cox1 | \WAAMN “Rsaios . MWW [ cox2
COX-2
V\/\/\/\ inhibitor /\/\/\/\
Y
— Prostaglandins
Y Y Y
Protection of | Hemostasis | Mediation of pain,
gastric mucosa inflammation,
and fever
10. What are NSAID-related gastrointestinal complications?

11.

12.

The most common gastrointestinal finding associated with NSAID use is symptomatic ulcers. However, most of
these ulcers have a benign course and most do not progress to complications. Among the possible complications
of NSAID-related ulcers, gastrointestinal bleeding, perforation, or gastrointestinal obstruction are the

most frequent occurrences. The most common gastrointestinal complication of NSAID use is bleeding from peptic
ulcer disease, mostly in the stomach.

What are risk factors for developing NSAID-related complications?

Older age

Previous gastrointestinal event (e.g., previous ulcer or gastrointestinal bleeding)

Concomitant use of anticoagulants

Corticosteroids

Other NSAIDs including low-dose aspirin, high-dose NSAID therapy

Chronic debilitating disorders such as cardiovascular disease

H. pylori infection also increases the risk of NSAID-related ulcers. Treatment of H. pylori reduces the risk of
rebleeding.

Selective serotonin reuptake inhibitors increases the risk of upper gastrointestinal bleeding threefold.
Concurrent use of NSAIDs potentiates this effect.

Concurrent use of clopidogrel (Plavix) with aspirin increases the risk of upper gastrointestinal bleeding. The
need for antiplatelet agents should be reviewed. In patients with established cardiovascular disease who require
antiplatelet therapy, proton pump inhibitor (PPI) co-therapy should be provided long-term.

How is an erosion different from an ulcer?
An erosion is differentiated from an ulcer according to the depth of the mucosal injury. Erosions do not extend
into or below the muscularis mucosae, whereas ulcers do. See Figure 9-3 and Box 9-2.

Erosion Ulcer

Mucosa

Muscularis
mucosa

Submucosa

Figure 9-3. The difference between an erosion and an ulcer mainly involves depth of mucosal injury.




70 GASTRITIS, PEPTIC ULCER DISEASE, NSAIDS, AND HELICOBACTER PYLORI INFECTION

13.

14.

15.

16.

17.

18.

19.

20.

21.

Box 9-2. Difference between Erosion and Ulcer

Erosion Well-defined hemorrhagic lesions 1 to 2 mm in size;
superficial lamina necrosis—endoscopically defined as < 3 mm in diameter
Ulcer Extends to the muscularis mucosa

Unlike erosions, ulcers extend to the muscularis mucosa and submucosa; therefore healing of an ulcer
requires tissue, whereas a superficial erosion heals with the neighboring mucosa.

What is the typical presentation of uncomplicated ulcer disease?

Burning, sharp, deep epigastric pain that usually arises 1 to 3 hours after eating

Vague abdominal discomfort or nausea rather than pain

Relief of symptoms by eating or taking antacids

Occurrence of symptoms when the stomach is empty or at night

History of self-treatment with antacids, frequent and longstanding use of H-receptor antagonists or cigarette
smoking

¢ Symptoms recurring over months or years

¢ Epigastric tenderness on palpation (with active symptomatic ulcers)

How is the endoscopic diagnosis of an ulcer made?

It is important to differentiate between an erosion and an ulcer. Whereas an erosion involves only the superficial
mucosa, an ulcer generally extends to the submucosa where vessels reside. According to the most current
guidelines from the American College of Gastroenterology (ACG), although the diagnosis of an ulcer requires
histologic depth, we rely on the endoscopist to interpret the depth of the ulcer and to provide clues about the
endoscopic appearance of the ulcer to help guide its management.

What is H. pylori infection?

H. pylori is a major pathogen in humans. H. pylori is a small, curved, microaerophilic, gram-negative, rod-
shaped bacterium that can infect the human gastric mucosa and become persistent. Although many people
infected with H. pylori may be asymptomatic, infection may lead to complications such as gastric and
duodenal ulcers, multifocal atrophic gastritis, mucosa-associated lymphoid tissue (MALT) lymphoma, and
gastric cancer.

How is H. pylori transmitted?
Transmission of H. pylori appears to occur by direct, person-to-person contact especially gastro-oral. Fecal-oral,
oral-oral, and salivary routes of transmission have been reported.

What is cagA™ H. pylori?

H. pylori strains that possess the cagA gene are associated with severe forms of gastroduodenal disease.

CagA is a gene that codes for an immunodominant antigen. The genetic locus that contains cagA (cag) is part
of a 40-kb DNA insertion that likely is acquired horizontally.

What is the prevalence of H. pylori?

The prevalence of H. pylori varies worldwide. According to the Centers for Disease Control and Prevention,
close to 50% of the world’s population are infected with H. pylori. Although the prevalence of H. pylori in
the United States has not been studied since the early 2000s, it is believed that in certain populations of
the United States the prevalence of H. pylori may be as high as 50%.

What are typical pathologic findings associated with H. pylori infection?

H. pylori is usually found in the antrum, although it may be found in the corpus. An inflammatory infiltrate
consisting of neutrophils within the lamina propria can be seen crossing the basement membrane. Intraepithelial
neutrophils and subepithelial plasma cells are pathognomonic for H. pylori infection. Lymphoid aggregates
are frequently present.

How does H. pylori infection lead to gastric atrophy or atrophic gastritis?

Long-standing H. pylori infection can lead to progressive depletion of native gastric mucosal structures in
scattered patches throughout the stomach. This is often referred to as multifocal atrophic gastritis. It tends to be
characterized by antrum-predominant gastritis or pangastritis, where the normal mucosa is subsequently
replaced by mucosa that is not normally there (metaplasia). In the setting of H. pylori infection, atrophy and
intestinal metaplasia invariably involve the antrum and could involve the corpus as well.

How does H. pylori infection lead to gastric cancer?
See Figure 9-4.
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H. PYLORI INFECTION AND GASTRIC CANCER:
THE CORREA CASCADE

| H. pylori |< ----- Possibly CagA

< tpr-met protooncogene

| Chronic gastritis |( ----- Host with specific IL-18
genotype

Y
| Atrophic gastritis |

Y
| Intestinal metaplasia |<----s:

"< ----- p53 » ----- Microsatellite instability

| Dysplasia | (

v <+ DCC (Deleted in Colorectal Cancer) loss

| Gastric cancer |

Figure 9-4. The Correa cascade in Helicobacter pylori infection and gastric cancer. Well-defined precancerous sequential stages
initiated by H. pylori infection: chronic active gastritis— chronic atrophic gastritis — intestinal metaplasia— dysplasia (also called
intraepithelial neoplasia) and carcinoma.

Table 9-2. Comparison of Diagnostic Tests for Helicobacter pylori

DIAGNOSTIC TEST SENSITIVITY (%) SPECIFICITY (%)
Invasive (Endoscopy)

Gastric biopsies, histologic examination 93-99 95-99

Clo-test (rapid urease assay) 89-98 93-98

Culture 58 100

Noninvasive (Nonendoscopic)

Serologic evaluation 88-99 93-98
Urea-breath test 90-97 90-100

Stool antigen 90-96 97-98

Adapted from the GI/Liver Secrets, ed 4, and Kanna S, et al. Diagnostic tests for Helicobacter pylori, in Gastroenterolgy and Endoscopy
News, August 2013, McMahon Publishing.

22. What diagnostic tests are available for testing for H. pylori and what is their sensitivity
and specificity?
See Table 9-2.

23. Who should be tested and treated for H. pylori infection?
A test-and-treat strategy for H. pylori is encouraged. According to the ACG, those with active peptic ulcer
disease (gastric or duodenal ulcer), those with a confirmed history of peptic ulcer disease (not previously treated),
those with gastric MALT lymphoma, those who have had resections of early gastric cancer, and those
with uninvestigated dyspepsia who live in areas of high H. pylori prevalence should be tested for H. pylori
and treated.

24. What is the recommended treatment for H. pylori infection?
Triple therapy has been the mainstay of treatment for H. pylori during the preceding decade. Triple therapy
consists of amoxicillin 1000 mg orally twice daily, clarithromycin 500 mg orally twice daily, and the standard
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Table 9-3. First-line Treatment Regimens for Helicobacter pylori Infection

ERADICATION
REGIMEN (ORAL) DURATION RATES COMMENTS
First-line Therapy
Standard Therapy
Standard dose PPI* twice daily, 10-14 days 70%-85% Nonpenicillin allergic
clarithromycin 500 mg twice
daily, amoxicillin 1000 mg twice
daily orally
Standard dose PPI* twice daily, 10-14 days 70%-85% Penicillin allergic patients or
clarithromycin 500 mg twice patients unable to tolerate
daily, metronidazole 500 mg twice quadruple therapy
daily orally
Sequential Therapy
Amoxicillin 1000 mg twice daily 5-7 days >85% First-line therapy per European
and standard dose PPI* orally for 5-7 days guidelines based on patterns of
5-7 days, then clarithromycin Total 10- clarithromycin resistance; has not
500 mg twice daily, standard dose 14 days been studied in the United States
of PPI orally for 5-7 days
Quadruple Therapy
Bismuth subsalicylate 525 mg four 10-14 days 75%-90% Sold as Pylera in the United States
times a day, metronidazole 250 mg given the tetracycline shortage;
four times a day, tetracycline difficult for patients to take given
500 mg four times a day and pill burden
standard dose of PPI*

PPI, Proton pump inhibitor.
*Standard dose varies depending on the PPI.
Adapted from Chey et al., Am ] Gastroenterol 102(8):1808-1825, 2007.

dosing of a PPI (e.g., pantoprazole, omeprazole) for 14 days. In recent years, treatment of H. pylori has been
challenging, given issues with antibiotic resistance leading to lower eradication rates. H. pylori is one of the only
infections for which patients are treated without isolation or identification of the individual strain’s
susceptibility patterns. The last time resistance patterns were evaluated in the United States was in 1999, and at
the time clarithromycin resistance appeared to be the factor most compromising for effective treatment response;
in Europe sequential therapy is used to address issues with clarithromycin resistance.

25. What are the treatment regimens for H. pylori eradication per ACG guidelines?
See Table 9-3.

26. What is autoimmune atrophic gastritis?
Autoimmune gastritis refers to an autoimmune process that progressively destroys the normal parietal cells in the
stomach, also referred to as oxyntic cells, and leads to gastric atrophy.

27. How is autoimmune atrophic gastritis different from multifocal atrophic gastritis?
Autoimmune atrophic gastritis tends to be restricted to the corpus whereas H. pylori multifocal atrophic gastritis
involves the antrum. Autoimmune atrophic gastritis can be associated in its severe form with vitamin B,
deficiency anemia, also known as pernicious anemia.

28. How is autoimmune atrophic gastritis diagnosed?
Patients with autoimmune atrophic gastritis often present with vague clinical symptoms, including fatigue, or
symptoms related to iron-deficiency anemia, which is what prompts an endoscopic evaluation, usually with
endoscopy and colonoscopy. The diagnosis of autoimmune atrophic gastritis relies on biopsies, but can be
substantiated by demonstrating autoantibodies against intrinsic factor and parietal cells. Figure 9-5 is a diagram
with a proposed algorithm for a treatment approach for a patient with a suspected autoimmune atrophic
gastritis.
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Figure 9-5. Proposed algorithm for
diagnosis of autoimmune gastritis. Corpus-predominant Corpus-restricted
Ab, Antibody; CBC, complete blood atrophic gastritis with atrophic gastritis
count; IF, Intrinsic factor; PC, Parietal H. pylori infection No H. pylori infection
cell. (From Neumann WL, et al:
Autoimmune atrophic gastritis- \
pathogenesis, pathology and
management, Nat Rev Gastroenterol Treat H. pylori infection
Hepatol, 10(9):529-541, 2013 Sep.)

\ Y

CBC

Anti-IF Ab, anti-PC Ab

4

No anemia Macrocytic anemia
Anti-IF Ab (=), anti-PC Ab (-) Anti-IF Ab (+), anti-PC Ab (+)

y Y
Diagnosis: multifocal Diagnosis:
atrophic gastritis autoimmune gastritis
y

Measure vitamin By, levels

Normal
Y

Methylmalonic acid and Low
total homocysteine levels

Normal Low

\ y Y

Diagnosis:
autoimmune gastritis with
pernicious anemia

Diagnosis:
autoimmune gastritis
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GASTRIC CANCER

John C. Deutsch, MD

. What determines whether a cancer at the gastroesophageal (GE) junction is gastric or esophageal?

A cancer that arises more than 5 cm distal to the GE junction is considered gastric whether or not it
involves the distal esophagus (Figure 10-1). A cancer that arises less than 5 cm distal to the GE junction
but does not involve the GE junction is also considered gastric in origin.

. What are the histologic types of gastric cancer?

More than 80% of gastric cancers are adenocarcinomas. Less common types include lymphomas (both low
grade and high grade), endocrine tumors such as carcinoid or small cell cancers, mesenchymal tumors,
and metastatic tumors (e.g., melanoma, breast cancer).

. What are mesenchymal tumors of the stomach?

The mesenchyme is the loosely packed, unspecialized cells from which connective tissue, bone, cartilage, and the
circulatory and lymphatic systems develop. These tissues can undergo transformation or dysregulated growth. In
the stomach, these tumors appear to be subepithelial. The histologic findings can be varied and the final
identification often relies on immunohistochemistry. For example, leiomyoma and leiomyosarcomas stain for
muscle markers such as desmin and smooth muscle actin. Schwannomas stain for neural markers such as S-100
and calretinin. The most common mesenchymal tumor of the stomach is the gastrointestinal stromal tumor

(GIST), which stains for c-kit/CD 117 and CD34.

. What is a signet ring cell carcinoma?

Signet ring carcinomas are adenocarcinomas in which more than 50% of the malignant cells in a tumor have
intracytoplasmic mucin, which pushes the nucleus off to the side. Signet ring cell carcinoma tends to infiltrate and
produce a desmoplastic (fibrous stromal) reaction. In general, signet ring carcinoma is an aggressive subtype.

. What is linitis plastica?

Linitis plastica is a form of gastric adenocarcinoma in which the tumor infiltrates along the stomach wall
causing an associated desmoplastic reaction. The stomach becomes poorly distendable and resembles a “leather
bottle.” This presentation generally has a poor prognosis.

. What is the ethnic and geographic distribution of gastric adenocarcinoma?

Adenocarcinoma of the stomach is one of the most common malignancies worldwide, resulting in
approximately 600,000 deaths per year. There is a high incidence in Asia and South America. Scandinavian
countries have a higher incidence than the United States.

. How common is gastric cancer in the United States?

The American Cancer Society estimates that there were 21,000 new cases of stomach cancer (with 10,000
deaths) in the United States in 2012. In contrast, the same organization estimates there were 144,000 new cases
of colorectal cancer in the same period.

. How is the incidence of gastric adenocarcinoma changing?

Gastric adenocarcinoma has two major sites of presentation—either proximally in the stomach near the
esophagogastric junction, or distally in the antrum of the stomach. Worldwide, adenocarcinoma of the distal
stomach is most common. In the United States, however, this presentation has markedly decreased during the
past several decades. Conversely, proximal gastric adenocarcinoma has been increasing rapidly, probably related
to reflux of gastric contents.

. What is the role of diet in the development of gastric cancer?

Dietary factors appear to be important in the development of gastric cancer. In general, the incidence of
gastric cancer is higher when a higher proportion of the diet is obtained from salted or smoked meats or fish.
Fruits and vegetables appear to be protective. Dietary factors are thought to explain a large part of the variation in
gastric cancer occurrence from country to country and may be responsible for the decrease in gastric cancer
incidence seen when subjects migrate from high-incidence to low-incidence areas.
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Figure 10-1. Endoscopic view of infiltrating gastric adenocarcinoma.

What inherited genetic syndromes are associated with gastric adenocarcinoma?
Approximately 10% of gastric cancer appears to be familial, independent of Helicobacter pylori status. Familial
adenomatous polyposis patients have a tenfold increase in gastric cancer over the population at large. Gastric
cancer is one of the tumors found in hereditary nonpolyposis colon cancer (HNPCC) syndrome, and
approximately 10% of patients with HNPCC develop gastric cancer.

Families with specific mutations in the E-cahedrin gene (CDH1) have been reported to have a 100%
chance of developing diffuse gastric cancer.

An autosomal dominant syndrome has been described and is known as gastric adenocarcinoma and
proximal polyposis of the stomach. This syndrome is characterized by fundic gland polyposis (a condition previously
believed to be benign) and intestinal-type proximal gastric cancer.

What is the role of H. pylori in gastric adenocarcinoma?

The medical literature generally supports the notion that H. pylori infection appears to increase the lifetime risk
of gastric cancer. Infected persons have approximately a twofold increase in the risk of acquiring gastric
adenocarcinoma. However, the chance of an H. pylori—infected person contracting cancer is very low.

What mechanism is proposed for H. pylori causing an increased risk of gastric cancer?

H. pylori infection results in a rather marked inflammatory state in the stomach, which can eventually lead to
atrophic gastritis and achlorhydria. Some reports suggest that host factors, including a proinflammatory host
genotype, lead to both achlorhydria and gastric cancer development.

What is the role of achlorhydria in gastric cancer?

Achlorhydria is caused by destruction of the parietal cells. Immune destruction is associated with antiparietal
cell antibodies and elevated gastrin levels in the serum. These patients often have associated cobalamin (B1;)
deficiency. Other causes include parietal cell destruction after long bouts of infection with H. pylori. People with
achlorhydria independent of H. pylori have a significant increase in the incidence of gastric cancers, possibly
related to the associated elevation in gastrin levels, as well as the inflammation that leads to the parietal cell
destruction.

Should H. pylori infection be eradicated to prevent gastric cancer from occurring?

Despite the epidemiologic link between H. pylori infection and gastric cancer, the data do not appear to
support H. pylori eradication as a cancer preventive strategy at this time in the United States. A metaanalysis
weighted toward higher-incidence countries raised the possibility that H. pylori eradication could decrease
gastric cancer incidence.

The reasons H. pylori eradication might not show a decrease in gastric cancer rates include the relatively low
incidence of cancer development in H. pylori-infected individuals and the variety of other factors related to
cancer development, including the host’s genetic propensity and the genetic makeup of different H. pylori
strains. Furthermore, there seem to be important environmental factors such as tobacco use and diet that
modulate the potential carcinogenic effects of H. pylori.

Who should be screened for gastric cancer?
In Japan, where gastric cancer is the leading cause of cancer death, annual screening is recommended after the
age of 40 years. There are no screening recommendations for distal gastric adenocarcinoma in the United States,
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Figure 10-2. Endoscopic view of gastric stump cancer using narrow band imaging. The anastomosis is at a gastrojejunostomy.
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and no recommendations are widely accepted for the screening of immigrants from high-risk areas. Screening for
proximal gastric or GE junction cancer is probably warranted in people with a longstanding history of reflux
symptoms. More details regarding screening are available at http://www.uptodate.com/contents/screening-and
-prevention-of-gastric-cance (accessed September 22, 2014).

What is gastric stump cancer?

After partial gastric resection, the incidence of gastric cancers at the site of the intestinal-gastric

anastomosis (Figure 10-2) appears to be increased by approximately twofold. However, this increase is not
apparent until at least 15 years after surgery. In the initial 5 years after partial gastrectomy, there may be an actual
decrease in cancer risk. These data suggest a certain background rate of gastric cancer formation. If part of
the stomach is removed, less mucosa is at risk for malignant transformation. However, the surgery then imparts
a procancer effect, and over time more and more cancers start to form in the remaining mucosa. Although
there are no firm recommendations, if surveillance is being considered, it should be instituted 15-20 years after
the original gastric surgery.

What is early gastric cancer?
Early gastric cancer is a gastric adenocarcinoma in which the primary tumor is confined to the mucosa or
submucosa, independent of nodal status.

What is the staging scheme for gastric adenocarcinoma?

Tumor-node-metastasis (TNM) staging is generally used. T stage is primarily determined by the relation of the
tumor to the muscularis propria (above =T1, into="T2, or through=T3). T4a is through serosa and T4b is into
adjacent structures (Figure 10-3). N stage is determined by the number and location of affected nodes (local

versus distant). M stage is determined by whether distant metastases are present.

How does staging help in treating gastric cancer?
Survival after gastrectomy for gastric cancer is directly correlated with stage as reported in Surveillance,
Epidemiology, and End Results data. For instance, stage-stratified 5-year/10-year relative survival rates in a study
of more than 50,000 cases of gastric cancer in the United States were as follows:
Stage IA  78%/65%
Stage IB 58%/42%
Stage 11 34%/26%
Stage IIIA  20%/14%
Stage 1B 8% /3%
Stage IV 7%/5%
Therapy, prognosis, and follow up can be tailored based on the initial staging.

What is the role of endoscopic ultrasonography (EUS) in staging gastric cancer?

EUS is a technique in which an ultrasound probe is attached to an endoscope. As a rule, it is the most accurate
method of T and N staging gastrointestinal tumors and has the advantage of biopsy capability. EUS can
detect small amounts of ascites in staging gastric cancer, which suggests unresectability. However, the accuracy
of EUS compared with surgery in staging gastric cancer is still relatively low for certain presentations such

as T2 lesions, which tend to be overstaged by EUS. Lymph node staging is approximately 80% accurate in most
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Figure 10-3. T staging scheme for gastric adenocarcinoma.

studies and may be lower with the general application of EUS in the medical community. EUS imaging can
provide a roadmap but surgical and pathologic staging is more definitive than image-based staging.

What is the role of endoscopy in the treatment of early gastric cancer?

Early gastric cancer that has a surface diameter less than 2 cm is amenable to endoscopic removal. The cure rate
with endoscopic resection is higher than 95% if the tumor shows no evidence of lymphovascular invasion, is
confined to the mucosa, and has intestinal histologic characteristics. EUS is a valuable adjunct to endoscopic
resection, because detection of nodal involvement precludes definitive endoscopic management of the tumor.

What are gastric endoscopic mucosal resection (EMR) and gastric endoscopic submucosal
dissection (ESD)?

Both methods generally employ the injection of a fluid between the mucosa and the gastric wall to separate
the lesion from deeper structures. EMR often uses suction devices and a snare to remove the tumor, whereas
ESD employs an endoscopic cautery knife to dissect the lesion free from underlying tissue. EMR is easier to
perform and has a lesser complication rate, but ESD can be used for en-bloc resection of larger lesions.

What is the extent of surgery used when trying to remove locally advanced gastric adenocarcinoma?
Surgery is a potential curative therapy for localized gastric adenocarcinoma. The prognosis is based on TNM
staging. The extent of resection is somewhat controversial. Japanese literature suggests that an extended
lymphadenectomy plus omentectomy (D2 operation) is superior to a limited lymphadenectomy with
omentectomy (D1 procedure) or limited lymphadenectomy (DO procedure). In a randomized European study,
patients undergoing D2 resection had twice the operative mortality as those undergoing D1 resection and there
was no survival benefit.

What is the role of neoadjuvant therapy in gastric adenocarcinoma?

Neoadjuvant therapy is treatment given before an attempt at curative surgical resection. The hypothesis is that
this therapy makes the primary tumor smaller and possibly treats small foci of disease outside the operative field.
There are studies that suggest neoadjuvant chemotherapy is beneficial for proximal gastric cancer of a more
advanced local stage.
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What is the role of adjuvant therapy in gastric adenocarcinoma?
Adjuvant therapy is additional treatment given to patients after attempted curative surgery. Adjuvant
treatment is given if there is no evidence of remaining disease. Studies (such as the randomized Intergroup trial
0116) have shown that adjuvant radiochemotherapy improves outcome in treating gastric cancer.

A metaanalysis has also suggested that adjuvant chemotherapy without radiation therapy provides benefit
after curative-intent surgery.

What is the usual therapy for metastatic gastric adenocarcinoma?

Chemotherapy can be used in advanced gastric cancer with modest benefits. Several regimens have activity
in gastric adenocarcinoma, using drugs such as 5-fluorouracil, etoposide, platinum-containing drugs, and
taxanes. Trastuzumab, a monoclonal antibody directed against the HER2/neu receptor, has also been shown to
be of some benefit.

What is a mucosal-associated lymphoid tissue (MALT) lymphoma?

MALT lymphomas are also referred to as extranodal marginal zone B cell lymphomas. They can occur in any mucosal
location, both within and outside the gastrointestinal tract, but are most common in the stomach. MALT
lymphomas are often low-grade B-cell lymphomas (E-Figure 10-4), but they also may be high-grade aggressive
tumors. They can be associated with specific genetic alterations such as the 11:18, 14:18, or 1:14 translocation.

What is unique about gastric MALT lymphomas?

Gastric MALT lymphomas, unlike MALT lymphomas in other locations, often are associated with infection by
H. pylori. Lymphoid tissue is not a normal part of gastric epithelium, and infection with H. pylori seems to drive
lymphoid proliferation and tumor development.

What is the role of antibiotic therapy in gastric MALT lymphomas?

Treatment of H. pylori infection usually leads to regression and cure of low-grade B-cell gastric MALT
lymphomas. It is believed that the low-grade tumors retain responsiveness to H. pylori antigen stimulation.
Complete responses can take up to 18 months after antibiotic therapy. In general, high-grade gastric MALT
lymphomas and those with more acquired chromosomal abnormalities do not respond well to antibacterial
therapy.

Describe the staging scheme for gastric lymphoma.

Several staging systems are used for gastric lymphoma, including TNM staging (as for gastric adenocarcinoma).
A clinical staging system used for non-Hodgkin’s lymphoma (the Ann Arbor classification) is also available.
The Ann Arbor system identifies the primary site of lymphoma as nodal or extranodal and assesses extent of
disease based on number of sites involved, relation of the tumor to the diaphragm, and whether disease has
metastasized to nonlymphoid organs. In the Ann Arbor system, a lymphoma involving both the stomach and a
lymph node may be stage 2E (two sites with extranodal primary) or stage 4 (nodal primary with metastasis to the
stomach). A new staging system that combines TNM staging with Ann Arbor criteria has recently been
recommended for gastrointestinal lymphomas.

What is the best therapy for high-grade gastric lymphoma?

Therapy is determined somewhat by stage. For most cases of Ann Arbor stages I and II, surgery can be
curative. However, recent data suggest that chemotherapy with or without radiation therapy can be equally
effective and is becoming the standard of care. T stage may be important in the decision of whether or not to use a
surgical approach because of the possibility of perforation when chemotherapy is used for T3 or T4 tumors.
However, the trend is away from surgery for all stages.

What are gastric carcinoid tumors?

Gastric carcinoid tumors are growths of neuroendocrine cells that may be benign or malignant. They

stain for chromogranin. As a rule, even the malignant tumors are slow growing. Tumors greater than 1 cm
in diameter are generally more dangerous, whereas smaller tumors are not and may represent endochromagraffin
cell hyperplasia. Tumors larger than 2 cm often have metastasized. As a rule, large tumors often require
partial gastrectomy, whereas smaller tumors can be managed endoscopically or with localized surgery

(Figure 10-5).

Two processes appear to lead to gastric carcinoid—de novo malignant transformation and loss of normal
growth regulation in response to chronic elevation of serum gastrin levels. Tumors arising from de novo
malignant (type III) (Figure 10-6) transformation are usually single, larger, and more aggressive, whereas those
arising from elevated gastrin levels (types I and II) are often multiple and smaller. It is important to distinguish
between those with and without elevated gastrin levels.

Patients in whom a gastric carcinoid has been found should have a gastrin level checked to see if the
carcinoid tumor is associated with hypergastrinemia. If the gastrin level is elevated, evaluation for atrophic
gastritis should be carried out, with assessment for vitamin By, levels, consideration of gastric biopsy to look for
the presence of parietal cells. Serum antiparietal cell antibodies can be obtained to demonstrate an immune
cause for the atrophic gastritis. If gastrin is elevated, and the patient does not appear to have atrophic gastritis, an
evaluation for Zollinger-Ellison syndrome (gastrinoma) should be carried out.



GASTRIC CANCER  78.e1

E-Figure 10-4. Endoscopic view of superficial low-grade mucosal-associated lymphoid tissue.
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Figure 10-5. Algorithm for the management of gastric carcinoid tumors. The majority are small and associated with an elevated
gastrin level from atrophic gastritis. Endoscopic removal is sufficient for lesions less than 1 cm. Larger lesions are usually managed
surgically, but endoscopic removal could be attempted in selected cases. Lesions not associated with elevated gastrin levels are
usually more aggressive and tend to metastasize. These should be treated with more extensive removal.

Figure 10-6. Endoscopic view of ulcerated type Il carcinoid. (This patient is described in the video for the Clinical Vignette, found
online on ExpertConsult.)

33. How are gastric carcinoid tumors staged?
TNM staging for gastric carcinoid tumors differs from gastric adenocarcinoma in that diameter of the primary
tumor is considered as well as depth of invasion to separate early stages of disease. Superficial tumors more than
1 cm in size are considered to be T2 lesions, which is the same stage as smaller tumors that penetrate the
muscularis propria.

34. What is a GIST?
A GIST is a tumor that develops in the gastric wall from the interstitial cells of Cajal (E-Figure 10-7). The tumor
can be benign or malignant. Generally, malignancy correlates with size (greater than 3 to 5 cm in cross-section)
and histologic features, such as the number of mitoses per 10 high-power fields. Histologically, these tumors
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E-Figure 10-7. A, Endoscopic view of small gastrointestinal stromal tumor (GIST). B, Endoscopic ultrasonogram image of the same
GIST, arising from the muscularis mucosa.
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resemble leiomyomas, and the distinction between gastric leiomyomas and GIST can be difficult without
histocytochemistry. Most GIST marks with an antibody against surface KIT, which is a tyrosine kinase. KIT is
otherwise known as CD117. Approximately 70% to 80% have mutations in the KIT gene. Another 10% have
mutations in the closely related platelet-derived growth factor receptor alpha (PDGFRa) gene.

What is a wild type GIST?

GISTs without mutations in KIT or PDGFRa are known as wild type GISTs. They express high levels of
KIT and occur throughout the gastrointestinal tract. Like GISTs with the common mutations, wild type GISTs
do not mark with neural or muscle stains. These tumors are heterogeneous and may have mutations in

RAS, BRAF, or succinate dehydrogenase.

How are gastric GISTs staged?

The staging system for gastric GISTs is unusual in that tumor size and histologic findings (mitosis per 50
high-powered fields) play major roles in staging. Tumors smaller than 5 cm are staged differently than tumors
from 5 to 10 cm, and are different than tumors greater than 10 cm. For example, a 1-cm tumor with a high
mitotic rate is the same stage as a 12-cm tumor with a low mitotic rate. Furthermore, nodal metastases are quite
rare with GISTs and if no nodes are identified, the stage is considered NO rather than Nx.

How are gastric GISTs treated?
Small gastric GISTs are common and can be found in up to 35% of stomachs, depending on the case series.
Smaller gastric GISTs, such as those smaller than 3 cm, without ulcerations, and normal homogeneous internal
echoes, can be followed. Larger GISTs are removed surgically.

High-risk GISTs that have been removed, those that can’t be removed, or those that have metastasized can
be treated with drugs that bind to KIT and place it into the inactive conformation. The prototype drug
is imatinib mesylate (Gleevac). Resistance seems to eventually develop and other drugs are then used in
imatinib-resistant patients. Although most drugs in use inhibit KIT and PDGFRa, some compounds are being
developed that inhibit other pathways such as HSP90, mTOR, and vascular endothelial growth factor receptor.

Please access ExpertConsult to view the E-Figures and Clinical Vignette for this chapter.
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THICKENED GASTRIC FOLDS

Ryan M. Kwok, MD, and Patrick E. Young, MD

1. What is meant by thickened gastric folds?
Although thickened gastric folds is a somewhat ambiguous term, it generally refers to abnormally large gastric folds
(generally >1 cm) that do not flatten on insufflation at upper endoscopy (Figure 11-1).

Figure 11-1. Thickened gastric folds in a patient with Ménétrier’s disease.

2. Describe the differential diagnosis for thickened gastric folds.
The differential diagnosis includes Ménétrier’s disease (MD), chronic gastritis (Helicobacter pylori—associated,
eosinophilic, etc.), gastric malignancy (lymphoma, scirrous gastric adenocarcinoma), and Zollinger-Ellison
syndrome.

3. What are the clinical features of MD?
Patients with MD may present with a combination of local and systemic symptoms. Local symptoms include
epigastric pain, nausea, vomiting, gastrointestinal (GI) bleeding, and diarrhea. Systemic symptoms generally
stem from substantial protein loss and include weight loss and peripheral edema.

4. How is MD diagnosed?
Full-thickness mucosal biopsy, via suction technique or snare resection, will reveal the characteristic foveolar
hyperplasia, tortuous and dilated glands, inversion of the pit-gland ratio, and marked parietal cell loss. The lack of
inflammatory cells in MD is a key differentiating factor between MD and its mimics (Helicobacter-associated
hypertrophy, allergic hypertrophic gastritis). Laboratory findings that support the diagnosis include low basal and
stimulated acid output and low albumin. Serologic testing for cytomegalovirus (CMV) is also a reasonable
test to obtain, particularly in pediatric cases in which up to 1/3 of cases are CMV associated.

5. List the treatment options for MD.
Historically, supportive care, including a high-protein diet, albumin infusions, and pain medications, was the
cornerstone of therapy. When these conservative options failed, gastrectomy was required. We now know
that MD in adults is often related to local overproduction of transforming growth factor—alpha, leading to an
increase in epidermal growth factor (EGF), which acts on the tyrosine kinase receptor. Cefituximab, a
monoclonal antibody that blocks EGF receptor binding, has proven an effective treatment for MD in recent
small trials.

6. What are the key features of gastric mucosa-associated lymphoid tissue (MALT) lymphoma?
MALT lymphoma is a type of non-Hodgkin’s lymphoma that represents 3% of gastric malignancies. Like gastric
adenocarcinoma, MALT is highly associated with H. pylori infection. Diagnosis is made via tissue histologic
examination in conjunction with immunohistochemical testing of B lymphocyte markers. Tumors with more
than 20% large blast cells are considered high grade.
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7.

Describe the treatment of gastric MALT lymphoma.

First-line therapy for gastric MALT lymphoma is antibiotic therapy directed at H. pylori, followed by
documentation of eradication. The success of this regimen to induce remission correlates with disease stage, with
80% of low-grade lymphomas regressing compared to only 50% of high-grade lymphomas. Even after successful
bacterial eradication, complete remission may take more than a year. Several studies show residual clonal B-cells,
even after histologic regression. Watchful waiting is advised in these cases, withholding further treatment unless
there is evidence of histologic recurrence. In cases in which antibiotic therapy fails to induce remission, external-
beam radiation (with or without systemic chemotherapy) is indicated.

. If no H. pylori is detected, should you still treat gastric MALT lymphoma with antibiotics?

Yes, although this is certainly not intuitive. There are data showing that even H. pylori-negative cases of
MALT lymphoma may respond to antibiotic therapy, so treatment is indicated whether or not H. pylori is
detected.

GASTRIC POLYPS

9.

10.
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12.

13.

What are the types of gastric polyps and what is the relative prevalence of each type?

There are essentially three types of gastric polyps: fundic gland (~50%), hyperplastic (~40%), and adenomatous
(~10%). In areas with higher H. pylori infection rates, hyperplastic polyps (HPs) and adenomas are
correspondingly more prevalent.

Describe the relationship of proton pump inhibitors (PPls) to fundic gland polyps (FGPs).
Prolonged PPI therapy is associated with the formation of FGPs. In a Chinese study of 599 patients, patients on
PPI for greater than 5 years were at fourfold increased risk of FGP formation relative to those on PPI therapy for
less than 1 year. The regression of FGPs after PPI cessation also supports their role in polyp formation.

What is the relationship between medical conditions and FGPs?

FGPs can occur in association with polyposis syndromes including familial adenomatous polyposis (FAP),
Gardner’s syndrome, MUTYH-associated polyposis (MAP), and gastric adenocarcinoma and proximal polyposis
of the stomach (GAPPS). In one series of 75 subjects with FAP, 88% were found to have FGPs. Additionally,
FGPs have been reported in 11% of MAP patients. GAPPS is an autosomal-dominant syndrome characterized
by formation of dysplastic FGP formation in the proximal stomach and an increased risk of gastric
adenocarcinoma. Surveillance with upper endoscopy should be considered in patients with these conditions.

How likely is it that a gastric adenoma will progress to adenocarcinoma?

It depends. Much like adenomas of the colon, gastric adenomas are known precursors of adenocarcinoma. Both
size and histologic characteristics influence the malignancy potential of a given lesion. For instance, progression
occurs in 30% to 40% of adenomas with villous features and is likewise increased in adenomas larger than 2 cm.
The overall incidence of gastric adenomas to progress to adenocarcinoma is approximately 5%. As such,
complete removal should be performed whenever possible.

Describe the management of gastric HPs.

HPs have a lower risk of malignant transformation than adenomas but often occur in settings where the
overall risk of malignancy in the gastric mucosa is elevated (pernicious anemia, H. pylori-associated gastritis,
chronic gastritis, etc.). Reported rates of adenocarcinoma arising in an HP range from 0.6% to 2.1%. As the
cancer risk increases with size, most experts recommend removing HPs greater than 1 cm in diameter.

SUBEPITHELIAL TUMORS

14.

15.

16.

What are the endosonographic layers of the stomach?

The stomach has five endosonographic layers that correspond to the histologic layers of the stomach. The first (most
superficial) layer is hyperechoic (white on endoscopic ultrasonography [EUS]) and represents the interface between
the ultrasound probe and the superficial mucosa. The second layer is hypoechoic (dark on EUS) and represents the
deep mucosa including the muscularis mucosa. This layer distinguishes erosions from ulcers (i.e., if a lesion does not
penetrate the second layer, it is considered an erosion). The third layer is hyperechoic and corresponds to the
submucosa. Layer four is hypoechoic, correlates to the muscularis propria, and is the layer from which most
subepithelial gastric tumors arise. Layer five is the serosa or perivisceral fat and is hyperechoic (Figure 11-2).

What is the differential diagnosis for gastric subepithelial tumor (SET) (Table 11-1)?

The differential diagnosis for a SET can be divided into intrinsic versus extramural lesions. Extramural lesions
most often arise from the spleen and its associated vessels, although other perigastric organs such as the liver,
gallbladder, pancreas, and colon may also create indentations on the luminal wall. Less commonly, extraluminal
compression may arise from abscesses, enlarged lymph nodes, renal cysts, pancreatic pseudocysts, or aneurysms.

Describe the common methods of making a tissue diagnosis of a SET.
Symptomatic or large SETs may not require a preoperative histologic diagnosis prior to surgical resection. In
cases in which tissue sampling is required, several modalities are available. Stacked or “bite-on-bite” jumbo
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Figure 11-2. Endosonographic image of the gastric wall layers.

Table 11-1. Types of Gastric Subepithelial Tumors and Their Characteristics

SUBEPITHELIAL EUS

LESION LAYER

Leiomyoma 2,3, 0r4
(4th is
most
common)

Neural origin tumors 3 or 4

(schwannoma,

neuroma,

neurofibroma)

Lipoma 3

Duplication cyst Any/
extramural

Pancreatic rest 2or3

Inflammatory fibroid 3 or 4

polyp

Granular cell tumor 2 or 3

Varices 2or3

MALIGNANT
POTENTIAL

None

None

None

None

ENDOSONOGRAPHIC
FEATURES

Hypoechoic

Hypoechoic

Intensely hyperechoic

Anechoic

Hypoechoic/mixed

Hyperechoic

Hypoechoic

Hypo- or anechoic

IMPORTANT FACTS

Rare in the stomach
CD 117 (=), smooth muscle
actin (+)

Schwannoma =

4th layer, S-100 (+)

Yellow hue “pillow sign”
when probed with closed
forceps

Embryonic remnant lined with
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Table 11-1. Types of Gastric Subepithelial Tumors and Their Characteristics (Continued)

SUBEPITHELIAL EUS MALIGNANT ENDOSONOGRAPHIC
LESION LAYER POTENTIAL FEATURES IMPORTANT FACTS
GIST 4 (rarely  See below Hypoechoic, GIST =4th layer+ CD117 (+)/
2) (Question 20)  homogenous c-kit protein
Lymphoma 2,3,0r4 Hypoechoic Usually DLBCL or
B cell-associated
MALT lymphoma
Typically require deep-tissue
sampling for diagnosis
Carcinoid 2o0r3 See subtypes Hypoechoic Atrise from ECL cells
below*
Metastatic Any Hypoechoic Rare
carcinoma Associated with melanoma,
breast, lung, kidney, ovaries
Glomus tumor 3or4 Typically Hypoechoic CD117 (=), vimentin (+),
benign, but can smooth muscle actin (+)
have malignant
potential

DLBCL, Diffuse large B-cell lymphoma; ECL, enterochromaffin-like; EUS, endoscopic ultrasound; GI, gastrointestinal; GIST,
gastrointestinal stromal tumor; MALT, mucosa-associated lymphoid tissue.

*Types of carcinoid tumors:

Type 1: associated with hypergastrinemia from chronic atrophic gastritis

Type 2: associated with Zollinger-Ellison syndrome

Type 3: sporadic; associated with normal gastrin levels; can become malignant or metastatic and should be resected irrespective of size

forceps biopsies are the simplest technique, requiring no special training, but provide a definitive diagnosis in
fewer than 50% of cases. EUS-guided fine-needle aspiration can be used in the evaluation of SET, lymph nodes,
and lesions adjacent to the GI tract. EUS-guided core needle biopsy provides a larger sample of tissue that can be
used for histologic evaluation. This is of particular value in cases, such as lymphoma, in which tissue
architecture—as opposed to the mere cell type—is vital to diagnosis. Immunohistochemistry, in addition to
standard cytologic analysis, is often helpful.

17. Do endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) have
a role in the management of SET?
EMR and ESD are emerging modalities for sampling and resecting SET. Complications related to these
procedures can include perforation and bleeding, and they should only be performed by endoscopists who are
highly experienced in their use. In the United States, these techniques are generally limited to intramural lesions
in the third layer or above.

18. How is a Gl stromal tumor (GIST) differentiated from other mesenchymal SETs?
GI mesenchymal SETs can be classified into four types: schwannoma, leiomyoma, leiomyosarcoma, and GIST.
All are spindle cell tumors and thus they are difficult to distinguish on histologic examination alone.
Immunohistochemical stains are vital to distinguish among them (Table 11-2).

Table 11-2. Characteristics of Gastric Spindle Cell Tumors

TYPE CD117 CD34 SMA S100 PROTEIN DESMIN
GISTs + (>95%) + (60-70%) +/— (30-40%) — (5% +) Very rare
Leiomyoma - + (10-15%) + - +
Leiomyosarcoma - - + - +
Schwannoma - - - + _

GIST, Gastrointestinal stromal tumor; SMA, smooth muscle actin.

From Flecther CD, Berman JJ, Corless C, et al. Diagnosis of gastrointestinal stromal tumors: A consensus approach. Int ] Surg Pathol
2002;10(2):81-9; and Miettinen M, Sobin LH, Sartomo-rikala M. Immunohistochemical spectrum of GISTs at different sites and their
differential diagnosis with respect to CD117 (KIT). Mod Path 2000;13(10):1134-42.
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Figure 11-3. Diagnostic and treatment algorithm of subepithelial tumors. EMR, Endoscopic mucosal resection; EUS, endoscopic

Step 3: Histology | Surgery |
(dependent on clinical availability and risk)

ultrasound; FNA, fine-needle aspiration. (Adapted from Eckardt AJ, Wassef W: Diagnosis of subepithelial tumors in the GI tract:

endoscopy, EUS, and histology: bronze, silver, and gold, Gastroint Endosc 62:209, 2005.)
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19. What is the cell of origin for a GIST?

The cells of origin are interstitial cells of Cajal and the pacemaker cells of the stomach.

20. How does one decide when surgery is required for a gastric GIST?

21.

Because GISTs have malignant potential, risk stratification is crucial in determining management.

In gastric GISTs, it is generally agreed that tumors larger than 2 cm should be resected, whereas those
smaller than 1 cm and lacking worrisome EUS features can be followed endoscopically. EUS findings suggestive
of malignancy include irregular extraluminal margins, cystic spaces, echogenic foci (heterogenous echotexture),
and adjacent malignant-appearing lymph nodes. Management of GISTs between 1 and 2 cm remains
controversial. Mitotic rate also helps predict tumor aggressiveness, with small tumors (<2 cm) that exhibit
fewer than 5 mitoses per high-power field (HPF) having the lowest risk and larger tumors that have more than
10 per HPF having the highest risk. Calculation of the mitotic index requires a tissue block for histologic
examination and cannot be performed on cytologic specimens alone.

What medical options are available for GISTs?

Imatinib mesylate, a tyrosine kinase receptor inhibitor, can be used as adjuvant therapy after resection of GISTs
3 cm or larger to minimize chance for recurrence. In cases of borderline tumor resectability or cases in which
there may be significant organ disruption, neoadjuvant therapy may be used prior to resection (Figure 11-3).

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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GASTROPARESIS

Richard W. McCallum, MD, FACP, FRACP (Aust), FACG, and Joseph K. Sunny, Jr., MD

1. Define gastroparesis.
Gastroparesis is a disorder defined by delayed gastric emptying in the absence of mechanical obstruction of the
stomach or proximal small bowel. The spectrum of symptoms include nausea, vomiting, early satiety,
postprandial fullness, epigastric discomfort and pain, bloating, and heartburn. Vomiting does not have to be
present. Patients may only present with chronic nausea because they have learned how to remain below the
vomiting threshold by modifying their diet by eating smaller meals or progressing to a liquid diet. Epigastric pain
has traditionally been underestimated and it could even be the dominant complaint. It is reported to be present
in up to 90% of gastroparesis patients.

2. How should gastroparesis be diagnosed?

Gastroparesis is a challenging clinical diagnosis that has to be confirmed by objective testing. The 4-hour gastric
emptying scintigraphic method with a standardized low-fat, egg-white meal is the “gold standard.” Values greater
than 60% retention at 2 hours and 10% retention at 4 hours indicate delayed gastric emptying. Severity can be
defined by the degree of isotope retention at 4 hours: grade 1 as 11% to 20%, grade 2 as 21% to 35%, grade 3 as
36% to 50%, and grade 4 with greater than 50%. There has been poor correlation between the severity of
symptoms and the grading of gastric retention as well as between symptom improvement and gastric emptying
changes in treatment trials.

3. How can a wireless motility capsule (WMC) diagnose gastroparesis?
A WMC (SmartPill) is the same size as the small-bowel endoscopic camera and measures pH, pressure, and
temperature. It is ingested together with a 250-calorie energy bar to initiate the onset of the fed pattern in the
stomach. The gastric emptying time of this nondigestible solid, which empties after the digestible solids, is
identified by an abrupt and sustained increase in pH to an alkaline level of pH 6 or 7 as it enters the duodenum.
In a trial comparing WMC to the scintigraphic egg beater standard, a 5-hour cut-off for gastric emptying
time for the WMC had a sensitivity of 65% and specificity of 87%. A major attraction of WMC is that
abnormalities in the small bowel and colon transit that may also be contributing to the patient’s symptoms can
also be identified.

4. Describe the normal physiology of the stomach.
The stomach initially receives and stores food by relaxation of the fundus, which is mediated by vagal
efferent fibers and nitric oxide pathways. This period termed the lag phase can vary from 15 to 40 minutes
and is followed by the trituration process, which relies on the contractile and myoelectrical activities of the
stomach. The gastric pacemaker cells, termed the interstitial cells of Cajal (ICC), initiate the gastric slow wave,
which has a frequency of three cycles per minute. After a meal, depolarization of smooth muscle cells leads
to electromechanical coupling, permitting gastric contractions to be initiated in association with release of
neurotransmitters from the enteric neurons. Trituration of food to particle sizes less than 6 mm allows passage
through a relaxed pylorus.

5. What are the pathophysiologic characteristics of gastroparesis?
The three main etiologic factors of gastroparesis are diabetes, idiopathic and post vagotomy produce the
following pathophysiologic characteristics: (1) decreased accommodation of the stomach caused by loss of
gastric inhibitory neurons or vagus nerve damage; (2) depletion of the ICCs in diabetes and postinfection injury
results in dysrhythmias (e.g., tachygastria and ectopic pacemakers, associated with nausea and vomiting); (3)
defective smooth muscle contractions resulting from impaired enteric neuronal function; (4) smooth muscle
atrophy or fibrosis; (5) impaired release of gastrointestinal peptides (e.g., motilin, ghrelin, and pancreatic
polypeptide, which facilitate gastric motility); (6) pyloric sphincter dysfunction and concept of “pyloric spasm”
(Figure 12-1).

6. What are the ICCs in health and in gastroparesis?
The ICCs generate spontaneous electrical slow wave activity, which is conducted to the smooth muscle cells
of the stomach and referred to as the “gastric slow wave.” In humans, this varies from two to four cycles per
minute with an average of three. There are two ICC networks: one in the myenteric plexus region and the
other in the deeper muscularis propria of the gastric corpus and antrum controlling propagation of the slow
waves and hence the maximum frequency and aboral peristaltic direction of gastric contractions. Reduced ICC
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Figure 12-1. Pathophysiologic characteristics of gastroparesis. GI, Gastrointestinal; ICC, interstitial cells of Cajal. (From Reddymasu
SC: Sewere gastroparesis: medical therapy or gastric electrical stimulation, Clin Gastroenterol Hepatol 8:117-124, 2010.)

numbers have been reported in up to 40% of gastroparetic patients of diabetic and idiopathic origin and are
correlated with an electrical dysrthythmia as demonstrated by an abnormal electrogastrogram, which is

the cutaneous recording of the electrical slow wave by electrodes on the abdominal surface overlying

the stomach.

7. How can bloating be explained in gastroparesis?
Sixty percent of patients with gastroparesis have concomitant small intestinal bacterial overgrowth (SIBO)
based on breath testing data. Explanations are impaired small bowel motility accompanying gastroparesis of
diabetic and idiopathic etiologic factors; loss of the migrating motor complex, a sequelae of vagal nerve damage;
gastric hypochlorhydria, which could be primary or secondary to the chronic use of proton pump inhibitors; and
atrophy of small bowel smooth muscle as in scleroderma. The take home is that the symptom of postprandial
bloating in gastroparesis may be explained by SIBO, and implications for therapy include antibiotics and
probiotics in addition to promotility agents.
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8. What is the estimated prevalence of gastroparesis?

Approximately 10 million individuals (3%) in the United States have gastroparesis. Of these, 75% are women
averaging 34 years of age. Approximately 16,000 admissions annually in the United States have gastroparesis as a
primary diagnosis. During a 10-year period, the risk of a patient with type 1 diabetes mellitus (T1DM) developing
gastroparesis is 5.2% and 1% with diabetes mellitus type 2 (T2DM), compared with 0.2% in the general
population. Based on a national sample survey, approximately 165,000 TIDM patients (14% of U.S. patients
with TIDM) and 2.1 million T2DM patients (9.4%) are currently seeking treatment for diabetic gastroparesis
(DGP) symptoms. To put this in gastroenterologic perspective, if celiac sprue is approaching an incidence of 1%
of the U.S. population and hepatitis C is 2% to 3%, gastroparesis is more common than these entities.

9. What is idiopathic gastroparesis?
There are no clear etiologic factors for idiopathic gastroparesis. At least 80% of patients are female and a substantial
percentage have a history of an infectious-like prodrome of viral or bacterial origin for which such agents as rotavirus
and norovirus (Norwalk agent), Epstein-Barr virus, cytomegalovirus, herpes virus, and Lyme disease have been
suspected. This data is based on findings of white cell infiltrate, macrophages, and neuronal loss in the enteric
neurons from biopsies of gastric muscularis propria smooth muscle. Idiopathic gastroparesis patients who develop
delayed gastric emptying after an infectious prodrome may be able to recover their neuromuscular and
electrical functions at varying times, with a later unexpected return to normal gastric emptying. Other “idiopathics”
remain chronically symptomatic and need careful investigation to exclude underlying connective tissue
disease; central nervous system (CNS) disorders (e.g., multiple sclerosis); eating disorders (anorexia and bulimia
nervosa); and the entity median arcuate ligament syndrome, which compresses the celiac ganglion.

10. What are some causes of gastroparesis that can be easily treated and reversed if identified?
Potentially reversible causes of gastroparesis can be broadly categorized as pharmacological, mechanical,
metabolic and endocrine, CNS disorders, and paraneoplastic. Specific treatments can be initiated (Table 12-1).
Narcotic use dominates the pharmacologic subgroup and modest success has been achieved with the p-opioid
receptor antagonist methylnaltrexone subcutaneously four times a day. These entities need to be considered
when patients present with symptomatic gastroparesis and are labeled idiopathic.

11. Describe metoclopramide’s mechanism of action.
Metoclopramide, the only gastric prokinetic registered in the United States, blocks dopamine D, inhibitory
receptors in the upper gastrointestinal tract and stimulates 5-HT receptors, resulting in augmented
acetylcholine release leading to increased gastric tone and intragastric pressure, coordination of antroduodenal
motility with relaxation of the pylorus, and net acceleration in gastric emptying. Metoclopramide also provides

Table 12-1. Reversible Causes of Gastroparesis

SPECIFIC
ETIOLOGIC FACTORS EXAMPLES TREATMENTS
Pharmacologic Anticholinergics
A. Commonly prescribed Proton pump inhibitors
medications Calcium channel blockers
Cyclosporine
Exenatide
Pramlinitide
Lithium
Octreotide
B. Controlled substances Narcotics Methylnaltrexone—p
antagonist
Mechanical Superior mesentery artery syndrome Surgery
Median arcuate ligament syndrome
Metabolic Neuromyelitis optica with autoantibodies to astrocytic Steroids
aquaporin-4 water channels
Anorexia nervosa, bulimia nervosa
Endocrine Hypothyroidism
Hypoadrenal states
Hyperglycemia (blood sugar >275)
Central nervous system Multiple sclerosis
disorders Parkinson’s disease
Paraneoplastic Antineuronal nuclear antibodies type 1 (ANNA-1), Immunomodulators
sometimes called anti-Hu Plasmapheresis
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12.

13.

14.

15.

16.

antiemetic relief through inhibiting D, dopamine within the chemoreceptor trigger zone of the brain as well as
some antagonism of 5-HTj3 receptors. Thus metoclopramide’s clinical efficacy is explained by a combination of
prokinetic effects peripherally and antiemetic properties centrally.

What are some tips on dosing metoclopramide?

Metoclopramide is available in oral, suppository, and injectable routes of administration. Intravenous (IV)
dosing can range from 10 mg every 6 hours to 20 mg every 4 hours depending on tolerance. Subcutaneous
metoclopramide (2 mL =10 mg) can be used either as an adjunct to oral medications, overcoming the
limitations of erratic absorption in the setting of gastroparesis and vomiting, or as a rescue if symptoms worsen
because the plasma levels achieved are 80% of the IV levels, thus avoiding the need for emergency room visits.
Orally disintegrating tablets (Metozolv ODT), available in 5 mg and 10 mg, facilitate patient compliance but
absorption still occurs in the small bowel and not through the buccal mucosa.

What are the side effects of metoclopramide?

Approximately 40% percent of patients cannot maintain long-term use. The medication can cross the blood-brain
barrier leading to inhibition of central D, receptors in the basal ganglion involved in movement pathways,
manifesting in a wide array of involuntary movement disorders. An acute dystonic reaction can occur within the
first few hours of beginning administration, typically when given intravenously, and resolves with discontinuation.
Within the first 1 to 3 months, akathisia, anxiety, tremor, drug-induced Parkinsonism, and depression can develop
and are reversible after discontinuation. The United States Food and Drug Administration (FDA) released a “black
box” warning for metoclopramide in 2009 relating to the risk of tardive dyskinesia after more than 3 months of use.
The incidence of tardive dyskinesia, which can be irreversible and is defined by disfiguring and involuntary
movements, is actually less than 1%, not the 1% to 10% previously reported. The key to prevention is actually
examining the patient in follow up, not refilling prescriptions without seeing the patient.

What is the status of domperidone?

Domperidone (Motilium), a dopamine receptor antagonist that has both central antiemetic and gastric
prokinetic properties, is the best prokinetic and antiemetic. It is not FDA approved but is available through an
investigational new drug application from the FDA. QT elongation (>450 milliseconds in males and >475
milliseconds in females) is the leading concern regarding ventricular arrhythmias. The infrequent side effects of
gynecomastia, breast tenderness, galactorrhea, and menstrual irregularities are due to increased levels of
prolactin. Both the pituitary and the chemoreceptor trigger zone emetic areas are regarded as being outside the
blood-brain barrier, consistent with domperidone’s lack of CNS side effects. Dosing is 20 mg four times a day up
to a maximum of 120 mg per day for at least 3 months to ascertain clinical response. Chronic therapy does not
appear to lead to decreased efficacy.

Where do we stand with using erythromycin as a prokinetic?

The macrolide class of agents are motilin receptor agonists (erythromycin and azithromycin) that promote
motility in the stomach and small bowel. Erythromycin lactobionate IV at up to 3 mg/kg every 6 to 8 hours
facilitates gastric and small bowel motility. The liquid formulation is more effective than tablets to maximize
absorption in gastroparesis. However, oral efficacy is limited because of dose tolerance after a few weeks. Starting
with a low oral dosing of 150 mg to 250 mg twice to three times a day is recommended to reduce “saturation” of
motilin receptors and dose tolerance.

What antiemetics are effective in gastroparesis?

A. Phenothiazines

Phenothiazines are dopamine and cholinergic receptor antagonists, and examples include prochlorperazine,
promethazine, and trimethobenzamide. Promethazine is available by IV, intramuscular, oral, and rectal
suppository routes. Possible side effects include sedation, slurred speech, and dystonia.

B. Muscarinic antagonists

Scopolamine is a selective competitive antagonist of muscarinic cholinergic receptors, and it is available asa 1.5-
mg patch for 3 days, providing sustained plasma levels that overcome vomiting and intolerance to oral intake and
erratic absorption of other oral antiemetics.

C. 5-HT3 antagonists

Ondansetron, granisetron, and dolasetron are 5-HT3 receptor antagonists, and they inhibit 5-HT3 receptors
in the area postrema. Peripheral effects are also present via efferent fibers of the vagus nerve. They can be
given by oral or parenteral administration. Ondansetron orally dissolvable tablets are also available for very
nauseated patients. High doses of IV ondansetron can lead to torsades de pointes related to cytochrome
P450 pathways, and the 32-mg single dose vial has been removed from the market. Granisetron is also
available as a patch (Sancuso) effective for up to 7 days. A newly FDA approved drug in this class,
palonosetron (Aloxi), has a longer half-life, allowing a single dose of 0.25 mg IV to be effective for 5 days

in chemotherapy-related vomiting.

D. Cannabinoids

Cannabinoids are agonists of CB1 receptors in the brain and gut, and they are effective as both antiemetics and
appetite stimulants. Dronabinol (Marinol) is available in the United States, and there are a subset of
gastroparesis patients who respond to this medication in doses of 5 mg to 10 mg three times a day.
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Figure 12-2. The pathophysiologic characteristics of nausea and vomiting and the targets of antiemetic therapies in gastroparesis.
(From Krakauer EL. Case 6-2005. A 58-Year Old Man with Esophageal Cancer and Nausea, Vomiting, and Intractable
Hiccups. NEJM. © Medical Massachusetts Society. Published with permission.)

17.

18.

19.

E. Neurokinin-1 (NK-1) antagonists

Aprepitant (Emend) is a selective, oral nonpeptide antagonist of the NK1 receptor with the ability to penetrate
the CNS. Direct administration of substance P into the area of the nucleus tractus solitarii of the hindbrain
induces emesis. The action of substance P in these centers is controlled by the NK-1 receptor and antagonism of
NK-1 receptor has demonstrated antiemetic activity. It is effective in preventing vomiting in chemotherapy
patients and is being evaluated for gastroparesis in doses of 125 mg per day (Figure 12-2).

What is the role of tricyclics for gastroparesis?

Low doses of tricyclic antidepressants can be used as neuromodulators for treatment of nausea, vomiting, and
abdominal pain in patients with gastroparesis. Idiopathic gastroparesis patients treated with nortriptyline for 12 weeks
did not differ in overall symptomatic improvement versus placebo, although abdominal pain and early satiety showed
improvement with doses of 50 to 75 mg and nausea at doses of 10 to 25 mg. In diabetic patients without gastroparesis,
nausea and vomiting did improve after treatment with a tricyclic. This class is considered a valuable adjunct for
symptom control in gastroparesis, but further studies to address specific symptoms and dosing strategies are needed.

What patients can benefit from botulinum injections into the pylorus?

Patients with gastroparesis may have periods of increased pyloric tone and phasic contractions, known as
“pylorospasm” or have chronic pyloric sphincter—impaired relaxation. Botulinum toxin is an inhibitor of
neuromuscular transmission. Botulinum injections (100 to 200 units) into the pylorus via endoscopy did not
improve gastric emptying or symptoms more than placebo in two randomized, double-blind, placebo-controlled
studies, although numbers were small. Several open-label reports suggest more positive outcomes. Although
empiric botulinum injections cannot be justified in gastroparesis patients pending further trials, one
recommended clinical algorithm is that two successive impressive responses to pyloric botulinum injections
(greater than 6 weeks’ improvement) suggest that a surgical pyloroplasty may be warranted.

When should pyloroplasty be used in gastroparesis?
Pyloroplasty is an option in gastroparesis patients refractory to prokinetic therapy. Improved gastric emptying
time and decreased prokinetic therapy have been noted after pyloroplasty. Gastroparesis secondary to vagotomy
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may be the best candidates because pyloroplasty can overcome the tonic motor activity of the pylorus, termed
pylorospasm, and impaired pyloric relaxation resulting from vagotomy. The addition of pyloroplasty to gastric
electrical stimulation (GES) placement was recently shown to improve and often normalize delayed gastric
emptying time in postvagotomy patients as well as show symptom efficacy.

What are the clinical pearls for feeding tubes in gastroparesis patients?

A. Bypass the nonfunctional stomach and place a jejunostomy (J) tube surgically, endoscopically, or
radiologically beyond the ligament of Treitz. Specific guidelines are the following: (1) ] tube feedings only at
night (6 PM to 6 AM) while slowly trying to increase oral intake during the day, (2) combining tube feeds
and oral intake simultaneously leads to nausea and vomiting, and (3) medications can be given via ] tubes.

B. Gastrostomy venting tubes are not recommended because they lead to potassium and fluid depletion and
have no nutritional potential.

C. A percutaneous endoscopic gastrostomy or jejunostomy is limited to temporary use because vomiting
invariably displaces the tube back into the stomach. Essentially the need for a ] tube is the signal for GES and
we recommend one surgery to accomplish both.

What is GES for gastroparesis?

GES using the Enterra device delivers high-frequency, low-energy electrical stimulation to the stomach, and
is FDA approved through a humanitarian device exemption for the 20% to 30% of patients who fail or
cannot tolerate medical therapy. The GES system consists of two electrodes sutured into the muscularis
propria of the greater curvature, 9 and 10 cm from the pylorus via laparotomy or laparoscopy. The leads are
connected to a pulse generator, which is subcutaneously implanted in the abdominal wall. The programming
parameters are low-energy 330-microsecond pulse width, 14 cycles per minute, 0.1 seconds on, 5 seconds off,
12-Hertz trains, and a current of 5 milliamps (Figure 12-3).

How does GES work?
1. The major effect is increased vagal activity based on the sympathetic/vagal ratio of spectral analysis of
heart rate variability.

Proposed mechanisms of action of Figure 12-3. Gastric electrical stimulation device.
the gastric neurostimulator ED, Emergency department; J, jejunostomy; PET,
positron emission tomography. (From Reddymasu SC:

Severe gastroparesis: medical therapy or gastric
electrical stimulation, Clin Gastroenterol Hepatol
8:117-124, 2010.)
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2. The GES results in better fundic relaxation and the ability to eat and store more food through this
increased vagal activity.

3. Positron emission tomography shows increased activity in the thalamic and caudate nuclei after chronic
GES therapy. The device stimulates vagal afferent pathways to the solitary tract nucleus in the dorsal
medulla and to the thalami via the reticular formation, and exerts an inhibitory influence on nausea
and vomiting control mechanisms. Essentially, it is the best antiemetic we have. Electrical dysrthythmias
and gastric emptying do not significantly improve. Combining GES with a surgical pyloroplasty to accelerate
gastric emptying achieves better results, as recently reported.

What are the outcomes of GES?

The symptom response is nausea, vomiting, fullness, and food intake. Epigastric abdominal pain is minimally
changed unless it is linked to vomiting. More patients with DGP (58%) and postsurgical gastroparesis (53%) had
a greater than 50% reduction in total symptom score, compared with idiopathic disease (48%). Mean
hemoglobin Alc decreased on average from 8.5% to 7.8%; hospitalizations decreased by 87%, and 89% of J-tubes
could be removed within 12 months.

When is a total gastrectomy indicated?

Total gastrectomy is a final approach if patients fail GES therapy or have a Billroth [-or [I-related gastroparesis with a
limited gastric reservoirand bezoar formation. The goal is to stop the vomiting and hence the need for hospitalizations
by performing an esophagojejunostomy with an accompanying ] tube for temporary use during adaptation to
eating with this new anatomy. Nausea and retching may intermittently still occur, but admissions can be avoided and
quality of life is improved, although sometimes back-up ] tube use for hydration and nutrition continues.

Describe the strategy for escalating therapy in gastroparesis.
See Figure 12-4.

Gastroparesis suspected based
on symptoms

2

Negative for obstruction with EGD
and/or small bowel series

2

Gastric scintigraphy to evaluate for
delayed gastric emptying— 4-hour
test shows >10% isotope retention

Y Y

Mild
Less than daily symptoms,
no hospitalizations, no impact
on work and family functioning

Severe
Daily, continuous symptoms,
multiple ED/hospitalizations,
and inability to work and
function

v 2

Diet, combining prokinetics,

Liquid or soft diet, glucose control,
antiemetics prn, review of
medications and metabolic state

multiple antiemetics, try to minimize
or stop narcotics, feeding tube,
research trials

Y

Inadequate response to therapy

2

Gastric electrical stimulation
device placement combined with
pyloroplasty + J tube
placement

Figure 12-4. Algorithm for gastroparesis management. EGD, Esophagogastroduodenoscopy.
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Please access ExpertConsult to view a Clinical Vignette for this chapter.
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EVALUATION OF ABNORMAL LIVER TESTS

Emily Carey, DO, and William D. Carey, MD, MACG

1. What are liver tests?
Usually the term refers to the routine chemistry panel that includes alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyl transpeptidase (GGT), alkaline phosphatase (AP), bilirubin, albumin,
and protein. Other terms for the same tests are liver function tests (LFT's) and liver-associated enzymes, but neither is
totally accurate. Only the first four are properly called enzymes, and only the last two provide a measure of
liver function. These tests help to characterize injury patterns and provide a crude measure of the synthetic
function of the liver. Individually none are diagnostic of any specific condition. Other tests help to define
specific causes of liver disease.

2. What are the true LFTs?
True LFTs evaluate the liver’s synthetic capacity or measure the ability of the liver either to uptake and clear
substances from the circulation or to metabolize and alter test reagents. Of commonly used tests, the prothrombin
time comes closest to a true LFT, as it is a reflection of the liver’s capacity to synthesize coagulation factors,
some of which have a half-life measured in hours. Vitamin K is needed to synthesize prothrombin so it is
important to replete any vitamin K deficiency prior to assuming a prolonged prothrombin time is related to
decreased liver function. Albumin, as a general marker of liver protein synthesis, is another commonly used
indicator of synthetic function, although it is not highly sensitive and may be affected by poor nutrition, renal
disease, and other factors. In the context of chronic liver disease, low albumin levels indicate poor synthetic
function. Decreases in albumin do not occur acutely because of the long 21-day half-life of albumin.

3. What is the difference between cholestatic and hepatocellular injury?
A common and useful approach to the evaluation of liver tests is the determination of whether the primary insult
is directed against the hepatocyte (hepatocellular injury) or the biliary tree (cholestatic). In some cases, elements
of both types of damage are involved; this scenario is often called a mixed injury pattern.

4. What are serum transaminases?
The two serum transaminases commonly assayed in clinical practice are ALT (previously called serum glutamic
pyruvate transaminase) and AST (formerly serum glutamic oxaloacetic transaminase) and are involved in the
transfer of amino groups from one molecule to another.

Elevation of ALT or AST usually reflects the presence of hepatocellular injury. Acute elevations are most
commonly related to hepatitis A, hepatitis B, drugs, alcohol, or ischemia. Elevations of more than 1000 are usually
related to viruses or drugs. Levels of more than 5000 are related to acetaminophen toxicity, ischemia, or unusual
viruses. Alcoholic hepatitis has enzyme elevations usually less than 400 with the AST/ALT ratio greater than 2:1.
Chronic elevations (6 months or more) in ALT and AST are often due to hepatitis B, hepatitis C, nonalcoholic
fatty liver disease (NAFLD), alcohol, and autoimmune hepatitis (Figure 13-1).

5. What is the most specific test for hepatocellular damage?
GGT is a liver-specific enzyme that is elevated in most cases of hepatocellular and cholestatic liver disease.
Both AST and ALT reside in other organs, so elevated levels do not always reflect liver injury. ALT is somewhat
more liver specific than AST but both may be elevated in, for example, acute muscle injury. Both enzymes
are released into the circulation when liver tissue is damaged or destroyed.

6. What is a normal value for ALT?
Many demographic factors play a role in ALT level. Men have higher ALT levels than women; obese women
have higher levels; certain racial groups have higher ALT activity than do others. Recent population
studies suggest that clinicians should define abnormal as ALT greater than 30 [U/L for men and greater than
19 IU/L for women regardless of traditional “normal” values.

7. How is cholestatic injury best diagnosed?
In the standard panel of liver tests, cholestatic injury is suggested by an elevated AP level, an enzyme bound in
the hepatic canalicular membrane. Because AP can be derived from other body tissue (e.g., bone, intestine,
placenta), a concurrent elevation of GGT (an enzyme of intrahepatic biliary canaliculi) or 5'-nucleotidase helps
to support a cholestatic mechanism.
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Hepatocellular injury
(predominately elevated AST, ALT, = bilirubin, AP)

| Acute (<3 months) | Chronic (>6 months)
|
| | ]
Viral hepatitis | Alcohol/drugs | | Ischemia
(HAV, HBV, HEV, CMV,
EBV, HSV, VZV)
| ] ] ] ] ]

Viral hepatitis Alcohol Autoimmune Nonalcoholic Vascular Systemic diseases

(HBV, HCV) hepatitis fatty liver disease | |(congestive heptapathy, (hereditary
Budd Chiari, hemochromatosis,
venoocclusive a-1 antitrypsin,

disease) Wilson'’s, celiac)

Figure 13-1. Diagnostic possibilities for hepatocellular pattern liver injury depend on context and duration of injury. ALT,
Alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; CMV, cytomegalovirus; EBV, Epstein-Barr
virus; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; HSV, herpes simplex
virus; VZV, varicella zoster virus.

8. What makes the AP level rise?
AP is a group of enzymes that catalyze the transfer of phosphate groups. Different isoenzymes can be identified
from multiple sites in the body, including liver, bone, and intestine. Most hospital laboratories can determine
the isoenzyme responsible for the elevated AP level. In one large study, elevated AP was caused by the liver
in only approximately 65% of hospitalized patients. When the source is the liver, the mechanism appears to be
related to stimulation of enzyme synthesis associated with local increases in bile acids. Common causes of
cholestatic injury include primary biliary cirrhosis, primary sclerosing cirrhosis, large bile duct obstruction,
drug-induced injury, infiltrative disease, and inflammation-associated injury (Figure 13-2). Serum AP levels may
be modestly increased in hepatocellular disease; this increase is due to release of cellular enzyme without
excessive stimulation of new enzyme.

9. What does an elevated bilirubin mean?
Bilirubin, a breakdown product of red blood cells, exists in two forms: conjugated (direct) and unconjugated
(indirect). Unconjugated bilirubin is water insoluble, exists in the circulation tightly bound to albumin, is taken
up by the hepatocyte and conjugated with glucuronic acid, making it water soluble and allowing it to be excreted
in bile. Jaundice occurs when the bilirubin level is greater than 2.5 mg/dL. Unconjugated bilirubin appears
in the serum when blood is broken down at a rate that overwhelms the processing ability of the liver found
commonly in patients with hemolysis or reabsorption of a hematoma. Because unconjugated bilirubin is tightly
albumin bound, it does not appear in urine. Accordingly, an elevated serum bilirubin with a negative urine
bilirubin implies indirect hyperbilirubinemia and suggests the absence of liver injury. Conversely bilirubinuria
means the elevated serum bilirubin reflects the presence of liver disease.

Cholestatic injury
(predominately elevated AP + bili, GGT + AST, ALT

No ductal dilation Ductal dilation
on imaging on imaging
|
| | | | ]

Intrahepatic Alcoholic Infiltrative Metastatic Benign Biliary obstruction
cholestasis hepatitis (HCC, sarcoidosis, cancer to recurrent (choledocolithiasis,
(PBC, sepsis, amyloiqosis, the liver cholestasis cholangiocarcinoma,
meds, postop) tuberculosis, fungal, pancreatic cancer,

lymphoma) PSC)

Figure 13-2. Cholestatic liver injury can be caused by large- or small-bile duct injury or by infiltrative liver disorders. Imaging studies
frequently serve as the best early test to distinguish causes. ALT, Alanine aminotransferase; AP, alkaline phosphatase; AST,
aspartate aminotransferase; bili, bilirubin; GGT, y-glutamyl transpeptidase; HCC, hepatocellular carcinoma; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis.
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Two genetic enzyme deficiencies result in improper or incomplete bilirubin conjugation in the liver.
The most common is Gilbert's syndrome (~5% of general U.S. population), which is characterized by a
relative deficiency of uridine diphosphate—glucuronyl transferase. Individuals often have high-normal to
borderline-elevated bilirubin levels (2-7 mg/dL). When they fast, become ill, or decrease caloric intake, the
bilirubin rises, exclusively because of increases in the unconjugated form. Other genetic disorders leading to
unconjugated hyperbilirubinemia include Crigler-Najjar I and II; affected children rarely reach adulthood.
Conjugated hyperbilirubinemia can result from hepatocellular dysfunction (viral-, chemical-, drug-, or
alcohol-induced hepatitis; cirrhosis or metabolic disorders), cholestasis (intrahepatic or extrahepatic biliary
obstruction), or genetic disorders of excretion of bilirubin (Dubin-Johnson syndrome, Rotor’s syndrome). It is a
common misperception that an elevated bilirubin implies cholestatic liver injury. It is just as often seen in
severe acute hepatocellular damage.

What tests should be ordered to evaluate acute viral hepatitis?

Despite rare fatalities, hepatitis A virus (HAV) is an acute, self-limited illness in most. Both the total
anti-HAV (immunoglobulin [Ig] G and [gM) and the [gM anti-HAV will be positive in acute hepatitis

A. Care in selection of testing is required, as total anti-HAV will be present after immunization or even years
after hepatitis A has resolved. Order [gM anti-HAV when looking for laboratory confirmation of acute
hepatitis A.

In acute hepatitis B, the hepatitis B surface antigen (HBsAg) emerges within 2 weeks of exposure. If testing
is delayed this level may be declining and detection of the IgM antibody directed against the hepatitis B core
antigen (anti-HBc-IgM) can diagnose acute hepatitis B. The hepatitis B virus (HBV) DNA will also be
positive in acute hepatitis.

What tests detect chronic viral hepatitis?
The diagnosis of hepatitis B requires detection of HBsAg, typically with anti-HBc (IgG) but without the
development of anti-HBs. If this pattern is present for 6 months it is termed chronic hepatitis B. The HBe antigen
may be positive. HBV DNA is usually also positive.

A confident diagnosis of hepatitis C requires demonstration of hepatitis C virus (HCV) RNA in serum.
The presence of anti-HCV is suggestive but insufficient as this antibody will persist even if the infection is
cleared.

Are there tests to diagnose NAFLD?

No specific blood test diagnoses NAFLD. The diagnosis is based on evidence of hepatic steatosis (imaging or
biopsy), minimal to no alcohol history, and the absence of other etiologic factors for hepatic steatosis or
other chronic liver disease. Distinguishing NAFLD (usually benign) from nonalcoholic steatohepatitis, which
leads to fibrosis and cirrhosis, generally requires a liver biopsy. The NAFLD fibrosis risk score based on age,
fasting glucose impairment, AST, ALT, platelet count, albumin, and body mass index has been found in a
metaanalysis to be a clinically useful tool to identify individuals at risk for bridging fibrosis and cirrhosis. A score
of more than 0.676 is used to predict advanced fibrosis (see http://nafldscore.com/).

What tests are used to evaluate hemochromatosis?
Hemochromatosis is a disease of iron overload in the liver and other organs. It may be hereditary or acquired.
In the former, the defect is in a regulatory mechanism for iron absorption in the duodenum. Over many
years, the affected individual builds up iron in the liver, heart, pancreas, and other organs. The most common
screening test for hemochromatosis is serum ferritin; an elevated level suggests the possibility of iron overload.
Unfortunately, ferritin is also an acute-phase reactant and may be falsely elevated in various inflammatory
processes (including alcohol abuse). If ferritin is elevated (greater than 300 pg/L in men and 200 pg/L in
women), serum iron and total iron-binding capacity (TIBC) should be assessed. If the fasting serum iron value
divided by the TIBC value (serum transferrin saturation) is greater than or equal to 45%, the diagnosis of
hemochromatosis should be further pursued. If the ferritin is chronically greater than 1000, there is heightened
risk of cirrhosis.

The definitive diagnosis rests on a quantitative assessment of hepatic iron from a liver biopsy specimen.
A modest increase in hepatic iron is normal with aging. Thus a calculation based on the patient’s age and
iron content in liver is used to create the iron-age index to determine the presence or absence of iron overload
(>1.9 is suggestive of hemochromatosis).

What is the role of genetic testing in hemochromatosis?

Many individuals with iron overload have a genetic disorder. Testing allows detection of at least one form of
genetic (or hereditary) hemochromatosis. This test is called HFE proteins. When this test is positive in an
individual with (phenotypic) iron overload, the clinician has a powerful tool for screening relatives. It must be
borne in mind that genetic susceptibility does not establish the presence of iron overload. It is also apparent
that the currently available genetic testing does not capture all cases. More than 95% of cases in Australia but only
50% of Mediterranean cases will be uncovered by currently available genetic tests.
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Table 13-1. Likelihood of Hereditary Hemochromatosis Based on

Genetic Defects

HFE Proteins Probability of iron overload
C282Y:C282Y High
C282Y:H63D Moderate
H63D:H63D Low
H63D:wild type Low
C282Y:wildtype Low
Wildtype:wildtype None

Two major HFE gene defects have been described. They involve single amino acid mutations, which result
in altered iron absorption. Hereditary hemochromatosis is an autosomal recessive disorder. Therefore both
defective genes must be present. Table 13-1 defines the possible combinations and the association of each with
iron overload. Novel gene proteins are being studied for hereditary hemochromatosis, including ferroportin,
transferrin receptor 2, hemojuvelin, and hepcidin.

Describe the role of a1-antitrypsin.

The liver enzyme al-antitrypsin helps break down trypsin and other tissue proteases. Multiple variants are
described. The most common is termed MM (indicating one allele from each parent) and this is considered
normal (or “wild-type”). One variant, called Z, is the product of a single amino acid gene mutation from the
wild-type protein (M). The Z protein is difficult to excrete from the liver cell and causes local damage that may
result in hepatitis and cirrhosis.

What three tests are used to diagnose a1-antitrypsin deficiency?

1. Serum protein electrophoresis (SPEP): The ol band on SPEP consists mostly of al-antitrypsin. Therefore an
al-antitrypsin deficiency results in a flattening of the «l band on SPEP. This test is of marginal utility
clinically.

2. Quantitative al-antitrypsin: Subnormal levels suggest the possibility of disease.

3. al-Antitrypsin phenotype: This test designates the allelic protein types in the serum (e.g., MM, ZZ, MZ, FZ).
Patients with protein of the ZZ type are said to be homozygotic for Z-type al-antitrypsin deficiency. This is
the form most frequently associated with significant liver disease. If Z protein is trapped in hepatocytes,
it can be seen in liver tissue as small globules that stain with the periodic acid-Schiff (PAS) reaction and
resist subsequent digestion with an enzyme called diastase. An immunostain is also available in some
institutions.

What is the relationship of a1-antitrypsin abnormal phenotypes to disease?

Deficiency of al-antitrypsin is most often associated with chronic obstructive pulmonary disease at an early age.
Hepatic manifestations include neonatal jaundice. Adults with no prior history of neonatal jaundice and no
lung disease may develop otherwise unexplained cirrhosis. The ZZ phenotype is most commonly associated with
liver disease, although MZ may also cause cirrhosis.

What is Wilson disease?

Wilson disease, a rare disorder of copper storage, is associated with deficiency of an enzyme derived from
liver cells. Like iron, copper may accumulate in many tissues in the body, especially liver and brain. Copper
deposition may be seen in the eye (Kayser-Fleischer rings) and parts of the brain. Indeed, the first description of
this disorder (by Wilson) highlighted its neurologic features. Many cholestatic diseases of the liver (e.g., primary
biliary cirrhosis) also result in aberrant copper storage but not to the degree seen in true Wilson disease.

How is Wilson disease diagnosed?

The initial screening test is the serum ceruloplasmin level, which is low in more than 95% of patients with Wilson
disease. A low or low-normal ceruloplasmin level in a young individual with either liver disease or neurologic
disease is Wilson disease until proven otherwise. It is particularly helpful to recognize that most non-Wilson liver
diseases are associated with high-normal or elevated ceruloplasmin levels. Conditions in which the
ceruloplasmin may be low include massive liver failure of any cause or terminal cirrhosis of any cause. Some
individuals have idiopathic hypoceruloplasminemia.

Total serum copper levels are not useful in diagnosis because most circulates bound to ceruloplasmin. However,
measurement of serum-free copper is possible in many laboratories. A value greater than 25 mcg/dL suggests copper
overload. Twenty-four hour urine copper levels higher than 40 mcg/24 hours also suggest copper overload.

Kayser-Fleischer rings are virtually always present when there are neurologic features of Wilson disease.
Demonstration most often requires a slit lamp examination. Absence of Kayser-Fleischer rings does not exclude Wilson
liver disease. Kayser-Fleischer rings have rarely been reported in other conditions (e.g., primary biliary cirrhosis).
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A quantitative assessment of copper in liver tissue from liver biopsy provides definitive diagnosis. Copper
statins (e.g., thodanine stain) are often falsely negative in those with Wilson disease so quantitative copper levels
in liver tissue are needed. As mentioned, chronic cholestatic liver disease may also result in hepatic copper
accumulation, usually to a moderate degree. Hepatic copper levels of greater than 250 mcg/g dry weight is
diagnostic of Wilson disease.

Summarize the tests for common metabolic disorders of the liver.

See Table 13-2 for testing for common metabolic disorders of the liver. Numerous other rare hereditary diseases
of the liver, including Gaucher disease, Niemann-Pick disease, and hereditary tyrosinemia usually diagnosed
in children are beyond the scope of this chapter.

TABLE 13-2. Tests for Common Metabolic Disorders of the Liver

DISEASE PRIMARY TEST SUPPORTIVE TEST DEFINITIVE TEST

Hemochromatosis Serum ferritin > 300 Iron saturation >45% C282Y homozygosity;
mcg/L in men and 200 Iron age index >2 compound heterozygote
mcg/L in women (C282Y:H63D), C282Y

a-Antitrypsin SPEP or a-antitrypsin Phenotype (Pi ZZ type) Liver biopsy with PAS-
level positive diastase-resistant
granules
Wilson Disease Ceruloplasmin < 20 mg/dL Urine copper > 40 Liver biopsy with
mcg/24 hr, Kayser- quantitative copper > 250
Fleischer rings mcg/g dry weight

heterozygote or non-C282Y
need liver biopsy

PAS, Periodic acid-Schiff test; SPEP, serum protein electrophoresis.
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What autoimmune tests are useful in liver disease?

Autoimmune markers determine the presence of antibodies to specific cellular components that have been
epidemiologically associated with the development of specific liver diseases. Autoimmune markers include
antinuclear antibody (ANA), anti-smooth muscle antibody (ASMA; also called antiactin antibody), liver-kidney
microsomal antibody type 1 (LKM-1), antimitochondrial antibody (AMA), soluble liver antigen (SLA), and
antiasialoglycoprotein receptor antibody. ANA, ASMA, and AMA are the most readily available tests and
help to define the probability of the more common classes of autoimmune liver disease. Currently, SLA is not
easily obtained in the United States.

How are the common antibody tests performed and interpreted?

The common antibody tests are performed by exposure of the patient’s serum to cultured cells and labeling with a
fluorescein-tagged antibody against human antibodies. The cells are examined by fluorescent microscopy and
graded according to intensity of the signal and which part of the cell binds the antibody. Therefore reading
of antibody levels and determination of positive or negative results are highly subjective, and most hepatologists
require positive results in dilution titers greater than 1:80 or 1:160 before considering the tests as part of a
diagnostic algorithm. Newer assays permit determination of an antibody level directly. ANA and ASMA are
particularly common in older people, women, and patients with a wide spectrum of liver diseases. Therefore the
diagnosis of autoimmune liver disease depends on a broad clinical picture that takes into account age, sex,
presence of other autoimmune processes, y-globulin levels, and liver biopsy findings. An international panel has
codified the diagnostic criteria for autoimmune hepatitis and is beyond the scope of this chapter (see Czaja,
2006). In addition, the overlap in antibodies in different autoimmune liver diseases is considerable.

When should screening or diagnostic tests be ordered for patients with suspected liver disease?
The transaminases, bilirubin, and AP serve as screening tests when liver disease is suspected. The history,
physical examination, and estimation of risk factors help determine which specific diagnostic tests should be
ordered. In general, patients should have at least two sets of liver enzyme tests to eliminate laboratory error before
a full workup for liver disease is begun. Many diseases (hepatitis B and hepatitis C) generally require proof of
chronicity (abnormality greater than 6 months) before therapy is initiated or confirmatory and staging liver
biopsy samples are obtained. The severity of enzyme abnormality and the likelihood of finding a treatable process
may modify the typical waiting period. For example, a woman with transaminase levels 10 times normal, a
history of autoimmune thyroid disease, and an elevated globulin fraction probably has a flare of previously
unrecognized chronic autoimmune hepatitis. An autoimmune profile and early liver biopsy may help to
support this hypothesis and lead to prompt treatment. For those suspected of certain hereditary diseases
(hemochromatosis, Wilson disease, al-antitrypsin deficiency), screening even in the absence of abnormal liver
tests is warranted.
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What are noninvasive markers of fibrosis, and what is their utility?

Noninvasive markers of fibrosis fall into three major categories. These include serum biomarkers, imaging
techniques to evaluate degree of fibrosis, and transient elastography, which uses sound waves to evaluate liver
stiffness. It has been known for some time that there is a positive correlation between markers of early

portal hypertension and the presence or absence of advanced liver fibrosis. Platelet counts below normal in a
patient with liver disease often indicate the presence of fibrosis, which has caused portal hypertension,
splenomegaly, and platelet sequestration. Recently, more or less complex indices, including the AST/platelet
ratio index, FIB-4, Fibrotest, and Fibrosure, have been described. They are moderately reliable in identifying
cirrhosis and absence of fibrosis, although error rates of 20% to 30% have been reported and are relatively poor at
close comparison (F2 versus F3). Imaging modalities include ultrasound, computed tomography, magnetic
resonance imaging (MRI), and single-photon emission computed tomography. Of these, only MRI, using special
equipment and unique algorithms, has reproducibly predicted fibrosis stage at a level that is clinically useful.
The most recent development is transient elastography, which determines liver stiffness and not just fibrosis.
Results are significantly affected by the presence or absence of inflammation and, to a lesser degree, steatosis
and hepatic iron concentration. Widely accepted as a substitute for histologic examination in Europe, the
device was recently approved by the Food and Drug Administration in the United States in April 2013. As more
centers acquire this capability, it will become a standard test.

What is the role of liver biopsy?
Liver biopsy is used to confirm suspected diagnoses and to evaluate prognostic finding in a patient with a known
disease process (e.g., degree of fibrosis and inflammation in a patient with chronic HCV infection). Biopsy
may also be used to evaluate etiologic factors when there is etiologic uncertainty. The value of the biopsy
depends on two factors—provision of an adequate specimen, defined as an intact liver slice containing more
than 11 portal areas, and review by a qualified pathologist or hepatologist. Liver biopsy provides important
prognostic information in many patients with various chronic liver diseases.

The authors would like to acknowledge the contributions of Dr. Kenneth E. Sherman, who was the author of this
chapter in the previous edition.

Please access ExpertConsult to view a Clinical Vignette for this chapter.

BIBLIOGRAPHY

1.

2.

11.

12.
13.

Ahmed A, Keeffe EB. Liver chemistry and function tests. In: Feldman M, Friedman LS, Brandt L], editors. Sleisenger and
Fordtran’s gastrointestinal and liver disease. 9th ed. Philadelphia: Saunders; 2010. p. 1227-38.

Approach to the patient with liver disease: a guide to commonly used liver tests. http://www.clevelandclinicmeded.com/
medicalpubs/diseasemanagement/hepatology/guide-to-common-liver-tests/ [Accessed September 22, 2014].

. Bacon BR, Adams PC, Kowdley KV, et al. Diagnosis and management of hemochromatosis: 2011 practice guideline by the

American Association for the Study of Liver Diseases. Hepatology 2011;54:328-43.

. Carey E, Carey WD. Noninvasive tests for liver disease, fibrosis, and cirrhosis: is liver biopsy obsolete? Cleve Clin ] Med

2010;77:519-27.

. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and management of non-alcoholic fatty liver disease: practice guideline

by the American Gastroenterological Association, American Association for the Study of Liver Diseases, and American

College of Gastroenterology. Gastroenterology 2012;142:1592-609.

. Czaja AJ. Autoimmune hepatitis—approach to diagnosis. Med Gen Med 2006;8(2):55.
. Ghany MG, Strader DB, Thomas DL, et al. Diagnosis, management, and treatment of hepatitis C: an update. Hepatology

2009;49:1335-74.

. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009;50:661-2.
. Manns MP, Czaja AJ, Gorham ]D, et al. Diagnosis and management of autoimmune hepatitis. Hepatology 2010;51:2193-213.
. Musso G, Gambino R, Cassader M, et al. Meta-analysis: natural history of non-alcoholic fatty liver disease (NAFLD) and

diagnostic accuracy of non-invasive tests for liver disease severity. Ann Intern Med 2011;43:617-49.

Prati D, Taioli E, Zanella A, et al. Updated definitions of healthy ranges for serum alanine aminotransferase levels. Ann Intern
Med 2002;137:1-10.

Roberts EA, Schilsky ML. Diagnosis and treatment of Wilson disease: an update. Hepatology 2008;47:2089-111.

Tavill A. Masters in medicine iron overload and the liver part 1, 2, 3, 2013 online webcast. http://www.clevelandclinicmeded
.com/online/webcasts/masters-in-medicine/tavill/iron-overload-and-the-liver-part-1/ [Accessed September 22, 2014].



GENERAL CONCEPTS ON VIRAL HEPATITIS

Christina Hanson, NP-C, Gail Pearson, FNP-C, and Marcelo Kugelmas, MD

<
F
oc
L
[
o
<
==
(&)

1. What is viral hepatitis?
Viruses may infect hepatocytes in the liver, triggering an inflammatory process known as wviral hepatitis. In the
process of infecting hepatocytes, viral antigens get transported to the cell membrane where these antigens
become recognized by immune cells. If the immune system recognizes these antigens as foreign, it creates an
inflammatory response. This response may be strong enough to kill all the cells that harbor virus, and eradicate
the infection causing acute hepatitis (symptomatic or not, even fatal). In other cases the immune system is
not able to eradicate the infection, leading to chronic hepatitis. Persistent immune activity may lead to
progressive liver damage, more so in the presence of other liver insults, including chemical agents such as alcohol
and drugs, genetic disorders, and metabolic liver disease.

2. Which viruses cause viral hepatitis?
Two distinct groups of viruses may cause viral hepatitis. The hepatitis A, B, C, D, and E viruses are called
hepatotropic viruses because these predominantly replicate in hepatocytes. The other group is composed of viruses
that replicate outside of the liver but may trigger hepatitis nonetheless; the most common culprits in this group are
the Epstein-Barr virus, cytomegalovirus, herpes simplex viruses types I and II, yellow fever, and adenovirus.

Hepatitis A virus (HAV) is a nonenveloped RNA virus in the picornavirus family. After exposure, there is a
2- to 6-week incubation period. Unlike Hepatitis B and C, HAV does not enter a chronic phase. There is
immunologic clearance of HAV and immunoglobulin (Ig) G antibodies are formed, providing lifelong
immunity.

Hepatitis B virus (HBV) is a small, double-stranded DNA virus of the Hepadnaviridae family and is classified
into eight genotypes, with different geographic distribution. HBV replicates through an RNA intermediate
and can integrate into the host genome. Infection with HBV can lead to a wide range of liver disease, including
acute or fulminant hepatic failure, chronic hepatitis, cirrhosis, and hepatocellular carcinoma. Acute hepatitis
B infection can be asymptomatic or present with classic symptomatic acute hepatitis. The risk for acute
HBV to become chronic hepatitis varies inversely by the age at which acute infection occurs:
® 90% HBV chronicity for perinatal (vertical)-acquired infection
® 20% to 50% HBV chronicity for infection during the ages of 1 to 5 years
® 5% chronicity for adult-acquired HBV infection

Hepatitis C virus (HCV) is an RNA vitus in the Flaviviridae family. There are six genotypes of HCV. The
incubation period is usually 2 to 12 weeks. Most patients infected with HCV never develop symptoms of acute
hepatitis. HCV RNA is detectable 1 to 3 weeks after infection. However, HCV antibodies are not protective
and 70% to 80% of acute HCV infections become chronic.

Hepatitis D virus (HDV) is a satellite virus, meaning that the virus can thrive only with simultaneous
hepatitis B infection as it uses the HBV envelope protein to transport virions from cell to cell. HDV infection can
present in two forms. HDV and HBV may cause simultaneous coinfection, which usually results in a more
severe acute hepatitis with a higher mortality rate than is seen with acute hepatitis B alone, but rarely results in
chronic infection. A second form presents with a superinfection of HDV in a carrier of HBV and can manifest
as a severe, seemingly acute hepatitis in a previously asymptomatic HBV carrier or as an exacerbation of
underlying chronic hepatitis B. The result of this superinfection of HDV with an HBV carrier is nearly always a
chronic infection of both viruses.

Hepatitis E virus (HEV) is a single-stranded RNA virus with a unique genomic structure that defines the
Hepeviridae family. There are four genotypes of HEV. HEV usually causes acute hepatitis, much like the HAV,
but with a higher mortality rate, particularly in pregnant women. After an incubation period of 3 to 8 weeks,
symptoms, when present, will last up to several weeks. HEV can also cause chronic hepatitis, mostly in
immunocompromised hosts, like recipients of organ transplants (Table 14-1).

3. What are the risks of acute and chronic viral hepatitis?

Acute viral hepatitis can be symptomatic or asymptomatic. A strong immune response causes greater liver
parenchymal inflammation increasing the likelihood of having a clinically symptomatic and apparent
process. Fulminant cases of acute hepatitis occur most commonly with hepatitis A, B, and E, and can lead to
liver failure and even death or require life-saving liver transplantation.

Acute viral hepatitis can occur to a patient with established chronic liver disease. In this second
scenario, there is a greater risk of liver failure. This is the basis of the recommendation to test and vaccinate those
patients with chronic liver disease not previously exposed to hepatitis A or B.
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Table 14-1. The Hepatotropic Viruses

VIRUS HAV HEV HCV HBV HDV
Nucleic acid RNA RNA RNA DNA RNA
Mode of transmission Fecal-oral Fecal-oral Parenteral Parenteral Parenteral
Acute hepatitis + + e + ES

Chronic hepatitis - + + + +

Vaccine Yes No No Yes Yes (HBV)
Available treatment Supportive Supportive Yes Yes Yes

HAV, Hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HDV, hepatitis D virus; HEV, hepatitis E virus.

Lastly, some patients experience chronic viral hepatitis over a period of years or usually decades that
may lead to a progressive liver injury, fibrosis, and cirrhosis. This chronic infection may increase the risk of
developing chronic liver failure or hepatocellular carcinoma.

4. Describe the signs and symptoms of viral hepatitis.
Patients with acute viral hepatitis may feel healthy or have only minor symptoms that don’t trigger medical
consultation. In cases of more severe acute hepatitis, patients will most commonly experience fatigue, right upper
quadrant discomfort, and nausea with or without vomiting. Other common symptoms include low-grade
temperature, choluria, acholia, headache, jaundice, and scleral icterus.

Patients with chronic viral hepatitis are most commonly asymptomatic. In those who experience symptoms,
the most common is fatigue. A plethora of hepatic and extrahepatic symptoms have been associated with chronic
viral hepatitis associated with the multiorgan system involvement. These symptoms are often not well
understood and in many cases the association with the hepatitis is not recognized until viral eradication leads to a
particular symptom resolution.

5. What biochemical and hematologic abnormalities are associated with viral hepatitis?
The typical biochemical abnormalities seen with viral hepatitis are elevation of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST). The ALT/AST ratio is maintained unless liver failure ensues or
there is concomitant alcoholic hepatitis. In a minority of cases, the pattern of enzyme abnormalities is more
mixed or frankly cholestatic, with more significant elevations of alkaline phosphatase and bilirubin. HAV is
more likely than the other viruses to cause acute cholestatic hepatitis.

In cases of acute liver failure and chronic end-stage liver disease, a multitude of other abnormalities may be
seen. These abnormalities include acute hypoglycemia, renal insufficiency, and coagulopathy with international
normalized ratio (INR) prolongation, hypoalbuminemia, hypergammaglobulinemia, dilutional hyponatremia,
hypocholesterolemia, and hematologic abnormalities including thrombocytopenia, anemia, and eventually
neutropenia. Significant elevations of the ferritin level (released from destroyed hepatocytes) and acute-phase
reactants, like ceruloplasmin and alpha-1 antitrypsin, can be seen in cases of more severe acute hepatitis.

6. How are the hepatitis viruses transmitted?

HAYV and HEV are primarily transmitted by the fecal-oral route. This may occur by either person-to-person
contact or ingestion of contaminated food or water. Contaminated foods are often a source of outbreaks.
Waterborne outbreaks do not often occur in developed countries with safe water supplies and adequate
sewage disposal as adequate chlorination of water kills HAV. HEV genotypes 1 and 2 infect humans via the
fecal-oral route and are associated with epidemics in developing countries. HEV genotypes 3 and 4 are swine
viruses that infect humans through exposure to pigs and ingestion of undercooked pork or wild game, and
are more commonly associated with endemic hepatitis in developed countries.

HBV, HCV, and HDV viruses are transmitted by parenteral contact with infected blood or body fluids. Risk
factors include unprotected sexual activity, intravenous drug use or intranasal drug use, accidental needle stick,
blood transfusion, hemodialysis, and mother-to-infant vertical transmission through childbirth.

7. Which tests should the provider order for a patient with acute viral hepatitis?
As a provider, you need to determine if the process is an acute or chronic insult and if acute, if the patient is at
any immediate risk for hepatic decompensation. This can be evaluated through a combination of clinical
assessment and biochemical evaluation.

Patients with marked elevations in their liver tests or transaminases (approximately 15 times the upper limit
of normal or higher) often have acute hepatitis, although in some cases, there may be underlying chronic
liver disease such as chronic HBV with suprainfection with HDV. In other cases of chronic viral hepatitis, an
acute superimposed hepatitis may occur. The practitioner should consider drug-induced liver injury
(acetaminophen, penicillin derivatives, others), ischemia, biliary pathologic conditions, and Budd-Chiari
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syndrome. Tests to order for the patient with acute viral hepatitis are anti-HAV [gM, hepatitis B surface antigen
(HBsAg; this will be positive in acute and chronic infection), anti-HBc [gM and anti-HCV antibody

(Ab). In some cases of acute hepatitis C, the Ab will not be detectable if tested too early and an HCV RNA
polymerase chain reaction (PCR) test may be more sensitive. Diagnosis of acute HEV is best made with the

IgM against HEV, if locally available.

. Which tests should the provider order for a patient with chronic viral hepatitis?

In all cases basic blood work applies, including a comprehensive metabolic panel, complete blood count, and
INR. In cases of chronic hepatitis B and C, testing should include anti-HAV IgG (total) to vaccinate those
who are not immune to HAV. In cases of chronic hepatitis C, test for exposure to HAV and HBV and vaccinate
if negative. A comprehensive evaluation includes antinuclear Ab, anti-smooth muscle Ab, antimitochondrial
Ab, quantitative immunoglobulins, iron studies, ceruloplasmin, alpha-1 antitrypsin level with or without
phenotype, and serologic markers for celiac disease. Less commonly needed blood tests may include anti-liver-
kidney-microsomal Ab and antisoluble liver antigen Ab. Imaging of the liver and assessment of fibrosis is
discussed separately in this chapter and in Chapter 13.

In the United States HDV infection is rare and therefore testing for HDV in patients who have acute or
chronic hepatitis B is not necessary in all patients. However, testing should be performed in patients who
emigrated from countries with high HDV prevalence, including Eastern and Mediterranean European countries,
and countries in South America. Initial testing is often limited to a total anti-HDV, but when possible, diagnosis
should be confirmed by immunohistochemical staining of liver tissue through biopsy for HDAg or by obtaining
reverse transcription—PCR assay for HDV RNA in the serum. A negative test for total anti-HDV does not
necessarily exclude a diagnosis of acute HBV/HDV coinfection.

. When are liver imaging and histology needed?

Ultrasound (US) is the most common initial modality used to image the liver. It is indicated in the assessment of
the patient with cirrhosis or potential cirrhosis. US is also indicated in the surveillance for hepatocellular
carcinoma in the setting of cirrhosis as well as in different categories of chronic hepatitis B infections.

The role of liver biopsy in the management of patients with viral hepatitis has been controversial because of
the invasive nature of the procedure, the risks and cost associated with it, and the significant risk of
sampling error, as well as inaccurate interpretation. Most often liver biopsy is best used when it aids in the
management of the liver condition, whether by defining the diagnosis or coexistent conditions, or by
documenting advanced liver fibrosis and cirrhosis that may require a different set of management decisions
altogether. A liver biopsy in the setting of fulminant liver failure may be helpful to assess the extent of liver
necrosis.

This is a rapidly changing field as noninvasive techniques to assess liver fibrosis are available and gaining
greater acceptance. New, more effective medical treatments of chronic viral hepatitis B and C can arrest or
eliminate viral replication and reverse liver injury to include some degrees of cirrhosis. This makes serial
noninvasive measurements of liver fibrosis preferable to repeated liver biopsies.

What is the general management for acute hepatitis A-E?

Immune globulin, when administered before exposure or during the early incubation period is effective in
preventing clinically apparent HAV. The primary treatment of acute hepatitis of any type is mainly supportive.
No specific antiviral therapy is available for the treatment of hepatitis A. Patients should avoid alcohol and take
acetaminophen only under cautious medical advisement. Alcohol and acetaminophen are best avoided in
patients with acute viral hepatitis.

Small doses of acetaminophen, usually less than 2 g per day are well tolerated in patients with mild to moderate
hepatitis while appropriately monitored. In general, patients do not require hospitalization unless the disease is
complicated by significant hepatic failure as evidenced by encephalopathy, coagulopathy with bleeding, renal
failure, or inability to maintain adequate nutrition and fluid intake. Liver failure from acute hepatitis A is greater
in patients with chronic hepatitis C, other chronic liver diseases, and older patients.

Antiviral therapy is generally not necessary in patients with symptomatic acute hepatitis B because more
than 95% of immunocompetent adults with acute hepatitis B recover spontaneously. In fact, treatment is
generally only indicated for patients with fulminant hepatitis B and those with protracted severe acute hepatitis.
There are known subgroups of patients whose prognosis is relatively worse. These include patients who are
immunocompromised, have concomitant infection with HCV, have preexisting liver disease, or are older.

Frequent physical assessment and close monitoring of biochemical and synthetic markers of liver function is
mandatory to ensure resolution of symptoms and normalization of serum levels.

Acute HCV is often asymptomatic; hence the diagnosis of acute HCV is made infrequently. Acute HCV is
most often diagnosed in the setting of postexposure surveillance. Those identified with acute HCV infection
should be closely monitored for the first 12 to 24 weeks to determine if a spontaneous viral clearance will occur.
There aren’t well-established treatment guidelines for acute HCV and treatment for acute HCV remains
controversial. However, the American Association for the Study of Liver Diseases (AASLD) 2009 guidelines
state sufficient data exists to consider treatment for patients with interferon after waiting 8 to 12 weeks for
spontaneous resolution.
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What is the general management for chronic HBV and HCV?

The initial evaluation of an individual with chronic hepatitis B infection should entail thorough history

and physical examination with emphasis on the risk factors for coinfection, family history of HBV and liver
cancer or other chronic liver diseases, and alcohol use. Laboratory testing should include testing for coinfection
with other viral hepatitis, including hepatitis A, C, and D, as well as for human immunodeficiency virus
(HIV) in those at risk. Additional blood work should be obtained to assess for liver function and markers of HBV
disease status, in particular e antigen status and HBV DNA quantitation.

The AASLD has developed guidelines for follow-up of patients with chronic hepatitis B not initially
considered for treatment and for screening for hepatocellular carcinoma.

The main goal of therapy for chronic hepatitis B is to suppress viral replication, normalize liver biochemical
markers and functions, prevent or delay the progression of liver disease before the development of liver cirrhosis
or hepatocellular carcinoma, and if possible cure the infection.

The management of a patient with chronic HCV should include evaluation to determine the severity of liver
disease and assessment for potential treatment. Patients should be counseled to decrease the risk of horizontal and
vertical transmission. Those not previously exposed should be vaccinated against HAV and HBV. Patients
should be counseled about the potential harm of excessive alcohol use, marijuana use, and unhealthy body mass
index. Regular use of marijuana has been identified as a risk factor for steatosis and increased fibrosis. Another
study found a statistically significant association between daily marijuana use and moderate to severe fibrosis.

With the availability of better tolerated and more effective treatments, the indications for treatment of
chronic hepatitis C may change in the years to come. The goal of treatment is to achieve a sustained viral
response (SVR) that equals viral cure. Achieving an SVR has been associated with reduced mortality.

How can we prevent hepatitis A-E?

Vaccination is the best way to prevent HAV and HBV infection. Hepatitis A vaccination is recommended for all
children at 1 year of age and for any person desiring immunity. The vaccination should be recommended

for patients at high risk. The Centers for Disease Control and Prevention recommends vaccination for those
living in or traveling to areas with high or intermediate risk, men who have sex with men, those who inject
illegal drugs, those with high occupational risk, persons with chronic liver disease, persons receiving clotting
factor concentrates, and household members and other close contacts of adopted children arriving from
countries with high or intermediate hepatitis A endemic rate.

In 2007 U.S. guidelines were revised to recommend hepatitis vaccinations to be used for postexposure to
hepatitis A. A healthy person aged 12 months to 40 years exposed to hepatitis A who has not been previously
vaccinated should be administered a single dose of hepatitis A vaccine as soon as possible within 2 weeks of
exposure. For persons 40 years of age and older Ig is preferred. Ig should be used in children younger than
12 months, immune-compromised persons, persons with chronic liver disease, and those allergic to the vaccine.

HBYV vaccination is administered in a series of three injections and it is recommended that the first
injection should be given to infants prior to leaving the hospital. If the baby’s mother is a carrier of HBV, the first
injection is given shortly after birth. The second injection is given between 1 and 2 months of age and the third
shot given at 6 months of age. Adolescents who had not been previously vaccinated in infancy should be
given the three-injection vaccination series at the earliest possible date. Immunization should also be offered to
high-risk individuals, including health care and public safety workers exposed to blood on the job, residents and
staff of facilities for developmentally disabled persons, travelers to regions with intermediate or high rates of
hepatitis B, persons with multiple sex partners or sex partners of infected persons, men who have sex with men,
injection drug users, persons seeking evaluation or treatment for a sexually transmitted disease, household
contacts of infected individuals, persons with other chronic liver disease including HCV-infected persons,
persons with HIV, and persons with chronic end-stage kidney diseases requiring dialysis. Infants born to
HBsAg-carrier mothers should be protected against perinatal transmission by administration of hepatitis B Ig
and HBV vaccine.

No vaccine is available for HCV. Prophylaxis with Ig is not effective in preventing HCV infection
after exposure. Reducing the burden of HCV relies on primary prevention activities that reduce exposure to
HCV and secondary prevention activities that reduce risk of liver and other chronic diseases in persons with
chronic HCV infections.

The authors would like to acknowledge Dr. Kenneth Sherman, who was the author of this chapter in the previous
edition.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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ANTIVIRAL THERAPY FOR HEPATITIS C

Jorge L. Herrera, MD

CHAPTER 15

Therapeutic Advancements in the field of Hepatic C have rapidly revolutionized the treatment of this disease. In
fact, the therapeutic options for chronic hepatitis C are evolving so rapidly, that the reader is urged to visit the online
website developed by the American Association for the Study of Liver Disease (AASLD) and Infectious Diseases
Society of America (IDSA) at http://www.hcvguidelines.org. This website is actively updated with the most current
information on testing, managing and treating hepatitis C. The summary recommendations for the treatment of
Hepatitis (effective - July, 2014) are summarized in Table 15-1.

Table 15-1a. Summary of Recommendations for Patients Who are Initiating Therapy for HCV

Infection for the first time or Who Experienced Relapse after Prior PEG/RBV based Therapy, by HCV
Genotype (G-Type).

G-TYPE RECOMMENDED ALTERNATIVE
1 IFN eligible: IFN eligible:
SOF+PEG/RBV x 12 wks SMV* x 12 wks + PEG/RBV x 24 wks
INF ineligible: INF ineligible:
SOF+SMV*+RBV x 12 wks SOF+RBV x 24 wks
2 SOF+RBV x 12 wks None
SOF+RBV x 24 wks SOF +PEG/RBV x 12 wks
4 IFN eligible: SMV x 12 wks + PEG/RBV x 24-48 wks
SOF+PEG/RBV x 12 wk
INF ineligible:
SOF+RBV x 24 wk
5o0r 6 SOF + PEG/RBV x 12 wks PEG/RBV x 48 wks

“For genotype 1a, baseline resistance testing for Q80K should be performed and alternative treatments considered if this mutation is
present. IFN and/or RBV ineligible is defined as one or more of following: intolerance to IFN, autoimmune hepatitis and other
autoimmune disorders, hypersensitivity to PEG or any of its components, decompensated hepatic disease, major uncontrolled
depressive illness, a baseline neutrophil count below 1500/pL, a baseline platelet count below 90,000/pL or baseline hemoglobin
below 10 g/dL, or a history of preexisting cardiac disease. Abbreviations: INF (interferon), SOF (sofofbuvir), SMV (simeprevir),
RBV (ribavirin), PEG (pegylated interferon-2a). See http://www.hcvguidelines.org

Table 15-1b. Treatment Recommendations for Patients in Whom Previous HCV Treatment Has

Failed.
G-TYPE RECOMMENDED ALTERNATIVE

1 SOF +SMV*£+RBV X 12 wks SOF x 12 wks + PEG/RBV x 12-24 wks
SOF+RBV x 24 wks
SMV* x 12 wks + PEG/RBV x 48 wks

2 SOF+RBV x 12 wks SOF +PEG/RBV x 12 wks
3 SOF +RBV x 24 wks SOF + PEG/RBV x 12 wks
4 SOF + PEG/RBV x 12 wks SOF+RBV x 24 wks
5o0r6 SOF x 12 wks + PEG/RBV 12 wks

“For genotype 1a, baseline resistance testing for Q80K should be performed and alternative treatments considered if this mutation is
present. IFN and/or RBV ineligible is defined as one or more of following: intolerance to IFN, autoimmune hepatitis and other
autoimmune disorders, hypersensitivity to PEG or any of its components, decompensated hepatic disease, major uncontrolled
depressive illness, a baseline neutrophil count below 1500/pL, a baseline platelet count below 90,000/pL or baseline hemoglobin
below 10 g/dL, or a history of preexisting cardiac disease. Abbreviations: INF (interferon) SOF (sofofbuvir), SMV (simeprevir),
RBV (ribavirin), PEG (pegylated interferon-2a). See http://www.hcvguidelines.org
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1. What are the indications for antiviral therapy in patients with chronic hepatitis C?
Antiviral therapy should be offered to all infected patients who have no contraindications to therapy. Hepatitis
C progresses in all chronically infected patients but at different rates. The average time for development of
cirrhosis is 30 years, but there is a wide range of variability. Because it is difficult to predict who will progress,
everyone who is chronically infected should be evaluated for possible treatment. Many factors can accelerate
progression of fibrosis, including alcohol consumption, nonalcoholic fatty liver disease, coinfection with
hepatitis B or human immunodeficiency virus (HIV), iron overload, and concomitant liver disease such as
ap-antitrypsin deficiency, Wilson disease, or autoimmune hepatitis, among others.

Patients with extrahepatic manifestations of hepatitis C infection should be considered for antiviral
treatment regardless of the severity of the liver disease. Mixed cryoglobulinemia, leading to leukocytoclastic
vasculitis, may be a systemic manifestation of hepatitis C infection and may respond to antiviral therapy. Renal
disease, joint inflammation, or central nervous system complications may result from microvascular injury.
The general approach to the treatment of hepatitis C infection is shown in Figure 15-1.
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Figure 15-1. Approach to the treatment of hepatitis C infection. HCV, Hepatitis C virus.

2. What is the recommended evaluation of patients with chronic hepatitis C before therapy is begun?
The medical history should include questions to detect the presence of depression and other psychiatric disorders
that could worsen during interferon (IFN) therapy. Physical examination is important to detect evidence of
decompensated cirrhosis, a contraindication to IFN-based antiviral therapy. Laboratory evaluation is designed
to confirm viremia, establish the hepatitis C virus (HCV) genotype, exclude other possible causes of liver
disease, detect coinfection, assess severity of liver disease, and detect contraindications to therapy such as
cytopenias or renal insufficiency. Recommended laboratory tests are listed in Table 15-2.

Testing for immunity against hepatitis B (hepatitis B surface antibody) and hepatitis A (anti-HAV, total)
is recommended. Patients who are not immune should be vaccinated to prevent hepatitis A and B.



108 ANTIVIRAL THERAPY FOR HEPATITIS C

Table 15-2. Pretreatment Evaluation of Patients with Chronic Hepatitis C Infection

TEST PURPOSE

HCV-RNA by PCR Confirm viremia.

Serum albumin, bilirubin, PT Assess liver function.

Iron, transferrin, ferritin Assess for iron overload.

Antinuclear antibody Detect autoimmune hepatitis.

o -Antitrypsin phenotype* Detect a;-antitrypsin deficiency.

Ceruloplasmin™ Detect Wilson disease.

HBsAg, HIV antibody test Detect viral coinfection.

Hepatitis C genotype Assess likelihood of response to therapy and determine
therapeutic regimen.

Liver biopsy* Determine severity and activity of disease.

Hepatitis B surface antibody Determine need for hepatitis B vaccination.

Hepatitis A antibody (total) Determine need for hepatitis A vaccination.

HBsAg, Hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeficiency virus; PCR,
polymerase chain reaction; PT, prothrombin time.
*These tests are not mandatory and are obtained depending on the clinical situation.

3. What is the importance of genotype testing in hepatitis C?
The type and duration of treatment for hepatitis C infection and the likelihood of response is based on the virus
genotype. Based on genomic sequencing of the HCV, several genotypes (or strains) have been identified.
They are classified as genotypes 1 through 6, with several subtypes denoted as 1a, 1b, 2a, and so forth. The various
genotypes exhibit geographic variability. In the United States, genotype 1 accounts for approximately 70%
of infections, and genotypes 2 and 3 account for the majority of the remaining 30%. In Europe, the
proportion of genotype 2 and 3 infections is greater than in the United States. In the Middle East,
genotype 4 predominates, and genotype 6 is more common in Asia.

Determining the genotype before therapy is important because it determines the antiviral regimen

that should be used (see Figure 15-1). Current treatment regimens are different for genotype 1 compared
with other genotypes. The genotype, however, has no value in predicting severity of disease or likelihood
of progression to cirrhosis and should not be determined in patients who are not candidates for antiviral therapy.

4. Is a liver biopsy mandatory before initiation of antiviral therapy?
A liver biopsy is not required to diagnose or treat chronic hepatitis C, but it is useful to evaluate the level of
hepatic inflammation and fibrosis. Liver function tests, such as prothrombin time and albumin or bilirubin
level become abnormal only when extensive damage has occurred. Likewise, liver enzymes, viral load, and
genotype do not correlate with severity of liver disease. A liver biopsy is not useful in patients with obvious signs
and symptoms of portal hypertension and is less useful in the young patient with short duration of infection in
whom progression to fibrosis is less likely. As the efficacy of treatment improves and side effects decrease, a
liver biopsy prior to therapy becomes less important and its use should be individualized. Noninvasive methods
have been developed to assess liver fibrosis. These include blood tests based on serum biomarkers and tests
to measure liver stiffness such as transient elastography (FibroScan) and magnetic resonance elastography.
These tests are moderately useful for identifying clinically significant fibrosis or cirrhosis, but less accurate in
determining lesser degrees of fibrosis. They serve as complementary tests to liver biopsy; those with
indeterminate noninvasive test results can be evaluated with a liver biopsy.

5. Can hepatitis C be cured?
Yes. The HCV is an RNA virus, does not integrate into the host’s genome, and can be permanently eradicated with
a finite course of antiviral therapy. Patients that test virus-negative in blood 24 weeks after completing a course of
antiviral therapy have achieved a sustained viral response (SVR). Once SVR is achieved, more than 98% of
patients remain virus free for more than 15 years and likely lifelong; they are considered cured. Patients should be
cautioned that reinfection is possible as humans do not develop protective immunity against the HCV.

6. What are the treatment options for hepatitis C infection?
Several medications are approved for the treatment of chronic hepatitis C infection. Pegylated IFNa-2a and
[FNa-2b, ribavirin, telaprevir, and boceprevir are currently the most often used medications.
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The combination of pegylated IFNa-2a or IFNa-2b and ribavirin constitute the backbone of therapy for
chronic hepatitis C infection. IFN is an immune modulator with weak antiviral activity. Ribavirin is a nucleoside
analog that enhances the antiviral activity of IFN and reduces risk of relapse after completion of therapy.

Recently small molecules known as direct-acting antivirals have been developed that inhibit viral replication
by directly targeting steps in the life cycle of the HCV. When used together with pegylated IFN and ribavirin,
these drugs greatly enhance the ability to eradicate the virus. Telaprevir and boceprevir are both first-generation
protease inhibitors that inhibit replication of genotype 1 HCV and are approved by the Food and Drug
Administration (FDA) to treat hepatitis C in combination with pegylated IFN and ribavirin. These protease
inhibitors are specific for genotype 1 and are not approved for use in the treatment of other genotypes. Genotypes
2 through 6 are currently treated only with pegylated IFN and ribavirin (see Figure 15-1).

. How are the antiviral agents dosed?

Pegylated IFNa-2b is dosed by weight and administered as a single subcutaneous injection once a week. Pegylated
IFNa-2a is administered as 180 mcg subcutaneously once a week regardless of the patient’s weight. IFN is
administered for 24 to 48 weeks depending on virologic response (Table 15-3).

Ribavirin is dosed by weight; patients who weigh less than 75 kg should receive 1000 mg of ribavirin daily,
and those who weigh 75 kg or more receive 1200 mg daily given in two divided daily doses. Patients infected with
genotype 2 or 3 may be treated with a fixed ribavirin dose of 800 mg daily regardless of the patient’s weight;
however, weight-based ribavirin may enhance results. Ribavirin is administered for the duration of IFN therapy.

Telaprevir is dosed at 750 mg every 8 hours and should be taken with a snack that contains at least 20 g
of fat to enhance absorption. Telaprevir in combination with pegylated IFN and ribavirin is administered only for
the first 12 weeks of the treatment period; after that the patient completes treatment using pegylated IFN and
ribavirin only.

Boceprevir is dosed at 800 mg every 8 hours with a snack or meal of any fat content. Boceprevir is added to
pegylated IFN and ribavirin after week 4 of therapy and is continued until treatment week 28, 36, or 48
depending on the virologic response. The initial 4 weeks of boceprevir-free therapy is known as the “lead-in
period” and allows for assessment of IFN responsiveness. Patients who experience a decline in viral load of
more than 1, after 4 weeks of IFN and ribavirin therapy are considered IFN responsive and are more likely to
achieve a cure with completion of therapy. Those who are not IFN responsive require 48 weeks of therapy
with all three drugs to maximize response (see Table 15-3).

Table 15-3. Viral Monitoring during Antiviral Therapy

Pegylated interferon,
ribavirin and boceprevir
(genotype 1 only)

Pegylated interferon and
ribavirin
(genotypes 2 and 3)

Week 4 (interferon
responsiveness)

Weeks 8, 24 (eRVR)
Week 24 posttreatment
(SVR)

Week 4 (RVR)

Week 12 (EVR)

Week 24 posttreatment
(SVR)

detectable virus

Week 12:
HCV-RNA >100 [U/mL
Week 24: any

detectable virus

Any virus at week 24

VIROLOGIC TESTING DURATION OF
REGIMEN POINTS FUTILITY RULES* THERAPY'
Pegylated interferon, Weeks 4, 12, 24 (eRVR) Week 4, 12: HCV-RNA Naive to treatment or
ribavirin and telaprevir Week 24 posttreatment >1000 [U/mL prior relapse:
(genotype 1 only) (SVR) Week 24: any eRVR =24 weeks

no eRVR =48 weeks
Prior partial or null
response =48 weeks
Cirrhosis =48 weeks

Naive to treatment:
eRVR =28 weeks

no eRVR =48 weeks
Prior nonresponders:
eRVR =36 weeks

no eRVR =48 weeks
Cirrhosis =48 weeks

24 weeks

eRVR, Extended rapid virologic response if nondetectable at all time points; RVR, rapid virologic response if nondetectable; EVR,
early virologic response if nondetectable; SVR, sustained virologic response.
*Futility rules: If met, treatment should be discontinued.
fTelaprevir is administered only for the first 12 weeks of therapy; the remainder of the treatment course is completed with pegylated
interferon and ribavirin only. Boceprevir is administered starting at week 4 of therapy and stopped at week 28, 36, or 48 of therapy

depending on virologic response.
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8.

10.

11.

What pretreatment characteristics predict a favorable response to antiviral therapy?

e Interleukin (IL) 28b CC genotype

Infection with genotype 2 or 3

Low viral load (less than 400,000 IU/mL)

Liver biopsy with little or no fibrosis

Age younger than 40 years at time of treatment

Low body weight, no evidence of the metabolic syndrome

Ethnicity—black patients are less likely to respond than are whites

Polymorphisms near the IL28b region of chromosome 19 have been found to be the strongest pretreatment
predictor of virologic response to pegylated IFN and ribavirin therapy. Patients with the favorable polymorphism
CC are much more likely to clear acute hepatitis C infection spontaneously and to respond to IFN-based
therapy compared with those with the less favorable genotypes TT or CT. IL28b polymorphisms have geographic
and ethnic variability. The favorable CC genotype is most common in Asians, followed by Europeans and then
Caucasians. The unfavorable genotype TT predominates in blacks. The negative predictive effect of a CT

or TT polymorphism in response to therapy can be partially overcome with more potent therapies. The
advantages of a CC genotype is much greater in patients treated with pegylated IFN and ribavirin compared with
those treated with pegylated IEN, ribavirin, and a direct-acting antiviral such as telaprevir or boceprevir.

As newer, more potent therapies are developed, the importance of the IL28b genotype, as well as that of the other
predictive factors listed previously, will diminish.

. How is response to antiviral therapy assessed?

Because the endpoint of therapy is virologic cure, response to therapy is assessed by measuring viral load at
different points (see Table 15-3). The assay used to measure viral load should be sensitive, able to quantitate
viremia down to at least 25 IU/mL and detect virus even at lower levels. The exact timing of virologic testing
depends on the treatment used (see Table 15-3). When treating genotype 1 infections with triple antiviral
therapy, rapid and sustained clearance of virus is known as extended rapid virologic response (eRVR) and correlates
with enhanced cure rates. Patients achieving eRVR are often able to undergo short-duration therapy

(24 to 28 weeks). Patients with delayed viral clearance have lower rates of cure and require longer therapy
(up to 48 weeks) to achieve a cure. Treatment regimens also have futility rules—time points at which the
presence of virus indicates failure of therapy and require cessation of treatment (see Table 15-3). Patients who
have failed prior attempts at treatment with pegylated IFN and ribavirin are usually treated for 48 weeks
regardless of early response.

Infections with HCV genotypes 2 through 6 are currently treated with pegylated IFN and ribavirin. Rapid
virologic response is defined as non-detectable virus at week 4 of therapy and early virologic response is
defined as nondetectable virus at 12 weeks (see Table 15-3).

Regardless of the genotype, once treatment is completed, virologic testing is repeated 24 weeks later.
If at that point the virus continues to be negative, the patient has achieved an SVR and is considered
cured.

What is the efficacy of current therapy for hepatitis C infection?
Cure rates in response to virologic therapy vary depending of the treatment regimen used, the HCV genotype,
and whether the patient is naive to treatment or has failed prior attempts at therapy. In general, for
genotype 1 infection naive to treatment, cure rates range from 68% to 75% with triple antiviral therapy.

Response is less likely in those who failed prior treatment and it depends on the type of prior response
experienced. For those who cleared virus during treatment and then relapsed after prior pegylated IFN and
ribavirin therapy, response to retreatment with triple therapy exceeds 80%. In contrast, those who had a partial
response to the initial treatment (>2j,, drop in viral load after 12 weeks of therapy), have an approximately 60%
cure rate with retreatment. Finally, those who had little response to the initial therapy have a 30% chance
of cure when retreated with triple therapy.

Among genotype 2 and 3 infections, cure rates vary between 65% and 85% when treated with pegylated
IFN and ribavirin. Response to therapy is better in genotype 2 than genotype 3 infection. Regardless of genotype,
the presence of cirrhosis decreases likelihood of response to therapy.

What are the side effects of IFN therapy? How should the patient be monitored?
IFN suppresses the bone marrow, potentially resulting in leukopenia or thrombocytopenia. Complete blood
counts are monitored periodically, and the dose is adjusted as needed. Other side effects that can diminish quality
of life include flulike symptoms, headaches, fever, depression, anxiety, sexual dysfunction, hair loss, insomnia,
and fatigue. Evening administration and preinjection acetaminophen or ibuprofen can reduce the flulike
symptorms.

Depression requires close monitoring. Patients with a history of severe depression or suicidal ideation or
attempts should not be treated with IFN, unless under the care of a mental health professional. Patients who
have required pharmacologic therapy for mild depression in the past may benefit from initiation of
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antidepressants before treatment with IFN. Selective serotonin reuptake inhibitors usually are successful in
reversing mild to moderate [FN-associated depression. Severe depression is an indication for immediate
cessation of therapy and emergent psychiatric consultation. Close monitoring for suicidal ideation is mandatory
in all patients, even those without prior history of depression.

Hypothyroidism is an irreversible side effect of IFN. Levels of thyroid-stimulating hormone should be
determined before initiation of therapy and at regular intervals during treatment. IFN is contraindicated during
pregnancy.

What are the side effects of ribavirin therapy? How should the patient be monitored?
Ribavirin can cause hemolysis and may rapidly lead to symptomatic anemia. A reduction in hemoglobin to 10 g/
dL or less, if associated with symptoms, should trigger ribavirin dose reduction. If the hemoglobin decreases to
8.5 g/dL or less, temporary discontinuation of ribavirin is advised (Figure 15-2). For patients with known
ischemic cardiac disease, much closer monitoring is recommended, with reduction or discontinuation of therapy
if the hemoglobin decreases by more than 2 g/dL compared with baseline.

Other side effects from ribavirin include rash, shortness of breath, nausea, sore throat, cough, and glossitis.
The rash may be severe and require discontinuation of the medication. The other side effects are generally not
life-threatening and can be treated symptomatically.

Because ribavirin is teratogenic, both men and women should be advised to practice effective contraception
during therapy and for 6 months after completion.

Continue current dose

Reduce dose 600 mg/d

Discontinue RBV

Hgb should be tested periodically
Time: 0, 2, 4, 6, 8, 10 and 12 wks
Closer Hgb monitoring (weekly) is
indicated when Hgb decline is rapid

2g/dL Hgb <12
Hgb during Rgg:ge g/dL after Sto
any 4-wk to 4 wk at RB\F;
(+) History of treatment 600 ma/d reduced
cardiac disease period 9 RBV dose
> > —_—

Figure 15-2. Ribavirin dose modifications for the management of anemia. Hgb, Hemoglobin; RBV, ribavirin; wk, weeks.

What are the side effects of telaprevir and boceprevir?

Telaprevir worsens the anemia caused by ribavirin, likely by enhancing IFN’s bone marrow suppression, leading
to a diminished bone marrow response to hemolysis. As a result, a rapid and significant drop in hemoglobin is
often seen early during therapy, nadir hemoglobin levels usually occur by week 12 of therapy. Hemoglobin
levels should be monitored every 7 to 14 days initially and ribavirin dose reduction used to manage the anemia.
A hemoglobin decrease below 10 g/dL requires reduction of ribavirin dose to 600 mg daily, and a hemoglobin
level below 8.5 g/dL may require temporary discontinuation of ribavirin. When ribavirin dose is reduced in
response to anemia, there is no decrease in sustained response rates. Telaprevir dose is never reduced to manage
side effects.

Rash is another common side effect of telaprevir, and may be severe. Rash or pruritus develops in more than
50% of treated patients, but in the majority of patients the rash is mild and does not require drug discontinuation.
In mild cases, management consists of topical steroids and systemic antihistamines; systemic corticosteroids
should not be used. In less than 10% a severe rash involving more than 50% of the body surface develops and
requires discontinuation of telaprevir. If systemic symptoms are absent, IFN and ribavirin should be continued
and the patient carefully monitored. In less than 5% of patients, discontinuation of all three medications is
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necessary for patients with severe or serious rash. Rare cases of serious rash events such as drug reaction
with eosinophilia and systemic symptoms or Stevens-Johnson syndrome have been described, including
reports of deaths secondary to skin reactions. The likelihood of serious skin events can be decreased

by careful patient monitoring once rash develops and prompt discontinuation of telaprevir in patients with
severe rash.

Other side effects from telaprevir that rarely lead to therapy discontinuation include gastrointestinal
symptoms such as nausea and diarrhea, and anorectal discomfort. These can be easily managed with symptomatic
therapy.

Boceprevir side effects consist mainly of anemia and dysgeusia or changes in taste. The anemia with
boceprevir therapy is similar in onset and severity to that seen with telaprevir and is managed in the same way.
Dysgeusia has no specific management; although it may contribute to weight loss during therapy, it rarely
leads to treatment interruption. Boceprevir therapy is not associated with an increased incidence in skin
problems. Like telaprevir, boceprevir dose is never reduced to manage side effects.

Both telaprevir and boceprevir are metabolized by the cytochrome P450 3A4/5. This leads to frequent
interactions with other drugs. Although only a few drugs are contraindicated in combination with telaprevir or
boceprevir (Table 15-4), the blood levels of many others may be affected. Consultation with a pharmacist
is recommended for patients on multiple drugs.

Table 15-4. Drugs Contraindicated during Treatment with Telaprevir or Boceprevir

DRUG EFFECT

Alfuzosin Higher levels of alfuzosin

Lovastatin Higher levels of lovastatin

Simvastatin Higher levels of simvastatin

Rifampin Lower levels of telaprevir or boceprevir

Ergot derivatives

Higher levels of ergot derivatives

St. John’s wort Lower levels of telaprevir or boceprevir
Pimozide Higher levels of pimozide
Oral midazolam Higher levels of midazolam

Sildenafil or tadalafil for the treatment
of pulmonary hypertension

Higher levels of sildenafil or tadalafil

Carbamazepine™* Lower levels of boceprevir
Phenobarbital * Lower levels of boceprevir
Phenytoin* Lower levels of boceprevir
Drospirenone’ Risk of hyperkalemia with boceprevir

*Contraindicated only with boceprevir but may also lower telaprevir blood levels.
fContraindicated only with boceprevir.

14. What are the contraindications to IFN therapy?

e [FN should not be used in patients who already have leukopenia or thrombocytopenia because of the potential
for bone marrow suppression. It is not recommended for patients with decompensated cirrhosis because it is
less effective and may worsen liver disease.

e Patients with severe depression, history of suicide attempt or ideation, psychosis, or personality disorders
should not be treated or should receive treatment only under the close monitoring of a psychiatrist. Patients
with manic depression do poorly with IFN therapy and should not be treated unless their psychiatric condition
is well controlled and they are under the care of a psychiatrist.

e Autoimmune diseases such as rheumatoid arthritis, sarcoidosis, and systemic lupus erythematous pose a
relative contraindication to therapy. Psoriasis can worsen during therapy.

e IFN therapy should not be administered during pregnancy. If hepatitis C infection is diagnosed
during pregnancy, treatment should be initiated only after delivery and breastfeeding have been
completed.

e Patients with advanced comorbid conditions should not be offered antiviral therapy for hepatitis C. Hepatitis
C infection progresses slowly over time. If the patient has a life expectancy of less than 5 to 10 years,
treating the hepatitis C infection is less likely to be of benefit.
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e Patients who have received an organ transplant other than liver should not receive IFN as the risk of rejection
is increased.

What are the contraindications to ribavirin therapy?

Because ribavirin must be used with IFN, all contraindications to IFN apply to treatment with ribavirin.

In addition, there are specific contraindications to ribavirin:

¢ Pregnancy is an absolute contraindication because of the teratogenic potential.

¢ Anemia and hemoglobinopathies should be considered relative contraindications. Extreme care should be
exercised in treating such patients. As a rule, women with a hemoglobin less than 12 g/dL or men with
less than 13 g/dL before therapy are at high risk of developing severe anemia during therapy.

¢ Patients with known ischemic heart disease should be treated with caution and monitored closely.

e Patients with renal insufficiency should not be treated with ribavirin because the development of severe, long-
lasting, and life-threatening hemolysis is common.

What are the contraindications to telaprevir and boceprevir?

Because telaprevir or boceprevir must be used with IFN and ribavirin, all contraindications to IFN and ribavirin

apply to treatment with these agents. Otherwise, there are very few specific contraindications to telaprevir

or boceprevir.

¢ Telaprevir or boceprevir must be used together with ribavirin and IFN. If either ribavirin or IFN is
permanently discontinued, telaprevir or boceprevir must be discontinued as well.

e Telaprevir or boceprevir should not be used in conjunction with medications that pose a severe drug-drug
interaction potential (see Table 15-4).

e Because resistance patterns to telaprevir and boceprevir are similar, patients who failed to respond to one
agent should not be treated with the other, as failure of retreatment is likely.

Are there any specific considerations regarding contraception when using telaprevir

or boceprevir?

Yes. Both telaprevir and boceprevir lower blood levels of hormonally based contraceptives and diminish their
efficacy. As a result, women patients of childbearing age must use two forms of nonhormonal contraception
while taking telaprevir or boceprevir. Periodic pregnancy testing is recommended during treatment with
ribavirin and for 6 months after completion of therapy.

Should patients with cirrhosis secondary to hepatitis C infection be treated with antiviral
therapy?

Patients with compensated cirrhosis (normal albumin and bilirubin levels; normal prothrombin time; and
no ascites, encephalopathy, or history of variceal bleeding) are excellent candidates for antiviral therapy.
Once liver insufficiency develops or complications of portal hypertension become clinically evident,
antiviral therapy is relatively contraindicated. Evaluation for liver transplantation is a better option for
such patients.

For patients with compensated disease, the main concern during antiviral therapy is worsening of
preexisting leukopenia or thrombocytopenia caused by hypersplenism. Leukopenia is managed with IFN dose
reductions. Thrombocytopenia usually responds to eltrombopag, an oral thrombopoietin receptor agonist, or
reduction of IFN dose. Reduction of IFN dose may decrease effectiveness of therapy; for that reason, the use of
eltrombopag is preferred.

Should patients with HCV-HIV coinfection receive antiviral therapy for hepatitis

C infection?

Coinfection with HIV and HCV results in marked acceleration of progression of liver disease. With the advent of
newer, more effective antiretroviral agents, patients infected with HIV are living longer, and more are
developing end-stage liver disease from HCV infection. For this reason, patients coinfected with HIV and HCV
should be considered candidates for antiviral therapy against HCV.

Anti-HCV therapy is most likely to be effective if the patient is first placed on antiretroviral therapy, the
HIV viral load is controlled, and the CD4 count is reconstituted. In general, patients with a CD4 count of less
than 250/mm’ are less likely to respond to antiviral therapy for HCV.

Anti-HCV therapy in patients receiving anti-HIV medications is complicated by the additive bone marrow
suppression as well as other gastrointestinal side effects. Interactions between ribavirin and several antiretroviral
agents may increase the risk of lactic acidosis; cotherapy with didanosine or stavudine plus ribavirin is
strongly discouraged because of the increased risk of lactic acidosis. Zidovudine, although not contraindicated
when used with [FN and ribavirin, will enhance bone marrow suppression and increase the need for growth factor
therapy to correct anemia and leukopenia. Close monitoring of blood counts and chemistries is needed.
Lower dose of ribavirin (800 mg daily) is recommended when treating patients coinfected with HIV to decrease
the incidence of severe anemia. At this time, the use of boceprevir or telaprevir is not approved by the FDA for
the treatment of HCV-HIV coinfection. There are significant drug-drug interactions between these agents
and many antiretroviral drugs. Expert consultation is recommended.
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20. How should patients with HCV-HBV coinfection be treated?
Because most patients with HCV-HBV coinfection have quiescent hepatitis B infection, the antiviral therapy
need be directed only at the HCV. If active hepatitis B and C infection are present, as evidenced by a positive
HCV-RNA and high-level viremia by HBV-DNA polymerase chain reaction assay, the patient should be treated
with the recommended dose of IFN for hepatitis B in conjunction with ribavirin and direct acting agents against
hepatitis C if indicated. A flare of hepatitis may occur when treating patients with hepatitis B infection.
Alternatively, the addition of a nucleoside or nucleotide analog active against hepatitis B infection could be
considered (see Chapter 16).

21. How should patients who cleared HCV be monitored?
Patients who remain virus-negative 24 weeks after completion of antiviral therapy have achieved an SVR24 and
can be considered cured. Although there is a 1% chance of relapse, repeated monitoring of HCV-RNA
beyond week 24 posttreatment is not needed. Patients should be informed that they will remain HCV
antibody—positive for many years, likely for life; thus only testing for HCV-RNA will determine whether there
has been a relapse or re-infection. Likewise, patients should be cautioned that they are not immune against
hepatitis C and re-exposure could lead to reinfection.

Patients with cirrhosis who achieve a cure after treatment should be clearly informed that the risk for
hepatocellular carcinoma remains unchanged for at least the next 5 to 7 years after a cure. Continued monitoring
every 6 months for hepatocellular carcinoma is mandatory. While the likelihood of progression of cirrhosis
or development of new complications related to portal hypertension are unlikely after a cure, appropriate
monitoring is recommended.

Please access ExpertConsult to view a Clinical Vignette for this chapter.

BIBLIOGRAPHY

1. Castera L. Noninvasive methods to assess liver disease in patients with hepatitis B or C. Gastroenterology 2012;142:1293-302.
2. ChouR, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in patients with chronic hepatitis C virus infection: a systematic
review. Ann Intern Med 2013;158:807-20.
3. European Association for the Study of the Liver. EASL clinical practice guidelines: management of hepatitis C virus infection.
J Hepatol 2011;55:245-64.
4. Ghany MC, Neslon DR, Strader DB, et al. An update of genotype 1 chronic hepatitis C virus infection: 2011 practice guideline
by the American Association for the Study of Liver Diseases. Hepatology 2011;54:1433-44.
5. Jacobson IM, Cacoub P, Dal Maso L, et al. Manifestations of chronic hepatitis C virus infection beyond the liver. Clin
Gastroenterol Hepatol 2010;8:1017-29.
6. Jacobson IM, Pawlotsky JM, Afdhal NH. A practical guide for the use of boceprevir and telaprevir for the treatment of hepatitis
C. ] Viral Hepat 2012;19(Suppl. 2):1-26.
7. Jesudian AB, De Jong YP, Jacobson IM. Emerging therapeutic targets for hepatitis C virus infection. Clin Gastroenterol Hepatol
2013;11:612-9.
8. Lange CM, Zeuzem S. IL28b single nucleotide polymorphisms in the treatment of hepatitis C. ] Hepatol 2011;55:692-701.
9. Maheshwari A, Thuluvath PJ. Management of acute hepatitis C. Clin Liver Dis 2011;14:169-76.
10. Mangia A. Individualizing treatment duration in hepatitis C virus genotype 2/3 infected patients. Liver Int 2011;31:36-41.
11. McHutchison JG, Dusheiko G, Shiffman ML, et al. Eltrombopag for thrombocytopenia in patients with cirrhosis associated with
hepatitis C. N Engl ] Med 2007;357:2227-36.
12. Ng V, Saab S. Effects of a sustained virologic response on outcomes of patients with chronic hepatitis C. Clin Gastroenterol
Hepatol 2011;9:923-30.
13. Sulkowski M, Pol S, Mallolas ], et al. Boceprevir plus placebo with pegylated interferon alfa-2b and ribavirin for treatment of
hepatitis C virus genotype 1 in patients with HIV: a randomized, double-blind, controlled phase 2 trial. Lancet Infect Dis
2013;13:597-605.
14. Sulkowski MS, Sherman KE, Dieterich DT, et al. Combination therapy with telaprevir for chronic hepatitis C virus genotype 1
in patients with HIV. Ann Intern Med 2013;159:86-96.
15. Talal AH, LaFleur ], Hoop R, et al. Absolute and relative contraindications to pegylated interferon or ribavirin in the US
general patient population with chronic hepatitis C: results from a US database of over 45,000 HCV-infected evaluated
patients. Aliment Pharmacol Ther 2013;37:473-81.

Websites

Centers for Disease Control and Prevention. Hepatitis C information for health professionals. http://www.cdc.gov/hepatitis/
HCV/index.htm [Accessed September 22, 2014].

U.S. Department of Veterans Affairs. Viral hepatitis. http://www.hepatitis.va.gov/provider/hev/index.asp [Accessed September 22,
2014].



ANTIVIRAL THERAPY FOR HEPATITIS B

Jorge L. Herrera, MD

(=]
F
oc
L
[
o
<
==
(&)

1. Is antiviral therapy recommended for acute hepatitis B?

No. Acute hepatitis B, defined as a positive test for hepatitis B surface antigen (HBsAg) and the presence of
hepatitis B core antibody—immunoglobulin M (HBcAb-IgM; Table 16-1), is a self-limited disease in more than
95% of adults and resolves without specific antiviral therapy within 3 to 6 months after the onset of clinical
symptoms. For this reason, only supportive care is offered to patients with acute hepatitis B infection. Antiviral
therapy is considered only for patients with chronic hepatitis B (positive HBsAg test for longer than 6 months).
For patients with severe acute hepatitis B with evidence of liver dysfunction such as coagulopathy or
encephalopathy, antiviral therapy may be considered; in this situation, expert consultation is advised.

2. Do all patients with chronic hepatitis B benefit from therapy?

No. Only patients with detectable viremia and evidence of ongoing hepatic necrosis, such as elevated liver
enzyme levels or liver biopsy demonstrating active inflammation or fibrosis, are most likely to benefit from
therapy (Figure 16-1). Typical candidates for antiviral therapy have high levels of hepatitis B virus (HBV) DNA
by polymerase chain reaction (PCR) assays (more than 2000 to 20,000 IU/mL). In contrast, patients in the low-
replicative phase of chronic hepatitis B infection, characterized by normal levels of liver enzymes, negative
HBeAg, positive HBeAb, and nondetectable or low levels (<2,000 IU/mL) of HBV-DNA by PCR, do not
require antiviral therapy but should be monitored for evidence of disease reactivation (see Table 16-1).

Table 16-1. Antiviral Therapy for Patients with Chronic Hepatitis B Infection

SEROLOGIC PATTERN INTERPRETATION COURSE OF ACTION

HBsAg-positive, HBcAb-IgM—positive Acute hepatitis B Observe; resolution likely in
90%-95% of adults

HBsAg-positive >6 mo, HBeAg-positive, Chronic infection with Initiate antiviral therapy

HBeAb-negative, HBV-DNA >20,000 IU/mL, wild virus

elevated ALT level

HBsAg-positive >6 mo, HBeAg-negative, Low replicative stage Observe

HBeAb-positive, ALT normal,
HBV-DNA-negative, or low-level viremia

(<2000 IU/mL)

HBsAg-positive >6 mo, HBeAg-negative, Chronic infection with Initiate antiviral therapy
HBeAb-positive, HBV-DNA >2000 IU/ml, HBeAg mutant

elevated ALT level

HBsAg-positive >6mo, HBeAg-positive, Immune tolerant phase Observe, do not treat until
HBeAb-negative, HBV-DNA levels of chronic hepatitis B patient enters chronic
>200,000 IU/mL, normal ALT levels, no infection infection stage

inflammation or fibrosis on biopsy, age <30 years

ALT, alanine aminotransferase; HBcAb-IgM, hepatitis B core antibody-immunoglobulin M; HBeAb, hepatitis B e antibody; HBeAg,
hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV-DNA, hepatitis B virus DNA by polymerase chain reaction; [U,
international units.

3. How should the HBV-DNA by PCR assay results be used to make therapy decisions?

Hepatitis B infection is almost never totally eradicated. Instead, it can be controlled with medications.
Treatment is indicated when the viral load is high and there is evidence of ongoing liver damage. Low levels of
HBV-DNA in the absence of inflammation are not associated with progressive liver disease and do not require
therapy. The upper limit of HBV-DNA levels that are consistently associated with inactive disease has not been
clearly established, but it is generally agreed that treatment is not necessary when viral levels are nondetectable
or consistently less than 2000 IU/mL, associated with normal alanine aminotransferase (ALT) levels or a liver
biopsy showing no inflammation. It is important to note that in some cases, particularly in HBeAg-negative
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disease, viral levels can fluctuate over time and multiple measurements may be necessary to confirm that levels
remain at less than 2000 IU/mL. In patients with advanced liver disease, particularly decompensated cirrhosis,
treatment should be considered if any detectable virus is noted, regardless of how low the reading may be.

Most importantly, a decision to initiate therapy should not only be based on viral load, but also requires
evidence of ongoing hepatic damage (elevated ALT or liver biopsy showing inflammation or fibrosis). Young
patients (<30 years old) in the immune-tolerant stage of hepatitis B infection, characterized by very high viral
loads (>200,000 IU), e-antigen positive, normal levels of ALT, and a normal liver biopsy, are typically not
treated with antiviral agents despite high levels of viremia (see Table 16-1).

4. Is liver biopsy required before therapy is started?

A liver biopsy is not needed to establish the diagnosis of hepatitis B infection; however, it is an important tool to
determine severity and activity of disease. Treatment decisions are different for patients with advanced fibrosis
and cirrhosis compared with those with mild histologic disease. The risk of liver cancer and the intensity of
surveillance for liver cancer would be greater for those patients with cirrhosis. The detection of cirrhosis on liver
biopsy selects a group of patients who require closer observation as well as screening for esophageal varices. A
liver biopsy is also important for patients who have high viral load (>2000 [U/mL) but normal liver enzymes.
The presence of inflammation or fibrosis on biopsy is a strong indicator that therapy should be considered. The
role of liver biopsy in the decision to treat HBV infection is shown in Figure 16-1.

HBV-DNA
>2000 IU/mL in HBeAg (-) infection
>20,000 IU/mL in HBeAg (+) infection

| Elevated ALT I Normal ALT

\ 4 A Y

Monitor ALT levels
every 2—-3 months

v v v v

Treat €——— Or —» Liver biopsy

| Normal | | Elevated | No inflammation Inflammation
+ + or fibrosis and/or fibrosis
Continued observation Treat + +
or perform liver biopsy | Observe | | Treat |

Figure 16-1. Algorithm for the treatment of chronic hepatitis B infection. ALT, Alanine aminotransferase; HBeAg, hepatitis B
e-antigen; HBV, hepatitis B virus.

5. What is the role of the hepatitis B e antigen in determining need for treatment?
The hepatitis B e antigen has traditionally been considered to be a marker of high viral replication. Although
this is true for the “wild” HBV, a large number of patients are infected with mutated forms of the HBV that
do not produce e-antigen despite high levels of viral replication. Thus although a positive e-antigen is a marker of
high viral load, a negative e-antigen does not always indicate a low viral load. E-antigen mutant viruses do not
replicate as efficiently as the e-antigen positive wild strain; for this reason viral levels in e-antigen—negative
patients are typically lower and fluctuate more than in e-antigen—positive infections. Because of these
differences, the level of HBV-DNA, and not the e-antigen status, is used to determine the need for therapy.
However, because e-antigen—negative mutants replicate less efficiently, a lower threshold is used to determine the
need for therapy in these cases. For e-antigen—positive infections, an HBV-DNA level of more than 20,000 [U/mL
is considered high; in contrast, for e-antigen—negative mutant infections, a level of more than 2000 IU/mL is
considered high. This distinction between e-antigen—negative and e-antigen—positive patients is controversial and
not all published guidelines are in agreement. Some guidelines consider an HBV-DNA level of more than
2000 IU/mL high regardless of the e-antigen status. An algorithm for the treatment of hepatitis B infection is
outlined in Figure 16-1.

6. What are the available options for treating chronic hepatitis B infection?
Currently, seven medications have been approved for the treatment of chronic hepatitis B infection: interferon
a2b, pegylated interferon a2a, lamivudine, adefovir dipivoxil, entecavir, telbivudine, and tenofovir disoproxil
fumarate. Based on potency and barrier to resistance, current guidelines recommend that treatment-naive
patients should be treated with either entecavir, tenofovir, or pegylated interferon «2a; the other approved
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medications either lack potency or have a low barrier to resistance, and are not considered optimal choices for
initial treatment. The properties and dosing of the three preferred drugs to treat hepatitis B infection are shown

in Table 16-2.

Table 16-2. Preferred Drugs for the Treatment of Hepatitis B Infection

PEGYLATED
INTERFERON
a-2A ENTECAVIR TENOFOVIR
Potency ++ ++++ ++++
e-Antigen ~30% ~15%-25% ~15%-25%
seroconversion
(1yr)
Duration of Treatment
HBeAg (+) 52 wk >1 year >1 year
chronic (until e-antigen seroconversion) (until e-antigen
hepatitis seroconversion)
HBeAg (—) 52 wk Indefinite Indefinite
chronic
hepatitis
Route Subcutaneous Oral Oral
Dose 180 mcg weekly 0.5 mg daily* on an empty stomach 300 mg daily without regard
to food
Side effects Common and Uncommon, similar to placebo Uncommon, similar to
expected placebo
Drug resistance None reported <1% by 5 years in naive patients, up No resistance reported after
to 40% after 4 years in lamivudine- 5 years in naive or
resistant patients lamivudine-resistant patients

HBeAg, Hepatitis B e antigen;
*1 mg daily for lamivudine-resistant infection or prior nonresponse to the 0.5-mg dose.

Interferon is an injectable immunomodulatory and antiviral medication. Although it has a relatively
weak antiviral effect, it enhances clearance of the HBV by improving immune detection and clearance of
infected hepatocytes. Unfortunately, its use is associated with frequent side effects.

Entecavir is an oral nucleoside analogue and tenofovir is an oral nucleotide analogue. Both are dosed
once a day and inhibit viral replication without enhancing immune response. Entecavir and tenofovir are
very potent and in treatment-naive patients have a high barrier to resistance. After 5 years resistance to entecavir
is observed in less than 1% of patients and so far resistance to tenofovir has not been documented. The side
effect profile is excellent and similar to placebo. Because of the ease of administration and the low likelihood
of side effects, most patients in the United States are treated with oral agents rather than interferon.

7. What are the endpoints of antiviral therapy?
The goals of antiviral therapy are to suppress viral replication and prevent liver damage. In addition to viral
suppression, there are certain serologic endpoints that signal response to therapy. For patients who are
e-antigen—positive at the initiation of therapy, induction of e-antigen seroconversion (defined as achieving
HBeAg-negative, HBeAb-positive status) is a major milestone. After e-antigen seroconversion is achieved,
antiviral therapy is continued for an additional 24 to 48 weeks and then may be discontinued. In this situation,
remission is usually long-lasting, but as long as the patient continues to test positive for HBsAg, he or she is at risk
of reactivation and should be monitored closely.

Patients who are viremic but e-antigen—negative at initiation of therapy will require lifelong therapy. Even
after 5 or more years of nondetectable HBV-DNA levels on therapy, discontinuation of antiviral therapy results
in reactivation of disease in the majority of patients. For this reason, when a decision is made to treat
e-antigen—negative disease, treatment is usually lifelong or until the patient loses HBsAg, which is a rare event in
chronic e-antigen—negative infection.

During treatment with entecavir or tenofovir, clearance of HBsAg in e-antigen—positive patients is
uncommon. After 5 years of therapy, only 7% to 9% clear surface antigen and are considered cured. In contrast,
clearance of the surface antigen during oral therapy in e-antigen—negative infection is extremely rare. Because
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interferon has immunomodulatory effects, the chance of clearing surface antigen is somewhat greater in
responders. Among patients who experience a substantial decrease in viral load during interferon therapy (viral
load <2000 IU/mL at the end of therapy), approximately 30% will lose surface antigen when followed for up to
5 years after completing interferon therapy.

. What is the expected response to interferon therapy?

Because interferon stimulates the immune response, increased clearance of the HBV is expected during therapy.
Clearance of the virus is achieved by immune-mediated necrosis of infected hepatocytes. Thus a flare of hepatitis
may be seen during treatment with interferon. The flare typically occurs soon after initiation of interferon
therapy and is manifested by elevated levels of ALT and aspartate aminotransferase. The flare may be
accompanied by jaundice and signs and symptoms typical of acute viral hepatitis but is associated with reduction
or disappearance of HBV-DNA in blood. As the liver enzyme levels return to normal, the HBeAg assay becomes
negative, followed by seroconversion to positive HBe Ab. The virologic response is often long-lasting if e-antigen
seroconversion is achieved. Positive predictors of response to interferon therapy include HBeAg-positive
patients, low viral levels, elevated ALT levels (>150 IU/mL), infection with HBV genotype A, and absence of
cirrhosis. Seroconversion to HBeAg-negative and HBeAb-positive status occurs in approximately 30% of
patients treated with interferon; the majority of responders have a durable response.

. What is the expected response to oral nucleoside or nucleotide therapy?

In contrast to interferon, nucleosides and nucleotides inhibit viral replication but do not stimulate immune
clearance of the virus. For this reason, immune-mediated hepatocyte necrosis is unusual, and biochemical flare of
hepatitis is rarely seen with these agents. In most patients, the HBV-DNA serum level decreases dramatically or
becomes undetectable soon after initiating therapy. This decrease is associated with normalization of liver
enzyme levels. Seroconversion from HBeAg-positive to HBeAg-negative status and from HBeAb-negative to
HBeAb-positive status during the first year of therapy is less common than with interferon therapy. After 4 to
5 years of continuous oral antiviral therapy, rates of e-antigen seroconversion approach or exceed those seen with
interferon therapy.

Response to therapy should be monitored with HBV-DNA levels and liver enzymes. When treated with
entecavir or tenofovir, the majority of patients will achieve nondetectable levels of HBV-DNA within 24 to
48 months. Because these agents have a high barrier to resistance, a rise in HBV-DNA of more than 1., during
therapy usually indicates lack of compliance rather than emergence of resistant mutants.

What are the advantages of interferon therapy for chronic hepatitis B infection?

Therapy with interferon is of finite duration (52 weeks in most cases) and is successful in 15% to 30% of selected
patients. Successful response is durable, and relapses are rare once interferon is discontinued. Once the HBV
infects the liver cell, the HBV genome localizes to the nucleus of the hepatocyte and is converted to covalently
closed circular DNA. Clearance of this HBV-DNA is needed to achieve HBsAg seroconversion and can be
only achieved by immune-mediated lysis of infected hepatocytes. Cases of HBsAg seroconversion (HBsAg status
becomes negative and HBsADb status becomes positive) have been documented years after inducing e-antigen
seroconversion by interferon. Finally, interferon resistance has not been described.

What are the disadvantages of interferon therapy?
Interferon therapy is associated with significant side effects, including flulike syndrome, fever, depression,
insomnia, irritability, and bone marrow suppression (see Chapter 15). The interferon-induced flare of hepatitis
may be severe and is particularly dangerous in patients with advanced liver disease and cirrhosis, who may not be
able to tolerate a flare of hepatitis. For this reason, interferon therapy is relatively contraindicated in patients
with cirrhosis caused by chronic hepatitis B infection and is absolutely contraindicated in patients with
decompensated cirrhosis secondary to hepatitis B infection.

Another disadvantage is that patients with persistently normal liver enzyme levels, those who acquired the
disease at birth, and those infected with HBV genotype C or D are unlikely to respond to interferon therapy.

Which parameters predict a good response to interferon therapy?

Patients likely to respond to interferon therapy are characterized by elevated liver enzymes (ALT > 150 U/dL),
low viral load (HBV-DNA <2.0 x 10% IU/mL), HBV genotype A, positive HBeAg status, female sex, and
acquisition of infection during adulthood. Such patients have a 30% to 40% chance of achieving e-antigen
seroconversion after a 52-week course of interferon. In contrast, patients with normal or minimal elevations of
liver enzymes have a less than 5% chance of achieving sustained remission.

What are the advantages of oral nucleoside and nucleotide therapy?

Oral agents are taken once daily and are associated with minimal to no side effects. They have potent antiviral
activity and in more than 98% of cases achieve a profound decrease in viremia with normalization of the liver
enzymes. Oral agents can be safely used in patients with decompensated liver disease at times, with dramatic
responses.
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What are the disadvantages of oral nucleoside and nucleotide therapy?

The treatment course is long; most patients require treatment for multiple years; and in the case of
e-antigen—negative disease, treatment is usually lifelong. The cost of these medications is significant. Oral agents
have a lower rate of HBeAg seroconversion compared with interferon; however, with prolonged therapy,
e-antigen seroconversion rates approach those of interferon therapy. Relapse is common once therapy is
discontinued, particularly in e-antigen—negative disease. Development of resistance, although rare with
entecavir and not yet documented with tenofovir, is always a concern with long-term use.

Should patients with advanced, decompensated cirrhosis secondary to hepatitis B receive
antiviral therapy or be referred for liver transplantation without a trial of therapy?

Although patients with decompensated disease cannot be treated with interferon, treatment with nucleoside or
nucleotide analogs is beneficial and often lifesaving. In many such patients, evidence of severe decompensation
reverses, and patients no longer need to be listed for liver transplantation after a response to antiviral therapy. In
addition, oral therapy, when continued after transplantation in conjunction with hepatitis B immune globulin, is
associated with a decreased chance of recurrence of infection in the graft. In general, patients with severe liver
disease caused by hepatitis B infection, in addition to listing for transplantation, should be treated with oral
nucleosides or nucleotides. Once a response is achieved, lifelong therapy is recommended as flares induced by
discontinuation of antiviral therapy could be fatal in these patients.

How should response to therapy be monitored?

After initiation of therapy, repeat viral load should be performed at 3-month intervals. After achieving viral
reduction to less than 2000 IU/mL and normalization of the liver tests, testing should be repeated at least
every 6 months for the duration of therapy to document sustained response. Because development of resistance
is very rare, a rise in viral load of more than 1,4 during therapy most often occurs when patients are not
compliant with the medication regimen. All oral nucleoside and nucleotide antivirals are renally excreted, and dosing
should be adjusted when renal function is compromised. For that reason, renal function should be assessed prior to
therapy and monitored at least once a year and the dose of the oral antiviral agent adjusted if renal insufficiency is
present.

Can therapy reverse fibrosis or cirrhosis?

Yes, continued viral suppression with oral nucleotide or nucleoside therapy has been shown to reverse fibrosis
and improve liver histologic findings in a substantial number of patients. After 5 years of tenofovir therapy in
hepatitis B e-antigen—negative and e-antigen—positive patients, histologic improvement was noted in 87%, and
regression of fibrosis in 51%. Of the patients with cirrhosis at baseline, 74% no longer had cirrhosis after 5 years
of therapy with tenofovir. Similar results have been shown in a smaller number of patients with prolonged
entecavir therapy.

Are treatment decisions for hepatitis B infection different if patients are immune suppressed?
The immune system plays a pivotal role in the control of hepatitis B infection. Patients who are HBsAg-positive
but have no detectable viremia or low level of virus can promptly reactivate if immunosuppressed. If
immunosuppression is planned (i.e., cancer chemotherapy, anti—tumor necrosis factor therapy, high-dose
corticosteroid therapy, etc.), patients should be screened for HBsAg. If positive, initiation of antiviral therapy
with a nucleoside or nucleotide analog is indicated even if HBV-DNA is nondetectable and the ALT level is
normal. Ideally, antiviral therapy should be started 2 to 4 weeks before or at the time of the introduction of the
immunosuppressant and continued for at least 6 to 12 months after completion of immunosuppression. Patients
who would have met criteria for hepatitis B therapy before immunosuppression (i.e., high viral load, elevated
ALT) should continue on long-term antiviral therapy even after immunosuppression ceases until traditional
endpoints of treatment are achieved.

How should HBV infection be treated in patients coinfected with the human immunodeficiency virus
(HIV)?

Most of the antiviral agents currently available for the treatment of hepatitis B have activity against HIV.
Initiation of monotherapy for HBV in patients with known or undiagnosed HIV can lead to emergence of HIV-resistant
mutants. All patients infected with HBV should be tested for HIV. If coinfected with HIV, they should be
evaluated for highly active antiretroviral therapy (HAART). Current HIV treatment guidelines consider the
presence of hepatitis B infection an indication to initiate HAART. Selection of a HAART regimen that
includes at least two drugs active against HBV (i.e., tenofovir and emtricitabine or lamivudine) is recommended.
Patients coinfected with HBV and HIV should not receive lamivudine as the only HBV-active drug in the
HAART regimen, as HBV resistance to lamivudine develops rapidly.

Should hepatitis B be treated during pregnancy?

Hepatitis B infection is vertically transmitted. The introduction of the hepatitis B vaccine and hepatitis B
immune globulin injection for babies born to HBsAg-positive mothers has markedly decreased vertical
transmission of HBV but has not eliminated the risk. A high maternal viral load (>10% copies/mL or
>200,000 IU/mL) has been associated with an increased risk of vertical transmission. Even when appropriate
passive and active immunization is used at birth, 7% to 9% of children born to mothers with high viral load will
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develop chronic hepatitis B infection. Limited clinical research suggests that lowering the viral load during the
last trimester of pregnancy decreases the risk of vertical transmission.

The choice of antiviral agent to use during pregnancy is difficult; none of the currently approved drugs to
treat hepatitis B have been formally tested during pregnancy. Pegylated interferon is contraindicated.
Lamivudine, entecavir, and adefovir are classified as Class C pregnancy drugs by the Food and Drug
Administration (FDA). Telbivudine and tenofovir are Class B pregnancy drugs. Extensive experience exists with
lamivudine therapy during pregnancy in HIV-infected patients. This experience indicates that lamivudine
appears safe and is not associated with an increased incidence of birth defects. Significant experience also exists
with tenofovir use. Pregnancy registries include more than 2000 patients who have received tenofovir at some
point during pregnancy with good results. The experience with telbivudine is more limited but also appears to be
safe if used during the last trimester of pregnancy. None of these drugs are FDA approved for use in pregnancy.
Based on limited data, tenofovir, telbivudine, and lamivudine seem to be safe, but long-term follow up of exposed
children is not available. The benefits and potential risks of initiating antiviral therapy during pregnancy must be
carefully discussed and documented with all parties involved.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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AUTOIMMUNE HEPATITIS: DIAGNOSIS

Albert J. Czaja, MD

1. What is autoimmune hepatitis (AlH)?
AIH is an unresolving inflammation of the liver of unknown cause that is characterized by interface hepatitis
on histologic examination, autoantibodies, and hypergammaglobulinemia. There are no disease-specific
features, and the designation requires the exclusion of other conditions, including chronic viral hepatitis, Wilson
disease, drug-induced hepatitis (most commonly, minocycline or nitrofurantoin toxicity), alcoholic and
nonalcoholic fatty liver disease, and the immune-mediated cholangiopathies of primary biliary cirrhosis (PBC)
and primary sclerosing cholangitis (PSC; Table 17-1).

2. What are its principal clinical and laboratory features?
AIH affects mainly women (71%) and occurs at any age (most commonly before the age of 40 years).
Smooth muscle antibodies (SMAs) and antinuclear antibodies (ANAs), occurring alone (44% and 13%,
respectively) or together (43%), are the principal serologic findings in North American adults. Antibodies to liver
kidney microsome type 1 (anti-LKM1) occur in 14% to 38% of European children, usually exclusive of SMA
and ANA, and they are present in 4% or fewer of North American adults. Serum aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) abnormalities predominate, and hypergammaglobulinemia, especially an
increased serum immunoglobulin G (IgG) level, is another hallmark. Concurrent immune diseases are present
in 38% (especially autoimmune thyroiditis, Graves disease, or ulcerative colitis) (Table 17-2).

3. What are the symptoms of AIH?
The major symptoms of AIH are fatigue and arthralgia. Jaundice is usually indicative of an acute severe
disease or a chronic indolent process with advanced fibrosis, and it occurs in 69% of these patients. AIH is
asymptomatic at presentation in 25% to 34%, but symptoms emerge later in 26% to 70%. Features of chronic
severe cholestasis (pruritus and hyperpigmentation) must redirect the diagnostic effort.

4. What are the characteristic histologic findings in AIH?
Interface hepatitis is the sine qua non for the diagnosis of AIH. The limiting plate of the portal tract is
disrupted by a lymphocytic infiltrate, which extends into the lobule (Figure 17-1). Plasma cells are present in
66% of the inflammatory infiltrates, but they are neither specific nor required for the diagnosis (Figure 17-2).
Hepatocyte rosettes and emperipolesis (penetration of one cell into and through a larger cell) are also
characteristic histologic features. Centrilobular (Rappaport zone 3) necrosis probably represents an early acute
stage or an acute injury on chronic disease (Figure 17-3). Most patients (78%) with centrilobular necrosis have
interface hepatitis, and cirrhosis may be present. Lymphoid and pleomorphic cholangitis (not destructive
cholangitis) is present in 7% to 9%.

5. Can AlH have an acute or acute severe (fulminant) presentation?
Yes. AIH has an acute presentation, defined as the abrupt onset symptoms coincident with the onset or
discovery of the disease, in 25% to 75% of patients. An acute severe (fulminant) presentation, defined as
the development of hepatic encephalopathy within 26 weeks of disease discovery, occurs in 6% of North
American patients.

6. What are the clinical features of an acute or acute severe (fulminant) presentation?
Symptoms may resemble an acute viral or toxic hepatitis, and the classical phenotype of AIH may be
unrecognizable. The serum IgG level is normal in 25% to 39%, ANAs are absent or weakly demonstrated
in 29% to 39%, and serum y-globulin levels are lower than in chronic presentations. Centrilobular
hemorrhagic necrosis with lymphoplasmacytic infiltration, lymphoid aggregates, or plasma cell infiltration is
the main histologic finding in acute severe (fulminant) AIH, and unenhanced computed tomography of the
liver may disclose heterogeneous hypoattenuated areas in 65% (versus 0%-5% in virus-induced acute liver
failure).

7. Which patients are most difficult to diagnose?
Infants, older adults, patients with acute or acute severe (fulminant) presentations, and nonwhite patients have
AIH that can be unsuspected, confused with other diseases, or atypical. Patients aged 60 years and older
constitute 23% of adults with AIH, but their disease may be masked by concurrent thyroid, rheumatic, or other

121



Table 17-1. Differential Diagnosis of Autoimmune Hepatitis and Discriminative Tests

DIFFERENTIAL DIAGNOSTIC
DIAGNOSIS ASSESSMENTS

a-Antitrypsin Phenotyping

deficiency

Liver biopsy
Chronic viral Serologic tests
hepatitis

Liver biopsy
Drug-induced Clinical history
hepatitis

Clinical behavior

Liver biopsy

Hemochromatosis Genetic testing

Iron studies

Liver biopsy

Nonalcoholic Clinical findings
steatohepatitis

Hepatic ultrasonography

Liver biopsy

Genetic tests

Primary biliary Serologic tests
cirrhosis

Liver biopsy
(see Figure 17-5)

Primary sclerosing Cholangiography
cholangitis (see Figure 17-6)

Liver biopsy
(see Figure 17-7)

Wilson disease Copper studies
Slit lamp eye examination

Liver biopsy

Genetic tests

DIAGNOSTIC FINDINGS

77 (strongest association)
MZ, MS, SZ (probably comorbid factors)

Diastase-resistant PAS-positive intrahepatocyte globules

HBsAg, HBV-DNA
Anti-HCV, HCV RNA

Ground-glass hepatocytes
Viral inclusions

Portal lymphoid aggregates
Steatosis

Recent exposure to medication, nutritional supplements, or
herbal agents (especially, minocycline or nitrofurantoin)

Acute idiosyncratic reaction
Resolves after drug withdrawal
No recurrence

Little or no hepatic fibrosis
Portal neutrophils
Intracellular cholestasis

C282Y and H63D mutations
Positive family history

Transferrin saturation index, >45%

Increased iron by stain
Hepatic iron index >1.9

Obesity (BMI >30 kg/m?)
Type 2 diabetes
Hyperlipidemia
Hyperechogenicity
Macrosteatosis
Mallory-Denk bodies
Megamitochondria
Absent apoptotic bodies
Ballooned hepatocytes

PNPLAS3 gene (investigational)
AMA titer >1:40
Antipyruvate dehydrogenase-E2

Destructive cholangitis (florid duct lesion)
Increased hepatic copper concentration

Focal biliary strictures and dilations

Ductopenia
Portal fibrosis and edema
Fibrous obliterative cholangitis (rare)

Low ceruloplasmin
Low serum copper level
High urinary copper excretion

Kayser-Fleischer rings
Increased hepatic copper concentration
ATP7B gene (chromosome 13q14.3)

>200 disease-causing mutations

H1069Q) mutation

AMA, Antimitochondrial antibodies; ATP7B, ATPase copper transporting beta polypeptide; BMI, body mass index; C282Y,
mutation within HFE gene associated with substitution of tyrosine for cysteine at amino acid position 282 in a3 loop; HBsAg,
hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; H63D, mutation within HFE gene associated with
substitution of histidine for aspartate at amino acid position 63 in a; loop; HI069Q, mutation within ATP7B gene of Wilson
disease in which histidine is replaced by glutamic acid at position 1069; HFE, high iron Fe gene; PAS, periodic-acid-Schiff;
PNPLAS3, adiponutrin/patatin-like phospholipase domain-containing protein 3 gene associated with hepatic fat accumulation;
ZZ, MZ, MS, and SZ, major protease inhibitor (PI) deficiency phenotypes associated with a;-antitrypsin deficiency.
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Table 17-2. Concurrent Immune-mediated Diseases Associated with Autoimmune Hepatitis

Autoimmune sclerosing cholangitis
Autoimmune thyroiditis™

Celiac disease

Coombs-positive hemolytic anemia
Cryoglobulinemia

Dermatitis herpetiformis

Erythema nodosum

Fibrosing alveolitis

Focal myositis

Gingivitis

Glomerulonephritis

Graves disease™

Idiopathic thrombocytopenic purpura
Insulin-dependent diabetes
Intestinal villous atrophy

Iritis

Lichen planus
Mpyasthenia gravis
Neutropenia
Pericarditis

Peripheral neuropathy
Pernicious anemia
Pleuritis

Pyoderma gangrenosum
Rheumatoid arthritis™*
Sjogren syndrome
Synovitis*

Systemic lupus erythematosus
Ulcerative colitis™*
Urticaria

Vitiligo

*Most common association.

Figure 17-1. Interface hepatitis. The limiting plate of the portal tract is disrupted by inflammatory infiltrate (hematoxylin and eosin,
original magnification x 100).

Figure 17-2. Plasma cell infiltration. Plasma cells, identified by the cytoplasmic haloes about their nucleus, infiltrate the periportal
region (hematoxylin and eosin, original magnification x 400).
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Figure 17-3. Centrilobular (zone 3) necrosis. Inflammatory and degenerative changes concentrate around the central vein (CV) and
involve the centrilobular or Rappaport zone 3 region of the liver tissue (hematoxylin and eosin, original magnification, x200).

10.

11.

diseases. These patients also frequently have an acute onset that can be mistakenly attributed to liver toxicity
associated with polypharmacy. Nonwhite patients may be unsuspected because of prominent cholestatic features,
male occurrence, different age predilections, and failure to meet the diagnostic criteria developed for white
North American and European patients.

. What are the different types of AIH?

Two types predominate in the clinical jargon based on distinctive serologic markers (Table 17-3). These types
do not define subgroups of different etiologic factor or prognosis, and they have not been endorsed by the
international societies. They are clinical descriptors that denote a clinical phenotype and maintain
homogeneity of study populations. Type 1 AIH is characterized by SMA or ANA, and it is the most common
form worldwide. Antibodies to actin (antiactin) also support the diagnosis. Type 2 AIH is characterized by anti-
LKM1, and it denotes mainly young (ages, 2 to 14 years), white, European patients. Antibodies to liver cytosol
type 1 (anti-LC1) also support this diagnosis. Anti-LKM1 and anti-LCI typically do not coexist with SMA
and ANA.

. What are the clinical criteria for diagnosis?

The definite diagnosis requires predominant serum AST or ALT abnormalities, serum y-globulin or IgG levels
greater than 1.5-fold the upper limit of the normal (ULN) range, the presence of SMA, ANA, or anti-LKMI in
titers greater than 1:80 by indirect immunofluorescence (IIF) or strong positivity by enzyme immunoassay (EIA),
and histologic features of interface hepatitis with or without plasma cell infiltration (Table 17-4). Viral, heredity,
drug-induced, alcohol-related, and metabolic disorders must be excluded. The probable diagnosis is based on
similar, but less pronounced or certain, findings.

What are the diagnostic scoring systems for AIH?

The comprehensive diagnostic scoring system for AIH ensures the systematic assessment of all key clinical
features of AIH. It evaluates 12 clinical components and renders 27 possible scores. Response to
corticosteroid therapy is scored, and the treatment outcome influences the diagnosis (Table 17-5). A
simplified diagnostic scoring system has been developed for easy clinical application. It evaluates only four
clinical components and renders seven possible grades (Table 17-0). It is based on the presence and level of
autoantibody expression, serum IgG concentration, histologic features, and viral markers. It does not grade
treatment outcome.

What are the performance parameters of the diagnostic scoring systems?

The comprehensive scoring system has greater sensitivity for the diagnosis of AIH than the simplified scoring
system (100% versus 95%), but the simplified scoring system has superior specificity (90% versus 73%) and
predictability (92% versus 82%). Clinical judgment has been the “gold standard” against which performance has
been measured, and it always supersedes the results of the scoring systems. The comprehensive scoring system is
useful in evaluating patients with absent or atypical features in which every component must be assessed. The
simplified scoring system is useful in excluding AIH in patients who have concurrent immune features. The
scoring systems have not been validated prospectively, and they should be used mainly to support clinical
judgment.
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Table 17-3. Types of Autoimmune Hepatitis

FEATURES

Autoantibodies

Organ-specific
antibodies

Target autoantigen

HLA associations

Susceptibility alleles

Predominant age
Acute onset

Acute severe
(fulminant) onset

Concurrent immune
disease

Progression to
cirrhosis

Corticosteroid
responsive

TYPE 1

Smooth muscle

Nucleus

Actin

a-Actinin (investigational)
Soluble liver antigen

Atypical pANCA
Thyroid

Unknown

B8, DRB1*03, DRB1*04

DRB1*0301, DRB1*0401 (North American
and northern Europe)

DRB1%*04 alleles (Japan, China, Mexico)
DRB1*1301 (South America)

Adult
25%-75%

6% (North American patients)

38%

36%

Yes

TYPE 2

Liver/kidney microsome type 1
Liver cytosol type 1
Liver/kidney microsome type 3

Thyroid
Parietal cells
Islets of Langerhans

CYP2D6 (P450 1ID6)

DQB1*02, DRB1*07,
DRB1*03, B14

DQB1*#0201 (principal)
DRB1*0701

DRB1*03

C4A-Q0

Childhood (2-14 years)
Possible
Possible

34%
Autoimmune sclerosing
cholangitis (children)

82%

Yes

CYP, cytochrome mixed-function oxygenase; HLA, human leukocyte antigen; LKM1, liver/kidney microsome type 1; pANCA,
perinuclear antineutrophil cytoplasmic antibodies.

12.

13.

14.

What is the standard serologic battery for diagnosis?

ANA, SMA, and anti-LKM1 are the standard diagnostic markers of AIH (Table 17-7). They do not connote
prognosis, and they cannot be used to monitor treatment response. ANA, SMA, and anti-LKM1 have
sensitivities of 32%, 16%, and 1%, respectively, for AIH in North American adults, and their diagnostic
accuracy ranges from 56% to 61%. The combination of ANA and SMA at presentation has superior sensitivity
(43%), specificity (99%), positive predictability (97%), negative predictability (69%), and diagnostic accuracy
(74%) to each marker alone. Serum titers of 1:320 or more have high diagnostic specificity (91%-99%) but low
sensitivity (29%-43%). Weak positivity (titer, 1:40) cannot be ignored, and some patients with AIH may lack
the conventional markers.

What serologic assays are best for detecting the standard autoantibodies?

Assays based on IIF are regarded as the “gold standards” of serologic diagnosis in liver disease, but EIAs based on
recombinant antigens are less time- and labor-intensive and less prone to intraobserver interpretative error than
assays based on IIF. The antigens recognized by the semiautomated EIA kits may not be the same antigens
detected by IIF; the strength of the reactivity and the clinical implication of the result may not correlate with
those obtained by IIF; and there are no mechanisms to convert results between assays. EIAs are replacing IIFs in
most North American medical centers.

What other autoantibodies may have diagnostic and prognostic implications?

Multiple autoantibodies have been described in AIH, but none has been incorporated into a codified diagnostic
algorithm. These serologic markers are ancillary diagnostic tools (see Table 17-7). Antibodies to soluble liver
antigen (anti-SLA) have high specificity (99%) for AIH but low sensitivity (16%). They identify individuals with
severe disease who are treatment dependent, and they have a strong association with DRB1*0301 (concurrence,
83%) and antibodies to Ro/SSA (concurrence, 96%). Antibodies to actin (anti-actin) are a subset of SMA that



Table 17-4. Codified Diagnostic Criteria for Autoimmune Hepatitis

DIAGNOSTIC
TESTS DEFINITE DIAGNOSIS PROBABLE DIAGNOSIS
Autoantibodies Serum ANA, SMA, or anti-LKM1 > 1:80 Titers >1:40
titer (confident EIA level uncertain) Titers negative but anti-SLA, anti-
Absent AMA LCI1, or atypical pANCA positive

Biochemical tests Increased serum AST and ALT levels ULN Same as for definite
Serum AP level < twofold ULN
Normal serum ceruloplasmin level
Normal a;-antitrypsin phenotype

Immunoglobulin Serum y-globulin or IgG levels >1.5 ULN Any abnormal value
levels

Liver tissue Interface hepatitis Same as for definite
examination No biliary lesions or granulomata

No changes indicating alternative diagnosis

Toxic exposures No hepatotoxic drugs Previous but not recent drugs or alcohol
Alcohol consumption <25 g daily Alcohol consumption <50 g daily
Viral markers No serologic markers for hepatitis A, B, and C Same as definite

ALT, Alanine aminotransferase; AMA, antimitochondrial antibodies; ANA, antinuclear antibodies; AP, alkaline phosphatase;
AST, aspartate aminotransferase; EIA, enzyme immunoassay; IgG, immunoglobulin G; LC1, liver cytosol type 1; LKMI, liver
kidney microsome type 1; pANCA, perinuclear antineutrophil cytoplasmic antibodies; SLA, soluble liver antigen; SMA, smooth
muscle antibodies; ULN, upper limit of the normal range.

*Adapted from the report of the International Autoimmune Hepatitis Group, ] Hepatol 31:929-938, 1999.

Table 17-5. Revised Original Scoring System for the Diagnosis of Autoimmune Hepatitis

CLINICAL FEATURES SCORE CLINICAL FEATURES SCORE
Female +2 Average alcohol intake
<25 g/day +2
>60 g/day -2
AP: AST (or ALT) ratio Histologic findings
<1.5 +2 Interface hepatitis +3
1.5-3.0 0 Lymphoplasmacytic infiltrate +1
>3.0 -2 Rosette formation +1
Biliary changes -3
Other atypical changes -3
None of above -5
Serum y-globulin or [gG level ULN Concurrent immune disease +2
>2.0 +3 Other AlH-related autoantibodies +2
1.5-2.0 +2 HLA DRB1*03 or DRB1*04 +1
1.0-1.5 +1
<1.0 0
ANA, SMA, or anti-LKM1 Response to corticosteroids
>1:80 +3 Complete +2
1:80 +2 Relapse after drug withdrawal +3
1:40 +1
<1:40 0
AMA positive —4 Aggregate score posttreatment
Definite AIH >15
Probable AIH 10-15
Hepatitis markers Aggregate score pretreatment
Positive -3 Definite AIH >17
Negative +3 Probable AIH 12-17
Hepatotoxic drug exposure
Positive —4
Negative +1

AIH, Autoimmune hepatitis; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; ANA, antinuclear antibodies;
AP, alkaline phosphatase; AST, aspartate aminotransferase; HLA, human leukocyte antigen; IgG, immunoglobulin G; LKM1,
liver/kidney microsome type 1; SMA, smooth muscle antibodies; ULN, upper limit of the normal range.

*Adapted from the revised original scoring system of the International Autoimmune Hepatitis Group, ] Hepatol 31:929-938, 1999.
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Table 17-6. Simplified Scoring System of the International Autoimmune Hepatitis Group

FEATURES RESULT POINTS

Autoantibodies

Antinuclear antibodies or smooth muscle antibodies >1:40 +1

Antibodies to liver/kidney microsome type 1 >1:80 +2

Antibodies to soluble liver antigen >1:40 +2
Positive +2

Immunoglobulin Level

Immunoglobulin G >Upper limit of normal +1
>1.1 times upper limit of normal +2

Histologic Findings

Morphologic features Compatible with AIH +1
Typical of AIH +2

Viral Infection

Absence of viral hepatitis No viral markers +2

Diagnostic scores Definite AIH >17
Probable AIH 6

AIH, autoimmune hepatitis.

*Adapted from the simplified scoring system of the International Autoimmune Hepatitis Group, Hepatology 48:169—176, 2008.

Table 17-7. Autoantibodies Associated with Autoimmune Hepatitis

AUTOANTIBODY SPECIES

Standard Serologic Battery
Antinuclear antibodies

Smooth muscle antibodies

Antibodies to liver/kidney microsome

type 1

Ancillary Serologic Battery
Antibodies to soluble liver antigen

Antibodies to actin

Antibodies to liver cytosol type 1

FEATURES

Type 1 AIH
Reactive to multiple nuclear antigens
Lacks disease or organ specificity

Type 1 AIH

Reactive to actin (mainly) and nonactin components
Frequently associated with ANA

Lacks disease or organ specificity

Type 2 AIH

Target antigen, CYP2D6

Typically unassociated with ANA and SMA
May occur in chronic hepatitis C

Antigenic target is Sep [O-phosphoserine] tRNA:Sec [selenocysteine]
tRNA synthase

High specificity (99%) but low sensitivity (16%) for AIH
Associated with DRBI1*0301

Can indicate severe disease and relapse after treatment

Frequently coexists with anti-Ro/SSA

Diagnostic specificity better than SMA

Associated with SMA

Commonly young patients

Immune reactive region, a-actinin

Aggressive disease (if antibodies to a-actinin present)
Nonstandardized assay

Type 2 AIH

Young patients

Possibly worse prognosis

May be sole serologic marker of AIH

Directed against formiminotransferase cyclodeaminase

Continued on following page
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Table 17-7. Autoantibodies Associated with Autoimmune Hepatitis (Continued)

AUTOANTIBODY SPECIES FEATURES

Atypical perinuclear antineutrophil Common in type 1 AIH

cytoplasm Absent in type 2 AIH
Common in CUC and PSC

Atypical because reactive against nuclear membrane
May be useful in otherwise seronegative patients

Investigational Serologic Markers

Antibodies to asialoglycoprotein Generic marker of AIH

receptor Correlates with histologic activity
Disappears with resolution of AIH during treatment
Associated with relapse after drug withdrawal
Promising EIA based on recombinant subunit (H1) of ASGPR

AIH, Autoimmune hepatitis; ANA, antinuclear antibody; anti-Ro/SSA, antibodies to ribonucleoprotein/Sjégren’s syndrome A
antigen; ASGPR, asialoglycoprotein receptor; CUC, chronic ulcerative colitis; EIA, enzyme immunoassay; PSC, primary
sclerosing cholangitis; SMA, smooth muscle antibody.

react against filamentous (F) actin, and they have greater specificity for AIH than SMA. An assay that detects
“double reactivities” against a-actinin and F-actin promises to identify individuals with severe clinical and
histologic disease. Antibodies to liver cytosol type 1 (anti-LC1) occur mainly in young patients, and they are
detected in 32% of patients with anti-LKM1. They have been associated with severe disease, and they may be the
sole marker in 14% of European patients with AIH. They are rare in North American adults.

15. What autoantibodies should be sought if the usual markers are absent?
Atypical perinuclear antineutrophil cytoplasmic antibodies (PANCAs) are present in 49% to 92% of patients with
AIH who lack anti-LKM1 (see Table 17-7). They are also common in patients with chronic ulcerative colitis or
PSC. Atypical pANCA can indicate the possibility of AIH in patients who lack other autoantibodies. IgA
antibodies to tissue transglutaminase (tTG) or endomysium are valuable in excluding celiac disease. Celiac disease
can coexist with AIH or be associated with a liver disease that resembles AIH. All presentations of AIH can be
mimicked by celiac disease, and this diagnosis must be excluded in all seronegative patients that otherwise

resemble AIH.

16. What investigational autoantibodies have promise as diagnostic and prognostic markers?
Antibodies to asialoglycoprotein receptor (anti-ASGPR) are present in 82% of patients with SMA or ANA, 67% of
patients with anti-LKM1, and 67% of patients with anti-SLA (see Table 17-7). They are associated with
histologic activity and the propensity to relapse after corticosteroid withdrawal. The ASGPR receptor is
composed of two subunits (H1 and H2), and an EIA based on recombinant H1 may prove useful in monitoring
the treatment response.

17. What is the significance of antimitochondrial antibodies (AMAs) in AIH?
AMAs can be present in 7% to 34% of patients with AIH, and antibodies to the E2 subunit of the pyruvate
dehydrogenase complex can be demonstrated in 8%. Histologic findings may be similar to those of patients
without AMA, and the AMA can persist or disappear in the absence of cholestatic clinical or laboratory features.
The occurrence of AMA does not compel a change of diagnosis or treatment in these patients as observation
intervals up to 27 years have not demonstrated a transition to PBC. The possibility of PBC or transition to PBC
must always be considered, and patients with PBC can have features that resemble AIH (“overlap syndrome”).

18. Is there an autoantibody-negative AIH?

Yes. Thirteen percent of adults with chronic cryptogenic hepatitis satisfy the diagnostic criteria for AIH but lack
the conventional autoantibodies. These patients are similar by age, gender, human leukocyte antigen (HLA)
phenotype, laboratory findings, and histologic features to patients with classical AIH. They may also respond as
well to corticosteroid therapy, entering remission as commonly (83% versus 78%) and failing treatment as
infrequently (9% versus 11%). Some may express SMA or ANA later or have other autoantibodies (anti-SLA,
anti-LC1, or pANCA). Nonalcoholic fatty liver disease and celiac disease must be excluded. The comprehensive
diagnostic scoring system (see Table 17-5) can be useful in securing the diagnosis.

19. What is the appropriate testing sequence for autoantibodies?
All patients with acute and chronic hepatitis of undetermined cause should be assessed for ANA, SMA, and
anti-LKM1. Adults with chronic hepatitis of undetermined cause should also be assessed for AMA (Figure 17-4).
Patients who lack these markers should undergo a second battery of tests that include determinations of atypical
pANCA, anti-SLA, and IgA antibodies to tTG or endomysium. Patients strongly suspected of having bile duct
disease who are AMA negative by IIF should be assessed for antibodies to the E2 subunits of the pyruvate
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Figure 17-4. Serologic testing
sequence for diagnosing autoimmune
liver disease in patients with acute or
chronic hepatitis of undetermined
cause. The conventional serologic
battery includes antinuclear
antibodies (ANA), smooth muscle

Liver disease of undetermined cause

Chronic hepatitis

Conventional

antibodies (SMA), antibodies to assays

liver/kidney microsome type 1

(LKM1), and antimitochondrial ANA, SMA! ANA'_SMA LK_N_']'

antibodies (AMA). Supplemental LKM1 negative positive positive

serologic tests to confirm or

further direct the diagnosis include

atypical perinuclear antineutrophil Supplemental assays

cytoplasmic antibodies (pPANCA), Y ANCA
antibodies to soluble liver antigen pANCA ) Y P SLA
(SLA), antibodies to liver cytosol SLA Actin LC1 EMA
type 1 (LC1), and antibodies for EMA TG
celiac disease, including tTG

immunoglobulin A antibodies to @ @

endometrium (EMA) and tissue Y Y @
transglutaminase (:TG). ® Autoimmune liver disease

dehydrogenase complex by EIA. The conventional testing battery of ANA, SMA, and anti-LKM1 should be
repeated in seronegative patients because these autoantibodies may be expressed later. Once detected,
autoantibodies do not need to be reassessed.

20. When should AlH be considered?
AIH should be considered whenever acute, acute severe (fulminant), or chronic hepatitis is encountered or graft
dysfunction develops after liver transplantation. AIH recurs in at least 17% of patients after liver
transplantation, and it develops de novo in 3% to 5% of children and adults who are transplanted for
nonautoimmune liver disease. The frequency of recurrence increases with the time after transplantation,
affecting 8% to 12% of patients at 1 year and 36% to 68% after 5 years. The aggressiveness of untreated AIH and
the responsiveness of this disease to conventional corticosteroid treatment mandate that it be considered in all
patients with acute or chronic liver disease of undetermined nature.

21. What are the overlap syndromes of AIH?
The overlap syndromes of AIH are popular designations for patients with predominant features of AIH and
ancillary cholestatic features that may resemble PBC or PSC. Patients with AIH may have AMA and histologic
findings of bile duct injury or loss that suggest PBC (Figure 17-5). They may have an absence of AMA and a
cholangiogram that suggests PSC (Figure 17-6), or they may have a cholestatic syndrome characterized by the
absence of AMA, normal cholangiogram, and histologic features of bile duct injury or loss (Figure 17-7). This
latter category probably includes patients with AMA-negative PBC and small duct PSC. Their major value is to
characterize patients with predominant features of AIH who have variable responses to conventional
corticosteroid therapy.

Figure 17-5. Destructive cholangitis (florid duct lesion). Lymphocytic and histiocytic inflammatory cells destroy the bile duct. The
histologic pattern suggests the possibility of primary biliary cirrhosis (hematoxylin and eosin, original magnification x 400).
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Figure 17-6. Endoscopic retrograde cholangiogram disclosing features of primary sclerosing cholangitis. Focal biliary strictures and
dilations are demonstrated.

Figure 17-7. Ductopenia. Portal tract contains a venule, fibrosis, edema, and arteriole, but there is no evidence of a bile duct.
Cholangioles proliferate at the periphery of the portal tract. The histologic pattern suggests the possibility of primary sclerosing
cholangitis (hematoxylin and eosin, original magnification x 200).

22.

23.

24.

What is the frequency of the overlap syndromes of AIH?

The estimated frequency of the overlap syndromes of AIH is 14% to 20%, and composites of reported
experiences indicate that the frequencies of AIH with features of PBC, features of PSC, and features of an
indeterminate cholestatic nature are 2% to 13%, 2% to 11%, and 5% to 11%, respectively. These frequencies are
probably overestimated because the overlap syndromes lack codified diagnostic criteria; the diagnostic scoring
systems of AIH are commonly misapplied to patients with PBC or PSC to define the overlaps, and patients with
PBC or PSC with features of AIH are equated with patients with AIH and features of PBC or PSC.

What are the “Paris criteria” for the overlap syndrome with PBC?

The “Paris criteria” characterize patients with PBC and overlapping features of AIH, and they were endorsed
with modification by the European Association for the Study of the Liver. All patients must have interface
hepatitis, and they must also have a serum ALT level fivefold or more of the ULN, serum IgG level twofold or
more of the ULN, or SMAs. The PBC component must have two of three features, including serum alkaline
phosphatase level twofold or more of the ULN or y-glutamyl transferase level fivefold or more of the ULN,
AMA, and florid duct lesions on histologic examination. Only 1% of patients with PBC satisfy these criteria, and
individuals with less pronounced features are not accommodated by these criteria.

What are the caveats in diagnosing the overlap syndromes?

The major caveat is to recognize that patients with AIH and features of PBC or PSC have different phenotypes
and outcomes than patients with PBC or PSC and features of AIH. Each syndrome should be designated by
its predominant component. The diagnostic scoring systems for AIH should not be used to define AIH in
patients with PBC or PSC as they have not been validated for this purpose. The features of AIH are not



25.

26.

27.

28.

29.

AUTOIMMUNE HEPATITIS: DIAGNOSIS 131

disease-specific. The rarity of an overlap between PBC and PSC suggests that most overlap syndromes
constitute a classical disease with nonspecific inflammatory features that resemble AIH. The appendage of
AIH to a patient with PBC or PSC is probably presumptuous.

Is the diagnosis of AIH more difficult in children?

Yes. Children with AIH are commonly asymptomatic, their serologic markers may be weakly expressed, and AIH
may not be suspected. ANA, SMA, or anti-LKM1 in any titer or level is pathologic in children, and children are
more likely to express anti-LKM1 than adults (14%-38% versus 4%). Testing for only ANA and SMA in
children may misdirect the diagnosis. Children may also have concurrent autoimmune sclerosing cholangitis in the
absence of inflammatory bowel disease or cholestatic clinical features, and this consideration lowers the
threshold for cholangiography.

Can drugs cause an autoimmune-like hepatitis?

Yes. Minocycline and nitrofurantoin are the principal drugs that have been implicated in current practice,
accounting for 90% of all drug-induced autoimmune-like hepatitis (Table 17-8). Other drugs that have been well
documented to cause a liver injury indistinguishable from classical AIH are infrequently used (dihydralazine,
halothane, methyldopa) or withdrawn from the market (oxyphenistatin, tienilic acid). Numerous other drugs,
nutritional supplements, herbal medicines, and environmental pollutants (trichloroethylene) have been
proposed, and the possibility of drug-induced liver injury must be considered in all patients with AIH. The
frequency of drug-induced autoimmune-like hepatitis among patients with classical features of AIH is 9%.

How is drug-induced autoimmune-like hepatitis distinguished from classical disease?
Drug-induced autoimmune-like hepatitis is typically an acute idiosyncratic reaction (66%) with low frequency of
cirrhosis at presentation (0%). It fully resolves after discontinuation of the drug, and it does not recur unless
rechallenged. Suppositions that the drug potentiates or unleashes latent AIH cannot be discounted, but such
occurrences must be rare. In contrast, classical AIH is self-perpetuating and does not resolve after drug withdrawal.
It has a low frequency of acute onset (16%-25%), high occurrence of advanced fibrosis or cirrhosis at presentation
(16%-28%), and high frequency of recurrence or relapse after corticosteroid withdrawal (50%-87%). Portal
neutrophils and intracellular cholestasis are histologic features that suggest drug-induced disease.

What are the genetic predispositions for AIH?

Susceptibility to AIH in white northern European and North American populations relates mainly to the
presence of HLA DRB1*03 and DRB1*04. HLA DRB1*03 is the principal risk factor, and HLA DRB1*04 is a
secondary but independent risk factor. Eighty-five percent of white North American patients with type 1 ATH
have HLA DRB1*03, DRB1*04, or both. HLA DQB1*02 is probably the principal susceptibility factor for type 2
AIH, and it is in close association with HLA DRB1*07 and DRB1*03. HLA DRB1*13 is associated with AIH in
South America, especially in children. The HLA phenotype identifies individuals with a predisposition for AIH,
but it does not predict the disease or familial occurrence.

How do the susceptibility alleles produce AIH?

Each susceptibility allele for AIH encodes an amino acid sequence in the antigen binding groove of the HLA DR
molecule, and this sequence influences recognition of the displayed antigen by the T-cell antigen receptor
(TCR) of CD4" T helper cells. The sequence encoded by DRB1*0301 and DRB1*0401 in white northern
Europeans and North Americans consists of six amino acids at positions 67 through 72 of the DR polypeptide
chain. Different susceptibility alleles that encode the same or similar short amino acid sequence in this critical

Table 17-8. Implicated Causes of Drug-induced Autoimmune-like Hepatitis

DEFINITE DRUG PROBABLE DRUG NUTRITIONAL AND HERBAL
ASSOCIATION ASSOCIATION SUPPLEMENTS
Minocycline* Atorvastatin Black cohosh

Nitrofurantoin* Clometacine Dai-saiko-to

Dihydralazine Diclofenac Germander

Halothane Infliximab Hydroxycut

Methyldopa' Isoniazid Ma huang

Oxiphenisatin* Propylthiouracil

Tienilic acid*

*Most commonly implicated in current clinical practice.

Largely replaced by alternative medications.

fRemoved from marketplace.

Adapted from Czaja AJ: Drug-induced autoimmune-like hepatitis, Dig Dis Sci 56:958-976, 2011.
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30.

31.

32.

location carry the same risk for AIH. AIH associated with alleles that encode dissimilar amino acid sequences is
probably triggered by different antigens, which may be region- and ethnic-specific.

How do regional and ethnic factors affect the clinical phenotype of AIH?

Certain regions may have indigenous antigens that can trigger AIH, and individuals within that region may have
nonclassical clinical phenotypes. The strong association between ATH and children with DRB1*1301 in South
America may reflect protracted exposure of these children to viral antigens, such as the hepatitis A virus. Other
geographic regions may have other indigenous etiologic agents and genetic susceptibilities, and phenotypes may
vary between age groups in the same region and within the same ethnicity. Nonwhite patients tend to have
cholestatic features, male predominance, and cirrhosis at presentation more commonly than white patients, and
diagnostic criteria must be flexible to accommodate these ethnic differences.

Why do patients with the same HLA have different clinical phenotypes?

Multiple genetic polymorphisms that are not disease-specific may influence the clinical phenotype of AIH.
These polymorphisms may influence cytokine pathways that affect the occurrence and severity of AIH, and the
variable distribution of these polymorphisms in different individuals may account for the diversity of phenotypes.
Polymorphisms of the tumor necrosis factor-alpha gene (TNFA*2), cytotoxic T lymphocyte antigen-4 (CTLA-4),
and Fas gene (TNFRSF6) are examples of immune modifiers that may act singly, in various combinations, or in
synergy (epistasis) with the principal drivers of the disease to affect the clinical phenotype. The distribution of
these modifiers may vary within and between ethnic groups.

Should HLA typing be part of the standard diagnostic algorithm?

No. HLA DRB1*#03 and DRB1#04 are common in healthy white North American and northern European
populations, and these HLAs would be expected to occur coincidentally in 19% and 16%, respectively, of normal
individuals and patients with other liver diseases. Furthermore, their presence would not change immediate
management, and HLA typing is expensive. Similarly, the HLA associated with different types of AIH (HLA
DRB1*07, DQB1#02) and AIH in other ethnicities and age groups (HLA DRB1*13) have an uncertain clinical

value, and they should not be routinely assessed.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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AUTOIMMUNE HEPATITIS: TREATMENT

Albert J. Czaja, MD

1. What is the preferred treatment of autoimmune hepatitis (AIH)?
Prednisone or prednisolone (30 mg daily tapered over a 4-week induction period to 10 mg daily) in combination
with azathioprine (50 mg daily) is the preferred treatment (Table 18-1). Prednisone or prednisolone alone
(60 mg daily tapered over a 4-week induction period to 20 mg daily) is preferred in patients with an acute severe
(fulminant) presentation, severe cytopenia, little or no thiopurine methyltransferase (TPMT) activity,
known azathioprine intolerance, or pregnancy (Table 18-2). It is also preferred in patients undergoing a short
treatment trial (<6 months). Both regimens are equally effective, but the combination schedule has fewer

drug-related side effects (10% versus 44%).

Table 18-1. Recommended Treatment Regimens

SINGLE-DRUG THERAPY

INTERVAL DOSE ADJUSTMENTS  (mg daily)
Prednisone
(or Prednisolone)

Week 1 60

Week 2 40

Week 3 30

Week 4 30

Daily maintenance dose until 20

endpoint

COMBINATION
THERAPY
(mg daily)

Prednisone (or

Prednisolone) Azathioprine
30 50
20 50
15 50
15 50
10 50

Table 18-2. Indications for Therapy and Criteria for Treatment Selection

INDICATIONS FOR TREATMENT
Urgent

Acute severe (fulminant) presentation

AST or ALT >10-fold normal

AST or ALT >5-fold normal and y-globulin > 2-fold
ULN

Histologic findings of bridging or multilobular necrosis
Incapacitating symptoms

Disease progression

CRITERIA FOR TREATMENT SELECTION
Prednisone or Prednisolone Regimen

Acute severe (fulminant) presentation

Severe cytopenia

Little or no thiopurine methyltransferase activity
Pregnancy or contemplation of pregnancy
Known azathioprine intolerance

Short-term (<6 months) treatment trial

Nonurgent

Asymptomatic mild disease
Mild symptoms
Mild-moderate laboratory changes

Prednisone or Prednisolone and Azathioprine
Regimen

Preferred therapy (fewer side effects)
Postmenopausal women

Obesity

Osteopenia

Brittle diabetes

Labile hypertension

Long-term (>6 months) treatment

None

Inactive or minimally active cirrhosis

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; ULN, upper limit of the normal range.
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2. Can budesonide be used in place of prednisone as frontline therapy?

Yes, but the appropriate target population is uncertain, the durability of the response is unclear, and the
frequency of histologic resolution is unknown (Figure 18-1). Budesonide (6-9 mg daily) in combination with
azathioprine (1-2 mg/kg daily) normalized serum aminotransferase levels more commonly (47% versus 18%) and
with fewer side effects (28% versus 53%) than prednisone (40 mg daily tapered to 10 mg daily) and azathioprine
(1-2 mg/kg daily) when administered as frontline therapy for 6 months in a large randomized European trial.
The strongest rationale for its use may be in patients with osteoporosis, diabetes, hypertension, or obesity
that might be worsened by treatment with prednisone.

Figure 18-1. Frontline and salvage
therapies for autoimmune hepatitis.
Prednisone in combination with
azathioprine is the preferred classical
frontline treatment and a higher dose of

Autoimmune hepatitis

Classical frontline treatment | Alternative frontline treatment

I 3 prednisone alone is appropriate for
1 | | 2 patients with severe pretreatment
Budesonide cytopenia, absent thiopurine
Prednisone 20 mg/d 6-9 mg/d methyltransferase activity, or
tapered to 10 mg/d Prednisone 60 mg/d + azathioprine intolerance. Budesonide
a* tapered to 20 mg/d Azathioprine in combination with azathioprine can
Azathioprine 50 mg/d 1-2 mglkg/d be considered for selected patients
(mild disease, no cirrhosis, no

concurrent immune diseases, or

premorbid conditions for therapy with

Treatment failure prednisone). The order of preferences is

shown by numbers. The possible
salvage therapies for treatment failure

Classical salvage treatment
include high-dose corticosteroids,

Alternative salvage treatment

I 1 I 2 I 3 I 4 calcineurin inhibitors, and
) mycophenolate mofetil. The
Prednisone _ preferences are given in
30 mg/d Prednisone Tacrolimus numerical order.
+ 60 mg/d 1-6 mg/d Mycophenolate
Azathioprine or mofetil
x 1 month .
150 mg/d then taper Cyclosporine 1.5-2 g/d
x 1 month p 2-5 mg/kg/d
then taper
Liver transplantation

. What are the caveats of using budesonide in place of prednisone as frontline therapy?
There are many uncertainties besides the durability of the response and frequency of histologic resolution.
Budesonide has low systemic bioavailability because of its high (>90%) hepatic first-pass clearance, and concurrent
immune-mediated diseases, such as vasculitis and synovitis, may not be managed effectively. Patients with
cirthosis and decreased hepatic clearance can develop side effects similar to those associated with prednisone.
The effectiveness of budesonide in patients with severe, rapidly progressive, or life-threatening disease is uncertain.
The appropriate target population may be patients with mild noncirrhotic, uncomplicated AIH or individuals with
preexistent comorbid conditions that could be worsened by conventional corticosteroid therapy.

. What are the indications for treatment?
All patients with active AIH are candidates for treatment regardless of symptoms or disease severity (see
Table 18-2). Patients requiring immediate therapy have an acute severe (fulminant) presentation, incapacitating
symptoms, or severe inflammatory activity as assessed by serum aspartate aminotransferase (AST) or alanine
aminotransferase level, serum y-globulin concentration, and histologic findings (bridging or multilobular
necrosis). The mortality of these patients if untreated is as high as 40% within 6 months. Treatment is less urgent
but still important in patients with few or no symptoms and less severe inflammatory activity. Treatment is
not indicated in patients with inactive or minimally active cirrhosis.

. Can some patients improve without therapy?
Yes. Controlled trials and retrospective studies have indicated spontaneous improvement in 10% to 15% of
patients with ATH, and these remissions can be long-lasting. Furthermore, patients may have inactive AIH
with or without cirrhosis at presentation. These patients have had an indolent, unsuspected AIH that has
become inactive spontaneously (albeit often with cirrhosis as a consequence). Such patients do not require
treatment as they may have more risk than benefit from the medication (see Table 18-2). Unfortunately,
the patients who resolve spontaneously cannot be reliably identified at presentation.
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6. Do asymptomatic patients require treatment?
Yes. Asymptomatic patients have the same frequencies of moderate-severe lobular hepatitis (91% versus 95%),
periportal fibrosis (41% versus 39%), and bridging fibrosis (41% versus 48%) on histologic examination as
asymptomatic patients, and 26% to 70% become symptomatic. Furthermore, untreated asymptomatic patients
improve less commonly than treated symptomatic patients (12% versus 63%), and they have a lower 10-year
survival (67% versus 98%). The fluctuating and unpredictable nature of disease activity in AIH compels
the institution of treatment in all patients with active disease (see Table 18-2).

7. How does prednisone work?
Prednisone is a prodrug that is converted within the liver to prednisolone (Figure 18-2). Prednisolone binds
with the glucocorticoid receptor within the cytosol. The complex translocates to the nucleus, interacts with
glucocorticoid responsive genes, reduces cytokine production, and inhibits the proliferation of activated
lymphocytes. Prednisolone also inhibits nuclear factor-kappa B (NF-xB) and the cytokine pathways necessary for
the expansion of plasma cells and the production of immunoglobulin. Antiinflammatory actions include
impaired production of adhesion molecules that attract inflammatory cells, increased apoptosis of lymphocytes
and hepatic stellate cells, and decreased hepatic collagen production.

Figure 18-2. Metabolic pathways ; )

of prednisone and prednisolone Prednisone Prednisolone

and the putative actions of

prednisolone. Prednisone is a

prodrug, and prednisolone is the f \ N

active metabolite. Prednisolone Prednisolone Prednisone Prednisolone
that is not protein-bound bound vs free bound vs free
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treatment efficacy and toxicity. .

Prednisolone blocks (X) 88% ] e —1 99%
antiapoptotic factors and Dru CYP3A + -
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London, UK from Czaja AJ. Drug
choices in autormmune hepatitis: Part
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8. How does azathioprine work?

Azathioprine is a prodrug that is converted to 6-mercaptopurine (6-MP) in blood by a nonenzymatic,
glutathione-based pathway (Figure 18-3). The 6-MP is converted in the liver to either 6-thioguanine nucleotides
by hypoxanthine guanine phosphoribosyl transferase, 6-thiouric acid by xanthine oxidase, or 6-methyl
mercaptopurine by TPMT. The 6-thioguanine nucleotides block the synthesis of purine-based nucleotides and
limit the proliferation of activated lymphocytes. The 6-thioguanine nucleotides can also inhibit expression of
genes affecting inflammatory reactivity, and they can promote the apoptosis of activated T and B cells and reduce
the number of natural killer cells in blood and tissue.

9. What are important points to remember at the start of therapy?

Azathioprine is a corticosteroid-sparing agent with a slow onset of action (>3 months), and it is not an essential
drug. Azathioprine should not be given if there is known drug-intolerance, severe cytopenia (leukocyte count less
than 2.5 x 10/L or platelet count less than 50 x 10/L), severe TPMT deficiency, or pregnancy. Prednisone and
prednisolone are equally effective, but prednisolone does not require intrahepatic conversion. Its faster peak
plasma concentration (1.3 £ 0.7 hours versus 2.6 & 1.3 hours) and greater systemic bioavailability (99 + 8%
versus 84 + 13%) justify its preference to prednisone in treating acute severe (fulminant) AIH. Corticosteroids
have a short half-life (3.3 & 1.3 hours), and they must be administered daily.

10. What are the side effects of therapy with prednisone?
Prednisone induces cosmetic changes, including facial rounding, dorsal hump formation, striae, weight gain,
acne, alopecia, and facial hirsutism, in 80% after 2 years (Table 18-3). Severe side effects, including osteopenia,
vertebral compression, diabetes, cataracts, emotional instability, pancreatitis, opportunistic infection, and



Azathioprine

Myelosuppression <&

T+B lymphocyte <&
apoptosis

Inflammation <—E

6-MP
Glutathione
HGPT
6-MP TPMT
XO
6-thioguanine
nucleotides 6-thiouric 6-methyl
5 acid mercaptopurine
Antiapoptotic
Purine gene ‘
3 nucleotides
) .
Proinflammation «©- DNA Nucleus P

genes

Hepatocyte

T+B lymphocyte
proliferation

Antiapoptotic
factors

NK cells

Figure 18-3. Metabolic pathways of azathioprine and its putative actions. Azathioprine is a prodrug that is converted to 6-
mercaptopurine (6-MP), which in turn is converted to the 6-thioguanine nucleotides via a pathway mediated by hypoxanthine
guanine phosphoribosyl transferase (HGPT). Detoxification pathways are mediated by xanthine oxidase (XO) and thiopurine
methyltransferase (TPMT). The 6-thioguanine nucleotides can cause myelosuppression (+), apoptosis of T and B lymphocytes (+)
as well as inhibit (=) the creation of new DNA necessary for the proliferation of immune cells, including natural killer (NK)
cells, antiapoptotic factors, and inflammatory activity. (Reproduced with permission of Future Drugs, LTD, London, UK, from Czaja
AJ: Drug choices in autoimmune hepatitis: part B—nonsteroids, Expert Rev Gastroenterol Hepatol 6(5):617-635, 2012.)

Table 18-3. Side Effects Associated with Prednisone and Azathioprine Therapy

Type

Cosmetic (usually mild)
Facial rounding

Acne

Weight gain

Dorsal hump

Striae

Hirsutism

Alopecia

Somatic (severe)
Osteopenia

Vertebral compression
Cataracts

Diabetes

Emotional instability
Hypertension

Inflammatory/neoplastic
Pancreatitis
Opportunistic infection
Malignancy

PREDNISONE-RELATED SIDE EFFECTS

Frequency
80% (after 2 years)

13% (treatment
ending)

Rare

AZATHIOPRINE-RELATED SIDE EFFECTS

Type

Hematologic (mild)
Cytopenia

Hematologic (severe)
Leukopenia
Thrombocytopenia

Bone marrow failure (rare)

Somatic (variable severity)
Cholestatic hepatitis
Pancreatitis
Opportunistic infection
Nausea

Emesis

Rash

Fever

Arthralgias

Villous atrophy and
malabsorption

Neoplastic
Diverse cell types

Frequency

46% (especially with
cirthosis)

6% (treatment ending)

5%

3% (after 10 years)
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hypertension, necessitate drug withdrawal in 13%, and they typically develop while receiving prednisone
alone for more than 18 months. Serum bilirubin levels of more than 1.3 mg/dL or serum albumin levels less
than 2.5 g/dL for more than 5 months increases the frequency of side effects because of decreased steroid binding
sites and increased unbound free prednisolone. Patients with cirrhosis develop side effects more commonly

(25% versus 8%).

What are the side effects of therapy with azathioprine?

Azathioprine can induce cholestatic liver injury, nausea, emesis, rash, pancreatitis, opportunistic infection,
arthralgias, and cytopenia, including severe myelosuppression (see Table 18-3). Five percent develop eatly
adverse reactions (nausea, vomiting, arthralgias, fever, skin rash, or pancreatitis) that warrant drug withdrawal.
The frequency of side effects in patients treated with 50 mg daily is 10%, and side effects typically improve after
dose reduction or drug withdrawal. Cytopenia occurs in 46%, and the occurrence of severe hematologic
abnormalities is 6%. The probability of extrahepatic neoplasm is 3% after 10 years, and the risk of malignancy is
1.4-fold greater than normal.

What are the factors contributing to prednisone (or prednisolone) toxicity?

The dose and duration of treatment are most important. Age and preexistent comorbidities, especially
obesity, osteoporosis, and cirrhosis, also contribute. Doses of prednisone of less than 10 mg daily (median
dose, 7.5 mg daily) can be well tolerated long-term (median follow-up, 13.5 years; range, 7-43 years),
whereas higher doses for longer than 18 months cannot. Postmenopausal women have a higher cumulative
frequency of drug-related complications (77% versus 48%) and greater occurrence of multiple complications
(44% versus 13%) than premenopausal women, probably because of age-related comorbidities. Cirrhosis
can be associated with protracted hyperbilirubinemia and hypoalbuminemia and thereby increase the risk of
side effects.

What are the factors contributing to azathioprine toxicity?

Azathioprine toxicity relates to the integrity of its detoxification pathways, which in turn influence the
erythrocyte concentration of the 6-thioguanine nucleotides. Competing enzymatic pathways convert 6-MP to
the inactive metabolites of 6-thiouric acid via the xanthine oxidase pathway or 6-methyl mercaptopurine by the
TPMT pathway (see Figure 18-3). Drugs that inhibit xanthine oxidase activity, such as allopurinol, or
deficiencies in TPMT activity can increase the production of 6-thioguanine metabolites and favor toxicity (and
drug efficacy). At least 10 variant alleles are associated with low TPMT activity, and inheritance of these
deficiency alleles can result in low or absent TPMT activity.

Can drug toxicity be predicted?

No. Old age and the presence of comorbid conditions are not predictive of corticosteroid intolerance,
but they are precautionary indices that compel an individualized treatment strategy. Similarly, the
occurrence of azathioprine-induced side effects cannot be reliably predicted by measuring TPMT activity
or determining the TPMT genotype. Patients with azathioprine intolerance do have lower TPMT activity
than patients with azathioprine tolerance, but most patients with azathioprine intolerance have normal
TPMT activity. Similarly, alleles associated with low TPMT activity are present in only 50% of patients
with azathioprine intolerance. Pretreatment cytopenia is the most common precautionary index affecting
azathioprine tolerance.

Should TPMT activity be measured before azathioprine therapy?

Yes. There is insufficient evidence to promulgate a formal recommendation, but routine pretreatment TPMT
testing is appropriate until studies demonstrate otherwise (Table 18-4). The assay for TPMT activity is
readily available, and patients with near-zero TPMT activity are at risk for life-threatening myelosuppression.
TPMT activity is absent in only 0.3% of the normal population, and not all completely deficient individuals
develop bone marrow failure. Nevertheless, pretreatment TPMT testing provides the greatest level of
reassurance about the unlikelihood of a serious hematologic consequence. Moderate reductions in TPMT
activity are present in 6% to 16% of normal individuals, and they have not been associated with serious
azathioprine-induced toxicity.

What adjuvant measures should be undertaken before and after therapy?

All susceptible patients should be vaccinated against the hepatitis A and B viruses prior to treatment (see
Table 18-4). A bone maintenance regimen, consisting of calcium (1-1.5 g daily), vitamin D, and a regular
weight-bearing exercise program should be recommended in all corticosteroid-treated patients. Bone density
should be determined pretreatment in all postmenopausal women and men 60 years or older, and it should be
reassessed after 1 year of corticosteroid treatment. Bisphosphonate therapy should be instituted in all osteopenic
patients, and bone status monitored every 2 to 3 years in all patients during treatment. Leukocyte and platelet
counts should be determined at 6-month intervals in all patients receiving azathioprine.
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Table 18-4. Management Strategies to Reduce Treatment-Related Side Effects

CLINICAL SITUATION MANAGEMENT STRATEGY

No protective antibodies against hepatitis A Vaccinate against hepatitis A and B viruses before treatment.
virus or hepatitis B virus infection

Never taken azathioprine previously Assess thiopurine methyltransferase activity and avoid
azathioprine if near zero enzyme activity.

Preexistent cytopenia Assess thiopurine methyltransferase activity and avoid
azathioprine if near zero enzyme activity.
Avoid azathioprine treatment if leukocyte counts below
2.5 x 10°/L or platelet counts below 50 x 10°/L regardless of
thiopurine methyltransferase activity.
Monitor leukocyte and platelet counts at 6-month intervals
while on treatment.
Discontinue azathioprine if leukocyte counts decrease below
2.5 x 10°/L or platelet counts below 50 x 10°/L.

Pregnancy Provide early counseling about potential hazards to mother and
fetus.
Use prednisone instead of azathioprine.
Anticipate flare in disease activity after delivery and treat
accordingly.

Osteopenia or its possibility Institute bone maintenance regimen in all patients on long-
term corticosteroid treatment (>12 months).
Encourage calcium supplements, 1 to 1.5 g daily, vitamin D, and
an active exercise program daily.
Assess bone density pretreatment in postmenopausal women
and older men (> 60 years) and repeat after 12 months on
corticosteroid treatment.
Initiate therapy with bisphosphonates if pretreatment
osteopenia.
Perform bone density assessment every 2-3 years on
corticosteroid treatment in all patients.

17. Can azathioprine be used during pregnancy?
Probably, but the clinical need and theoretical risks do not justify its use in AIH (see Table 18-4).
Aczathioprine has been administered without complication in pregnant women with AIH, inflammatory bowel
disease, and liver transplantation. These limited retrospective successes must be counterbalanced against the
drug’s Category D rating. Congenital malformations have occurred in the offspring of treated mice, and
6-thioguanine nucleotides have been detected in human infants delivered from treated mothers. The odds
ratio of congenital malformations in the neonates of treated women with Crohn’s disease is 3.4. Azathioprine
can be discontinued during pregnancy without consequence in AIH and control maintained by dose-adjusted
prednisone.

18. What are the endpoints of treatment?
Standard corticosteroid treatment should be continued until resolution of all laboratory indices of active
inflammation and histologic improvement to normal liver tissue or inactive cirrhosis (remission), drug
toxicity, treatment failure, or incomplete response. Treatment failure connotes progressive worsening of
laboratory tests, persistent or recurrent symptoms, ascites formation, or features of hepatic encephalopathy
despite compliance with therapy. An incomplete response connotes clinical and laboratory improvement
that is insufficient to satisfy remission criteria. An alternative treatment is warranted in these patients
after 3 years of continuous therapy because the risk of serious drug toxicity exceeds the likelihood of
remission.

19. When should a liver biopsy be performed during therapy?
Liver tissue should be examined immediately prior to treatment withdrawal after clinical and laboratory
resolution and at any time during treatment if the disease worsens. Typically, histologic improvement lags
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behind clinical and laboratory resolution by 3 to 8 months. Histologic activity is present in 36% to 45% of liver
specimens from patients with normal liver tests during treatment, and tissue examination is the only method to
document disease resolution before drug withdrawal. Liver tissue evaluation is essential to evaluate treatment
failure, especially to exclude corticosteroid-related fatty liver disease or a previously unrecognized or emerging
cholestatic syndrome (biliary cirrhosis or primary sclerosing cholangitis).

What are the results of therapy?

Normal liver tests are achieved in 66% to 91% of treated patients within 2 years, and the average duration of
treatment until normalization of tests is 19 months. Clinical, laboratory, and histologic remission is achieved
within 2 years in 65%, and improvements are usually sufficient to attempt drug withdrawal after 22 to 27 months
(Figure 18-4). Thirteen percent develop drug-related side effects that prematurely limit treatment (drug
toxicity), and intolerable obesity or cosmetic change and osteoporosis with vertebral compression are the most
common reasons for premature drug withdrawal. Treatment failure occurs in 9%, and improvement but not
resolution (incomplete response) occurs in 13%.

Figure 18-4. Responses to conventional Remission
corticosteroid therapy. 65%

21.
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Is survival improved?

Yes. Three controlled clinical trials have established this benefit. The 10-year survivals of treated patients with
and without cirrhosis are 89% and 90%, respectively, in tertiary referral centers. The overall 10-year survival rate
in these centers is 93%, and it is comparable to that of age- and sex-matched normal individuals from the same
geographical region (94%). In nontransplant centers, the survivals from liver-related death or liver
transplantation are 91% and 70% after 10 and 20 years, respectively, and the standardized mortality ratio (SMR)
for all-cause death is 1.63.

Does corticosteroid treatment prevent or reverse fibrosis?

Yes. Corticosteroid therapy reduces hepatic fibrosis in 53% of patients or prevents its progression in 26%
during a mean observation interval of 5 years. By suppressing inflammatory activity, corticosteroids
eliminate metalloproteinase inhibitors, stimulate degradation of the fibrotic liver matrix, and enhance
apoptosis of hepatic stellate cells. Corticosteroids have been reported to reverse cirrhosis in AIH, but this
outcome is infrequent and uncertain. Cirrhosis still develops in 36%, usually during the early, most active,
stages of AIH. The mean annual incidence of cirrhosis is 11% during the first 3 years of illness and 1%
thereafter.

Are there any predictors of outcome prior to treatment?

Yes, but they have limited accuracy (Table 18-5). A score of at least 12 points at presentation that is derived from
the Model of End-stage Liver Disease (MELD) has a sensitivity of 97% and specificity of 68% for treatment
failure, death from liver failure, or need for liver transplantation. Patients with human leukocyte antigen (HLA)
DRB1*03 have a higher frequency of treatment failure than patients with other HLAs, and individuals with
antibodies to soluble liver antigen frequently have severe disease, relapse after drug withdrawal, and have
treatment dependence. These findings do not alter the initial management strategy. Histologic cirrhosis at
presentation is not predictive of the treatment response.



140 AUTOIMMUNE HEPATITIS: TREATMENT

Table 18-5. Clinical Indices Associated with Treatment Outcomes

CLINICAL INDEX FINDING IMPLICATION
Model of End-stage Score >12 points at presentation Sensitivity of 97% and specificity of 68%
Liver Disease for treatment failure
(MELD)*
United Kingdom End- Failure to improve pretreatment score Sensitivity of 85% and specificity of 68%
stage Liver Disease by > 2 points within 7 days of therapy in for a poor outcome
(UKELD)" icteric patients
Laboratory changes Unimproved hyperbilirubinemia after Sensitivity of 60%, specificity of 96%,
2 weeks of therapy in patients with and positive predictability of 43% for
multilobular necrosis death within 4 months
Rapidity of clinical, Failure to achieve resolution within Progression to cirrhosis, 54%
laboratory, and 12 months of treatment Need for liver transplantation, 15%
histologic resolution
HLA phenotype HLA DRBI1#03 or DRB1%04 HLA DRB1*03: young age and frequent
(white patients) treatment failure
HLA DRB1#04: concurrent immune
diseases, female gender, and treatment
responsiveness
Antibodies to soluble Pretreatment seropositivity Relapse after drug withdrawal, 100%
liver antigen Associated with HLA DRB1%03, 83%

HLA, Human leukocyte antigen.
*MELD = (3.78 x Ln serum bilirubin [mg/dL]) + (11.2 x Ln INR) + (9.57 x Ln serum creatinine [mg/dL]) +6.43
TUKELD=(5.395 x Ln INR) + (1.485 x Ln creatinine) + (3.13 x Ln bilirubin) = (81.565 x Ln sodium) +435

24.

25.
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Does the rapidity of the response to treatment have prognostic value?

Yes. Dynamic indices measured during therapy have greater prognostic value than indices measured at
presentation (see Table 18-5). Failure to improve a pretreatment hyperbilirubinemia or the worsening of any
liver test within 2 weeks of therapy in patients with multilobular necrosis predicts death within 4 months. Failure
to improve the United Kingdom End-stage Liver Disease score by at least 2 points within 7 days of therapy in
icteric patients has a sensitivity of 85% and specificity of 68% for a poor outcome. Failure to induce resolution of
ATIH within 2 years of treatment is associated with increased frequencies of progression to cirrhosis (54%) and
need for liver transplantation (15%).

What are the factors that influence the rapidity of treatment response?

Disease severity and patient age are important factors. Patients with mild disease respond more quickly to
corticosteroid therapy than patients with severe disease, and older adult patients (aged >60 years) respond more
rapidly than young adults (aged <40 years). Resolution within 6 months (18% versus 2%) and within 24 months
(94% versus 64%) occur more commonly in the older than in young adults. Older adult patients also have HLA
DRB1*04 more commonly (47% versus 13%) and HLA DRB1*03 less frequently (23% versus 58%) than young
adults.

What is the most common treatment problem?

Relapse after drug withdrawal is the most common treatment problem. Fifty percent of patients relapse within
6 months after termination of treatment, and 79% to 86% relapse within 3 years. The frequency of relapse
increases after each subsequent retreatment and drug withdrawal, and it decreases with the duration of a
sustained remission. The frequency of relapse after a sustained remission of 6 months or more is 8%, but the risk
never disappears. Relapse has occurred 4 to 22 years after drug withdrawal, and the unpredictable propensity for
relapse warrants lifelong surveillance for this possibility. Liver tissue examination is not necessary to diagnose
relapse if it occurs within 6 months of drug withdrawal, and the serum AST level has increased from normal to at
least threefold the upper limit of the normal range (ULN).

What are the consequences of relapse and retreatment?

The consequences of relapse and retreatment are progression to cirrhosis, death from liver failure, requirement
for liver transplantation, and drug-induced side effects. Repeated relapse and retreatment have a cumulative
morbidity and mortality. Cirrhosis develops more commonly (38% versus 4%, P = 0.004), death from hepatic
failure or need for liver transplantation occurs more often (20% versus 0%, P = 0.008), and drug-induced side
effects are more frequent (70% versus 30%, P = 0.01) in individuals who relapse than in those who sustain
remission after drug withdrawal. The frequencies of each complication increases with each subsequent relapse
and retreatment. The optimal time to interrupt this sequence is after the first treatment and relapse.
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How should relapse be managed?

Relapse is managed by maximizing efforts at prevention and by instituting long-term maintenance therapy
immediately after the first relapse. The frequency of relapse can be reduced from 79% or more to as low as 28% by
treating patients until normal serum AST and y-globulin levels and normal liver tissue are present before drug
withdrawal. If relapse occurs, a long-term maintenance regimen is justified, preferably with azathioprine
(Figure 18-5). Laboratory resolution is first achieved with conventional therapy, and then the dose of
azathioprine is increased to 2 mg/kg daily as the dose of prednisone is withdrawn. Eighty percent of patients can
sustain remission over 10 years. Low-dose prednisone (2.5-10 mg daily; median dose, 7.5 mg daily) can be used

for azathioprine intolerance.

Figure 18-5. Management
of incomplete response,
relapse, and drug toxicity.
The preferred treatments
for relapse are shown in
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numerical order. Indefinite Incomplete Drug
low dose prednisone (range, Relapse .
2.5-10 mg daily; median response intolerance
dose, 7.5 mg daily) can be
considered after initial ,1_|_| 2 ,_I_|
relapse in patients with
severe cytopenia, . Indefinite Azathioprine Prednisone
pregnancy, or azathioprine prednisone + Azathioprine Low dose intolerance intolerance
intolerance. azathioprine 2 mg/kg daily prednisone
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Mycophenolate
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How should treatment failure be managed?

High-dose prednisone (60 mg daily) or prednisone (30 mg daily) in conjunction with azathioprine (150 mg
daily) induces clinical and laboratory remission in 75% of patients within 2 years (see Figure 18-1). The doses of
medication are reduced each month of clinical and laboratory improvement by 10 mg of prednisone and 50 mg
of azathioprine (if patients are receiving combination therapy) until conventional doses are achieved
(prednisone, 10 mg daily and azathioprine, 50 mg daily, or prednisone, 20 mg daily). Histologic resolution occurs
in 20% or less, and most patients are treatment-dependent and at risk for disease progression and drug-related
complications. Progression to liver failure is an indication for liver transplantation.

Can the calcineurin inhibitors be used for treatment failure?

Yes (see Figure 18-1). The compilation of experiences with cyclosporine as a salvage therapy have indicated
a positive response of any degree in 93% of 133 patients included in 10 reports (Table 18-6). The compilation
of experiences with tacrolimus as a salvage therapy has indicated a positive response of any degree in 98% of
44 patients included in four reports. The problems with the calcineurin inhibitors in AIH are the possibility
of a paradoxical enhancement of the autoimmune response because of impaired negative selection of
autoreactive lymphocytes, lack of dosing guidelines and safety profile in AIH, failure of these drugs to prevent or
treat AIH that develops after liver transplantation, and the risk of serious side effects, especially neurotoxicity.

Can mycophenolate mofetil be used for treatment failure?

Yes (see Figure 18-1). The next-generation purine antagonist, mycophenolate mofetil, has been effective as a
salvage agent in 45% of patients reported in 11 small single-center experiences (see Table 18-6). The drug seems
to be more effective in rescuing patients from azathioprine intolerance (58%) than from corticosteroid-refractory
AIH (23%). Its major limitations relate to its expense (6-7 times more expensive than azathioprine); frequency
of side effects (3% to 34%); and association with severe cranial, facial, and cardiac abnormalities in human
neonates born of treated mothers (Category D drug). Mycophenolate mofetil is ineffective in children and adults
with cholangiographic changes of sclerosing cholangitis.
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Table 18-6. Alternative Salvage Therapies for Autoimmune Hepatitis

AGENT PUTATIVE ACTIONS EXPERIENCE

Cyclosporine Calcineurin inhibitor that impairs Ten reports involving 133 patients
lymphokine release and prevents Positive response (any type), 93%
cytotoxic T-cell expansion Serious toxicities, including neurotoxicity

results
Tacrolimus Calcineurin inhibitor that prevents Four reports involving 44 patients
cytotoxic T-cell expansion, inhibits Positive response (any type), 98%
interleukin-2 receptor, and impairs Can stimulate experimental fibrogenesis
antibody production Uncertain dosing schedule, monitoring
mechanisms, safety profile, and long-term
results
Mycophenolate Purine antagonist that impairs creation Eleven clinical experiences, mainly as salvage
mofetil of new RNA and DNA Single experience as frontline drug
Prevents lymphocyte proliferation and Salvage efficacy, 45%
activation Frontline efficacy (with prednisone), 88%
Independent of TPMT pathway Corticosteroid withdrawal, 60%

Possible paradoxical autoreactivity
Ineffective in AIH developing after liver
transplantation

Uncertain dosing schedule, monitoring
mechanisms, safety profile, and long-term

Efficacy for azathioprine intolerance, 58%
Efficacy for steroid-refractory disease, 23%
Teratogenicity (Category D drug)

Side effects, 3%-34%

6-7 times more expensive than azathioprine
Uncertain dosing schedule, monitoring
mechanisms, safety profile, and long-term
results

AIH, Autoimmune hepatitis; DNA, deoxyribonucleic acid; RNA, ribonucleic acid; TPMT, thiopurine methyltransferase.
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Is liver transplantation effective in AIH?

Yes (see Figure 18-1). The 5-year survival after liver transplantation is 75% to 79% in adults and up to 86% in
children. Patients transplanted for AIH experience acute rejection more frequently than patients transplanted for
other liver diseases, and AIH recurs in 8% to 68% depending on the length of follow-up after the procedure. Graft
failure occurs in 13%, and 13% to 23% of patients undergo retransplantation. The actuarial 5-year survival for
recurrent ATH ranges from 89% to 100%. Ten percent of patients with AIH who fail conventional treatment require
transplantation, and steroid-refractory patients with a MELD score of more than 16 points, acute decompensation,
intractable symptoms, treatment intolerance, or early liver cancer are candidates for the procedure.

What strategy is best for patients with drug toxicity or incomplete response?

For drug toxicity, the dose of the implicated medication is reduced to the lowest possible level or withdrawn
(see Figure 18-5). Disease activity is controlled by the medication (prednisone or azathioprine) that has been
tolerated and dose adjusted to suppress inflammation. Mycophenolate mofetil has been used for azathioprine
intolerance, but its side effects are similar to those of azathioprine, including cytopenia. It should be avoided
in patients with marked cytopenia or pregnancy. For an incomplete response, the medication is reduced to
the lowest level possible to prevent symptoms and suppress histologic activity as reflected by a serum AST
level maintained threefold or more of the ULN. Inadequately controlled patients may require liver
transplantation.

Does hepatocellular carcinoma occur?

Yes. The frequency of hepatocellular carcinoma in patients with AIH and cirrhosis ranges from 1% to 9%, and
the incidence is 1.1% to 1.9% per year. The standardized incidence ratio for hepatocellular carcinoma in
Swedish patients with AIH is 23.3 (95% confidence interval, 7.5-54.3), and the SMR for hepatobiliary
malignancy in New Zealand patients is 42.3 (95% confidence interval, 20.3-77.9). Cirrhosis is a requisite for
hepatocellular carcinoma in AIH, and the median duration from cirrhosis to hepatocellular carcinoma ranges
from 12-195 months (mean interval, 102 months). The hazard ratio for hepatocellular carcinoma in patients
with cirrhosis of 10 years’ duration or more is 8.4 (95% confidence interval, 1.69-41.9).
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35. Should patients undergo surveillance for hepatocellular carcinoma?
Yes. Surveillance has not been formally endorsed as cost-effective, but it has been recommended in the
guidelines for managing AIH in otherwise healthy individuals. Patients with cirrhosis for 10 years or more,
immunosuppressive therapy for 3 years or more, and worsening laboratory tests during corticosteroid treatment
have the greatest risk, but surveillance should include all patients with AIH and cirrhosis. Hepatic
ultrasonography every 6 months is the cornerstone of surveillance. Determination of the serum alpha fetoprotein
level increases the frequency of tumor detection by 9%, but also increases the frequency of false-positive
findings by 2.4-fold and decreases the positive predictive value by 2.2-fold. Its additive value remains
controversial.

36. How are the overlap syndromes of AIH managed?
Conventional corticosteroid therapy in combination with ursodeoxycholic acid (13-15 mg/kg daily) has been
endorsed for patients satisfying the “Paris criteria” for AIH with overlapping features of primary biliary cirrhosis
and for patients with AIH and cholangiographic changes of primary sclerosing cholangitis (Figure 18-6).
Patients with AIH and an undetermined cholestatic syndrome can be treated with corticosteroids in
combination with ursodeoxycholic acid, ursodeoxycholic acid alone (13-15 mg/kg daily), or conventional
corticosteroid therapy depending on the strength of the cholestatic component. All therapies are empiric, and
recommendations are not strongly evidence-based.

Autoimmune hepatitis

Cholestatic features

AMA Focal biliary strictures Bile duct injury or loss
. e and dilations on Absent AMA
Bile duct injury or loss . )
cholangiogram Normal cholangiogram
AP <2 ULN | Paris criteria AP <2 ULN|AP>2 ULN
: Steroids Steroids . Steroids
Conventional N n Conventional o
corticosero id UDCA UDCA C‘:r’;';?;t:r:?'d UDCA
(13-15 mg/kg/d) | |(13-15 mg/kg/d) (13-15 mg/kg/d)

UDCA
(13-15 mg/kg/d)

Figure 18-6. Treatment algorithm for the overlap syndromes of autoimmune hepatitis. Autoimmune hepatitis may have cholestatic
features that can resemble the clinical phenotypes of primary biliary cirrhosis (PBC) or primary sclerosing cholangitis (PSC). Some
patients may have an indeterminate cholestatic phenotype that may resemble antimitochondrial antibody (AMA )—negative PBC or
small duct PSC. Patients with AMA, histologic evidence of bile duct injury or loss, and a serum alkaline phosphatase (AP)
level < twofold the upper limit of the normal range (ULN) may respond to conventional corticosteroid therapy, whereas patients
who satisfy Paris criteria with florid duct lesions and serum AP > twofold ULN are candidates for conventional corticosteroid
therapy combined with ursodeoxycholic acid (UDCA) (13-15 mg/kg daily). This combination regimen has also been recommended
for patients with focal biliary strictures and dilations on cholangiogram that resemble PSC. Individuals with an indeterminate
cholestatic syndrome lack formal recommendations, and their empiric therapy must be directed by the strength and nature of the
cholestatic features and resemblances to PBC or PSC.

37. What new therapies are promising?
Molecular and cell-directed interventions have promise in AIH mainly because of successes already achieved in
animal models and humans with other immune-mediated diseases (Table 18-7). They constitute investigational
opportunities in AIH that have not yet emerged into clinical practice. Monoclonal antibodies against key
components of the cytokine pathways, recombinant molecules that dampen immune reactivity, and
manipulations of regulatory T cells and natural killer T cells in a disease-specific fashion are examples of these
promising new interventions (Figure 18-7).
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Table 18-7. Promising New Therapies Based on Site-Specific Molecular Interventions and Cellular

Manipulations

THERAPY

Recombinant CTLA-4
fused with
immunoglobulin

Monoclonal antibodies
to CD3

Monoclonal antibodies
to CD20

Adoptive transfer of
T-regulatory cells

PRINCIPAL ACTION

Blocks ligation of B7 to CD28 and
prevents CD4 T helper cell activation

Targets T cell antigen receptor and
induces apoptosis of cytotoxic
T lymphocytes

Targets B lymphocytes and prevents clonal
expansion of plasma cells and antibody
production

Replenishes and strengthens regulatory
T cell response and promotes

EXPERIENCE

Approved for use in rheumatoid
arthritis

Successful in preventing rejection
after mismatched bone marrow
transplantation

Effective in animal model of PBC
Untried in AIH

Effective in animal models and
humans with diabetes
Untried in AIH

Effective in cryoglobulinemia and
small series of AIH

Effective in animal model of
experimental AIH

antiinflammatory cytokine pathways

Tailored glycolipid
antigen stimulation of
natural killer T cells

Successful in animal models of lupus
erythematosus, collagen-induced
synovitis and diabetes

Untried in experimental AIH

Stimulates favorable stimulatory and
inhibitory cytokine pathways in disease-
specific fashion

AIH, Autoimmune hepatitis; CTLA-4, cytotoxic T lymphocyte antigen 4; PBC, primary biliary cirrhosis.
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Figure 18-7. Feasible molecular and cellular interventions for investigation in autoimmune hepatitis. Monoclonal antibodies can be
directed against CD3 (anti-CD3) within the T cell antigen receptor of liver-infiltrating CD8 cytotoxic T lymphocytes (CTL) and induce
their apoptosis, or against CD20 (anti-CD20) expressed on B lymphocytes and inhibit antibody production and an antibody-dependent,
cell-mediated hepatocyte injury by natural killer (NK) cells. Recombinant cytotoxic T lymphocyte antigen-4 fused with immunoglobulin
(CTLA-4lg) can block the second costimulatory signal required for T lymphocyte activation and impair the autoreactive response.
Manipulations of regulatory T cells (T Reg cell) by adoptive transfer or natural killer T cells (NKT cell) by tailored glycolipid antigens can
inhibit (—) cytotoxic cytokine pathways mediated by tumor necrosis factor-alpha (TNF-«) and stimulate (+) antiinflammatory cytokine
pathways mediated by interleukin 10 (IL-10) and transforming growth factor-beta (TGF-B). These interventions have been successful in
animal models and humans with diverse immune-mediated diseases, including autoimmune hepatitis.
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Please access ExpertConsult to view a Clinical Vignette for this chapter.
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PRIMARY BILIARY CIRRHOSIS AND PRIMARY
SCLEROSING CHOLANGITIS

John E. Eaton, MD, Jayant A. Talwalkar, MD, MPH, and Nicholas F. LaRusso, MD

Define primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC).

PBC and PSC are chronic, idiopathic cholangiopathies. PBC mainly affects women in the sixth decade of life
and is characterized by destruction of interlobular and septal bile ducts. PSC mainly affects men in the fifth
decade of life. Classic (large duct) PSC is characterized by diffuse inflammation and fibrosis of the intrahepatic
and or extrahepatic bile ducts. Both PBC and PSC may eventually progress to end-stage liver disease,
requiring consideration for liver transplantation.

. Is PBC an autoimmune disorder?

The underlying cause of PBC is unknown. Evidence for an autoimmune etiologic factor includes the

following:

e Frequent association with other autoimmune diseases such as Sjogren syndrome; rheumatoid arthritis;
scleroderma and the syndrome consisting of calcinosis, Raynaud phenomenon, esophageal
disease, sclerodactyly, and telangiectasia (CREST); thyroiditis; lichen planus; discoid lupus; and
pemphigoid

e Presence of circulating serum autoantibodies, such as antimitochondrial antibodies (AMA), antinuclear
antibody (ANA), anti—smooth muscle antibody (ASMA), extractable nuclear antigen, rheumatoid factor,
thyroid-specific antibodies, and elevated serum immunoglobulin M (IgM) levels

e Histologic features, including lymphoplasmacytic cholangitis with portal tract expansion indicative of
immunologic bile duct destruction

e Increased prevalence of circulating serum autoantibodies in relatives of patients with PBC

¢ Increased frequency of class II major histocompatibility complex antigens in PBC

. Is PSC an autoimmune disorder?

The evidence supporting an immunogenic origin for PSC includes the following:

e The 70% to 80% prevalence of inflammatory bowel disease among patients with PSC in Europe
and North America

¢ Increased incidence of PSC and chronic ulcerative colitis (CUC) in families of patients with PSC

e Evidence for immune system dysregulation, including increased serum levels of IgM, serum autoantibodies
such as ANA, ASMA, and peripheral antineutrophil cytoplasmic antigen (PANCA), and circulating immune
complexes

® Increased frequency of human leukocyte antigens (HLA) B8, DR3a, and DR4

e Aberrant expression of HLA class II antigen on bile duct epithelial cells

. What are the clinical features of PBC and PSC?

The clinical presentations of both PBC and PSC may be similar, although some demographic and clinical
characteristics differ. From 85% to 90% of patients with PBC are women presenting in the fourth to sixth
decades of life, whereas up to 70% of patients with PSC are men with an approximate age of 40 years at
diagnosis. Despite an increasing frequency of asymptomatic or subclinical disease, greater than 40% affected
patients with either condition generally present with the gradual onset of fatigue and pruritus. Fatigue can
be problematic, and it is important to evaluate for other causes of this symptom such as medication side
effects, hypothyroidism, or depression. Right upper quadrant pain and anorexia also may be observed at
diagnosis. Although uncommon, steatorrhea in PBC and PSC is usually due to bile salt malabsorption.
However, other etiologic factors of malabsorption can include pancreatic exocrine insufficiency, coexisting
celiac disease, or bacterial overgrowth. Jaundice as a primary manifestation of PBC is uncommon but
strongly associated with the presence of advanced histologic disease. In PSC, the development of bacterial
cholangitis characterized by recurrent fever, right upper quadrant pain, and jaundice may occur. A history of
previous reconstructive biliary surgery, the presence of dominant extrahepatic biliary strictures, or the
development of a superimposed cholangiocarcinoma may also be responsible. The symptoms of end-stage liver
disease, such as gastrointestinal bleeding, ascites, and encephalopathy, occur late in the course of both
diseases.
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. What are the common findings on physical examination?

Physical examination may reveal jaundice and excoriations from pruritus in both disorders. Xanthelasmas (raised
lesions over the eyelids from cholesterol deposition) and xanthomas (lesions over the extensor surfaces) are
occasionally seen in the late stages of both diseases, particularly PBC. Hyperpigmentation, especially in
sun-exposed areas, and vitiligo may be present. The liver is often enlarged and firm to palpation. The spleen may
also be palpable if portal hypertension from advanced disease has developed. Characteristics of end-stage liver
disease, including muscle wasting and spider angiomata, appear in the advanced stages of both diseases.

. What diseases are associated with PBC?

Up to 80% of patients with PBC also have coexistent extrahepatic autoimmune diseases. The most common
extrahepatic autoimmune disease is sicca (Sjogren) syndrome. Other conditions described in association with PBC
include autoimmune thyroiditis, scleroderma/CREST, rheumatoid arthritis, dermatomyositis, mixed connective
tissue disease, systemic lupus erythematosus, renal tubular acidosis, and idiopathic pulmonary fibrosis.

. What diseases are associated with PSC?

CUC and, less frequently, Crohn’s colitis are present in at least 70% to 80% of patients with PSC. In contrast,
only 5% of patients with inflammatory bowel disease will have concurrent PSC. Consequently, patients with known
inflammatory bowel disease should be evaluated for PSC if liver test abnormalities are detected. In addition,

patients with PSC should undergo a colonoscopy at the time of diagnosis regardless of the presence of concurrent
inflammatory bowel disease or symptoms of inflammatory bowel disease. CUC can develop even after a liver
transplant just as PSC can develop following a colectomy.

. How does CUC associated with PSC differ from CUC not associated with PSC?

Several observations have suggested that PSC-CUC is a different phenotype compared with those with
CUC alone. For example, patients with PSC-CUC tend to have pancolitis with minimal endoscopic
inflammation. A higher risk of colorectal cancer, pouchitis, peristomal varices following a proctocolectomy with
ileostomy, rectal sparing, and backwash ileitis has also been observed in PSC-CUC.

. What important biochemical abnormalities are associated with PBC and PSC?

In both disorders, serum alkaline phosphatase is frequently elevated at least three to four times the upper limit of
normal with mild to moderate elevations in alanine aminotransferase (ALT) and aspartate aminotransferase
(AST). Elevations of ALT or AST greater than four to five times the upper limit of normal are unusual for PSC and
PBC, but can be seen if a concurrent process is present (autoimmune hepatitis [ATH], acute biliary obstruction). In
PBC, serum total bilirubin values are usually within normal limits at diagnosis. In PSC, serum bilirubin values are
modestly increased in up to 50% of patients at the time of diagnosis. Tests reflective of synthetic liver function,
including serum albumin and prothrombin time (PT), remain normal unless advanced liver disease is present.
Serum IgM levels are elevated in 90% of patients with PBC. Based on the widespread use of automated blood
chemistries, an increasing number of asymptomatic patients with PBC and PSC are being diagnosed.

What is the lipid profile in patients with PBC? Are they at increased risk for developing coronary
artery disease?

Serum cholesterol levels are usually elevated in PBC. In the early stages of disease, increases in high-density
lipoprotein (HDL) cholesterol exceed those of low-density lipoprotein (LDL) and very-low-density lipoprotein.
With liver disease progression, the concentration of HDL decreases while LDL concentrations become
markedly elevated. An increased risk for atherosclerotic disease has not been demonstrated among patients with
persistent hyperlipidemia in association with PBC.

What serum autoantibodies are associated with PBC?

Serum AMA is found in up to 95% of patients with PBC. Although considered non—organ specific as well as
non-species specific, serum AMA usually is detected by an enzyme-linked immunosorbent assay. However,
antibodies directed against a specific group of antigens on the inner mitochondrial membrane (M2 antigens) are
present in 98% of patients with PBC. This subtyping of serum AMA increases the sensitivity and specificity
for disease detection.

Other AMA subtypes related to PBC react with antigens on the outer mitochondrial membrane.
Anti-M4 occurs in association with anti-M2 in patients with overlap syndromes of AIH and PBC. Anti-M8§,
when present with anti-M2, may be associated with a more rapid course of disease progression in selected patients.
Anti-M9 has been observed with and without anti-M2 and may be helpful in the diagnosis of early-stage PBC.

What serum autoantibodies are associated with PSC?

In PSC, serum AMA is rare and, if present, is usually seen in very low titers. However, detectable titers of
serum ANA, ASMA, and antithyroperoxidase antibodies have been found in up to 70% of patients with PSC.
PANCA has been observed in up to 65% of patients with PSC. The lack of specificity of autoantibodies limits their
use in the diagnostic evaluation of PSC, and their use for diagnosis is not routinely recommended. A small subset
of patients diagnosed with PSC based on biliary strictures seen on cholangiography may indeed have immune-
associated cholangitis or autoimmune pancreatitis with concurrent biliary strictures. Therefore it is
recommended that all patients with PSC have a serum IgG4 measured.
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13. What are the cholangiographic features of the biliary tree in PSC?
Evaluation of the biliary tree in PSC by cholangiography may reveal diffuse stricturing of both intrahepatic
and extrahepatic ducts with saccular dilatation of intervening areas. These abnormalities result in the
characteristic beads-on-a-string appearance seen with PSC. Exclusive intrahepatic and hilar involvement occurs
in only 20% of patients. Secondary causes of sclerosing cholangitis such as ischemic cholangitis or portal
hypertensive bilopathy can mimic the cholangiograpic findings of PSC. Traditionally, endoscopic retrograde
cholangiography (ERC) has been used to diagnose PSC. However, magnetic resonance cholangiography
(MRC) also has an excellent diagnostic performance, and it is more cost effective and avoids radiation when
compared with ERC. Hence, MRC is the preferred diagnostic imaging modality (Figure 19-1).

Figure 19-1. Magnetic resonance cholangiogram exhibiting classic features of primary sclerosing cholangitis, including diffuse
intrahepatic stricturing and dilation.

14. Is it important to evaluate the biliary tree in PBC?
In PBC, an ultrasound examination of the biliary tree is usually adequate to exclude the presence of extrahepatic
biliary obstruction. However, in patients with atypical features such as male sex, AMA seronegativity, or
associated inflammatory bowel disease, a cholangiogram should be considered to distinguish PBC from PSC and
other disorders causing biliary obstruction.

15. What are the hepatic histologic features of PBC and PSC?
Histologic abnormalities on liver biopsy are highly characteristic of both PBC and PSC in the early stages of
disease. In PBC, the diagnostic finding is described as a florid duct lesion, which reveals bile duct destruction and
granuloma formation. A severe lymphoplasmacytic inflammatory cell infiltrate in the portal tracts is
accompanied by the segmental degeneration of interlobular bile ducts (also termed chronic nonsuppurative
destructive cholangitis) (Figure 19-2).
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Figure 19-2. Florid duct lesion (granulomatous bile duct destruction) in primary biliary cirrhosis. A poorly formed granuloma
surrounds and destroys the bile duct in an eccentric fashion.
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Early histologic changes in PSC include enlargement of portal tracts by edema, increased portal and
periportal fibrosis, and proliferation of interlobular bile ducts. The diagnostic morphologic abnormality in PSC is
termed fibrous obliterative cholangitis, which leads to the complete loss of interlobular and adjacent septal bile
ducts from fibrous chord and connective tissue deposition (Figure 19-3). This histologic feature, however, occurs
in only 10% of known cases. The histologic findings of end-stage liver disease for PBC and PSC are characterized
by a paucity of bile ducts and biliary cirrhosis.

Figure 19-3. Fibrous obliterative cholangitis in PSC. The interlobular bile duct shows a typical fibrous collar, and the epithelium
seems undamaged.
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Do asymptomatic patients with PBC have a normal life expectancy?

Most patients with PBC experience a progressive clinical course resulting in eventual cirrhosis. Asymptomatic
patients have a longer median survival than symptomatic patients. However, a reduced median survival in
asymptomatic PBC patients compared with age- and sex-matched healthy populations is observed. Estimates of
overall median survival without liver transplantation range between 10 and 12 years from the time of diagnosis;
advanced histologic disease imparts a median survival approaching 8 years.

Do asymptomatic patients with PSC have a normal life expectancy?

Asymptomatic patients will have a reduced survival compared with normal controls. Indeed, nearly a quarter of
patients who were asymptomatic at the time of diagnosis will develop clinical symptoms after 5 years. The
median time of survival until death or liver transplant is 12 to 20 years for all PSC patients, regardless of
symptoms, and approximately 9 years for those with symptoms on presentation.

What is the role of mathematical models in estimating survival for PBC and PSC?

The development of mathematical models for both PBC and PSC has improved the ability to predict rates of
disease progression and survival without liver transplantation. They are useful for developing endpoints of
treatment failure and designing therapeutic trials.

A prognostic model for PBC developed at the Mayo Clinic relies on serum total bilirubin, albumin, PT,
presence or absence of peripheral edema, the use of diuretics, and patient age. A revision of the Mayo Clinic PSC
model includes variables such as patient age, serum total bilirubin, albumin, AST, and history of variceal
bleeding. Similar results about prognosis have also been observed using the Model for End-stage Liver Disease
(MELD). The MELD score is used to allocate patients for liver transplantation.

Describe the relationship between alkaline phosphatase and the natural history of PSC.

Several studies have suggested that improvements in serum alkaline phosphatase over time are associated with
improved outcomes. For example, the persistent improvement of alkaline phosphatase to less than or equal to 1.5
times the upper limit of normal (either spontaneously or with treatment) was associated with a reduction in
the development of cholangiocarcinoma and liver-related endpoints, including liver-related deaths. These
observations seem to occur most often in patients with intrahepatic PSC alone, but can occur with diffuse PSC.
Additional studies are required to verify these initial observations.

What vitamin deficiencies are associated with PBC and PSC?

Patients with PBC and PSC are susceptible to fat-soluble vitamin deficiencies, especially in advanced stages of
disease. The occurrence of diminished visual acuity at night can be attributed to vitamin A deficiency. Vitamin
D deficiency occurs commonly in association with marked steatorrhea, which is related to a decrease in small
bowel bile acid concentration. Other factors that may contribute to malabsorption can include pancreatic
insufficiency, bacterial overgrowth, or celiac disease. Prolongation of serum PT is associated with vitamin K
deficiency (or worsening hepatic synthetic function). If the bilirubin is greater than 2 mg/dL, vitamins A, D,
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and K should be checked annually. Finally, vitamin E deficiency infrequently occurs, but when present results in
neurologic abnormalities affecting the posterior spinal columns, leading to areflexia, loss of proprioception, and
ataxia.

What bone disease is associated with PBC and PSC?

Metabolic bone disease (i.e., hepatic osteodystrophy), which may lead to disabling pathologic fractures, is a
serious complication of both PBC and PSC. Clinical manifestations include osteopenia, osteoporosis, and
fracture. Severe bone pain in an acute or chronic setting related to avascular necrosis may occur in PBC and PSC.

Describe the risk factors for osteoporosis in PBC and PSC.

Patients with PBC are eight times more likely to develop osteoporosis compared to gender-matched controls.
Risk factors for osteoporosis include advancing age, low body mass index, previous history of fractures, and
advanced histologic disease. Both vitamin D deficiency and smoking have been implicated as risk factors for
metabolic bone disease. Additional risk factors that have been described in the general population include
glucocorticoid use, excessive alcohol intake, smoking, or having a parent who sustained a fracture. Elevations in
serum bilirubin have also been correlated with the rate of bone loss in PBC patients. Osteoporosis has been
reported in up to 15% of patients with PSC, which is a twenty-four-fold increase compared with a matched
control population. In addition to advanced age and a lower body mass index, a duration of inflammatory bowel
disease of 19 years or greater has been identified as a risk factor for osteoporosis in PSC patients. At the present
time, baseline testing and regular follow-up screening with bone density scans every 2 to 3 years should be
performed among PBC and PSC patients.

What are the nonmalignant hepatobiliary complications related to PSC?

e Cholangitis may occur in 15% of individuals with PSC. This is typically after endoscopic biliary manipulation
(rare in era of prophylactic antibiotics) or secondary to obstructing strictures, malignancy, or stones.

¢ Dominant strictures are defined as stenosis 1 mm or smaller in the hepatic duct or 1.5 mm or smaller in the
common bile duct. They have been reported in up to 50% of patients with PSC and are associated with
symptoms in 10% to 30% of individuals. When encountered, it should immediately raise a suspicion for the
presence of cholangiocarcinoma. If a dominant stricture is detected on MRC, it should prompt an ERC to
evaluate for underlying malignancy and palliate any obstructive lesions. When encountered, fluorescence
in situ hybridization may detect chromosomal abnormalities (such as polysomy) from biliary brushings and can
aid in the diagnosis of cholangiocarcinoma. Conventional biliary cytologic analysis is also routinely
performed.

e Cholelithiasis, choledocholithiasis, and hepatolithiasis are common among PSC patients. For example, nearly
25% of patients with PSC have been found to have concurrent cholelithiasis, and hepatolithiasis is
observed in 10% to 20% of cases

e Cirrhosis and portal hypertension may ultimately develop as the result of progressive cholestasis and fibrosis,
which can lead to further complications such as ascites, hepatic encephalopathy, and varices.

What malignancies are associated with PSC and how should patients be screened?

e Cholangiocarcinoma may occur in 5% to 10% of patients with PSC. The risk of this malignancy is nearly
400-fold higher in PSC compared with the general population. Nearly one quarter of cases are diagnosed
either at the time of diagnosis or within the first 2 years after patients present. The American Association for
the Study of Liver Diseases (AASLD) does not recommend routine screening for cholangiocarcinoma.
Despite this, some practitioners have advocated a pragmatic approach to screening that involves an annual
magnetic resonance imaging/MRCP and serum CA 19-9 measurement, followed by an ERC if a dominant
stricture or CA 19-9 elevation is detected.

¢ Gallbladder cancer has been found in approximately 50% of PSC patients with a concurrent gallbladder mass lesion
detected on imaging. Consequently, an annual ultrasound to detect gallbladder polyps is recommended. Although
little is known about the natural history of gallbladder polyps, particularly small polyps, the AASLD does
recommend patients undergo a cholecystectomy once a gallbladder lesion is detected. Hepatocellular
carcinoma may develop in individuals with cirrhosis. The true prevalence of hepatocellular carcinoma in PSC
has not been well described. However, individuals with cirrhosis should be enrolled in a 6-month,
ultrasound-based screening program.

e Colorectal cancer is strongly associated with PSC and concurrent inflammatory bowel disease. Compared with
patients with CUC alone, those with PSC-CUC have a tenfold increased risk of colorectal cancer. In
addition, patients with colonic Crohn’s disease may also have an increased risk. Importantly, colorectal
neoplasia can develop soon after the two conditions are diagnosed. In addition, patients remain at risk
following a liver transplant. Therefore, after a diagnosis of PSC, individuals should undergo a surveillance
colonoscopy, and if inflammatory bowel disease is detected, they should continue colonoscopy with
surveillance biopsies every 1 to 2 years. Surveillance should continue after liver transplantation.

How can you establish the diagnosis of cholangiocarcinoma in PSC patients?
The presence of a mass lesion with delayed venous enhancement is indicative of cholangiocarcinoma.
Establishing a diagnosis of hilar cholangiocarcinoma can be difficult as an obvious mass lesion may not always be
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present. Patients without an obvious mass lesion should also be managed for cholangiocarcinoma if a malignant-
appearing stricture is found particularly in the setting of a CA 19-9 level greater than 129 U/mL, or if a biopsy or
cytologic examination is positive for adenocarcinoma. The presence of chromosomal polysomy detected by
fluorescence in situ hybridization should also raise concern for cholangiocarcinoma.

What is the differential diagnosis of PBC and PSC?

The differential diagnosis of PBC and PSC includes other causes of chronic cholestasis, including extrahepatic
biliary obstruction caused by choledocholithiasis, iatrogenic strictures, and tumors. Although ultrasound or
computed tomography may suggest the presence of biliary dilation, the performance of cholangiography is
required to render a definitive diagnosis of PSC. Drug-induced cholestasis secondary to phenothiazines,
estrogens, azoles, and a number of other drugs also should be considered as alternative diagnoses.

What is AMA-negative PBC?

Patients may have the typical clinical and histologic features of PBC but have a negative AMA. This

can occur in approximately 5% of patients with PBC. Patients with a negative AMA should undergo a
cholangiography and select laboratory testing to rule out another cause of cholestasis. If the cholangiogram is
normal, patients should have a liver biopsy to establish the diagnosis. The natural history and response to
ursodeoxycholic acid (UDCA) are similar to patients with AMA-positive PBC.

What is meant by an overlap or a variant syndrome in PBC and PSC?

The presence of features consistent with both AIH and PBC is defined as an overlap or a variant syndrome.
Both serum ANA and AMA are present with increased titers by serologic testing. Lymphocytic piecemeal
necrosis and coexistent portal inflammation with bile duct destruction are commonly seen. This group appears
to benefit from either UDCA monotherapy, immunosuppressive treatment, or a combination of both
treatments, in addition to UDCA. Using strict criteria, less than 20% of patients with PBC actually have
objective evidence for an overlap syndrome with AIH. Recent data confirm that patients with typical PBC can
develop AIH years later despite successful therapy with UDCA.

Similar overlap occurs in PSC and AIH in both adult and pediatric populations. Although the true
prevalence of overlap is unknown, it is estimated that less than 5% of patients with PSC will have objective
evidence for an overlap syndrome with AIH. In AIH-PSC, the multifocal biliary stricturing and dilation typical
of PSC are often accompanied by histologic lesions seen in AIH. In patients with features of AIH and
inflammatory bowel disease, or those who have been unresponsive to immunosuppression, a cholangiogram
should be considered to exclude PSC. Similarly, transaminases greater than five times the upper limit in
PSC patients could be suggestive of AIH-PSC. The prognosis of AIH-PSC appears to be more favorable
than classic PSC but worse when compared with the prognosis of pure AIH. Patients with AIH-PSC overlap
syndrome may benefit from immunosuppressive therapy.

What is meant by small-duct PSC?

Small-duct PSC is defined by the presence of chronic cholestatic liver test abnormalities, liver histologic findings
compatible with PSC, and a normal biliary tree by cholangiography. Most patients also have a concurrent
diagnosis of inflammatory bowel disease. Approximately 20% of patients will progress to classic PSC in a 10-year
period. Compared with classic PSC, small-duct PSC is associated with a longer survival and decreased risk of
cholangiocarcinoma.

Describe the treatment of pruritus in patients with PBC and PSC.

Cholestyramine relieves the itching associated with PBC and PSC by reducing serum bile acid levels in
patients with cholestasis. In addition, it increases the intestinal excretion of bile acids by preventing their
absorption. It is administered in 4-g doses (mixed with liquids) with meals or after breakfast for a total daily dose
of 12 to 16 g. Cholestyramine should be given 1.5 hours before or after other medications to avoid nonspecific
binding and diminished intestinal absorption. Once the itching remits, the dosage should be reduced to

the minimal amount that maintains relief.

Rifampin at a dosage of 300 to 600 mg/day also has been effective in relieving pruritus caused by either p450
enzyme induction or inhibition of bile acid uptake. Anecdotal benefit with gabapentin has been reported and
may be helpful when liver dysfunction precludes the safe use of rifampin.

For refractory cases, sertraline 100 mg a day or naltrexone 50 mg a day could be considered. In the setting of
dominant strictures, endoscopic decompression may improve cholestasis and alleviate pruritus. Intractable
pruritus is an indication for liver transplantation, which results in symptomatic relief.

How is osteoporosis treated in patients with PBC and PSC?

Treatment of osteoporosis includes exercise, adequate supplementation of calcium and vitamin D, and a
bisphosphonate. Bisphosphonates are considered a first-line agent for the treatment of osteoporosis. Alendronate
has been shown to improve bone mass in PBC patients. For individuals with esophageal varices, a parenteral
bisphosphonate should be used.
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Describe the treatment of fat-soluble vitamin deficiency in PBC and PSC.

Problems with night vision caused by vitamin A deficiency may be alleviated by oral replacement therapy.
Decreased serum levels can be corrected with the oral administration of vitamin A (25,000 to 50,000 units) two
or three times per week. Because excessive vitamin A intake has been associated with hepatotoxicity, serum
levels should be frequently monitored. In patients with low vitamin E levels, oral replacement therapy with 400
units/day can be instituted. If PT levels improve after a trial of water-soluble vitamin K (5 to 10 mg/day for

1 week), patients should be maintained on this regimen indefinitely. Prolongation of PT may be associated
with hepatic failure in treatment-unresponsive cases. Severe vitamin D deficiency (less than 20 ng/mL) should
be substituted with vitamin D 50,000 IU one to three times a week. A repeat vitamin D level should be
obtained after 8 weeks of high-dose therapy and if repeated, patients should be maintained on 800 to 1000 IU
each day thereafter.

Describe the treatment of bacterial cholangitis in PSC.

Bacterial cholangitis in PSC should be treated with broad-spectrum parenteral antibiotics. The administration of
ciprofloxacin results in high biliary concentrations and has broad gram-negative and gram-positive coverage.
Similar results can be observed with other fluoroquinolones, such as norfloxacin and levofloxacin. Prophylactic
therapy with oral fluoroquinolone therapy may reduce the frequency of recurrent cholangitis, although no
controlled trial has been performed to support this conclusion.

What are the therapeutic options for biliary strictures in PSC?

Balloon dilation of dominant strictures by either transhepatic or endoscopic approaches can relieve biliary
obstruction in PSC. Balloon dilation is most effective in patients with acute elevations of serum total
bilirubin level or recent onset of bacterial cholangitis. It appears less effective in patients with long-standing
jaundice or a history of recurrent bacterial cholangitis. Although some studies have suggested an increased
risk of complications following biliary stenting, this finding has not been consistently observed. Therefore
temporary biliary stents should be used for strictures refractory to balloon dilation. A short course (5-7 days)
of oral antibiotics following dilation or stenting can reduce the risk of postprocedural cholangitis as well. For
strictures related to cholangiocarcinoma, the use of expandable metal stents can be employed for palliative
treatment.

What medical agents have been tried for the treatment of PBC?

A number of potential treatments for PBC have been evaluated to date with the primary goal of stabilizing or
halting disease progression. Pharmacologic agents such as colchicine, corticosteroids, cyclosporine,
azathioprine, methotrexate, and mycophenolate mofetil have demonstrated marginal clinical benefit and
significant adverse effects. In five of the largest randomized, placebo-controlled clinical trials, UDCA in
dosages of 13 to 15 mg/kg/day is associated with an estimated 30% risk reduction in the time to treatment
failure or liver transplantation compared with placebo or inactive therapy. Furthermore, there have been
several cohort studies documenting increased short- and medium-term survival for patients with early stage
PBC responding to UDCA compared with the general population. In addition to initiating UDCA, the
cornerstone of managing patients with PBC involves the early recognition and treatment of comorbid
conditions (Figure 19-4).

Which PBC patients are less likely to respond to UDCA?

Age and gender have been associated with the response to UDCA. For example, men are less likely to respond
than women (72% versus 80%, respectively). In addition, those who present at an older age (older than 70 years)
have a response rate of 90% compared with a response rate of 50% among patients who were diagnosed at a
younger age (younger than 30 years). Individuals who have improvements in their liver biochemistries are also
more likely to be UDCA responders. Indeed, there are several criteria largely based on liver biochemistries to
assess the response to UDCA. One such criterion that has been widely validated is the Paris criteria. After 1 year
of treatment, individuals who met the Paris criteria (alkaline phosphatase level <3 x upper limit of normal,
together with AST level <2 x upper limit of normal and a normal bilirubin level) had a 10-year transplant-free
survival of 90%. In addition, patients with cirrhosis are less likely to benefit from UDCA.

What medical agents have been tried for the treatment of PSC?

Because of the variable nature of disease progression, the development of randomized clinical trials for the
assessment of medical therapies in PSC has been difficult. As a potential consequence, no identified effective
treatment is available. As with PBC, the use of pharmacologic agents such as d-penicillamine, colchicine,
corticosteroids, and immunosuppressive agents such as mycophenolate mofetil has not conferred significant
clinical benefit. UDCA in standard doses (13 to 15 mg/kg/day) appears to improve biochemical parameters, but
no significant effect on histologic findings or survival has been observed. Although higher doses of UDCA (20 to
30 mg/kg/day) were observed to improve biochemical, cholangiographic, and Mayo risk scores in two pilot
investigations, a large prospective randomized, double-blind controlled trial in Europe failed to confirm these
initial results. Results from a North American trial using even higher doses of UDCA also failed to demonstrate a
survival benefit and raised concerns about safety in this population.
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Figure 19-4. Overview of the management of PBC. TSH, Thyroid-stimulating hormone; UDCA, ursodeoxycholic acid.

Should patients with PSC receive UDCA to prevent colorectal neoplasia?

The practice of using UDCA to prevent colorectal neoplasia is not supported by high-quality evidence, and
several studies have reported inconsistent results. The 2010 AASLD guidelines recommend against the use of
UDCA as a chemopreventative agent. However, a recent metaanalysis suggests that lower doses of UDCA may
have benefit in preventing advanced colorectal neoplasia.

What is the role of liver transplantation in PBC and PSC?
The treatment of choice for patients with end-stage PBC and PSC is liver transplantation, which confers 5- and
10-year survival rates of 85% and 70%, respectively. In addition to increased survival, improvements in health-
related quality of life after liver transplantation for patients with PBC and PSC have been documented.
Factors that influence the consideration for liver transplantation are deteriorating hepatic synthetic function,
the development of comorbid conditions (e.g., hepatocellular carcinoma), intractable symptoms, and diminished
quality of life. A specialized protocol involving external beam and internal brachytherapy radiation, combined
with chemotherapy and subsequent staging laparoscopy and liver transplantation, has produced excellent results for
selected patients with early stage, perihilar cholangiocarcinoma associated with PSC.
The MELD score helps prioritize patients on the deceased donor transplant list. However, patients
with intractable symptoms and diminished quality of life may have a relatively low MELD score. Therefore,
patients may pursue living, related-donor transplantation. Indeed, PSC is a leading indication for living,
related-donor liver transplantation for intractable symptoms such as recurrent cholangitis. However, recurrent
cholangitis has not been associated with an increase in wait-list mortality.

Do PBC and PSC recur after liver transplantation?

Serum AMA levels decline and then increase to baseline levels in most patients with PBC after liver
transplantation. The cumulative incidence of recurrent PBC is between 15% and 30% over 10 years based on strict
clinical and histologic criteria. No significant effect on survival, however, has been associated with recurrent
histologic disease. Tacrolimus-based immunosuppression is associated with a shorter time-to-recurrence than
cyclosporine-based therapy. Although initial data suggest a potentially useful role for UDCA in slowing disease
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progression among liver transplant recipients with early stage, recurrent PBC, further studies are required to verify
this initial observation.

Recurrent PSC has been reported; yet its true prevalence depends on establishing well-defined diagnostic
criteria and the rigor of excluding patients with chronic ischemic biliary strictures that can be caused by
chronic ductopenic rejection, ABO incompatibility, prolonged cold ischemia time, cytomegalovirus infection,
and hepatic artery thrombosis. Nevertheless, data suggest that approximately 20% to 30% of patients
transplanted for PSC will develop recurrent disease over a 10-year period, with some individuals requiring
consideration for hepatic retransplantation.

What are the complications in PSC patients after liver transplantation?

Patients with PSC appear to have an increased incidence of chronic ductopenic rejection and ischemic
biliary duct stricturing. A mesenteric defect can be created during the biliary reconstruction which is typically a
Roux-en-Y choledochojejunostomy. Therefore internal hernias can rarely form when bowel passes through this
defect.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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VACCINATIONS AND IMMUNOPROPHYLAXIS

IN GASTROINTESTINAL AND LIVER DISORDERS
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1. What is immunization?
The body’s immune system is stimulated by pathogens (bacteria or viruses). This in turn causes an immunologic
response through the generation of memory B cells that produce antibodies, which provide varying protection
from the pathogen in the future. Immunizations allow for the controlled exposure to pathogens or proteins that
induce these protective antibody responses, and have helped control the spread of infectious diseases
significantly since their introduction.

2. What are the two main types of vaccines?
Inactivated vaccines, also known as killed vaccines are those in which the pathogen stimulates antibody
production by triggering an immunologic response. Killed vaccines do not reproduce and thus cannot cause
infection in the host.

Attenuated vaccines, also known as live vaccines, are made from pathogens that have been disabled from
causing active disease. They are still able to stimulate antibody production resulting in protection from the
disease, but in patients with compromised immunity this may theoretically result in infection with the pathogen
being introduced in the vaccine.

3. Compare the recommended immunization schedule by vaccine and age group per Centers for
Disease Control and Prevention (CDC) guidelines in adults and patients with other medical
conditions.

See Figure 20-1 and Figure 20-2.

These recommendations must be read with the footnotes that follow.

VACCINE ¥ AGE GROUP > 1921 years ] 22-26years ] 2749 years [ 50-59years ] 60-64years ] = 65 years
Influenza ' 1 dose annually

Tetanus, diphiherta, pertussis (Td/Tdap) ** . Smlmgohumpﬁwﬁ: os! ._Mbmgﬂuﬁ_m'mm'

Varicella*” 2doses.

Human papiiiomavirus (HPV) Female "

Human papillomavirus (HPY) Male L

Zoster*
Measles, mumps, rubeila (MMR)

Preumocnccal polysaccharide (PPSV23) ¥

Pnesmococcal 13-valent conjugate (PCV13)

Meningococcal "'

Heparitish ™"

Hapatitis 8

*Covered by the Vaccine Injury Compensation Program

I_I For all persons In this category who Report all clinically significant postvaccination reactions to the Vaccne Adverse Event e (VAERS), ] ons on
meet the age and whao lack mmaVAEFE report are available at www.vaershhsgov or by telephone, B00-822-7967,
o of of have no Thow 1o file a Vaccine Injury Compensation Program claim is available at oy by teloph
evidence of previous Infection; 800-338-2382. To file a claim for vaccine injury, contact the LS. Court of Federal Cl.alms 717 Madison Place, NW, Washingion, D.C. 20005; telephone,
Zoster vaccine recommended regardiess  202-357-6400,
of prioe episode of zoster Addrtional information about the vaccines in this schedule, extent of avallable data, and contrandications for vaccination is also avallable at www.cde

govivacanes of from the COC-INFO Contact Center a1 800-CDC-INFO (800-232-4636} in English and Spanish, 8:00 am. - 8:00 pm. Eastern Time, Monday
- Recommended If some other risk factor  Friday excluding hotidays.
Ispresent (e.g. onthe basis of medical, 1. o trade names and commencial sources fs for identification only and does not imply endorsement by the U5, Department of Health and Human
ocupational, Services

Ifestyle, or other ndication)
I:] No recommendation T d: in th by the Centers for Disease Control and Prevention's ICDC) Advisory Committee on
mmmmnmmm«rmmm:mmummmdmmmm
o ACOG) and American College of Nurse-Midwives (ACNM).

Figure 20-1. Recommended adult immunization schedule by vaccine and age group. (http://www.cdc.gov/vaccines/schedules/hcp/
adult.html (Accessed September 22, 2014))
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Figure 20-2. Recommended vaccinations based on medical indications. (http://www.cdc.gov/vaccines/schedules/hcpladult.html
(Accessed September 22, 2014))

4. Who should receive immunization against hepatitis A?
e Travelers or individuals who live in countries where hepatitis A is endemic, including Central
and South America, Africa, and large parts of Asia
Men who have sexual contact with other men
Users of illicit drugs whether injectable or not
Individuals with clotting factor disorders such as hemophilia
All children older than 12 months
Individuals who live with someone with hepatitis A infection
Active military personnel
Patients with chronic liver disease from any cause

5. How long after receiving the hepatitis A vaccine does it take before one is considered
protected against infection?
One is considered protected 4 weeks after vaccination. There is some evidence of protection in certain individuals
within 2 to 4 weeks, but currently 4 weeks is the timeframe recommended before someone can be considered to be
protected from hepatitis A. This has implications if someone plans to travel to an endemic area for hepatitis A virus
(HAV) within 4 weeks and is not immune. Protection after vaccination has been estimated to last 25 years in those
vaccinated as adults and up to 20 years in those vaccinated as children.

6. If someone naive to HAV is traveling to an endemic area and has not previously received
the vaccine, what should the person do?
He or she should receive immunoprophylaxis with anti-HAV immunoglobulin (Ig). This confers immediate
protection, and lasts for up to 5 months. In addition, these individuals should also receive the HAV vaccine with
the understanding that it may not “kick in” immediately.

7. What are the recommendations for postexposure prophylaxis for hepatitis A?

e Children younger than 12 months of age should receive Ig. It is recommended that Ig be given within 2 weeks
of exposure to hepatitis A.

e Healthy individuals ages 12 months to 40 years should receive a single dose of single-antigen hepatitis A
vaccine at an age-appropriate dose. It has been found to be as effective as Ig, which was previously the only
recommended way to protect individuals exposed to hepatitis A prior to 2007.

e For adults older than 40 years, Ig is preferred as there is a lack of data of vaccine performance in this age
group and there are often more severe manifestations of hepatitis A in older adults, particularly those older
than 75. If Ig is unavailable, the vaccine can be used.

e For those who are immunocompromised or have chronic liver disease, Ig is recommended.

e For those with vaccine allergy, Ig is recommended.
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Who should receive hepatitis B vaccination?

e All children younger than 18 years

e Patients with chronic liver disease

e Travelers to or individuals who live in countries where hepatitis B is endemic (particularly Southeast Asia,
sub-Saharan Africa, parts of the Middle East, and the Caribbean, where prevalence rates exceed 8%)
Men who have sex with other men

Users of illicit drugs

Individuals who live or have sexual contact with someone with hepatitis B infection

Health care workers (if you're reading this chapter, then this probably applies to you)

Sexually active persons who are not in a mutually monogamous relationship

Individuals with human immunodeficiency virus (HIV) infection

Dialysis patients

Diabetics between the ages of 19 through 59

Anyone who wants it

. Who should not receive the hepatitis A or B vaccines?

Common sense dictates that the following individuals should not be vaccinated:

¢ Individuals who are moderately or severely ill

¢ Individuals allergic to any component of the vaccine or who have previously had a serious allergic reaction to
the vaccine

What are the recommended schedules for hepatitis B vaccination?

The most common recommendation is to give a three-dose series of hepatitis B vaccine. Give the first dose
when indicated. Give the second dose 1 month after the first dose, and give the third dose approximately
5 months after the second. Alternate schedules have been approved for combined vaccines and special
populations, such as individuals with cirrhosis who may benefit from a double dose of the HBV vaccine at
the usually scheduled intervals.

What should be done postexposure to hepatitis B virus (HBV)?

After a person has been exposed to HBV, appropriate prophylaxis is to be given as soon as possible, preferably
within 24 hours. It can effectively prevent infection. The mainstay of postexposure immunoprophylaxis is
the hepatitis B vaccine, but in certain circumstances the addition of hepatitis B immunoglobulin (HBIg) will
provide increased protection and should be given as soon as possible, within 14 days of exposure.

What is the recommended strategy for infants born to mothers with HBV?

¢ Infants whose mothers who are hepatitis B surface antigen—positive should receive HBIg and the first dose of
hepatitis B vaccine within 12 hours of birth.

¢ If the mother’s hepatitis B status is unknown, her hepatitis B serologies should be drawn and the infant should
receive the hepatitis B vaccine without HBIg within 12 hours of birth. If the mother turns out to be hepatitis
B surface antigen—positive, then HBIg should be administered at that time (Figure 20-3).

| Mother’s hepatitis B surface antigen status |

Y

[ |

Infant receives HBV

Infant receives HBIg Infant receives HBV . N
and HBV vaccine vaccine within 12 hours bi:;cglr?g r‘:lvg?f:gr}szh?lgtsiting
within 12 hours of birth of birth (standard of care) p

serologies are drawn

+ Y

Mother HBsAg-positive | | Mother HBsAg-negative

v v

Infant also receives HBIg
as soon as possible

No further intervention

Figure 20-3. Algorithm for the management of infants born to mothers with hepatitis B. HBIg, Hepatitis B immunoglobulin;
HBsAg, hepatitis B surface antigen; HBV, hepatitis B vaccine.
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If there is an interruption between doses of hepatitis B vaccine, does the vaccine series need

to be restarted?

No, the series does not need to be restarted. If the vaccine series was interrupted after the first dose, the
second dose should be administered as soon as possible. The second and third doses should be separated by an
interval of at least 8 weeks. If only the third dose is delayed, it should be administered as soon as possible.

Are booster doses of hepatitis B vaccine recommended?

Booster doses of hepatitis B vaccine are recommended only in patients on dialysis with hepatitis B surface
antibody levels less than 10 mIU/mL and other immunocompromised persons (e.g., HIV infected, transplant
recipients, those receiving chemotherapy). For a person with a normal immune system who has received
previous vaccination, booster doses are not recommended.

Why are patients with liver cirrhosis susceptible to infection?

The liver plays a key role within the innate immune response because it encounters ingested pathogens

from the gut via circulation from the portal vein system. Cirrhotic patients have a fibrotic and poorly functioning
liver with dysfunction of the reticuloendothelial system (Kupffer cells in the liver, macrophages, and monocytes)
as well as granulocytes (neutrophils, eosinophils, and basophils). There have been studies demonstrating
increased gut permeability of bacteria and associated toxins in patients with cirrhosis leading to spontaneous
infections. There is frequently extensive shunting of venous circulation away from the liver in patients with
cirrhosis, thus impairing clearing capacity following infections.

What vaccine-preventable bacterial infections pose an increased risk for patients with cirrhosis?
e Pneumococcal pneumonia in up to 15% of patients

¢ Bacteremia following instrumentation

¢ Meningitis with high rates of mortality

Why is vaccination against hepatitis A and B strongly recommended in patients with cirrhosis?

e A cirrhotic liver can’t sustain any more injury (i.e., infection) without serious risk of decompensation and
liver failure.

e Cirrhotic patients who develop acute hepatitis A infection are at significantly increased risk for liver failure
and have a much higher risk of death compared with those patients without liver disease.

e When patients with cirrhosis develop acute hepatitis B infections, they more frequently have severe
manifestations, including encephalopathy, ascites, hypoprothrombinemia, and acute liver failure.

When should vaccinations against hepatitis A and B be given to cirrhotic patients?

For both hepatitis A and B it is recommended that vaccinations be given early in the disease course. Patients
have a better immune response to the vaccines when they are given shortly after developing cirrhosis when
compared with those who receive it in the later stages of their disease. The patients should receive the standard
two doses of the hepatitis A vaccine and three doses of the hepatitis B vaccine per normal guidelines if in
the early stages of chronic liver disease, although patients with more advanced disease (i.e., cirrhosis) benefit
from a double-dose of the HBV vaccine at standard intervals.

Should patients with cirrhosis receive vaccination against the influenza virus?
Yes. The influenza vaccine is recommended for patients with cirrhosis. Furthermore, studies have demonstrated
increased hepatic decompensation in patients with advanced cirrhosis who develop influenza infections.

When should the pneumococcus vaccine be given to patients with cirrhosis?

Patients with cirrhosis should receive the pneumococcus vaccine as close as possible to the time of diagnosis,
regardless of age. In addition to individuals older than 65 years, pneumococcal infections are more prevalent in
patients with cirrhosis and others with chronic liver disease. In patients with concurrent alcoholism and liver
cirrhosis, their risk of death from pneumococcal pneumonia, meningitis, or bacteremia is greatly increased.

What other vaccinations should patients with cirrhosis receive?

Patients with cirrhosis should receive the standard immunizations that are applicable to an otherwise healthy
population. This includes routine diphtheria and tetanus booster immunizations every 10 years, and other
age-appropriate vaccines. In general, killed or nonlive vaccines are preferred to live vaccines, when possible.

Are patients with inflammatory bowel disease (IBD; Crohn’s and ulcerative colitis) more
susceptible to vaccine-preventable infections? If so, why?

Yes. Several infections, including herpes zoster, human papilloma virus (HPV), pneumonia, and acute HBV
infection are more common in patients with IBD and can be particularly dangerous, particularly among those
who are on immunosuppressive therapies.

Patients with IBD are more susceptible to infections, including vaccine-preventable infections, for two
primary reasons. First, IBD is characterized by dysregulation of the immune system, which is activated
inappropriately by commensal gut bacteria, resulting in an abnormal intestinal immune response. Second,
patients are frequently treated with short- and long-term immunosuppressive medications, namely
glucocorticoids; immune modulators (including azathioprine, 6-mercaptopurine, and methotrexate); and tumor
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necrosis factor-alpha (TNF-a) inhibitors such as infliximab (Remicade), adalimumab (Humira), golimumab
(Simponi), and certolizumab (Cimzia). Infections are the most common serious adverse events associated with
these therapies.

When is the best time to address issues regarding vaccination status in patients with IBD?

As soon as the diagnosis is made is the best time to address vaccinations, ideally before starting
immunosuppressive medications, which may blunt immune responses to vaccines. Most vaccines can be given at
any time, but should be timed ideally before the initiation of immunosuppressive therapy.

Which vaccines are recommended in IBD regardless of immunosuppression?

In general, all killed or nonlive vaccines should be given according to routine guidelines. These include the
following:

¢ Inactivated influenza vaccine (ideally before immunosuppression)

e Tetanus vaccine or booster (as part of tetanus-diphtheria, tetanus-diphtheria-pertussis, or diphtheria-
tetanus-pertussis)

HPV vaccine

Meningococcus vaccine

Hepatitis A vaccine

Hepatitis B vaccine

Pneumococcus (ideally before immunosuppression)

Pertussis (ideally before immunosuppression)

Which vaccines are currently contraindicated in patients with IBD who are on immunosuppressive
therapies such as corticosteroids, immunomodulators, and anti-TNF therapies?
In general, all live vaccines are contraindicated. These include the following:

e Live, attenuated influenza vaccine (intranasal vaccine)

Varicella zoster vaccine (generally)

Herpes zoster (generally)

Yellow fever vaccine

Measles-mumps-rubella vaccine

Typhoid live oral vaccine

Tuberculosis bacillus Calmette-Guérin (BCG) vaccine (not given in the United States)
Polio live oral vaccine (no longer used in the United States)

Anthrax vaccine

Smallpox vaccine

Which live vaccines might be considered in patients with IBD on immunosuppressive therapies
in special circumstances?
Although generally contraindicated, certain live vaccines (varicella and zoster) might be considered in patients
with IBD who cannot discontinue immunosuppressive treatments. Special considerations are warranted when
the risk of natural infection outweighs the risks of the vaccine. Clinical circumstances in which natural infection
risk for varicella and zoster are increased include occupations such as preschool teachers and health care workers.
Some considerations are necessary for patients with varicella zoster (chicken pox) and herpes zoster
(shingles). Adults and children with IBD who may be immunosuppressed who acquire varicella infection can
develop widespread dissemination of varicella zoster virus, which can be fatal. Given that the varicella and
zoster vaccines are live attenuated virus vaccines (the zoster vaccine is a concentrated form of the varicella
vaccine), they are generally considered contraindicated in immunocompromised patients. However, according
to the U.S. ACIP, patients with low-dose immunosuppression treatments such as steroid therapy (less than
20 mg/day) may receive the vaccine. The same holds true for those on low doses of methotrexate, azathioprine, or
6-mercaptopurine. Recent data also suggests that the zoster vaccine is safe in patients on anti-TNF therapies,
and that older adult patients who receive zoster vaccination while on anti-TNF therapies are less likely to
develop zoster infection than their nonvaccinated counterparts.

Can household contacts of immunosuppressed patients with IBD receive live vaccines?

Yes. They should receive live vaccines, including MMR, rotavirus, and varicella. However, if the recipient of a
varicella vaccine develops a rash, they should avoid direct contact with the immunosuppressed individual until
the rash resolves. It is recommended that household contacts not receive the live influenza vaccine, because
there is a theoretical risk of live virus transmission and a killed (injected) alternative is available.

Should the yellow fever vaccine be given to an IBD patient on immunosuppression who will be
traveling to an endemic area?

No. It is a live, attenuated vaccine and serious adverse effects have been noted such as encephalitis and
multiorgan system failure. Travel to these endemic areas (including sub-Saharan Africa and parts of South
America) should ideally be avoided among patients who can’t receive the vaccine safely. If travel to these
areas is absolutely necessary, patients should be counseled on the risks of the disease and prevention of mosquito
bites, which is the transmission vector for the disease. They will also require a formal vaccination waiver
from a travel medicine specialist.
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Do IBD patients on immune suppression have an adequate immune response to vaccinations?
Not to all. Several studies have demonstrated that patients who are on combination therapy (azathioprine or
6-mercaptopurine together with a TNF inhibitor) have significantly decreased immunologic responses to several
vaccines compared with those not on combinations of immunosuppressants. Therefore patients should be
targeted for vaccination soon after diagnosis, before immunosuppression is initiated, whenever possible.

Should women with IBD receive the HPV vaccine? If so, why?
Yes. Women with IBD have higher rates of cervical dysplasia and cancer-causing HPV serotypes, particularly if on
immunosuppression for longer than 6 months. The vaccine is recommended for women and men ages 9 to 26.

Can babies born to mothers who received anti-TNF agents during pregnancy receive their usual
childhood vaccinations?
For the most part, yes, with the notable exception that no live vaccines should be administered during the first
6 months of life in newborns whose mothers received anti-TNF therapy during pregnancy. Many anti-TNF
therapies are monoclonal antibodies, which may be actively transported across the placenta, particularly during
the third trimester, such that the drug concentrations at birth may be higher in the newborn than in the
mother. In the United States, the only live vaccine during this initial 6-month period is the rotavirus vaccine,
although in other countries there may be additional live vaccines (such as the BCG vaccine) that should
be withheld because of concerns for disseminated infection from live vaccines.

The authors would like to acknowledge the contributions of Doctors Maria Sjogren and Joseph Cheatham, who were
the authors of this chapter in the previous edition.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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PREGNANCY AND LIVER DISEASE

Devina Bhasin, MD, and Roshan Shrestha, MD

NORMAL ANATOMIC AND PHYSIOLOGIC CHANGES DURING
PREGNANCY

1. What are the structural and functional hepatic adaptations during pregnancy?
Liver size and histologic characteristics do not change. Maternal blood volume and cardiac output increase
significantly, without a corresponding increase in hepatic blood flow, with a net decrease in fractional blood flow
to the liver. An enlarging uterus makes venous return via the inferior vena cava progressively more difficult
toward term. Blood is shunted via the azygous system with possible development of esophageal varices.

2. Does liver function change during pregnancy?
Hepatic function remains normal during pregnancy, but the normal range of laboratory values changes
because of hormonal changes and an increase in blood volume with subsequent hemodilution. Aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y-glutamyl transpeptidase (GGTP), bilirubin, and
prothrombin remain within normal limits. Total alkaline phosphatase (AP) is elevated. The placenta is a
major source of AP; levels return to normal within 20 days after delivery. Estrogen increases the synthesis of
fibrinogen, as well as other coagulation proteins (factors VII, VIII, IX, and X). Also attributed to estrogen’s
effects are significant increases in serum concentrations of major lipid classes (triglycerides, cholesterol, and
low- and very-low-density lipoproteins). These levels may be twice the normal limit of nonpregnant women
of the same age. Serum albumin decreases slightly, contributing to the approximately 20% decline in serum
protein concentration. Plasma concentrations of other serum proteins (ceruloplasmin, corticosteroids,
testosterone, serum binding protein for thyroxine), as well as vitamin D and folate, also increase during
pregnancy.

DISEASES DURING PREGNANCY

¢ Coincident occurrence of liver disease (viral hepatitis, alcoholic hepatitis, gallstone disease, autoimmune
hepatitis)

Intrahepatic cholestasis of pregnancy (IHCP)

Acute fatty liver of pregnancy (AFLP)

Hemolysis, elevated liver enzymes, and low platelet count (HELLP syndrome)

3. Can gestational age differentiate between different liver diseases in pregnancy?
Yes. Hyperemesis gravidarum presents in the first trimester of pregnancy. Patients have severe nausea and
vomiting, and approximately one-half have associated elevations of bilirubin, AST, or ALT. Cholestasis of
pregnancy, viral hepatitis, and abnormal liver chemistries caused by cholelithiasis may present at any point in
gestation, from the first to the third trimester. AFLP and preeclamptic liver disease (HELLP, hepatic infarct,
and hepatic rupture) are specifically encountered in the third trimester of pregnancy. Both herpes simplex
virus and hepatitis E virus are exacerbated in pregnancy and usually present in the third trimester. The
presentation may be a mild elevation in transaminases or severe hepatic failure. Budd-Chiari syndrome presents
from the second half of pregnancy to 3 months postpartum.

COINCIDENT OCCURRENCE

4. Can we assume the presence of chronic liver disease in a pregnant patient with angiomas
and palmar erythema on physical examination and small esophageal varices detected
endoscopically?
No. Spider angiomas and palmar erythema are common and appear in approximately two thirds of pregnant
women without liver disease. Small esophageal varices are present in approximately 50% of healthy pregnant
women without liver disease because of the increased flow in the azygous system.

5. What is the most common cause of jaundice in pregnancy?
Viral hepatitis is the most common cause of jaundice during pregnancy.
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6.

How severe is the course of viral hepatitis acquired during pregnancy?

e Hepatitis A, B, and C run a similar course in pregnant and nonpregnant patients.

e Hepatitis E runs a different course in pregnancy. It is fulminant in up to 20% of patients, compared with
less than 1% of nonpregnant women. The fatality rate is 1.5% during the first trimester, 8.5% during the
second trimester, and up to 21% during the third trimester compared with 0.5% to 4% in nonpregnant women.
Fetal complications and neonatal deaths are increased if infection is acquired in the third trimester of
pregnancy.

e Herpes simplex hepatitis can be fulminant in pregnancy and associated with high mortality rates.

Patients present in the third trimester with fever, systemic symptoms, and possibly vesicular cutaneous rash.
Associated pneumonitis or encephalitis may be present. Liver biopsy is characteristic, showing necrosis
and inclusion bodies in viable hepatocytes, along with few or no inflammatory infiltrates. Response to
acyclovir therapy is prompt; there is no need for immediate delivery of the baby.

. What signs and symptoms suggest the diagnosis of Budd-Chiari syndrome?

The clinical triad of sudden onset of abdominal pain, hepatomegaly, and ascites, near term or shortly after
delivery. Ascitic fluid shows a high protein content in approximately one half of cases. Biopsy typically
shows centrilobular hemorrhage and necrosis, along with sinusoidal dilation and erythrocyte extravasation
into the space of Disse. Hepatic scintigraphy and computed tomography (CT) typically show compensatory
hypertrophy of the caudate lobe resulting from its separate drainage into the inferior vena cava. Doppler
analysis of portal and hepatic vessels and magnetic resonance imaging (MRI) establish hepatic vein
occlusion.

. Is the serum ceruloplasmin level a good diagnostic marker in pregnant women at term who are

suspected of having Wilson disease?

No. Ceruloplasmin levels increase gradually during pregnancy, reaching the maximum at term. Because of
this, in a patient with Wilson disease who usually has a low level of ceruloplasmin, the level may increase
misleadingly into the normal range (greater than 20 mg/dL) during pregnancy.

. Can we maintain a woman with Wilson disease on therapy during pregnancy?

Absolutely. Therapy must continue during pregnancy; otherwise, the mother is at risk for hemolytic episodes
associated with fulminant hepatic failure. Agents approved by the U.S. Food and Drug Administration (FDA)
are D-penicillamine, trientine, and zinc. Evidence indicates that penicillamine and trientine (tissue copper-
chelating agents) are teratogenic in animal studies, and there are reports of penicillamine effects in humans,
including cutis laxis syndrome or micrognathia, low-set ears, and other abnormalities. According to the current
consensus, penicillamine and trientine are safe in doses of 0.75 to 1 g/day during the first two trimesters; the
dosage should be reduced to 0.5 g/day during the last trimester and in nursing mothers. Zinc therapy is an
attractive alternative with a different mechanism of action; it induces synthesis of metallothionein, which
sequesters copper in enterocytes, blocking its absorption. No teratogenic effects have been reported in animals or
humans. The recommended doses are 50 mg three times/day for patients with 24-hour urinary copper values
greater than 0.1 mg and 25 mg three times/day for patients with lower urinary copper values. Close monitoring of
urinary copper and zinc levels is suggested; the zinc dose should be adjusted accordingly.

INTRAHEPATIC CHOLESTASIS OF PREGNANCY
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What is the most common liver disorder unique to pregnancy?
[HCP is the most common disorder unique to pregnancy.

What is the major clinical manifestation of IHCP?
Severe pruritus with onset in the second or, more commonly, third trimester (more than 70% of cases).

What biochemical changes are noted in IHCP?

Serum bile acids, often measured as cholylglycine, increase by 10- to 100-fold. Serum levels of AP rise by seven-
to tenfold, along with a modest rise in serum levels of 5'-nucleotidase (confirming the hepatic source of AP).
AST, ALT, and direct bilirubin also rise. No evidence of hemolysis is found. GGTP is usually normal, as is
prothrombin time (PT) and international normalized ratio (INR).

What is the expected clinical and biochemical course after delivery for patients with IHCP?
Pruritus should improve promptly after delivery (within 24 hours). Jaundice is rare and, if present, may persist for
days. Biochemical abnormalities may persist for months.

What is a possible cause for abnormal bleeding in a postpartum woman previously diagnosed
with IHCP? What is the treatment?

Malabsorption of liposoluble vitamins, including vitamin K, especially in patients treated with cholestyramine
for pruritus. The INR corrects with parenteral administration of vitamin K.
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What is the effect of IHCP on the fetus?

Fetal distress requiring cesarean section develops in approximately 30% to 60% of cases. Prematurity occurs
in approximately 50% of cases and fetal death in up to 9% of affected pregnancies. All of these effects are
more likely if the disorder begins early in pregnancy.

What is the therapy for IHCP?
Alleviating pruritus is the main goal. Therapeutic agents include:
e Ursodeoxycholic acid, 15 mg/kg/day; up to 24 mg/kg/day studied with good results
¢ Cholestyramine, 4 g four or five times/day (bile acid-binding resin)
¢ Hydroxyzine hydrochloride (Atarax) or pamoate (Vistaril) (antihistamines); Atarax 25 to 50 mg every
6 hours as needed, Vistaril 15 to 30 mg every 6 hours as needed
¢ Phenobarbital, 100 mg/day (choleretic and centrally acting sedative)
e Phototherapy with ultraviolet B light as directed by a dermatologist
Vitamin K before delivery is highly recommended to minimize the risk of postpartum hemorrhage. Mother and
fetus should be observed closely. Elective induction is recommended at 36 weeks (severe cases) or 38 weeks
(average cases) if the fetal lungs have matured.

Can IHCP recur?
Yes. Approximately 40% to 70% of subsequent pregnancies show evidence of mild intrahepatic cholestasis.
The same pattern can be seen with use of estrogen-containing contraceptives.

What atypical signs and symptoms make the diagnosis of IHCP doubtful?

Fever, hepatosplenomegaly, pain, jaundice preceding or without pruritus, and pruritus after delivery or before
21 weeks of pregnancy, especially with a singleton pregnancy, should prompt the search for an alternate
diagnosis.

What biochemical changes suggest an alternate diagnosis?
e Normal AST and ALT levels

¢ Elevated AP and GGTP (i.e., biliary disease)

¢ Predominantly unconjugated hyperbilirubinemia (i.e., hemolysis)

ACUTE FATTY LIVER OF PREGNANCY

20.

21.

22.

What are the clinical and laboratory features of AFLP?

AFLP is a rare disorder with an incidence of 1 in 13,000 to 1 in 16,000 pregnancies. Onset occurs in the
second half of pregnancy, usually during the third trimester, although occasionally postpartum onset is reported.
Clinical manifestations include nausea and vomiting, jaundice, malaise, thirst, and altered mental status.
Severe cases progress rapidly to hypoglycemia, disseminated intravascular coagulation (DIC), renal
insufficiency, coma, and death. Signs of coexistent preeclampsia may be present, such as moderately increased
arterial blood pressure, proteinuria, and hyperuricemia. Laboratory abnormalities consist of moderate AST and
ALT elevations (usually less than 1000), conjugated hyperbilirubinemia, elevated PT, fibrin split products,
and D-dimers, along with low platelet count, elevated levels of ammonia and serum uric acid, and leukocytosis.
Hypoglycemia is a sign of extreme severity; blood glucose levels must be monitored closely.

How do we diagnose and treat AFLP?

High clinical suspicion is crucial for early recognition and appropriate management. AFLP is suggested by
hepatic failure at or near term or shortly after delivery in the absence of risk factors or serologic findings
suggesting viral hepatitis. Thirst, a symptom of underlying vasopressin-resistant diabetes insipidus, is
characteristic to AFLP and HELLP syndrome. Liver biopsy, if feasible, is diagnostic in the appropriate clinical
context. Treatment consists of admission to hospital, close monitoring by a multidisciplinary team (hepatologist,
maternal-fetal medicine specialist, intensive care specialist), and immediate delivery. Recovery is usually
complete, although it may be delayed in patients with significant clinical complications before delivery

(e.g., DIC, renal failure, infections).

Is biopsy pathognomonic for AFLP?

Biopsy is confirmatory but not pathognomonic or indispensable in making the diagnosis. Histologic findings are
characterized by microvesicular fatty infiltration, mostly in centrilobular zones. In general, lobular and trabecular
architecture is preserved, and inflammatory infiltrates and cell necrosis are mild, if present at all. AFLP is a
systemic disorder. Similar fatty changes have been noted in pancreatic acinar cells and tubular epithelial cells of
the kidneys. The same prominent microvesicular steatosis is seen in other conditions such as Reye

syndrome, sodium valproate toxicity, Jamaican vomiting sickness, and congenital defects of urea cycle enzymes
or beta-oxidation of fatty acids.
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23.

24.

25.

26.

Describe the pathogenesis of AFLP.

Pathogenesis remains somewhat unclear. In some cases the fetus has an isolated deficiency of long chain
3-hydroxyacyl-CoA dehydrogenase (LCHAD), which leads to a disorder of mitochondrial fatty acid oxidation.
The inheritance pattern is recessive and involves a mutation from glutamic acid to glutamine at amino acid
residue 474 (Glu474Gln) on at least one allele. It is hypothesized that in the presence of this mutation in
homozygous or compound heterozygote fetuses, long-chain fatty acid metabolites produced by the fetus or
placenta accumulate in the mother and are highly toxic to the maternal liver. The mother is phenotypically
normal; her genotype does not correlate with development of AFLP.

What is the outcome of a child whose mother has AFLP?

Previously reported fetal mortality rates of 75% to 90% have been significantly reduced by better awareness,
earlier diagnosis, availability of neonatal intensive care units, and institution of close monitoring and
dietary treatment through childhood. In pregnancies associated with LCHAD defects, children present at a
mean age of 7.6 months (range, 0-60 months) with acute hepatic dysfunction (incidence of 79%). They may
experience hypoketotic hypoglycemia, hypotonia, hepatomegaly, hepatic encephalopathy, high transaminase
levels, and fatty liver. The condition may progress rapidly to coma and death. Frequent feedings of a low-fat
diet in which the fats are medium-chain triglycerides prevent hypoketotic hypoglycemic liver dysfunction.
According to recent studies, 67% of children treated with dietary modification are alive, and most attend
school.

Does AFLP recur in subsequent pregnancies?
In the cases associated with LCHAD defects, the disorder is recessive, affecting one in four fetuses. The rate of
recurrence of maternal liver disease is 15% to 25%.

Is genetic testing indicated in women diagnosed with AFLP?

All women with AFLP, as well as their partners and children, should be advised to undergo molecular
diagnostic testing. Testing for Glu474Gln only in the mother is not sufficient to rule out LCHAD deficiency
in the fetus or other family members.

HEMOLYSIS, ELEVATED LIVER ENZYMES, AND LOW PLATELETS

27.

28.

29.

30.

31.

What is the spectrum of liver involvement in preeclampsia?

Liver involvement in preeclampsia ranges from subclinical, with biopsy evidence of fibrinogen deposition along
hepatic sinusoids, to several, possibly severe disorders. In patients with HELLP syndrome, the chief complaint is
abdominal pain, which usually presents in the second half of gestation but may occur up to 7 days after delivery
(almost 30% of affected women). Hepatic infarction is another rare manifestation of liver involvement in
preeclampsia. Patients present in the third trimester or early after delivery with unexplained fever, leukocytosis,
abdominal or chest pain, and extremely elevated aminotransferases (greater than 3000). The diagnosis
depends on visualization of hepatic infarcts on CT contrast images or MRI. Subcapsular hematomas and hepatic
rupture are life-threatening complications with high morbidity and mortality rates. A high index of
suspicion and early CT imaging allow diagnosis and prompt intervention.

How common is HELLP syndrome?

The incidence of HELLP syndrome is 0.2% to 0.6% in all pregnancies and 4% to 12% in preeclamptic patients.
The incidence is higher in multiparous, white, and older women, but the mean age of occurrence is around
25 years.

Describe the incidence and prognosis of spontaneous intrahepatic hemorrhage.

Spontaneous intrahepatic and subcapsular hemorrhage occurs in approximately 1% to 2% of patients with
preeclampsia, with an estimated incidence of 1 in 45,000 live births. Prognosis improves with awareness, early
diagnosis by imaging studies, and aggressive surgical management. Recent reported maternal mortality rates
range from 33% to 49%. Fetal mortality remains high (60%).

What findings typically lead to the diagnosis of HELLP syndrome?

Diagnosis relies on typical laboratory evidence of liver involvement with associated thrombocytopenia. Not
all patients have clinical hypertension or proteinuria at presentation. Liver test abnormalities are hepatocellular.
Liver function is normal. Thrombocytopenia is present, usually less than 100,000/mm®. Hemolysis is mild,
with microangiopathic findings on peripheral smear. Biopsy is characteristic but may be extremely risky and is
not needed for diagnosis. It shows periportal hemorrhage, fibrin deposition, and necrosis, possibly with
steatosis or deposition of fibrinogen along sinusoids with focal parenchymal necrosis. A normal biopsy does not
exclude the diagnosis, because involvement may be patchy.

What is the treatment for severe preeclamptic liver disease?

The initial priority is to stabilize the mother by administering intravenous fluids, correcting any concurrent
coagulopathy, administering magnesium for seizure prophylaxis, and treating severe hypertension. Early hepatic
imaging is indicated to rule out infarcts or hematomas. Fetal functional status should be determined. Fetal
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outcome is related mostly to gestational age. Beyond 34 weeks of gestation with evidence of fetal lung maturity,
delivery is the recommended therapy. If fetal lungs are immature, the fetus can be delivered 48 hours after
administration of two doses of steroids. Delivery should be attempted immediately with evidence of fetal or
maternal distress. In cases of ruptured subcapsular hematoma, massive transfusions and immediate surgical
intervention are required. In cases in which surgical intervention is not possible and there are signs and
symptoms of acute liver failure, liver transplantation should be considered for survival. Liver transplantation is
usually being done under urgent category “status 1,” thus giving top priority for organ offers and both graft and
patient survival outcomes have been excellent.

Does HELLP recur in subsequent pregnancies?
Possibly. Studies report recurrence risks as low as 3.4% and as high as 25%.

What information helps to differentiate AFLP from HELLP?

At presentation, AFLP and HELLP may be difficult to differentiate. Hypertension is usually but not invariably
associated with HELLP syndrome. Patients with HELLP have mild, predominantly unconjugated
hyperbilirubinemia caused by hemolysis, along with severe thrombocytopenia, but no laboratory values
suggestive of hepatic failure. Laboratory abnormalities are significantly more severe in AFLP; evidence of hepatic
synthetic failure manifests as prolonged PT and significant hypoglycemia in advanced stages. Fibrinogen is low,
and ammonia is elevated. Biopsy shows microvesicular steatosis, predominantly in the central zone, in patients
with AFLP, whereas patients with HELLP show predominantly periportal fibrin deposition, necrosis, and
hemorrhage.

Is prospective screening necessary in pregnancies complicated by AFLP or HELLP?
From 15% to 20% of pregnancies complicated by AFLP and less than 2% of pregnancies complicated by HELLP
syndrome are associated with fetal LCHAD deficiency. Newborns should be screened prospectively at birth in
all pregnancies complicated by AFLP. Homozygosity and heterozygosity for the Glu474GIn would indicate
the need for avoidance of prolonged fasting and replacement of dietary long-chain fatty acids with medium-
chain fatty acids. Parents and physicians should be educated in the risk of metabolic crises and sudden
death and instructed in the need for early intervention with intravenous glucose during episodes of vomiting,
lethargy, and even minor illnesses.

Recent results do not justify routine screening of newborns in pregnancies complicated by HELLP
syndrome. Molecular diagnostic testing should, however, be considered in women with recurrent HELLP
syndrome in multiple pregnancies.

CARE OF PATIENTS WITH PREEXISTING LIVER DISEASE
Berore AND DURING PREGNANCY

Contraception
Management of underlying liver disease

Management in the setting of transplantation

[ ]
[ ]
¢ Management of portal hypertension
]
[ ]

Prevention of vertical transmission

CONTRACEPTION

35.

What methods of contraception are available for patients with liver disease?

Patients with advanced or untreated liver disease commonly experience amenorrhea and infertility. If clinical
improvement leads to restoration of fertility, multiple methods of contraception are available, including barrier
methods and intrauterine devices. Tubal ligation may be used in women who have completed their families.
Estrogen-based contraceptive agents are generally contraindicated, especially for patients with acute liver
disease, but progestin contraceptives are safe alternatives. Combination contraceptives are absolutely
contraindicated in patients with cholestatic jaundice of pregnancy or jaundice with prior use, and World Health
Organization is listing them as category 4 type drugs for patients with decompensated cirrhosis of any cause.
Numerous formulations and delivery systems are available.

MANAGEMENT OF UNDERLYING LIVER DISEASE

36.

How should patients with preexisting liver disease be managed if pregnancy occurs?

Patients are best managed by a multidisciplinary team that includes a maternal-fetal medicine specialist,
perinatologist, and hepatologist. They have an increased risk for maternal complications along with a higher
incidence of fetal loss and prematurity. In general, patients should be maintained on the previous therapy
that was successful in controlling liver disease and restoring fertility. Women with autoimmune hepatitis should
be continued on corticosteroids alone or in combination with azathioprine, which is not teratogenic at standard
doses. Patients with Wilson disease should be continued on the anticopper agent. Patients with portal
hypertension should have a baseline endoscopy. If they have never bled and medium or large varices are present,
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they are at increased risk for variceal hemorrhage during pregnancy. Primary prophylaxis with a nonselective
beta blocker or isosorbide mononitrate should be instituted. The fetus should be monitored for bradycardia or
growth retardation if the mother is maintained on beta blockers. Variceal bleeding is safely managed with
variceal band ligation or sclerotherapy. Octreotide in customary doses is safe in pregnancy if needed. Performing
surgical portacaval shunts for patients with well-preserved liver function is possible. Placement of a transjugular
intrahepatic portosystemic shunt and splenectomy (in patients with massive splenomegaly, varices, and
thrombocytopenia) also have been reported.

MANAGEMENT OF PORTAL HYPERTENSION

37.

38.

What are the effects of pregnancy on the mother with portal hypertension?

The morbidity rate is 30% to 50% because of possible onset of hepatic encephalopathy, spontaneous bacterial
peritonitis, and progressive liver failure. The incidence of variceal hemorrhage is 19% to 45%, especially in the
second trimester and during labor. Postpartum hemorrhage is seen in 7% to 10% of women, most frequently in
those with cirrhotic portal hypertension; thrombocytopenia plays a major role. The mortality rate of these
complications is 4% to 7% in noncirrhotic and 10% to 18% in cirrhotic patients with portal hypertension. Data
regarding this topic originate mostly from case series and prospectively acquired data are few.

What is the effect of maternal portal hypertension on pregnancy?

Spontaneous abortion rates for patients with cirrhosis range from 15% to 20%. Most cases occur in the first
trimester. Of interest, patients with extrahepatic portal hypertension and patients with well-compensated
cirrhosis who underwent surgical shunting before conception have abortion rates similar to the general
population. The incidence of premature termination of pregnancy in the second and third trimesters is similar in
all previously mentioned groups. Fetal mortality rates are approximately 50% if the mother requires emergent
surgical intervention for variceal hemorrhage. Perinatal mortality rates in cirrhotic mothers are as high as
11% to 18% because of premature delivery, stillbirth, and neonatal death, but they are similar to those for the
general population in noncirrhotic patients with portal hypertension and patients who underwent previous
portal surgical decompressive procedures.

MANAGEMENT IN THE SETTING OF ORTHOTOPIC LIVER
TRANSPLANTATION

39.

40.

M.

42.

43.

When can a liver transplant recipient actively seek conception?

At least a 1-year waiting period is advisable. Case reports suggest that conception close to the transplant
date may result in increased maternal and fetal morbidity and mortality. Contraception should be instituted
before resuming sexual relations, preferably with barrier methods.

Is pregnancy possible after liver transplantation?
Pregnancy will become possible once normal menstrual cycles resume. In women with chronic liver disease, most
pretransplant amenorrhea resolves in approximately 3 to 10 months following liver transplantation.

What are the possible complications of pregnancies occurring after liver transplantation?
Hypertensive complications, preterm delivery, infection, and fetal growth restriction are possible complications.
Immunosuppressive agents used such as cyclosporine and tacrolimus cause hypertension and renal insufficiency,
as well as impairment of placental amino acid transport systems, leading to fetal growth restriction.
Cytomegalovirus (CMV) infection can cause congenital anomalies and liver disease if the mother was
infected early in the pregnancy. Risk for CMV infection is greatest immediately after transplant or in case of
increased immunosuppression caused by rejection episodes. Rejection is a rare complication; only approximately
10% of the reported pregnancies have been complicated by biopsy-proved rejection.

What is recommended in the management of a pregnancy occurring following liver transplantation?
Management as high-risk pregnancy by a specialist in maternal-fetal medicine is preferred. Immunosuppression
should be continued with close monitoring of blood levels. Abnormal liver function tests should be evaluated
aggressively. Percutaneous liver biopsy is not contraindicated but should be performed under ultrasound
guidance. Monitoring for maternal and fetal CMV infection is indicated. Quantitative CMV immunoglobulins
or detection of CMV viremia and viruria in the mother are adequate tests, and even amniotic fluid analysis
could be used if there is suspicion of fetal infection. Deliveries should be via cesarean section if there are
active herpes simplex lesions present. Prophylactic antibiotics should be used for deliveries in general.

What are pregnancy safety data regarding maintenance immunosuppressive agents used

in orthotopic liver transplantation?

e Category B (no evidence of risk in humans): prednisone

e Category C (risks cannot be ruled out): cyclosporine, tacrolimus (FK506), rapamycin (Sirolimus), OKT3,
antithymocyte globulin, antilymphocyte globulin
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e Category D (evidence of risk): azathioprine
e Category D with black box warning (high risk: mutagenic/teratogenic): mycophenolate mofetil (CellCept,
Myfortic). It is advised that anyone pregnant or wishing to become pregnant be changed to azathioprine.

Is breastfeeding permitted after delivery in a liver transplant recipient?

At this time, it is believed that breastfeeding should be discouraged. A woman administered immunosuppressive
drugs should not breastfeed. Calcineurin inhibitors could cause immunosuppression and nephrotoxicity, and no
recommendation can be made at this time regarding azathioprine-based regimens because there is extremely
limited experience. Manufacturer recommends against breastfeeding in mothers administered interferon
therapy, ribavirin, ganciclovir, or lamivudine. No specific recommendation can be made regarding foscarnet. No
data are available regarding ursodeoxycholic acid excretion in breast milk.

Are immunosuppressive agents safe during pregnancy?

Corticosteroids, azathioprine, cyclosporine, tacrolimus, and OKT3 have no apparent teratogenic potential.
All may contribute to low birth weights and fetal prematurity. Tacrolimus crosses the placenta and may
contribute to transient perinatal hyperkalemia and mild, reversible renal impairment. There are no reports of
allograft loss as a result of pregnancy in the tacrolimus-treated group of 35 patients at the University of
Pittsburgh. The Philadelphia-based cyclosporine registry reports an allograft rejection rate of 17% and a graft loss
rate of 5.7% in 35 patients taking cyclosporine during gestation and the postpartum period. Mycophenolate
mofetil should not be used during pregnancy because of increased risks of birth defects and miscarriage. Patients
should have one pregnancy test immediately before starting mycophenolate mofetil and another pregnancy
test 8 to 10 days later. Pregnancy tests should be repeated during routine follow-up visits. Patients should

be counseled about acceptable birth control during mycophenolate mofetil therapy, and continue birth control
for 6 weeks after it is discontinued. A risk evaluation and mitigation strategy was mandated by the FDA to
minimize the risks associated with mycophenolate mofetil use in the childbearing population.

PREVENTION OF VERTICAL TRANSMISSION

46.

47.

48.

49.

How may vertical transmission of viral hepatitis A be prevented?

Maternal infection with the hepatitis A virus (HAV) is not associated with fetal loss or teratogenic effects.
Vertical transmission of HAV is rare. There are no restrictions concerning breastfeeding. Passive immunization
can be performed with immunoglobulin for urgent postexposure prophylaxis. HAV vaccine is safe and
recommended in pregnant women at risk for acquiring the disease, such as women traveling to endemic areas.

How may vertical transmission of viral hepatitis B be prevented?

The hepatitis B virus (HBV) may be transmitted vertically. If the mother acquires HBV in the first trimester of
pregnancy, there is a 10% risk that the infant will test positive for hepatitis B surface antigen (HBsAg) at
birth. The percentage dramatically increases to 80% to 90% if the acute maternal infection develops during the
third trimester. In mothers who have chronic hepatitis B and test positive for the hepatitis B e antigen (HBeAg),
90% of neonates develop chronic hepatitis B without prophylaxis. If the mother has HBeAg- and HBeAb-
negative chronic hepatitis B, 40% of neonates develop chronic hepatitis B infection without prophylaxis.

The rate decreases to less than 5% if the mother is HBeAg-negative and HBe Ab-positive. Antepartum serum
HBsAg testing is mandatory. Neonates of HBsAg-positive mothers or HBsAg status—unknown mothers are
treated with HBV human hyperimmunoglobulin, 0.5 mL intramuscularly, at delivery. At the same time, they are
given the first dose of HBV vaccine. The second dose is administered at 1 month of age, and the third dose at
6 months of age. If the mother is HBsAg-negative, the child should be vaccinated only with the three-dose
regimen, with the first inoculation at birth. The regimen is approximately 85% effective in preventing chronic
hepatitis B in neonates and is ineffective in cases of hematogenous transplacental transmission, which are

seen in approximately 15% of pregnancies as a result of small placental tears. Active and passive immunization
at birth also reduces the possibility of viral transmission by breastfeeding. Hepatitis B vaccination is safe in
pregnant women. Lamivudine and tenofovir are pregnancy class C and B drugs, respectively. Tenofovir has a
higher barrier to resistance and may be a better option for mothers who may need antiviral therapy long

term postpartum. General recommendations are to offer prophylaxis against vertical transmission to women to
have a high viral load starting 4 to 8 weeks prior to delivery to allow for an adequate decline in the HBV viral load.

What is the risk of vertical transmission of viral hepatitis C?

The risk of perinatal transmission is approximately 2% for infants of anti-hepatitis C virus (HCV) seropositive
women. When a pregnant woman is HCV-RNA—positive at delivery, this risk increases to 4% to 7%. Higher
HCV RNA levels appear to be associated with a greater risk. Levels of RNA of 1 million copies/mL are reportedly
associated with vertical transmission rates as high as 50%. HCV transmission increases up to 20% in women
coinfected with HCV and human immunodeficiency virus (HIV). There are currently no data to determine
whether antiviral therapy reduces perinatal transmission. Immunoglobulin therapy is ineffective. Rate of
infection is similar among first- and second-born children.

Is it possible to prevent vertical transmission of viral hepatitis D and G?
Perinatal transmission of the hepatitis D virus (HDV) is rare. There are no documented cases of vertical
transmission of HDV in the United States. No clinical data about hepatitis G infection during pregnancy are
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50.
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52.

available, and no studies of vertical transmission have been done. Because of the lack of data on HDV,
recommendations regarding breastfeeding are unknown.

Are HCV-infected women allowed to breastfeed?

HCV-infected women should be told that hepatitis C transmission via breastfeeding has not been documented.
Current available studies show that the average rate of infection is 4%, similar for breastfed and bottle-fed
infants. According to the Centers for Disease Control and Prevention and a 1997 consensus statement from the
National Institutes of Health (NIH), “Breastfeeding is not contraindicated for HCV-positive mothers,” and “the
maternal to baby transmission of HCV infection through breast milk has not been documented.” Risk of
transmission by breastfeeding was not found to be significant unless coinfection with HIV was present.

Does the mode of delivery influence hepatitis C transmission?

Current data are limited but indicate that infection rates are similar in infants delivered vaginally and cesarean-
delivered infants. There are no prospective studies evaluating the use of elective cesarean section for the
prevention of mother-to-infant transmission of HCV. However, avoiding fetal scalp monitoring and prolonged
labor after rupture of membranes may reduce the risk of transmission to the infant.

How can perinatal HCV infection be diagnosed?

Infants passively acquire maternal antibodies that can persist for months. Anti-HCV antibodies after 15 months
of age or positive HCV-RNA, which can be detected as early as 1 or 2 months, are diagnostic of perinatal
transmission of HCV. A recent NIH consensus conference recommends that infants born to HCV-positive
mothers be tested for HCV infection by HCV-RNA tests on two occasions between the ages of 2 and 6 months
and/or have tests for anti-HCV after 15 months of age. Positive anti-HCV in infants prior to 15 months of age
may be due to transplacental transfer of maternal anti-HCV antibody.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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RHEUMATOLOGIC MANIFESTATIONS

OF HEPATOBILIARY DISEASES

Sterling G. West, MD, MACP, FACR

CHAPTER 22

VIRAL HEPATITIS

1.

How often is viral hepatitis associated with rheumatic manifestations?

Approximately 25% of patients with hepatitis B antigenemia develop a rheumatic syndrome. Up to 50%
of patients with hepatitis C develop an autoimmune manifestation. Transient arthralgias can occur in
10% of patients during acute hepatitis A viral infection.

. What are the most common extrahepatic rheumatologic manifestations of hepatitis B infection?

e Acute polyarthritis-dermatitis syndrome

e Polyarteritis nodosa (PAN)

¢ Membranous or membranoproliferative glomerulonephritis

¢ Cryoglobulinemia—usually associated with hepatitis C; only 5% of all essential mixed cryoglobulinemia
is due to hepatitis B alone

. Describe the clinical characteristics of the polyarthritis-dermatitis syndrome associated with

hepatitis B infection

In the preicteric prodromal period of acute hepatitis B infection, 10% to 25% of patients develop a polyarthritis
that is acute, severe, and symmetric, involving both small (fingers) and large (knees, ankles) joints. Classically,
an urticarial rash frequently (40%) accompanies the arthritis. Both the arthritis and rash can precede the onset of
jaundice or elevated liver-associated enzymes by several days. The arthritis improves with nonsteroidal
antiinflammatory drugs and usually subsides soon after the onset of jaundice. Patients who develop chronic
hepatitis B viremia may subsequently have recurrent arthralgias or arthritis. This syndrome is caused by
deposition of circulating hepatitis B surface antigen (HBsAg)-hepatitis B surface antibody immune complexes in
the joints and skin.

. What is the typical presentation of hepatitis B-associated PAN?

Up to 10% of all patients with PAN have positive hepatitis B serologic findings and evidence of viral replication
(HBeAg, hepatitis B virus [HBV] DNA). They may present with a combination of fever, arthritis,
mononeuritis multiplex, abdominal pain, renal disease, or cardiac disease. Although liver-associated enzymes
may be abnormal, symptomatic hepatitis is not a prominent feature.

. How is PAN associated with hepatitis B antigenemia diagnosed?

The diagnosis is made on the basis of a consistent clinical presentation coupled with an abdominal or renal
angiogram showing vascular aneurysms and corkscrewing of blood vessels (Figure 22-1). The gold standard is a
tissue biopsy showing medium-vessel vasculitis.

What is the treatment of hepatitis B-associated PAN?

Patients are typically very ill and will die without aggressive therapy. Antiviral agents and plasmapheresis for
removal of immune complexes are used early to control the acute symptoms and antigenemia. Corticosteroids
(30 mg/d) are also used early to control inflammation. Once the acute process is controlled, corticosteroids are
tapered (usually over 2 to 3 weeks) because they, alone or in combination with cytotoxic drugs, can enhance viral
replication. Cyclophosphamide should be avoided. Patients older than 50 years of age and those with renal
insufficiency or cardiac, gastrointestinal, or central nervous system involvement have the worst prognosis. The
overall 5-year survival rate is 50% to 70%.

What are the most common hepatitis C virus (HCV)-related autoimmune disorders?

® Mixed (type II and III) cryoglobulinemia (40%-60% of HCV patients have cryoglobulins but only 5%
develop vasculitis).

e Systemic PAN-like vasculitis (<1% of HCV patients).

e Membranoproliferative glomerulonephritis.
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Figure 22-1. Renal angiogram showing vascular aneurysms in a patient with hepatitis B—associated polyarteritis nodosa
(arrows).

e Nonerosive polyarthritis (2%-20% )—Patients with acute hepatitis C infection can have an acute (usually
transient) polyarthritis resembling rheumatoid arthritis (RA) with involvement of hands, wrists, shoulders,
knees, and hips symmetrically. Although these patients are frequently rheumatoid factor (RF)—positive
because of cryoglobulinemia, they do not have anti—cyclic citrullinated peptide antibodies. Other patients
have an intermittent monoarthritis or oligoarthritis affecting large-and medium-sized joints.

e Autoantibody production (40%-65%)—RF, antinuclear antibodies (ANAs), anticardiolipin
antibodies, anti-smooth muscle antibodies, anti-liver-kidney microsomal antibody 1, and antithyroid
antibodies.

e Sjogren’s-like syndrome with dry eyes and dry mouth (5%-19% )—caused by a lymphocytic sialadenitis.
Anti-SS-A(Ro) and anti-SS-B(La) antibodies are negative.

¢ Autoimmune thrombocytopenia, myasthenia gravis, and sarcoidosis have been rarely associated with HCV
infection or its therapy.

8. What is the relationship between viral hepatitis and cryoglobulinemia?
Approximately 80% to 90% of patients with essential mixed cryoglobulinemia (type II and type III) are
positive for hepatitis C. Hepatitis C viral RNA is concentrated up to 1000-fold in the cryoprecipitate.
Hepatitis C—infected patients are prone to develop autoimmune and lymphoproliferative diseases (35 x higher
risk). This is due to HCV’s predilection to bind to B lymphocytes via CD81. This binding lowers the activation
threshold for these cells, facilitating autoantibody production and cryoglobulinemia. Also, HCV can infect
B cells, causing proto-oncogene, bcl-2, recombination, which inhibits apoptosis, leading to extended
lymphocyte survival. This results in cryoglobulinemia and neoplastic transformation (non—-Hodgkin B-cell
lymphomas).

9. Describe the typical clinical features of cryoglobulinemia associated with hepatitis C infection.
A cryoglobulin is an immunoglobulin that precipitates at temperatures of less than 37 °C and redissolve with
rewarming. They precipitate in blood vessels in patients, causing inflammation and a variety of symptoms.
Patients present with a combination of fever, arthritis (which can be confused with RA), renal disease,
paresthesias from peripheral neuropathy, and a predominantly lower extremity petechial rash, positive RF, and
low complement levels (especially C4). Hepatitis is not a prominent feature. Patients have been successfully
treated with combined corticosteroids, Peg-interferon a-2b/ribavirin/protease inhibitor combination, and
plasmapheresis. Recently, rituximab (anti-CD20) has been used successfully to deplete the B-cell population
making the cryoglobulins.
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AUTOIMMUNE AND OTHER LIVER DISEASES

10. What is lupoid hepatitis?
Lupoid hepatitis is now called type I (classic) autoimmune hepatitis (AIH). Type I AIH can occur in all age groups,
but most patients are young and predominantly female (70%-80%). Many patients have clinical (arthralgias
[50%]) and laboratory manifestations that may resemble systemic lupus erythematosus (SLE). Patients
commonly have positive ANAs (40%-60%), antibodies against smooth muscle antigen (90%) frequently with
specificity against F-actin, hypergammaglobulinemia (immunoglobulin G [IgG]), and occasionally lupus
erythematosus cells. They do not have antibodies against dsSDNA. Type I AIH has been described in patients
with SLE, Sjégren’s syndrome, mixed connective tissue disease, and limited systemic sclerosis. Patients with type
I AIH can have other autoantibodies such as atypical perinuclear antineutrophil cytoplasmic antibodies.

11. To what degree is type | AlH similar to SLE?
See Table 22-1.

Table 22-1. Comparison of Type | AlH and SLE

SLE TYPE | AIH
Young women + +
Polyarthritis + +
Fever + +
Rash + +
Nephritis + -
Central nervous system disease + -
Photosensitivity 4 -
Oral ulcers + -
ANA 99% 40%-60%
LE cells 70% Uncommon
Polyclonal gammopathy 4 +
Anti-Smith antibodies 25% 0
+ Anti-dsDNA 70% Rare
+ Anti-F-actin Rare 60%-95%

AIH, Autoimmune hepatitis; ANA, antinuclear antibody; LE, lupus erythematosus; SLE, systemic lupus erythematosus.

12. What is the difference between anti-Sm and anti-SM antibodies?
Anti-Sm antibodies are antibodies against the Smith antigen, which is an epitope on small nuclear
ribonuclear proteins. It is highly diagnostic of SLE. The anti-SM antibody is an antibody against the
smooth muscle antigen (which is frequently F-actin). It is highly diagnostic of type I AIH (Table 22-2).

Table 22-2. Anti-Sm Versus Anti-SM Antibodies

SLE TYPE | AlH
Anti-Smith (Sm) antibodies Yes No
Anti—smooth muscle (SM) antibodies No Yes

AIH, Autoimmune hepatitis; SLE, systemic lupus erythematosus.

13. List the common autoimmune diseases associated with primary biliary cirrhosis (PBC).
Approximately 50% of patients with PBC have one or more additional autoimmune diseases. The following
disorders are most commonly seen:

e Keratoconjunctivitis sicca (mostly secondary Sjogren’s syndrome)—25% to 30%
¢ Autoimmune thyroiditis (Hashimoto disease)—20%

¢ Raynaud’s —20%

¢ RA—8% to 10%
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Table 22-3. PBC Arthritis versus RA

PBC ARTHRITIS RA
Frequency in patients 10% develop RA 1%-10% develop PBC
No. of joints* Polyarticular Polyarticular
Symmetry Symmetric Symmetric
Inflammatory Yes Yes
Rheumatoid factor Sometimes Yes (85%)
Erosions on radiograph Rare Common

PBC, Primary biliary cirrhosis; RA, rheumatoid arthritis.
*PBC can involve distal interphalangeal joints of fingers, whereas RA does not involve these joints.
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e Limited systemic sclerosis (calcinosis, Raynaud phenomenon, esophageal, telangiectasia [CREST]) occurs
in 4% to 8% of PBC patients and antedates PBC by an average of 14 years
e Others: pernicious anemia (4%), celiac disease, SLE (1.5%), polymyositis

Compare and contrast the arthritis that may occur with PBC and RA.
See Table 22-3.

What other musculoskeletal manifestations may occur in patients with PBC?

e Osteomalacia caused by fat-soluble vitamin D malabsorption (low 25-OH vitamin D level)
e Osteoporosis caused by renal tubular acidosis

e Hypertrophic osteoarthropathy

What autoantibodies commonly occur in patients with PBC?
The most common and diagnostic antibody is the antimitochondrial antibody (AMA) seen in 80% to 90% of
patients with PBC. This antibody is directed against various mitochondrial enzymes, most commonly the E2
component of the pyruvate dehydrogenase complex.
Approximately 60% of patients have one or more autoantibodies other than AMA including:
e ANAs—20% to 50%
¢ Antiphospholipid antibodies (usually IgM)—15% to 20%
e Anticentromere antibodies—15% to 20%.
Most patients also have manifestations of the CREST variant of limited systemic sclerosis.

How commonly does arthritis occur in patients with hereditary hemochromatosis (HHC)?
Approximately 40% to 75% of patients have a noninflammatory degenerative arthritis, most commonly
involving the second and third metacarpophalangeal (MCP) joints, proximal interphalangeal (PIP) joints,
wrists, hips, knees, and ankles. Of importance, this arthropathy may be the presenting complaint (30% to 50%)
of patients with hemochromatosis and is frequently misdiagnosed in young men as seronegative RA.

Describe the radiographic features suggestive of hemochromatotic arthropathy (HA).

Suggestive radiographic features include subchondral sclerosis, cyst formation, irregular joint space narrowing,
chondrocalcinosis, and osteophyte formation consistent with degenerative arthritis of involved joints. The key
finding is degenerative changes in the MCP joints (typically second and third) with hooklike osteophytes
(Figure 22-2). This finding is important, because the MCP joints and wrists rarely develop degenerative joint
disease without an underlying cause such as hemochromatosis.

What is the relationship between calcium pyrophosphate disease and hemochromatosis?
Chondrocalcinosis of the triangular fibrocartilage at the ulnar side of the wrist and the hyaline cartilage of the
knees is seen in 20% to 50% of patients with hemochromatosis. Crystals of calcium pyrophosphate may shed into
the joints, causing superimposed flares of inflammatory arthritis (i.e., pseudogout).

Discuss the genetics of HHC.

HHC is among the most common genetic disorders in whites of northern European descent. There are four types
of HHC, and all are related to genetic mutations. Classic HHC (type 1) is the most common type (80%). It is
autosomal recessive and associated with a mutation of the HFE gene on chromosome 6 that encodes for a protein
involved in regulation of iron absorption. Between 80% and 90% of patients are homozygous for the same
mutation (C282Y) of this gene. The homozygote frequency in the white population is 0.3% to 0.5% and carrier
frequency is 7% to 10% (i.e., heterozygotes). However, not all patients homozygous for this HFE mutation
develop clinical manifestations of iron overload (28% of male and 1% of female homozygotes over 12 years).
Therefore other genes as well as environmental factors (alcohol, etc.) may play a role in modifying the
phenotypic expression of iron overload.
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Figure 22-2. Radiographs of hands showing degenerative arthritis with hooklike osteophytes of the second and third
metacarpophalangeal joints in a patient with hemochromatosis (arrows).

21. Compare and contrast the features of HA and RA.
See Table 22-4.

22. How effective is phlebotomy in halting the progression of HA?
Phlebotomy does not halt the progression of the arthropathy.

23. What is the correlation between the severity of arthropathy and severity of liver disease
in hemochromatosis?
There is no correlation.

24. Why does hemochromatosis cause a degenerative arthritis?
The arthropathy is characterized by hemosiderin deposition in synovium and chondrocytes. The presence of iron
in these cells may lead to increased production of destructive enzymes (e.g., matrix metalloproteinases), free
radical generation, or crystal deposition that causes cartilage damage. Other mechanisms also may be possible;
the precise pathway by which chronic iron overload leads to tissue injury has not been fully established.

Table 22-4. Comparison of Hemochromatotic Arthropathy and Rheumatoid Arthritis

HEMOCHROMATOTIC RHEUMATOID
ARTHROPATHY ARTHRITIS
Sex M>F (10:1) F>M (3:1)
Age of onset >35 years All ages
Joints Polyarticular Polyarticular
Symmetry Symmetric Symmetric
Inflammatory signs and Only if pseudogout attack Yes
symptoms
Rheumatoid factor Negative Positive (85%)
Gene HFE (90%) HLA DR4 (70%)
Synovial fluid Noninflammatory Inflammatory
Radiographs Degenerative changes Inflammatory, erosive
disease

F, female; HFE, hemochromatosis gene; HLA, human leukocyte antigen; M, male.
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25. What other musculoskeletal problems may occur in patients with hemochromatosis?

e Osteoporosis caused by gonadal dysfunction from pituitary insufficiency caused by the iron overload state (low
follicle-stimulating hormone [FSH], luteinizing hormone, and testosterone)

e Osteomalacia caused by vitamin D deficiency resulting from liver disease (low 25-OH vitamin D level)

e Hypertrophic osteoarthropathy—cirrhosis of any cause including hemochromatosis can be associated with
periosteal reaction involving shafts of long bones

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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EVALUATION OF FOCAL LIVER MASSES

Mark W. Russo, MD, MPH, FACG, and Roshan Shrestha, MD

1. Describe the initial work-up for a patient with a liver mass.
When evaluating a patient with a liver mass one of the key issues is determining if the mass is benign or
malignant. This can frequently be determined by obtaining an accurate history and physical examination.
A history of malignancy may suggest metastatic disease, particularly for breast and colon cancer, whereas a
history of cirrhosis suggests hepatocellular carcinoma (HCC). Risk factors for chronic viral hepatitis B or C or a
history of citrhosis increase the possibility of a primary malignant process. Hepatomegaly or splenomegaly,
abdominal pain, or stigmata of chronic liver disease, such as palmar erythema, spider angiomata, or
gynecomastia, may be present. Hepatic adenoma may be associated with oral contraceptives or anabolic
steroids.

Liver-associated enzymes, with the exception of y-glutamyl transpeptidase, are usually normal with
benign liver tumors. Serum alkaline phosphatase levels are often elevated with hepatic metastases, but not in all
cases, and total bilirubin may be elevated if the mass is causing obstruction of the biliary system. An increase
in serum transaminases may signify chronic hepatitis or cirrhosis. Positive hepatitis B or C serologic findings
or iron studies may identify an underlying cause of liver dysfunction or cirrhosis (Table 23-1).

Table 23-1. Differential Diagnosis of Focal Liver Masses in Adults

BENIGN MALIGNANT

Epithelial Tumors

Hepatic adenoma Hepatocellular carcinoma
Bile duct adenoma Cholangiocarcinoma
Biliary cystadenoma Biliary cystadenocarcinoma

Mesenchymal Tumors
Cavernous hemangioma Angiosarcoma
Primary hepatic lymphoma

Other Lesions

Focal nodular hyperplasia Metastatic tumors
Liver abscess

Macrogenerative nodules in cirrhosis

Focal fatty infiltration

Simple hepatic cyst

Modified from Kew MC: Tumors of the liver. In Zakim D, Boyer TD, editors: Hepatology: a textbook of liver
disease, ed 2, Philadelphia, 1990, WB Saunders, pp 1206—1239.

2. What tumor markers are useful in the evaluation of focal liver lesions?
Serum a-fetoprotein (AFP) and carbohydrate-associated antigen carbohydrate antigen 19 (CA 19-9) are
markers of primary hepatic malignancy and are used when radiographic studies indicate a focal neoplasm
originating in the liver. Carcinoembryonic antigen is used to measure adenocarcinomas, particularly
colon cancer.

Although it has its limitations, AFP is the best widely available diagnostic marker for HCC and also plays a
role in screening programs of at-risk populations. AFP levels higher than 200 ng/mL are highly suggestive of
HCC, whereas lesser elevations may be due to benign chronic hepatitis and may not indicate the presence of HCC.
A universally accepted cutoff value for AFP in the diagnosis of HCC has not been established, and levels of more
than 200 ng/mL have greater than 90% specificity for HCC. Not all hepatomas secrete AFP, and approximately one
third of patients have a normal AFP value, especially when the tumor is smaller than 2 cm. AFP levels are useful to
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follow after treatment for HCC and should decrease or normalize with successful treatment. Other tumor markers
that have been studied for the detection of HCC including AFP-L3% and des-gamma-carboxy prothrombin
(DCP). The sensitivity and specificity of AFP-L3% and DCP for HCC have been reported to be 56% and 90%
and 87% and 85%, respectively.

CA 19-9 is used in the diagnosis of cholangiocarcinoma, a malignancy originating in the bile ducts. CA 19-9
levels of more than 100 U/mL are found in more than 50% of patients and values of more than 1000 suggest
unresectability. This marker is more sensitive in patients with primary sclerosing cholangitis, a risk factor for
cholangiocarcinoma. Significant false-positive elevations in CA 19-9 can occur with bacterial cholangitis. CA
19-9 also serves as a tumor marker for pancreatic carcinoma. Although widely used, CA 19-9 has not proven
benefit for screening for cholangiocarcinoma and may create undue anxiety when elevated because it is
nonspecific.

3. What imaging modalities are used in the detection and characterization of focal liver masses?
Recent advances in computed tomography (CT) and magnetic resonance imaging (MRI) allow detailed
assessment of focal liver lesions. These imaging studies have largely supplanted previously used nuclear
medicine—based protocols for the characterization of liver masses.

Triphasic CT, which is now widely available, offers substantial improvement in hepatic imaging because
of its rapid scan time within a single breath-hold. This feature eliminates respiratory motion and allows
contrast injection to be viewed in unenhanced, arterial (early) and portal venous phases of perfusion. Lesions
that derive their vascular supply from the hepatic artery, such as HCC and hypervascular metastases, are
prominent during the arterial phase. The venous or portal phase of helical CT provides maximal enhancement
of normal liver parenchyma and optimizes detection of hypovascular lesions, such as colon, gastric, and
pancreatic metastases. CT may be preferred in patients with cirrhosis who are claustrophobic or cannot hold
their breath for MRI, or in patients with ascites, which creates motion of the liver and artifact on MRI.

MRI scanning has undergone similar refinements, with breath-hold T1-weighted images and fast (turbo)
spin-echo T2-weighted sequences that eliminate motion artifacts and make use of contrast agents in a manner
analogous to triphasic CT. Gadolinium-enhanced MRI should be considered in patients with contraindications
to iodine-based CT, such as contrast allergies or renal insufficiency. MRI also has the benefit of obtaining
images of the biliary tree (magnetic resonance cholangiopancreatography [MRCP]) in patients with suspected
biliary tract tumors or biliary obstruction. MRI may be degraded in patients who cannot hold their breath or
move because of claustrophobia. Nephrogenic systemic fibrosis (NSF) is a rare, serious condition associated with
gadolinium-based contrast agents associated with renal failure. Thus, although MRI may be preferred to CT in
patients with renal failure, caution should be taken to avoid NSF, which can be fatal.

Contrast-enhanced ultrasonography has been studied outside of the United States as a modality to
distinguish benign from malignant lesions. This modality may decrease costs and exposure to radiation, but is not
widely available in the United States.

Many focal liver masses are found incidentally on ultrasound examination of the abdomen. Although liver
ultrasound often cannot fully characterize the lesion, it has a role in verifying simple hepatic cysts, which
may have nonspecific radiographic patterns on CT or MRI. Hepatic cysts are common and present in up to
10% of the population. More than five hepatic cysts or cysts with septations warrant further investigation
because the patient may have polycystic liver disease or biliary cystadenoma. See Chapter 69, Noninvasive GI

Imaging, for comprehensive discussion of imaging options and examples for the evaluation of liver lesions
(Table 23-2).

Table 23-2. CT versus MRI for Evaluating a Liver Mass

Which test should be ordered to evaluate a liver mass?

CT MRI
Claustrophobic patient X
Estimated GFR 30-40 mL/min X
Ascites X
Magnetized foreign body X
Distinguish adenoma from FNH X
Suspect bile leak X (with MRCP)*

CT, Computed tomography; FNH, focal nodular hyperplasia; GFR, glomerular filtration rate; MRCP, magnetic resonance
cholangiopancreatography; MRI, magnetic resonance imaging.

*Hepatobiliary iminodiacetic acid scan is a nuclear imaging study that is also an excellent diagnostic test if bile leak is strongly
suspected, but it does not evaluate hepatic parenchyma.
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. What is the most common benign cause of a focal liver lesion?

Cavernous hemangiomas are the most common benign hepatic tumor, occurring in up to 20% of the population. They
occur in all age groups, more commonly in women, as solitary (60%) or multiple asymptomatic masses. Most are
smaller than 3 cm and usually occur in the posterior segment of the right hepatic lobe. The term giant hemangioma
is sometimes used when the size exceeds 5 cm. Occasionally, hemangiomas are large enough to cause abdominal
pain and, if compressing the suspect or other organs, may require resection. However, even for giant
hemangioma, the risk of tumor growth or bleeding is minimal and does not justify surgical removal unless the
patient is significantly symptomatic. Microscopically, hemangiomas consist of blood-filled vascular sinusoids
separated by connective-tissue septae.

. Why is oral contraceptive use important in the differential diagnosis of focal liver masses?
Most cases of hepatic adenomas directly relate to the use of oral contraceptive pills (OCPs). This benign tumor was
rarely seen before oral contraceptive agents came into common usage in the 1960s. Risk correlates with duration
of use and age older than 30 years. Hepatic adenomas most commonly occur in young and middle-aged women,
with an incidence of 3 to 4 per 100,000. Men infrequently develop adenomas, although cases have been reported
with anabolic steroid use.

Hepatic adenomas are well-demarcated, fleshy tumors with prominent surface vasculature. Microscopically,
they consist of monotonous sheets of normal or small hepatocytes with no bile ducts, portal tracts, or
central veins.

. Why is surgical resection of hepatic adenomas recommended?

Spontaneous rupture and intraabdominal hemorrhage can occur in up to 30% of patients with hepatic
adenoma, especially during menstruation or pregnancy. HCC also can develop within adenomas, especially
adenomas larger than 10 cm. Approximately 50% of patients with adenomas have abdominal pain, sometimes
as a result of bleeding within the adenoma. Adenomas have been known to regress with discontinuation
of birth control pills, which should be recommended, but surgical resection remains the management of choice.
Ablation is another modality used to treat adenoma, particularly in patients who are not good surgical
candidates.

. What is focal nodular hyperplasia (FNH)?

FNH is a round, nonencapsulated mass, usually exhibiting a vascular central scar. Fibrous septae radiate from the
scar in a spokelike fashion. Hepatocytes are arranged in nodules or cords between the septae, and the mass
includes bile ductules, Kupffer cells, and chronic inflammatory cells. FNH are considered the result of a
hyperplastic response to increased blood flow secondary to vascular malformations.

FNH is the second most common benign liver tumor. More than 90% occur in women and usually are
diagnosed between 20 and 60 years of age. Oral contraceptives are not directly linked as a causative agent of
FNH; however, OCPs may play a role in their growth, and therefore some authorities recommend discontinuing
OCPs in women if FNH is diagnosed.

. List the differences between hepatic adenomas and FNH.
See Table 23-3.

Table 23-3. Characteristics of Hepatic Adenoma and Focal Nodular Hyperplasia

HEPATIC ADENOMA FOCAL NODULAR HYPERPLASIA
Size (mean) 5-10 cm <5cm
Kupffer cells No Yes
Central scar Rare Common

Symptoms Common Rare (only with large lesions)
Complications Bleeding, malignancy Rare lesions may grow in size
Treatment Surgical resection Resection not necessary
Ablation
Stop OCPs
Sulfur-colloid liver scan Cold defect Positive uptake in 60%-70%

OCP, Oral contraceptive pill.
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What is the most frequent malignancy in the liver?

Metastatic disease to the liver is much more common than primary hepatic tumors in the United States and
Europe. Cancers arising in the colon, stomach, pancreas, breast, lung, and melanoma are the most likely to
metastasize to the liver. Esophageal, renal, and genitourinary neoplasms also should be considered when
searching for the primary site. Neuroendocrine tumors may metastasize to the liver. Multiple defects in the liver
suggest a metastatic process: only 2% present as solitary lesions. Involvement of both lobes is most common; 20%
are confined to the right lobe alone and 3% to the left lobe.

What is the most common primary liver cancer?

HCC is by far the most common malignancy originating in the liver, accounting for approximately 80% of primary
liver cancers. The incidence in the United States ranges from 2 to 3 cases per 100,000 and has doubled during
the past two decades. The recent increase in HCC in the United States during the past decade is directly
attributable to the rising incidence of hepatitis C. Geographic location influences both the age of peak occurrence
(>55 years in the United States) and male-to-female incidence ratios. High-incidence areas in Asia and
Africa, related to hepatitis B, have a much younger average age of onset and a higher male predominance.
Worldwide, men are more likely than women to develop HCC by a factor of 4:1. HCC usually occurs within a
cirrhotic liver; approximately 80% of patients diagnosed with HCC have cirrhosis (Box 23-1).

Box 23-1. Imaging Criteria for Hepatocellular Carcinoma

For Lesions >1 cm and <2 cm Increased contrast enhancement on late arterial phase

AND

Washout during portal venous phase

AND

Peripheral rim enhancement on delayed phases

OR

Increased contrast enhancement on late arterial phase and
50% growth in diameter within 6 months

CT, Computed tomography; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

11.

12.

13.

Describe the various presenting forms of HCC.
Nodular: Most common; multiple nodules of varying size scattered throughout the liver
Solitary (or massive): Occurs in younger patients; large, solitary mass, often in the right lobe
Diffuse: Rare; difficult to detect on imaging; widespread infiltration of minute tumor foci

Fibrolamellar HCC is a histologic variant that rarely occurs in young women in the absence of cirrhosis.
This variant is characterized by increased stromal fibrosis, eosinophilic glass cell hepatocytes, and the absence of
underlying inflammation or fibrosis. The prognosis is better than HCC associated with citrhosis.

What types of cirrhosis most commonly are associated with HCC?

Autopsy studies indicate that 20% to 40% of patients dying with cirrhosis harbor HCC. The etiologic factors of
cirrhosis most commonly related to HCC, in order of decreasing risk, are as follows:

. Chronic hepatitis C (over 5 years, 7% of patients with HCV cirrhosis develop HCC)

. Alcoholic cirrhosis (alcohol potentiates the carcinogenic risk in viral cirrhosis)

. Nonalcoholic steatohepatitis 1% to 3% over 10 to 15 years

. Chronic hepatitis B (even in the absence of cirrhosis)

. Hemochromatosis

. o-1-antitrypsin deficiency
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What clinical and laboratory findings should raise suspicion for HCC?
Most patients with HCC are asymptomatic and lesions are detected on screening. If symptoms develop, they are
related to abdominal pain from hemorrhage or paraneoplastic syndromes. Clinical findings can include:

1. New abdominal pain or weight loss

2. Hepatomegaly

3. Hepatic bruit

4. Acute hemoperitoneum
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5. Blood-tinged ascitic fluid
6. Persistent fever
7. Sudden increase in serum alkaline phosphatase
8. Increasing ratio of aspartate aminotransferase to alanine aminotransferase
9. Polycythemia or persistent leukocytosis
10. Hypoglycemia
11. Hypercalcemia
12. Hypercholesterolemia
Findings 9 through 12 are paraneoplastic syndromes associated with HCC.

What primary liver tumor occurs in young adults without underlying cirrhosis?

The fibrolamellar variant of HCC is a distinctive, slow-growing subtype of hepatic neoplasm, occurring at a mean age of
26. Patients seldom have a history of prior liver disease. Unlike typical HCC, men and women are equally affected.
Fibrolamellar tumors usually present with abdominal pain caused by a large, solitary mass, most often in the left lobe
(75%). The AFP level is normal.

The term fibrolamellar characterizes the microscopic appearance of this lesion: thin layers of fibrosis separate
the neoplastic hepatocytes. A fibrous central scar may be seen on imaging studies. Because patients do not
have cirrhosis with this variant, recognition of this variant is important because nearly one-half are
resectable at the time of diagnosis.

What factors predispose to the development of cholangiocarcinoma?

Cholangiocarcinomas, which account for approximately 10% of primary liver cancers, arise as adenocarcinomas
from bile duct epithelium. Jaundice is the most frequent clinical presentation of this tumor. Risk factors for
cholangiocarcinoma include:

¢ Primary sclerosing cholangitis

e Liver fluke infestation

¢ Chronic ulcerative colitis

e Congenital cystic liver diseases, choledochal cysts

Only approximately 25% of cholangiocarcinomas occur in the setting of cirrhosis. However, in more than half
the cases, an underlying liver disease is not found in patients with cholangiocarcinoma. Although there are no
proven screening tests for serum cholangiocarcinoma, CA 19-9 is frequently used to screen patients with PSC for
cholangiocarcinoma.

What is a Klatskin tumor?

Cholangiocarcinomas at the hilar bifurcation of the hepatic ducts are referred to as Klatskin tumors.
Peripheral (or intrahepatic) and extrahepatic bile duct cholangiocarcinomas are other subtypes. Delayed
tumor enhancement on CT after intravenous (IV) contrast is noted in approximately 75% of intrahepatic
cholangiocarcinomas. The characteristic desmoplastic reaction accompanying these tumors often makes
them poorly visible on imaging studies and difficult to diagnose on biopsy. The diagnosis may require
endoscopic retrograde cholangiopancreatography with brushings of a malignant-appearing stricture with
cytologic examination or fluorescent in situ hybridization analysis, endoscopic ultrasound with biopsy, or both.
The newly developed cholangioscopy technology is very useful in making diagnosis by direct visualization
and tissue acquisition with forceps biopsy for histologic examination. Resection is the mainstay of treatment
but unfortunately the majority of lesions are unresectable. In some circumstances liver transplantation may
be an option for treatment. Carefully selected cases of hilar cholangiocarcinoma that undergo neoadjuvant
chemoradiation and staging laparoscopy before transplantation have acceptable posttransplant survival.
Unfortunately, most are unresectable when diagnosed and thus require palliative drainage of obstructive
jaundice by endoscopic, percutaneous, or surgical methods.

When should liver transplantation be considered in patients with HCC?
Patients who meet the Milan criteria should be considered for transplant; in some regions of the country patients
who meet the University of California—San Francisco criteria should be considered (Table 23-4).

Table 23-4. Liver Transplant Criteria for Hepatocellular Carcinoma

MILAN CRITERIA UCSF
Solitary lesion <5 cm Solitary lesion <6.5 cm
Or Or
Three or fewer nodules 1-3 cm in Three or fewer lesions with largest lesion <4.5 cm
diameter and cumulative diameter <8 cm
And And
No macroscopic vascular invasion or No macroscopic vascular invasion or
extrahepatic disease extrahepatic disease
UCSF, University of California—San Francisco.
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When should resection be considered in patients with HCC?

HCC is resectable in only approximately 10% of patients in the United States because underlying cirrhosis
with portal hypertension and hepatic synthetic dysfunction precludes resection. Five-year survival rates with
surgical treatment range between 17% and 40%. Most patients succumb to intrahepatic recurrence of tumor.
The multifocal nature of HCC carcinogenesis explains this poor prognosis. Selection criteria for resectability of
HCC include:

Child-Pugh class A cirrhosis

e Solitary lesion smaller than 5 cm

e Absence of significant portal hypertension defined as hepatic wedge pressure gradient less than 10 mm Hg
e Lack of vascular invasion or extrahepatic spread

What other therapies are available for the management of HCC?

Radiofrequency and microwave ablation is a direct application of thermal energy by percutaneous or surgical
means, which destroys unresectable areas of HCC. Radiofrequency ablation is superior to percutaneous
ethanol injection by decreasing local recurrence rates and enhancing directed tissue necrosis, although both
modalities are now commonly used.

Transarterial chemoembolization (TACE) involves the selective administration of chemotherapy,
followed by embolization, into the hepatic artery branch feeding the tumor. TACE confers a survival advantage
compared with supportive therapy. It is frequently used to delay tumor progression in patients awaiting liver
transplantation.

Another modality used to treat HCC is radioembolization, which introduces yttrium 90 through the hepatic
artery blood supply. This modality may be used for tumors too large for TACE or in patients with portal
vein thrombosis who are not candidates for TACE. However, there are no randomized clinical trials
demonstrating a survival benefit with radioembolization, and it is a costly therapy.

Sorafenib, administered twice a day orally, is the only systemic chemotherapeutic that has a proven survival
advantage in randomized clinical trials. The trials demonstrated a 12-week survival advantage compared
with placebo in patients with unresectable HCC and cirrhosis.

Who should be screened for HCC? Describe a typical screening strategy.
Patients with cirrhosis, especially those at high risk of HCC, should be screened. Screening is done routinely in
people with viral-induced cirrhosis (hepatitis B and C) and cirrhosis-related to metabolic liver disease.

Serial AFP measurements and hepatic ultrasound studies are the most commonly used screening tools.
Optimal screening intervals are not established, but AFP levels and ultrasound every 6 months are common practice.
Although surveillance may not have a definite effect on mortality rate, with only one randomized trial
demonstrating a survival advantage (Zhang study), it allows more tumors to be amenable to curative resection.
Other newer biomarkers such as AFP L3% (Lens culinaris agglutinin-reactive fraction of AFP), DCP offer
marginal improvement in combination with AFP.

What benign tissue abnormality may simulate a focal liver mass?

Focal fatty infiltration may appear similar to the focal hepatic lesions described previously. Focal fatty liver
is often seen in alcoholism, obesity, diabetes mellitus, malnutrition, corticosteroid excess or therapy, and
acquired immune deficiency syndrome. MRI imaging may be necessary to fully characterize this entity. An
interesting aspect of focal fat is its rapid disappearance once the inciting disease process is corrected.

What new imaging techniques are under development to evaluate focal liver masses?
BMRI angiography, which permits the rapid acquisition of arterial and venous sequences, has shown promise in
the detection of small HCCs missed by triphasic CT scanning.

Positron emission tomography (PET) scan is currently being studied to improve the difficult detection
of cholangiocarcinoma. PET scans are also playing an increasing role in the detection of hepatic metastases from
colorectal cancer when liver resection is contemplated.

Endoscopic ultrasound with fine-needle aspiration (FNA) has also been reported to aid in the diagnosis
of suspected cholangiocarcinoma when other tissue sampling methods such as intraductal cytologic examination
have failed to provide a diagnosis.

Why is fine-needle biopsy of hepatic masses controversial?

Establishing a diagnosis for a focal liver mass by FNA cytologic examination is more problematic than one would
think, owing to subtle histopathologic differences between normal hepatocytes and benign lesions or even
well-differentiated hepatomas. The literature reveals a wide range of sensitivity for FNA-based diagnosis of
primary hepatic lesions. The most optimistic studies report sensitivities and specificities of more than 90%.
Hemangiomas, FNH, and HCC appear to be more difficult to diagnose accurately by FNA; sensitivity ranges
between 60% and 70% in many series. Rigorous protocols making use of two or more imaging studies to
characterize a benign lesion can have an accuracy and sensitivity as high as 80% to 90%. When HCC is
suspected, the use of MRI, CT, and angiography (in selected cases) can confirm the diagnosis in more than 95%
of patients without the use of FNA.
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Another controversy about the use of FNA in HCC is the risk of needle-tract seeding and tumor spread into
the circulation, a risk that may be as high as 5%. With the increasing use of liver transplantation in the treatment
of HCC, this complication can have grave consequences.

FNA plays a dominant role in the setting of suspected metastatic disease to the liver and inoperable primary
cancers. When surgical resection of a lesion, based on clinical and imaging findings, is deemed necessary,
preoperative biopsy is generally not advocated.

24. What should be done when small incidental liver lesions are found?
Lesions smaller than 1 cm are common incidental findings on liver imaging. In the vast majority of cases they
represent benign entities such as small cysts or hemangiomas. Their small size makes further characterization by
other radiographic studies or percutaneous biopsy problematic and usually impossible.

Simple, thin-walled hepatic cysts, regardless of size, need no further follow-up when definitively
documented by ultrasound. Otherwise, clinical follow-up by repeating the imaging study in 6 months is
recommended. This provides verification that the lesion has not grown in size. Interval growth of such lesions
should prompt further work-up.

25. Outline a logical approach to the evaluation of a focal hepatic mass.

The work-up of a focal liver mass must occur in the context of a carefully considered differential diagnosis.
Associated symptoms, presence of underlying liver disease or extrahepatic malignancy, drug and occupational
exposures, and laboratory abnormalities must be assessed before proceeding with further radiographic studies.
Symptomatic lesions and lesions noted incidentally are likely to have different etiologic factors. The patient’s
age and sex are important clues. Cirrhosis requires a modified approach because of the increased likelihood of
HCC. See Chapter 69, Noninvasive GI Imaging, for comprehensive discussion and examples of imaging options
for the evaluation of liver lesions (Box 23-2).

Box 23-2. Evaluation of Liver Lesions

Small lesions <1 cm — repeat study in 6 months
Simple cysts — verify with ultrasound

Hemangiomas — triphasic CT with contrast — 99Tc-labeled red
blood cell scan (for lesions >2 cm) or gadolinium-enhanced MRI

HCC — AFP — triphasic CT — MRI with contrast or MRI
angiography

Cholangiocarcinoma — CA 19-9 — triphasic with delayed-phase
CT — MRCP, ERCP with cholangioscopy for cytologic examination,

FNH — triphasic CT with contrast — gadolinium-enhanced 28] Tl D, G AET ex

MRI— ? biopsy

Hepatic adenoma — history of 0CPs — rule out hemangioma and
FNH — resection (outlined previously)

Hepatic adenoma — history of 0CPs — rule out hemangioma/
FNH — resection

Metastases — triphasic CT with contrast — if resection is
considered — PET scan (to rule out multiple metastasis)

Liver abscess — sepsis — ultrasound — triphasic CT (rim
enhancement)

AFP, a-Fetoprotein; CA, Carbohydrate antigen; CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; FISH, fluorescent in situ
hybridization; FVH, focal nodular hyperplasia; HCC, hepatocellular carcinoma; MRCP, magnetic resonance cholangiopancreatography; MR/, magnetic resonance
imaging; OCP, oral contraceptive pill; PET, positron emission tomography.
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1. How common is drug-induced liver disease?
Drug-induced liver injury (DILI) from any single medication is of highly variable incidence. However, for
most drugs that can cause DILI, the incidence is between 1/10,000 and 1/1,000,000.

DILI is one of the most common reasons an approved drug is withdrawn from the market. Antibiotics are
the most common class of agents that cause DILI. Of cases of acute liver failure (ALF) in the United States,
52% were found to be due to DILI. DILI accounted for 15% of liver transplants for ALF between 1990 and
2002 in the United States.

During 6 months of follow-up of DILI cases, 10% to 15% of patients had persistent laboratory abnormalities,
suggestive of evolution of the disease to chronic DILI. Of these, 8% died; the cause of death was liver related in
44% of those who died within 6 months of DILI onset.

2. What are the main modulators of DILI?
A. The drug (dose, duration, class)
B. The host (age, gender, body mass index [BMI], genetic and immunologic factors)
C. The environment (diet, other toxins, antioxidants, probiotics)

3. How is causality assessed?
Bayes theorem estimates the overall probability of a particular adverse event occurring in a particular
individual in a particular situation, given the probability of this event occurring in a group of individuals with
similar exposure.

Based on the degree of certainty of a causal interaction, different terms are used to describe the strength of
the relationship such as definite, very likely, probable, possible, and unlikely.

Several instruments and methods for assessing the likelihood of DILI have been proposed. The most
widely used is the Roussel-Uclaf causality assessment method (RUCAM), in which a numerical score is
given to each of several demographic and clinical features. The higher the score, the greater the likelihood
that a given drug is the cause of liver injury. However, there are numerous difficulties and uncertainties in
application of RUCAM, and it is generally not used in everyday practice.

4. What are the patterns of DILI and how are they distinguished biochemically?
A. Hepatocellular (HC)
B. Cholestatic (CL)
C. Mixed
D. Steatotic
1. Microvesicular
2. Mixed micro-macrovesicular

See Table 24-1.

5. Describe the chronologic association between drug exposure, typical course, and injury types.
CL or HC liver injury typically occurs 5 to 90 days after initial exposure to the causative agent.
On withdrawal of the drug, clinical and biochemical resolution usually occurs as follows:
HC injury resolves within 8 to 30 days in more than 50% of the cases.
CL injury resolves within 60 to 90 days.
Mixed injury usually follows a more protracted course than HC but less protracted than CL.
Microvesicular steatosis has a similar course as HC injury.
¢ Mixed micro-macrovesicular injury has a more variable course than microvesicular steatosis.
Persistence of abnormal liver biochemistries beyond these intervals suggests a coexistent or independent cause of
liver disease (e.g., viral or autoimmune liver disease, primary biliary cirrhosis [PBC]) or primary sclerosing
cholangitis [PSC]). Nevertheless, chronic DILI, defined as abnormal laboratory, imaging, or histopathologic
features of the liver injury at or more than 6 months after the onset of DILI, occurs in 10% to 15% of subjects with
acute DILIL

183
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Table 24-1. Biochemical Features among Different DILI Patterns

SERUM ALT, AST SERUM ALP SERUM BILIRUBIN

(x ULN) (x ULN) (x ULN) R VALUE*
Hepatocellular >5 <2 TB and DB, variable >5
Cholestatic <5 >2 TB and DB>2 <2
Mixed >3 >2 TB and DB>2 2-5
Steatotic 5-25 1-3 TB and DB, variable >5
Microvesicular 1-5 1-3 TB and DB, variable 2-5
Micro-macrovesicular

*R is defined as the ratio of serum ALT/ULN of ALT divided by serum ALP/ULN of ALP, with ALT and ALP concentrations in
units per liter. By general consensus and convention, in hepatocellular DILI, R is >5. In cholestatic DILI, R is <2 and in mixed

DILI, 2 <R <5.

ALP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DB, direct-reacting bilirubin; DILI,

drug-induced liver injury; TB, total bilirubin; ULN, upper limit of normal.

Injury patterns typically are distinguished by levels of serum ALT, AST, ALP, total bilirubin, direct-reacting bilirubin, and the

so-called R value.

6. What is the differential diagnosis of DILI?

A high index of suspicion is needed to prevent delay in diagnosis of DILI. A detailed history, complete physical
examination, and review of laboratory and imaging studies are extremely important. The diagnosis of DILI
requires exclusion of other etiologic possibilities such as viral, autoimmune, and cardiovascular diseases; exposure
to other toxins (alcohol, industrial toxins, etc.); inheritable disorders; gallstones; PBC; PSC; and malignant
causes. Withdrawal of the offending agent and close observation often provide adequate circumstantial evidence
for the diagnosis. Liver biopsy should be considered when discontinuation of the medication is not followed by
prompt improvement, the cause of liver disease remains in question, there are several possible causes, or the
severity requires therapeutic intervention (liver transplantation, corticosteroids). Potential viral etiologic
factors that are important to exclude are hepatitis A-E, cytomegalovirus, and herpes simplex virus. Autoimmune
hepatitis is one of the more common conditions and is difficult to differentiate from DILI.

. Describe immunoallergic phenomena and autoimmune hepatitis-like injury.

Certain drugs or their metabolites can bind to host proteins and produce antigens, which are recognized as
foreign by hosts. This can result in generation of T- or B-lymphocyte responses by hosts’ immune system:s.
Hepatocytes, which play a key role in drug metabolism, may also display such neoantigens. This can lead to
development of autoimmune hepatitis-like liver injury. Although many drugs may give rise to autoimmune-like
hepatitis, several drugs have been found to trigger such reactions with greater relative frequencies. These drugs
include hydralazine, methyldopa, minocycline, nitrofurantoin, and anti—tumor necrosis factor—alpha agents,
such as infliximab and etanercept.

. What variables influence susceptibility to DILI?

e Age: Drugs may have different effects based on the age of the host. For example, acetylsalicylic acid (ASA)
and valproic acid may affect younger individuals more often, whereas acetaminophen, isoniazid, and
halothane may affect older individuals more frequently.

e Gender: Women are more susceptible to DILI, probably because of lower BMI and underlying susceptibility to
autoimmune hepatitis.

¢ Inducers of hepatic enzymes: Substances (phenobarbital, phenytoin, ethanol, cigarette smoke, and grapefruit
juice) that induce the hepatic cytochrome P-450 system can alter drug metabolism and potentiate
hepatotoxicity.

e Drug-drug interactions: Drug-drug interactions may play a significant role as the results and end-products of
these reactions can increase liver injury. Valproic acid increases chlorpromazine-induced cholestasis.
Rifampin potentiates isoniazid hepatotoxicity. Chronic alcohol ingestion enhances acetaminophen and
isoniazid hepatotoxicity.

e Malnutrition: Low glutathione (GSH) levels potentiate acetaminophen hepatotoxicity and, perhaps, also
toxicity caused by other chemicals for which conjugation with GSH is involved in detoxification.

¢ Genetic association: Amoxicillin-clavulanic acid is the most studied drug in terms of genetic association.
Certain human leukocyte antigen (HLA) haplotypes such as DRB1* 1501, *15, and *0602 have been
identified as influencing risk of DILI caused by this combination of drugs. The most significant association was
observed for haplotype HLA-A* 201-B* 0702-DRB* 1501-DQB 1* 0602 (odds ratios 13-20). Other
medications with significant HLA associations include abacavir, flucloxacillin (DRB1* 5701, OR =80.6),
isoniazid (INH), lapatinib, lumiracoxib, ticlopidine, and ximelagatran.

e Route of administration: Tetracycline hepatotoxicity occurs primarily following parenteral administration,
which is rarely used today.
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Name the two most common causes of DILI.
¢ Acetaminophen
¢ Amoxicillin-clavulanic acid

How is acetaminophen toxic to the liver?

Acetaminophen is toxic to the liver when taken in excessive doses (more than 7.5 g per day); HC GSH
stores are depleted and the protective-detoxifying pathway in the liver (formation of nontoxic mercapturate
conjugates of N-acetyl-p-benzoquinone-imine [NAPQI]) is overwhelmed. Accumulation of the toxic metabolite
NAPQI is responsible for liver injury and results in severe HC centrilobular necrosis. Acetaminophen is

the most common cause of drug-induced ALF and the second most common cause of death from poisoning in the
United States. Mitochondria are an early target, but NAPQI also forms adducts to hepatic proteins in the
cytosol, microsomes, nuclei, and plasma membranes.

At what dose is acetaminophen toxic?

Acetaminophen is hepatotoxic in nonalcoholic patients at single doses greater than 7.5 g. Chronic alcoholics
are at greater risk of acetaminophen injury because of alcohol induction of the cytochrome P450 2E1 system,
which increases formation of NAPQI, and attendant malnutrition with low levels of GSH, an intracellular
protectant normally found at high concentrations in hepatocytes.

How is acetaminophen toxicity treated?

The Rumack-Matthew nomogram helps to predict the likelihood of liver injury from acetaminophen and to
direct therapy. The antidote for acetaminophen overdose is N-acetylcysteine (NAC). The usual oral dose

of NAC is 140 mg/kg, followed by 17 maintenance doses of 70 mg/kg every 4 hours. NAC can also be
administered intravenously for 48 hours with equal or better efficacy than the oral route. Although there is
controvetsy in terms of treatment duration for NAC, experts recommend continuing NAC at least for 72 hours.
If there is no clinical or biochemical improvement, treatment duration can be extended even more. Ipecac is
given if the time of ingestion can be verified to be less than 4 hours. Activated charcoal is typically not
administered because it can interfere with the absorption of orally administered NAC.

What is the difference between intrinsic and idiosyncratic liver injury?

¢ Intrinsic (predictable) liver injury: Acetaminophen is the most common cause of intrinsic liver injury, acting
by mechanisms already described. It produces liver injury in virtually all animals who consume toxic
doses, although there is variability in the doses required.

e Idiosyncratic (unpredictable) liver injury: Idiosyncratic reactions occur when a drug causes non—dose related
(unpredictable) DILI. Idiosyncratic reactions may or may not be accompanied by immunoallergic
manifestations such as fever, peripheral eosinophilia, skin rash, and arthralgias.

What drugs have been reported to cause chronic hepatitis and cirrhosis?

Rarely, drugs may be associated with a chronic liver injury. Examples of agents more frequently incriminated
include methotrexate (MTX), methyldopa, nitrofurantoin, and diclofenac. MTX may be associated with
developing cirrhosis, especially in the setting of chronic alcohol use.

What medications are commonly associated with DILI patterns?
See Table 24-2.

Describe Mallory-Denk bodies, peliosis hepatis, and phospholipidosis.
Mallory-Denk bodies are cytoplasmic hyaline inclusions in hepatocytes and may develop as a result of alcoholic
or nonalcoholic steatohepatitis.

Peliosis hepatis is the presence of cystic, blood-filled cavities (vascular lesions) distributed randomly
throughout the liver parenchyma.

Phospholipidosis is the excessive accumulation of phospholipids in cells, which can be seen as foamy
macrophages or cytoplasmic vacuoles on light microscopy, or lamellar inclusions or myeloid bodies in electron
microscopy.

See Table 24-3.

What are the three most common drug-induced hepatic neoplasms?

¢ HC carcinoma: Androgenic steroids, estrogenic steroids, thorium oxide (Thorotrast), vinyl chloride
e Angiosarcoma: Thorium oxide (Thorotrast), vinyl chloride, arsenic, androgenic steroids

¢ Hepatic adenoma*: Estrogenic steroids, androgenic steroids

“Before the availability of oral contraceptives, hepatic adenomas were rare. After 5 years of oral contraceptive use, the relative
risk of developing a hepatic adenoma has been estimated to increase 116-fold. Hepatic adenomas often regress when exogenous
estrogen is removed and can recur during pregnancy. Anabolic steroids also have been reported to cause hepatic adenomas. Hepatic
adenomas are usually asymptomatic but can be associated with abdominal fullness, pain, hepatomegaly, and hemorrhage.
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Table 24-2. Medications Commonly Associated with DILI Patterns

Statins

Isoniazid

HEPATOCELLULAR

CHOLESTATIC
Allopurinol
Amitriptyline
Anabolic steroids
Androgens
Azathioprine
Captopril
Carbamazepine
Estrogens

Oral contraceptives

Phenytoin

MIXED
Anmitriptyline
Amoxicillin
Ampicillin
Captopril
Carbamazepine
Cimetidine
Flutamide
Ibuprofen
Imipramine
Naproxen
Nitrofurantoin
Phenylbutazone
Quinidine
Ranitidine
Sulfonamides

Sulindac

Toxic oil syndrome

TMP-SMT

STEATOTIC
MICROVESICULAR MIXED
MICRO-MACROVESICULAR

Aflatoxin pl; FIAU

Amiodarone; halothane
L-Asparaginase methotrexate
Aspirin; minocycline

Chloroform; mitomycin

Cocaine; tamoxifen

Coumadin; tetra/trichloroethylene
Deferoxamine; tetracyclines
Didanosine; valproic acid

Ethanol

DILI, Drug-induced liver injury; FIAU, fialuridine; SMT, sulfametrole; TMP, trimethoprim.

Table 24-3. Drugs and Chemicals Associated with Mallory-Denk Bodies, Peliosis Hepatis,

and Phospholipidosis

MALLORY-DENK BODIES PELIOSIS HEPATIS PHOSPHOLIPIDOSIS

Amiodarone Anabolic steroids; Amphiphilic drugs; Chloroquine;
Glucocorticoids Mepacrine

Diethylstilbestrol Arsenic; Medroxyprogesterone Amantadine; Chlorpheniramine;

Promethazine

Diethylaminoethoxyhexestrol Aczathioprine; Tamoxifen Amikacin; Chlorpromazine; Propranolol

Ethanol OCP (steroids); Thioguanine Amiodarone; Desipramine; TMP-SMT
Glucocorticoids Danazol; Thorotrast Anmitriptyline; Gentamicin; Thioridazine
Griseofulvin Diethylstilbestrol; Vinyl Chloramphenicol; Imipramine
chloride Trimipramine
Nifedipine Estrone; Vitamin A excess Chlorcyclizine;
Iprindole; Tripelennamine
Tamoxifen Chloripramine; Ketoconazole

OCP, Oral contraceptive pill; SMT, sulfametrole; TMP, trimethoprim.

18. What drugs are commonly cited for causing hepatic granulomas?

Allopurinol Nitrofurantoin Diazepam
Quinidine Gold Sulfonamides
Penicillin Oral contraceptives Phenytoin
Mineral oil Tolbutamide Quinine
Diltiazem Isoniazid Oxacillin
Phenylbutazone Chlorpromazine
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19. How do nonsteroidal antiinflammatory drugs affect DILI?

e Agpirin: Risk factors include high dose, connective tissue disorders (rheumatoid arthritis [RA], systemic
lupus erythematosus), and the use in children with febrile illness, Reye syndrome (probably related to
congenital mitochondrial enzyme defects or deficiencies).

e Sulindac: DILI caused by sulindac typically presents with features of a hypersensitivity reaction (fever, skin
rash, pruritus, and hepatomegaly). It can cause pancreatitis, massive HC necrosis, the development of
Stevens-Johnson syndrome, and death.

¢ Diclofenac: The spectrum of injury is from HC injury to an autoimmune pattern of liver injury. Diclofenac-
related liver injury is seen more often in older women with osteoarthritis. Steroids may be helpful in severe cases.

e Ibuprofen: Ibuprofen is seldom the cause of DILI and rarely causes severe DILI.

e Celecoxib (Celebrex): The pattern of liver injury ranges from HC to CL. History of sulfa allergy is common
among these patients. Reexposure can cause recurrence and features suggest an immune and allergic-
hypersensitivity etiologic foundation.

20. How should patients receiving long-term MTX be monitored for chronic hepatitis and cirrhosis?

e MTX is an antifolate and antimetabolite agent that is used widely as an antineoplastic and
immunosuppressive agent.

e It is a disease-modifying antirheumatic drug used widely in psoriasis, RA, and other autoimmune diseases.

e MTX is thought to cause liver injury by direct toxicity through inhibition of RNA and DNA synthesis in the
liver and by causing cellular arrest.

¢ If aminotransferase levels rise and stay above three times the upper limit of normal (ULN), intensive
monitoring and withdrawal of therapy should be considered.

See Table 24-4 and Table 24-5.

Table 24-4. Risk Factors for Methotrexate-induced Liver Injury and Recommendations

RISK FACTORS

Preexisting liver disease (especially
fatty liver disease)

RECOMMENDATIONS

Obtain liver biopsy prior to initiation of treatment.

Monitor liver enzymes every month for 6 months, then every 3 months.
Heavy alcohol use Avoid alcohol and take folic acid supplements.
Obesity

Diabetes mellitus

Encourage weight loss.
Obtain optimal blood glucose control.

There is no antidote for MTX-induced hepatotoxicity; cessation of the
drug leads to improvement.

Closely monitor liver enzymes during long-term treatments.
Prescribe once-weekly folic acid supplementation.

Cumulative dose >1500 mg,
>2 years of treatment, daily dosing

MTX, Methotrexate.

Table 24-5. Roenigk Histopathologic Classification of Methotrexate-induced Liver Injury

NUCLEAR PORTAL

GRADE FATTY INFILTRATION VARIABILITY INFLAMMATION FIBROSIS

Grade [ None or minimal None or minimal None or minimal None

Grade 11 Moderate to severe Moderate to severe Moderate to severe None

Grade Illa  May be present or absent ~ May be present or absent ~ May be present or absent ~ Minimal

Grade IIIb  May be present or absent ~ May be present or absent ~ May be present or absent  Moderate
to severe

Grade IV May be present or absent  May be present or absent ~ May be present or absent  Cirrhosis

21. What are the recommendations for changing MTX therapy based on liver biopsy findings?

Grades Recommendations

I Can continue therapy; repeat biopsy after 1 to 1.5 g of cumulative dose.
11 Can continue therapy; repeat biopsy after 1 to 1.5 g of cumulative dose.
1A Can continue therapy, repeat biopsy in 6 months.

1B Discontinue MTX; exceptional cases need close histologic follow-up.
v Discontinue MTX; exceptional cases need close histologic follow-up.
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22. What medications used for the treatment of common endocrine disorders may cause DILI?

See Table 24-6.

Table 24-6. DILI and Medications Used for the Treatment of Common Endocrine Disorders

DRUGS

Diabetic Agents
TZDs

Troglitazone

Rosiglitazone/Pioglitazone
Sulfonylureas
Chlorpropamide, glipizide,
glyburide, tolazamide,
tolbutamide acetohexamide

Biguanides
Metformin

Steroid Derivatives
Anabolic Steroids
Methyltestosterone,
methandrostenolone,
oxymetholone, danazol,
fluoxymesterone, stanazol,
norethandrolone, oxandrolone
Oral Contraceptives
Tamoxifen

Thiourea Derivatives
PTU

Methimazole

MECHANISM OF INJURY:
HIGHLIGHTS

Peroxisome proliferator activated
receptor-y agonists.

Troglitazone is the first agent of
this class.

It was removed from the market in
2000 following reports of severe
hepatotoxicities and fatalities.

Hepatotoxicity is far less common.
Can cause mixed, cholestatic. or
hepatocellular injury.
Hypersensitivity reaction is thought
to be responsible.

Rarely cause drug-induced liver
injury.

Metformin is safe if dose adjustments
are made in renal-liver impairment,
surgery, and contrast studies.

They cause cholestasis or canalicular
liver injury.

Alkylation of the C-17 position of
testosterone made anabolic steroids
available in oral form.

They induce androgen-stimulated
genes and promote cell growth and
development.

Estrogens and OCPs inhibit bilirubin
and bile acid secretion through
estrogen’s effects on receptors that
modulate bile metabolisms.

It can cause liver injury, fatty liver,
steatohepatitis, and cirrhosis.

Liver injury is thought to be due to an
idiosyncratic reaction to tamoxifen
metabolites.

Presents as cholestatic, mixed, or
hepatocellular injury.

PTU typically results in
hepatocellular liver injury.

Methimazole liver injury is typically
cholestatic.

COURSE
RECOMMENDATIONS

Avoid if baseline serum
ALT >2.5x ULN.

Monitor the ALT level every
2 months for the first year.
Stop if the ALT

becomes >3 x ULN or
patient presents with signs of
liver injury.

Use with caution in patients
with history of sulfonamide
hypersensitivity or
hepatotoxicity.

Rechallenge can cause
recurrence.

Resolves rapidly once the
agent is stopped.

Chronic injuries have been
reported.

Recovery is rapid when
metformin is stopped.

Increased off-label use to
improve athletic
performance.

Androgenic steroids must be
discontinued if liver injury
develops.

Liver injury is usually
reversible but fatalities have
been reported.

PTU hepatotoxicity can lead
to ALF and cause death or
need for liver
transplantation.
Methimazole causes
self-limited injury.

ALF, Acute liver failure; ALT, alanine aminotransferase; OCP, oral contraceptive pill; PTU, propylthiouracil; TZD,
thiazolidinediones; ULN, upper limit of normal.
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23. What cardiovascular drugs are commonly associated with DILI?
See Table 24-7.

Table 24-7. Common Cardiovascular Drugs and DILI

Diltiazem
Nifedipine

Verapamil

Diuretics

Hydralazine

a-methyldopa

Fenofibrates

Niacin
(Nicotinic

Acid)

Statins
(HMG-CoA
Reductase
Inhibitors)

DRUGS FEATURES OF INJURY

ACE Acute liver injury is rare, typically cholestatic.

Inhibitors Idiosyncratic reaction to one of the metabolites.

Antiarrhythmics

Amiodarone  Can cause a broad spectrum of liver injury.
Metabolites can form intralysosomal inclusions, a
hallmark of phospholipidosis.
Can cause hepatic steatosis and Mallory-Denk
bodies.

Procainamide Liver injury is due to hypersensitivity reaction.
[t can result in granuloma formation.
Causes cholestatic liver injury.

Quinidine Hepatotoxicity is due to a hypersensitivity

reaction.
Typically cholestatic or mixed.

Calcium Channel Blockers

Likely caused by hypersensitivity.

Injury pattern is hepatocellular or cholestatic.
Likely caused by formation of toxic metabolites.
Usually hepatocellular or mixed.

[t is probably a hypersensitivity reaction.
Hepatocellular, mixed, or cholestatic injury.

There have been no case series to suggest
hepatotoxicity among this class.
Considered safe.

[t is metabolized to immunologic adduct, which
results in autoimmune hepatitis—like syndrome.
Results in hepatocellular, cholestatic, or
granulomatous injury.

Toxic metabolic intermediates act as antigenic
haptens in susceptible hosts.

[t can cause acute-chronic hepatitis, cholestatic
hepatitis, fulminant liver failure, and cirrhosis.
Typically hepatocellular, rarely mixed or
cholestatic.

Antihyperlipidemics

Typically hepatocellular injury, but mixed and
cholestatic patterns are reported.

Injury appears to be immunologic and it can
result in autoimmune-like hepatitis.

Primarily hepatocellular; occasionally
cholestatic injury occurs.

Injury is dose dependent and secondary to
intrinsic toxic reaction caused by high serum
levels of niacin.

Serious DILI is rare.

Safe to use even in patients with chronic liver
disease.

Act as haptens on cellular targets in susceptible
hosts.

Patterns of injury are approximately equally
divided between hepatocellular and cholestatic/
mixed injury.

HIGHLIGHTS AND
RECOMMENDATIONS

Ameliorates rapidly after drug is stopped.

Monitor ALT levels regularly if

dose >400 mg/day.

Decrease the dose or stop if ALT >3x ULN.
Perform a liver biopsy if elevations persist.
Results in “lupuslike reaction” more often
than hepatotoxicity.

Resembles liver injury of quinidine.

It can cause complex drug interactions.

Liver injury is rare, usually mild and
reversible.

[t can result in steatosis and Mallory hyaline.

Ticrynafen, an uricosuric diuretic, was
removed from U.S. market in 1979 because
of acute and chronic hepatitis.

An autoimmune liver injury.

Rechallenge can lead to rapid recurrence of
liver injury and can result in death.
Women appear to be more susceptible.

[t can mimic autoimmune lupoid hepatitis.

Liver enzymes usually normalize, but
chronic liver injury and fibrosis have been
reported in patients who were kept on
therapy despite evidence of liver injury.
Toxicity is common with the sustained-
release form.

Liver enzymes should be monitored.

It should be discontinued if enzymes are
elevated.

[t may occasionally present with an
autoimmune phenotype.

Experts recommend avoiding statins only in
decompensated cirrhotics or patients with
acute liver failure or liver injury caused by
statin use.

ACE, Angiotensin-converting enzyme; ALT, alanine aminotransferase; Co-A, coenzyme A; DILI, drug-induced liver injury; HMG,
3-hydroxy-3-methyl-glutaryl; ULN, upper limit of normal.
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24. What commonly used antimicrobial agents have been shown to cause liver injury?

See Table 24-8.

Table 24-8. Commonly Used Antimicrobial Agents Shown to Cause Liver Injury

ANTIBACTERIALS

Tetracyclines
Tetracycline

Minocycline

Macrolides
Erythromycin

Clarithromycin,
Azithromycin, and
Roxithromycin

Penicillins

HIGHLIGHTS

Liver injury is seen with high IV use; it is extremely rare with low-dose oral tetracyclines.
Injury is due to inhibition of mitochondrial fatty acid oxidation and can cause
microvesicular steatosis.

It can cause acute and chronic autoimmune hepatitis, with positive ANA and ASMA.

DILI is predominantly cholestatic because of an idiosyncratic immunoallergic reaction;
it is rarely fatal and recovery can take a few weeks.

Erythromycin and clarithromycin are potent inhibitors of CYP3A and can cause adverse
drug reactions, especially with immunosuppressive agents such as tacrolimus and
cyclosporine A.

Liver injury is less frequent but it does occur.

Hepatotoxicity is rare, and is due to idiosyncratic reaction with immune features.
It can cause HC, cholestatic, mixed, or granulomatous injury.

Amoxicillin-Clavulanic Acid

Sulfonamides
Pyrimethamine-
Sulfadoxine
Sulfasalazine

TMP/SMX

Other Antimicrobials

Rifampin

Nitrofurantoin

Chloramphenicol

Antifungals
Griseofulvin

Ketoconazole

Flucytosine

These are the most common cause of antibiotic-related DILI. The disease caused is
typically cholestatic, but can be mixed.

Hepatotoxicity is probably immunoallergic in origin and is worse with concomitant
hepatotoxic medication use, suggesting drug-drug interactions as well.

It is more common in older men and patients with certain HLA types.

Injury can be severe, fatalities have been reported, and rechallenge can result in recurrence.
Amoxicillin alone is less likely to cause DILI, although it may.

DILI is idiosyncratic and usually reflects hypersensitivity to sulfa-derived medications.
Pattern of injury is usually mixed but it can be HC or cholestatic as well.

DILI may be a part of a systemic hypersensitivity reaction such as DRESS.

Resolves rapidly with discontinuation. Rechallenge should be avoided.

Used in the treatment of toxoplasmosis and some cases of resistant malaria.

It is commonly used to treat inflammatory bowel disease.

It causes higher incidence of allergic reactions (~20%) in HIV-infected patients.
Injury varies in severity from asymptomatic presentation to acute liver failure.

Hepatotoxicity is due to idiosyncratic metabolic products. More likely to affect patients
with underlying liver disease. It can induce drug metabolizing enzymes. Concurrent
medications (OCP, anticoagulants, antiretrovirals, cyclosporine, benzodiazepines, and
macrolides) should be monitored.

It can produce oxidative free radicals and result in autoimmune-type injury, reported
especially in older women. (This may be because it is chiefly older women who take the
drug to suppress UTIs.)

It can cause acute or chronic hepatitis-like syndrome; the pattern of injury is usually HC.
Severity ranges from mild elevations in liver enzymes to fulminant injury and death.
Complete recovery is expected; rechallenge can cause recurrence and it should be avoided.
Rare cases of cholestasis and jaundice have been reported.

It rarely causes DILI, but the drug can precipitate attacks of acute intermittent porphyria.
A potent competitive inhibitor of hepatic CYP3A that can lead to adverse drug reactions.
DILI is due to formation of an N-deacetyl metabolite that is converted to a toxic dialdehyde.
Injury usually HC but can be mixed and cholestatic as well. Recovery is slow; acute liver
failure and death have been reported. Rechallenge should be avoided.

It rarely causes clinically apparent liver injury. Its use is very limited and DILI appears to be
dose related.

ANA, Antinuclear antibody; ASMA, anti-smooth muscle antibody; DILI, drug-induced liver injury; DRESS, drug reaction with
eosinophilia and systemic symptoms; HC, hepatocellular; HLA, human leukocyte antigen; IV, intravenous; OCP, oral
contraceptive pill; SMX, sulfamethoxazole; TMP, trimethoprim; UTI, urinary tract infection.
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Who is at risk for liver toxicity from INH therapy?

INH causes idiosyncratic hepatitic reaction leading to overt clinical hepatitis. It is the second most common
drug responsible for ALF requiring liver transplantation in the United States. The molecular mechanism is
thought to involve formation of acetylisoniazid, which is hydrolyzed to monoacetylhydrazine and then activated
to toxic metabolites. Risk factors include older age, slow acetylator status resulting from genetic variants, possibly
alcohol use, cirrhosis, Asian race, malnutrition, underlying chronic hepatitis B or C, and use in combination
with rifampicin and pyrazinamide. The onset is insidious and clinically it resembles acute viral hepatitis.
Although it is usually self-limited, 10% of cases are severe and can lead to ALF, which results in fatality or
requires liver transplantation.

How is INH toxicity prevented?
Current recommendations include screening patients for ethanol abuse and preexisting liver or renal
disease. The presence of chronic liver disease is not an absolute contraindication to the use of INH, but the
indications should be scrutinized and therapy monitored more closely. If the patient is taking INH alone,
baseline laboratory testing for all but the healthiest, youngest (<35 years), non—human immunodeficiency
virus—infected adults, and further monitoring at monthly intervals.

If the patient is also taking rifampicin or pyrazinamide, monitor liver enzymes twice weekly for
2 weeks, every 2 weeks up to 2 months, and then monthly). Stop INH if alanine aminotransferase (ALT) is
more than three times the ULN with symptoms, or more than five times the ULN without symptoms.

What commonly used recreational drugs are associated with hepatotoxicity?

e Cocaine: Patients with cocaine hepatotoxicity may present with jaundice or fatigue and generalized malaise.
Cocaine toxicity also may cause coagulopathy, rhabdomyolysis, and disseminated intravascular coagulation
(DIC). The mechanism of hepatotoxicity is thought to be due to conversion to a toxic metabolite. The
clinical phenotype is usually acute hepatic necrosis. Liver biopsy typically shows zone III necrosis and fatty
change, suggesting related ischemia. It is usually self-limited, but fatalities have been reported mainly resulting
from its major systemic effects. Liver injury may be multifactorial and include coexistent viral liver disease
(hepatitis B, C, and delta) and acetaminophen or alcohol use. NAC usually causes injury similar to
acetaminophen hepatotoxicity.

¢ 3 4.methylene dioxymethamphetamine (MDMA, Ecstasy): MDMA is a dangerous synthetic amphetamine
commonly used for abuse. It is a potent central nervous system stimulant that causes euphoria and increases
cognitive abilities. Amphetamines undergo extensive metabolism by the hepatic P450 system, and injury is
thought to be secondary to generation of toxic metabolites. Liver injury is usually HC and can be severe
enough to cause ALF and death. Initially thought to have little toxicity, Ecstasy can cause various systemic
effects, including cardiac arrhythmias, DIC, acute renal failure, and hyperthermia.

What anesthetic agents are associated with HC injury?

Clinically significant hepatotoxicity is seen only with the halogenated volatile agents. Halothane has

more propensity to cause hepatotoxicity compared with halogenated agents that were developed later,

such as enflurane, isoflurane, desflurane, and sevoflurane. Liver injury usually consists of centrilobular

necrosis, but CL patterns have been reported as well. Obese women between the ages of 40 and 60 years are

at higher risk; a small percentage of patients may develop fulminant liver failure and may require liver
transplantation.

e Halothane: Severe liver injury from halothane is rare, approximately 1 in 15,000 after initial exposure and
approximately 1 in 1000 after repeated exposures. Liver injury is suspected to be immunoallergic, caused by
creation of reactive intermediates. Risk factors include previous exposure to halogenated anesthetics and a
history of halothane hepatitis or unexplained fever and rash after anesthesia with halogenated agents. Other
risk factors are hypotension, older age, obesity, and concurrent use of CYP 2E1 inducers. Prognostic factors for
poor outcome include a short latent period from exposure to jaundice, obesity, age older than 40 years, hepatic
encephalopathy, and prolongation of the prothrombin time. Corticosteroids and exchange transfusions
are not helpful, and the mortality rate of fulminant halothane hepatitis is nearly 80% without liver
transplantation.

How does phenytoin cause DILI?

Phenytoin can cause allergic hepatitis, cholestasis, granulomatous liver disease, and fulminant hepatic failure.
Formation of the reactive arene oxide metabolite followed by formation of the o-quinone leads to haptens
and immune activation. Systemic symptoms include fever, malaise, lymphadenopathy, splenomegaly, and
rash. Liver enzymes are elevated two to one hundred—fold (ALT > aspartate aminotransferase) and

alkaline phosphatase levels two- to eightfold. It can cause leukocytosis and atypical lymphocytes suggesting
mononucleosis and eosinophilia, but lupuslike syndrome and pseudolymphoma are rare. Cessation of the
drug leads to resolution of toxicity in most cases. If liver failure develops, the case/fatality ratio can

go up to 40%. Because of cross-reactivity, carbamazepine, oxcarbazepine, and fosphenytoin should

be avoided.
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30. Can herbal therapies cause liver injury?

The composition of herbal remedies is variable and unregulated. Some have the potential to cause liver injury.
Patients with preexisting liver disease should be extremely cautious and consult their physicians.

Milk thistle (Silybum marianum) has not been shown to cause liver enzyme elevations or clinically apparent
acute liver injury and has been used for centuries by patients with underlying liver disease. Many patients with
liver disease self-medicate with milk thistle. Human studies in patients with chronic liver disease have been
promising but inconclusive. A purified intravenous form of silybinin is being used in Europe for the treatment of
Amanita phalloides mushroom poisoning.

Potentially hepatotoxic herbs include the following:

e Autoimmune hepatitis—like picture: Syo-saiko-to, Ma-huang, germander

e Acute hepatitis-like picture: Germander, greater celandine, chaparral, Jin Bu Huan, kava kava, Hydrocut,
LipoKinetix

e Chronic hepatitis-like syndrome: Germander, Jin Bu Huan, He Shou Wu, valerian

e Severe hepatitis: Syo-saiko-to, chaparral, greater celandine, HerbaL ife

e Fulminant hepatic failure or death: Mushrooms (usually Amanita phalloides), atractylis gummifera, chaparral,
germander, kava kava, germander, skullcap

® Venoocclusive disease: Pyrrolizidine alkaloids (comfrey, senecio)

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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AND ALCOHOL WITHDRAWAL SYNDROME
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CHAPTER 25

1. What are the epidemiologic factors of alcohol use and abuse, alcoholism, and alcoholic liver
disease (ALD)?
More than 50% of U.S. adults use alcohol. More than 70% of the annual U.S. consumption of alcohol is
used by only 10% of the population and, of these, approximately three quarters are male. Eleven percent of men and
4% of women, or a total of more than 6% of Americans, are alcoholics; many more abuse alcohol. Approximately
15% to 30% of alcoholics who continue to drink daily develop cirrhosis. Alcoholic cirrhosis accounts for
28% to 50% of total deaths from cirrhosis with an age-adjusted rate of 3.8 per 100,000 population.

2. Is alcoholism the same as ALD?
No. ALD includes physical damage to the liver in the form of inflammation, steatosis, and scarring,
whereas alcohol dependence, or alcoholism, is a behavioral diagnosis that includes physical (withdrawal or
tolerance) symptoms and behavioral components (drinking despite known consequences or loss of control
symptoms).

3. Do all alcoholics have ALD?
Generally, yes. The term alcoholism is synonymous with alcohol dependence, and includes physical components
of withdrawal symptoms and tolerance that are generally related to an amount of alcohol intake that causes
at least mild steatohepatitis, and sometimes hepatic fibrosis over time.

4. Are all patients with ALD alcoholic?
Often they are not. ALD may be associated with intermittent binge drinking that may be categorized more
as alcohol abuse than dependence. Also, chronic daily alcohol use may occur without alcohol dependence
symptoms, but still be associated with hepatic inflammation, steatosis, and even advanced scarring over time.

5. How does the liver metabolize ethanol?
The majority of ethanol metabolism is in the liver. Following ingestion, ethanol is absorbed from the
stomach and proximal small intestine, and moves via the mesenteric circulation to the liver (Figure 25-1).

ALCOHOL METABOLISM

* Primarily cytochrome 2E1

« Induced by alcohol
Y
Acetaldehyde
ALDH Minor pathways
* Primarily in liver * Catalase
¢ ALDH2*2 mutation associated with « Fatty acid ethyl ester production
flushing syndrome in some Asians * Phosphatidylethanol production

« Inhibited by disulfiram

Y

Acetate

Figure 25-1. Alcohol metabolism. ADH, Alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; MEOS, microsomal ethanol
oxidation system.
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6. What is the pathogenesis of ALD?
The pathogenesis of ALD is not well established, but there are multiple pathophysiologic pathways that
likely contribute (Figure 25-2).

ADH Acetaldehyde and
Acetaldehyde »| malondialdehyde »| Cellular immune response »| Fibrosis
protein adducts

Induced hepatic
cytochrome 2E1 NADH »| TFatty acid synthesis _
NAD* IBeta-oxidation ”

Altered gut flora
and permeability

Steatosis
Hypertriglyceridemia
Insulin resistance

Y
Portal vein
endotoxin
Polyunsaturated
v fatty acids Lipid _ | Membrane
peroxides ~| damage
Kupffer cell activation
TNADPH oxidase
TTGE-B, IL-6, and TNF-o.
Y

Y

Hepatic stellate
cell activation

Protein adducts/oxidation

Y

Myofibroblast
phenotype

Y

Fibrosis

Figure 25-2. Alcohol hepatotoxicity. ADH, Alcohol dehydrogenase; AMP, adenosine monophosphate; ATP, adenosine
triphosphate; IL, interleukin; NAD, nicotinamide adenine dinucleotide; NADH, nicotinamide adenine dinucleotide and hydrogen;
NADPH, nicotinamide adenine dinucleotide phosphate; NF-kB; nuclear factor—kappa B; TGF, transforming growth factor; TNF,
tumor necrosis factor.

7. What is the natural history of ALD?
As alcoholic patients are a heterogeneous population, the prevalence of liver injury from alcohol varies from
person to person and a direct correlation of advanced liver disease from excessive alcohol consumption is
not always observed. Genetic factors are important; monozygotic twins have a threefold increase of alcoholism in
both compared with dizygotic or fraternal twins. In general, there is a direct correlation between the
consumption of ethanol and subsequent liver-related mortality. Patients with fatty metamorphosis of the liver
from alcohol are more likely to progress to end-stage cirrhosis with continued ethanol consumption than
those lacking fatty change of hepatocytes. Fatty liver also correlates with increased all-cause mortality. Of those
who consume daily excess alcohol for 12 or more years, more than 20% will develop cirrhosis. Risk factors for
development of ALD are listed in Table 25-1.

8. What is the pathophysiology of alcohol withdrawal syndrome?
Chronic ethanol ingestion enhances the effect of y-aminobutyric acid on brain neuroreceptors resulting in
decreased brain excitability. With abrupt withdrawal of ethanol, brain hyperexcitability develops, producing the
symptoms of withdrawal.

9. What are the different histologic types of ALD?
Several morphologic manifestations of alcohol consumption may be observed, although some patients with
chronic alcoholism will have no histologic evidence of liver injury at liver biopsy. See Chapter 32 for the gamut
of histologic findings seen with ethyl alcohol (ETOH) liver injury.
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Table 25-1. Risk Factors for Alcoholic Liver Disease

RISK FACTOR QUALIFIER RELATIVE RISK
Quantity of ethyl alcohol (ETOH)
Men 80 g/day x 10+ yr L1117
Women 40 g/day x 10+ yr "M
Consumption pattern Continuous > periodic 1.2 11
Malnutrition 1.3 11
Ethnicity Hispanic and black American > white American 1417
Genetics Japanese AHD gene 1.5 11
ALDH2*2
Obesity High fat content 1.6 17
Empty calories from ETOH
HCYV infection PCR positive, viral replicator 1.7 111
Hemochromatosis Homozygous gene 1.8 111
Age >65 yr Varies with general health and nutrition 1.9 17

ETOH, Ethyl alcohol; HCV, hepatitis C virus; PCR, polymerase chain reaction.

e Fatty metamorphosis of the liver is the most common histologic finding and the earliest manifestation
following ethanol ingestion. Fat accumulation in hepatocytes can develop within 2 days of excessive
ethanol consumption and clear within 2 weeks of cessation. Fatty metamorphosis is macrovesicular with
large droplet fat that displaces the nucleus of centrilobular hepatocytes. The finding of fatty liver in the alcoholic
can be an indicator for future risk of developing alcoholic cirrhosis if ethanol intake continues (Figure 25-3).

Figure 25-3. Alcohol steatohepatitis histopathologic appearance.

e Microvesicular steatosis or alcoholic foamy degeneration is an infrequent complication of alcohol
consumption. [t appears to be a consequence of mitochondrial dysfunction from ethanol, largely
developing within centrilobular hepatocytes, and results in hyperbilirubinemia, hepatic encephalopathy,
and death.

® Alcohol hepatitis occurs in approximately 10% to 20% of chronic alcoholics and is the pathway for the
development of cirrhosis for most patients with chronic alcohol intake. The diagnosis is established by
a typical history of long-term daily ethanol consumption, appropriate laboratory findings, and liver
histologic findings that includes centrilobular hepatocellular necrosis, polymorphonuclear leukocyte
inflammation, and the presence of Mallory hyaline (see Figure 25-3 and Chapter 32).

o Alcohol cirrhosis follows alcoholic hepatitis and develops as micronodular cirrhosis. With cessation of
ethanol intake, many patients will transform to macronodular (larger regenerative nodules) cirrhosis.
Alcoholic hepatitis may coexist with cirrhosis in those continuing to consume ethanol. Alcoholic
cirrhosis is also a predisposing lesion for hepatocellular carcinoma (HCC).
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How does ALD differ from nonalcoholic fatty liver disease (NAFLD)?

NAFLD cannot be differentiated from ALD histologically. The prevalence of NAFLD among U.S. adults is
estimated to be more than 30% in several studies. The histologic manifestations of NAFLD are not discernible
from ALD, and its diagnosis depends on the exclusion of significant ethanol intake. Most use an alcohol
consumption criterion of less than 20 g daily to establish the diagnosis of NAFLD, but from a practical clinical
standpoint, the two exist concomitantly very often. Identification of Mallory hyaline on liver biopsy is not
specific to alcoholic hepatitis and can be seen in NAFLD, as well as other liver diseases.

What are the clinical findings in the patient with ALD?

Aspartate aminotransferase (AST) often 2x > than alanine aminotransferase (ALT) concentration. These
findings are nonspecific and can be found in any chronic liver disease. Dupuytren’s contracture and rhinophyma
(gin blossom) are more closely associated with Scandinavian heritage and rosacea, respectively.

What are the laboratory findings in patients with ALD?

e Aspartate aminotransferase (AST) is often more than twice the alanine aminotransferase (ALT)

concentration.

Hypoalbuminemia and hypergammaglobulinemia (often with elevation of IgG and IgA).

Ferritin levels up to 5000 ng/mL may occur as an acute phase reactant in alcohol hepatitis.

Uric acid and triglycerides are elevated.

International normalized ratio (INR) is elevated because of impaired hepatic production of coagulation factors

and inadequate dietary vitamin K.

e Hemolysis (suggested by 1 LDH, reticulocytosis, | haptoglobin, and helmet cells and acanthocytes on
peripheral smear).

¢ Alcoholic hepatitis is a cholestatic disease with 1 alkaline phosphatase, y-glutamyl transpeptidase, and serum
bilirubin levels.

¢ Mean corpuscular volume may be elevated from nutritional deficiency (folic acid or vitamin B;;) or alcohol
effect on cell membranes.

e Leukocytosis of 12,000 to 14,000 pL is common in alcohol hepatitis, and leukemoid reactions of 30,000 to
50,000 pL can occur.

¢ Thrombocytopenia (<125,000) may be related to portal hypertension with splenomegaly, decreased bone
marrow function, and decreased endogenous hepatic thrombopoietin production, and may support cirrhosis.

¢ All the previously discussed tests are relatively nonspecific, but add incremental support for diagnosis of ALD.

¢ Blood, breath, and urine tests for alcohol are similar in terms of sensitivity; the detection period is generally
8 hours or less.

e Urine ethyl glucuronide is clinically available, very specific, and supports recent alcohol ingestion with a
detection period greater than standard alcohol testing.

How does radiographic imaging help in evaluation of the patient with ALD?

Findings on radiographic imaging of the liver in ALD are nonspecific. Changes of fatty liver are common,
especially the hyperechogenicity noted via ultrasound (US), but indistinguishable etiologically from other
causes of fatty liver disease. Findings of an enlarged portal vein, splenomegaly, a recanalized umbilical vein, and a
nodular liver increase the suspicion for cirrhosis and portal hypertension in general, but are not specific to ALD.
The reader is referred to Chapter 69 for a detailed discussion of noninvasive gastrointestinal (GI) imaging.

What are the clinical characteristics of alcohol hepatitis?

Jaundice, palpable tender hepatomegaly, fever, hepatic encephalopathy, and sometimes hepatic systolic bruit.
Chronic ALD in the form of mild steatohepatitis may have minimal or absent symptomatology and only mild
aminotransferase elevations. Decreases in androgens may lead to female pattern escutcheon, testicular atrophy,
and gynecomastia when cirrhosis is present. Evidence of portal hypertension such as splenomegaly and even
esophageal varices may recede if severe steatohepatitis improves and there has been minimal hepatic scarring.
Spider telangiectasia are common on the upper chest in those with cirrhosis.

Which syndromes may present in a similar way to alcohol hepatitis and how can they be
distinguished?

Acute choledocholithiasis with or without infectious cholangitis may present in a very similar way to
alcohol hepatitis, but is often accompanied by evidence of biliary obstruction on imaging (biliary dilatation
and often stone visualization via US or magnetic resonance cholangiopancreatography [MRCP]). Acute
hepatitis (and acute supra-imposed on chronic hepatitis) related to a wide variety of etiologic factors may present
in a very similar way to alcohol hepatitis. Acute viral hepatitides can be diagnosed serologically (hepatitis A
IgM, cytomegalovirus IgM, hepatitis B surface Ag and core IgM). Acute hepatitis B and C infection within
8 weeks of potential exposure should be assessed with quantitative DNA and RNA testing in those with a
high pretest suspicion (recent new sexual partner or intravenous [IV] drug use). Toxin-associated hepatitis
can be diagnosed from history (new medication recently) and laboratory testing (acetaminophen concentration,
creatine kinase testing for statin hepatitis). Flares (aminotransferase elevations) of chronic NAFLD rarely
manifest symptomatically, and the ALT is often higher than AST. Chronic liver diseases such as
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hemochromatosis, al antitrypsin, celiac disease—associated hepatitis, and primary biliary cirrhosis generally do
not have dramatic acute biochemical or symptomatic disease flares as is seen in alcohol hepatitis. Acute Wilson
disease is often associated with low ceruloplasmin and alkaline phosphatase levels, hemolytic anemia, and high
24-hour urine copper concentrations. Doppler US can diagnose acute Budd-Chiari syndrome (hepatic vein
thrombosis). Hepatic abscesses and tumors are often diagnosed at presentation via US and further characterized
via computed tomography (CT) or magnetic resonance imaging (MRI). Autoimmune hepatitis often has
positive serologic findings (antinuclear antibody [Ab], antismooth muscle Ab, elevated IgG).

Is liver biopsy necessary to diagnose or manage ALD?

ALD can usually be diagnosed via the combined history, physical examination, and laboratory data, often

by excluding other diagnoses. When liver biopsy is needed, the internal jugular route may have a lower
bleeding risk. Liver biopsy to assess fibrosis stage in the setting of known alcohol hepatitis rarely changes
management (abstinence, optimizing nutrition, prednisolone) in the acute setting, but detection of

cirrhosis dictates the need to screen for esophageal varices and hepatoma. Liver biopsy should be considered
if liver tests continue to fluctuate despite suspected abstinence from alcohol and there is no other clear
etiologic factor. Many clinicians prefer platelets of more than 80,000 mm> and an INR of less than 1.6 for liver biopsy.

What are the signs and symptoms of alcohol withdrawal syndrome and when do they occur?
Signs and symptoms of ETOH withdrawal can be divided into four time intervals, as described in Table 25-2.

Table 25-2. Signs, Symptoms, and Timing of Alcohol Withdrawal

TIME FROM
CESSATION TO
ONSET OF
SYMPTOMS OF ALCOHOL WITHDRAWAL SYMPTOM PEARLS
Insomnia, tremulousness, mild anxiety, 6tol2h
GI upset, headache, diaphoresis, palpation,
anorexia
Alcohol hallucinations: visual, auditory, or 12t024h These symptoms usually resolve
tactile in 48 h.
Withdrawal seizures: generalized tonic-clonic 24 t0 48 h Do not be fooled; seizures can
type occur as early as 2 h after
Difficult to treat; avoid medications that cessation of alcohol.
lower seizure threshold
Delirium tremens: hallucinations 48 t0o 72 h These symptoms peak at 5 days.
(predominately visual), disorientation,
tachycardia, hypertension, low-grade fever,
agitation, diaphoresis

GI, Gastrointestinal.

18.

19.

How is a patient screened for alcoholism during an office visit?

The diagnosis of alcohol dependence can be based on Diagnostic and Statistical Manual of Mental Disorders,
fourth edition, text revision, criteria with positive findings in at least three of seven categories, including
tolerance, withdrawal, consuming more ethanol over time, having a desire to cut down on ethanol consumption,
time spent in obtaining alcohol, giving up important activities to drink ethanol, and continuing to drink
despite knowledge of personal impairment. The CAGE questionnaire mnemonic is a quick and simple test
that can help identify alcohol dependence. It includes four questions (Figure 25-4), and has a specificity

of 76% and a sensitivity of 93% for the identification of excessive drinking and a specificity of 77% and

a sensitivity of 91% for the identification of alcoholism when two or more questions are answered in the
affirmative.

What are the main components of ALD therapy?

Abstinence from alcohol is the therapy that is most obvious and generally the most difficult to achieve.
Achieving abstinence for those with alcohol abuse and especially dependence often is more likely when

a substance abuse specialist (psychiatry or psychology) or behavioral program (inpatient or outpatient
rehabilitation and relapse prevention programs, or Alcoholics Anonymous) is used. Health care workers

who provide nutritional support have more control in terms of aiding recovery. Prednisolone and
pentoxifylline are pharmacologic therapies for alcohol hepatitis that improve survival in well-selected cohorts.
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22 CAGE questions positive Alcohol abuse/dependence referral

» Have you ever felt you needed to Cut down on your » Formal behavioral diagnosis
drinking? « Other drug abuse/dependence?

» Have people Annoyed you by criticizing your * Relapse prevention counseling/classes
drinking? »| * Monitoring program

* Have you ever felt Guilty about drinking? * Counseling options for family/friends

* Have you ever felt you needed a drink first thing in
the morning (Eye-opener) to steady your nerves or
to get rid of a hangover?

Withdrawal symptoms present Withdrawal syndrome therapy
* Tremulousness, nausea * Hydration
 Tachycardia, hypertension »| ° Thiamine, IV then PO

« Hallucinations, seizures * Benzodiazepines
* Optimize nutrition

Alcohol hepatitis (clinical diagnosis) Alcohol hepatitis management

« Substantial alcohol intake present  Abstinence

* Leukocytosis/RUQ pain often present | ° Optimize nutrition, especially thiamine

¢ AST >2x ALT ~| - Prednisolone 40 mg daily if MDF 32-54

« Labs for other chronic liver disease negative « Consider liver transplant if no response

« Consider liver biopsy to prednisolone in well-selected candidates
Y | Alcohol cirrhosis (clinical diagnosis) Alcohol cirrhosis management

 Substantial chronic alcohol intake * Abstinence

« Other chronic liver disease absent » Optimize nutrition

* Thrombocytopenia | ¢ Hepatocellular carcinoma screening

* Nodular hepatic contour/recanalized umbilical vein “| - Variceal screening

on imaging « Transplant evaluation if persistent
« Portal hypertensive gastropathy or varices present decompensation

» Spider angiomata and muscle wasting

Figure 25-4. Algorithm: alcoholic liver disease diagnosis and therapy. ALT, Alanine aminotransferase; AST, aspartate
aminotransferase; [V, intravenous; MDF, Maddrey discriminant function; PO, by mouth, RUQ), right upper quadrant.

20. What is the treatment for ALD? (See Figure 25-4.)

Step 1 is supportive care:

e ETOH abstinence

e Substance use disorder programs

® Nutrition

¢ Vitamin supplements: folate and thiamine

Step 2 is the identification of high-risk acute alcoholic hepatitis:

¢ Bilirubin and prothrombin INR levels are predictive of outcome.

¢ The patient with alcoholic hepatitis and a bilirubin level of less than 5 mg/dL usually does well.

¢ The Maddrey discriminant function (MDF) score can be used to assess the risk of death from alcoholic
hepatitis and to determine when corticosteroids should be used for those with severe clinical disease.
MDF = bilirubin (mg/dL) +4.6 X (prothrombin time [in seconds] — the control)
MDF < 32, associated mortality 15% within 2 months, prednisolone not indicated
MDF >32, associated mortality 50% within 2 months, prednisolone indicated, 40 mg daily x28 days
MDF > 54, increased mortality with prednisolone therapy

Administration of corticosteroids can improve 30-day survival in those with MDF between 32 and 54 and those

with spontaneous encephalopathy in the presence of alcoholic hepatitis.

21. Which patients with alcohol hepatitis are too ill for prednisolone therapy?
Patients with GI bleeding, renal failure, and active bacterial infection were generally excluded from the
major trials of steroids for alcohol hepatitis. Also, patients with an MDF of more than 54 had a higher
mortality with steroid therapy in one study.
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Is pentoxifylline helpful for alcoholic steatohepatitis?

Yes. Survival benefit has been shown, and is associated with a lower incidence of hepatorenal syndrome.
Prednisolone therapy may be more beneficial, as combination therapy yielded no benefit over prednisolone
therapy alone.

How is alcohol detoxification best managed?

Detoxification management will reduce complications and improve rehabilitation of the alcoholic.
Detoxification includes initiating abstinence from ethanol, treating withdrawal symptoms, and maintaining
abstinence treatment to prevent recidivism. Of those going through alcohol withdrawal, approximately 10%
to 20% will require in-patient treatment. You should consider hospitalization for any patient with a previous
history of severe alcohol withdrawal, prior seizures during withdrawal, concomitant medical or psychiatric
illness, and lack of reliable home support.

What are the usual steps taken for in-hospital treatment of alcohol withdrawal?
Step 1 is supportive care:
¢ Provide a quiet room, soft lighting, and supportive care.
Give 1V fluids to treat and prevent dehydration.
Correct electrolyte disturbance (decrease potassium, glucose, phosphorous, and magnesium).
Give parenteral thiamine, 100 mg then daily.
Give IV thiamine before glucose to prevent Wernicke delirium, as oral thiamine is poorly absorbed.
Give folic acid to treat and prevent malnutrition.
Give antiemetics for nausea.
¢ Give acid blockers for GI upset.
Step 2 is treatment of withdrawal symptoms (tremulousness, hallucinations, agitation, and autonomic
hyperactivity):
¢ Benzodiazepine drugs reduce the severity of withdrawal symptoms.
¢ Consider thyrotoxicosis, anticholinergic poisoning, amphetamine or cocaine excess, and other drug
withdrawal.
¢ Drugs with a longer half-life (T;;;) are chlordiazepoxide and alazopram (use caution among older adults).
¢ Drugs with a shorter Ty, are lorazepam and oxazepam (renal clearance, so safer in liver failure).
Step 3 is administration of other treatments:
e For seizures, give diazepam, phenytoin, or carbamazepine.
e For agitation or hallucinations, give haloperidol.
e For tachycardia, give p-blockers or clonidine.
Either a fixed dose schedule of daily benzodiazepines or symptom-triggered regimens can be used. The revised
Clinical Institute Withdrawal Assessment of Alcohol scale is a helpful symptom-triggered guide for the use of
benzodiazepines for patients with scores of 10 or more.
The use of symptom-triggered regimens often results in less total drug dose than standard or fixed regimens
of withdrawal therapy. With time, benzodiazepine doses should be reduced as withdrawal symptoms improve.

What treatments help in the long term for alcohol dependency?

Long-term abstinence should include referral to a substance use disorder clinic, as both cognitive and behavioral
therapy is required to sustain ethanol abstinence. Those with repeated detoxification frequently have increased
alcohol craving, which increases the severity of subsequent withdrawal episodes. Recidivism is common and
pharmacologic agents to encourage abstinence can be used. Disulfiram is an acetaldehyde dehydrogenase
inhibitor that prevents acetaldehyde metabolism and increases circulating acetaldehyde levels to produce
symptoms of flushing, dizziness, and vomiting if ethanol is consumed. This aversion therapy may help
decrease ethanol intake in the early part of the abstinence to allow time for behavioral therapy to occur.
Acamprosate and naltrexone have not been very efficacious, and naltrexone has a black box warning and

is NOT to be used in acute hepatitis. Baclofen, topiramate, and ondansetron are being studied. In general,
despite adequate detoxification, only approximately one third of patients are abstinent or have limited
ethanol consumption at 1-year follow-up.

Is disulfiram safe in the setting of ALD?

Disulfiram is safe if monitored properly with laboratory testing and brief clinic visits (approximately every

2 weeks). The idiosyncratic disulfiram hepatitis syndrome can be diagnosed early if bilirubin levels are
increasing. The drug can be discontinued, and risk of liver failure can be avoided. Unfortunately use of disulfiram
(often encouraged via judicial system protocols) is often not properly monitored and this author has seen three
cases of disulfiram liver failure in 2 years. Whether disulfiram is safe when other types of liver disease (hepatitis C
virus [HCV], NAFLD) are present in conjunction with ALD has not been studied extensively.

Can the patient with end-stage ALD undergo liver transplantation?
Patients with long-term abstinence and decompensated alcoholic cirrhosis (HCC, variceal hemorrhage,
encephalopathy, or ascites) are good candidates for liver transplantation. Their outcome is similar to that of
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patients with other forms of end-stage liver disease and better than those with HCV. Continued alcoholism is the
most common reason for not being considered a candidate for liver transplantation. A period of 6 months
of ethanol abstinence is generally recommended prior to liver transplantation coupled with careful
evaluation for factors that may predict recidivism. For those who deny alcoholism, posttransplant resumption
of ethanol is more likely. A relapse of alcoholism while awaiting transplantation is a contraindication to
liver transplantation. Following liver transplantation, patients transplanted for alcoholic cirrhosis need
continued support to prevent resumption of alcoholism. Abstinence should remain the goal of care, and
continued involvement in a substance use disorder clinic is recommended. Despite best efforts, more than
20% of patients transplanted for alcoholic cirrhosis return to excessive ethanol consumption with a graft
loss in 5% of those transplanted.

Can patients with acute alcohol hepatitis be considered for liver transplantation?

Rarely. Mathurin and colleagues reported a large survival benefit at 3 years for a select cohort that did not
respond to prednisolone. However, less than 2% considered for the study were transplanted. Only patients
with adequate social support, without previous alcohol hepatitis decompensations, and those who signed

a contract not to use alcohol were included. Of 26 transplanted patients, one was drinking occasionally
and two were using alcohol daily, and there was no graft dysfunction.

How can patients with alcohol hepatitis be evaluated for response to steroid therapy?
Symptomatically, recovery often correlates with patients feeling, eating, mentating, and mobilizing better.
Biochemical response is seen with improvements in INR, creatinine, and bilirubin, and thus the Model of
End-Stage Liver Disease (MELD) score. The Lille Model (www.lillemodel.com) (prothrombin time,
albumin, renal function, day 0 and 7 bilirubin, and age) has been used to understand the response to
prednisolone. The Lille score ranges from O to 1; scores greater than 0.45 after 1 week of therapy indicate
a lack of response to steroids.

What is the prognosis of patients with ALD?

The prognosis of the patient with fatty liver who stops ethanol consumption is excellent. However, those
who continue to drink are more likely to progress to cirrhosis. Alcoholic hepatitis has a broad range of mortality
of 15% to 55% depending on the severity of liver disease. Alcoholic hepatitis may continue to progress for
the first weeks or months after abstinence, along with the leukemoid reaction. Those with encephalopathy
have a poor outcome, as do those with an MDF greater than 32. For those with alcoholic cirrhosis, the

5- and 10-year survival is 23% and 7%, respectively. For those who maintain abstinence and lack evidence
of portal hypertension, a life expectancy similar to that of age-matched controls may occur. The alcohol
MELD score was derived from a cohort study of 73 patients with 16 deaths, and is very easy to use
(http://www.mayoclinic.org/meld/mayomodel7.html). Alcohol MELD scores of 27, 34, and 40 correlate
approximately with 50%, 75%, and 90% mortality at 90 days.

What percentage of heavy drinkers develop cirrhosis?
Several studies have found that 10% to 20% of those who chronically use at least 50 g of alcohol daily
for more than 5 years will develop cirrhosis.

Of those who drink heavily, who is more likely to develop cirrhosis?

Quantity of alcohol over time is the main risk factor for developing cirrhosis, but having another type of
chronic liver disease (HCV, NAFLD, hemochromatosis) is another important risk factor. Women seem
to have a higher risk of cirthosis per amount of alcohol used, which is likely related to smaller body size
and generally a higher percentage of body fat, which equates to a smaller volume of distribution. Dose,
daily versus sporadic, and whether food is consumed with alcohol also seem to be risk factors. Higher
rates of the TT and GT genotypes of the —330 T>G interleukin-2 gene have been found in those with
cirrhosis. Also, deletion of a nuclear factor kappa Bl polymorphism may have a higher risk for
development of ALD.

Which forms of hepatic decompensation may occur with alcohol cirrhosis?
Those with alcohol cirrhosis, like those with cirrhosis from most other etiologic factors, are at risk for
HCC, ascites, jaundice, esophageal varices, hepatic encephalopathy, and hepatorenal syndrome.

Does alcoholic cirrhosis predispose a patient to development of HCC?

Alcoholic cirrhosis is associated with the development of HCC with a median interval of 4 to 5 years
following its diagnosis. The combination of obesity, hepatitis B virus or HCV infection, and alcoholic
cirrhosis may add to the risk of HCC development. HCC is less common in those with ALD without cirrhosis.

How should | screen patients with alcoholic cirrhosis for HCC?

Patients with alcohol cirrhosis should be screened for HCC on a regular basis if they are abstinent and
candidates for HCC therapy (sorafenib, chemoembolization, radiofrequency ablation, transplant). US
screening every 6 to 12 months is reasonable. a-Fetoprotein (AFP) is reasonable at these intervals as well,
with the caveat that AFP has a poor negative predictive value in general, but a good positive predictive
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value if the value is more than 200 ng/mL. Many liver transplant centers alternate between cross-sectional
imaging (CT or MRI) and US every 6 months in patients who are good HCC therapy candidates.

The author would like to acknowledge the contributions of Dr. Rowen Zetterman, who was the author of this chapter
in the previous edition, as well as Drs. David Kaneshiro and Aruna Dash who contributed the histology figures.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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BACKGROUND

1. What vessels supply blood and are responsible for oxygen delivery to the liver?
The portal vein is responsible for approximately 70% of total liver blood flow and supplies slightly less than
half the needed oxygen. Although of lower oxygen content, the portal vein delivers intestinal nutrients,
drugs, and inflammatory mediators directly to the liver after intestinal absorption. The hepatic artery (branch of
the celiac artery via the hepaticoduodenal artery) accounts for approximately 30% of the hepatic afferent
flow but more than 50% of the oxygen. The hepatic artery supplies the majority of oxygen to the biliary tree.

2. Name the vessels that compose the portal vein.
Venules drain blood from the intestinal and splenic capillaries and form the superior and inferior mesenteric
veins and the splenic vein. These veins join to form the portal vein that subsequently divides into tributaries
that eventually branch into fenestrated capillaries (sinusoids) of the liver.

3. How does blood flow occur at the microscopic level in the liver?
Blood flows down a pressure gradient from the portal venule and hepatic arteriole (derived from the portal
vein and hepatic artery, respectively) through sinusoids. Fenestrated endothelial cells line these sinusoids.
They supply sheets of hepatocytes before draining into the central venule.

4. How many anatomic segments compose the liver?
There are eight segments of the liver defined by their own afferent and efferent blood flow (Figure 26-1).

Inferior vena cava

Portal vein

Hepatic artery

Figure 26-1. Vascular and surgical anatomy of the liver. According to Couinaud there are eight functional segments in the
liver, which receive blood supply via the portal vein and hepatic artery. Efferent drainage is through the right, middle, and left
hepatic veins. The caudate lobe (segment 1) has a separate and direct outflow into the vena cava via the dorsal hepatic veins.

5. What is unique about the caudate lobe?
The caudate lobe is segment one and uniquely drains directly into the inferior vena cava (IVC) through the
dorsal hepatic veins (HVs).

6. Describe the three “zones” of the hepatic lobule with respect to blood flow.
The hepatocytes can be defined by their proximity to either the portal triad or central venules. Zone 1
includes hepatocytes surrounding the portal tract. These hepatocytes receive the most oxygenated blood but also
are the first exposed to any toxins. Zone 2 includes hepatocytes found in the intermediate area between the
periportal and perivenular areas. Zone 3 is made up of perivenular hepatocytes that are the most susceptible to
hypoxic mediated injury (Figure 26-2).

202
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Figure 26-2. Rappaport hepatic lobule with portal

(zone 1), sinusoidal (zone II), and pericentral hepatocytes
(zone III).
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BUDD-CHIARI SYNDROME

7. What is Budd-Chiari syndrome (BCS) and what blood vessels are involved?
BCS is any pathophysiologic process that results in interruption or decrease of the normal blood flow out
of the liver. This commonly involves complete or partial thrombosis of one or all three major HVs (right, middle,
and left) or small HVs. In Asia, pure IVC obstruction or combined IVC-HV obstruction is more commonly
diagnosed.

8. What are secondary causes of BCS?
See Box 26-1.

Box 26-1. Secondary Causes of Budd Chiari Syndrome

Centrally Located Primary Hepatic Tumors Other causes
e Hepatocellular carcinoma o Kinking of the HV after hepatic resection or transplantation
o Large nodules of focal nodular hyperplasia o Parasitic and nonparasystic cysts

* Polycystic liver disease
e Primary hepatic hemangiosarcoma

e Epithelioid hemangioendothelioma : :\'}gatitr’g;':)‘g;?; ?:Irz;]te:z?rtnoatrauma

o Herniation through a ruptured diaphragm

Blunt Abdominal Trauma

Extrahepatic Tumors

e Renal adenocarcinoma Cardiac Dysfunction
e Adrenal adenocarcinoma

o Sarcoma of the IVC * Right heart failure with severe tricuspid insufficiency
e Right atrial myxoma o Constrictive pericarditis

HV, Hepatic vein; /VC, inferior vena cava.

9. What are the clinical features of BCS?
A diagnosis of BCS should be considered in patients with right upper quadrant (RUQ) pain, unexplained
liver dysfunction, and ascites. Ascites protein content of more than 3 g/dL and serum-ascites albumin
concentration gradient 1.1 g/dL or more are suggestive of BCS, cardiac disease, or pericardial disease.

10. What is membranous obstruction of the inferior vena cava (MOVC)?
MOVC is a congenital cause of BCS seen mostly in Asia and Africa. This is a primary IVC obstruction with
a membranous web that typically occurs in the IVC just proximal to the entrance of the right HV.
A concomitant hypercoagulable condition is less common, although thrombus organization usually develops
at the site of the obstruction.
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11. How does the natural history of MOVC differ from BCS?
MOVC has been associated with hepatocellular carcinoma (HCC), which is less common in classic BCS.
MOVC is more amenable to angioplasty or stenting than other causes of BCS.

12. What is the Janus kinase 2 (JAK2)?
JAK2 is a tyrosine kinase that is found only on hemopoietic progenitor cells. JAK2 mutations are strongly
implicated in the pathogenesis of myeloproliferative disorders (MPDs); they are found in approximately 90% of
patients with polycythemia vera and 50% of patients with essential thrombocythemia and idiopathic
myelofibrosis.

13. What is the role of JAK2 mutations and other hypercoagulable states in BCS?
Mutations have been in described in 26% to 59% of patients with BCS. A number of BCS cases labeled
as idiopathic do not fulfill the diagnostic criteria for MPD but have mutations in JAK2. As many as 50%
of all cases of BCS will have underlying MPD and upward of 75% will have a concomitant hypercoagulable
condition.

14. What is the typical demographic of a patient with fulminant or acute BCS?
Acute BCS accounts for 20% to 30% of cases and is more commonly seen in women, particularly during
pregnancy, which is considered a physiologic hypercoagulable state.

15. Describe the typical presentation of acute BCS.
Patients present with RUQ pain, hepatomegaly, jaundice, ascites, and high serum aminotransferase levels
(>1000 U/L). The serum alkaline phosphatase is often in the range of 300 to 400 IU/L and serum bilirubin
levels are usually less than 7 mg/dL. Rapid deterioration of hepatic function and resulting encephalopathy
and renal failure are seen in fulminant cases. These require immediate intervention for revascularization in
an effort to prevent the need for liver transplantation, although the clinical presentation depends on the location
of the thrombus, stage, and rapidity of evolution (Figure 26-3).

Suspect BCS

* JAK2 P Perform Doppler
» Hypercoagulable panel - ultrasound
4 A
Hepatic vein Fibrous web
thrombosis of the IVC
Y Y A
\ " Interventional
radiology
Acute Chronic for angioplasty
y A
Fulminant Stable hepatic function Cirrhosis No cirrhosis
Y Y y Y
OLT TIPS/angioplasty + TIPS/OLT Surgical shunt
stent or thrombolysis

Figure 26-3. Proposed algorithm for diagnostic and therapeutic management of Budd-Chiari syndrome (BCS). IVC, Inferior vena
cava; JAK2, Janus kinase 2; OLT, orthotopic liver transplantation; TIPS, transjugular intrahepatic portosystemic shunt.

16. How does the presentation of chronic BCS differ from acute BCS?
The clinical presentation ranges from asymptomatic to fulminant liver failure with the most common
presentation involving manifestations of portal hypertension. Most patients present with symptoms such as
ascites or lower-extremity edema that evolve over 3 to 6 months. Liver biochemical test levels may be mildly to
markedly elevated in a hepatocellular or mixed pattern.
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How often are patients with BCS asymptomatic?
Asymptomatic BCS accounts for up to 20% of cases. There are often delays in diagnosis of BCS because the
condition is uncommon and symptoms can be nonspecific.

When should a liver biopsy be performed for BCS?
Liver biopsy should be reserved for cases in which Doppler-sonography, magnetic resonance imaging (MRI), or
computed tomography (CT) scan has not demonstrated obstructed hepatic venous outflow tract.

What are the histopathologic features of BCS?

The predominate hepatic histologic features include centrilobular congestion, hemorrhage, sinusoidal
dilatation, and noninflammatory cell necrosis. In delayed diagnoses, fibrosis develops in the centrilobular areas
and to a lesser extent in the periportal areas.

Why does BCS result in a massive caudate lobe?
Caudate lobe hypertrophy is found in 75% of BCS patients because of the separate venous drainage into the [VC
that is not affected by obstruction of the HVs.

What is the gold standard for evaluation of BCS?

Hepatic venography has been the gold standard for the evaluation of the HVs, but other noninvasive
radiographic modalities are generally adequate for diagnosis. Venography is now typically reserved for diagnosing
difficult cases and for precise delineation of obstructive lesions before planning treatment.

What is the radiographic modality of choice if you suspect BCS?

Ultrasound (US) is considered the initial imaging modality of choice with a sensitivity and specificity of
more than 80%. Doppler US provides information on vessel patency and blood flow direction. Absent

or reversed hepatic venous flow is considered diagnostic for BCS. Both contrast-enhanced MRI and contrast
CT can also diagnose BCS as well as provide indirect evidence such as enlarged caudate lobe or altered
perfusion pattern as it relates to the caudate lobe and venous flow obstruction (Figure 26-4).

Figure 26-4. Magnetic resonance image showing features of Budd-Chiari syndrome, including hepatomegaly with caudate lobe
hypertrophy, ascites, and splenomegaly. A, Ascites; C, caudate lobe.

23.

24.

What is the role of medical management?

The goal is to prevent further hepatic necrosis using anticoagulants and to relieve fluid retention using diuretics
and a low-sodium diet. Medical therapy is considered successful if ascites is controlled and liver biochemical
studies improve, although this approach is successful only in a minority of patients.

What patients need anticoagulation with or without thrombolytics?

Indefinite anticoagulation therapy is considered in patients with an underlying hypercoagulable disorder.
Thrombolytic agents can be considered in patients with a strong clinical suspicion for acute or subacute BCS and
no contraindications to the use of thrombolytic agents.
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25. What is the role for transjugular intrahepatic portosystemic shunt (TIPS)?
The role for TIPS is to decompress congested liver segments by creating an alternative venous outflow
tract. TIPS is useful for treating combined hepatic-vein and IVC obstruction, and can be effective in patients
with fulminant BCS awaiting liver transplantation. In chronic BCS, TIPS is an effective bridge to liver
transplant in those with refractory ascites or variceal bleeding. TIPS dysfunction requiring revision has been
reduced by the use of polytetrafluoroethylene-covered stents.

26. What underlying hypercoagulable states can be cured with a liver transplant?
Liver transplantation will definitively cure an underlying hypercoagulable state caused by protein C, protein S,
or antithrombin deficiency. Patients with other underlying hypercoagulable states require long-term
anticoagulation.

27. What are the long-term outcomes for patients transplanted for BCS?
The prognosis after transplantation for BCS is good with reported 5-year survival rates of 75% to 95%, although
there is an increased risk of hepatic artery and portal vein thrombosis (PVT) as well as recurrent BCS.
Patients with blood dyscrasias such as polycythemia rubra vera require treatment with hydroxyurea and aspirin to
reduce long-term complications after transplantation, although there is still a risk of progression and
leukemic transformation.

PORTAL VEIN THROMBOSIS

28. What is the initial work-up in a patient with a newly diagnosed PVT?
The initial work-up includes searching for local, inflammatory, or general risk factors. Identification of a
local risk factor should not preclude evaluation for a systemic prothrombotic factor because 36% of patients
also have a general prothrombotic disorder (Box 26-2).

Box 26-2. Risk Factors and Conditions Associated with PVT

Local Risk Factors ¢ Pancreatitis
e Cirrhosis e Duodenal ulcers
¢ Trauma General Risk Factors

Focal mali lesi
R CC T e o Myeloproliferative disorder

Inflammatory Lesions ¢ Hypercoagulable state
o Crohn’s disease

29. How do patients present with acute PVT?
The main clinical features include sudden onset of abdominal or lumbar pain and a systemic inflammatory
response, often with fever in the absence of an infection. Partial thrombus might be associated with
fewer symptoms.

30. What radiographic findings are associated with PVT?
Doppler US shows the absence of flow within the portal vein or its branches. CT scan can provide
additional information regarding the extent of the thrombus, the presence of related malignancy, or
inflammatory lesions.

31. How often does intestinal infarction occur with acute PVT and how does it present?
Intestinal infarction has been reported in 2% to 28% of patients with acute PVT, with 20% to 60% mortality.
Suspect the diagnosis in patients with persisting intense pain despite adequate anticoagulation, hematochezia,
guarding, ascites, or multiorgan failure with metabolic acidosis.

32. What is the duration of anticoagulation therapy?
Recommended duration for anticoagulation therapy is 3 to 6 months for acute PVT. Long-term therapy for
permanent prothrombotic conditions should be considered.

33. What outcomes do you expect with anticoagulation therapy of acute PVT?
Spontaneous recanalization occurs infrequently. Among patients treated with 6 months of anticoagulation,
50% had complete, 40% had partial, and 10% had no recanalization. Major complications with oral
anticoagulation treatment were reported in <5%.

34. How do patients with chronic PVT (also known as cavernous transformation of the portal vein [portal
vein cavernoma)) present?
The clinical presentation is related to portal hypertension with recurrent gastrointestinal bleeding, subclinical
hepatic encephalopathy, and ascites.
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35. In cirrhosis, how often does PVT occur?
The incidence of PVT rises with severity of liver disease: less than 1% in compensated cirrhosis and 8% to 25%
in likely transplant candidates. Clinical features are nonspecific; most cases are identified at routine US
during HCC surveillance. Tumor invasion of the portal vein by HCC should be considered in all patients
with cirrhosis and a new PVT.

36. How does the treatment of chronic PVT differ from acute PVT?
Anticoagulation should be considered in patients with permanent prothrombotic conditions, although bleeding
risk from esophageal varices should be established. Anticoagulation should be deferred until after adequate
primary prophylaxis for variceal bleeding has been instituted.

SINUSOIDAL OBSTRUCTION SYNDROME

37. What is the pathogenesis behind sinusoidal obstruction syndrome (SOS; also known
as hepatic venoocclusive disease [VOD])?
SOS is caused by circulatory obstruction at the level of the sinusoid secondary to injury to perivenular epithelium
leading to sinusoidal congestive obstruction. Occlusion of the central vein occurs more commonly in
severe cases.

38. What are risk factors for developing SOS?

High-dose chemotherapy: cyclophosphamide, oxaliplatin, gemtuzumab ozogamicin
Hematopoietic stem cell transplantation (incidence rate nearing 25%)

Hepatic irradiation or embolization with yttrium-90-labeled microspheres
Azathioprine, 6-thioguanine, tacrolimus

Consumption of pyrrolizidine alkaloid—containing plants, typically in herbal teas

39. What are the clinical features of SOS?
Presentation can include no symptoms; nonspecific symptoms such as weight gain, ascites, RUQ pain, and
hepatomegaly; or in severe cases, acute hepatic dysfunction leading to multiorgan failure and death.

40. How is the diagnosis of SOS made?
SOS is considered a clinical diagnosis based on exposure to a predisposing condition (medications, stem
cell transplantation) as well as weight gain, RUQ pain, hepatomegaly, and jaundice in the absence of other
causes such as sepsis or renal or heart failure. A transvenous liver biopsy with elevated hepatic venous
pressure gradient of more than 10 mm Hg in the appropriate clinical setting is highly suggestive of SOS, although
the disease may be patchy and the liver biopsy can be falsely negative.

41. What is the treatment of SOS?
Supportive therapy with diuretics to manage fluid retention is the mainstay of treatment. Thrombolysis not
recommended. Experimental trials with defibrotide both for prophylaxis and treatment have produced
mixed results, as has TIPS and liver transplantation.

HEREDITARY HEMORRHAGIC TELANGIECTASIA

42. What is hereditary hemorrhagic telangiectasia (HHT; Rendu-Osler-Weber syndrome),
and what gene is involved?
HHT is a rare (1-2/10,000) autosomal dominant multisystemic vascular disorder that variably affects the liver,
particularly with HHT type 2. Vascular malformations result from a mutation in the activin receptor-like kinase type
1 gene that encodes for transmembrane proteins involved in the transforming growth factor-p signaling pathway.

43. How do the vascular malformations lead to presinusoidal portal hypertension?
Microscopic and macroscopic vascular malformations occur with direct arteriovenous and portovenous shunts
that progressively enlarge. Portal hypertension develops from chronic sinusoidal hypertension secondary to
increased blood flow and increased fibrous tissue deposition at the portal and periportal level.

44. Describe the clinical presentations seen in overt HHT liver disease.
¢ High-output heart failure caused by intrahepatic shunting of blood
e DPortal hypertension usually with ascites
e Biliary disease caused by ischemia of the biliary tree, which can lead to severe cholestasis with or without
recurrent cholangitis

PELIOSIS HEPATIS

45. What is peliosis hepatis?
Peliosis hepatis is a rare disorder characterized by focal destruction of hepatocytes and sinusoidal endothelial
cells, leading to multiple cystic spaces filled with blood within the liver. Patients are usually asymptomatic,
but fatal intraabdominal hemorrhage or hepatic failure may rarely occur.
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46. What factors have been linked to pathogenesis of peliosis hepatis?
¢ Infection with Bartonella species in acquired immune deficiency syndrome—-associated peliosis
¢ Hematologic malignancies
¢ Anabolic steroid use
e Immunosuppressive drugs and oral contraceptives

ISCHEMIC HEPATITIS

47. What are the hallmark findings of ischemic hepatitis (shock liver)?
There is a massive increase in aspartate aminotransferase (AST), alanine aminotransferase (ALT),
bilirubin, prothrombin time (PT), and lactate dehydrogenase (LDH) levels after an episode of systemic
hypotension or decreased cardiac output. Once hemodynamic instability has been corrected, values return
to normal within 7 to 10 days.

48. What are the long-term outcomes of ischemic hepatitis?
Patients tend to be older, male, and acutely ill in the intensive care setting. Most deaths are attributed to

septic shock, cardiogenic shock, or cardiac arrest. Fulminant hepatic failure is rare and seems to be restricted to

patients with long-standing congestive heart failure and cardiac cirrhosis.

CONGESTIVE HEPATOPATHY
49. What is congestive hepatopathy?

Congestive hepatopathy is a chronic liver injury attributed to a spectrum of cardiovascular conditions, leading to

increased central venous pressure.

50. What are the histopathologic characteristics that correlate to the finding of “nutmeg liver’?

Hepatic venous hypertension leads to central vein hemorrhage, sinusoidal engorgement, and fibrosis of the terminal

hepatic venules. The nutmeg appearance reflects the alternating patterns of hemorrhage and zone 3 necrosis.

MISCELLANEOUS

51. How does polyarteritis nodosa (PAN) vasculitis manifest as liver disease?
PAN is a systemic necrotizing vasculitis with immune complex deposition in small and medium-sized

arteries resulting in hepatic infarction, abscess, and cholecystitis in severe cases. Diagnosis is confirmed when a

tissue biopsy reveals necrotizing arteritis.

52. What is the most common vascular tumor of the liver?
Cavernous hemangiomas are benign tumors with a 2% to 20% general prevalence found more commonly in

women. Lesions smaller than 5 cm are usually asymptomatic, lesions larger than 5 cm may cause abdominal pain,

and those larger than 10 cm are at risk for rupture with bleeding or can lead to disseminated intravascular

coagulation (Kasabach-Merritt syndrome). MRI is the diagnostic modality of choice. Treatment with surgical

resection or liver transplantation is reserved for large tumors.

The authors would like to acknowledge the contributions of Dr. Marcello Kugelmas, who was the author of this

chapter in its previous edition.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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NONALCOHOLIC FATTY LIVER DISEASE
AND NONALCOHOLIC STEATOHEPATITIS

Dawn M. Torres, MD, and Stephen A. Harrison, MD

. What is the difference between nonalcoholic fatty liver disease (NAFLD) and nonalcoholic

steatohepatitis (NASH)?

NAFLD is an umbrella classification for a group of diseases marked by excess accumulation of intrahepatic
fat (steatosis), usually as the result of insulin resistance without significant alcohol use (~2-3 drinks per day
in a man or ~1-2 drinks per day in a woman). NASH is a subset of NAFLD, which in addition to hepatic
steatosis, has histologic evidence of hepatocyte injury to include lobular inflammation, ballooning degeneration,
with or without Mallory hyaline and variable fibrosis.

. How does the natural history of isolated fatty liver patients differ from those with NASH?

Whereas isolated fatty liver (the majority of patients with NAFLD) has a generally favorable prognosis with
low risk for progression to cirrhosis, the clinical course of NASH patients is more variable. Natural history studies
of NASH patients suggest:

¢ One third of NASH patients show disease (fibrosis) progression.

¢ One third have disease regression.

e One third have stable disease over a 5- to 10-year period.

. How does the mortality of a patient with NAFLD compare with the general population?

All-cause mortality, cancer incidence (mostly hepatocellular carcinoma [HCC]), and type 2 diabetes mellitus are
higher in NAFLD patients. Liver-related mortality is comparable to the general population for those with
NAFLD who do not have NASH, whereas those with NASH have increased liver-related mortality.

. How do patients with NAFLD present?

Patients with NAFLD are often noted to have elevated serum aminotransferases on routine blood work,
which prompts a gastroenterology referral. The vast majority of these patients are asymptomatic, although a
small but clinically notable fraction of patients complain of right upper quadrant discomfort. This symptom,
which can range in presentation from a dull ache to sharp, severe pain, has been attributed to capsular swelling in
the setting of hepatomegaly, although it is not always associated with liver enlargement and does not correlate
with disease severity. Alkaline phosphatase is less frequently elevated, but can be elevated, particularly

in women.

. What does the serologic work-up for NAFLD patients show?

Serologic workup is typically negative with normal levels of ceruloplasmin and a;-antitrypsin and negative
viral hepatitis panels. Antinuclear antibody and anti—smooth muscle antibody may be positive in up to one third
of cases. As a marker of inflammation, serum ferritin may be elevated in NAFLD patients. Ferritin levels
more than 1.5 times the upper limit of normal predict more advanced NAFLD histologic findings, although
further study to assess for genetic markers of hereditary hemochromatosis or hepatic iron overload (via liver
biopsy) should also be considered.

. Describe the typical NAFLD patient.

Most patients are overweight, middle-aged adults, although the disease can present in childhood with a
rising incidence secondary to the increasing numbers of obese children. There is an even distribution between
males and females. The majority of patients already have met criteria for the metabolic syndrome with at
least three of the following:

e Increased waist circumference (men, greater than 40 inches; women, greater than 35 inches)

Fasting serum triglycerides of 150 mg/dL

High-density lipoprotein of 40 mg/dL in men or 50 mg/dL in women

Systolic blood pressure of 130 mm Hg

Diastolic blood pressure of 85 mm Hg

Fasting glucose of 100 mg/dL

. What is the prevalence of NAFLD and NASH?

Although the exact prevalence of NAFLD is unknown, it is easily the most common chronic liver disease in
the developed world. Prevalence studies suggest 30% to 40% of the U.S. population has NAFLD. Somewhat lower
prevalence rates of 18% to 25% have been noted in non-American populations. Higher prevalence is seen in
type 2 diabetic patients, in whom NAFLD prevalence has been documented to be as high as 70% to 75%.
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Given the lack of histologic data in most prevalence studies, the rates of NASH within the larger NAFLD
population are uncertain, although autopsy data suggest an overall NASH prevalence of 3% to 6%. One
prevalence study of middle-aged Texans demonstrated a higher NASH prevalence of 12%, and among morbidly
obese patients undergoing bariatric surgery, prevalence rates of 91% for NAFLD and 37% for NASH have
been demonstrated.

8. Are certain ethnic populations at greater risk of NAFLD or NASH?
Preliminary evidence suggests increased prevalence in Hispanic populations and a lower prevalence in
African American individuals despite similar rates of comorbid conditions. Asian populations have also been
shown to have more advanced disease at a lower body mass index than white counterparts.

9. How can you distinguish between NAFLD and NASH?
The short answer to this is liver biopsy—it remains the gold standard and is the only test that can provide clear-
cut evidence of steatohepatitis. Imaging studies, such as ultrasound (US), computed tomography, and magnetic
resonance imaging (MRI), are very good at diagnosing steatosis with upward of 95% sensitivity and 80%
specificity, although the accuracy of US is reduced in the morbidly obese. However, these studies are unable to
distinguish NASH from isolated fatty liver.

10. What noninvasive markers are available for either the diagnosis of NASH or fibrosis?
See Box 27-1. Recent advances that may prove useful are US and MRI transient elastography, which show
promise in noninvasively identifying advanced fibrosis (stages 3 and 4).

Box 27-1. Non-invasive Markers to Diagnose NASH or Advanced Fibrosis

Laboratory Tests e NashTest
e APRI (AST/platelet ratio index) > 1.5 (significant fibrosis) * FibroSpect Il
* éST/kALT ratio >0.8 o Radiologic Studies
o Cytokeratin 18 > 246 , sensitivity 75%, L . I
specificity 81%) : Sgnvenhonal imaging (for steatosis, not NASH or fibrosis)
Scoring Systems o CT
 BARD score * MRl _
o FIB-4 score >2.67 (80% PPV for fibrosis) * Newer techniques:
* FibroMeter >0.715 * ARFl
» NAFLD fibrosis score >0.676 high probability fibrosis, e Transient elastography
<-1.455 low probability * MR elastography
® FibroTest e Microbubbles

o SteatoTest

ALT, Alanine aminotransferase; APRI, AST to platelet ratio index; ARFI, acoustic radiation force impulse imaging; AST, aspartate aminotransferase; BARD, BMI, AST/ALT
ratio, presence of diabetes; CT, computed tomography; FIB-4, Fibrosis 4 score uses 4 variables=age, AST, ALT, platelets; MR/, magnetic resonance imaging; NAFLD,
nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; PPV, positive predictive value; US, ultrasound.

Serum biomarkers are also intriguing but are not ready for use in clinical practice. Several research centers
have developed scoring systems that use a combination of serum biomarkers, basic laboratories, or clinical
indices in an effort to predict either the presence of NASH or advanced fibrosis. No one scoring system has
proven universally applicable in clinical practice. General indicators suggestive of advanced disease that may
sway clinicians toward liver biopsy include aspartate aminotransferase/alanine aminotransferase ratio of more
than 0.8, presence of diabetes, morbid obesity, or age older than 50 years (Figure 27-1).

11. How is the severity of disease determined in patients with NASH?
Hepatic histologic characteristics are the ultimate indicator of the degree of hepatic injury. Imperfect
surrogates used in research trials or clinical practice include serum aminotransferases, fasting insulin, and serum
glucose.
The Brunt classification system is the predominant system used to assess hepatic histologic findings in which
grade is defined by degree of steatosis and inflammation and stage is based on degree of fibrosis (Box 27-2).

12. Are there other causes of fatty liver besides insulin resistance, obesity, and metabolic syndrome?
Alcohol-induced steatohepatitis is indistinguishable from NASH on liver biopsy, but a lifetime adult
drinking history of more than 20 g/day in men or more than 10 g/day in women supports alcohol as the primary
cause of the patient’s liver disease. A combination of lower alcohol intake, even as low as 40 g/week, with
coexisting insulin resistance, may also lead to steatohepatitis. Other comparatively rare causes of hepatic
steatosis with or without steatohepatitis are outlined in Table 27-1. Although these conditions compose less
than 5% of cases of hepatic steatosis or steatohepatitis, they are important to recognize given their specific and
unique treatments.
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Fatty liver imaging or elevated LFTs

» Concern for NASH:
risk factors additive
* Age >50 * DM * Rule out other causes of
¢ Obesity *HTN liver disease
* AST:ALT * Female * No obvious causes of
ratio>0.8 * AST =45 IU/mL secondary steatosis
* Non-—African (i.e., alcohol, medications)
American * Presence of insulin resistance
 Low platelets count y orDM
¢— Liver biopsy —¢
IFL NASH
Y Y

* Reduce daily caloric intake
500 kCal

« Diets higher in MUFA,
PUFA & lower in processed
carbohydrates & SFA

 Exercise 4x per week: Burn
400 kCal each time

« Lifestyle changes (same as IFL)
« Consider:
« Clinical treatment trials (clinicaltrials.gov)
< Angiotensin receptor blockers
« Cannabinoid receptor antagonists
* More potent antioxidants
¢ TZDs +/-metformin
in pts with advanced fibrosis if lifestyles As fail
« Bariatric surgery: Roux-en-Y gastric bypass
or lap band (with comorbid conditions)

Figure 27-1. Nonalcoholic fatty
liver disease NAFLD algorithm.
ALT, Alanine aminotransferase;
AST, aspartate aminotransferase;
DM, diabetes mellitus; HTN,
hypertension; IFL, isolated fatty
liver; LFT, liver function test;
MUFA, monounsaturated fatty
acid; NASH, nonalcoholic
steatohepatitis; pts, patients;
PUFA, polyunsaturated fatty
acid; SFA, saturated fatty acid;
TZD, thiazolidinediones.

Box 27-2. Brunt Classification

Grade 1 Up to 66% steatosis, minimal ballooning hepatocytes predominantly in zone 3,
scattered PMNSs, possibly intraacinar lymphocytes with no or mild portal
inflammation

Grade 2 Steatosis of 33%-66%, more prominent PMNs, obvious ballooning hepatocytes;
mild-moderate portal and intraacinar chronic inflammation also present

Grade 3 Marked steatosis, marked ballooning, intraacinar inflammation with PMNs associated
with ballooned hepatocytes, mild-moderate portal chronic inflammation

Stage 1 Zone 3 perisinusoidal/pericellular fibrosis to a mild-moderate degree

Stage 2 Zone 3 perisinusoidal/pericellular fibrosis with focal or extensive periportal fibrosis

Stage 3 Zone 3 perisinusoidal/pericellular fibrosis and early bridging portal fibrosis

Stage 4 Cirrhosis

PMN, Polymorphonuclear neutrophil.

13. What is the relationship between hepatic steatosis and hepatitis C virus (HCV) infection?

14.

HCYV infection is associated with hepatic steatosis, particularly in genotype 3 infection, although even genotype
1 constructs have been shown to promote triglyceride accumulation in hepatocytes. In genotype 3 infection,
successful eradication of HCV infection results in a marked reduction in hepatic steatosis, suggesting direct viral
involvement in this process. Preexisting NAFLD unrelated to primary HCV infection also has important
implications for the severity of disease and portends the development of advanced hepatic fibrosis.

What is the cause (pathogenesis) of NAFLD, in particular NASH?

Insulin resistance is thought to be the common denominator in an intricate multistep pathway that begins with
accumulation of triglycerides in hepatocytes and ends with the activation of stellate cells that promote collagen
deposition and fibrosis development. The intervening steps are thought to involve oxidative stress with
increased levels of proinflammatory cytokines, decreased levels of cytoprotective cytokines, mitochondrial
dysfunction, endoplasmic reticulum stress, cellular autodigestion, and molecular endotoxins leading to
apoptosis, as well as genetic factors that promote hepatic steatosis, necroinflammation, and fibrinogenesis.
Vitamin D deficiency and the human intestinal microbiome are newer areas under investigation for their role in

the pathogenesis of NAFLD.
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Table 27-1. Causes of Hepatic Steatosis or Steatohepatitis

CAUSE COMMENT

Drugs

Associated with Steatohepatitis

Tamoxifen (and other estrogen agonists) Steatosis (more frequently) and rarely steatohepatitis
Amiodarone Can occur with normal serum aminotransferases
Calcium channel blockers Three months into treatment up to 4 years after stopping
Glucocorticoids 1% to 3% of patients

Methotrexate Usually reverses on discontinuation of drug

Irinotecan Rare cases of cirrhosis or acute liver failure

Oxaliplatin Controversial association

Associated with Steatosis
Valproic acid

Ibuprofen

Aspirin

Tetracycline
Zidovudine/didanosine/stavudine

Surgery

Jejunal-ileal bypass
Biliopancreatic diversion
Extensive small bowel resection

Miscellaneous

Total parenteral nutrition Jejunal diverticulosis
Bacterial overgrowth

Abetalipoproteinemia

Hepatitis C virus

Mediated by 1 serum triglycerides and glucose
Pseudoalcoholic steatohepatitis
Chemotherapy-associated steatohepatitis

15.

16.

17.

18.

How do you treat patients with isolated fatty liver (i.e., NAFLD patients without histologic
evidence of NASH)?

As these patients are not at a substantially increased risk of chronic liver disease (i.e., cirrhosis and liver cancer),
lifestyle changes are the mainstay of therapy. Moderate reduction in caloric intake of approximately 500 calories
per day along with exercise designed to expend 400 kCal four times per week are thought to be adequate to
produce biochemical and histologic improvement, although large, well-designed studies are lacking.
Modification of cardiovascular risk factors is essential as NAFLD patients are at an increased risk for
cardiovascular events.

What is the optimal treatment of patients with biopsy-proved NASH?

No single treatment has been shown to be universally efficacious and applicable to all patients in the treatment
of NASH. Treatments are typically grouped into lifestyle interventions, pharmacologic therapies, or surgical
interventions.

Describe the optimal lifestyle modification approach for NASH patients?

Lifestyle interventions include caloric reduction and increased activity level similar to what is recommended
for isolated fatty liver patients. There is also evidence to support diet composition modification such as low
glycemic index diets with reduced fructose and saturated fatty acid intake. Increased intake of omega-3 fatty
acids may also be of benefit.

The optimal physical training regimen has not been established and both resistance and cardiovascular
training appear beneficial. Exercise of either aerobic or resistance training three to four times per week for
30 to 45 minutes of a moderate intensity seems a reasonable recommendation. Although these
interventions are safe and efficacious, they are difficult to sustain over long periods and are difficult to
apply to clinical practice.

What is the role of coffee and NAFLD?
Caffeinated coffee is composed of several bioactive compounds with favorable effects on chronic liver disease
such as HCV, in which studies have linked its consumption with decreased hepatic fibrosis in patients. A recent
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cross-sectional study found an inverse relationship between the amount of caffeinated coffee consumed and
hepatic fibrosis in NASH patients. Moderate daily regular caffeinated coffee may be considered a reasonable
adjunct to a multidisciplinary treatment plan for NAFLD patients. (Hold the cream and sugar!)

What Food and Drug Administration (FDA)-approved medical therapies exist for NASH?
There are no FDA-approved medical therapies. Pharmacotherapy is appealing as a treatment as many of these
patients are already taking medications for coexisting hypertension or hyperlipidemia.

Numerous agents, including antioxidants, cytoprotective agents, lipid-lowering medications, weight-loss
agents, and diabetic medications, have all been evaluated with mixed results. Vitamin E and the
thiazolidinediones, in particular pioglitazone, have been the most studied and have shown some beneficial

effects on NASH histologic findings.

What is the role of pioglitazone in the treatment of NASH?

Pioglitazone can be considered in NASH patients who are diabetic or have advanced histologic findings as it
has generally been shown to improve hepatic steatosis, necroinflammation, and, in certain cases, fibrosis.
Patients should be counseled on side effects, which include weight gain (~2-5 kg after 1 year of therapy),
peripheral edema, congestive heart failure exacerbation, osteoporosis, and possibly increased rates of bladder
cancer. Histologic benefits do not appear to be sustained with cessation of medication.

What is the role of vitamin E in the treatment of NASH?

The antioxidant vitamin E has been studied in adult NASH with generally beneficial results. A dose of

800 IU once daily demonstrated significant improvements in hepatic steatosis and lobulation inflammation but
not fibrosis, although another smaller trial suggested fibrosis improvement with treatment. Although once
considered a completely benign therapy, vitamin E has recently been reported to increase cardiovascular risk, all-
cause mortality, and prostate cancer rates. Notwithstanding these potentially negative effects, the tri-society
[AASLD (American Association for the Study of Liver Disease), AGA (American Gastroenterological
Association), ACG (American College of Gastroenterology)] guidelines currently recommend vitamin E in
nondiabetic patients with biopsy-proven NASH.

What are potential future therapies for NASH?

Weight loss medications, other diabetic medications such as incretin analogs (e.g., exenatide), angiotensin
receptor blockers, the nuclear hormone agonist obeticholic acid, and pentoxifylline are a few of the medications
currently being studied in NASH.

What is the role of bariatric surgery as a treatment for NASH?

Studies in patients undergoing bariatric surgery for morbid obesity have suggested surgical weight loss may improve
NASH histologic findings. Early studies in patients undergoing biliopancreatic diversion showed some concern
over worsening of hepatic fibrosis, but the vast majority of studies using either Roux-en-Y gastric bypass or
laparoscopic band placement have shown significant improvement in hepatic histologic findings, with even total
resolution of steatohepatitis reported. These studies offer compelling evidence that bariatric surgery in
morbidly obese patients improves steatohepatitis. These invasive procedures may be considered for those with
comorbid conditions that would justify the risks of an invasive surgical procedure.

How many patients diagnosed with NASH go on to require liver transplants?
Decompensated cirrhosis or HCC caused by NASH is currently the third most common indication for liver
transplantation in the United States, but is expected to be the leading indication for liver transplantation
by 2020.

20% of all NAFLD patients have NASH. Of those patients with NASH, ~11 develop cirrhosis and over a
varying period of time from months to years 7-31% of those with cirrhosis decompensate or develop HCC.

What is the role of hepatic steatosis in liver transplant donors?

Up to 30% of all livers evaluated for transplant show some steatosis. Donor livers with 30% steatosis are
considered acceptable, donor livers with 30% to 60% steatosis are considered with caution, and donor livers
with more than 60% steatosis are considered unsuitable by many transplant centers. Two recent studies
revealed that moderate and even severe steatosis shows comparable short- and long-term mortality to
patients with absent or mild steatosis, although with longer initial intensive care unit stays.

Do NAFLD or NASH recur after liver transplant?

Most of the data pertaining to NASH posttransplantation are limited to case reports or series of recurrence

of preexisting NASH or de novo steatohepatitis. The development of NAFLD or NASH following orthotopic liver
transplantation (OLT) is likely multifactorial, with some contribution from host metabolic factors and some
from of posttransplant immune suppressive medications such as prednisone and tacrolimus, which promote

the development of diabetes. Retrospective data on 68 OLT patients followed for a mean of 284+ 18 months
showed 18% of patients developed de novo NAFLD and 9% of patients developed de novo NASH.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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LIVER TRANSPLANTATION

Stevan A. Gonzalez, MD, MS, and James F. Trotter, MD

What is the current basis for prioritizing patients for cadaveric transplantation?

Priority for liver transplantation is currently determined by the Model of End-Stage Liver Disease (MELD) score,
which incorporates serum creatinine (Cr), bilirubin (bili), and international normalized ratio (INR) into the
following mathematical equation predictive of 90-day survival:

MELD score = (0.957 X In[Cr mg/dL] + 0.378 X In[bili mg/dL] + 1.12 X In[INR] + 0.643) x 10

A MELD score predicts 90-day mortality, and therefore patients with high MELD scores have a higher
priority for transplantation. Patients with a MELD score lower than 9 have only a 2% 90-day mortality rate,
whereas patients with a MELD score of 40 or more have a 71% mortality rate. Liver allocation based on MELD
score differs in two major respects compared with the previous system:

A. Subjective measures such as degree of ascites and encephalopathy are not included.

B. Time on the waiting list plays a minor role, serving only to break ties between patients with the same score.
Some transplant candidates have an increased mortality risk that is not reflected in the MELD score. This
occurs in patients with hepatocellular carcinoma (HCC) and in a small proportion of patients who have
hepatopulmonary syndrome or portopulmonary hypertension. In these individuals, exception MELD points may
be awarded based on regional practices. To increase organ availability to critically ill patients, recent
changes in the organ allocation policy have widened the geographic area of organ acquisition for patients
with MELD scores of 35 or more. The goal of this new policy is to reduce the waiting list mortality rate for these
sick patients.

. For patients with chronic liver disease, when is the appropriate time to refer for liver transplantation?

The decision to list a patient for transplantation ultimately rests on the judgment and experience of the
physicians at the transplant center. In general, patients should be considered for listing if they have a
MELD score of 15 or more, or life-threatening complications of end-stage liver disease including ascites,
encephalopathy, portal hypertensive bleeding, jaundice, significant weight loss, or HCC. Coexistent medical
disorders such as coronary artery disease, chronic obstructive lung disease, cardiomyopathy, or pulmonary
hypertension may jeopardize successful liver transplantation, especially in older adults. Consequently,
patients with comorbid conditions need to be evaluated to determine their candidacy for transplantation.
There is no advantage gained by early listing of patients for liver transplantation, because waiting time no
longer determines priority for transplantation.

. Which patients with HCC are considered and prioritized for transplantation?

Long-term survival for carefully selected patients with HCC is similar to patients undergoing transplantation
for nonmalignant causes. The United Network for Organ Sharing (UNOS) requires careful staging of
candidates with HCC to determine the extent of malignant disease. The extent of hepatic disease is assessed
with abdominal computed tomography (CT), and chest CT (and bone scanning at some centers) is used to
determine the presence of metastatic hepatoma. Liver transplant recipients fulfilling the Milan criteria have the
same 3- to 4-year actuarial survival as patients without malignancy, with a 4-year survival rate of 85%:
A. One tumor 5 cm or smaller; or three or fewer tumors, each smaller than 3 cm
B. No macrovascular involvement
C. No radiographic evidence of extrahepatic disease
Patients who fulfill the Milan criteria are awarded a high priority for transplant with 22 points. A 10%
increase is given to patients for every 3 months on the waiting list. In most centers, such patients are transplanted
within a few months before HCC progresses.

Although controversial, recent studies have proposed expanding the current selection criteria for patients
with HCC. For example, the University of California—San Francisco criteria include:
A. Single tumor smaller than 6.5 cm
B. Maximum three tumors with none larger than 4.5 cm
C. Cumulative tumor size smaller than 8 cm
Use of this set of criteria in liver allocation for HCC has been reported to have a 5-year posttransplantation
survival rate of 75%. These criteria, however, are not currently used by UNOS to prioritize patients for
transplantation.
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4. What is the risk of HCC in patients with hepatitis C and how has this influenced trends in liver
transplantation?
Chronic hepatitis C is currently the most common risk factor for HCC in the United States and accounts
for more than half of HCC cases. Hepatitis C infection is associated with a twentyfold increase in risk of
HCC and an annual risk as high as 5% per year in patients with hepatitis C and cirrhosis. The incidence of
HCC has tripled in the United States during the last 3 decades, with a large proportion of this trend attributed
to hepatitis C. Although the overall number of liver transplantations performed for hepatitis C appears to
have reached a plateau, the number of transplantations for HCC has sharply increased, with the majority of cases
attributed to hepatitis C infection. In contrast, liver transplants are performed less frequently for chronic
hepatitis B, likely as a result of more effective antiviral therapy.

5. Given the high waiting list mortality, is living donor liver transplantation (LDLT) an option?
Yes. Approximately 10% of patients listed for liver transplantation in the United States die each year
awaiting a suitable donor organ. LDLT was developed in response to the deceased donor (DD) organ shortage
and waiting list mortality. In addition, an equal number are removed from the list as “too sick to transplant.”
Currently, living donor liver transplants constitute 3% of all transplants. Most adult-to-adult LDLTs in the
United States use the right hepatic lobe. The most important advantage of LDLT is a reduction in waiting
time for the recipient and lower risk of dying on the list. Disadvantages of LDLT include risk to the donor
(risk of death and morbidity) and the risk that LDLT recipients may have more biliary complications than
recipients of cadaveric organs.

6. Who are potential recipients for LDLT?
The most appropriate recipients are ideal liver transplant candidates in urgent need of transplantation who
are at substantial risk of dying prior to DD transplant, that is, decompensated liver disease or HCC.
The LDLT recipient candidate undergoes the same evaluation as the DD recipient. LDLT may be associated
with a significant survival advantage rather than waiting for DD liver transplant; however, candidates with
HCC who have low MELD scores (<15) may not benefit from LDLT. Patients with multiple coexisting
conditions, previous major abdominal surgery or extensive mesenteric-vein thrombosis have increased risk
for postoperative complications and may not be suitable for LDLT.

7. List the diseases for which liver transplantation is performed.
A. Acute liver failure (ALF) (8% )—the ABCs
A: Acetaminophen, Autoimmune hepatitis, Amanita mushroom toxin
B: Hepatitis B, Budd-Chiari syndrome
C: Cryptogenic
D: Drugs (acetaminophen, isoniazid, disulfiram, other)
E: Esoterica (Wilson disease)
F: Fatty infiltration (Reye syndrome, acute fatty liver of pregnancy)
B. Chronic liver disease (82%)
e Chronic viral hepatitis (hepatitis C, hepatitis B)
* Alcoholic liver disease
Cryptogenic cirrhosis
Autoimmune hepatitis
Primary biliary cirrhosis
Primary sclerosing cholangitis
Nonalcoholic steatohepatitis (NASH)
Budd-Chiari syndrome
Drug-induced cirrhosis (methotrexate, amiodarone)
Sarcoidosis
Polycystic liver disease
C. Congenital and metabolic liver disease (8%)
¢ Hemochromatosis
e Wilson disease
* ol Antitrypsin deficiency
e Cystic fibrosis
* Amyloidosis
D. Other (2%)
* Hepatoblastoma
* Hemangioendothelioma
® Metastatic carcinoid tumor
® Retransplantation
The most common indication for liver transplantation is chronic hepatitis C followed by alcoholic liver
disease, followed by NASH. With the increasing prevalence of NASH, it will soon surpass alcoholic liver
disease as the second most common indication for liver transplantation.
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What is the definition of acute liver failure (fulminant hepatic failure)?

There are approximately 2500 cases of ALF in the United States each year. Acute liver failure is defined by an
acute decline in hepatic function characterized by jaundice, coagulopathy (INR >1.5), and encephalopathy
occurring within 8 weeks of disease onset in the absence of preexisting liver disease. Patients typically present
with progressive lethargy and jaundice over several days. The most common causes of acute liver failure in the
United States, in descending order, are acetaminophen (46%), indeterminate (14%), drug-induced (11%), hepatitis B
(6%), autoimmune hepatitis (6%), ischemia (4%), hepatitis A (3%), and other (9%).

Because of the rapid progression of ALF, patients require prompt referral to a liver transplant center.
Patients may progress from mild encephalopathy to coma within hours. Patient survival varies based on the
etiologic factors of ALF, in which acetaminophen hepatotoxicity is more likely associated with spontaneous
recovery (65%); however, this occurs in fewer than half of patients overall when accounting for other etiologic
factors. The two most common causes of death are cerebral edema and infection. Survival after transplant for
ALF ranges from 70% to 80% depending on the etiologic cause. Prognostic tools, such as the King’s College
criteria, are useful in identifying patients with the highest risk of death and who would benefit from urgent liver
transplantation. The King’s College criteria predict high mortality risk based on acetaminophen versus
nonacetaminophen ALF:

The following criteria identify ACETAMINOPHEN-ASSOCIATED ALF:
e pH <7.30
e Prothrombin time (PT) >100 seconds (INR >6.5), serum creatinine >3.4 mg/dL, and grade 3 or higher
encephalopathy
The following criteria identifyf NONACETAMINOPHEN-ASSOCIATED ALF:
e PT >100 seconds (INR >6.5) or any three of the following:
e Age younger than 10 years or older than 40 years
Etiologic factors: non-A, non-B hepatitis; halothane; drug reaction
Duration of jaundice before onset of encephalopathy more than 7 days
PT more than 50 seconds (INR >3.5)
Serum bilirubin more than 18 mg/dL

. A 21-year-old woman is admitted following an overdose of acetaminophen. How is it determined

whether she should be referred for liver transplantation?

The most common cause of ALF is acetaminophen. Acute ingestion of acetaminophen may cause severe
hepatic injury via the toxic metabolite, N-acetyl-p-benzoquinone imine, a metabolite of the cytochrome
P450 system. Chronic alcohol ingestion may result in induction of the cytochrome P450 system and a
reduction in the amount of acetaminophen required to cause hepatotoxicity. Without treatment, an acetaminophen
level of more than 300 mcg/mL at 4 hours or more than 45 mcg/mL at 15 hours is associated with a 90% risk of
hepatotoxicity. If patients present within 4 hours of ingestion, activated charcoal can reduce acetaminophen
absorption. N-acetylcysteine (NAC, Mucomyst), a glutathione precursor, should be given in all cases of
suspected acetaminophen overdose regardless of the dose or timing of acetaminophen ingestion. Early
administration of NAC is recommended not only in patients with acetaminophen hepatotoxicity, but should
also be given in cases of nonacetaminophen ALF with grade 1 or 2 encephalopathy, in which it is associated with
a significant survival benefit.

Is human immunodeficiency virus (HIV) infection a contraindication to liver transplantation?
No. Although HIV infection was previously a contraindication to liver transplant, the advent of highly
active antiretroviral therapy (HAART) has altered the selection process for infected patients. The selection
criteria for HIV patients are evolving but include:

¢ Patient on HAART treatment

e CD4 count 100 to 200 mm’ or higher

e Absence of HIV-related infections or malignancies
In HIV-infected candidates who meet these criteria, survival following liver transplantation is comparable to non-
HIV patients; however, individuals coinfected with hepatitis C virus (HCV) and HIV have significantly lower
posttransplant survival rates. Therefore some centers will not consider such coinfected patients for liver
transplantation. Careful recipient and donor selection are important in optimizing outcomes in this population.

Is liver transplantation an effective management option for cholangiocarcinoma?

In most cases, cholangiocarcinoma remains a relative contraindication for liver transplantation; however, some
transplant centers have reported acceptable outcomes in selected individuals. Liver transplants are more
commonly performed in unresectable cases of early stage perihilar cholangiocarcinoma (tumor size <3 cm, no
metastases) in which protocols involving neoadjuvant chemotherapy followed by liver transplantation are
associated with recurrence-free survival rates of 68%. In cases of intrahepatic cholangiocarcinoma, liver
transplantation is generally not performed because of very high recurrence rates.

What conditions are considered contraindications to liver transplantation?
The decision to perform a liver transplant in a specific patient is based on the judgment and experience
of the physicians at the transplant center.
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Absolute contraindications include:
Extrahepatic malignancy (excluding squamous cell carcinoma of the skin)
Active uncontrolled sepsis or infection
Active alcohol or illicit drug use
Psychosocial factors precluding recovery after transplantation
Uncontrolled cardiopulmonary disease (coronary artery disease, congestive heart failure, valvular
disease, pulmonary hypertension, restrictive lung disease, and severe chronic obstructive pulmonary
disease)
Relative contraindications include:
Advanced age (>65 years old)
Obesity
Portal vein or mesenteric vein thrombosis
Cholangiocarcinoma (see earlier discussion)
Psychiatric illness
Poor social support
HIV infection (see earlier discussion)
There is recent data that selected liver transplant recipients with alcoholic liver disease who have not met the standard
abstinence criteria (>6 months) have identical outcomes as other patients. However, this practice has not been widely
adopted in the United States.

A liver transplant candidate develops worsening renal failure. At what point should
a simultaneous liver and kidney (SLK) transplantation be considered?
The inclusion of creatinine in the MELD score has linked renal dysfunction with prioritization of liver
transplant candidates. As a result, the proportion of liver recipients with acute and chronic renal
insufficiency has increased since institution of MELD-based liver allocation. Some recipients’ renal function
is so poor that they require a simultaneous renal transplant at the time of liver transplantation to provide
sufficient renal function for measurable long-term survival. In fact, the number of SLK transplantations has
increased over the last several years. Providing a kidney transplant in selected liver transplant recipients can
have a major effect on posttransplant survival and quality of life. Proposed criteria for considering SLK in
liver transplant candidates include:
Persistent acute kidney injury of >4 plus one of the following: threefold increase in creatinine from baseline,
creatinine 4 mg/dL or higher with acute increase 0.5 mg/dL or more, requirement for renal replacement
therapy (RRT), estimated glomerular filtration rate (GFR) 35 mL/min or less
Chronic kidney disease of >3 months plus one of the following: estimated GFR 40 mL/min or
less, proteinuria 2 g/day or more, kidney biopsy with more than 30% glomerulosclerosis or more than 30%
interstitial fibrosis, metabolic disease

Do liver transplant candidates with hepatorenal syndrome (HRS) require kidney transplants?
HRS occurs in patients with cirrhosis and ascites as a result of effective hypovolemia and renal hypoperfusion in
the setting of a hyperdynamic circulation, reduction in cardiac output, and severe renal vasoconstriction. Two
types of HRS are defined as follows:
HRS type 1: Rapid doubling of baseline creatinine to a level greater than 2.5 mg/dL within 2 weeks, typically
occurring after a precipitating event
HRS type 2: Slow progression with creatinine 1.5 to 2.5 mg/dL, typically associated with refractory ascites
Additional diagnostic criteria include:
e No improvement in creatinine to 1.5 mg/dL or less after 48 hours of diuretic withdrawal and volume
expansion with intravenous albumin
e No shock, exposure to nephrotoxic medications, or evidence of parenchymal kidney disease (proteinuria
>500 mg/day, hematuria >50 red blood cells per high-power field, abnormal kidney imaging)
Although HRS type 1 is associated with progressive renal failure, requirement for RRT, and a very high
mortality risk (median survival 1 month), the associated renal dysfunction is potentially reversible
following liver transplantation. Data suggest that the majority of individuals who undergo liver
transplantation within 4 to 6 weeks of onset of type 1 HRS will recover renal function and may not require
a kidney transplant.

Which features of a patient’s psychosocial profile connote a good prognosis for continued
abstinence from alcohol prior to liver transplantation?

For patients with a history of alcohol abuse, most centers require a period of abstinence (at least 6 to 12 months)
and an evaluation by a substance abuse professional prior to transplantation. Recognition of alcoholism by the
patient and family members is especially important, and patients demonstrate this through adherence to an
alcohol rehabilitation program. Features associated with a low rate of recidivism include absence of comorbid
substance abuse, good social function, and absence of family history of alcohol abuse.
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16. Which factors measured in the recipient prior to transplant correlate with reduced postoperative

17.

survival?

Reports have suggested that pretransplant clinical factors such as Child-Pugh class and MELD score are not
good predictors of survival after transplantation, although recipients with a high MELD score immediately
prior to transplant may have decreased posttransplant survival. Pretransplant recipient characteristics
associated with an increased risk of liver-related death beyond 1 year after transplant include requirement for
retransplantation, renal insufficiency, and diabetes. Additional pretransplant factors associated with overall
decreased posttransplant survival include increased age and hepatic malignancy (HCC or cholangiocarcinoma).
HCYV infection significantly impairs long-term patient and allograft survival due to recurrent HCV in the
transplanted liver.

Which immunosuppressants are used in liver transplantation? What are their mechanisms of
action and side effects?
See Table 28-1.

Table 28-1. Mechanism of Action and Side Effects of Immunosuppressants

DRUG MECHANISM OF ACTION TOXICITIES
Tacrolimus Calcineurin inhibitor: suppresses IL-2—dependent Renal insufficiency, neurologic,
T-cell proliferation diabetes mellitus, diarrhea
Cyclosporine Same as tacrolimus Hypertension, renal insufficiency,
neurologic, hyperlipidemia,
hirsutism
Azathioprine Inhibits T- and B-cell proliferation by interfering Bone marrow depression,
with purine synthesis hepatotoxicity, dyspepsia
Mycophenolate Selective inhibition of T- and B-cell proliferation Bone marrow depression, diarrhea,
mofetil by interfering with purine synthesis dyspepsia
Mycophenolic
acid
Corticosteroids Cytokine inhibitor (IL-1, IL-2, IL-6, TNF, and Diabetes mellitus, obesity,
IFN-y) hypertension, osteopenia,
infection, emotional lability
Sirolimus mTOR inhibitor: inhibits signal transduction Neutropenia, thrombocytopenia,
Everolimus from IL-2 receptors decreasing T- and B-cell pneumonitis, hyperlipidemia,
proliferation hepatic artery thrombosis™*
Daclizumab/ Monoclonal antibody that blocks IL-2 receptor Hypersensitivity reactions with
Basiliximab/ inhibiting T-cell activation basiliximab
Thymoglobulin

IEN, Interferon; IL, interleukin; mTOR, mammalian target of rapamycin; TNF, tumor necrosis factor.
*Sirolimus is associated with a “black box warning” because of hepatic artery thrombosis.

18. What is the typical immunosuppressive regimen?
The specific immunosuppressive regimen varies from center to center. Current immunosuppressive therapy
usually involves two or three agents to prevent allograft rejection in the immediate postoperative period.
Typically, this involves combination of a calcineurin inhibitor (CNI) such as tacrolimus (TAC, FK506) or

cyclosporine with one or more other agents. Currently more than 90% of liver transplant recipients receive TAC
and the remainder cyclosporine. A secondary agent such as mycophenolate mofetil (MMF), mycophenolic acid
(MPA), or azathioprine is used along with a CNI. These agents operate through different mechanisms to increase
the immunosuppressive effect while minimizing the nephrotoxic side effect of CNIs. Cyclosporine and TAC
prevent T-cell activation through inhibition of calcineurin, a calcium-dependent phosphatase involved in
intracellular signal transduction. Azathioprine, MMF, and MPA prevent expansion of activated T- and B-cells.
Azathioprine is a purine analogue that becomes metabolized to its active compound, 6-mercaptopurine, and then
inhibits DNA and RNA synthesis, particularly in rapidly proliferating T cells. MMF and MPA are
noncompetitive inhibitors of an enzyme necessary for synthesis of guanine, a purine nucleotide.
Corticosteroids are used as first-line therapy in immunosuppression at many centers. However, there is
increasing evidence that long-term maintenance corticosteroids may not be necessary to prevent rejection.
Therefore most liver transplant recipients are weaned completely off of corticosteroids within a few months after
surgery. The most common regimen in the immediate postoperative period is TAC with MMF or MPA with a
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short course (weeks to months) of corticosteroids. Recently, the Food and Drug Administration approved a drug,
everolimus, which is in a new class of immunosuppression (inhibitors of the mammalian target of rapamycin
[mTOR]). Sirolimus, another mTOR inhibitor, is not approved in liver transplantation, but is administered to
liver recipients on a limited basis.

Liver allocation based on the MELD score has affected the administration of immunosuppression. Inclusion
of creatinine as a determinant in MELD has increased the priority and number of liver transplant recipients with
renal insufficiency. As a result, posttransplant immunosuppressive regimens are configured to minimize
nephrotoxicity. One strategy is to reduce or avoid CNI exposure immediately after surgery. Many centers have
introduced the use of rabbit antithymocyte globulin as induction therapy. Other strategies to reduce CNI
exposure include using interleukin-2 receptor antibodies such as daclizumab or basiliximab, mTOR inhibitors
such as sirolimus or everolimus, or increasing doses of MMF or MPA. In recipients who develop renal
insufficiency later in their posttransplant course, CNIs are commonly reduced in dose or withdrawn and then

replaced or supplemented with mTOR inhibitors, MMF, or MPA.

A liver transplant patient has just sustained a grand mal seizure 36 hours posttransplant. The
cyclosporine level is within acceptable limits. The patient is in a postictal state but has no obvious focal
neurologic deficits. Which factors contribute to an increased risk of seizures posttransplant?

Both cyclosporine and TAC are associated with neurotoxicity, including tremor, seizures, paresthesias, ataxia, and
delirium. The neurologic side effects are usually reversible with a reduction in dosage or discontinuation of
the drug.

Does erythromicin affect immunosuppressive therapy?

Cyclosporine and TAC are metabolized by the cytochrome P450-3A4 system. Medications that inhibit
P450-3A4 raise cyclosporine and TAC levels and place the patient at risk for toxicity or over-
immunosuppression. Medications that induce P450-3A4 lower levels and increase the risk of rejection or
require higher doses of the immunosuppressant. If these medications are necessary, dose adjustment and
monitoring of cyclosporine and TAC may be necessary (Box 28-1).

Box 28-1. Medications That Commonly Interact with Cyclosporine

and TAC

Increase Cyclosporin/Tacrolimus Levels Reduce Cyclosporin/Tacrolimus Levels
Erythromycin Phenytoin
Clarithromycin Carbamazepine
Ketoconazole Phenobarbital
Fluconazole Rifampin
ltraconazole
Verapamil
Diltiazem
Amiodarone
Telaprevir/boceprevir

What are the histologic findings of acute rejection versus posttransplant hepatitis C on liver biopsy?
The differentiation between recurrent hepatitis C and acute cellular rejection is one of the most problematic
areas in clinical transplantation. In many cases, the histologic findings on the liver biopsy are inconclusive in
differentiating these two disorders. The histologic features of acute cellular rejection include:

e Mixed cellular infiltrate (including eosinophils) in the portal triad

e [nflammation of the bile ducts presenting as either apoptosis or intraepithelial lymphocytes

e Endotheliitis of the central or portal veins
Recurrent hepatitis C can be difficult to distinguish from rejection. The histologic findings may demonstrate a
predominant lymphocytic infiltrate in the portal areas rather than the mixed cellular infiltrate of rejection.
Other histologic findings of HCV include spotty parenchymal inflammation, presence of acidophil bodies, and
vacuolization of the biliary epithelium. In contrast, bile duct inflammation and venous endothelial inflammation
are more prominent features in rejection.

Describe the other posttransplant complications manifested by elevated liver enzymes.

Hepatic artery thrombosis remains a serious complication following transplant. The clinical presentation may be
variable, but is usually associated with elevated aminotransferases. Other signs include decreased bile output,
persistent elevation of the PT, bilirubin, or bacteremia. Cessation of hepatic artery blood flow preferentially
causes ischemic damage to the biliary tree, resulting in breakdown of the biliary tree and development of bilomas,
bile leaks, and eventually strictures. Treatment of early hepatic artery thrombosis may be amenable to an
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Hepatic artery thrombosis
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interventional radiologic approach, but usually warrants surgical intervention. In hepatic artery thrombosis,
retransplantation is usually required for successful long-term outcomes.

In the early posttransplant period, portal vein thrombosis may present with signs of graft dysfunction and
require immediate revascularization or retransplantation. Late thrombosis may be well tolerated or lead to graft
dysfunction or portal hypertension. Balloon angioplasty, stent placement, and thrombolytic infusion have been
used to reestablish the portal circulation.

Biliary leaks or strictures may be asymptomatic but can also lead to jaundice, bacteremia, or sepsis. Biliary
leaks can occur at the biliary anastomosis and within the liver as a result of bile duct destruction. Ischemic
damage from hepatic artery thrombosis may be a contributing factor.

Medications may also cause elevated liver enzymes. A cholestatic pattern may occur with cyclosporine,
TAGC, azathioprine, sulfa drugs, and various antibiotics. A hepatocellular pattern may occur with azathioprine,
nonsteroidal antiinflammatory drugs, and some antibiotics.

The most common opportunistic infection of the hepatic allograft is cytomegalovirus (CMV) infection, and
the infection may present as elevated liver enzymes, fever, cytopenias, or lethargy. Tissue invasive disease may
cause life-threatening complications when the liver, lungs, or gastrointestinal tract are involved. The most
common period for CMV disease is 4 to 12 weeks after transplantation. With generally lower levels of
immunosuppression and effective prophylaxis, the occurrence of CMV disease in liver transplant recipients
is decreasing to less than 5% at some centers (Figure 28-1).

Figure 28-1.
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. What are the clinical, biochemical, and histologic features of chronic rejection?

Chronic allograft rejection is generally characterized by an insidious but progressive rise in alkaline phosphatase
and bilirubin. Patients are usually asymptomatic and synthetic function remains intact until the late stages. The
pathogenesis of this syndrome remains unclear, but the evidence favors loss of bile ducts and the development of
obliterative arteriopathy in the small hepatic arteries. Histologic findings include a normal-appearing
parenchyma with few mononuclear infiltrates in the portal areas but absence of bile ducts in almost all of the
portal triads. Later in the course, patients develop strictures and dilations in the larger bile ducts resembling
primary sclerosing cholangitis. In these cases, the clinical course may be complicated by recurrent attacks of
biliary sepsis. The differential diagnosis at this stage includes hepatic artery thrombosis, CMV cholangitis,
anastomotic strictures of the biliary tree, and recurrent primary sclerosing cholangitis.

Chronic rejection is very uncommon and usually occurs in liver transplant recipients who are noncompliant
with their immunosuppressive therapy. The process frequently progresses to graft failure, but recent reports
indicate that 20 to 30 percent of patients may respond to additional immunosuppressive therapy. Patients with
progressive liver failure caused by chronic rejection may require evaluation for retransplantation.

How often is it necessary to perform a second liver transplant, and for what reasons are
retransplantations performed?

Fewer than 10% of the liver transplants performed in the United States are retransplants. Early retransplants are usually
performed for primary nonfunction and hepatic artery thrombosis. Improved surgical techniques have reduced
the early retransplant rate. Late retransplants may occur for recurrence of the original disease or chronic
rejection. Recurrent disease may occur within 5 to 10 years in recipients with autoimmune hepatitis (36%-68%),
primary sclerosing cholangitis (20%-25%), and primary biliary cirrhosis (21%-37%). Recurrent hepatitis C
occurs in all transplant recipients with viremia at the time of transplantation. In contrast, the incidence of
recurrent hepatitis B has declined to less than 10% with the use of posttransplant hepatitis B immunoglobulin
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(HBIg) and nucleoside and nucleotide analogues. The availability of increasingly potent nucleoside and
nucleotide analogues with a high barrier to resistance, such as entecavir or tenofovir, have led to negligible
recurrence rates and may decrease the need for HBIg altogether.

Is retransplantation for recurrent hepatitis C recommended?

Chronic hepatitis C remains the most common indication for liver transplantation in the United States.
The prevalence of HCV infection in patients undergoing retransplantation has significantly increased since
1990. Because recurrent hepatitis C causes graft failure in an increasing number of patients, retransplantation
is being considered more frequently. However, retransplantation for patients with graft failure caused by
recurrent hepatitis C is controversial for three reasons:

1. Long-term survival rates for retransplantation of recipients with graft failure caused by HCV are
only 50%.

2. The critical shortage of DD livers forces clinicians to select patients with the best chance of survival
after transplantation.

3. Liver recipients who develop graft failure from recurrent HCV typically have more comorbidities than
at the time of their first transplant. They are older and may have suffered the side effects of prolonged
exposure to immunosuppressants, namely, diabetes, hypertension, and renal insufficiency.

Although HCV infection was initially found to be an independent predictor of mortality following
retransplantation, subsequent reports have described similar rates of survival in HCV and non-HCV recipients,
likely attributed to improved patient and donor selection. However, survival following retransplantation for
cholestatic hepatitis C is very poor. Consequently, most transplant centers will not offer retransplantation to
patients with graft loss caused by recurrent HCV or offer it on a very limited basis.

Describe the long-term metabolic complications that occur in the liver transplant recipient.
Although patients experience a dramatic improvement in their quality of life following liver transplant, they are
at risk for complications associated with the use of immunosuppressive regimens. The most common metabolic
complications include diabetes, hypertension, and renal insufficiency. Diabetes caused by corticosteroids or
CNIs may occur following transplantation. Hypertension is common with cyclosporine and TAC, and the
associated renal insufficiency may exacerbate this problem. Hypetlipidemia caused by corticosteroids, sirolimus,
and cyclosporine also occurs following transplant. Although metabolic complications may be ameliorated by a
reduction in immunosuppression, persistent hyperlipidemia or diabetes requires aggressive treatment. All of
these factors may place patients at greater risk for cardiovascular or cerebrovascular disease, and patients should
receive counseling regarding appropriate diet, exercise, and smoking cessation. Renal insufficiency frequently
occurs after liver transplantation and is more frequent in patients receiving cyclosporine than TAC. Up to 28%
of patients develop end-stage renal disease (ESRD) 10 years after transplant. Other risk factors for developing ESRD
include advanced age, hypertension, diabetes, hepatitis C, renal disease prior to liver transplantation, and
postoperative acute renal failure.

Patients may be at risk for osteoporosis associated with corticosteroid use, particularly if they received
significant steroids prior to transplantation. A low threshold for measurement of bone density prior to
transplantation may be appropriate in high-risk populations such as patients with cholestatic liver disease.
Patients at risk should consult with an endocrinologist for an assessment of appropriate therapy, which may
include calcium, vitamin D supplementation, and other agents.

How frequently does nonalcoholic fatty liver disease (NAFLD) recur following liver transplantation?
NAFLD is increasingly recognized as a major cause of chronic liver disease leading to cirrhosis. Most patients
with cryptogenic cirrhosis who meet criteria for the metabolic syndrome (abdominal obesity, diabetes,
hyperlipidemia, and hypertension) and otherwise have no identifiable cause of chronic liver disease are likely to
have underlying NAFLD. As posttransplant metabolic syndrome may occur in up to 50% of transplant recipients
overall, the development of posttransplant NAFLD is a concern, particularly in those with likely pretransplant
NAFLD. The recurrence rate of NAFLD following liver transplantation has been reported to be 40% to 70%.
Although a large proportion of these patients also demonstrate NASH, it is not clear whether this may lead to
allograft failure or a decrease in survival. The development of de novo NAFLD may occur in up to one third of
transplant recipients, although the prevalence of NASH in this group may be much lower at less than 5%.

Are liver transplant recipients at increased risk of developing cancer?

Immunosuppression significantly increases the risk of malignancy, which complicates approximately 15% of liver
transplantations. The most common malignancy following liver transplantation is squamous cell carcinoma of
the skin. Therefore patients should avoid exposure to ultraviolet light and wear protective clothing and
sunscreen if they participate in activities leading to sun exposure.

Posttransplantation lymphoproliferative disorder (PTLD) occurs in 1% of patients after liver
transplantation. Most are large B cell-type non-Hodgkin’s lymphoma caused by Epstein-Barr virus (EBV)
infection in the setting of chronic immunosuppression. The two most important risk factors for PTLD are the
degree of immunosuppression and EBV donor mismatch (EBV immunoglobulin G-negative recipient and EBV
IgG-positive donor). The clinical presentation is variable and includes fever, lymphadenopathy, weight loss, or
organ involvement. Extranodal involvement is common in the gastrointestinal tract, liver, lung, and bone
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marrow. Treatment is a marked reduction in immunosuppression or use of antiviral agents, which may result in
complete resolution of disease. Referral for oncology consultation is also necessary for consideration of
chemotherapy or radiation, which is required for many patients.

What factors contribute to metabolic bone disease after transplantation?

Chronic liver diseases, particularly cholestatic liver diseases, are associated with osteopenia. The pathogenesis
was originally thought to be related to decreased bile salt flow and vitamin D malabsorption, but plasma vitamin
D levels are normal. Instead, these patients appear to have inhibition of bone formation and low or normal
bone resorption. Prior to transplantation, these patients may already have significant bone loss. Following
transplantation, glucocorticoids worsen the condition and place the patients at risk for fractures. One study
measured the bone density of 20 women with primary biliary cirrhosis. At 3 months after transplantation, their
bone density declined at a mean rate of 18.1% per year. The nadir in bone density appeared to occur within the
first 6 months. As glucocorticoid use decreased, bone density improved and ultimately surpassed the
pretransplant density at 2 years.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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CHAPTER 29

1. What are the most common causes of ascites?
Ascites is the accumulation of fluid within the peritoneal cavity. More than 80% of patients with ascites have
decompensated chronic liver disease. However, it is important to know the other possible causes of ascites,
because the treatment and prognosis may be quite different. In general, the most common causes of ascites are
cirrhosis, heart failure, peritoneal carcinomatosis, alcoholic hepatitis, and fulminant liver failure. The
differential diagnosis of ascites can be categorized according to its pathophysiology (Table 29-1).

Table 29-1. Differential Diagnosis of Ascites Categorized According

to Pathophysiology
MECHANISM DIFFERENTIAL DIAGNOSIS

Portal hypertension Cirrhosis
Alcoholic hepatitis
Acute liver failure
Hepatic vein occlusion (Budd-Chiari syndrome)
Heart failure
Constrictive pericarditis
Dialysis ascites

Hypoalbuminemia Nephrotic syndrome
Malnutrition
Protein-losing enteropathy

Peritoneal disease Malignant ascites
Tuberculous peritonitis
Fungal peritonitis
Peritoneal dialysis
Eosinophilic gastroenteritis
Starch granulomatous peritonitis

Miscellaneous Chylous ascites
Pancreatic ascites
Myxedema
Hemoperitoneum

2. Should a diagnostic tap be performed routinely on all patients with ascites at the time of
admission to the hospital?
Ascites is diagnosed when large amounts of fluid are present in the peritoneal cavity. If clinical examination
is not definitive in detecting or excluding ascites, ultrasonography may be helpful, and may provide information
about the cause of ascites. Abdominal paracentesis is safe, rapid, and cost-effective. Analysis of ascitic fluid
via abdominal paracentesis provides important data for differentiating causes of ascites, and for evaluating for
spontaneous bacterial peritonitis (SBP).

Ascites in heart failure can mimic ascites in cirrhosis, and the distinction between the two entities can
be challenging. Measurement of plasma brain natriuretic peptide (BNP) or N-terminal prohormone of BNP
can be used to distinguish ascites caused by cirrhosis from ascites resulting from heart failure. However, this
does not forego the need for paracentesis, as patients may have ascites in the setting of both heart failure and
cirrhosis.

The diagnostic paracentesis is an essential and irreplaceable step in the evaluation of new-onset ascites.
Delays in diagnostic abdominal paracentesis lead to serious delays in diagnosis and appropriate treatment. As a
rule, diagnostic abdominal paracentesis should be performed:

e At the time of detection of new onset ascites
e At the time of admission in all patients with ascites
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e When there is evidence of clinical decompensation, such as SBP, secondary bacterial peritonitis, hepatic
encephalopathy, gastrointestinal hemorrhage, or deterioration of renal function

3. How should a diagnostic paracentesis be performed?
Although paracentesis is simple and safe, precautions should be taken to avoid complications. The
abdomen should be disinfected with an iodine or similar solution, and the physician should wear sterile gloves
during the entire procedure. The needle should be inserted in an area that is dull to percussion. A site in the left
lower quadrant two finger-breadths cephalad from the anterior superior iliac spine and two finger-breadths
medial to this landmark appears to be the best site for needle insertion. Because the panniculus is less thick
in this area, the needle traverses less tissue. Therapeutic taps in the lower quadrants drain more fluid than midline
taps. Patients on lactulose tend to have a distended cecum, and therefore the left lower quadrant is chosen over the
right lower quadrant. Scars should be avoided, as they are often sites of collateral vessels and adherent bowel.
Between 30 and 50 mL of ascitic fluid should be withdrawn for analysis.

4. What tests should be routinely ordered on ascitic fluid?
Analysis of ascitic fluid is useful for the differential diagnosis of ascites. However, it is not necessary to order
all tests on every specimen. The cell count with differential is the single most important test performed on
ascitic fluid, because it provides immediate information about possible bacterial infection. An absolute
neutrophil count of 250 cells/mm’ or more (total white cell count or nucleated cell count x %
polymorphonuclear [PMN] cells) provides presumptive evidence of bacterial infection of ascitic fluid and
warrants initiation of empiric antibiotics. An elevated white blood cell count with a predominance of
lymphocytes suggests peritoneal carcinomatosis or tuberculous peritonitis.

Ascitic fluid should be cultured by inoculating blood culture bottles at the bedside. The sensitivity of
this method is higher than that of sending a tube or syringe of fluid to the laboratory in detecting bacterial
growth. Specific culture for tuberculosis should be ordered when tuberculous peritonitis is clinically suspected
and the ascitic fluid white cell count is elevated with a lymphocytic predominance. Gram stain of ascitic
fluid usually demonstrates no bacteria in patients with cirrhosis and early SBP, but it may be helpful in
identifying patients with gut perforation, in whom multiple types of bacteria are seen.

Albumin concentration of ascitic fluid allows calculation of the serum-ascites albumin gradient (SAAG)
to classify specimens into high- or low-gradient categories (see Question 6). Total protein concentration of
ascitic fluid is useful for determining which patients are at high risk of developing SBP (total protein <1 g/dL)
and for differentiating spontaneous from secondary bacterial peritonitis. Measurement of glucose and
lactate dehydrogenase (LDH) in ascitic fluid also has been found to be helpful in making this distinction (see
Question 11). Amylase activity of ascitic fluid is markedly elevated in pancreatic ascites and gut perforation into
ascites and may be considered when there is clinical suspicion of such situations. Cytologic examination of
ascitic fluid is useful in detecting malignant ascites when the peritoneum is involved with the malignant process.
Unfortunately, ascitic fluid cytologic examination is not useful in detecting hepatocellular carcinoma,
which seldom metastasizes to the peritoneum.

Patients with refractory ascites are currently submitted to repeated large-volume paracentesis in the
outpatient clinic. The incidence of ascitic fluid infection or bacterascites is very low in these patients. Therefore
it is reasonable to obtain a cell count and differential on all samples of ascitic fluid in the paracentesis
clinic setting and culture only samples of ascitic fluid of symptomatic outpatients (i.e., abdominal pain or fever)
and when the fluid is cloudy in appearance.

5. Should a diagnostic thoracentesis be performed in patients with cirrhosis and pleural
hydrothorax?
Hepatic hydrothorax is defined as the accumulation of ascitic fluid in the pleural space in a patient with
cirrhosis, in whom a cardiac, pulmonary, or pleural cause has been excluded. Approximately 5% to 10% of
patients with cirrthosis and ascites develop hepatic hydrothorax, mainly in the right side (almost 70% of the
cases), but it can also be in the left side or bilateral. Almost 10% of patients with cirrhosis admitted to the
hospital with hepatic hydrothorax have a spontaneous bacterial empyema and 40% of these episodes are
not associated with SBP. In consequence, a diagnostic thoracentesis in patients with cirrhosis with ascites
could be useful to evaluate other causes of pleural effusion in selected situations and to diagnose
spontaneous bacterial empyema in patients with cirrhosis with a suspected bacterial infection and negative
studies of ascitic fluid, blood, and urine specimens. Chest tube insertion is contraindicated in patients with hepatic
hydrothorax, and can lead to rapid clinical deterioration.

6. Why is it useful to measure SAAG?
SAAG is more useful than the total protein concentration of ascitic fluid in the classification of ascites.
This gradient is physiologically based on oncotic-hydrostatic balance and is related directly to portal pressure.
The SAAG is calculated by subtracting the albumin concentration of ascitic fluid from the albumin
concentration of serum obtained on the same day:
Patients with gradients of 1.1 g/dL or more have portal hypertension, whereas patients with gradients less
than 1.1 g/dL do not have portal hypertension.
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What are the causes of high (i.e., >1.1 g/dL) SAAG?

The most common cause of a high SAAG is cirrhosis, but any cause of portal hypertension leads to a high
gradient (Table 29-2). Mixed ascites is due to multiple concurrent causes, including at least one that causes
portal hypertension (e.g., cirrhosis and tuberculous peritonitis).

Table 29-2. Classification of Ascites Based on SAAG

SAAG DIFFERENTIAL DIAGNOSIS
High (SAAG>1.1 g/dL) Cirrhosis

Heart failure

Alcoholic hepatitis

Acute liver failure

Massive hepatic metastases

Hepatic vein occlusion (Budd-Chiari syndrome)
Constrictive pericarditis

Portal vein thrombosis

Myxedema

Fatty liver of pregnancy

Mixed ascites

Low (SAAG <1.1 g/dL) Peritoneal carcinomatosis
Tuberculous peritonitis
Pancreatitis
Biliary ascites
Nephrotic syndrome
Serositis
Bowel obstruction or infarction

SAAG, Serum-ascites albumin gradient.
SAAG = albuming., ., — albuming,g;tes

What are the causes of low (i.e., <1.1 g/dL) SAAG?
Low-gradient ascites is found in the absence of portal hypertension and is usually due to peritoneal disease
(see Table 29-2). The most common cause is peritoneal carcinomatosis.

What are the variants of ascitic fluid infection?
Ascitic fluid infection can be spontaneous or secondary to an intraabdominal, surgically treatable source of
infection. More than 90% of ascitic fluid infections in patients with cirrhosis are spontaneous. According to the
characteristics of ascitic fluid culture and PMN count, four different variants of ascitic fluid infection have been
described in patients with cirrhosis:
e SBP is defined as an ascitic fluid infection with PMN count of 250 cells/mm’ or more and positive
culture (usually for a single organism).
e Culture-negative neutrocytic ascites is defined as an ascitic fluid PMN count of 250 cells/mm’ or more
with a negative culture.
e Bacterascites is defined as an ascitic fluid PMN count less than 250 cells/mm® with a positive culture
for a single organism.
e Polymicrobial bacterascites is defined as an ascitic fluid with PMN count less than 250 cells/mm? with
a positive culture for more than one organism. This condition can be caused by gut puncture by the needle
during attempted paracentesis.

What is the diagnostic criterion of spontaneous bacterial empyema?

Current diagnostic criterion of spontaneous bacterial empyema is a positive pleural fluid culture with a pleural
fluid PMN count of 250 cells/uL or more and the exclusion of parapneumonic infections. Culture-negative
spontaneous bacterial empyema is defined when the patient has a negative pleural fluid culture and a PMN count
of 500 cells/pL or more without a parapneumonic infection.

How do you differentiate spontaneous from secondary peritonitis?

It is important to differentiate spontaneous from secondary peritonitis in patients with cirrhosis, because
treatment for SBP is medical, whereas treatment for secondary peritonitis is usually surgical. Although secondary
peritonitis represents less than 10% of ascitic fluid infections, it should be considered in any patient with
neutrocytic (PMN count >250 cells/pL) ascites. Analysis of ascitic fluid is helpful in differentiating the two
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entities. Secondary bacterial peritonitis should be suspected when ascitic fluid analysis shows two or three of the
following criteria (Runyon criteria):

e Total protein more than 1 g/dL

¢ Glucose less than 50 mg/dL

e LDH more than 225 mU/mL (or more than the upper limit of normal for serum).

These criteria were recently validated and shown to have a sensitivity of 66.6% and specificity of 89.7%.
When combined with the presence of a polymicrobial ascitic fluid culture, specificity improved to 95.6%.
Most of the ascitic fluid cultures in patients with secondary bacterial peritonitis are polymicrobial, whereas
in patients with SBP the infection is usually monomicrobial. Patients with suspected secondary peritonitis
based on ascitic fluid analysis must be evaluated promptly by abdominal computed tomography imaging and early
surgical consultation.

In patients with nonperforation secondary peritonitis, these criteria are not as useful; however, PMN cell
count after 48 hours of treatment will increase beyond the pretreatment value and ascitic fluid culture will remain
positive. Conversely, ascitic fluid PMN cell count decreases rapidly in appropriately treated patients with SBP, and
ascitic fluid culture becomes negative. Determination of ascitic fluid carcinoembryonic antigen and alkaline
phosphatase levels (>5 ng/mL and/or >240 U/L, respectively) may be helpful to diagnose secondary bacterial
peritonitis caused by occult intestinal perforation (higher specificity than Runyon criteria in one study).

12. Who is at high risk of developing SBP?
See Box 29-1.

Box 29-1. Risk Factors for Development of Spontaneous Bacterial Peritonitis

e Admitted to the hospital with gastrointestinal hemorrhage e Hyponatremia (<130 mEq/L)

e Cirrhosis and ascitic fluid total protein <1.5 g/dL and e Renal dysfunction (serum creatinine >1.2 mg/dL or
advanced liver disease, especially: blood urea nitrogen >25 mg/dL)
e Hyperbilirubinemia (>3.2 mg/dL) o Patients with cirrhosis who have survived an episode
« Thrombocytopenia (<98,000 cells/mm?) of SBP
e (Child-Pugh score >9 ¢ Fulminant hepatic failure

SBP, Spontaneous bacterial peritonitis.

13. What is the pathogenesis of SBP?
Gram-negative bacteria are the most common causative agents isolated in bacterial infections in patients with
cirthosis. Therefore it has been suggested that the gut may be the source of the bacteria. Direct passage of
intestinal bacteria to portal blood or ascitic fluid has not been documented in patients with cirrhosis, if the gut
mucosa has not lost its integrity. Bacterial translocation, defined as the passage of viable bacteria from
gastrointestinal tract to mesenteric lymph nodes, has been demonstrated in an experimental model of rats with
cirrhosis and ascites and in patients with cirrhosis who underwent laparotomy. In fact, genetic identity has been
observed between bacteria isolated in the gut, mesenteric lymph nodes, and ascitic fluid in rats with cirrhosis.
Intestinal bacterial overgrowth seems to be the main mechanism of bacterial translocation in cirrhotic rats.
Reducing the quantity of intestinal flora has been shown to decrease the incidence of bacterial translocation and
SBP. An experimental study observed that rats with cirrhosis and severe intestinal oxidative damage in the ileum
and cecum have a higher incidence of bacterial translocation, suggesting a possible role of functional mucosal
alterations in the pathogenesis of SBP. Immune deficiencies, especially decreased activity of the
reticuloendothelial system and low serum complement levels, lead to frequent and prolonged bacteremia in
patients with cirrhosis and to colonization of body fluids, such as ascitic fluid. The development of a bacterial
infection depends on the capacity of ascitic fluid to kill the bacteria. In vitro, the capacity of ascitic fluid to kill
bacteria (i.e., opsonic activity) is related directly to total protein and C3 concentration of ascitic fluid. Patients
with cirrhosis and low ascitic fluid opsonic activity have low C3, low total protein, and thus a higher incidence of
SBP. In contrast, patients with high ascitic fluid opsonic activity have high C3 and high total protein; thus
bacterial colonization may resolve spontaneously.

14. What single test provides early information about possible ascitic fluid infection?
The decision to start empirical antibiotic treatment must be made as soon as possible, because the survival
rate depends on early diagnosis and treatment. Gram stain is positive in only 5% to 10% of patients, and bacterial
culture of ascitic fluid takes at least 12 hours to demonstrate growth. The ascitic fluid neutrophil count
is highly sensitive in detecting bacterial infection of peritoneal fluid. An absolute neutrophil count of
250 cells/mm’ or more warrants empiric antibiotic treatment.

15. What is the treatment of choice for suspected SBP?
Third-generation cephalosporins such as cefotaxime cover most of the flora responsible for SBP, and have
been demonstrated in randomized trials to be superior to the previously used combination of ampicillin and
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gentamicin with less complications of nephrotoxicity or superinfection. Cefotaxime or a similar cephalosporin
should be started when SBP is suspected. Cefotaxime should be dosed at 2 g intravenously every 8 hours. A
short course of therapy (5 days) has been shown to be as effective as a long course (10 days). Cefotaxime is
favored over other third-generation cephalosporins because of its superior ascites fluid penetration;
ceftriaxone may be alternatively used at a dose of 2 g intravenously per day. Concurrently, intravenous albumin
should be administered at a dose of 1.5 g/kg at the time of diagnosis of SBP and 1 g/kg on day 3 of treatment.
Studies have shown that this regimen reduces the incidence of renal impairment and death. Albumin
should be considered especially in patients with SBP and blood urea nitrogen (BUN) of more than 30 mg/dL,
serum creatinine of more than 1 mg/dL, or serum total bilirubin of more than 4 mg/dL (Figure 29-1).
If renal impairment has already developed, consideration should be given to treatment with a combination of
midodrine and octreotide (see Questions 31 and 40).

In patients for whom a third-generation cephalosporin is not a viable option because of medication allergy,
fluoroquinolones may be considered. A short course of intravenous ciprofloxacin 200 mg twice daily during
2 days followed by oral ciprofloxacin (500 mg twice daily for 5 days) was shown to be an effective treatment of
SBP. Another study showed that patients with uncomplicated SBP (i.e., those without shock, ileus,
gastrointestinal hemorrhage, or hepatic encephalopathy) can be safely treated with oral ofloxacin (400 mg twice
daily). In general, oral or intravenous fluoroquinolones should not be used as empiric treatment of patients
who are taking an oral fluoroquinolone for SBP prophylaxis; in these situations, the infecting organism may
already be resistant to fluoroquinolones, although cefotaxime appears to still be effective in such patients.
Nephrotoxic antibiotics such as aminoglycosides should be avoided as patients with cirrhosis and SBP already
have underperfused kidneys with increased risk of injury.

Figure 29-1. Management of
spontaneous bacterial
peritonitis. AF, ascitic fluid;
PMN, polymorphonuclear
(cells).
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When treated swiftly, patients with SBP tend to improve swiftly as well. In patients who are insufficiently
responding to intravenous antibiotics, urgent susceptibility testing of ascitic fluid cultures is warranted.

What is the treatment of choice for nosocomial or cephalosporin-resistant SBP?

As cephalosporins become increasingly used in patients with community-acquired SBP and other bacterial
infections, and for prophylaxis of bacterial infections in gastrointestinal bleeding, there is increasing incidence of
SBP with bacteria resistant to third-generation cephalosporins. This was demonstrated in a recent study of the
risk factors for resistance to ceftriaxone and its effect on mortality in community-acquired versus nosocomial
SBP. Given these concerns, carbapenems should be recommended as first-line therapy of nosocomial SBP or
when patients treated with third-generation cephalosporins fail to respond adequately in the first 24 hours of
treatment.

When should antibiotic treatment be started in a patient with cirrhosis and suspected ascitic

fluid infection?

Empirical antibiotic treatment must be started as soon as possible to improve survival rates. The order should
state “first dose stat” to avoid the possibility that the first dose may cycle to the next shift of nurses or the next
8-hour cycle. It is important to immediately perform bacterial cultures of ascitic fluid, blood, urine, and sputum
as well as an ascitic fluid cell count and differential when a hospitalized patient with ascites develops
clinical signs of possible SBP (fever, abdominal pain, encephalopathy) or shows deterioration in clinical or
laboratory parameters. Ascitic fluid and urine should be analyzed when patients with cirrhosis and ascites

are admitted to the hospital. A high level of suspicion for bacterial infection is appropriate, because it is a
reversible cause of deterioration and a frequent cause of death in patients with cirrhosis. Empiric antibiotics
should be started immediately after performing cultures and ascitic fluid analysis whenever:

e Bacterial infection is suspected based on abdominal pain or fever

e Ascitic fluid neutrophils are 250 cells/mm’ or more (see Figure 29-1).

Studies in the pulmonary and critical care literature have referred to the strategy of early, goal-directed therapy
for the treatment of severe sepsis and septic shock. One of its central tenets is the early initiation of antibiotics,
ideally within the first hour. Guidelines from the Surviving Sepsis Campaign continue to affirm the concept of
the “golden hour,” during which intravenous antibiotics should be initiated as early as possible and always
within the first hour of recognizing severe sepsis and septic shock. These concepts apply to SBP.

Should the PMN cell count in ascitic fluid be monitored during treatment of SBP?

Ascitic fluid culture becomes negative after a single 2-g dose of cefotaxime in 86% of patients with SBP. The
neutrophil count also decreases rapidly to normal values during therapy in 90%. Superinfection or early
recurrence after treatment with third-generation cephalosporins is uncommon. Repeat paracentesis is not
necessary, if the setting (advanced cirrhosis) is typical, one organism is cultured, and the patient has the usual
dramatic response to treatment.

Does bacterascites represent a real peritoneal infection? Should it be treated?

Studies have documented the short-term natural history of monomicrobial nonneutrocytic bacterascites. A
repeat paracentesis of patients with bacterascites before starting antibiotic therapy showed that in 62% to 86%,
the episode of bacterascites resolved spontaneously. All patients who progressed to SBP had symptoms of
bacterial infection at the time of the first tap. Such data demonstrate that bacterascites is a dynamic process; its
evolution may depend on several factors, including systemic and ascitic fluid defenses as well as organism
virulence. According to these studies, symptomatic patients with bacterascites should be treated with
antibiotics. Asymptomatic patients need not receive antibiotic treatment but should be reevaluated with a
second tap. If the PMN count is 250/mm> or more, antibiotics should be started.

What does the presence of bacterial DNA in blood and ascitic fluid represent in patients with cirrhosis?
Molecular biologic techniques have demonstrated the presence of bacterial DNA in blood and ascitic fluid in
both patients and rats with cirrhosis and ascites. In 30% of patients with cirrhosis and ascites, bacterial DNA can
be detected despite a negative culture and normal PMN count in ascitic fluid. The presence of bacterial DNA
represents episodes of bacterial translocation, as has been demonstrated in rats with cirrhosis. These patients
have a systemic cytokine response similar to those observed in patients with SBP and its presence has been
related to poor survival. More studies are required to determine if these patients require antibiotic treatment or
prophylaxis.

Which subgroups of patients with liver disease should receive prophylaxis against bacterial
infection?

Because enteric aerobic gram-negative bacteria are the most frequent causative agents isolated in bacterial
infections in cirrhosis and because bacterial translocation seems to be an important step in pathogenesis,
inhibition of intestinal gram-negative bacteria should be an effective method of preventing bacterial infections.
Patients with liver disease who are at high risk of developing bacterial infection or SBP should be considered for
selective intestinal decontamination (SID). SID consists of the inhibition of the gram-negative flora of the gut
with preservation of gram-positive cocci and anaerobic bacteria. Preservation of gut anaerobes is important in
preventing intestinal colonization, overgrowth, and subsequent translocation of pathogenic bacteria. Several
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trials have shown that SID with oral norfloxacin is highly effective in preventing bacterial infections and SBP in
patients with cirrhosis and:

¢ Gastrointestinal hemorrhage (ceftriaxone 1 g/day or norfloxacin 400 mg twice daily or ceftri) or

® Prior episodes of SBP (norfloxacin 400 mg/day)

e Low ascitic fluid protein (norfloxacin 400 mg/day) and

¢ Fulminant hepatic failure (norfloxacin 400 mg/day)

Long-term antibiotic therapy has been used in preventing the first episode of SBP as well as recurrences. Long-
term prophylactic treatment decreases the incidence of SBP in both conditions, but increases the appearance of
quinolone-resistant bacteria and infections. Secondary prophylaxis is generally well accepted, especially in
patients awaiting liver transplantation. Long-term primary prophylaxis has been evaluated in patients with
advanced liver disease, such as those with low ascitic fluid total protein (less than 1.5 g/dL) and high serum
bilirubin (greater than 3 mg/dL) or low platelet count (less than 98,000 cells/mm?), hyponatremia (less than
130 mEq/L) or impaired renal function (serum creatinine level 1.2 mg/dL or greater, BUN level 25 mg/dL

or greater). Primary prophylaxis with norfloxacin had a great effect in the clinical course of these patients,
because it reduced the incidence of SBP, the development of hepatorenal syndrome, and improved survival.

Are there alternative prophylactic treatments to quinolones for preventing bacterial infections
in cirrhosis?
Trimethoprim-sulfamethoxazole (1 double strength tablet daily) is a reasonable alternative to oral quinolones in
the United States, as it is generic and often inexpensive. Prophylaxis with oral quinolones or trimethoprim-
sulfamethoxazole promotes infections caused by resistant gram-negative bacilli; this reduces the efficacy of the
preventive treatment, especially in patients submitted to long-term prophylaxis. It will be important to develop
alternative drugs for preventing bacterial infections in cirrhosis.

In patients admitted to the hospital with gastrointestinal hemorrhage and severe liver disease, a randomized
controlled trial has demonstrated that parenteral ceftriaxone (1 g daily for 7 days) is more effective than oral
norfloxacin (400 mg twice daily) in preventing SBP in this population.

What is the treatment of spontaneous bacterial empyema?

Microbiologic studies of pleural fluid have shown that gram-negative bacteria are present in almost 50% of
patients with spontaneous bacterial empyema, the others being culture negative. Therefore patients with
spontaneous bacterial empyema should be treated with broad-spectrum antibiotics as in patients with SBP.
Chest tube is not necessary and should be avoided. Patients surviving a spontaneous bacterial empyema should
be evaluated for liver transplantation.

Why is it important to understand sodium balance in patients with cirrhosis and ascites?

Ascites formation in cirrhosis is due to renal retention of sodium and water. The aim of medical treatment of
ascites in patients with cirrhosis is to mobilize the ascitic fluid by creating a net negative balance of sodium. This
goal is accomplished by reducing sodium intake in the diet and increasing urinary sodium excretion. Therefore
knowledge of urinary excretion of sodium allows the clinician to plan initial treatment. In addition, urinary
sodium excretion is an easily determined prognostic indicator. Patients with cirrhosis and a urinary sodium
excretion less than 10 mEq/day have a 2-year survival rate of 20%, whereas those with sodium excretion more
than 10 mEq/day have a 2-year survival rate of 60%.

Describe the initial treatment of patients with cirrhosis and ascites.

Patients with cirrhosis and ascites should be treated initially by dietary sodium restriction (50-88 mEq/day)
and diuretics. A more severe restriction of sodium intake may worsen anorexia and malnutrition. Water
restriction is usually not necessary, if serum sodium concentration is more than 120 mEg/L. In 15% to 20% of
patients, a negative sodium balance may be obtained with dietary sodium restriction in the absence of diuretics.
However, because 80% to 85% of patients need diuretics, it is reasonable to start diuretics in all patients. The
initial dose of diuretics should be 100 mg of spironolactone and 40 mg of furosemide—both drugs are given
orally in a single morning dose. If the body weight does not decrease or the urinary sodium excretion does not
increase after 2 to 3 days of treatment, the dose of both diuretics should be progressively increased, usually
in simultaneous increments of 100 mg/day and 40 mg/day, respectively. Serial monitoring of urinary sodium
excretion and daily weight is the best way to determine the optimal dose of diuretics. Doses should be increased
until a negative sodium balance is obtained (i.e., random or spot urinary sodium concentration > potassium
concentration) with corresponding weight loss. The ceiling doses of spironolactone and furosemide are 400 mg
and 160 mg per day, respectively. Once ascites has been mobilized, diuretic dosage should be adjusted
individually to keep the patient free of ascites or at least comfortable with the volume of fluid. Some patients
become encephalopathic if their ascites is fully controlled; therefore the benefits of higher diuretic doses
must be carefully weighed against the risk of encephalopathy. Patients with tense ascites should be treated
initially with a therapeutic paracentesis of 4 L or more (Figure 29-2).

What is refractory ascites?
Refractory ascites is an inadequate response to sodium-restricted diet and high-dose diuretic treatment (400 mg/
day spironolactone and 160 mg/day furosemide). This inadequate response is manifested by the absence of weight
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Figure 29-2. Initial management of ascites in
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loss (less than 0.8 kg over 4 days) or the development of complications of diuretics, such as hepatic
encephalopathy, renal impairment, hyponatremia, or hypokalemia or hyperkalemia. Excessive sodium intake,
bacterial infection, occult gastrointestinal hemorrhage, and intake of prostaglandin inhibitors (e.g., aspirin or
nonsteroidal antiinflammatory drugs) should be excluded before labeling patients as refractory. Early ascites
recurrence (within 4 weeks after initial mobilization) is also considered refractory ascites. Less than 10% of
patients with cirrhosis are refractory to standard medical therapy. This group should be evaluated for other
therapeutic options, such as liver transplantation, chronic outpatient paracentesis (usually every 2 weeks),
peritoneovenous shunt, or transjugular intrahepatic portosystemic stent-shunt (TIPS).

What is the relationship between blood pressure and survival in patients with cirrhosis and ascites?
The correlation between blood pressure and survival in patients with cirrhosis has been suggested in

multiple studies. In a survival analysis of patients with cirrhosis and ascites, mean arterial pressure was found to
be an independent predictor of survival. Mean arterial pressure of 82 mm Hg or lower was the single variable
most strongly correlated with shortened survival; the survival probability rate of patients with mean arterial
pressure of 82 mm Hg or lower was approximately 20% at 24 months and 0% at 48 months, in contrast with
approximately 70% at 24 months and 50% at 48 months among patients with mean arterial pressure of more than
82 mm Hg.

Cirrhosis is a dynamic clinical process, and there are significant hemodynamic differences between early
cirrhosis without ascites and late cirrhosis with refractory ascites. Most profoundly, decreases in effective arterial
blood volume results in the progressive stimulation of the sympathetic nervous system and decline in cardiac
compensatory reserve. Over time, cirrhosis effectively cures hypertension. Patients should ideally be followed
closely with home blood pressure monitoring and frequent clinic visits to minimize the risk of any antihypertensive
medications, including beta-blockers used for primary and secondary prophylaxis of variceal hemorrhage.

How should antihypertensive medications be managed in patients with cirrhosis and ascites?
Beta-blockers are used in the primary and secondary prophylaxis of variceal hemorrhage in patients with
cirrhosis. However, beta-blockers may be effective only within a particular clinical window of advanced liver
disease. In early cirrhosis, beta-blockers are ineffective because of a milder splanchnic and systemic
hyperdynamic circulatory state. In advanced cirrhosis with refractory ascites, there is maximal up-regulation of
the sympathetic nervous system and of the renin-angiotensin-aldosterone system. At the same time, cardiac
compensatory reserve is compromised, and the circulatory system is unable to further increase cardiac output
during situations of increased physiologic stress, resulting in decreased mean arterial pressures, decreased
perfusion to vital organs, azotemia, and increased risk for hepatorenal syndrome and end-organ damage.

A small prospective observational study from the same investigators who introduced the liver world to the
use of beta-blockers for prophylaxis of variceal hemorrhage showed that the use of beta-blockers in patients
with refractory ascites may be associated with poor survival, suggesting that beta-blockers should be
contraindicated in this subclass of patients. In general, beta-blockers should be tapered and discontinued in
those patients who develop refractory ascites, worsening hypotension, or worsening azotemia. Endoscopic
band ligation of varices can be considered as a substitute treatment to prevent variceal hemorrhage.
Consideration can also be given to agents such as midodrine that increase cardiac output and blood pressure.

Studies investigating the effects of angiotensin-converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs) in patients with cirrhosis have likewise shown worsened outcomes in advanced
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cirrhosis and ascites. The latest guidelines recommend against the use of ACE inhibitors and ARBs in patients
with ascites because of concerns of hypotension and renal failure.

Which patients should be treated with large-volume paracentesis?

Large-volume paracentesis is an old but effective procedure to mobilize ascitic fluid in patients with cirrhosis.
Interest in this procedure has been renewed in the past decade. It has been shown that therapeutic paracentesis
not only is safe but also may have additional beneficial effects on the hemodynamic status of patients with tense
ascites. However, repeated large-volume paracentesis causes depletion of proteins and may theoretically
predispose to SBP. Therefore therapeutic paracentesis should not be used as a routine treatment of all patients
with cirrhosis and ascites and should be reserved for treating patients with tense or refractory ascites.

Which treatments should be considered to prevent paracentesis-induced circulatory dysfunction
following large-volume paracentesis?

Paracentesis-induced circulatory dysfunction, defined as an increase in plasma renin activity of more than 50%
of the preparacentesis value to a level of more than 4 ng/mL/h, is observed with a higher incidence in patients
with cirrhosis not submitted to volume expansion or treated with nonalbumin expanders after a large-volume
paracentesis. Studies have observed that the development of paracentesis-induced circulatory dysfunction,
which may itself be clinically silent, is associated with a worse long-term prognosis.

Volume expanders including albumin were introduced to avoid theoretical hemodynamic disturbances that
may develop in patients with cirrhosis after therapeutic paracentesis of 5 L or more of ascitic fluid. Because
albumin infusion is expensive, alternative treatments have been widely investigated, including artificial colloids
and vasoconstrictors. A recent metaanalysis included 17 clinical trials and 1225 total patients demonstrated that
albumin was superior to these alternative treatments in the reduction of paracentesis-induced circulatory
dysfunction, hyponatremia, and overall mortality.

Beta-blockers should be discontinued when patients are treated with large-volume paracentesis, according
to a recent prospective cross-over study, in which patients given propranolol experienced a significant decrease
in mean arterial pressure and development of paracentesis-induced circulatory dysfunction following large-
volume paracentesis. Following discontinuation of beta-blockers, the incidence of paracentesis-induced
circulatory dysfunction was significantly decreased.

Describe the role for midodrine in the management of cirrhosis with refractory ascites

and hepatorenal syndrome.

Midodrine, an alpha-1 adrenergic agonist, was shown to have a preferential effect on the splanchnic circulation,
and its acute administration overall improves systemic hemodynamics, renal function, and sodium excretion
in nonazotemic patients with ascites. Midodrine therapy produces a significant increase in urinary volume,
urinary sodium excretion, and mean arterial pressure, with decrease in plasma renin activity and in overall
mortality. In other words, midodrine appears to improve systemic hemodynamics without causing renal or
hepatic dysfunction. The combination of octreotide and midodrine has also been demonstrated to be an
important treatment for type 1 hepatorenal syndrome.

Is there currently any indication for peritoneovenous shunt?
Peritoneovenous shunt was originally introduced for the treatment of patients with cirrhosis and refractory ascites.
Obstruction of the shunt, especially at the venous end despite the collocation of a titanium tip, is the main
complication and requires the placement of a new shunt. In addition, peritoneovenous shunt does not reduce
mortality during the initial hospitalization and does not improve long-term survival in patients with cirrhosis.
Therefore peritoneovenous shunts should be considered only in patients with cirrhosis and refractory ascites who
are not candidates for liver transplantation or TIPS and in whom large-volume paracentesis is difficult.
Recently, an implanted pump was devised in which ascitic fluid is removed from the peritoneal cavity
and pumped into the bladder, where it is eliminated with normal urination. The study showed that the
pump system removed 90% of ascites and significantly reduced the median number of large-volume paracentesis
per month. Additional studies are needed to compare this emerging therapeutic option versus standard
large-volume paracentesis.

Which patients with cirrhosis and ascites should be considered for TIPS?

TIPS is an interventional radiologic technique that consists of creating a fistula between a hepatic vein and a
portal vein and then placing an expandable metal stent in the balloon-dilated fistula to maintain patency. This
technique was introduced to treat patients with recurrent variceal hemorrhage by decreasing portal pressure.
Initial results showed that TIPS could be useful in the treatment of patients with cirrhosis with refractory ascites.
However, the incidence of shunt dysfunction is still quite high. Two trials performed in patients with refractory
ascites have demonstrated that TIPS plus medical therapy is superior to medical therapy (diuretics plus total
paracentesis when required) alone for the control of ascites but does not improve survival, length of
hospitalization, and quality of life. The incidence of hepatic encephalopathy was higher in the TIPS group,
but other complications of cirrhosis such as variceal hemorrhage or acute renal failure were similar in the two
groups. In one study, the cost of the TIPS group was significantly higher than in the medical therapy group.
These data suggest that TIPS should be reserved as second-line therapy or a bridge to liver transplantation,
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especially in those patients with relatively preserved liver function. An additional concern regarding TIPS is the
high incidence of TIPS dysfunction that requires frequent ultrasound evaluations and reinterventions. The
recent introduction of polytetrafluoroethylene-covered stents improves shunt patency and reduces the incidence
of TIPS dysfunction and episodes of encephalopathy.

Which patients with cirrhosis and ascites should be evaluated for liver transplantation?

Ascites is the most frequent complication of patients with cirrhosis and usually is associated with poor liver
function based on Model of End-stage Liver Disease (MELD) score. The probability of survival after the first
onset of ascites has been estimated at 50% and 20% after 1 and 5 years of follow-up, respectively. The prognosis is
even worse in patients with diuretic-resistant ascites; the 1-year survival rate is 25%. Because the 1-year survival
rate after liver transplantation is greater than 75%, patients with cirrhosis who develop ascites should be
considered for liver transplantation. Once the fluid becomes diuretic resistant, consideration for
transplantation becomes even more urgent. However, some alcoholic patients with refractory ascites may
become diuretic sensitive after months of alcohol abstinence.

What is the treatment of hepatic hydrothorax?

The initial treatment of hepatic hydrothorax is the same as ascites: salt restriction, diuretics, and large-volume
paracentesis if the patient has ascites. Therapeutic thoracentesis has a high incidence of complications in
patients with cirrhosis (10% develop pneumothorax) and should be avoided, if it is not necessary to relieve
pulmonary symptoms. Patients with recurrent or refractory hepatic hydrothorax should be carefully evaluated.
Pleurodesis is usually ineffective. Surgical repair of the diaphragmatic defects could be performed by using a
videothoracoscope and may be useful for selected patients. Use of TIPS appears to be a good option for patients
with refractory hepatic hydrothorax and Child-Pugh score less than 12 and MELD score less than 18. Chest tube
insertion is contraindicated in patients with hepatic hydrothorax, and can lead to rapid clinical deterioration,
urgent TIPS or transplant, or death.

What is dilutional hyponatremia in patients with cirrhosis?

Dilutional hyponatremia is a frequent complication of cirrhosis associated with a high morbidity and
mortality and poor prognosis. One-year probability of survival after developing dilutional hyponatremia was
25.6% in a recent study. Dilutional hyponatremia is defined as serum sodium lower than 130 mEq/L in the
presence of an expanded extracellular fluid volume, as indicated by the presence of ascites or edema. It is mainly
due to a severe water renal retention secondary to an increased nonosmotic secretion of vasopressin.

What is the treatment of dilutional hyponatremia?

The cornerstone of treatment of dilutional hyponatremia is fluid restriction (1 to 1.5 L/day) and discontinuation
of diuretics, if the patient has symptoms such as encephalopathy or hyponatremia is extremely severe (less
than 120-125 mEq/L). Patients with cirrhosis usually do not have symptoms from hyponatremia until their serum
sodium falls below 110 mEq/L or if the decline in serum sodium is extremely rapid. Initial investigations of
vasopressin V2 receptor antagonists (vaptans) showed effectiveness in improving serum sodium in the short and
long term in patients with cirrhosis and hyponatremia despite diuretic treatment. However, correction of
hyponatremia did not appear to correlate with more important clinical outcomes. The Food and Drug
Administration has issued a black box warning for tolvaptan as rapid correction of hyponatremia can occur
resulting in potentially fatal osmotic demyelination. Satavaptan was specifically evaluated to determine its
efficacy in the treatment of ascites and found to not be clinically beneficial in the long-term management of
ascites, with increased mortality compared to placebo. Therefore vaptans are not currently recommended
because of potential risks and lack of evidence in clinically meaningful outcomes.

What is the hepatorenal syndrome?

The hepatorenal syndrome occurs in patients with advanced liver failure and portal hypertension. It is a

functional renal failure caused by intrarenal vasoconstriction resulting from arterial vasodilatation in the

splanchnic circulation and severe reflex activation of the endogenous vasoconstrictive systems. According to
clinical outcome, hepatorenal syndrome can be divided into two types:

e Twype I hepatorenal syndrome is characterized by a rapid and progressive reduction of renal function defined by a
doubling of the initial serum creatinine to a level greater than 2.5 mg/dL or a 50% reduction in the initial
24-hour creatinine clearance to a level less than 20 mL/min in less than 2 weeks. Clinical presentation is acute
renal failure.

¢ In type II hepatorenal syndrome, renal failure does not have such a rapidly progressive course. These patients
develop a clinical picture of refractory ascites.

What are the criteria of hepatorenal syndrome?
See Box 29-2.

Describe the treatment of patients with hepatorenal syndrome.

Liver transplantation is currently the treatment of choice in patients with hepatorenal syndrome. The
mortality rate of untreated patients with type I hepatorenal syndrome is almost 100% in less than 2 months.
Treatments such as hemodialysis, peritoneovenous shunt, albumin infusion, and dopamine infusion have been
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Box 29-2. Diagnostic Criteria for Hepatorenal Syndrome

e Cirrhosis with ascites e Absence of shock

e Serum creatinine greater than 133 pmol/L (1.5 mg/dL) ¢ No current or recent treatment with nephrotoxic drugs

¢ No improvement in serum creatinine (decrease to a level o Absence of parenchymal kidney disease as indicated by
of 133 umol/L) after at least 2 days with diuretic proteinuria greater than 500 mg/day, microhematuria
withdrawal and volume expansion with albumin (greater than 50 red blood cells per high-power field), or
(recommended dosage of albumin is 1 g/kg of body abnormal renal ultrasonogram

weight per day up to a maximum of 100 g/day)

evaluated and found to be of only transient benefit or without benefit. Recent studies have shown that
hepatorenal syndrome can be reversed by the administration of vasoconstrictive drugs, such as octreotide and
midodrine, ornipressin, terlipressin, or norepinephrine, with albumin infusion or other volume expanders.
Several trials have demonstrated that terlipressin associated with albumin infusion is an effective treatment in
patients with type I hepatorenal syndrome, improving renal function. These agents allow some patients to
survive long enough to undergo liver transplantation. However, terlipressin is not available in the United States.
In the United States, (1) octreotide and midodrine or (2) norepinephrine (if the patient is in intensive
care and not taking oral medications) are options for treatment of hepatorenal syndrome. Octreotide is best
given as a continuous infusion of 50 mcg/h but can be given subcutaneously starting with a dose of 100 mcg
followed in 8 hours by 200 mcg, then 200 mcg every 8 hours. Midodrine is given orally with a 7.5-mg dose
followed in 8 hours by a 10-mg dose, then in 8 hours 12.5 mg, then 12.5 mg every 8 hours. The goal is to increase
mean arterial blood pressure to 15 mm Hg. Although the original publication did not include the use of
greater than 12.5 mg, 15 mg every 8 hours can be used as needed. If systolic blood pressure rises above 140 mm
Hg, the dose can be reduced. However, hypertension on this treatment is so rare that it calls into question the
diagnosis of hepatorenal syndrome, as usually the systolic blood pressure is in the 70- to 80-mm Hg range in
the setting of hepatorenal syndrome. Albumin is usually given at a dose of 25 g daily during treatment with
octreotide and midodrine. Norepinephrine is administered by continuous infusion at an initial dosage of
0.1 mcg/kg/min and increased every 4 hours by 0.05 mcg/kg/min if mean arterial pressure does not increase at
least 10 mm Hg. TIPS insertion seems to be another option for the temporary treatment of hepatorenal
syndrome, especially in patients with preserved liver function.

41. Is it possible to prevent hepatorenal syndrome?
Short-term mortality of patients with type I hepatorenal syndrome is almost 100% in the following 2 months.
A high proportion of episodes of type I hepatorenal syndrome have a precipitating factor. Therefore
prevention of this factor is probably the best treatment of type I hepatorenal syndrome. In one study, albumin
infusion (1.5 g/kg body weight on the first day plus 1 g/kg body weight on the third day) in patients with
ascites and SBP decreased the incidence of type I hepatorenal syndrome from 33% to 10% and increased survival.
This beneficial effect was especially observed in those patients with serum bilirubin of more than 4 mg/dL,
creatinine of more than 1 mg/dL, or BUN of more than 30 mg/dL. Long-term primary prophylaxis of SBP with
norfloxacin in patients with cirrhosis with advanced liver disease decreased the 1-year probability of developing
hepatorenal syndrome from 41% to 28% and increased 1-year survival from 48% to 60%.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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LIVER ABSCESS

Jorge L. Herrera, MD, Christopher D. Knudsen, DO

1. What are the two major categories of liver abscess?
There are two types of liver abscess, pyogenic and amebic. Pyogenic abscesses are formed from infections
involving either aerobic or anaerobic gram-negative or gram-positive bacteria, or from fungal infections. Amebic
abscesses result from infection with Entamoeba histolytica. Differentiation between the two types of abscess is
important because treatment management differs dramatically.

2. Describe the clinical features of pyogenic liver abscess.
Historically patients were younger individuals; however, in recent years there has been a shift toward older
male patients. The prevalence has also been increasing as a result of more instrumentation of the biliary tract and
higher numbers of diabetes and liver transplantation, both of which are risk factors. The clinical findings are
nonspecific and consist of low-grade fevers, malaise, anorexia, weight loss, and right upper quadrant pain.
Low-grade fevers can be absent in up to 30% of cases. Only 37% present with the classic findings of fever and right
upper quadrant tenderness, reinforcing the nonspecific nature of signs and symptoms. Diaphragmatic irritation
can result in referred pain to the right shoulder, cough, or hiccups. Because of the subacute presentation, the
mean duration of symptoms before hospital admission is approximately 26 days.

3. What are the clinical features of amebic liver abscess?

Amebic abscess are 10 times more common in men as in women. Within the United States this predominantly
affects young Hispanic male migrants from affected areas or travelers to developing countries. There is also a
higher prevalence in the western and southeastern United States. Symptoms usually develop rather quickly,
typically 2 to 4 weeks after infection. Fever is present 85% of the time. Abdominal pain is typically well localized
to the right upper quadrant. If there is involvement of the diaphragmatic surface of the liver, this may lead
to right-sided pleural pain, referred shoulder pain, cough, or hiccups. Gastrointestinal symptoms occur in 10% to
30% of patients and include nausea, vomiting, abdominal cramping, distention, diarrhea, and constipation.
However, concurrent hepatic abscess and amebic dysentery are unusual.

4. What laboratory features are distinctive in patients with liver abscess?
Results of routine laboratory tests are not diagnostic for pyogenic or amebic liver abscess. Leukocytosis,
normocytic anemia, and elevated c-reactive protein and erythrocyte sedimentation rate are common. More
than 90% of patients have a more pronounced elevation in alkaline phosphatase compared with aspartate
aminotransferase and alanine aminotransferase. Hyperbilirubinemia is seen with biliary involvement and less
common in those with cryptogenic abscess. Hypoalbuminemia is common and a value of less than 2 g/dL carries a
poor prognosis. Blood cultures are positive in less than 50% of patients with pyogenic abscess and 75% to 90% of
aspirates from the abscesses are positive for bacteria.

5. What are the most common sources of pyogenic liver abscess?
Biliary tract disease is the most common source of pyogenic liver abscess, accounting for 35% of cases. Most
abscesses related to biliary disease result from cholangitis or acute cholecystitis. This can occur through
infectious spread to the liver from the bile duct or along a penetrating vessel. Abscesses have also been
shown to arise as a late complication of endoscopic sphincterotomy or surgical biliary-intestinal anastomosis.
Malignant tumors of the pancreas, common bile duct, and ampulla account for 10% to 20% of hepatic abscesses
originating in the biliary tree. Parasitic invasion of the biliary tree by roundworms or flukes can also lead to
biliary infection and hepatic abscess. Abscesses occurring from a biliary source tend to be multiple and small in
size, involving both lobes of the liver.

Less commonly, pyogenic abscess can occur as a complication of bacteremia from bacterial seeding
through the portal vein from underlying abdominal disease. Abdominal diseases associated with this are
diverticulitis, appendicitis, gastrointestinal malignancy, and inflammatory bowel disease, which account for 30%
of pyogenic liver abscesses. Up to 40% of cases of pyogenic liver abscess have no obvious source of infection and
are defined as cryptogenic. Abdominal disease causes seeding through the portal vein, resulting in abscess
involving the right lobe of the liver because most of the portal vein flow goes through the right lobe.
Approximately 15% of liver abscesses arise by direct extension from a contiguous source, such as a subphrenic
abscess or empyema of the gallbladder. Pyogenic infection may be carried to the liver in hepatic arterial blood
flow from distant localized infections, such as endocarditis or severe dental disease.
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6. List the organisms that commonly cause pyogenic liver abscess.

Numerous bacteria have been found to cause liver abscesses. Currently the most common are gram-negative
organisms occurring 50% to 70% of the time. Escherichia coli, which was once the most common aerobic gram-
negative bacteria cultured, has now been overtaken by Klebsiella pneumoniae with higher prevalence in both
Asian and Western countries, most commonly in those with underlying diabetes or metastatic complications.
Aerobic gram-positive organisms account for approximately 25% of infections and up to 50% of cases are caused
by anaerobes. However, recent reports suggest that aerobes are becoming a more common cause of abscess than
anaerobes (Table 30-1). Fungal abscesses have also been found in immunocompromised individuals and those
with hematologic malignancies.

Table 30-1. Bacteriology of Pyogenic Liver Abscess

GRAM-NEGATIVE AEROBES GRAM-POSITIVE AEROBES

(50% - 70%) (25%) ANAEROBES (40% - 50%)
Escherichia coli Streptococcus faecalis Fusobacterium nucleatum
Klebsiella sp. B Streptococci Bacteroides sp.

Proteus sp. o Streptococci Bacteroides fragilis
Enterobacter sp. Staphylococci Peptostreptococcus sp.
Serratia sp. Streptococcus milleri Actinomyces sp.

Morganella sp. Clostridium sp.

Actinobacter sp.

Pseudomonas sp.

7.

10.

Do negative cultures from an abscess aspirate indicate a nonpyogenic abscess?

Although aspirated cultures are usually positive 75% to 90% of the time, a negative culture can occur with
improper handling or prior antibiotic therapy. Proper collection and culture techniques are important for
growing anaerobic organisms. Culture material should be transported to the laboratory immediately in the same
syringe used for aspiration to avoid exposure to the air. Never submit swabs for culture of liver abscess. All
aspirated material should be cultured for aerobic, anaerobic, and microaerophilic organisms. It is common for
anaerobic organisms to require a week or more before they can be identified by culture media. For this reason, a
Gram stain of the aspirate is of paramount importance.

. What is the pathogenesis of amebic abscess?

Ingestion of the Entamoeba histolytica cysts from fecal-contaminated food or water initiates infection. Excystation
then occurs in the intestinal lumen, producing trophozoites that use galactose and N-acetyl-D-galactosamine
(Gal/GalNAc)-specific lectin to adhere to the colonic mucin layer and leading to colonization. Approximately
90% of the time trophozoites aggregate in the intestinal mucin layer and form new cysts, resulting in a self-limited
asymptomatic infection. However, 10% of the time Gal/GalNAc-specific lectin causes lysis of the colonic
epithelium and invasion of the colon by trophozoites. Colitis is then worsened by activation of the host immune
system leading to up-regulation of nuclear factor kappa B, lymphokines, and neutrophils. Intestinal epithelium
invasion leads to hematogenous dissemination and eventual liver abscess less than 1% of the time.

. What abnormalities can be detected on standard radiologic studies of patients with liver abscess?

A chest radiograph may be abnormal in 50% to 80% of patients with liver abscess. Right lower lobe atelectasis, right
pleural effusion, and an elevated right hemidiaphragm may be clues to the presence of a liver abscess. Perforation
of a pyogenic liver abscess into the thoracic cavity may result in empyema. Plain abdominal radiographs
demonstrate air within the abscess cavities in 10% to 20% of cases. Gastric displacement caused by enlargement
of the liver also may be seen. These features are not sensitive for the diagnosis of liver abscess.

Which imaging studies should be obtained in evaluating a suspected liver abscess?

e Ultrasound (US)

¢ Computed tomography (CT)

® Magnetic resonance imaging (MRI)

Imaging results are similar for pyogenic and amebic abscess, with US and CT being the most common
initial imaging modalities used. US is noninvasive, readily available, and highly accurate, with a sensitivity
of 80% to 90%. It is the preferred modality to distinguish cystic from solid lesions and in most patients is
more accurate than CT scanning for visualizing the biliary tree. US, however, is operator dependent and
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its accuracy may be affected by the patient’s habitus or overlying gas. CT is also very sensitive and abscesses
are usually described as hypodense. A rim of contrast enhancement can be seen in less than 20% of cases.

CT is also able to detect gas in the abscess and the location of the abscess related to adjacent structures.

It also provides an assessment not only of the liver but also of the entire peritoneal cavity, which may
provide information about the primary lesions causing the liver abscess. MRI does not add much to the sensitivity
of CT scanning. Abscesses have low signal intensity of T1-weighted images and high signal intensity on
T2-weighted images with enhancement using gadolinium because pyogenic liver abscess avidly takes up
gallium. Amebic abscesses, however, tend to concentrate gallium only in the periphery of the abscess cavity.
In general, scintigraphy is the least helpful of the scanning modalities.

What areas of the liver are usually affected by hepatic abscess?

Right lobe only 60% of patients
Both lobes 20%-30% of patients
Left lobe only 5%-20% of patients

How can the location, size, and number of liver abscesses help to determine the source?

Pyogenic liver abscesses (source determines location and distribution):

e Biliary source tends to present with bilateral lobar involvement.

e Septic emboli tend to be solitary, predominantly found in right lobe (portal vein flow preferentially supplies
the larger right liver lobe).

¢ Contiguous source tends to be solitary and localized to just one lobe.

Amebic liver abscesses tend to be solitary, large, and preferentially found in the right lobe. With amebic colitis, the

amebae breach the mesenteric venous system through the cecum and right colon. The right lobe of the liver is

much larger than the left and receives the majority of the mesenteric-portal blood flow, hence the predilection

for amebic abscess to localize in the right lobe. Abscesses located in the dome of the liver or complicated by a

bronchopleural fistula are typically amebic in origin.

When should a hepatic abscess be aspirated?

Hepatic abscesses should be aspirated if they are thought to be pyogenic and not amebic. Patients with multiple

abscesses, coexistent biliary disease, or an intraabdominal inflammatory process are more likely to have a

pyogenic abscess. In such patients, aspiration under US guidance with Gram stain and culture helps to guide

antibiotic selection.

Aspiration of amebic abscesses should be considered under the following circumstances:

® When pyogenic abscess or secondary infection of an amebic abscess cannot be excluded

e When the patient does not respond after 5 to 7 days of adequate therapy for amebic liver abscess

e When the abscess is very large, usually greater than 5 cm, or in the left lobe, which are risks for rupture and
severe pain

In what situation should an amebic liver abscess be treated by surgical drainage?

When the amebic abscess is located in the left lobe of the liver, inaccessible to needle drainage, or if there is no
dramatic response to therapy within the first 24 to 48 hours, surgical drainage should be performed.
Complications of left-lobe amebic abscess, such as cardiac tamponade, are associated with high mortality and
require prompt intervention to prevent their occurrence. Laparoscopic drainage is the preferred approach
because this has been shown to have shorter surgery time, less blood loss, faster recovery times, and shorter
hospital stays when compared with open surgical drainage.

Does aspiration of an amebic hepatic abscess yield diagnostic material in most patients?
No. Trophozoites are found in less than 20% of aspirates. Although classically the contents of amebic
abscess are described as “anchovy paste” in appearance, in practice most aspirated material does not
conform to this description. The contents of an amebic abscess are typically odorless. Foul-smelling
aspirates or a positive Gram stain should suggest a pyogenic abscess or secondarily infected amebic
abscess.

How often is the biliary tree involved in patients with amebic liver abscess?

Bile is lethal to amebae; thus infection of the gallbladder and bile ducts does not occur. In patients with a
large amebic or pyogenic abscess, compression of the biliary system may result in jaundice, but cholangitis
occurs only with secondary bacterial infection.

How can the diagnosis of an amebic abscess be confirmed?
Amebic abscesses are best differentiated from pyogenic abscesses by serologic tests:

Indirect hemagglutination assay (IHA) Gel diffusion precipitin (GDP)
Indirect immunofluorescence Complement fixation (CF)
Counterimmunoelectrophoresis Latex agglutination
Immunoelectrophoresis Enzyme-linked immunosorbent assay
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Serologic tests are positive only in patients with invasive amebiasis, such as hepatic abscess or amebic colitis.
They are negative in asymptomatic carriers. With the exception of CF, these tests are highly sensitive
(95%-99%). The IHA is extremely sensitive and a negative test excludes the diagnosis; a titer greater than 1:512
is present in almost all patients with invasive disease. IHA, however, remains positive for many years, and

a positive result may indicate prior infection. GDP titers usually become negative 6 months after the infection
and this is the test of choice for patients from endemic areas with prior exposure to amebiasis. A high GDP
titer in a patient with hepatic abscess suggests an amebic abscess, even if the patient has a prior history of
invasive amebiasis. In general, the choice of serologic tests depends on availability and epidemiologic
considerations.

Describe the treatment for pyogenic liver abscess.

A combination of systemic antibiotics and percutaneous drainage has become the treatment of choice for
the management of pyogenic liver abscess. Treatment is based on the size of the abscess. Abscesses smaller than 3
to 5 cm can be treated with antibiotics alone. Antibiotic coverage needs to cover against anaerobes, gram-
negative aerobes, and enterococci. Aminoglycoside and ampicillin should be given when a biliary source is
suspected, and a third- or fourth-generation cephalosporin plus metronidazole or clindamycin should be used to
cover anaerobes if a colonic source is suspected. Vancomycin is a good choice for enterococcus coverage.
Intravenous (IV) antibiotics should be continued for at least 2 weeks and then orally for up to 6 weeks. If the
abscess is greater than 3 to 5 cm or the patient is not responding to antibiotics alone, percutaneous drainage
should be done. Percutaneous image-guided drainage has been shown to be equally effective, with either
continuous catheter drainage or intermittent needle aspiration. Surgical drainage should be considered in any
patient with no clinical response after 4 to 7 days of drainage, multiple large or loculated abscesses, ruptured
abscesses, or intraabdominal disease (Figure 30-1). The combination of percutaneous drainage with IV
antibiotics results in a 76% cure rate, compared with 65% for antibiotics alone and 61% for surgery alone.
Recurrence is more common in those with underlying biliary disease compared with those who have diabetes or
cryptogenic cause.

Prompt administration of empiric broad-
spectrum antibiotic on anyone suspected
of having a pyogenic abscess

Ultrasound and/or CT scan to confirm
diagnosis and guide aspiration/drainage

\

Early recognition of septicemia or organ
failure and monitoring in intensive
care setting

Surgical intervention for large abscess or
abscesses that fail percutaneous drainage

Figure 30-1. Algorithm for pyogenic abscess.

Describe the treatment for amebic liver abscess.

The only medication shown to be affective for extraintestinal amebiasis is metronidazole. The dosage is 750 mg
tid for 10 days. Response to treatment occurs within 96 hours. Parasites persist in the intestine 40% to 60%
of the time in those receiving metronidazole, which is why, following treatment with metronidazole,

patients should be given an oral luminal amebicide such as iodoquinol 650 mg tid for 20 days, diloxanide furoate
500 mg tid for 10 days, or paromomycin 25 to 35 mg/kg tid for 7 to 10 days to prevent recurrence. Metronidazole
and paromomycin should not be given together because diarrhea is a common side effect of paromomycin,
making it difficult to assess the patient’s response to therapy. Drainage of the abscess should be considered
in patients who have no clinical response to drug therapy within 5 to 7 days or those with a high risk of rupture,
defined by cavity size more than 5 cm or lesions in the left lobe. Surgical drainage is done only when the
abscess is inaccessible to needle drainage or no benefit is seen following 4 to 5 days of combined medical and
percutaneous drainage therapy.



20.

21.

22.

23.

LIVER ABSCESS 241

List the potential complications of pyogenic liver abscess.

Untreated, patients with pyogenic liver abscess have a mortality rate of 100%. Potential complications include
rupture into the peritoneal cavity, leading to subphrenic, perihepatic, or subhepatic abscess or peritonitis.
Rupture can also occur into the pleural space, leading to empyema, whereas rupture into the pericardium can
lead to pericarditis and tamponade. Metastatic septic emboli can occur in 10% of cases, involving the lungs,
brain, and eyes.

List the potential complications of amebic liver abscess.

Complications of amebic liver abscess are similar to those of pyogenic liver abscess. Because of the close
proximity to the diaphragm, rupture into the pleural space can occur, which can lead to empyema. This can then
spread farther, producing lung abscess or bronchopleural fistula. Because abscesses are mostly seen in the right
lobe, pericardial extension is only seen in 1% to 2% of cases and is associated with patients who have left-lobe
involvement. A serous pericardial effusion may indicate impending rupture. Constrictive pericarditis
occasionally follows suppurative amebic pericarditis. Brain abscess from hematogenous spared has also been
reported.

What is the prognosis for patients with liver abscess?

The prognosis depends on the rapidity of diagnosis and the underlying illness. Patients with amebic liver
abscess generally do well with appropriate treatment morbidity, and mortality rates are 4.5% and 2.2%,
respectively, in recent series. Response to treatment is prompt and dramatic. Healing of the abscess leads to
residual scar tissue associated with subcapsular retraction. Occasionally, in patients with large abscess, a residual
cavity surrounded by fibroconnective tissue may persist.

The mortality rate associated with pyogenic liver abscess has been reduced to 5% to 10% with prompt
recognition and adequate antibiotic therapy and is highest in patients with multiple abscesses. Mortality is highly
dependent on the underlying disease process. Morbidity remains high at 50%, primarily because of the
complexity of therapy and the need for prolonged drainage.

Is a vaccine against amebiasis feasible?

Vaccination would be beneficial in improving health, especially in children of developing countries.

Human immunity has been shown to be linked to intestinal immunoglobulin A against Gal/GalNAc-specific
lectin. The clonal population structure of E. histolytica and, specifically, the high degree of sequence
conservation of the Gal/GalNAc-specific lectin, suggests that a vaccine could be broadly protective.
However, development has been hampered because natural infection does not result in long-term immunity.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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INHERITABLE FORMS OF LIVER DISEASE

Bruce R. Bacon, MD

HEMOCHROMATOSIS

1. How do we classify the various iron-loading disorders in humans?

The usual way to classify iron-overload syndromes is to distinguish between hereditary hemochromatosis

(HH), secondary iron overload, and parenteral iron overload.

e HH results in increased iron absorption from the gut, with preferential deposition of iron in the parenchymal
cells of the liver, heart, pancreas, and other endocrine glands. Most HH (approximately 85% to 90%) is
found in patients who are homozygous for the C282Y mutation found in HFE, the gene for hemochromatosis.
Over the past several years, however, mutations in other genes have been found that can lead to iron overload.
These include mutations in transferrin receptor-2 (TfR2), ferroportin, hemojuvelin, and hepcidin.

e In secondary iron overload, some other stimulus causes the gastrointestinal tract to absorb increased
amounts of iron. Here, the increased absorption of iron is caused by an underlying disorder rather than by an
inherited defect in regulation of iron absorption. Examples include various anemias caused by ineffective
erythropoiesis (e.g., thalassemia, aplastic anemia, red cell aplasia, and some patients with sickle cell anemia),
chronic liver disease, and, rarely, excessive intake of medicinal iron.

e In parenteraliron overload, patients have received excessive amounts of iron as either red blood cell transfusions
or iron-dextran given parenterally. In patients with severe hypoplastic anemias, red blood cell transfusion
may be necessary. Over time, patients become significantly iron loaded. Unfortunately, some physicians
give iron-dextran injections to patients with anemia that is not due to iron deficiency; such patients can
become iron loaded. Parenteral iron overload is always iatrogenic and should be avoided or minimized.

In patients who truly need repeated red blood cell transfusions (in the absence of blood loss), a chelation
program with deferoxamine should be initiated to prevent toxic accumulation of excessive iron.

2. What are neonatal iron overload and African iron overload?

e Neonatal iron overload is a rare condition that is probably related to an immune-mediated intrauterine hepatic
defect. Infants are born with modest increases in hepatic iron and many patients do very poorly; liver
transplantation can be lifesaving.

® African iron overload, previously called Bantu hemosiderosis, was thought to be a disorder in which
excessive amounts of iron were ingested from alcoholic beverages brewed in iron drums. Recent studies have
suggested that this disorder does have a genetic component and some patients have mutations in ferroportin.
Thus black patients may be at risk for developing iron overload from an inherited disease.

3. How much iron is usually absorbed per day?
A typical Western diet contains approximately 10 to 20 mg of iron, which usually is found in heme-containing
compounds. Normal daily iron absorption is approximately 1 to 2 mg, representing approximately a 10%
efficiency of absorption. Patients with iron deficiency, HH, or ineffective erythropoiesis absorb increased
amounts of iron (up to 3 to 6 mg/day).

4. Where is iron normally found in the body?
The normal adult male contains approximately 4 g of total body iron, which is roughly divided between the 2.5 ¢
of iron in the hemoglobin of circulating red blood cells, 1 g of iron in storage sites in the reticuloendothelial
system of the spleen and bone marrow and the parenchymal and reticuloendothelial system of the liver,
and 200 to 400 mg in the myoglobin of skeletal muscle.

In addition, all cells contain some iron because mitochondria contain iron both in heme, which is the
central portion of cytochromes involved in electron transport, and in iron sulfur clusters, which also are involved
in electron transport. Iron is bound to transferrin in both the intravascular and extravascular compartments.
Storage iron within cells is found in ferritin and, as this amount increases, in hemosiderin. Serum ferritin is
proportional to total body iron stores in patients with iron deficiency or uncomplicated HH and is biochemically
different from tissue ferritin.
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5. Discuss the genetic defect in patients with HH.
In 1996, the gene responsible for hemochromatosis was identified and named HFE. HFE codes for a
major histocompatibility complex (MHC) type 1-like protein that is membrane spanning with a short
intracytoplasmic tail, a transmembrane region, and three extracellular alpha loops. A single missense mutation
results in loss of a cysteine at amino acid position 282 with replacement by a tyrosine (C282Y), which leads
to disruption of a disulfide bridge and thus to the lack of a critical fold in the alpha; loop. As a result, HFE fails to
interact with B,-microglobulin (f;M), which is necessary to the function of MHC class 1 proteins.

In 1997, it was demonstrated that the HFE/B,M complex binds to transferrin receptor and is necessary for
transferrin receptor-mediated iron uptake into cells. This observation linked HFE with a protein of iron
metabolism. C282Y homozygosity is found in approximately 85% to 90% of patients with hemochromatosis.
A second mutation, whereby a histidine at amino acid position 63 is replaced by an aspartate (H63D), is common
but less important in cellular iron homeostasis. A third mutation has been characterized whereby a serine
is replaced by a cysteine at amino acid position 65 (S65C). Like H63D, S65C has little effect on iron loading
unless it is present as a compound heterozygote with the C282Y mutation. Additional discoveries show that
hepcidin, a 25—amino acid peptide, is found to be deficient in patients with hemochromatosis and is considered
the iron regulatory hormone. Thus in patients with HFE mutations and in those with mutations in TfR2,
hemojuvelin, and hepcidin, there is a deficiency of hepcidin production by the liver. Hepcidin in normal
amounts interferes with the activity of ferroportin at the basolateral surface of the enterocyte, preventing
iron absorption. Thus when there is hepcidin deficiency, there is an increase in iron absorption despite the fact
that individuals are in fact iron loaded.

6. What are the usual toxic manifestations of iron overload?
In chronic iron overload, an increase in oxidant stress results in lipid peroxidation to lipid-containing
components of the cell, such as organelle membranes. This process causes organelle damage. Hepatocellular
injury or death ensues with phagocytosis by Kupffer cells. Iron-loaded Kupffer cells become activated, producing
profibrogenic cytokines such as transforming growth factor By, which, in turn, activates hepatic stellate cells.
Hepatic stellate cells are responsible for increased collagen synthesis and hepatic fibrogenesis.

7. What are the most common symptoms in patients with HH?
Currently, most patients are identified by abnormal iron studies on routine screening chemistry panels or by
screening family members of a known patient. When identified in this manner, patients typically have no
symptoms or physical findings. Nonetheless, it is useful to be aware of the symptoms that patients with
more established HH can exhibit. Typically, they are nonspecific and include fatigue, malaise, and lethargy.
Other more organ-specific symptoms are arthralgias and symptoms related to complications of chronic liver
disease, diabetes, and congestive heart failure.

8. Describe the most common physical findings in patients with HH.
The way in which patients come to medical attention determines whether they have physical findings.
Currently, most patients at diagnosis have no symptoms and no findings. Thus patients identified by screening
tests have no abnormal physical findings. In contrast, physical findings in patients with advanced disease
may include grayish or “bronzed” skin pigmentation, typically in sun-exposed areas; hepatomegaly with or
without cirrhosis; arthropathy with swelling and tenderness over the second and third metacarpophalangeal
joints; and other findings related to complications of chronic liver disease.

9. How is the diagnosis of hemochromatosis established?
Patients with abnormal iron studies on screening blood work, any of the symptoms and physical findings of
hemochromatosis, or a positive family history of hemochromatosis should have blood studies of iron metabolism
either repeated or performed for the first time. These studies include serum iron, total iron-binding capacity
(TIBC) or transferrin, and serum ferritin. The transferrin saturation (TS) should be calculated from the ratio
of iron to TIBC or transferrin. If the TS is greater than 45% or if the serum ferritin is elevated, hemochromatosis
should be strongly considered, especially in patients without evidence of other liver disease (e.g., chronic
viral hepatitis, alcoholic liver disease, nonalcoholic steatohepatitis) known to have abnormal iron studies in the
absence of significant iron overload.

If iron studies are abnormal, mutation analysis of HFE should be performed. If patients are homozygous
for the C282Y mutation or compound heterozygotes (C282Y/H63D) and younger than the age of 40 years or in
those with normal liver enzymes (alanine aminotransferase and aspartate aminotransferase) and a ferritin
level less than 1000 ng/mL, no further evaluation is necessary. Plans for therapeutic phlebotomy can be initiated.
In patients older than the age of 40 years or with abnormal liver enzymes or markedly elevated ferritin
(greater than 1000 ng/mL), the next step is to perform a percutaneous liver biopsy to obtain tissue for routine
histologic examination, including Perls’ Prussian blue staining for storage iron and biochemical determination of
hepatic iron concentration (HIC). The main purpose for performing a liver biopsy in these individuals is to
determine the degree of fibrosis because increased fibrosis has been associated with markedly elevated
ferritin levels and elevated liver enzymes. Also, biochemical determination of HIC can be obtained and then
from the HIC, the hepatic iron index (HII) can be calculated. Calculation of the HII was more important
in the past than it is now because we have genetic testing.
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Are there genetic tests available for determining non-HFE-linked causes of HH?
Yes. Diagnostic DNA laboratories have developed assays for hemojuvelin, hepcidin, ferroportin, and transferrin-
receptor-2 in addition to HFE mutation analysis.

How commonly do abnormal iron studies occur in other types of liver diseases?

In various studies, approximately 30% to 50% of patients with chronic viral hepatitis, alcoholic liver disease, and
nonalcoholic steatohepatitis have abnormal serum iron studies. Abnormalities in serum iron studies in the
absence of HH are more commonly seen in hepatocellular than cholestatic liver diseases. Usually, the serum
ferritin is abnormal. In general, an elevation in TS is much more specific for HH. Thus if the serum ferritin
is elevated and the TS is normal, another form of liver disease may be responsible. In contrast, if the

serum ferritin is normal and the TS is elevated, the likely diagnosis is hemochromatosis, particularly in young
patients. Differentiation of HH in the presence of other liver diseases is now much easier with the use of genetic
testing (HFE mutation analysis for C282Y and H63D).

Is computed tomography (CT) or magnetic resonance imaging (MRI) useful in diagnosing
hemochromatosis?

In massively iron-loaded patients, CT and MRI show the liver to be white or black, respectively, consistent with
the kinds of changes associated with increased iron deposition. In more subtle and earlier cases, overlap is
tremendous, and imaging studies are not useful. Thus in heavily iron-loaded patients, the diagnosis is usually
apparent without imaging tests, and in mild or subtler cases, they are unhelpful. CT or MRI is useful only

in the patient who is likely to have moderate to severe iron overload but for whom a liver biopsy is either unsafe
or refused. Again, this problem is less common with the advent of genetic testing.

On liver biopsy, what is the typical cellular and lobular distribution of iron in HH?

In early HH in young people, iron is found entirely in hepatocytes in a periportal (zone 1) distribution. In
heavier iron loading in older patients, iron is still predominantly hepatocellular, but some iron may be found in
Kupffer cells and bile ductular cells. The periportal-to-pericentral (zone 1—zone 3) gradient is maintained
but may be less distinct in more heavily loaded patients. When patients develop cirrhosis, the pattern is typically
micronodular, and regenerative nodules may show less intense iron staining.

How useful is HIC?

Since genetic testing has become readily available, liver biopsy and determinations of HIC and HII are less
important. Nonetheless, whenever a liver biopsy is performed in a patient with suspected HH, the quantitative
HIC should be obtained. In symptomatic patients, HIC is typically greater than 10,000 mcg/g. The iron
concentration threshold for the development of fibrosis is approximately 22,000 mcg/g. Lower iron
concentrations can be found in cirrthotic HH with a coexistent toxin, such as alcohol or hepatitis C or B virus.
Young people with early HH may have only moderate increases in HIC. In the past, discrepancies in HIC
concentration with age were clarified by use of the HII.

How is the HIl used in diagnosing HH?

The HII, introduced in 1986, is based on the observation that HIC increases progressively with age in patients
with homozygous HH. In contrast, in patients with secondary iron overload or in heterozygotes, there is no
progressive increase in iron over time. Therefore the HII was thought to distinguish patients with homozygous
HH from patients with secondary iron overload and heterozygotes. The HII is calculated by dividing the HIC
(in pmol/g) by the patient’s age (in years). A value greater than 1.9 was thought to be consistent with
homozygous HH. With the advent of genetic testing, we have learned that many C282Y homozygotes do
not have phenotypic expression to the degree that would cause an elevated HII and they will not have increased
iron stores. Thus the HII is no longer the gold standard for the diagnosis of HH. The HII is not useful in patients
with parenteral iron overload.

How do you treat a patient with HH?

Treatment of HH is relatively straightforward and includes weekly or twice-weekly phlebotomy of 1 unit of
whole blood. Each unit of blood contains approximately 200 to 250 mg of iron, depending on the hemoglobin.
Therefore a patient who presents with symptomatic HH and who has up to 20 g of excessive storage iron requires
removal of more than 80 units of blood, which takes close to 2 years at a rate of 1 unit of blood per week.
Patients need to be aware that this treatment can be tedious and prolonged. Some patients cannot tolerate
removal of 1 unit of blood per week, and occasionally schedules are adjusted to remove only % unit every other
week. In contrast, in young patients who are only mildly iron-loaded, iron stores may be depleted quickly
with only 10 to 20 phlebotomies. The goal of initial phlebotomy treatment is to reduce tissue iron stores, not to
create iron deficiency. Once the ferritin is less than 50 ng/mL and the TS is less than 50%, the majority of
excessive iron stores has been successfully depleted, and most patients can go into a maintenance phlebotomy
regimen (1 unit of blood removed every 2 to 3 months).
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17. What kind of a response to treatment can you expect?
Many patients feel better after phlebotomy therapy has begun, even if they were asymptomatic before treatment.
Energy level may improve, with less fatigue and less abdominal pain. Liver enzymes typically improve once
iron stores have been depleted. Increased hepatic size diminishes. Cardiac function may improve, and
approximately 50% of patients with glucose intolerance are more easily managed. Unfortunately, advanced
cirrhosis, arthropathy, and hypogonadism do not improve with phlebotomy.

18. What is the prognosis for a patient with hemochromatosis?
Patients who are diagnosed and treated before the development of cirrhosis can expect a normal life span. The
most common causes of death in hemochromatosis are complications of chronic liver disease and hepatocellular
cancer. Patients who are diagnosed and treated early should not experience any of these complications.

19. Because hemochromatosis is an inherited disorder, what is the practitioner’s responsibility to family
members once a patient has been identified?
Once a patient has been fully identified, all first-degree relatives should be offered screening with genetic
testing (HFE mutation analysis for C282Y and H63D) and tests for TS and ferritin. If genetic testing shows that
the relative is a C282Y homozygote or a compound heterozygote (C282Y/H63D) and has abnormal iron studies,
HH is confirmed. A liver biopsy may not be necessary. Human leukocyte antigen studies are no longer
performed.

20. Should general population screening be done to evaluate for hemochromatosis?
With the advent of genetic testing, it was suggested that HH may be a good disease for population screening. This
was because genetic testing was available, phenotypic expression was easy to determine, there was a long latent
period between diagnosis and disease manifestations, and treatment is effective and safe. Several large-scale
population studies have been performed and demonstrate that approximately half of C282Y homozygotes
have evidence of phenotypic expression with increased iron stores. Thus interest in population screening has
waned because many people would be identified with a genetic disorder who do not go on to develop iron
overload.

o4-ANTITRYPSIN DEFICIENCY

21. What is the function of a4-antitrypsin (o1-AT) in healthy people?
a-AT is a protease inhibitor synthesized in the liver. It is responsible for inhibiting trypsin, collagenase, elastase,
and proteases of polymorphonuclear neutrophils. In patients deficient in a;-AT, the function of these proteases
is unopposed. In the lung, this can lead to a progressive decrease in elastin and development of premature
emphysema. The liver fails to secrete a;-AT, and aggregates of the defective protein are found, leading by
unclear means to the development of cirrhosis. More than 75 different protease inhibitor (Pi) alleles have been
identified. Pi MM is normal, and Pi ZZ results in the lowest levels of o;-AT.

22. How common is a1-AT deficiency?
a1-AT deficiency occurs in approximately 1 in 2000 people.

23. Where is the abnormal gene located?
The gene is located on chromosome 14 and results in a single amino acid substitution (replacement of glutamic
acid by lysine at the 342 position), which causes a deficiency in sialic acid.

24. What is the nature of the defect that causes a4-AT deficiency?
a1-AT deficiency is a protein-secretory defect. Normally this protein is translocated into the lumen of the
endoplasmic reticulum, interacts with chaperone proteins, folds properly, is transported to the Golgi complex,
and then is exported out of the cell. In patients with a;-AT deficiency, the protein structure is abnormal
because of the deficiency of sialic acid, and the proper folding in the endoplasmic reticulum occurs for only 10%
to 20% of the molecules, with resultant failure to export via the Golgi complex and accumulation within the
hepatocyte. In one detailed Swedish study, o;-AT deficiency of the Pi ZZ type caused cirrhosis in only
approximately 12% of patients. Chronic obstructive pulmonary disease was present in 75% of patients, and
of these, 59% were classified as having primary emphysema. It is not known why some patients with low levels of
a1-AT develop liver or lung disease and others do not.

25. Describe the common symptoms and physical findings of a,-AT deficiency.
Adults with liver involvement may have no symptoms until they develop signs and symptoms of chronic liver
disease. Similarly, children may have no specific problems until they develop complications from chronic liver
disease. In adults with lung disease, typical findings include premature emphysema, which can be markedly
exacerbated by smoking.

26. How is the diagnosis of a4-AT deficiency established?
It is useful to order a;-AT levels and phenotype in all patients evaluated for chronic liver disease because no
clinical presentation suggests the diagnosis (apart from premature emphysema). Certain heterozygous states can
result in chronic liver disease; for example, SZ as well as ZZ patients can develop cirrhosis. MZ heterozygotes
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usually do not develop disease unless they have some other liver condition, such as alcoholic liver disease

or chronic viral hepatitis. There are, however, occasional patients who have significant liver disease and no
other abnormalities are identified other than MZ heterozygosity. Liver disease resulting from other causes may
progress more rapidly.

What histopathologic stain is used to diagnose a4-AT deficiency?

Periodic acid-Schiff (PAS)-diastase. PAS stains both glycogen and o;-AT globules a dark, reddish-purple,
and diastase digests the glycogen. Thus, when a PAS-diastase stain is used, the glycogen has been removed by
the diastase, and the only positively staining globules are those resulting from a;-AT. In cirrhosis, these
globules characteristically occur at the periphery of the nodules and can be seen in multiple sizes within the
hepatocyte. Immunohistochemical staining also can be used to detect a;-AT globules, and electron microscopy
can show characteristic globules trapped in the Golgi apparatus.

How is a4-AT deficiency treated?
The only treatment for a;-AT-related liver disease is symptomatic management of complications and liver
transplantation. With liver transplantation, the phenotype becomes that of the transplanted liver.

What is the prognosis for patients with o;-AT deficiency? Should family screening be performed?
The prognosis depends entirely on the severity of the underlying lung or liver disease. Typically, patients who
have lung disease do not have liver disease, and those who have liver disease do not have lung disease, although
in some patients both organs are severely involved. In patients with decompensated cirrhosis, the prognosis
relates largely to the availability of organs for liver transplantation. Patients with transplants typically do fine.
Family screening should be performed with a;-AT levels and phenotype. This screening is largely for prognostic
information; definitive therapy for liver disease, other than liver transplantation, is not available.

WILSON DISEASE
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How common is Wilson disease?
Wilson disease has an estimated prevalence of 1 in 30,000 people.

Where is the Wilson disease gene located?

The abnormal gene responsible for Wilson disease, an autosomal recessive disorder, is located on chromosome 13
and recently has been cloned. The gene has homology for the Menkes disease gene, which also results in a
disorder of copper metabolism. The Wilson disease gene (called ATP7B) codes for a P-type adenosine
triphosphatase, which is a membrane-spanning copper-transport protein. The exact location of this protein
within hepatocytes is not definite, but it most likely causes a defect in transfer of hepatocellular lysosomal copper
into bile. This defect results in the gradual accumulation of tissue copper with subsequent hepatotoxicity.
Unfortunately, there are more than 60 mutations in the Wilson disease gene, and genetic testing has limited
usefulness.

What is the usual age of onset of Wilson disease?

Wilson disease is characteristically a disease of adolescents and young adults. Clinical manifestations have not
been seen before the age of 5 years. By 15 years of age, almost one-half of the patients have some clinical
manifestations of the disease. Rare cases of Wilson disease have been identified in patients in their 40s or 50s and
even up into the 80s.

Which organ systems are involved in Wilson disease?

The liver is uniformly involved. All patients with neurologic abnormalities caused by Wilson disease have liver
involvement. Wilson disease also can affect the eyes, kidneys, joints, and red blood cells. Thus patients can have
cirrhosis, neurologic deficits with tremor and choreic movements, ophthalmologic manifestations such as
Kayser-Fleischer rings, psychiatric problems, nephrolithiasis, arthropathy, and hemolytic anemia.

What are the different types of hepatic manifestations in Wilson disease?

The typical patient who presents with symptoms from Wilson disease already has cirrhosis. However, patients
can present with chronic hepatitis, and in all young people with chronic hepatitis a serum ceruloplasmin level
should be performed as a screening test for Wilson disease. Rarely, patients present with fulminant hepatic
failure, which is uniformly fatal without successful liver transplantation. Finally, patients can present early in the
disease with hepatic steatosis. As with chronic hepatitis, young patients with fatty liver should be screened for
Wilson disease.

How is the diagnosis of Wilson disease established?

Initial evaluation should include measurement of serum ceruloplasmin and, if abnormal, a 24-hour urinary
copper level. Approximately 85% to 90% of patients have depressed serum ceruloplasmin levels, but a normal
level does not rule out the disorder. If the ceruloplasmin is decreased or the 24-hour urinary copper level is
elevated, a liver biopsy should be performed for histologic interpretation and quantitative copper determination.
Histologic changes include hepatic steatosis, chronic hepatitis, or cirrhosis. Histochemical staining for copper
with rhodamine is not particularly sensitive. Usually, in established Wilson disease, hepatic copper
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concentrations are greater than 250 mcg/g (dry weight) and can be as high as 3000 mcg/g. Although
elevated hepatic copper concentrations can occur in other cholestatic liver diseases, the clinical presentation
allows an easy differentiation between Wilson disease and primary biliary cirrhosis, extrahepatic biliary
obstruction, and intrahepatic cholestasis of childhood.

What forms of treatment are available for patients with Wilson disease?

The mainstay of treatment has been the copper-chelating drug b-penicillamine. Because D-penicillamine

is frequently associated with side effects, trientine also has been used. Trientine is equally efficacious and
probably has fewer side effects. Maintenance therapy with dietary zinc supplementation also has been used.
Neurologic disorders can improve with therapy. Patients who present with complications of chronic liver disease
or with fulminant hepatic failure should be quickly considered for orthotopic liver transplantation.

Is it necessary to perform family screening in Wilson disease?

Wilson disease is an autosomal recessive disorder, and all first-degree relatives of the patient should be screened.
If the ceruloplasmin level is reduced, a 24-hour urinary copper level should be obtained, followed by a liver
biopsy for histologic examination and quantitative copper determination. Genetic testing can be valuable for
family screening if genotyping has been done on the proband and is available to family members.

Compare Wilson disease and HH.
Both disorders involve abnormal metal metabolism and are inherited as autosomal recessive disorders. The
mechanism of tissue damage is probably related to metal-induced oxidant stress for both disorders. In HH,
the gene is on chromosome 6, whereas in Wilson disease the abnormal gene is on chromosome 13. HH
occurs in approximately 1 in 250 people, but Wilson disease occurs in only approximately 1 in 30,000.
The inherited defect in HH causes an increased absorption of iron by the intestine, with the liver a passive
recipient of the excessive iron; in contrast, the inherited defect in Wilson disease is in the liver, resulting
in decreased hepatic excretion of copper with excessive deposition and subsequent toxicity. Although the liver
is affected in both Wilson disease and HH, the other affected organs are variable. In hemochromatosis, the
heart, pancreas, joints, skin, and endocrine organs are affected; in Wilson disease, the brain, eyes, red blood
cells, kidneys, and bone are affected. Both disorders are fully treatable if diagnosis is made promptly before
the development of end-stage complications.

The reader is referred to Chapter 32, where histologic examples of most of the inheritable forms of liver
disease discussed in this chapter can be reviewed.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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LIVER HISTOPATHOLOGY

Kiyoko Oshima, MD

LIVER BIOPSY

1. Explain the role of liver biopsy.

e Diagnosis: The biopsy is particularly useful in patients with atypical clinical features and coexisting
disorders such as steatosis and hepatitis C virus. Indications include abnormal liver tests of unknown cause,
multiple parenchymal diseases, fever of unknown cause, and focal and diffuse abnormalities on an
imaging study indicating conditions such as amyloidosis or granulomatous diseases.

® Prognosis: Assessing fibrosis to predict prognosis is of particular importance in assessing risk of complications,
including hepatocellular carcinoma (HCC).

e Treatment: Develop treatment plans based on histologic analysis. For example, liver biopsy is often
obtained to ascertain control of inflammation prior to steroid dose reduction or discontinuation of
immunosuppression therapy for autoimmune hepatitis.

2. What kind of prebiopsy testing and management of medication are necessary before liver biopsy?
e Measurement of complete blood count, including platelet count, prothrombin time, and international
normalized ratio.
¢ Antiplatelet medication should be discontinued 7 to 10 days prior to biopsy. Warfarin should be discontinued
at least 5 days prior to liver biopsy.

3. What are contraindications for liver biopsy?
e Absolute: Uncooperative patient, severe coagulopathy, infection of hepatic bed, extrahepatic bile obstruction
¢ Relative: Ascites, morbid obesity, possible vascular lesion, amyloidosis, hydatid disease

4. Describe adequacy of the liver biopsy.
The adequate portal tract number is more than 11, and the minimal requirement is more than 5 portal tracts. The
grading and staging accuracy is reduced in biopsies less than 2.0 cm in length. Although a 1.5-cm biopsy
specimen may be adequate for assessing many liver diseases, a short specimen may result in a failure to recognize
cirrhosis up to 20%.

HISTOLOGIC AND BASIC PATHOLOGIC FINDINGS

5. Describe the normal histology of liver.
See Figure 32-1.
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Figure 32-1. Photomicrography of normal liver. 1. Zone 1, 2. Zone 2, 3. Zone 3, 4. Central vein, 5. Portal vein, 6. Hepatic artery,
7. Bile duct, Arrow, Sinusoid. Hematoxylin and eosin stain.
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6. What kinds of changes can you see as evidence of hepatocytes injury in the liver?

e Acidophil body (Councilman body): Dr. Councilman described acidophil bodies in a yellow fever patient
for the first time. Hepatocytes show acidophilic cytoplasm and nucleus are pyknotic or apoptotic. Causes
include viral hepatitis, drugs, toxins, and steatohepatitis (Figure 32-2A).

e Balloon cell degeneration: The cytokeratin forms a filamentous support network within hepatocytes. Injury of
intermediate filaments in hepatocytes creates swelling and increases in volume with wisps of cytoplasmic
material. Causes include steatohepatitis, acute hepatitis, and ischemia (see Figure 32-2B).

e Mallory-Denk body (Mallory hyaline): Irregular ropelike eosinophilic intracytoplasmic strings represent
aggregates of cytokeratin intermediate filaments (cytokeratin 8 and 18). Causes include steatohepatitis, drugs
(amiodarone, etc.), chronic cholestasis, and Wilson disease (see Figure 32-2B).

e Feathery degeneration: Hepatocyte injury is due to bile salt. Hepatocytes show reticular cytoplasm (see
Figure 32-2C).

Figure 32-2. Photomicrography of hepatocyte injury. Hematoxylin and eosin stain. A, Acidophilic bodies. B, Balloon cell
degeneration with Mallory-Denk body (arrows). C, Feathery degeneration. Bile pigment is noted in hepatocytes. Balloon cell
degeneration and feathery degeneration resemble each other, and sometimes they are indistinguishable.

7. What histologic patterns of liver cell necrosis are seen?

e Single cell necrosis

e Interface activity (piecemeal necrosis): Necrosis of individual hepatocytes at the limiting plate results
in portal and periportal fibrosis. Causes include viral hepatitis, autoimmune hepatitis, and drugs
(Figure 32-3A).

e Zonal necrosis: Zone 3 necrosis (centrilobular necrosis) is seen in ischemia and drugs (acetaminophen)
(see Figure 32-3B).

® Bridging necrosis: Causes for necrosis between central-to-central and portal-to-portal include severe
autoimmune hepatitis, ischemia, viruses, and drugs. It results in significant fibrosis and cirrhosis.
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Figure 32-3. Photomicrography of hepatocyte necrosis pattern. A, Interface activity. Necrosis of individual hepatocytes at the
limiting plate (arrow). B, Zone 3 necrosis (centrilobular necrosis). Zonal necrosis is seen around the central vein.

8. What kind of abnormal material can accumulate in cytoplasm of hepatocytes and what is the cause?
e Steatosis: Accumulation of lipids, primarily triglycerides, in hepatocytes. Normally steatosis is seen in less than
5% of hepatocytes. Causes include ethanol, obesity, diabetes, and drugs (Figure 32-4A).
¢ Tron: Causes include hemochromatosis, frequent transfusions, and hemolysis (see Figure 32-4B).

Figure 32-4. Photomicrography of accumulation of abnormal material in cytoplasm of hepatocytes. A, Accumulation of lipid.
Microvesicular steatosis (left side) and macrovesicular steatosis (right side). Hematoxylin and eosin stain. B, Accumulation of iron in
hepatocytes seen in hemochromatosis. Iron stain. C, al-antitrypsin globules. Accumulation of abnormal protein in hepatocytes.
Periodic acid-Schiff-diastase stain. D, Ground-glass hepatocytes. Accumulation of viral particle of hepatitis B virus (arrow).
Hematoxylin and eosin stain.
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e Copper: Causes include Wilson disease, and chronic cholestasis because bile is the single excretion route
for copper.

e ol-Antitrypsin globules: Accumulation of abnormal protein. Periodic acid-Schiff (PAS)— and periodic acid—
Schiff-diastase (PASD)—positive cytoplasmic globules are present in zone 1 hepatocytes (see Figure 32-4C).

e Ground-glass hepatocytes: The cause is a viral particle of hepatitis B virus, only seen in chronic hepatitis
(see Figure 32-4D).

What kinds of inflammatory cells can be seen in liver biopsy, and what kinds of etiologic factors are

suspected?

e Neutrophils: Steatohepatitis (alcoholic and nonalcoholic), surgical hepatitis (margination of neutrophil
during surgery), drug toxicity

e Eosinophils: Drug toxicity, parasitic infection, autoimmune hepatitis

® Plasma cells: Autoimmune hepatitis

e Lymphocytes: Viral hepatitis, drugs

What kind of pigment can be seen in the liver?

e Hemosiderin: Golden brown pigment seen in zone 1, red cell degeneration remnants

e Lipofuscin: Brown granules seen in zone 3; “wear and tear” pigment, commonly seen in older adult patients;
increased lysosomal activity

e Bile: Green-yellow pigment seen in zone 3; bile is not present in normal liver

What kinds of nuclear inclusions can be seen in hepatocytes?

e Glycogenated nuclei: Glycogen accumulation is seen. Causes include steatohepatitis, diabetes, and Wilson
disease (Figure 32-5A).

Cytomegalovirus: Owl’s eye intranuclear inclusion is seen (see Figure 32-5B).

Herpes simplex: Multinucleated cells with intranuclear inclusions are diagnostic (see Figure 32-5C).
Hepatitis D virus: Sanded nuclear inclusion is seen. Hepatitis D is a coinfection with hepatitis B.
Adenovirus: Smudgy inclusions are seen.

Figure 32-5. Photomicrography of nuclear inclusions in hepatocytes. A, Glycogenated nuclei. Accumulation of glycogen in nuclei.
B, Cytomegalovirus. Viral nuclear inclusion (arrow). C, Herpes simplex. The multinucleated cell with molding viral inclusions in
the background of hepatocyte necrosis.




254  LIVER HISTOPATHOLOGY

12.

What kinds of special stains are commonly used for liver biopsy?

® Masson trichrome stain highlights fibrosis.

¢ Reticulin stain highlights hepatic plates and is useful to evaluate alteration in hepatic architecture such as
massive hepatocyte necrosis and loss of reticulin framework in HCC.

e PAS stain highlights glycogen in hepatocytes and al-antitrypsin globules in periportal hepatocytes.

When PASD stain is used, the glycogen has been removed by diastase, and the only positive staining globules

are al-antitrypsin globules.

Perls’ iron stain shows distribution and amount of iron overload.

Rhodamine stain detects copper accumulation.

Congo red stain detects amyloid.

Qil red O confirms microvesicular steatosis. Fresh tissue is required, and it is useful for the diagnosis of acute

fatty liver of pregnancy.

FATTY CHANGES AND STEATOHEPATITIS

13.

14.

15.

16.

17.

What is the difference between fatty liver and steatohepatitis?

Steatosis indicates accumulation of lipid in hepatocytes. Steatohepatitis refers to a histologic constellation
of findings with evidence of additional modes of hepatocyte injury such as ballooning degeneration,
Mallory-Denk bodies, or necroinflammation.

What are macrovesicular steatosis and microvesicular steatosis (see Figure 32-4A)?
¢ Macrovesicular: The hepatocytes are distended with a single droplet, which displaces the nucleus.
e Microvesicular: The hepatocytes are filled with small droplets, but the nucleus is centrally located.

Can histologic examination distinguish between alcoholic hepatitis and nonalcoholic hepatitis?
Not really. Alcoholic hepatitis shows more neutrophils and Mallory hyaline, and occasionally distinction
between the two is possible.

How does scarring progress with steatohepatitis (Figure 32-6)?
Fibrosis starts from pericentral vein with delicate chicken-wire-like fibrosis along the sinusoids. On the other
hand, the progression of viral hepatitis starts from portal tracts.

Figure 32-6. Photomicrography of sinusoidal fibrosis seen in steatohepatitis.

How is nonalcoholic steatohepatitis (NASH) graded?

Because disease process including necroinflammatory response, type of hepatocyte injury and fibrosis are
distinctly different between steatohepatitis and viral hepatitis, two systems, the Brunt system and the NASH
Clinical Research Network (CRN) scoring system, were developed to assess activity and fibrosis particularly
for NASH. Grade is based on degree of steatosis, hepatocellular ballooning, and lobular inflammation.

CRN was developed to include both adult and pediatric population.

CHRONIC HEPATITIS
18. What histologic features are typical of chronic hepatitis?

Chronic hepatitis is a necroinflammatory process in which hepatocytes rather than bile ducts are predominantly
injured. Inflammatory cells are composed of lymphocytes and plasma cells, and inflammation is predominantly
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in the portal tracts with evidence of interface activity. Viral hepatitis, autoimmune hepatitis, Wilson disease,
and al-antitrypsin disease show the chronic hepatitis pattern.

19. What histologic features are seen in autoimmune hepatitis?
Histologic features of autoimmune hepatitis can be variable. Classic histologic findings include portal and
lobular chronic inflammation with plasma cell-dominant interface activity associated with spotty necrosis.
Hepatic rosette formation and bridging necrosis may be seen. Variants include cases without plasma
cell dominance, acute hepatitis, and unexpected cirrhosis.

20. What histologic features are seen in chronic hepatitis C?
Lymphoid aggregates and mild to moderate interface activity are present. The lobular activity is mild and
consists of spotty necrosis with 1 to 2 mononuclear cells and acidophil bodies. Bile ducts may show lymphocytic
infiltrate.

21. What histologic features are seen in chronic hepatitis B?
Chronic hepatitis B may show ground-glass hepatocytes, which reflects accumulation of hepatitis B antigen
within the endoplasmic reticulum of the hepatocytes.

22. What is the goal for grading and staging systems for chronic hepatitis and what kinds of systems
are there?
The goal is to ensure the same lesions are being evaluated and given similar diagnostic weight regardless of
the observers. Various systems (Kendoll histologic activity index (HAI) score, Ishak modified HAI score,
Scheuer system, Metavir system, and Batts and Ludwig) are available, but all assessments are based on portal
chronic inflammation, interface activity, lobular necroinflammatory lesion, and fibrosis.

23. How is chronic hepatitis graded and staged?

The Batts and Ludwig system is the simplest system and is widely used.

® Grading of inflammatory activity:

e Grade 1 (Minimal activity): Mild portal inflammation, but scant interface activity and no lobular necrosis
Grade 2 (Mild activity): Mild portal inflammation, interface activity, and scant lobular necrosis
Grade 3 (Moderate activity): Moderate portal inflammation, interface activity, and lobular spotty necrosis
Grade 4 (Severe activity): Marked portal inflammation, brisk interface activity, considerable spotty
necrosis, and area of confluent necrosis
e Staging of fibrosis:
e Stage 1 (Portal fibrosis): Fibrous portal expansion

Stage 2 (Periportal fibrosis): Periportal or rare portal-portal septa
Stage 3 (Septal/bridging fibrosis): Fibrous septa with architectural distortion
Stage 4 (Cirrhosis): Cirrhosis

DRUG INJURY

24. What kind of histologic pattern is seen in drug-related liver injury?
See Table 32-1.

Table 32-1. Histologic Pattern of Drug-related Liver Injury

HISTOLOGIC FINDINGS EXAMPLES OF ASSOCIATED AGENTS

Massive necrosis Isoniazid, phenytoin

Zone 3 necrosis Acetaminophen

Lobular inflammation and necrosis [soniazid, phenytoin

Fatty changes Methotrexate, corticosteroids, total parenteral nutrition, ethanol
Granulomas Allopurinol, sulfonamides, phenylbutazone

Mallory bodies Amiodarone, ethanol

Cholestasis without inflammation Anabolic steroid, oral contraceptive, cyclosporin A
Cholestasis with inflammation Numerous antibiotics

Peliosis hepatis Anabolic steroids

Sinusoidal obstruction syndrome High-dose chemotherapy

Hepatic adenoma Oral contraceptives, anabolic steroids
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BILE DUCT DISEASE

25. What are the histologic features of biliary obstruction (Figure 32-7)?
The biopsy shows centrilobular cholestasis, proliferation of bile ducts associated with neutrophil infiltrate, and

portal tract edema. Neutrophils around the bile ducts are related to interleukin-8 expressed by ductular cells, not
to infection.

Figure 32-7. Photomicrography of bile duct obstruction. Proliferation of bile duct associated with inflammatory cells.

26. What are the histologic features of primary biliary cirrhosis (PBC) (Figure 32-8)?
PBC affects small bile ducts. Florid bile duct lesion (nonsuppurative destructive cholangitis) is diagnostic for
PBC. It is characterized by biliary epithelial damage, basement membrane destruction, and lymphoplasmacytic
infiltrate. Noncaseating granulomas are seen in up to 25% of cases.

Ferds A% W
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Figure 32-8. Photomicrography of primary biliary cirrhosis. Florid bile duct lesion with non-caseating granuloma (arrow).

27. What are the histologic features of primary sclerosing cholangitis (PSC) (Figure 32-9)?
PSC can affect both intra- and extrahepatic bile ducts, but more frequently affects medium to large bile ducts.
Onion skin fibrosis accompanied by reduced number of bile ducts is diagnostic; however, it may be present in
fewer than 40% of the liver biopsies. The most common findings on biopsy are nonspecific fibrosis with
inflammation of portal tracts and paucity of normal bile ducts or the same histologic finding of extrahepatic bile
duct obstruction. Imaging studies confirms the diagnosis of PSC.
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Figure 32-9. Photomicrography of primary sclerosing cholangitis. Fibrous obliteration of bile duct.

28. What is small-duct PSC?
This subset of PSC affects only small bile ducts. Cholangiography is normal, and only liver biopsy can confirm
the diagnosis.

29. What is overlap syndrome?
The clinical and histologic features of more than one autoimmune process are seen in a patient. The most
common overlap is autoimmune hepatitis with PBC or with PSC.

GRANULOMATOUS INFLAMMATION
30. What is a granuloma (Figure 32-10)?

Figure 32-10. Photomicrography of granuloma in the portal tract.

A granuloma is collection of epithelioid histiocytes.

31. What causes granuloma in the liver?

Infection: Mycobacterium avium, tuberculosis, schistosomiasis, fungal infection

Drug related: Allopurinol, quinidine, penicillin, isoniazid, oxacillin

Sarcoidosis

PBC

Extrahepatic inflammatory disease: chronic granulomatous disease, inflammatory bowel disease
Neoplasm: Hodgkin’s disease

Foreign substance
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INHERITED LIVER DISEASE

32.

33.

34.

Does the pattern of accumulation of the iron help to determine the cause?

Yes. Accumulation of iron in hepatocytes indicates genetic hemochromatosis, alcoholic liver disease,

and porphyria cutanea tarda. Accumulation of iron in Kupffer cells indicates multiple transfusions or hemolytic
anemia.

Describe the histologic characteristics of Wilson disease.

The biopsy shows variable portal inflammation, steatosis, periportal glycogenated nuclei, moderate to
marked copper storage, and the presence of Mallory-Denk bodies in periportal liver cells. Quantitative copper
testing of the liver is useful to confirm diagnosis.

What are the features of a1-antitrypsin deficiency on liver biopsy?
PAS-positive, diastase-resistant globules within periportal hepatocytes are present. It can be seen
in the congestion or hypoxia. Clinical correlation with electrophoresis is required.

VASCULAR DISEASE

35.

Does the patient with portal hypertension always have cirrhosis?
No. The patients with nodular regenerative hyperplasia, idiopathic portal hypertension, and hepatoportal
sclerosis have portal hypertension without cirrhosis.

NEOPLASM

36.

37.

Discuss the role of biopsy in diagnosing primary liver tumors.

HCC can be diagnosed by imaging study alone if certain imaging criteria are met. When four-phase
multidetector computed tomography or dynamic contrast-enhanced magnetic resonance imaging (MRI) shows
arterial hypervascularity and venous or delayed phase washout in masses 2 cm or larger, HCC diagnosis is
confirmed. When the imaging studies are inconclusive, liver biopsy is required to confirm the diagnosis.

Discuss the role of liver biopsy in diagnosing metastatic neoplasm.

Biopsies can confirm metastasis from a known primary tumor. Some biopsies show a tumor that is probably
metastatic but for which no primary tumor is known. In such cases, various immunohistochemical stains can be
performed on biopsy tissue to help guide further workup.

TRANSPLANTATION

38.

39.

40.

41.

What are the main histologic features of acute rejection and how are they graded by the Banff
scheme?

Portal inflammation, endotheliitis, and bile duct injury are the three main histologic features. The Banff schema
uses two comportments. The first is a global assessment of the overall rejection grade (indeterminate, mild,
moderate, severe). The second component involves scoring the three main features of acute allograft rejection
on a scale of O (absent), 1 (mild), 2 (moderate), 3 (severe) to produce an overall rejection activity index.
Maximum score is 3 x 3=09.

Describe the role of liver biopsy in the first year after transplantation?

Common causes of abnormal liver enzyme after transplantation include acute rejection, recurrent viral hepatitis,
chronic rejection, steatohepatitis, and recurrent other disease (PBC, PSC, autoimmune hepatitis). Liver biopsy
is helpful to differentiate the diagnosis.

What is the histologic finding of chronic rejection?

Chronic rejection often occurs as a consequence of repeated episodes of acute rejection that are unresponsive to
immunosuppression. The main histologic abnormality is loss of small bile ducts or obliterative vasculopathy
affecting large and medium arteries. The former can be diagnosed by biopsy, whereas the latter may require
the examination of an explant. Ductpenia is characterized by bile duct loss in more than 50% of portal tracts
and is diagnosed through a single biopsy or a series of biopsies.

What is the histologic finding of acute and chronic graft-versus-host disease (GVHD)?
Acute GVHD is characterized by degenerative bile duct lesions with mononuclear inflammation. Cholestasis
may be seen.
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LIVER CYSTIC DISEASE

1. Describe the five major classes and subtypes of congenital bile duct cysts.
See Figure 33-1 and Table 33-1.

Liver__
Crlbbbadd:

Figure 33-1. Classification of bile duct cysts.

Table 33-1. Intrahepatic and Extrahepatic Involvement According to Todani Classification

TODANI CLASSIFICATION OF BILE DUCT CYSTS TYPE INTRAHEPATIC EXTRAHEPATIC
Type la: cystic extrahepatic bile duct dilation* la v
Type Ib: segmental extrahepatic bile duct dilation* 1b v
Type lc: fusiform, diffuse, or cylindrical bile duct lc v
dilation*

Type II: extrahepatic duct diverticula 2 v
Type III: choledochocele 3 v
Type IVa: multiple intrahepatic and extrahepatic duct 4a v v
cysts

Type IVb: multiple extrahepatic duct cysts 4b v
Type V: intrahepatic duct cysts, also associated with 5 v

Caroli disease

*Type I is the most common occurring type (80%-90%).
TUsually associated with an anomalous pancreatobiliary junction.

260
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2. Describe the typical clinical presentation of a bile duct cyst.
The classic clinical presentation of a bile duct cyst is the triad of abdominal pain, jaundice, and abdominal mass.
It occurs more commonly in infants and children than adults. One or two symptoms may be present. Other
presenting symptoms include cholangitis or pancreatitis. Bile duct cysts may also be an incidental finding.

3. Compare the main features of Caroli disease and Caroli syndrome.
Both Caroli disease and syndrome are characterized by:
¢ Congenital cystic dilations of the intrahepatic bile duct, without extrahepatic bile duct involvement
¢ Diffuse or segmental dilatation
¢ Increased risk of cholangiocarcinoma

Caroli disease is a rare condition characterized by cystic dilation of the larger intrahepatic bile ducts. It may
be segmental. It is associated with bile stasis, which can cause recurrent intrahepatic calculi and cholangitis.
Hepatic fibrosis and its sequelae are not present.

Caroli syndrome is an autosomal recessive condition that is more common than Caroli disease. Cystic
dilation of large and small intrahepatic ducts can occur. Hepatic fibrosis is always present, which can lead to
portal hypertension. Histologic examination generally reveals ductal plate malformation. Caroli syndrome exists
on a spectrum with congenital hepatic fibrosis and autosomal recessive polycystic kidney disease (ARPKD). All
three are associated with mutations in the gene PKHDI1 (Table 33-2). The clinical spectrum of ARPKD is widely
variable. There is a mortality rate of 30% to 50% in the neonatal period, generally resulting from severe kidney
disease. However, many survive into adulthood.

Treatment is patient-specific depending on disease pattern. Ursodeoxycholic acid helps to prevent
choledocholithiasis, and antibiotics are used to treat cholangitis. Many patients may undergo endoscopic
retrograde cholangiopancreatography (ERCP) for stone removal and duct stenting. Partial hepatic resection may
be performed if disease is isolated to one lobe of the liver. Liver transplantation can be considered in select cases.

Table 33-2. Genes Associated with Bile Duct Cysts

ASSOCIATED RENAL

LIVER DISEASE GENE PROTEIN DISEASE
Congenital hepatic PKHD1 fibrocystin/ ARPKD
fibrosis polyductin
Caroli syndrome
Autosomal PLD PKD1/2 polycystin-1 and -2 ADPKD
Isolated PLD SEC63/ sec-63/hepatocystin None

PRKCSH
PLD NPHP1-8 nephrocystins Medullary cystic kidney disease

ADPKD, Autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic kidney disease; PLD, polycystic
liver disease.

4. What is the incidence of malignancy within a congenital bile duct cyst?
The reported incidence of malignancy within a congenital bile duct cyst ranges from 10% to 30%. This may be
an overestimation because the true incidence of bile duct cyst disease is unknown. Malignancy has been
reported in all types of bile duct cysts and the probability of malignancy increases with the age of the patient at
presentation. It is thought that pancreaticobiliary reflux causes inflammation and eventually dysplasia in
patients with congenital bile ducts.

Cholangiocarcinoma is the most serious complication of congenital bile duct disease. Early detection is the
best preventive measure. Primary sclerosing cholangitis (PSC) accounts for 30% of cholangiocarcinoma. When
PSC is the underlying diagnosis, an ultrasound and serum CA 19-9 is obtained yearly in noncirrhotics and every
6 months in cirrhotics.

5. Describe the preferred treatment for patients with bile duct cyst disease.
Treatment is largely supportive. For choledochal cysts the preferred treatment is complete surgical excision
with hepatoenterostomy. Complete excision significantly reduces, but does not eliminate, the risks of developing
bile duct malignancy, strictures, and cholangitis. Patients with symptomatic intrahepatic bile duct cyst disease
may require segmental resection or liver transplantation.

6. What is the role of cholangiopancreatography in patients with bile duct cyst disease?
Cholangiopancreatography allows for visualization of the biliary tree. Patients with extrahepatic bile duct cysts
have an increased incidence of anomalous pancreaticobiliary junction.
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10.

11.

12.

Direct cholangiopancreatography—percutaneously, endoscopically, or intraoperatively—allows definitive
identification of the pancreatic duct insertion, which may be important in surgical planning. In addition,
cholangiography can distinguish multiple intrahepatic bile duct cysts from multiple hepatic cysts, which can
appear similar on computed tomography (CT).

Magnetic resonance cholangiopancreatography is helpful and less invasive in characterizing the
pancreatobiliary junction and has less risk associated with it.

ERCP should be performed with caution in patients with suspected Caroli disease or Caroli syndrome
because of the increased risk of recurrent cholangitis and sepsis. Therapeutic ERCP remains a useful tool for the
management of acute cholangitis caused by bile duct stones.

. Provide a differential diagnosis for a cystic hepatic lesion.

It is important to differentiate between a simple versus complex cyst.

Simple hepatic cysts are benign fluid collections usually surrounded by a thin columnar epithelium and
frequently require no treatment, whereas complex-appearing cysts are more concerning for infection or
malignancy.

e Simple liver cyst

e Infectious (abscess, pyogenic, amebic, Echinococcal cyst)

e Polycystic liver disease (PLD)

e Neoplasm (biliary cystadenoma, hamartoma, hepatocellular carcinoma, cavernous hemangioma)
e Pseudocyst

¢ Hematoma

¢ Biloma

. What is the significance of a simple hepatic cyst?

Many simple hepatic cysts are solitary and asymptomatic and are frequently found incidentally on diagnostic
imaging examinations. They are not associated with cystic disease in other organs and there is no genetic
transmission. No treatment is necessary for a simple hepatic cyst.

Cyst-related symptoms include abdominal pain, increasing abdominal girth, and obstructive jaundice.
If symptoms develop, laparoscopic surgical unroofing of the simple cyst is the first-line definitive therapy.
Percutaneous drainage is not recommended as the fluid will reaccumulate. A temporary drain is also not
recommended because of the risk of infection.

. Describe the ultrasonographic, CT, and magnetic resonance imaging (MRI) characteristics

of a simple hepatic cyst.
On ultrasound, a simple hepatic cyst has a smooth margin with the surrounding parenchyma without an
appreciable wall or internal echoes. Failure to meet any of these criteria increases the likelihood of an alternative
diagnosis, such as a cyst infection, hydatid cyst, or biliary cyst disease.

On CT, a simple hepatic cyst appears as a thin-walled lesion that does not enhance with iodinated
intravenous contrast agents. The density of the lesion is that of water.

On T1-weighted MRI scans, cysts appear as a homogeneous, very-low-intensity lesion. On T2-weighted scans,
they can appear as a discrete high-intensity lesion.

What hepatobiliary cystic neoplasm with malignant potential can be mistaken for a simple cyst,
PLD, or hydatid cyst?

Hepatobiliary cystadenoma is a rare neoplasm that has thick irregular walls and internal septations,
distinguishing it from a simple cyst. Abdominal pain is the most common symptom. These cysts are lined with
biliary epithelium and have a high potential for transformation to cystadenocarcinoma. The treatment of choice
is surgical resection of the entire neoplasm.

What disease commonly is associated with PLD?
PLD is characterized by numerous cysts of various size scattered throughout the liver parenchyma. Half of PLD
cases involve solitary cysts.
There are two forms:
¢ One form is associated with autosomal dominant polycystic kidney disease (ADPKD). More than 75% of all
patients with ADPKD also have PLD. There are also strong associations between ADPKD and intracranial
saccular aneurysms (berry aneurysms, 5%-7%), mitral valve prolapse, and colonic diverticula.
e The second form is ADPLD. Patients with ADPLD have no kidney disease but also may have an increased risk
for intracranial aneurysms.
Some authors recommend that patients with PLD of either type should be screened for intracranial
aneurysms by either magnetic resonance or CT angiography (see Table 33-2).

What are the risk factors for PLD in patients with ADPKD?

PLD is the most common extrarenal manifestation of ADPKD. The presence and severity of PLD in patients
with ADPKD increase with age, female gender, number and frequency of pregnancies, and severity of renal
disease.
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Describe the clinical manifestations of complicated PLD.

The common complications of PLD are related to mass effect. Compression of adjacent structures by large cysts
may cause chronic pain, anorexia, dyspnea, or obstructive jaundice. Liver cyst infection rarely occurs but is
associated with significant morbidity. A definitive diagnosis of cyst infection usually requires percutaneous CT or
ultrasound-guided fine-needle aspiration.

How does the presence of liver cysts affect hepatic function?

Hepatic function usually is not affected by liver cysts. In the absence of complications, the serum
aminotransferase, bilirubin, and alkaline phosphatase levels typically are within normal range or only slightly
elevated. In patients with ARPKD and ADPKD, serum chemistry abnormalities generally reflect the degree of
renal dysfunction.

What are the treatment options for patients with symptomatic PLD?
Typically, cysts with a diameter of more than 5 cm can be treated. Symptomatic liver cysts may be treated either
percutaneously or surgically. Simple ultrasound- or CT-guided percutaneous aspiration results in rapid
reaccumulation of the cyst fluid. The rate of cyst recurrence is greatly reduced by instilling a sclerosing agent,
such as ethanol, at the time of aspiration. Percutaneous sclerosis of a liver cyst is contraindicated when the cyst
communicates with either the biliary system or peritoneal cavity. Surgical options include laparoscopic or open
cyst fenestration.

Infected cysts do not resolve with systemic antibiotic therapy alone. Administration of antibiotics
should be combined with either percutaneous or surgical drainage.

Patients with intractable symptoms who have failed other therapies may be candidates for either
isolated orthotopic liver transplant or combined liver and kidney transplant if they are dialysis dependent.

What is echinococcosis?

Echinococcosis is a parasitic infection caused by the tapeworm Echinococcus. There are four known species of
Echinococcus that cause human disease:

e E. granulosus (cystic echinococcosis)

e E. oligarthus

e E. vogeli (polycystic echinococcosis)

e E. multilocularis (alveolar echinococcosis)

E. oligarthus and E. vogeli are found in Central and South America. E. multilocularis is found throughout
the planet’s arctic regions, including Alaska. E. granulosus has a worldwide distribution. The cystic and
polycystic types of echinococcosis both form large, fluid-filled cysts that do not invade adjacent tissue. In
contrast, alveolar echinococcosis is characterized by exogenous budding, local tissue infiltration, and
metastatic spread.

Describe the usual life cycle of E. granulosus.
E. granulosus is a small tapeworm responsible for cystic echinococcosis, measuring approximately 2 to 8 mm.
The adult worm lives in the intestinal lumen of the host, such as a dog or fox. Eggs are released and leave the host
in the feces. The eggs are ingested through contaminated food or water by intermediate hosts such as sheep,
cattle, goats, and pigs. Ingested eggs hatch in the duodenum, and the larvae penetrate the intestinal mucosa to be
carried by the circulatory system to the capillary beds of distant organs.

The intermediate host creates the hydatid cyst by producing surrounding fibrosis. New scolices bud from the
inner wall of the cyst. Over time, daughter cysts may form within the original cyst. When infected viscera are
eaten by a predator, the scolices develop into adult worms.

Where and how does E. granulosus infect humans?

Human infection by E. granulosus is the most common of the Echinococcus zoonoses and occurs throughout
the world. It is a significant public health problem in Central and South America, China, Mediterranean
and Middle East countries, eastern Europe, and the Russian Federation. Human infections occur most
commonly in sheep- and cattle-raising areas where dogs assist in herding. The dogs eat infected viscera
and excrete infective eggs in their feces. Humans usually are infected as intermediate hosts when they
ingest feces- or egg-contaminated food or water. More than one-half of all human infections involve the
liver. Other common sites for echinococcal cysts are the lungs, spleen, kidneys, heart, bones, and brain
(Figure 33-2).

Describe the typical clinical presentation of hepatic cystic echinococcosis.

Patients may harbor the infection for years until they present with a palpable abdominal mass or other symptoms.
The hydatid cyst diameter usually increases by 1 to 5 cm per year. The symptoms of hepatic cystic
echinococcosis are related primarily to the mass effect of the enlarging cyst: abdominal pain from the
stretching hepatic capsule, jaundice from compression of the bile duct, or portal hypertension from portal
vein obstruction. Approximately 20% of patients have cysts that rupture into the biliary tree and may

have symptoms similar to those of choledocholithiasis or cholangitis. Rupture of a cyst into the peritoneal
cavity may cause an intense antigenic response, resulting in eosinophilia, bronchial spasm, or

anaphylactic shock.
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20. How is cystic echinococcosis diagnosed?

21.

Confirming a diagnosis of cystic echinococcosis involves diagnostic imaging and serologic tests. CT scans may
show the hydatid cyst as a sharply defined, low-density lesion with spokelike septations. The presence of a
calcified rim of daughter cysts greatly enhances the specificity of the CT findings. When imaged by ultrasound,
the hydatid cyst appears as a complex mass with multiple internal echoes from debris and septations. Enzyme-
linked immunosorbent assay or indirect hemagglutinin serologic assays for echinococcal antibodies are positive
in approximately 85% to 90% of patients. Recovery of scolices from a suspected hydatid cyst by percutaneous
needle aspiration is diagnostic, but this technique must be used with caution because of the risk of spilling
scolices into the peritoneal cavity.

What are the treatment options for hepatic cystic echinococcosis?
The optimal treatment of hepatic cystic echinococcosis depends on the local expertise and the characteristics of
the individual patient. Surgical cyst resection generally is the preferred method of therapy for large or infected
cysts. Percutaneous cyst drainage and irrigation with a scolicidal agent (puncture, aspiration, injection,
reaspiration) is a safe and effective alternative therapy for those with uncomplicated cysts or for patients who are
not surgical candidates. Treatment with albendazole in the peritreatment period reduces the recurrence rate of
both techniques.

Pretreatment ERCP helps to rule out cyst communication with the biliary or pancreatic duct systems.
Persistent postoperative biliary fistulas may be diagnosed and treated by ERCP with endoscopic sphincterotomy.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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GALLBLADDER DISEASE: STONES,
CRYSTALS, AND SLUDGE

Cynthia W. Ko, MD, MS, and Sum P. Lee, MD, PhD

. What is the prevalence of gallstones in Western populations?

Ten to twenty percent of adults in Western countries have gallstones. Gallstones in Western populations are
most commonly composed of cholesterol.

. What are the different types of gallstones by chemical composition?

The common types of gallstones by chemical composition are cholesterol and calcium bilirubinate. Calcium
bilirubinate stones can be characterized as brown or black pigment stones. Brown pigment stones have a soft,
claylike consistency and are found in the intrahepatic and extrahepatic ducts but not the gallbladder. Black
pigment stones form in the gallbladder from bilirubin precipitation. They often contain calcium salts and can be
radiopaque.

. Name four pathophysiologic factors associated with cholesterol gallstone formation.

¢ Cholesterol supersaturation of bile: The amount of cholesterol secreted by the liver into bile exceeds the
solubilizing capacity of bile acids and phospholipids in bile.

e Nucleation: Cholesterol crystals precipitate from supersaturated bile, which usually occurs in the gallbladder.

e Biliary stasis: Stasis of bile in the gallbladder concentrates bile, accelerating crystal nucleation and impairing
emptying of crystals into the duodenum.

¢ Enhanced intestinal cholesterol absorption: Increases in intestinal cholesterol absorption increase the total
body pool of cholesterol.

. What are the risk factors for cholesterol gallstones?

Strong risk factors for gallstones include increasing age, female sex, race and ethnicity (American Indian,
Hispanic), increasing body mass index, and rapid weight loss. Low levels of physical activity also predispose to
gallstones, as do diets high in carbohydrates or low in vegetable proteins or fiber. Pregnancy is a time of
accelerated gallstone formation, and parity is a strong risk factor for gallstones. Medications including
progesterones, oral contraceptives, and estrogen replacement therapy are also associated with gallstones.

. What clinical conditions are associated with brown or black pigment stones?

¢ Brown pigment stones are more common in Asian populations, are associated with bile colonization by
bacteria or parasites, and may present with acute pyogenic cholangitis.

¢ Black pigment stones are associated with chronic hemolysis, long-term total parenteral nutrition, and
cirrhosis.

. What is the significance of biliary sludge?

Biliary sludge is composed of microscopic precipitates of cholesterol or calcium bilirubinate, and represents the
earliest stages of gallstone formation. Sludge can cause symptoms identical to those of gallstones.

. Describe the characteristics of uncomplicated biliary colic.

Biliary colic is characterized by severe, episodic pain in the epigastrium or right upper quadrant. Pain can occur
postprandially, but often has no inciting triggers. The pain may radiate to the right shoulder and be
associated with nausea or vomiting. Pain lasting more than 6 hours should prompt consideration of gallstone
complications, such as cholangitis or cholecystitis.

. What is the best imaging test for detecting gallbladder stones?

Transabdominal ultrasonography can diagnose gallstones with a sensitivity and specificity of more than

90% (Figure 34-1). On ultrasound, gallstones appear as high-amplitude echoes with postacoustic

shadowing (Figure 34-2A). Ultrasonography is also the most sensitive modality for diagnosis of biliary sludge
(see Figure 34-2B), which appears as movable echogenic material without postacoustic shadowing.

. Should patients with asymptomatic stones undergo cholecystectomy?

The risk of developing gallstone-related symptoms is estimated to be 2% to 4% per year. In patients with
gallbladder stones, complications usually occur after development of uncomplicated biliary colic, so prophylactic
cholecystectomy is not indicated (Figure 34-3).

What is the treatment of choice for patients with symptomatic stones?
Once complications develop, laparoscopic cholecystectomy is the treatment of choice (see Figure 34-3). Patients
with common bile duct stones are at high risk for complications and should undergo cholecystectomy and stone
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Figure 34-1. Algorithm for diagnosis of suspected gallstones and their complications. ALT, Alanine aminotransferase; AST,
aspartate aminotransferase; CBC, complete blood count; CT, computed tomography; ERCP, endoscopic retrograde
cholangiopancreatography; EUS, endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography.

Figure 34-2. Ultrasound examination showing gallstones (A), which appear as high-amplitude echoes within the gallbladder
with postacoustic shadowing. Biliary sludge appears as low-amplitude echoes without postacoustic shadowing (B).

extraction. Common bile duct stones may be removed at the time of surgery or with endoscopic retrograde
cholangiopancreatography (ERCP). Selected patients with uncomplicated biliary colic may be treated with oral

bile acid dissolution.

11. Can symptom characteristics predict response to cholecystectomy?
Patients most likely to respond to cholecystectomy are those with recent onset of symptoms, discrete episodes of
pain, and without concomitant gastroesophageal reflux or irritable bowel syndrome. Patients with less severe
pain or pain episodes lasting less than 30 minutes are less likely to respond to cholecystectomy.
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Figure 34-3. Algorithm for management of gallstones and their complications. ERCP, Endoscopic retrograde
cholangiopancreatography; IV, intravenous.
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What are common complications of cholecystectomy?

Serious complications of cholecystectomy include bile leaks, which can require corrective surgery in 0.1% to
0.3%. The risk of major bowel or blood vessel injury is estimated at 0.02%. Peritonitis, postoperative bleeding,
and intraabdominal abscesses all occur in fewer than 0.5% of cases. Overall perioperative mortality varies

between 0% and 0.3%.

What treatment options are available for patients who do not want to undergo cholecystectomy?
Because laparoscopic cholecystectomy is generally safe and effective, it is the preferred method of treatment in
patients who are adequate surgical patients. In selected patients, stones may be treated with oral bile acid
dissolution therapy, such as ursodeoxycholic acid. Common bile duct stones may be removed endoscopically

via ERCP.

Who is a candidate for oral bile acid dissolution therapy?

Candidates for oral bile acid dissolution therapy include patients with small (<1 cm), noncalcified stones
composed primarily of cholesterol. The cystic duct must be patent and the gallbladder functional. Treatment
often requires several months for complete dissolution. Recurrence rates up to 10% per year are possible.

How should pregnant women with symptomatic or complicated gallstones be managed?
Laparoscopic cholecystectomy can be safely performed in the second trimester, but is relatively contraindicated
in the first and third trimesters. Women can generally be managed with supportive care, with particular
attention to adequate nutrition. If necessary, ERCP can be safely performed using techniques such as fetal
shielding and anesthesia assistance for sedation.

What imaging tests are useful to diagnose common bile duct stones?

Magnetic resonance cholangiopancreatography (MRCP, Figure 34-4) and endoscopic ultrasonography (EUS)
are useful, less invasive tests with more than 90% sensitivity and specificity for diagnosing common bile
duct stones compared with ERCP. These modalities are commonly used to confirm the presence of common
bile duct stones before proceeding to ERCP (see Figure 34-1).

What are the symptoms of acute cholecystitis?

Patients with acute cholecystitis typically have epigastric or right upper quadrant abdominal pain lasting longer
than 3 hours. Low-grade fevers, nausea, and vomiting are common. Murphy’s sign, an inspiratory pause
during palpation of the right upper quadrant, may be present. Jaundice may be present in 15% to 20%. On
ultrasound or abdominal computed tomography (CT) scan, patients will have a thickened gallbladder wall
with pericholecystic fluid. Hepatobiliary scintigraphy will show absence of gallbladder filling, reflecting
obstruction of the cystic duct.
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Figure 34-4. Magnetic resonance cholangiopancreatography showing filling defect in distal common bile duct, consistent with a
retained gallstone.
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How should patients with acute cholecystitis be managed?

Patients with acute cholecystitis should be hospitalized for supportive care and given antibiotics with coverage of
gram-negative organisms and anaerobes. Early cholecystectomy (within 7 days of presentation) is associated with
shorter hospital stays compared with delayed treatment (1 to 2 months). Early cholecystectomy can usually be
completed laparoscopically but has higher rates of conversion to open procedures than in patients with
uncomplicated gallstones. Delayed cholecystectomy is associated with increased risk for recurrent biliary
complications.

List key points in the management of acute cholangitis.

e Intravenous fluids

® Antibiotics aimed at gram-negative organisms and Enterococcus species

e Biliary decompression within 24 hours of clinical presentation. ERCP is the preferred method for biliary
decompression. Percutaneous cholangiography is an alternative drainage method if endoscopic drainage is not
available or not technically feasible.

Discuss complications from the migration of gallstones.

Gallstone ileus occurs when large stones erode through the gallbladder wall into the gastrointestinal tract, where
they may cause obstruction. Most frequently, the stones impact in the ileum. Pneumobilia is a common
radiologic finding. Gallstones may also erode into the stomach and obstruct the pylorus (Bouveret syndrome).
Cholecystocolonic fistulas may cause bile salt malabsorption diarrhea.

What is Mirizzi syndrome?
Mirizzi syndrome occurs when a stone becomes impacted in the neck of the gallbladder or cystic duct, causing
extrinsic compression of the common bile duct.

What is the differential diagnosis for gallbladder polyps?

Cholesterol polyps are the most common type of gallbladder polyps, followed by adenomyomatoses, adenomas, or
adenocarcinomas. CT and EUS may help in differentiating benign and malignant lesions. Adenocarcinomas are
more likely to be sessile and larger than 1 cm. In appropriate candidates with polyps greater than 1 cm,
cholecystectomy is recommended because of the potential for malignancy. Smaller polyps may be followed by
periodic ultrasound.

What is the clinical significance of a low gallbladder ejection fraction?

Gallbladder dysmotility, defined as a gallbladder ejection fraction less than 35%, is often suspected in patients
with biliary-type pain but normal ultrasonography. Gallbladder dysmotility may be diagnosed by hepatobiliary
scintigraphy with cholecystokinin infusion. Management of patients with gallbladder dysmotility is
controversial. Symptoms of biliary-type pain will resolve in up to 80% without treatment. Conversely, symptoms
often do not resolve after cholecystectomy. Thus further studies are needed to understand the clinical
significance of biliary dysmotility and the role of cholecystectomy in treating this disorder.



270 GALLBLADDER DISEASE: STONES, CRYSTALS, AND SLUDGE

24. What is a porcelain gallbladder?
Porcelain gallbladder is characterized by intramural calcification of the gallbladder wall. The diagnosis can be
made by plain abdominal radiography, ultrasonography, or abdominal CT. Prophylactic cholecystectomy is
recommended to prevent development of carcinoma, which may occur in more than 30% of cases.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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ERCP PLUS SPHINCTER OF ODDI

DYSFUNCTION

Raj J. Shah, MD, FASGE, AGAF

1. What are the established indications for endoscopic retrograde cholangiopancreatography (ERCP)?
ERCP is generally performed using a duodenoscope. This endoscope has a side-view and a working channel that
is 4.2 mm in diameter, which permits the introduction of devices for sphincterotomy, balloon and catheter
passage, and stent insertion. The indications can be divided into biliary and pancreatic reasons. Biliary include
the removal of common bile duct stones, the diagnosis of malignant strictures by brush cytologic examination
or forceps biopsy, treatment and palliation of benign and malignant biliary strictures, respectively, and the
removal of neoplastic ampullary lesions. Additional indications include the treatment of bile leaks and
abdominal pain consistent with sphincter of Oddi dysfunction. Pancreatic indications include the removal of
pancreatic duct stones, stenting of pancreatic duct strictures, the evaluation of recurrent acute pancreatitis,
and for pancreatic duct leaks and pseudocysts.

2. What are common complications of ERCP?
Complications are postsphincterotomy bleeding; cholangitis; perforation at the papilla from sphincterotomy or
within the duodenum from duodenoscope passage; and pancreatitis that may be related to both patient-related
factors (e.g., young women are at higher risk than older men) and technical such as difficult bile duct
cannulation and greater than one inadvertent pancreatic duct cannulation. Suspected sphincter of Oddi
dysfunction is an independent risk factor for the development of post-ERCP pancreatitis (PEP) and ranges from
15% to 30%.

3. Describe ERCP equipment and techniques used for bile duct cannulation.
This is often based on endoscopist preference and includes the use of cannulas, sphincterotomes, and guide wires.
Guide wire sizes range from .018” to .035”. Cannula and sphincterotome tips range from 4.5 F to 5.5 F. Difficult
bile duct access can be encountered for reasons related to alterations in duodenoscope position or ampullary
anatomy. In these cases, advanced ERCP techniques are used, which include “double-wire” technique that
includes advancing the guide wire into the pancreatic duct and introducing a second guide wire side-by-side to
attempt bile duct access. Additional techniques include transpancreatic stenting followed by biliary access,
transpancreatic septotomy, and precut needle-knife papillotomy.

4. When is cholangioscopy and pancreatoscopy performed during ERCP?
This technology involves miniature endoscopes or optical catheters approximately 10 F in size (/3.3 mm) that
can be passed directly into the respective duct for visualization. This permits inspection of pathologic findings
such as strictures for assessment and biopsy and permits intraductal lithotripsy with electrohydraulic lithotripsy
or laser lithotripsy for difficult-to-remove biliary and pancreatic duct stones.

5. Stents used during ERCP may be made of metal or plastic. How does one decide which type to place?
For benign biliary strictures, multiple plastic stents (ranging in size 7 F to 10 F) are often used in a serial fashion
over the course of several months to resolve strictures. Often, metal stents are inserted for the palliation of
malignant obstructive jaundice. They have the advantage of expanding to larger diameters (8 mm or 10 mm
compared with 2- to 3-mm diameters for plastic stents) and are available with a coating that permits
removability. Those with a bare mesh are generally not removable. Both plastic and metal stents may
occlude over time and can be replaced or a new stent inserted within the existing one, respectively.

6. In patients who present with gallstone pancreatitis, when is ERCP indicated?
Randomized, controlled trials have shown that the highest benefit to ERCP in the setting of acute biliary
pancreatitis is when there is an obstruction of the common bile duct by a stone or if signs of obstruction are
suspected based on an elevated bilirubin (total bilirubin of more than 3.5) or imaging such as ultrasound or
magnetic resonance cholangiopancreatography (MRCP) that suggests a bile duct stone is present. Improved liver
function tests (LFTs) or lessened abdominal pain may indicate that the stone has passed spontaneously or that a
“ball-valve” effect has occurred within the duct. Thus clinical and biochemical parameters are often followed to
help determine when or if ERCP is indicated. When there is not a clinical suspicion for persistent bile duct stone,
cholecystectomy with or without intraoperative cholangiography should be pursued in appropriate candidates in
the convalescent phase.

7. When should MRCP be used instead of ERCP in patients with suspected bile duct stones?
MRCP is used when there is a low index of clinical suspicion for bile duct stones. If the clinical index is high
(elevated bilirubin or ultrasound with dilated bile duct but no stone), ERCP should be the procedure of choice.
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11.

MRCP limitations include the detection of smaller stones (smaller than 5 mm) and distal stones near the
ampulla. For low or moderate clinical suspicion, where available, endoscopic ultrasound (EUS) should be
considered, which has high accuracy for the detection of bile duct stones and sludge without the risks associated
with ERCP. It could be performed immediately prior to potential ERCP and during the same endoscopic session.

. What are the signs and symptoms of ascending cholangitis?

e Charcot’s triad includes jaundice, right upper quadrant (RUQ) abdominal pain, and fever.

¢ Reynold’s pentad includes those three plus altered mental status and hypotension, which are both indicative of
sepsis.

Ascending cholangitis is the only clear indication for emergency ERCP. If the patient with ascending cholangitis

is hemodynamically unstable and unable to safely undergo sedation or anesthesia for ERCP, percutaneous

transhepatic biliary drainage may be required.

. In patients with surgically altered gastroduodenal anatomy, can ERCP be performed?

With the increasing incidence of obesity, Roux-en-Y gastric bypass surgery is becoming more common. These
patients pose a challenge because of long Roux limbs (ranging from 100-200 cm) prior to reaching the jejuno-
jejunostomy, with subsequent need to intubate the afferent or pancreaticobiliary limb. Alternatives for this
anatomy include laparoscopic access of the excluded stomach and transabdominal ERCP, which has a higher
technical success rate but is associated with higher morbidity. Other altered surgical anatomy such as Billroth 2,
Roux-Y hepaticojejunostomy, and post-Whipple’s reconstruction are associated with higher rates of success.
Most of the longer Roux limbs require the use of overtube-assisted enteroscopy to gain access to the papilla,
biliary, or pancreatic-enteric anastomosis.

What is the sphincter of Oddi?

The sphincter of Oddi is a fibromuscular sheath that encircles the terminal portion of the common bile duct,
main pancreatic duct (Wirsung), and common channel in the second portion of the duodenum. It is made up of
smooth muscle. Three interconnected sphincters exist: choledochus, pancreaticus, and ampullae (Figure 35-1).
Ruggero Oddi, as a medical student, published the early morphologic observations of the sphincter in 1887.

How does the sphincter of Oddi function?

e Regulates bile and pancreatic juice into the duodenum.

¢ Reduces duodenal reflux into the pancreatic and biliary ducts.

e Contracts tonically during the interdigestive period to promote gallbladder filling.

¢ Contracts phasically in the digestive period to promote flow of bile into the duodenum.

Sphincter of Oddi activity is increased by cholinergic stimulation. Endogenous substances also control the
sphincter—motilin increases the intensity of sphincter contractions. Cholecystokinin (CCK) is induced by food
intake and stimulates contraction of the gallbladder and relaxation of the sphincter. Both vasoactive intestinal
peptide (VIP) and nitric oxide promote sphincter relaxation.
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Figure 35-1. Sphincter of Oddi.
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What is sphincter of Oddi dysfunction (SOD)?

SOD is a benign disorder characterized by a functional or structural obstruction at the level of the sphincter

of Oddi. It is suspected in patients presenting with upper abdominal pain suggestive of a biliary or pancreatic
origin. Objective measures such as transient elevations in liver or pancreatic enzymes and ductal dilation on

noninvasive imaging, rather than the characteristics of the abdominal pain alone, are now becoming necessary
to support the clinical suspicion and for consideration of ERCP.

Describe the potential pathophysiologic findings of SOD.

Two abnormalities can lead to SOD, and both may be present in a single patient. One is a primary motor
abnormality of the sphincter termed biliary dyskinesia or spasm (elevated pressure). The other is fibrosis or
inflammation, most likely from recurrent passage of biliary stones and microlithiasis. Symptoms may be more
pronounced following cholecystectomy because of the loss of the ability to decompress elevated biliary pressure
when the gallbladder distends. Further, it has been postulated that cholecystectomy may sever neuroinhibitory
pathways that normally cause sphincter relaxation in response to increased biliary pressure. However, SOD is
also identified in patients with an intact gallbladder.

Name typical symptoms of SOD.

Symptoms of SOD can be either biliary or pancreatic in nature. Pain is located in the epigastrium or RUQ with
radiation to the back or the right infrascapular region and may be meal related. It is episodic or continuous with
periodic exacerbations. Symptoms compatible with irritable bowel syndrome or nonulcer dyspepsia often
coexist. Another manifestation is idiopathic acute pancreatitis as a result of sphincter hypertension. Other
structural abnormalities such as costochondritis, ulcer, gastroesophageal reflux disease, malignancy, biliary
stones, and chronic pancreatitis must be ruled out before the diagnosis of SOD is pursued.

Who is at risk for SOD?

Woman in their third through fifth decades of life are at risk; the female predominance is as high as 90%.
Symptoms often become apparent after cholecystectomy (hence the older term postcholecystectomy syndrome),
but in many cases patients will have had empiric cholecystectomy for pain that was thought to originate from the
gallbladder. Most importantly, the diagnosis of SOD may be diagnosed inappropriately. One controlled study
suggested that somatosensory hypersensitivity of peripheral nociceptive neurons at the referred pain area
(e.g., RUQ) in patients with biliary SOD may explain persistent pain.

What diagnostic evaluation should be considered in a patient presenting with symptoms
suggestive of SOD?

A thorough history and physical examination will often determine which diagnostic testing is required prior to
pursuing a diagnosis of SOD. The physical examination during a flare of pain often reveals a non—toxic-
appearing patient with tenderness in the epigastrium or RUQ. Hepatic enzymes and pancreatic enzymes should
be obtained during or soon after any flare of pain. Imaging with ultrasound or computed tomography (CT) is
performed to exclude cholelithiasis, chronic pancreatitis, or other intraabdominal pathologic findings. If nausea
and vomiting are predominant features, then gastric emptying studies can be considered. If dyspeptic or reflux-
type symptoms are apparent, then a 24-hour esophageal pH study or upper endoscopy is reasonable.

When should you consider ERCP with sphincter of Oddi manometry (SOM)?

SOM should be considered in those patients with symptoms that are significantly disrupting the patient’s
quality of life, when an alternative diagnosis is not identified, and after failed therapeutic medication trials.
Because there is often an overlap with dysmotility or irritable bowel syndrome—type symptoms, antispasmodics,
low-dose antidepressants, or selective serotonin reuptake inhibitors (SSRIs) should initially be tried.
Narcotic-requiring pain may suggest a need for manometric studies; however, these medications interfere
with accurate pressure measurements. Ideally, manometry should be performed prior to patients becoming
narcotic dependent.

What is the Milwaukee classification?

The standard categorization of SOD is the Milwaukee classification (also known as Geenan-Hogan), which is
generally applied in the postcholecystectomy patient. Classification is performed before SOM and is predictive
of the frequency of abnormal SOM and symptomatic response to sphincterotomy. Currently, the modified
Milwaukee criteria (less stringent than the original Milwaukee criteria) are used. Abnormal laboratory
values during an episode of pain should normalize in the absence of pain to be consistent with transient
outflow obstruction and SOD. The schemes are similar for both biliary and pancreatic types (Table 35-1 and
Table 35-2).

Table 35-3 displays the results of studies in which patients were stratified into SOD types before SOM. The
right column gives the percentage of those who had biliary sphincter hypertension. In general, it is thought that
patients with SOD type I or II are more likely to have a structural outflow obstruction (i.e., stenosis) versus SOD
type III patients, who are more likely to have a functional problem with the sphincter.
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Table 35-1. Modified Milwaukee Classification: Biliary

SOD TYPE CLINICAL AND BIOCHEMICAL CHARACTERISTICS

Type I Biliary-type pain, ALT/AST/Alk Phos >1.1 x ULN, bile duct >10 mm

Type 11 Biliary-type pain and either ALT/AST/Alk Phos>1.1 x ULN or bile duct >10 mm
Type 111 Biliary-type pain only

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; Alk Phos, alkaline phosphatase; SOD, sphincter of Oddi
dysfunction; ULN, upper limit of normal.

Table 35-2. Modified Milwaukee Classification: Pancreatic

SOD TYPE CLINICAL AND BIOCHEMICAL CHARACTERISTICS

Type 1 Pancreatic-type pain, and amylase/lipase >ULN and dilated pancreatic duct*
Type II Pancreatic-type pain and either amylase/lipase >ULN or dilated pancreatic duct*
Type 111 Pancreatic-type pain only

SOD, Sphincter of Oddi dysfunction; ULN, upper limit of normal.
*Pancreatic duct >6 mm in the head and >5 mm in the body of the pancreas.

Table 35-3. Percentage of Patients in SOD Patients (Types |, I, lll) with Elevated Basal Sphincter
Pressure

SUSPECTED BILIARY SOD TYPE ELEVATED BASAL SPHINCTER PRESSURE
I >90%

11 55% to 65%

I 25% to 60%

SOD, Sphincter of Oddi dysfunction.
From Sherman S: What is the role of ERCP in the setting of abdominal pain of pancreatic or biliary origin (suspected sphincter of Oddi
dysfunction)? Gastrointest Endosc 56 (Suppl):S258-266, 2002.

19. Which patients with suspected SOD benefit most from ERCP?
Based on the modified Milwaukee classification, patients with type I or Il SOD are most likely to benefit from
sphincterotomy (Table 35-4). Of note, manometry is not predictive of responsive for Type 1 patients (also termed
papillary stenosis) and thus empiric sphincterotomy is recommended in these patients that clearly meet established
objective criteria. The results of the Effect of Endoscopic Sphincterotomy for Suspected Sphincter of Oddi
Dysfunction on Pain-Related DisabilityFollowing Cholecystectomy (EPISOD) Clinical Trial showed no reduction
in disability due to pain after ERCP with manometry and sphincterotomy versus sham among type III SOD
patients. The EPISOD findings do not support the use of ERCP and sphincterotomy in type III SOD patients.

Table 35-4. Response Rate of Endoscopic Sphincterotomy (ES)

SOD PAIN RELIEF FROM ES IF SOM PAIN RELIEF FROM ES IF SOM
TYPE ABNORMAL NORMAL

I >90% >90%

11 85% 35%

111 NS NS

SOD, Sphincter of Oddi dysfunction; SOM, sphincter of Oddi manometry; NS, non significant.

20. Are there medicines to treat patients with suspected SOD?
SOD, especially milder cases, can be treated medically. A low-fat diet to decrease pancreaticobiliary stimulation
may improve symptoms. The improvement, however, can also be related to concomitant upper intestinal
tract dysmotility as fat increases gastric emptying time. Pharmacologic therapy has also been investigated.
Medications that decrease the pressure of the sphincter (such as calcium channel blockers and nitrates) have
been shown to reduce symptoms in some patients. However, treatment is often hampered by side effects.
Antispasmodic agents may be useful as well.
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Can pharmacologic agents cause clinical SOD?

Yes. Among the most notable substances are opiates. Increased pressure in the biliary duct has been documented
following administration of fentanyl and morphine. Some patients will experience biliary-type pain
following use of these agents. In addition, SOD has been documented in a series of male opium addicts.

It is theorized that long-term opium use leads to sphincter hypertension and sustained dysfunction.

In SOD patients, when should the pancreatic duct be stented?

In patients undergoing biliary sphincterotomy for SOD, prophylactic pancreatic stenting in the setting of
pancreatic sphincter hypertension reduces the incidence of PEP compared with those who did not receive a stent
(7% versus 26%). Further, stenting reduces PEP in patients with suspected SOD and normal biductal
manometry results (2.4% versus 9%). Pancreatic duct stenting should also be performed in patients undergoing
pancreatic sphincterotomy and considered in those with a history of PEP. A metaanalysis of studies that
compared stenting versus no stenting and included patients at a high risk of developing PEP showed a reduction
in pancreatitis rates (5.8% versus 15.5%j; odds ratio, 3.2; 95% confidence interval, 1.6 to 6.4) with the use of
pancreatic stents. In general, however, endoscopist discretion and expertise are required in determining the
appropriateness of pancreatic stenting as technical factors may prevent its placement and patients who have a
failed attempt at pancreatic stenting are at a higher risk for developing PEP.

What medication can be used to reduce the risk of PEP?

A metaanalysis of four randomized controlled trials found that using rectally administered nonsteroidal
antiinflammatory drugs (NSAIDs) did seem to reduce PEP risk. In a landmark New England Journal of Medicine
paper, a prospective, randomized, double-blind, placebo-controlled multicenter study showed that the use of
rectal indomethacin in high-risk patients is superior to placebo in reducing PEP. A total of 602 patients were
enrolled and completed follow-up. The majority of patients (82%) had a clinical suspicion of SOD. PEP
developed in 27 of 295 patients (9.2%) in the indomethacin group and in 52 of 307 patients (16.9%) in the
placebo group (P=0.005). Moderate to severe pancreatitis developed in 13 patients (4.4%) in the indomethacin
group and in 27 patients (8.8%) in the placebo group (P=0.03).

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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1. How common is acute pancreatitis (AP)?
AP was responsible for approximately 300,000 hospital admissions in the United States in 2012 and is the most
frequent gastroenterology diagnosis for hospital admission. The average duration of hospitalization is 5 days.
The majority of AP cases are mild and categorized as edematous pancreatitis (80%). When AP is complicated by
necrosis (20%), the clinical course is more severe with overall mortality of approximately 15%.

2. What are the most common causes of AP?
Gallstones and alcohol are the most common causes of AP in the United States and worldwide (Figure 36-1).
During the past 20 years, the age-standardized rate for the incidence of pancreatitis has been 16 per 100,000
people/year in men and 10.2 per 100,000 people/year in women.

Alcohol-induced pancreatitis is the more common cause in men, accounting for approximately 50% of
the cases (worldwide incidence of 7.9 per 100,000 people), followed by gallstone pancreatitis with 25% of the
cases (worldwide incidence of 3.5 per 100,000 people).

In women, gallstone pancreatitis is the most common cause, accounting for 50% of the cases (worldwide
incidence of 4.8 per 100,000 people/year), followed by idiopathic and alcohol-induced pancreatitis.

Idiopathic AP, a diagnosis of exclusion, ranks as the third most common cause of AP in men (worldwide
incidence of 3.8 per 100,000 people/year) and second most common cause in women (worldwide incidence
of 1.9 per 100,000 people/year). Approximately 10% of idiopathic cases are secondary to microlithiasis
when followed with abdominal ultrasound or other type of imaging study. Previous studies showed a higher
incidence of microlithiasis, ranging from 50% to 75% of the idiopathic cases. Therefore in patients with
recurrent idiopathic pancreatitis, elective cholecystectomy can be considered.

OVERALL % ETIOLOGY OF ACUTE PANCREATITIS

[ 10% Idiopathic
[C] 10% Other

[ ? 40% Stones
B 3 40% EToH

Figure 36-1. Most common causes of acute pancreatitis.

3. What is a helpful pneumonic to remember the many causes of AP?

“GET SMASHED”

G Gallstones, microlithiasis, and biliary sludge

E Ethanol, endoscopic retrograde cholangiopancreatography (ERCP)

T 3 Ts: toxins (organophosphates, methanol, scorpion bites), tumors (primary pancreatic or metastatic), trauma
(usually blunt from bicycle handle bar, steering wheel, or surgery)

S Steroids and ulcers

M Mumps and other infections (parasitic, viral, and bacterial)

A Autoimmune (autoimmune pancreatitis, immunoglobulin G4 [IgG4] disease, celiac disease, vasculitis)

S Stenosis: sphincter of Oddi dysfunction and papillary stenosis

H 3 Hs: hypertriglyceridemia, hypercalcemia, hypothermia

E Genetic: cystic fibrosis (CFTR), hereditary pancreatitis (PRSS1), others

D Drugs (azathioprine, 6-mercaptopurine, estrogen, human immunodeficiency virus (HIV) drugs, tetracycline,
sulfa, furosemide)

4. Which drugs have been reported to cause AP?
Drug-induced pancreatitis is the cause of up to 2% of patients with AP and can occur immediately upon
initiation of the drug or can be delayed by months; it must be considered as a potential etiologic factor of AP in all
patients. The World Health Organization (WHO) database lists 525 different drugs suspected to cause
AP as a side effect.

277



278 ACUTE PANCREATITIS

The causality for many of these drugs remains elusive and for only 37 of these 525 drugs a definite causality
was established (Table 36-1). Definite proof for causality is defined by the WHO classification if symptoms
reoccur upon rechallenge. Many new drugs have been released, and for several of them, cases reporting episodes
of drug-induced pancreatitis exist.

Studies have classified the drugs depending on their published weight of evidence and the clinical
presentation of the pancreatitis after the patient has been exposed to the agent. This classification is as
follows:

e Class 1: drugs with positive rechallenge (1A: excluding other causes for pancreatitis; 1B: not excluding other
causes of AP, for example, alcohol)

e Class 2: drugs with more than four cases reported in the literature

e Classes 3 and 4: no consistent data to relate the drug to AP

Table 36-1. 37 Drugs with Definite Association to Pancreatitis

DIDANOSINE ~—MOST COMMON TO LEAST COMMON— SIMVASTATIN

Asparaginase Estrogens Sulindac Phenformin Bortezomib

Azathioprine Opiates Furosemide Hydrochlorothiazide Capecitabine

Valproic acid Tetracycline Lamivudine Interferon 2o Cimetidine

Pentavalent Cytarabine Octreotide Cisplatin Metronidazole

antimonials

Pentamidine Steroids Carbamazepine Erythromycin Olanzapine

Mesalamine Trimethoprim/ Acetaminophen [traconazole Tamoxifen
Sulfamethoxazole

Mercaptopurine Sulfasalazine Enalapril Methyldopa Oxyphenbutazone

From Nitsche C, et al: Drug-induced pancreatitis, Curr Gastroenterol Rep 14(2):131-138, 2012.

5. How is pregnancy associated with AP?
AP in pregnancy is a rare condition, with a prevalence of approximately 0.001%. Cholelithiasis or microlithiasis
is present in 50% to 90% of the cases. Other causes include hyperlipidemia and medications. Most episodes
occur after the second trimester and have a favorable overall prognosis. First-trimester episodes of AP are
associated with a risk of fetal loss of approximately 20%, but surgery is preferably done after the first trimester.
In patients with biliary AP who were managed conservatively, the recurrence rate was up to 50% versus no
recurrence in those with biliary AP who underwent cholecystectomy. Therefore these patients should undergo
cholecystectomy after delivery if the patient can safely wait. Endoscopists can use x-ray shielding in
pregnant patients.

6. Which infectious agents have been implicated in causing AP?
Although an association is debated because of a lack of solid evidence, a vast number of case reports suggest a
possible interrelation between infectious agents and pancreatitis. These include:
e Viruses: mumps, coxsackievirus, cytomegalovirus, and varicella-zoster, herpes simplex, Epstein-Barr, hepatitis
A, and hepatitis B viruses, hepatitis E, influenza A and B
e Bacteria: Mycoplasma, Legionella, Leptospira, Salmonella, Mycobacterium tuberculosis, Brucella
e Fungi: Aspergillus, Candida albicans
e Parasites: Toxoplasma, Cryptosporidium, Ascaris, Clonorchis sinensis, fasciola hepatica, taeniasis

7. How do parasitic infections caused by Clonorchis sinensis and Ascaris lumbricoides cause AP?
These parasitic infections cause biliary-pancreatic obstruction. The parasites migrate into the pancreatobiliary
tract and can cause AP by blocking the main pancreatic duct and obstructing drainage of pancreatic
secretions.

8. Isthere anincreased incidence of AP in patients with HIV and acquired immune deficiency syndrome

(AIDS)?
Yes. Up to 10% of patients with HIV infection or AIDS develop AP. The cause is usually multifactorial, with
drugs and infections being the most common. The likely drugs include didanosine, trimethoprim and
sulfamethoxazole, and pentamidine. The most likely infections causing AP are cytomegalovirus,
Cryptosporidium, and Toxoplasma.

Abnormalities of lipid metabolism have been described in HIV-infected patients receiving a protease
inhibitor, including hypertriglyceridemia and hypercholesterolemia, which may lead to AP.
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Does blunt trauma to the pancreas cause AP?
Penetrating trauma (e.g., gunshot or stab wounds) may cause damage to the pancreas parenchyma and may
disrupt its duct system and result in AP.

However, the most common cause of trauma that results in pancreatitis is blunt trauma, caused by
compression of the pancreas against the spine. This is commonly caused by motor vehicle accidents with
compression of the pancreas by the steering wheel or seat belt and is usually seen in adults. Bicycle handlebar
injury to the abdomen can cause pancreatic trauma in children and adults.

Trauma causing AP can range from mild to severe injury, and the latter may include transection of the
gland. Nonrupture of the pancreatic duct causes AP, whereas acute rupture of the pancreatic duct may result in
pancreatic ascites. Injury may cause pancreatic duct strictures with resulting chronic pancreatitis.

What is pancreas divisum? Is it associated with an increased incidence of recurrent AP?

Pancreas divisum is a common congenital anomaly of the pancreatic ducts seen in whites (7%), but rare
among blacks and Asians. It occurs when the dorsal and ventral pancreatic ducts fail to fuse into one pancreatic
duct. Each of the ducts then has a separate duodenal draining site, with the ventral duct draining into the
major papilla and the dorsal duct draining into its own or accessory papilla (minor papilla). In patients with
pancreas divisum, the majority of the exocrine pancreas drains through an accessory pancreatic duct and through
an often smaller and hypoplastic accessory papilla, prompting dorsal pancreatic duct pressures to build up.
Recent reports have suggested that genetic factors such as CFTR, CLADN-2, PRSS1, or SPINKI may have a
cofactor role in the development of AP, and chronic pancreatitis associated with pancreatic divisum and
other anatomic abnormalities.

What is the relationship between hypertriglyceridemia and AP?

Hypertriglyceridemia can cause AP in up to 3% of patients. It is a more common cause of AP than
hypercalcemia. Serum triglyceride levels greater than 800 mg/dL are usually needed to induce an episode of AP.
Alcohol binge drinking and estrogen therapy can acutely drive moderate hypertriglyceridemia into the 800- to
1000-mg/dL range. These levels need to be determined when patients are on their usual medications and
eating a regular diet (not when they are fasting, which results in decreased levels). Treatment options are dietary
fat restriction and lipid-lowering agents to reduce recurrence after the initial AP episode has resolved. Even
patients undergoing pancreas transplantation with a history of hyperlipidemia have a high incidence of AP after
transplantation. Another adjuvant treatment modality is plasmapheresis.

What is the relationship between hypercalcemia and AP?

Hypercalcemia from any cause (hyperparathyroidism or paraneoplastic) can increase the risk of having an
episode of AP. There is a tenfold increased risk of AP in patients with primary hyperparathyroidism
compared with the normal population. Possible mechanisms are the calcium activation of trypsinogen to trypsin
within the pancreas.

How is the diagnosis of AP made?

The diagnosis of AP is based on clinical assessment, biochemical analysis, and radiologic evaluation (Box 36-1).

Diagnosis requires the presence of two out of three criteria to be positive.

Abdominal Pain: Most patients with AP experience epigastric pain that radiates to the back (40% to 70%)
with nausea and vomiting. Up to 30% to 40% of patients do not present with the classic clinical presentation
of pain or their pain presentation is hidden by other clinical symptoms such as altered mental status or
multiorgan system failure.

Laboratory Tests: Diagnosis of AP requires serum amylase/lipase to be three times the upper limit of normal
(ULN); levels more than five times the ULN are more specific of a pancreatic origin. Other pancreatic
enzymes tested in the serum or the urine can be used for diagnosis; however, these tests are not widely available.
These tests include pancreatic isoamylase, phospholipase A 2, elastase 1, trypsinogen-1, trypsinogen-2,
and trypsinogen-3, procalcitonin, trypsinogen-activated protein, activation peptide of carboxypeptidase
B, trypsin-2-alphal antitrypsin complex, and circulating DNA. These do not appear to be more sensitive than
amylase or lipase.

Box 36-1. Acute Pancreatitis Diagnostic Criteria (Revised Atlanta Consensus 2012)

Clinical diagnosis of AP requires two of three criteria:
1. Serum amylase or lipase >3 x ULN
2. Abdominal pain strongly suggestive of AP (epigastric and radiating to back)
3. Characteristic findings of AP on imaging, with CT best and most universally available imaging modality.

AP, Acute pancreatitis; BUN, blood urea nitrogen; CT, computed tomography; ULN, upper limit of normal.
From Banks PA, Acute Pancreatitis Classification Working Group: Classification of acute pancreatitis, 2012: revision of the Atlanta classification
and definitions by international consensus, Gut 63:102-111, 2012.
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Radiologic Imaging: Contrast-enhanced computed tomography (CECT) is the single best and most readily
available test to evaluate the pancreas. It is best used when the diagnosis and cause of AP are uncertain
or when AP is severe or complicated by infection. CECT is safest after effective hydration and most accurate
in estimating the degree of pancreatic necrosis (PNec) after 48 to 72 hours. Ultrasound is an excellent
imaging test for gallstones, but often limited in the examination of the pancreas because of obesity or gas
artifact from ileus often seen with AP. Magnetic resonance imaging with gadolinium is accurate in estimating
severity of pancreatitis, but is often impractical in patients with severe pancreatitis. Endoscopic ultrasound
(EUS) is gaining popularity to investigate for suspected microlithiasis, common bile duct (CBD), and
gallstones, and therapeutically to sample or drain walled-off necrosis or other fluid collections.

How does serum amylase compare with serum lipase in the diagnosis of AP?

Serum amylase typically increases within 6 to 12 hours of AP onset and gradually declines over the first
week. Conversely, serum lipase increases within 24 hours of AP onset and remains elevated in the serum for a
longer period than serum amylase, thereby making its sensitivity higher compared with serum amylase. Serum
amylase levels may be falsely elevated in several nonpancreatic conditions (see Question 15). Total serum
amylase is 40% from pancreatic origin and 60% from extrapancreatic sources. Therefore some studies have
shown superior specificity of serum lipase compared with serum amylase in the diagnosis of AP; combination
of enzymes does not improve diagnostic accuracy. Fractionation of elevated serum amylase into pancreatic-type
isoamylase and salivary-type isoamylase may help in the diagnosis of AP and exclude a pancreatic

source.

What are the causes of hyperamylasemia and hyperlipasemia?

e Hyperamylasemia: AP, pancreatic pseudocyst, chronic pancreatitis, pancreatic carcinoma, biliary tract
disease, increased small bowel permeability from perforation, infarction, obstruction, acute appendicitis,
ectopic pregnancy
* Other: renal failure, parotitis, macroamylasemia, malignancy with ectopic amylase production, salpingitis,

HIV infection, cirrhosis, acidosis, or ketoacidosis

¢ Hyperlipasemia: AP, pancreatic pseudocyst, chronic pancreatitis, pancreatic carcinoma, biliary tract disease,
increased small bowel permeability (perforation, infarction, obstruction), acute appendicitis
* Other: renal failure, ketoacidosis, macrolipasemia, HIV infection

What are macroamylasemia and macrolipasemia?

In these pathologic conditions, the lipase and the amylase are bound to serum immunoglobulins (IgA and IgG)
or polysaccharides, which result in a macromolecule that is not easily excreted by the kidney. Poor renal
clearance results in increased levels of these serum enzymes. Diagnosis is made by measuring the levels of
amylase or lipase in the serum as well as in the urine. In macroamylasemia and macrolipasemia, the serum levels
are elevated but the urine levels are low or undetectable. These conditions have been associated with celiac
disease, HIV, inflammatory bowel disease, and sarcoidosis.

What cause of AP should be suspected in patients who present with normal serum amylase levels?
e Delayed presentation (amylase has already returned to normal)

¢ Alcoholic pancreatitis presenting as AP superimposed on chronic pancreatitis (burned out gland)

e Severe hypertriglyceridemia (high triglycerides can interfere with measurement of amylase)

Does the magnitude of hyperamylasemia or hyperlipasemia correlate with the severity of AP?

No. The levels of amylase and lipase do not correlate with the severity of AP or its prognosis. Serial
measurements in patients with AP are not useful to predict prognosis or for altering management; therefore if
elevated initially, there is no need to follow levels.

What is the most reliable serum marker for diagnosing biliary AP?

The positive predictive value of alanine aminotransferase (ALT) value is more than 150 U/L is 95%.

A combination of increased alkaline phosphatase, total bilirubin, direct bilirubin, amylase, and lipase levels
may be used in prediction of biliary pancreatitis with a positive predictive value of 80%.

How is AP classified?

The revised Atlanta classification (2012) divides AP into mild, moderate, and severe disease.

e Mild AP: No organ failure and no local or systemic complications; is associated with a self-limited
course.

e Moderate AP: Organ failure resolves within 48 hours or local or systemic complications without persistent
organ failure.

e Severe AP: Consists of persistent single or multiorgan failure for more than 48 hours. These patients usually
have one or more local complications and are at an increased risk of death.

The level of severity and survival can be predicted by clinical scores (see Question 21), including Ranson’s

criteria and Acute Physiology and Chronic Health Evaluation (APACHE II) score.
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The Atlanta symposium recommends assessing the following organ systems to define organ failure:
¢ Cardiovascular: Shock (systolic blood pressure less than 90 mm Hg)
¢ Respiratory: Pulmonary insufficiency (PaO,/FiO, less than 400)
® Renal: Renal failure (serum creatinine greater than 1.4 mg/dL)

21. What prognostic scoring systems are used to assess the severity of AP?

The most widely used clinical prognostic scores include Ranson’s criteria, the Glasgow prognostic criteria,

the APACHE II classification system, and the Balthazar computed tomography (CT) severity index; the most

recent addition is the bedside index of severity in AP (BISAP). There are many free applications and online
calculators that can be used for all of these scoring systems (e.g., http://www.mdcalc.com/ and http://
medcalc3000.com/BISAPScore.htm)

¢ Ranson’s criteria: Consists of 11 indices measured at two time stages (admission and at 48 hours after
admission). Ranson’s criteria are limited by required delay of 48 hours to evaluate 6 of the 11 variables. The
total score correlates with severe AP, PNec, and mortality.

e Glasgow prognostic criteria: These criteria reduce the 11 indices used in Ranson’s criteria to 8. They are
used to obtain the prognosis of gallstone-induced AP. The limitations of the Glasgow criteria are that it uses SI
units (not used in the United States) and is solely determined after 48 hours of admission.

® APACHE II classification system: This scoring system can be used at any time after admission. This score
uses age and acute physiologic parameters that are only commonly used in the intensive care unit. A score of 8
or more is associated with a high mortality. It has an accuracy of approximately 90%.

Patients with pancreatitis and poor outcome usually have systemic inflammatory response syndrome (SIRS).

The SIRS criteria consist of the following and can be determined any time during the patient’s admission:

e Heart rate greater than 90 beats/min

e Temperature greater than 38° C or less than 36° C

© Respiratory rate greater than 20 breaths/min or PaCO, less than 32 mm Hg

e White blood cell count greater than 12,000 cells/mL or less than 4000 cells/mL or greater than 10%
band forms

e Balthazar CT severity index is a scoring system based on CECT findings of inflammation, presence of
collections, and degree of necrosis. It differentiates AP into interstitial pancreatitis and necrotizing
pancreatitis. In general, interstitial pancreatitis (interstitial edema and inflammation) is associated with mild
disease with a mortality rate of approximately 1%. Conversely, necrotizing pancreatitis (focal or diffuse
necrosis) is associated with severe disease, needing more intensive management and having a mortality rate of
10% in patients with sterile necrosis and up to 30% in patients with infected necrosis. In survivors, the
presence of PNec predicted a more severe outcome (major complication, longer hospitalization, and death).
A CT severity index of less than 2 is associated with a low morbidity and mortality. On the other hand, a score
of greater than 5 is 17 times more likely to predict prolonged hospitalization and 10 times more likely to
predict the need for surgical debridement of the necrosis, and the patient is 8 times more likely to die.

e BISAP is a new, simpler prognostic scoring system, which is as accurate as the APACHE II and
Ranson’s criteria for prognosis in AP. The BISAP is applicable within the first 24 hours of presentation.

It uses five criteria, for which one point is given if present; these include blood urea nitrogen

(BUN >25 mg/dL), altered mental status (Glasgow coma score <15), age >60 years, presence of SIRS, and
presence of pleural effusions. Patients with a score of O had a mortality of less than 1%, whereas patients with a
score of 3 or more had a mortality rate of approximately 15% (Table 36-2).

Table 36-2. BISAP Score

CRITERIA POINTS
BUN >25 mg/dL 1
Impaired mental status 1
Presence of SIRS (> two criteria) 1
Age >60 years 1
Presence of a pleural effusion 1

BISAP, Bedside index of severity in acute pancreatitis; BUN, blood urea nitrogen;
SIRS, systemic inflammatory response system.

22. What is the role of serum markers in assessing the severity of AP?
Several serum markers can in theory be used for prognosis and enable us to distinguish between mild and
severe pancreatitis; however, data are very limited. These markers are trypsinogen activation peptide,
polymorphonuclear leukocyte elastase, interleukin (IL) 6, IL-10, IL-8, tumor necrosis factor, platelet activation



282 ACUTE PANCREATITIS

23.

24.

25.

26.

27.

factor, procalcitonin, antithrombin III, substance P, C-reactive protein, and hematocrit (hemoconcentration).

Only two are clinically useful:

A. C-reactive protein has been used in Europe with good levels of accuracy in predicting severe pancreatitis
at 48 hours after admission, but not at admission.

B. Hematocrit levels of 44 (hemoconcentration) at admission and failure to decrease in 24 hours may be
predictive of necrotizing AP and organ failure. This is especially useful when combined with elevated BUN
on admission. Both should decrease with adequate hydration.

What are other prognostic indicators in AP?

Mortality during the first week of AP results from SIRS (see Question 21). Alcohol-induced AP has been
associated with increased risk of necrotizing pancreatitis and necessity for artificial ventilation. An interval
between the onset of symptoms and hospital admission of less than 24 hours, as well as rebound tenderness
or guarding on presentation, is associated with increased severity of AP. An additional prognostic factor is
elevated body mass index. Obese individuals tend to have severe AP with increased associated morbidity and
mortality compared with nonobese patients. The presence of visceral adiposity and increased waist
circumference are poor prognostic factors.

What are the major systemic complications of AP?

e Respiratory failure: Acute respiratory distress syndrome is found in 20% of patients with acute severe
pancreatitis. Exudate pleural effusion, left more frequent than right, may occur, with diagnosis made by the
finding of high amylase levels in the pleural fluid more so than in the serum.

e Renal failure: Renal hypoperfusion leads to acute tubular necrosis.

e Shock: Shock is caused by third spacing of fluids, peripheral vasodilatation, and depressed left ventricular
function.

¢ Hyperglycemia: Insulin deficiency caused by islet cell necrosis or hyperglucagonemia results in
hyperglycemia.

¢ Disseminated intravascular coagulation: Antithrombin III value of 69% at admission was the best cutoff value
to predict fatal outcome, having a sensitivity of 81% and specificity of 86%.

¢ Fat necrosis: Tender red nodules on the skin (subcutaneous tissue) suggests fat necrosis. This is caused by
elevated circulating lipase, which can also affect peritoneum, mediastinum, bone, pericardium, pleura, and
joints; the latter can mimic acute arthritis.

¢ Retinopathy (Purtscher’s disease): Retinopathy is a very rare complication caused by occlusion of the posterior
retinal artery with aggregated granulocytes.

¢ Encephalopathy: Encephalopathy is manifested by several stages ranging from agitation and disorientation to
hallucinations and coma.

When is infection of PNec suspected?

Infection of PNec usually occurs 5 to 14 days after the onset of the disease (median time 8 days). The hallmark of
infected PNec is failure to improve, ongoing fever, tachycardia, hypotension, leukocytosis, and worsening
abdominal pain. In this case, CECT should be performed to diagnose and localize the area of necrosis and fine-
needle aspiration performed (Gram stain and culture) to determine whether the necrosis is sterile or infected.
If infected PNec is found and the patient is stable, antibiotics are initiated according to the organism and
sensitivity. The presence of gas bubbles within the pancreas or in the retroperitoneum suggests the presence of
pancreatic infection.

What is the most common organism isolated in infected PNec?

Infected PNec is usually caused by a single organism (80%). The infection results from bacterial translocation
of intestinal flora via hematogenous, biliary, and lymphatic spread with colonization of the pancreatic
necrotic tissue. The organisms most commonly isolated are Escherichia coli (50%), Enterococcus spp.,
Staphylococcus spp., Klebsiela spp., Proteus spp., Pseudomonas spp., Streptococcus faecalis, and Bacteroides spp.
(and, rarely, Candida spp.).

Medical treatment depends on stability of the patient. If the patient is unstable, then debridement is the
therapy of choice—this is the usual clinical situation. However, if the patient is stable, then adjusting the
antibiotic coverage based on the sensitivity from the aspirate is an alternative initial management decision. If the
patient does not improve, debridement is indicated.

How is AP treated?

The first 24 hours of AP are referred to as the “golden hours,” an opportunity to minimize morbidity and
mortality by maintaining microcirculation of the pancreas and intestine. Aggressive fluid resuscitation
should begin in the emergency department with 1 to 2 liters of lactated Ringer’s solution and then continued at a
rate of 150 to 300 mL/h intravenously continuously for the first 24 hours (roughly 2 to 3 mL/kg/h, adjusted
by physical examination and preexisting comorbid conditions), and then titrated based on urine output or
change in BUN and hematocrit. Lactated Ringer’s solution is an alkalizing solution that contains calcium and
has been proven to be more effective in reducing SIRS and mortality than saline solutions. In cases of AP
associated with hypercalcemia, lactated Ringer’s solution should be avoided.
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Mild AP is treated with general supportive care as described previously. A nasogastric tube can be placed for
ileus with distention or nausea with vomiting. In AP, there is no role for prophylactic antibiotics.

Severe AP has a higher morbidity and mortality. Thus supportive care should be given in a monitored
setting (intensive care unit), and special attention given to the development of systemic complications and to
restoring and monitoring volume status. In patients with PNec, there is no role for the use of prophylactic
antibiotics, as they may promote the development of resistant organisms or fungal suprainfection.

If PNec becomes infected and debridement is needed, the standard approach has been open surgical
debridement. Postpone the procedure 30 days after the onset of the pancreatitis if the patient is stable. This
approach was associated with less mortality but more long-term antibiotic use, fungal pancreatic infection, and
antibiotic-resistant bacteria compared with immediate debridement (see Question 26).

New alternatives to open surgical debridement include a laparoscopic approach such as video-assisted
retroperitoneal debridement and transperitoneal debridement. More recently, endoscopic necrosectomy has
been demonstrated to be safe and effective. It is associated with a definitive resolution rate of 76%, a mortality
rate of 5%, and a morbidity rate of 30% (mean of four endoscopic sessions).

When and via what route should nutritional support be initiated in patients with AP?

Resumption of enteral nutrition should be the goal in the treatment of AP. It should be started as soon as the
patient is able to eat and does not have nausea, vomiting, or evidence of abdominal ileus. In mild AP, there is no
role for parenteral feeding or nasojejunal enteral feeds, because patients tend to start oral intake within 1 week
after onset of the disease. If oral feeding is predicted not to resume for a period of more than 5 to 7 days, other
sources of nutrition should be considered. Total parenteral nutrition (TPN) is associated with line infections and
increased bowel permeability. There is strong evidence that using enteral nutrition is more beneficial than TPN
as it preserves the bowel function and integrity and reduces bacterial translocation (decreasing pancreatic
infection). This can be given via nasojejunal tube feeds; however, postpyloric placement of a feeding tube is not
necessarily required. In addition, enteral nutrition is less expensive than those of TPN. The delivery of elemental
or semielemental formulas into the duodenum has been shown to decrease pancreatic stimuli by 50%. Also, a
small randomized study showed no difference in morbidity and mortality between nasogastric delivery of
nutrition (low-fat, semielemental formula) versus nasojejunal delivery. If TPN is elected, adding intravenous
(IV) fat emulsions when using TPN is generally safe and well tolerated as long as baseline triglycerides are less
than 400 mg/dL and there is no previous history of hyperlipidemia. Use of IV glutamine may be beneficial in
reducing complications in patients with AP.

When should ERCP be performed in biliary AP?

ERCP with sphincterotomy should be performed emergently after admission when:

® There is evidence of acute cholangitis in the setting of acute biliary pancreatitis.

® There is evidence of a persistent CBD stone shown by radiologic or clinical features as persistent jaundice,
elevated liver function tests, or dilated CBD on abdominal ultrasound. The best clinical predictor to show
persistent CBD stone is an elevated serum total bilirubin level of greater than 1.35 on hospital day 2
(sensitivity, 90%; specificity, 63%). Magnetic resonance cholangiopancreatography (MRCP) can be used to
determine the presence of choledocholithiasis, with the advantage that it is noninvasive. Endoscopic
ultrasound before ERCP has been advocated, because it can reliably diagnose choledocholithiasis, avoiding
unnecessary ERCP in patients with no stones in the biliary tract.

e Some authors believe that patients with biliary pancreatitis that is severe or predicted to be severe
(controversial) should undergo ERCP.

¢ Pancreatic duct stenting is recommended to reduce the incidence of complications (7.7% versus 31.9%) in
patients undergoing emergency ERCP for choledocholithiasis with acute biliary pancreatitis who have
undergone a difficult sphincterotomy.

The routine use of prelaparoscopic ERCP for presumed biliary pancreatitis is not justified. In this case,
preoperative MRCP or EUS is indicated.

Patients without evidence of choledocholithiasis or with normal liver function tests or evidence of a small
stone preoperatively should have an intraoperative cholangiogram at the time of laparoscopic cholecystectomy
with bile duct exploration if needed to remove a stone. If a stone cannot be removed, postoperative ERCP is
indicated and is usually successful.

Should patients undergo a cholecystectomy after an episode of biliary AP?

Yes. There is a 20% risk of recurrent biliary complications such as AP, cholecystitis, or cholangitis that occur
within 6 to 8 weeks of the initial episode of biliary AP. These recurrent complications are associated with
increased readmissions and hospital stay.

How soon should a cholecystectomy be performed in patients with biliary AP?

In patients with mild biliary pancreatitis, laparoscopic cholecystectomy is considered safe within the first
week of the index hospitalization. Studies have shown that discharging the patient home to undergo an
elective laparoscopic cholecystectomy results in 20% of those patients experiencing adverse events that
require readmission before the scheduled surgery, which is usually planned 6 weeks after the initial
episode of AP.



284 ACUTE PANCREATITIS

32.

33.

34.

35.

36.

37.

38.

In the case of severe biliary AP, laparoscopic cholecystectomy should be delayed until after 1 week of the
initial episode, allowing the patient to recover from the acute episode.

In patients with comorbid diseases who are unable to undergo cholecystectomy, an endoscopic
sphincterotomy may be a good choice to prevent further episodes of biliary AP.

Should patients with coexisting alcoholism and cholelithiasis undergo cholecystectomy

to prevent further attacks of AP?

No. Cholecystectomy does not prevent further attacks of AP in patients with coexisting alcoholism; in

these patients, the disease follows the alcohol-related pancreatitis pattern. Alcohol abstention is mandatory
does not guarantee prevention of relapsing or chronic pancreatitis. When the serum markers suggest stone
passage, an elective cholecystectomy with liver biopsy and intraoperative cholangiogram should be considered.

What are acute pancreatic fluid collections?

Acute fluid collections are accumulations of fluid resulting from pancreatic inflammation. They occur in up
to 57% of patients with severe AP. They do not have communication with any pancreatic duct and lack a
clear wall of confinement. Their pancreatic enzyme content level is low, and most of them improve
spontaneously within 6 weeks with conservative management. A minority of these fluid collections can develop
a true nonepithelialized capsule progressing to a pseudocyst formation.

What are pseudocysts?

Pseudocysts are pancreatic fluid collections that have high pancreatic enzyme content, associated with pancreatic
duct disruption and communicate initially with the pancreatic duct. They usually develop between 4 and

6 weeks from the onset of AP. Their capsule lacks an epithelial lining (hence their name). They may occur in any
part of the pancreas or peripancreatic area, but most commonly are located at the body-tail of the pancreas.

When should a pseudocyst be suspected?

A pseudocyst should be suspected in a patient after an episode of AP who exhibits:
No improvement of AP

Persistent elevation in amylase and lipase levels

Development of an epigastric mass

Persistent abdominal pain after clinical improvement of the acute episode

What are the indications for pseudocyst drainage?

Indications for pseudocyst drainage are:

e Symptomatic (pain or abdominal bloating)

¢ Progressive enlargement (some experts believe that if it is greater than 6 cm or present longer than 6 weeks,
drainage should be considered).

e Presence of suspected complications (infected, hemorrhagic, pancreatic ascites, extrinsic abdominal
compression on organs, or obstruction)

¢ Suspected malignancy or if the diagnosis of a pseudocyst is in question

How are pancreatic pseudocysts drained?

Pseudocysts that meet criteria for drainage can be treated radiologically, endoscopically, or surgically, depending

on its location, size, and relationship with the pancreatic ducts as well as the experience of the physician

performing the procedure.

e Asymptomatic pseudocysts or small ones (less than 6 cm) generally are treated conservatively and followed
with abdominal ultrasound.

e Surgical drainage is the gold standard.

¢ Radiologic drainage can be done via CT-guided percutaneous catheter drainage. This procedure is mostly
reserved for high-risk patients who cannot undergo surgery or who have an immature pseudocyst or infected
pseudocysts.

e Endoscopic drainage can be performed with guidance of EUS when the pseudocyst is adherent to the
stomach or the duodenum. It can be done by creating a cystgastrostomy or a cystduodenostomy or by insertion
of a stent via the ampulla into the PD and into the pseudocyst cavity.

What are possible complications of an untreated pancreatic pseudocyst?

e Infection: Diagnosis made by pseudocyst aspiration; may be treated with drainage.

e Pancreatic ascites: Leakage of the pseudocyst contents or pancreatic duct into the abdominal cavity may
occur. Aspiration with analysis of ascitic fluid (high amylase and high protein) may be diagnostic, and
placement of a stent into the pancreatic duct is a treatment choice, combined with the use of octreotide;
nothing per mouth and TPN improve the outcome. If this fails, a surgical approach should be considered.

e Fistula formation: Usually occurs after external drainage of the pseudocysts.

e Rupture: Secondary to a rupture of the pseudocyst into the abdominal or thoracic cavities. Manifesting as
acute abdomen or pleural effusion. Surgical approach is the treatment of choice.

¢ Bleeding: Bleeding is the most life-threatening complication. It occurs when the pseudocyst erodes into
an adjacent vessel (pseudoaneurysm); blood becomes confined in the cyst versus spontaneous drainage into
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the gut via the pancreatic duct or a fistula formation, so-called hemosuccus pancreaticus. This condition
should be suspected in patients with AP and gastrointestinal bleeding or who have an acute, unexplained
decrease in the hematocrit with abdominal pain. This can be diagnosed by abdomen CT and should be
treated with embolization of the vessel.

e Obstruction: Pseudocysts can cause obstruction of (1) the biliary system (especially the CBD when
located at the head of the pancreas), (2) vessels (inferior vena cava, portal vein), (3) intestinal duodenal
obstruction, and (4) urinary system obstruction.

¢ Jaundice: May be due to the pseudocyst occluding the CBD.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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1. What classification system is used for chronic pancreatitis (CP)?
CP is a continuous itreversible inflammatory and fibrotic condition that leads to impairment of exocrine
and endocrine function of the organ. The most used classification of CP is the Marseilles-Rome classification
modified by Sarles; this classification divides CP into four groups based on epidemiologic characteristics,
molecular biology, and morphologic characteristics (Table 37-1).

Table 37-1. Marseilles-Rome Classification

TYPE CHARACTERISTICS EXAMPLE
Calcifying CP [rregular fibrosis ETOH abuse is leading cause
(lithogenic) Intraductal protein plugs

Intraductal stones
Ductal injury

Obstructive CP Glandular changes Common causes
Uniform fibrosis ¢ Benign ductal stricture
Ductal dilation ¢ Intraductal tumor

Acinar atrophy
Improvement with pancreatic
duct obstruction removal

Inflammatory CP Mononuclear cell infiltration Associated autoimmune diseases:
Exocrine parenchymal destruction ® Primary sclerosing cholangitis
Diffuse fibrosis e Sjogren’s syndrome
Atrophy e Autoimmune pancreatitis
Asymptomatic Silent diffuse perilobular fibrosis Idiopathic senile CP

pancreatic fibrosis

CP, Chronic pancreatitis.
(From Sarles H, Adler G, Dani R, et al. The pancreatitis classification of Marseilles—Rome 1988. Scandinavian ] Gastroenterol
1989;24:641-642.)

2. What is the most common cause of CP in adults?
The most common cause of CP shows variation based on culture and geographical location. In Western societies,
alcohol abuse comprises 70% of all cases of CP, whereas in southern India, 70% of all cases are due to
tropical pancreatitis. The prevalence of other etiologic factors in US is demonstrated in Figure 37-1.

An ethyl alcohol (ETOH) consumption threshold of more than 5 drinks a day for 5 to 10 years is needed
before an associated risk for pancreatitis is evident. Furthermore, only 5% of alcoholics develop CP and only 10%
of alcoholic cirrhotics develop CP. The North American Pancreatitis Study 2 has identified that common
genetic variants in CLDN2 and PRSS1-PRSS2 loci alter risk for alcohol-related and sporadic pancreatitis.
The homozygous (or hemizygous male) x-linked CLND2 genotype confers the greatest risk for interaction with
alcohol consumption and pancreatitis. The 4 or 5:1 male/ female frequency of ETOH CP may be partially
explained by the CLND2 hemizygous frequency of 0.26 in men versus homozygote frequency of 0.07 in women.
These new findings further support the notion that a CP is the consequence of multiple injurious “hits”
and predispositions to injury. These “hits” include complex interaction between sentinel acute pancreatitis
events and immune and genetic pathways (Figure 37-2).

3. What are other causes of CP?
The TIGAR-O classification system lists possible causes of CP:
Toxic metabolic: alcoholic, tobacco smoking, hypercalcemia, hyperlipidemia, chronic renal failure
Idiopathic: tropical and cause unknown
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ESTIMATED PREVALENCE US %

O ETOH
O Idiopathic

O Other: hereditary, Ca++,
TG, tropical

O Autoimmune

Figure 37-1. Etiologic factors of chronic pancreatitis. Ca, Calcium; ETOH, ethyl alcohol; TG, triglycerides.

ETIOLOGY OF PANCREATITIS (ACUTE AND CHRONIC) Figure 37-2. Etiologic factors of acute and

chronic pancreatitis. AP, Acute
pancreatitis; CP, chronic pancreatitis;
ETOH, ethyl alcohol;

Immune Immune system Ig, immunoglobulin; IL, interleukin;

Genetic mutations Genetics system « Obesity TNF, tumor necrosis factor.

: EE%SKl/lZ « Celiac Disease
* Macrophages
* CFTR o IL-1B
« CLDN APICP
et * TNFa
T CASR * 1gG-4 (AIP)
* A1AT
Stochastic
triggers
Triggers

Stones, ETOH, drug, T TG, infections, calcium, smoking, trauma

Genetic: autosomal dominant, cationic trypsinogen PRSS1-PRSS2, autosomal-recessive/modifier genes,
CFTR mutations, x-linked, claudin (CLND)2, SPINK1 mutations, chymotrypsin-C (CTRC),
CASR, others

Autoimmune: type 1 and type 2

Recurrent and severe acute pancreatitis: postnecrotic (severe acute pancreatitis), vascular diseases or ischemia,
postradiation exposure

Obstructive: pancreas divisum (controversial), sphincter of Oddi dysfunction (controversial), duct obstruction
(tumors, posttraumatic)

4. What is autoimmune pancreatitis?

Autoimmune pancreatitis is the most recently described form of CP. It is also known as sclerosing pancreatitis,
lymphoplasmacytic pancreatitis, or idiopathic tumefactive CP. It is characterized by the presence of autoantibodies,
increased serum immunoglobulin levels, elevated Ig4 levels in the serum (usually above 140 mg/dL), and a
response to administration of corticosteroids (there is a recurrence rate of approximately 41% on discontinuation
of steroids). The patient normally presents with an abdominal mass and jaundice with complaints of
abdominal pain. Imaging shows a diffuse or focal enlargement of the pancreas with pancreatic duct stricture.
Pathologic reports show lymphoplasmacytic infiltrate. This type of CP has been associated with other
autoimmune disorders such as primary sclerosing cholangitis, autoimmune hepatitis, primary biliary cirrhosis,
Sjogren’s disease, and scleroderma (Table 37-2).

HISORt criteria proposed by the Mayo Clinic includes the presence of one or more of the following:
(H) histologic examination suggestive of autoimmune pancreatitis; (I) pancreatic imaging suggestive of
autoimmune pancreatitis; (S) serologic findings, with an IgG4 more than two times the upper limit of
normal; (O) other organ involvement, such as parotid or lacrimal gland involvement, mediastinal
lymphadenopathy, or retroperitoneal fibrosis; and (Rt) response to steroid treatment of pancreatic and
extrapancreatic manifestations.
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Table 37-2. Autoimmune Pancreatitis

TYPE 1 AIP TYPE 2 AIP
(100% JAPAN, 80% US) (PREDOMINANT IN EUROPE)
Histologic findings Lymphoplasmacytic sclerosing Idiopathic duct-centric pancreatitis
pancreatitis
Noninvasive Possible > 70% of cases Definitive diagnosis requires histologic
diagnosis examination
Mean age (yr) 70s 50s
Presentation Obstructive jaundice 75% Obstructive jaundice 50%
Acute pancreatitis 15% Acute pancreatitis & 33%
Imaging Diffuse swelling 40% Focal features ~ 85%
Focal features 40%
IgG4 association IgG4 11 serum and positive tissue Not associated with 1gG4
staining 1gG4
Other organ Multiple None
involvement
Associated IBD 2%-6% 16%
Responds to steroids Yes Yes
Longterm outcome Frequent relapses No relapses

AIP, Autoimmune pancreatitis; IBD, inflammatory bowel disease; Ig, immunoglobulin; US, United States.
From Sah RP, Chari ST. Autoimmune pancreatitis: an update on classification, diagnosis, natural history and management.
Curr Gastroenterol Rep. 2012;14(2):95-105.

5. What is tropical or nutritional pancreatitis?
Tropical pancreatitis is the most common form of CP of unknown cause that affects persons in areas of India and
countries near the equator such as Indonesia, Brazil, and Africa. In some patients a mutation in the SPINKI gene
has been found. It presents in children and young adults with abdominal pain, severe malnutrition, dilated
pancreatic duct with large duct calculi, and exocrine-endocrine insufficiency with development of diabetes
mellitus. It may result from protein-calorie malnutrition and it is linked to nutritional antioxidant deficiencies
such as zinc, copper, selenium.

6. What is obstructive CP?
Any type of obstruction of the pancreatic duct either malignant or benign can lead to CP. Causes include
strictures from trauma, calcific stones, papillary stenosis, pseudocysts, and malignant tumors. Removing the
obstruction can reverse some of the pancreatic damage and preserve organ function.
Pancreas divisum can produce a relative obstruction to flow at the minor papilla and has been associated with
development of CP. There may need to be genetic mutations as a cofactor in the development of pancreatitis.

7. What is hereditary pancreatitis?
Hereditary pancreatitis is an autosomal dominant disorder with a high penetrance in the range of 80% that
accounts for less than 1% of all cases of CP. It affects both sexes equally, and presents as episodes of recurrent
acute pancreatitis in children aged 10 to 12 years who then develop CP. Patients with this condition have
the predisposition of developing pancreatic cancer with an approximately incidence of 40% by age 70. In
hereditary pancreatitis, genetic abnormalities include mutations in the cationic trypsinogen gene (PRSS1)
and pancreatic secretory trypsin inhibitor (SPINK1); cystic fibrosis transmembrane conductance regulator
(CFTR) genes have been confirmed as major risk factors for CP. Mutations in the chymotrypsin C (CTRC)
and CASR genes are considered lesser risk factors for the development of CP. The PRSS1 mutation is the only
autosomal dominant type of hereditary pancreatitis. These genetic studies should be offered to young
patients with recurrent pancreatitis, especially those with a family history of pancreatic disease.

8. How is cystic fibrosis (CF) associated with CP?
CF is the most common autosomal recessive defect in white patients. Patients with CF besides the sinopulmonary
disease commonly have exocrine pancreatic insufficiency in the range of 85%. CF is due to mutations in the
CFTR gene (more than 1000 different genetic polymorphisms in CFTR have been identified). CFTR gene
mutations cause deranged transport of chloride or other CFTR-affected ions, such as sodium and bicarbonate,
which leads to thick, viscous pancreatic secretions, resulting in pancreatic duct obstruction and acinar cell
destruction with posterior fibrosis and pancreatitis. Pancreatitis can occur with or without other associated
manifestations of CF, and disease manifestations depend on the presence of additional genetic or environmental
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disease modifiers. It should be considered in patients with pancreatitis who have pulmonary issues as well as in
young men who have had a history of difficulty in conception.

. What is idiopathic CP?

Idiopathic CP cannot be related to alcohol abuse or other conditions previously described. It accounts for 10%

to 30% of cases of CP.

What is the most common presenting symptom of CP?

Abdominal pain is the most common symptom occurring in up to 80% of the patients. The pain is
described as epigastric that radiates to the back, is dull and constant; worsens 15 to 30 minutes after meals
and improves with sitting or leaning forward, and frequently is associated with nausea and vomiting. However,
abdominal pain may be absent in up to 23% of patients with CP.

What are the causes of weight loss in patients with CP?

Causes of weight loss include:

¢ Pancreatic exocrine insufficiency with malabsorption of proteins, carbohydrates, and fat (needs to have
more than 90% of nonfunctioning pancreas)

¢ Uncontrolled diabetes mellitus

e Decreased caloric intake as a result of fear of increasing abdominal pain (sitophobia)

e Early satiety caused by delayed gastric emptying or gastric outlet obstruction-duodenal obstruction.

Is steatorrhea an early symptom of CP?
No. Steatorrhea occurs when more than 90% of the exocrine function is impaired or insufficient. It signifies
advanced disease. It occurs before protein deficiency because lipolysis decreases faster than proteolysis. It
manifests as foul smelling, greasy, loose stools, and liposoluble vitamin deficiency (A, D, E, K).

Early symptoms of CP are nonspecific and include bloating, abdominal discomfort, pain, and change in

bowel habits.

Is diabetes mellitus an early manifestation of CP?

No. Diabetes mellitus occurs late in the course of CP. Up to 70% of patients with CP will develop diabetes
mellitus. Those with chronic calcifying disease are more likely to develop diabetes compared with those with
noncalcifying disease patients. Diabetes is caused by the destruction of the insulin-producing beta cell by the CP,
and as opposed to patients with type 1 diabetes mellitus the alpha cells that produce glucagon are also destroyed,
resulting in frequent episodes of spontaneous hypoglycemia. Patients with diabetes caused by CP suffer
retinopathy and neuropathy at the same levels compared with other types of diabetes. On the other hand,
diabetic ketoacidosis and nephropathy are uncommon.

Are measurements of serum pancreatic enzymes helpful in the diagnosis of CP?

Pancreatic fibrosis results in destruction of the acinar cell with subsequent decreased production of amylase
and lipase. These enzymes are not helpful in the diagnosis of CP. Levels may be elevated, normal, or decreased
despite clinical symptoms of pain. There is no sensitive or specific test for the diagnosis of CP; however, low
levels of trypsinogen or fecal elastase may suggest CP.

What do elevated levels of bilirubin and alkaline phosphatase suggest in the patient with CP?
Elevated levels of bilirubin or alkaline phosphatase in the setting of CP suggest biliary obstruction caused by
compression of the intrapancreatic portion of the bile duct secondary to fibrosis, pancreatic mass or carcinoma, and
edema of the organ. Also, elevated enzymes can be caused by alcohol intake or other hepatotoxic drugs.

What specialized test directly measures pancreatic exocrine function?

Pancreatic exocrine secretions are normally high in bicarbonate (pH=7.8 to 8). The secretin stimulation test,
with or without the administration of cholecystokinin measures the volume of these pancreatic secretions
and the concentration of bicarbonate after the injection of secretin. This is an invasive test needing placement
of a duodenal catheter (Dreiling tube) to collect the secretions. Because of its complexity, this test is not
widely available and it has a sensitivity of 75% to 95%. It is more sensitive for diagnosis of advanced disease
(Table 37-3). Endoscopic methods have been developed and are comparable to standard secretin stimulation
test; it involves aspiration of pancreatic secretions through the suction channel of the endoscope and
measurements of bicarbonate levels.

Table 37-3. Secretin Stimulation Test

BICARBONATE LEVEL RESULTS
<50 mEq/L Consistent with chronic pancreatitis
50 to 75 mEq/L Indeterminate

>75 mEq/L Normal
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What conditions may be associated with a false-positive secretin stimulation test?

Primary diabetes mellitus, celiac sprue, cirrhosis, and Billroth II gastrectomy may all result in false-positive
secretin stimulation tests. Patients in the recovery phase of an episode of acute pancreatitis may also have
false-positive results.

What indirect tests of pancreatic exocrine function are used?
Indirect tests measure pancreatic enzymes in the serum and stool or any metabolites of the enzymes in
serum, urine, or breath after an orally administered compound. Because these studies measure the level of
pancreatic maldigestion, the more advanced the disease, the more sensitive will be the measurement.
Exocrine function is significantly impaired after 90% of the secretory capacity of the organ is destroyed.
Therefore these studies are not sensitive in early pancreatic disease.
Some of the studies are:
Serum trypsin: very low (20 ng/mL) in patients with advanced CP and steatorrhea
Fecal chymotrypsin
Fecal elastase: more stable and easier to use than the chymotrypsin stool test
[14C]J-olein absorption test
Fecal fat determination: quantitative 72-hour fecal test collected after the patient follows a diet for 3 days that
contains 100 g/day of fat
e Breath tests: labeled substrates that are digested by pancreatic enzymes have been proposed for breath tests,
and are currently under study.

Are plain abdominal radiographs helpful in the diagnosis of CP?

Yes. The finding of diffuse pancreatic calcifications in plain abdominal radiographs is specific for CP. This is
seen in 30% to 40% of the patients with CP. Calcifications are not seen in early stages of the disease, so
abdominal radiograph usefulness is mostly in advanced disease. Calcium deposition is most common with
alcohol-related patients in the United States and tropical pancreatitis patients in India.

What other imaging modalities are used in the diagnosis of CP?

e Transabdominal ultrasound (US)

e Computed tomography (CT)

e Magnetic resonance imaging (MRI)

All three studies are able to show pancreatic duct dilation, calcifications, pancreatic duct filling defects, and
pseudocysts. US has a sensitivity of 60% to 70% and a specificity of 80% to 90%. CT has 10% to 20% more
sensitivity than US with similar specificity. MRI shows more detail in the evaluation of the pancreatic duct.

What is the role of endoscopic retrograde cholangiopancreatography (ERCP) in the diagnosis of CP?
ERCP was previously the test of choice to visualize abnormalities in the pancreatic duct in patients with moderate-
advanced CP. It is consider the gold standard in evaluating the pancreas with a sensitivity of 90% and a specificity
of 100%. However, it is an invasive and risky procedure (complications of 5% and mortality of 0.1%). With
the development of new technology, such as the magnetic retrograde cholangiopancreatography (MRCP) and
endoscopic ultrasound (EUS), the role of ERCP has been limited to a therapeutic role. Findings on ERCP
suggestive of CP include the characteristic chain of lakes beading of the main pancreatic duct, ecstatic side branches,
and intraductal filling defects. Also, it can be useful in differentiating CP from pancreatic adenocarcinoma,
with adenocarcinoma showing a dominant stricture and CP showing ductular changes with multiple areas of
stenosis, dilation, irregular branching ducts, and intraductal calculi. In autoimmune pancreatitis, the main
pancreatic duct is narrowed with areas of stenosis, as opposed to CP with a dilated duct with areas of stenosis.

What is the Cambridge Grading system of CP based on ERCP findings?
See Table 37-4.

Table 37-4. Cambridge Grading System of Chronic Pancreatitis on ERCP

GRADE PANCREATIC DUCT SIDE BRANCHES
Normal Normal Normal
Equivocal Normal <3 Abnormal
Mild Normal >3 Abnormal
Moderate Abnormal >3 Abnormal
Marked Abnormal + one or more of the following: >3 Abnormal

Large cavity (>10 mm)

Ductal obstruction

Severe duct dilation or irregularities

Intraductal filling defects or calculi

ERCP, Endoscopic retrograde cholangiopancreatography.
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What is the role of EUS in the diagnosis of CP?

EUS allows excellent visualization of the pancreatic duct and the parenchyma. CP can be diagnosed based
on abnormal ductal findings or abnormal parenchymal findings (see Question 24). A minimum of three
criteria are needed to diagnose CP. Studies comparing ERCP with EUS have shown good correlation of the
findings in patients with CP. In mild CP, EUS may show abnormalities not seen in the ERCP or functional
testing. Novel imaging techniques such as contrast-enhanced EUS and elastography seem promising for

the evaluation of CP, pancreatic cancer, and autoimmune pancreatitis.

What are the EUS criteria for the diagnosis of CP?
See Table 37-5.

Table 37-5. Chronic Pancreatitis (Endoscopic Ultrasound Criteria)*

Ductal findings Dilated main duct
Dilated side branches
Duct irregularities
Hyperechoic duct margins
Stones/calcifications

Parenchymal findings Hyperechoic foci
Hyperechoic strands
Gland lobularity

Cystic cavities

*The more findings, the more likely is the accuracy of diagnosis of chronic pancreatitis

What is the role of MRCP in the diagnosis of CP?

MRCP is an excellent initial study for the evaluation of CP, because it is a noninvasive test and evaluates
both pancreatic parenchyma and ducts. Studies show good correlation with the ductular findings obtained
in MRCP with those obtained in ERCP. MRCP visualizes ductular anatomy, including strictures, and is able
to identify cysts not connected with the ductular system. Its limitations are the inability to evaluate areas
where the pancreatic duct is small (pancreatic tail or side branches). Secretin-enhanced MRCP can help
characterize subtle pancreatic disease by improving imaging of the pancreatic duct anatomy, however this
adds a significant cost to the study.

What is the most common complication of CP?

The most common complication of CP is the development of pseudocysts, which occurs in 20% to 40% of

patients. Pseudocysts should be suspected in patients with stable CP who have:

e Persistent abdominal or back pain

¢ Development of an epigastric mass that may cause obstructive symptoms, such as nausea, vomiting, and
jaundice

Pseudocysts can be:

e Acute (resolution within 6 weeks) or

¢ Chronic (no self-resolution and persisting for longer than 6 weeks)

How are pseudocysts treated?

Asymptomatic pseudocysts or ones that are not increasing in size (usually less than 6 cm) are generally treated

conservatively and followed with abdominal US. Pseudocysts that meet criteria for drainage can be treated

radiologically, endoscopically, or surgically, depending on location, size, experience of the physician performing
the procedure, and relationship with the pancreatic ducts.

Surgery is the gold standard. It is done in patients who have had:

e Failure with percutaneous or endoscopic drainage (increases morbidity)

e Multiple or large pseudocysts

e Complications such as fistulas, bleeding, pseudocysts near the ampulla or pancreatic duct obstruction

¢ High suspicion for malignancy

Radiology can be done via percutaneous catheter drainage; this procedure is mostly reserved for high-risk patients
who cannot undergo surgery, for immature pseudocysts, and for infected fluid collection.

Endoscopic drainage can be performed with the support of EUS when the pseudocyst wall has had enough
time to mature and is adherent to the stomach or the duodenum. It can be done by creating a cystgastrostomy
or a cystduodenostomy or with the insertion of a stent via the ampulla through the pancreatic duct into
the pseudocyst cavity.
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What are other complications of CP?

e Distal common bile duct (CBD) obstruction occurs in 5% to 10% of patients with CP. Compression of the
intrapancreatic portion of the CBD at the head of the pancreas by edema, fibrosis, or pseudocyst causes
jaundice, pain, dilated ducts, and potentially cholangitis. If untreated, it can lead to biliary cirrhosis.

e Diabetes mellitus is a late complication, and occurs in up to one third of patients with CP.

Duodenal obstruction occurs in 5% of patients with CP. External compression of the duodenum by the

pancreas causes nausea, vomiting, weight loss, gastric outlet obstruction, and postprandial gastric fullness.

External pancreatic fistulas occur after surgical or percutaneous drainage of a pseudocyst or wall of necrosis.

Internal pancreatic fistulas occur spontaneously after pancreatic duct rupture or pseudocyst leakage.

Pseudoaneurysms are pseudocyst erosions into the splenic vein causing hemosuccus pancreaticus.

Splenic vein thrombosis is due to pancreatic inflammation or pseudocyst obstruction in the pancreas with

subsequent gastric varices formation.

e Patients with CP have a lifetime predisposition to pancreatic adenocarcinoma of 4%.

How is distal CBD obstruction diagnosed and treated?

Distal CBD obstruction should be suspected in the setting of CP with elevated alkaline phosphatase

as an early finding. Subsequently, jaundice or ascending cholangitis may occur. They are caused by
inflammation, fibrosis, or pseudocyst formation at the head of the pancreas. Imaging studies such

as MRCP may demonstrate narrowing of the distal CBD in form of gradual tapering, bird beak stenosis, or
hourglass stricture.

Treatment options in the case of no complications (cholangitis, secondary biliary cirrhosis), include
observation of the patients for at least 2 months with serial liver function tests (LFTs). If any complication
or persistent elevated LFTs are seen, surgical decompression is warranted. Endoscopic biliary stent is often
chosen as the first line treatment for CBD strictures; however, it provides temporary relief and needs frequent
stent exchange because of blockage or migration. Surgical biliary bypass with cholecystojejunostomy or
choledochojejunostomy provides better long-term outcomes than endoscopic therapy, and therefore is
preferred for younger patients. If pseudocyst is the cause of the biliary obstruction, decompression of the
pseudocyst should be the initial approach, and if not amenable to endoscopic drainage then surgical biliary
decompression may be combined with cystojejunostomy.

How is duodenal obstruction diagnosed and treated?

Duodenal obstruction is suspected in the setting of early satiety and postprandial abdominal bloating or
diagnosis of gastric outlet obstruction. It is best diagnosed by upper gastrointestinal series. Treatment
includes initial supportive therapy; however, persistent obstruction warrants surgical approach, usually
gastrojejunostomy. If biliary obstruction is also present, biliary bypass is performed and may be combined
with pancreatojejunostomy, if persistent pain resulting from pancreatic duct obstruction is present. If the
patient is not a good surgical candidate, endoscopic placement of a duodenal stent is an option.

How are pancreatic fistulas treated?

The general approach for the treatment of pancreatic fistulas includes reducing pancreatic secretions with
somatostatin analog (octreotide 50 to 250 mcg subcutaneously every 8 hours), and keeping the pancreas at
rest by using total parenteral nutrition with nothing by mouth. This approach takes several weeks, and
sometimes a more invasive intervention is needed.

Other approaches are ERCP placement of a pancreatic duct stent if the pancreatic disruption site is
identified, or surgical decompression or resection if there is persistence of the fistula after failed medical
treatment.

If pancreatic ascites or pancreatic pleural effusion develops, large-volume paracentesis with diuretics or
thoracentesis with diuretics, respectively, may be an additional type of treatment.

How is pancreatic ascites or pancreatic pleural effusion diagnosed?

There needs to be a high index of clinical suspicion. The diagnosis is made by examining the fluid obtained
from the paracentesis or thoracentesis, which typically has an elevated concentration of amylase (normal
amylase level <150 IU/L, but it is usually >1000 IU/L), lipase and albumin more than 3 g/dL. The serum-
albumin ascites gradient is less than 1.1 g/dL.

Why does the presence of gastric varices in the absence of esophageal varices suggest CP?

The splenic vein travels above the body and tail of the pancreas. Chronic inflammation with CP may

lead to splenic vein thrombosis in approximately 12% of patients. Splenic vein thrombosis leads to intrasplenic
venous hypertension, splenomegaly, and collateral formation of gastric varices through the short gastric
veins. Although massive gastrointestinal bleeding can occur from gastric varices caused by CP, it is an
uncommon occurrence. Splenectomy is the treatment of choice if bleeding persists.

Are signs of fat-soluble vitamin deficiencies highly suggestive of CP?

No. Although absorption of fat-soluble vitamins (A, D, E, and K) is decreased in CP, clinical manifestations
of deficiency of these vitamins are uncommon. However, long-standing CP may be associated with vitamin
D deficiency and other fat-soluble vitamin deficiency.
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Are patients with CP predisposed to nephrolithiasis?

Yes. Patients with steatorrhea have high concentrations of long-chain fatty acids in the colon that bind to
intraluminal calcium by formation of insoluble calcium soaps. With less calcium in the lumen to bind with
oxalate, more oxalate is absorbed, which increases concentration in the blood stream and subsequently in
the kidney, producing oxaluria and nephrolithiasis.

How should hyperoxaluria be treated in patients with CP?

Hyperoxaluria is treated with pancreatic enzyme replacement, low-oxalate diet, diet with low
concentration of long-chain triglycerides, and increased intake of calcium (3 g/day) or aluminum in the
form of antacids (3.5 g/day).

Can patients with CP develop vitamin B¢, malabsorption?

Yes. Pancreatic proteases usually destroy cobalamin binding proteins and allow the By, to bind to the
intrinsic factor. In pancreatic insufficiency, vitamin By,, instead of binding to intrinsic factor, competitively
binds to the cobalamin binding protein, which decreases the absorption of the vitamin in the terminal ileum.
Vitamin By, malabsorption can occur in 40% of the patients with CP because of lack of pancreatic proteases.
The treatment of choice is pancreatic enzyme supplementation.

How is steatorrhea from CP treated?
Steatorrhea occurs when less than 10% of the exocrine pancreas is functional. The main therapeutic modality
in the treatment of steatorrhea is pancreatic enzyme replacement.

Pancreatic enzymes replacement consists of lipase to prevent fat and other pancreatic enzymes to treat
malassimilation. The initial starting dose is 30,000 IU or more with each meal. It is given during the meal to
ensure adequate mixing and with meals or snacks. Pancreatic enzymes tend to be inactivated by acid. They are
available in two forms: nonenteric (easily inactivated by gastric acid, appropriate for achlorhydric and Billroth II
patients) and enteric-coated form, which improves effectiveness in the presence of gastric acid. However, lipase
is only released from coated spheres once the pH is higher than 5, which occurs in distal segments of the gut in
some patients with exocrine pancreatic insufficiency. Therefore proton pump inhibitors need to be given
concomitantly.

Dietary modifications are a last resort and consist, first, of restricting fat intake usually to less than 20 g/day
and giving medium-chain triglycerides (MCT), which do not need lipase, or biliary salts for its degradation and
subsequent absorption. These MCTs are given after unsuccessful treatment with restricting fat intake and
pancreatic enzymes.

What are nonsurgical modalities for pain control in CP?

Abdominal pain is the most common symptom of CP. It is important to initially consider lifestyle modifications

such as alcohol and smoking cessation; small, low-fat meals; and the use of nonnarcotic analgesics (such as

amitriptyline and pregabalin). In the case that these measures do not work, a step-up approach is usually needed.
With persistent abdominal pain, the approach can be divided between medical treatment and surgical
treatment (to be discussed in Question 41).
Medical treatment for persistent pain includes:

o Pancreatic enzyme supplement may decrease abdominal pain by diminishing the stimulation of the pancreas
and decreasing the abdominal distention and diarrhea associated with malassimilation. In the case of
chronic pain, the best form of pancreatic enzymes is the one with high protease content and noncoated
instead of high-lipase and enteric-coated form used for steatorrhea.

¢ Somatostatin at a dose of 200 mcg subcutaneously every 8 hours may also reduce the pain of CP. However, it has
not been shown to be effective in a randomized control study.

¢ Narcotic analgesics may be needed in patients with inadequate control with previous measures; however, drug
addiction is a significant risk if pain persists.

o Celiac plexus blockage by alcohol or steroids has limited effectiveness in decreasing pain; it lasts between 2 and
6 months and repeated sessions are required.

e Single-dose external beam radiation has been shown to improve pain.

Does endoscopy have a role in pain control in CP?

Endoscopy may have a role in the management of pain in CP in patients who have a ductal obstruction by a
dominant stricture or an obstructing stone or stones in the pancreatic duct. No randomized study with good
statistical power has been done to show effectiveness of endoscopic management of pain in CP. Some small
studies have shown that endoscopic sphincterotomy with pancreatic stricture dilation and pancreatic duct stent
placement relieves recurrent pain associated with CP. Other studies have shown pain improvement after
removal of pancreatic stones with the combination of pancreatic duct sphincterotomy, extracorporeal
lithotripsy, and stone extraction.
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What is the role of surgery in pain control in CP?

The role of surgery is reserved for those patients with persistent pain despite medical treatment. The role of

surgery is to decompress the pressure inside of the pancreas. They are technically difficult procedures; however,

pain relief can be achieved in 80% of patients.

Several surgical modalities are commonly used:

e Lateral pancreatojejunostomy (modified Puestow procedure) is preferred in patients with distal duct
obstruction in the head of the pancreas.

e Pancreatoduodenectomy with pylorus preservation or with antrectomy “Whipple procedure” is used in
patients with diffuse glandular disease.

e Partial resection of the pancreas is preferred for patients with localized small duct disease usually in the tail of
the pancreas.

¢ Duodenum-preserving pancreatic head resection has similar indications as the Whipple procedure.

¢ A Thoracoscopic splanchnicectomy denervation procedure has a high response rate; however, pain relief is
often incomplete.

Multiple studies have shown that organ-preserving surgeries are better in achieving pain control, likely because

of less extensive (advanced) disease, but there is no change between procedures regarding preservation of

endocrine and exocrine function. Despite surgery, the progression of pancreatitis continues. Several studies have

shown that surgical approach is superior to endoscopic therapy for relief of pain.

Please access ExpertConsult to view a Clinical Vignette for this chapter.
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PANCREATIC CANCER
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1. How common is pancreatic cancer (PC)?
The global annual incidence rate of PC is approximately 8 per 100,000 persons per year. In the United
States, of an estimated 45,220 people who are diagnosed with PC annually, approximately 38,460 people will die
from disease progression. The lifetime risk of developing PC is 1.47% (1 in 68 in men and women), and it is the
fourth most common cause of cancer-related deaths after lung, prostate, and colorectal cancer.

2. What are the most common types of pancreatic neoplasms?
Adenocarcinoma is the most common type of pancreatic neoplasm with almost 90% arising from the ductal
epithelium. The remaining pancreatic neoplasms consist of neuroendocrine tumors, cystadenocarcinomas,
acinar cell carcinoma, and lymphomas.

3. Where are the cancers located in the pancreas?
Sixty to seventy percent of cancers are localized to the head, 5% to 10% in the body, and 10% to 15% in the tail
of the pancreas (Figure 38-1). The size of cancer in the head ranges from 2.5 to 3.5 cm compared with 5 to 7 cm
for those located in the body and tail.

5%-10% body Figure 38-1. Distribution and location of pancreatic
cancer. Tumors of the head of the pancreas are those
arising to the right of the superior mesenteric-portal vein
confluence. Tumors of the body of the pancreas are
defined as those arising between the left edge of the
superior mesenteric-portal vein confluence and the left
edge of the aorta. Tumors of the tail of the pancreas are
3 10%-15% those arising to the left of the left edge of the aorta.
70-1970  (Adapted with permission from AJCC cancer staging
tail handbook, ed 7, Chicago, 2010, American Joint Committee
on Cancer. 2010.)

60%-70%
head

Superior
mesenteric

vein Head ) Body Tail

4. What are the clinical presentations of PC?
Jaundice caused by biliary obstruction is the most common (>50%) presentation among patients with
pancreatic head cancer (Table 38-1). Jaundice may not develop or be a late presentation in cancer located in the
body or tail of the pancreas. It also could indicate advanced metastatic disease to the liver. Abdominal pain
localized to the upper abdomen or mid and upper back can be a major symptom and could point to invasion of the
celiac or superior mesenteric arteries. Other symptoms such as nausea, weight loss, floating stools, and
dyspepsia can be seen. New-onset type 2 diabetes mellitus or presentation with acute pancreatitis should call

Table 38-1. Clinical Presentations in Pancreatic Cancer

SYMPTOM PERCENTAGE
Abdominal pain 78-82
Anorexia, early satiety 62-64

Jaundice 56-80

Weight loss 66-84

Diabetes 97

Back pain 48
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attention to PC. Advanced tumor involvement of the duodenum can result in gastric outlet obstruction. Less
common manifestations include panniculitis and depression.

. What are the named clinical signs in PC?

Courvoisier sign is a palpable, distended, gallbladder in the right upper quadrant in a patient with jaundice
resulting from bile duct obstruction secondary to PC. However, this finding is not specific to PC. Patients
with distal cholangiocarcinoma or an ampullary mass may present similarly. Trousseau’s syndrome is a
manifestation of PC as superficial or deep vein thrombosis.

. What are the identifiable risk factors for PC?

Smoking is firmly linked to PC, with current smokers having an odds ratio (OR) of 2.2 compared with
nonsmokers for developing PC. This OR decreases to 1.2 for ex-smokers and the risk becomes equivalent to
that of nonsmokers 10 to 20 years after smoking cessation. A study examining several detoxifying genes
mediating the degradation of tobacco identified that variants in genes, such as CYP1B1-4390-GG and uridine
5’-diphospho-glucuronosyltransferase (UGT) reduced the risk of PC, whereas variants in glutathione
S-transferases (GSTMI) increased the risk. There is some evidence that dietary factors such as consumption
of red or processed meat, especially when cooked at high temperatures, and dairy products increase the risk of PC.
Also, contrary to previous thought, there seems to be no protective effect from consumption of fresh fruits
and vegetables, coffee, or alcohol intake. Obesity (body mass index >30) is associated with a relative risk of 1.19
for developing PC.

. What is the association between diabetes and PC?

Patients with long-standing diabetes (4 or more years) have a 1.5-fold increased risk of developing PC. Also,
gestational diabetes poses a risk for developing PC in later life. On the other hand, the risk of PC is high
with new-onset diabetes (five- to eightfold), suggesting a bidirectional association. There is also growing
evidence that PC can cause paraneoplastic diabetes mellitus or glucose intolerance and this can manifest a few
months to 2 to 3 years prior to the clinical presentation of PC. Diabetes improves after surgical resection of PC.
Interestingly, oral hypoglycemic agents such as metformin appear to have a protective relationship.

. Is there a risk for developing PC in patients with chronic pancreatitis?

The pooled relative risk for developing PC among patients with chronic pancreatitis is 13.3 and is estimated to be
approximately 2% per decade. The lifetime risk of developing PC in patients with hereditary pancreatitis
(autosomal dominant mutation of trypsinogen) is 40% to 55%.

What is the association of PC with inherited cancer syndromes?

Germline mutations are associated with an increased risk for PC; in particular BRAC2 gene mutations account
for the highest proportion of known cases among inherited cancer syndromes. Although identification of more
than one first-degree relative (FDR) with PC carries a substantial risk for development of PC, the precise genetic
link remains unknown. Hereditary pancreatitis and the tryptase enzymatic defect carry a potent risk for
pancreatic neoplasia by age 70 years in greater than 40% of cases. Peutz-Jeghers syndrome (PJS) is an autosomal
dominant polyposis syndrome, in which hamartomatous polyps are found throughout the gastrointestinal tract,
but neoplasia risk is greatest outside the gastrointestinal lumen (i.e., in the thyroid, breast, gonads, and especially
the pancreas). The familial atypical multiple mole melanoma syndrome is characterized by greater than 50
dysplastic nevi and malignant melanomas in two or more first- or second-degree relatives. Other conditions
associated with increased risk for PC are listed in Table 38-2.

What are the available serum markers for early detection of PC?

There is no single marker that has been shown to be ideal for detection of PC. Carbohydrate antigen (CA 19-9)
has been widely used. Using a cutoff of 37 U/mL, the sensitivity and specificity for detection of PC are 86% and
87%, respectively, and this increases to 97% and 98% at levels of more than 200 U/mL. Levels of more than 1000
U/mL can be associated with advanced disease. Importantly, high values suggestive of false-positive diagnosis are
observed in patients with jaundice and higher bilirubin levels. CA 19-9 may be useful as an independent
prognostic factor for survival and in monitoring the treatment response. Few other markers have been studied
with varying accuracy (Table 38-3).

What are the precursors to PC?

There are three known precursors (Table 38-4) to PC:

¢ Intraductal papillary mucinous neoplasms (IPMNs)

® Mucinous cystic neoplasms (MCNs) and

e Pancreatic intraepithelial neoplasms

The latter can cause noninvasive multifocal disease and are more common in patients with a strong family
history. These lesions can cause small-duct obstruction resulting in multifocal atrophy of the pancreas.
Computed tomography (CT) scan and endoscopic ultrasound (EUS) are both complementary modalities for
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Table 38-2. Association between Pancreatic Cancer and Inherited Syndromes

GENETIC RELATIVE RISK BY 70 YRS
ASSOCIATED DISEASE ABNORMALITY RISK OF AGE (%)
No history None 1 0.5
One FDR with PC ! 2.3 1.15
Three FDRs with PC ? 32 16
Familial pancreatic cancer BRACAZ2, PALB2, ATM 2 FDR: 6.4 2 FDR: 8-12
>3 FDR: 32 >3 FDR: 16-38
Peutz-Jeghers syndrome LKB1 132 36
Familial atypical multiple mole CDKN2A/CDK4 20-34 17
melanoma
Li-Fraumeni syndrome TP53 2 <5
Hereditary breast-ovarian BRACI, BRAC2 2 1
syndrome 3.5-10 5
Hereditary chronic pancreatitis PRSS1, SPHINK1 50-80 25-40
Cystic fibrosis CFTR 53 <5
Hereditary nonpolyposis syndrome hMSH2, hMLH1, hPMS1 1.3 <5
Familial adenomatous polyposis APC 4.6 <5

FDR, First-degree relative.

Table 38-3. Tumor Markers in Pancreatic Cancer

SERUM MARKER SENSITIVITY (%) SPECIFICITY (%)
CA 19-9 70-90 90

CEA 16-92 49-93

CA 50 65-90 58-73

CA 125 45-60 76-86

TIMP-1 60-99 50-90

CA, Carbohydrate antigen; CEA, carcinoembryonic antigen; TIMP-1, tissue metalloprotease 1.

diagnosing these lesions. However, imaging, cytologic examination, and serologic examination are limited in
their ability to accurately predict the malignant potential, and therefore frequent screening is important.
Generally, MCNs are managed by resection and are examined for foci of invasive cancer that portend a poor
prognosis. Main-duct IPMN (ductal diameter of >10 mm) in young patients or those with high-risk imaging
features such as mural nodules, focal masses, or a large unilocular cystic component should be resected.

12. What are the common biochemical abnormalities in patients with PC?
Patients with biliary obstruction or metastatic disease can present with elevated serum bilirubin and alkaline
phosphatase. Raised white blood cell count can be seen in patients with cholangitis. Serum amylase is
elevated in only 5% of patients. Hyperglycemia is observed in patients with new-onset diabetes.

13. What imaging modalities are used to diagnose PC?
Transabdominal ultrasound has a sensitivity of 70% for detection of tumors and has a limited role in diagnosis.
The overall sensitivity of multidetector CT (MDCT) for PC is 86% to 97% for tumors of any size, but sensitivity
of only 77% for smaller (<2 cm) lesions (Figure 38-2). The sensitivity of magnetic resonance imaging
(MRI) (E-Figure 38-3) and integrated positron emission tomogram—CT (PET-CT) is 84% and 73.7%,
respectively. While endoscopic retrograde cholangiopancreatogram (ERCP) with biliary brushings has a low
diagnostic yield of 25% to 60%, the diagnostic accuracy of EUS-guided fine-needle aspiration (EUS-FNA)
exceeds 85% to 90% (Figure 38-4). Newer imaging modalities such as cholangioscopy, optical coherence
tomography, confocal imaging, and contrast-enhanced EUS are still being investigated and could improve the
overall diagnostic accuracy.
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E-Figure 38-3. Multidetecter computed tomography scan with pancreatic mass encasing the celiac artery.



Table 38-4. Common Features of Pancreatic Precursor Lesions for Pancreatic Cancer

TYPE OF
PRECURSOR AGE CYST-TO-DUCT CYST SIZE MUCIN FROM RISK OF
LESION (YEARS) GENDER COMMUNICATION (CM) LOCATION CEA AMPULLA MULTIFOCAL MALIGNANCY
MCN 40-50 Female >Male  Usually not connected  1-3 Body and tail 1 No Rare 18%
of pancreas 80%
IPMN 60s Male=Female Connected to MD or <1 Head > tail of * Yes 20%-30% 65% (MD)
BD pancreas 80% 40% (BD)

PanIN t with Male =Female N/A Microscopic Head>tail of N/A  No Often High grade:

age pancreas unknown

Low grade <1%

BD, branch duct; CEA, carcinoembryonic antigen; IPMN, intraductal papillary mucinous neoplasm; MCN, mucinous cyst neoplasm; MD, main duct; PanIN, pancreatic intraepithelial neoplasia.
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Figure 38-2. T2-weighted magnetic resonance image with pancreatic head mass.
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Figure 38-4. Algorithm for treatment approach to pancreatic cancer. CT, Computed tomography; ERCP, endoscopic retrograde
cholangiopancreatography; EUS, endoscopic ultrasound; FNA, fine-needle aspiration. (Adapted with permission from Mohammad
Al-Haddad, John DeWitt: EUS in pancreatic tumors. In Endosonography, ed 2, St Louis, 2011, WB Saunders, pp 148-165.)

14. How has EUS influenced the management of patients with PC?
EUS is an important modality for the diagnosis and staging of PC. It is superior to CT scan for tumor staging and
is more sensitive for detecting invasion of the portal venous system and its confluence as compared with CT scan
(which is superior for assessing arterial involvement) (Figure 38-5). EUS-FNA of pancreatic tumors has a
sensitivity of 85% and specificity of nearly 100%. Diagnostic yield appears to be maximized by the presence
of on-site cytopathologic interpretation. Tumors smaller than 2 cm are better identified and targeted by EUS.
EUS can also be used for placement of fiducial markers for better targeting of the tumor during radiation
therapy and celiac plexus neurolysis for pain relief.
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Figure 38-5. Hypoechoic mass in the head of the pancreas measuring 3 x 2 cm and invading the confluence of the portal vein.
Endoscopic ultrasound—guided fine-needle aspiration of the mass revealed adenocarcinoma. PV, portal vein; SPL VN, splenic vein;
SMV, superior mesenteric vein.

15. What is the double-duct sign in PC?
The double-duct sign, noted on ERCP, demonstrates the presence of stenosis of the distal common bile duct
and pancreatic duct in the head of the pancreas (Figure 38-6). In patients with obstructive jaundice or a
pancreatic mass, the double-duct sign has a specificity of 85% in predicting PC.

Figure 38-6. Endoscopic retrograde cholangiopancreatography revealing “double-duct” sign in a patient with adenocarcinoma.

16. What are the other differential diagnoses for PC?
In the background of chronic pancreatitis, it may be difficult to distinguish PC from chronic pancreatitis.
Clinical suspicion and imaging with tissue sampling may enable this differentiation. Autoimmune pancreatitis
(AIP) can mimic PC, presenting with similar clinical features such as jaundice, weight loss, and elevated
CA 19-9 levels. A finding of increased serum immunoglobulin (IgG4) levels with diffuse pancreatic involvement
on CT is supportive of a diagnosis of AIP.

17. What high-risk groups may benefit from screening?
The International Cancer of the Pancreas Screening Consortium recommends EUS and/or MRI and magnetic
resonance cholangiopancreatography for screening high-risk individuals, who are defined as:
¢ FDRs of PC patients with at least two affected FDRs
e Carriers of p16 or BRACA2 mutations with one affected FDR
e Patients with PJS
e Patients with Lynch syndrome (hereditary nonpolyposis colorectal cancer) and 1 or more affected FDRs
However, there is no consensus on either the age to begin screening or on screening intervals.
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Table 38-5. AJCC Classification for Pancreatic Cancer (2010)
Primary Tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ™

T1 Tumor limited to the pancreas, 2 cm or less in greatest dimension

T2 Tumor limited to the pancreas, more than 2 cm in greatest dimension

T3 Tumor extends beyond the pancreas but without involvement of the celiac axis or the superior
mesenteric artery

T4 Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary tumor)

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant Metastasis (M)

MO No distant metastasis

M1 Distant metastasis

Stage Grouping

Stage 0 Tis NO MO Localized within pancreas

Stage IA T1 NO MO Localized within pancreas

Stage IB T2 NO MO Localized within pancreas

Stage IIA T3 NO MO Locally invasive, resectable

St