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GRAPHICAL ABSTRACT

Prophylactic Endo-
scopic variecal band
ligation in patients
with liver cirrhosis

Outcome: Upper
gastrointestinal
bleeding events
within 30 days
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ABSTRACT

Background Prophylactic endoscopic variceal band liga-
tion (EVL) is frequently performed in patients with liver cir-
rhosis. The aim of our study was to identify factors associat-
ed with early upper gastrointestinal bleeding (UGIB) in cir-
rhosis patients after prophylactic EVL.

Methods 787 nonemergency EVLs performed in 444 pa-
tients in two German University medical centers were ana-
lyzed retrospectively.

Results Within 30 days after EVL, 38 UGIBs were observed
(4.8% of all procedures). Bilirubin levels (hazard ratio [HR]
1.5, 95% confidence interval [CI] 1.2-2.0 for a 2-fold in-
crease) and presence of varices grade Ill/1V according to Pa-
quet (HR 2.6, 95%Cl 1.3-5.0 compared with absence or
smaller sized varices) were independently associated with
UGIB following EVL. International normalized ratio (INR)
was associated with bleeding events in the univariate anal-
ysis but did not reach statistical significance after adjust-
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ment for bilirubin and presence of varices grade IlI/IV (HR
1.2, 95%Cl 0.9-1.6 for an increase by 0.25). There was no
statistically significant association between platelet count
or fibrinogen levels and UGIB. Substitution of coagulation
products did not affect incidence of bleeding after EVL,
which also applied to patients with “coagulopathy” (INR>
1.5 and/or platelet count<50%10°/L). No association be-

tween proton pump inhibitor therapy and post-EVL UGIB
was observed.

Conclusions EVL is a safe procedure and immediate bleed-
ing complications are rare. Serum bilirubin levels and size of
varices, rather than coagulation indices, are associated with
UGIB after EVL. Our data do not support the preventive sub-
stitution of blood or coagulation products.

Introduction

Bleeding from esophageal or gastric varices is a life-threatening
complication resulting from portal hypertension in liver cirrho-
sis [1,2]. Esophageal varices are present in 40 %-60% of cirrho-
sis patients, and annual incidence of first variceal bleed is esti-
mated to be 4% [3,4]. Endoscopic variceal band ligation (EVL)
with or without nonselective beta-blocker therapy is a central
element of primary and secondary bleeding prophylaxis in pa-
tients with medium and large esophageal varices [5,6], and
has been shown to be effective in reducing bleeding complica-
tions [7, 8].

Yet, an important potential complication of EVL is proce-
dure-related bleeding, which has been described in 2%-6% of
cirrhosis patients undergoing EVL [9-11]. However, risk factors
for bleeding complications in patients receiving EVL are not
well established. Changes in routine coagulation test results
are a frequent finding in patients with liver cirrhosis. The typical
laboratory pattern of hepatic coagulopathy often includes re-
duced platelet counts (and function), elevated international
normalized ratio (INR), and decreased fibrinogen levels [12-
14]. Whether these changes directly translate into an increased
bleeding risk remains a matter of debate. At least under stable
conditions, a rebalanced hemostasis has been suggested in pa-
tients with chronic liver disease, mainly attributable to a reduc-
tion of both pro- and anticoagulatory factors [12, 15].

The primary aim of this study was to determine factors asso-
ciated with upper gastrointestinal bleeding (UGIB) in cirrhosis
patients within 30 days after prophylactic EVL. The secondary
aim was to assess the impact of substitution of blood/coagula-
tion products on bleeding risk in these patients.

Methods

A total of 1006 prophylactic, nonemergency EVL procedures
performed in an inpatient setting were retrospectively identi-
fied and studied at the University Medical Centers Hamburg
and Cologne between 01/2009 and 12/2017. Only patients
with liver cirrhosis were eligible for inclusion in the study. Pa-
tients with missing laboratory or follow-up data were excluded
from analysis. » Fig. 1 shows a detailed study flow chart.

All data were extracted from the prospectively maintained
patient data management systems used by the participating
centers. Only patients with laboratory analyses performed prior
to EVL were included in the study. Platelet count, INR, serum bi-
lirubin, and creatinine were defined as mandatory variables in

the preinterventional assessment and were documented. If
available, fibrinogen levels were also documented.

The cause of liver disease was documented in all patients,
and severity of liver disease was assessed by the Model of End-
Stage Liver Disease (MELD) score [16]. Findings during endos-
copy (size of varices, presence of red spots, number of liga-
tions) were also evaluated.

Patients with available follow-up data for at least 30 days
after EVL were included and procedure-related complications
were assessed. Follow-up data were obtained directly from the
patients at the following admission or at follow-up outpatient
visits, respectively.

This noninterventional study was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice
guidelines, and was approved by the ethics committees of the
Hamburg Medical Chamber (reference number WF-63/16) and
the Medical Faculty of the University of Cologne (reference
number 19-162). Informed consent was waived due to the ret-
rospective and observational character of the study.

Patient management

Patients were managed based on the current Baveno recom-
mendations [5]. Thus, only patients with medium to large vari-
ces underwent prophylactic EVL. Use of vasoactive agents, such
as terlipressin, was restricted to patients with active bleeding,
and was therefore not routinely used in the peri-interventional
setting. Currently, no recommendations are available regarding
management of hepatic coagulopathy [5]. Therefore, the deci-

1006 EVL procedures screened

Procedures excluded:

= Missing laboratory values
(n=148)

= Missing outcome data (n=71)

787 EVL procedures included
No early upper Gl bleeding

after EVL
(749 procedures, 95.2%)*

Early upper Gl bleeding
after EVL
(38 procedures, 4.8%)*

» Fig.1 Study flow chart. EVL, endoscopic variceal band ligation;
Gl, gastrointestinal. *Follow-up 30 days.
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sion for the preprocedural substitution of blood/coagulation
products was based on the individual assessment by the at-
tending physicians, as was the decision on the use of proton
pump inhibitors (PPIs). If the decision was made to substitute
blood/coagulation products, these were given shortly prior to
the intervention on the same day. Following EVL, patients
were instructed to stay on a diet of soft or liquid foods (e. g. ma-
shed potatoes, cream soups) for a least 3 days.

Definitions

Prophylactic EVL was defined as nonemergency EVL for the pur-
pose of prophylaxis of variceal bleeding in cirrhosis patients
without active bleeding at the time of endoscopy [5, 6].

Presence of liver cirrhosis was defined by characteristic clin-
ical (ascites, caput medusae, spider naevi, etc.), laboratory, and
radiological findings (typical morphological changes of the liv-
er, signs of portal hypertension, etc. in ultrasonography or
computed tomography scanning), or via histology, if available
[14].

Esophageal varices were graded according to the Paquet’s
classification [17].

Early UGIB following EVL was defined as presence of hema-
temesis, and/or melena, and/or firm clinical or laboratory evi-
dence of acute blood loss from the upper gastrointestinal tract
[18], which occurred within 30 days from EVL.

Statistics

Data are presented as median and interquartile range (IQR;
25%-75% percentiles), or number and percentage, respec-
tively. Comparisons between groups were performed using
chi-squared test, Fisher’s exact test, or Mann-Whitney U
test, as appropriate. Spearman rank correlation was used to
assess correlations between metric variables. A mixed Cox
proportional hazards regression model with a normal frailty
distribution was used to identify risk factors for bleeding after
ligations. This model reflects the clustering structure induced
by observing repeated events within the same patients [19,
20]. To avoid overfitting in the multivariate analysis, a step-
wise variable selection procedure (with iterations between
forward and backward steps) was applied. Additionally, the
potential impact of coagulation product substitution on
bleeding incidence was analyzed in a predefined coagulopathy
subsample (patients with INR >1.5 and/or platelet count<
50%10°/L) using the aforementioned methods. As all the ana-
lyses were considered exploratory, no correction for multiple
testing was performed and P values of <0.05 were considered
statistically significant.

Statistical analysis was conducted using IBM SPSS Statistics
version 22 (IBM Corp., Armonk, New York, USA) and RStudio
version 1.1.463 (R Foundation for Statistical Computing, Vien-
na, Austria).

Results
Patients

In total, 787 prophylactic EVL procedures performed in 444 pa-
tients were analyzed; 414 patients were undergoing their first
EVL procedure. The median age at time of EVL was 59 years,
and approximately 70% of the procedures were performed in
male patients. Alcoholic and viral etiology accounted for more
than 60% of patients/procedures. The median number of liga-
tions applied during one session was 4 (IQR 3-5). Overall, 13
patients (2.9% of patients; 1.7% of all EVL procedures) died
during follow-up, with main causes of death being acute-on-
chronic liver failure and infections. Detailed patient character-
istics are presented in » Table 1. Typical endoscopic findings in
patients with cirrhosis are shown in » Fig. 2.

Early UGIB after EVL

During the 30-day follow-up period, 38 UGIB events (4.8 % of all
EVLs) were observed at a median of 13 days (IQR 8-17) follow-
ing EVL. Only three cases of procedure-related bleeding were
observed within 24 hours after EVL (7.9% of all UGIB events),
all of which occurred during the procedure (one bleeding from
the ligation ulcer; one bleeding due to accidental removal of
the ligation band; one insufficient ligation resulting in bleed-
ing). In 31 patients (81.6%), ligation ulcers and/or esophageal
varices were identified as the source of bleeding. One patient
developed UGIB from gastric varices (2.6 %), and in six patients
(15.8%) the exact bleeding source could not be determined but
was suspected to be in the upper gastrointestinal tract. Only
two patients developed more than one bleeding event after
EVL during the study period.

Most UGIBs were observed following the first EVL proce-
dure (73.7% of all observed post-procedural UGIBs). The rate
of bleeding after EVL was 6.8% (95 % confidence interval [Cl]
4.5%-9.6%) after the first, 3.0% (95%Cl 1.1%-6.4%) after
the second, and 2.3% (95%Cl 0.6%-5.9%) after the third or
later EVL procedures. »Table1 shows detailed descriptive
baseline characteristics of patients with and without bleeding
within 30 days after EVL.

Factors associated with early UGIB after EVL

No significant difference in sex, age, or cirrhosis etiology was
observed between patients with and without post-EVL UGIB.
Bleeding rates were comparable between the two centers (Uni-
versity Medical Center Hamburg-Eppendorf 5.3 % vs. University
Hospital Cologne 4.2%). There was no statistically significant
association of peri-interventional use of PPl or nonselective
beta-blockers with bleeding incidence following EVL (» Table
2; see also Fig.1s in the online-only supplementary material).
Periprocedural substitution of coagulation products was more
frequently performed in patients who developed UGIB during
follow-up (»Table 1); however, there was no significant asso-
ciation between substitution and occurrence of bleeding after
EVL (» Table2).

Of the routine coagulation tests assessed, only INR was sig-
nificantly associated with UGIB in the univariate analysis (» Ta-
ble2); however, the absolute difference in INR between pa-
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» Table 1 Patient characteristics.

Variable

Age, median (IQR), years

Female sex, n (%)

Center (Hamburg [ Cologne), n (%)
Cause of cirrhosis, n (%)

= Alcohol

= Viral

= Mixed

= Cryptogenic

= Other

MELD score, median (IQR)

Band ligation

= Varices Paquet’s grade IlI/IVT, n/N (%)

= Risk factors (cherry red spots, large varices, thinning
of the variceal wall)?, n/N (%)

= Number of band ligations applied?, median (IQR)

Peri-interventional substitution of coagulation products,
n (%)

PPI therapy*, n/N (%)

NSBB therapy, n (%)
Laboratory tests, median (IQR)
= INR

= Platelets, 10°/L

= Fibrinogen, g/L®

= Bilirubin, mg/dL

= Creatinin, mg/dL
Complications within 30 days
= Death, n (%)

= GlBleeding, n (%)

= Onset of bleeding, median (IQR), days after ligation

All EVL procedures

Bleeding within 30 days

No bleeding within

(n=787) (n=38) 30 days
(n=749)
59 (50-66) 55 (49-64) 59 (50-66)
237 (30) 14 (37) 223 (30)
474 (60)/313 (40) 25 (66)/13 (34) 449 (60)/300 (40)
274 (35) 15 (39) 259 (35)
176 (22) 12 (32) 164 (22)
48 (6) 4(11) 44 (6)
63 (8) 2(5) 61(8)
226 (29) 5(13) 221(29)
11(9-14) 15(10-22) 11(9-14)
270/761 (35) 21/38(55) 249723 (34)
581/697 (83) 34/37 (92) 547/660 (83)
4(3-5) 5 (4-6) 4(3-5)
116 (15) 10 (26) 106 (14)
613/771 (80) 32/36(89) 581/735 (79)
445 (57) 21 (55) 424 (57)
1.2(1.1-1.3) 1.3(1.2-1.6) 1.2(1.1-1.3)
92 (63-130) 92 (65-137) 92 (63-130)
2.8(2.2-3.5) 2.4(1.9-3.2) 2.8(2.2-3.5)
1.5(0.9-2.7) 2.8(1.4-8.9) 1.4(0.9-2.6)
0.9(0.7-1.1) 1.0 (0.8-1.2) 0.9(0.71.1)
13(2) 10 (26) 3(0.4)
38(5) 38(100) 0
13(8-17) 13(8-17) =

EVL, endoscopic variceal band ligation; IQR, interquartile range; MELD, Model of End-Stage Liver Disease; PPI, proton pump inhibitor; NSBB, nonselective

beta-blocker; INR, international normalized ratio.
" Available in 761 cases (97 %).

2 Available in 697 cases (89 %).
3 Available in 776 cases (99 %).
4 Available in 771 cases (98 %).
5 Available in 559 cases (71%).

tients who did and did not develop bleeding was only marginal
(1.3 [IQR 1.2-1.6] vs. 1.2 [IQR 1.1-1.3]). Moreover, the risk for
UGIB was highest after the first EVL procedure (»Table2).
Other variables were also associated with EVL-related bleeding
in the univariate analyses: presence of varices grade lll/IV (com-

pared with smaller sized varices or no varices at all), number of
ligations applied, and serum bilirubin levels.

The multivariate mixed Cox proportional hazards model
identified bilirubin and presence of varices grade Ill/IV as risk
factors for bleeding (» Table 2). We found a considerable het-
erogeneity between patients even in the adjusted model in the
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individual hazard of bleeding with an unexplained variance of
the frailty distribution of 0.8. This translates to a median hazard
ratio (HR) of 2.4 [19], which is comparable to the effect found
for varices grade IlI/IV.

Coagulation product substitution

In 116 EVL procedures (14.7 %), patients received periprocedur-
al coagulation product substitution, primarily platelets and/or
fresh frozen plasma (FFP). In 52 of these cases (44.8%), only
platelets were substituted, 35 cases were managed using FFP
only (30.2%), 26 cases received FFP and platelets (22.4%), and
3 cases were given coagulation factor concentrates (2.6%). In
cases of substitution, a median of 2 (IQR 2-2) FFPs and 1 (IQR
1-1) platelet concentrate were given. »Table3 presents the
differences between EVL procedures with and without substitu-
tion in the total cohort.

Effect of coagulation product substitution

» Fig.2 Typical endoscopic findings in a patient with cirrhosis.
a,b Esophageal varices. ¢ Variceal band ligation applied to varices. A “coagulopathy group” was defined by INR>1.5 and/or plate-

d Post-ligation ulcer as a potential source of bleeding. let count <50 10°/L, which are frequently used as trigger val-
ues for coagulation product substitution in clinical practice. A

> Table2 Estimated univariate and multivariate hazard ratios for upper gastrointestinal bleeding after endoscopic variceal band ligation from a mixed
Cox proportional hazards model with a normally distributed frailty term.

Variable Hazard ratio (95 %Cl)
Univariate Multivariate’
Age 0.99 (0.97-1.02)
Female sex 1.38(0.68-2.79)
Center (Hamburg) 1.19(0.58-2.44)

MELD score components

= Bilirubin (2-fold increase) 1.68(1.34-2.12)3 1.54(1.18-2.02)3
= INR (0.25 increase) 1.50(1.20-1.87)3 1.23(0.93-1.62)
= Creatinine 1.32(0.99-1.76)

Band ligation

= Varices Paquet’s grade Il1/1V? 2.48(1.28-4.84)3 2.58(1.32-5.04)3
= Number of band ligations applied* 1.31(1.02-1.68)3

= First procedure/ligation 2.57(1.23-5.35)3

Peri-interventional substitution of coagulation products 2.12(0.98-4.61)

PPI therapy® 1.95(0.67-5.67)

NSBB therapy 0.94(0.48-1.86)

Other laboratory tests
= Platelets (10°/L) 1.00 (0.99-1.00)
= Fibrinogen (g/L)* 0.72(0.47-1.10)

Cl, confidence interval; MELD, Model of End-Stage Liver Disease; INR, international normalized ratio; PPI, proton pump inhibitor; NSBB, nonselective beta-blocker.
' The multivariate model was fitted by a stepwise variable selection procedure based on all variables with significant associations in the univariate analysis.

2 Available in 761 cases (97 %).

3 Indicates significant association.

4 Available in 776 cases (99 %).

5 Available in 771 cases (98 %).
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» Table3 Endoscopic variceal band ligation procedures stratified according to peri-interventional substitution of blood/coagulation products.

Variable All EVLs (n=787) Coagulopathy group (n=160)’
Substitution No substitution P value Substitution No substitution  Pvalue
(n=116) (n=671) (n=98) (n=62)
Age, median (IQR), years 56 (51-62) 59 (49-67) 0.07 56 (50-63) 53 (44-62) 0.06
Female sex, n (%) 26(22) 211 (31) 0.05 21(21) 18 (29) 0.28
Center (Hamburg), n (%) 61(53) 413 (62) 0.07 54 (55) 37 (60) 0.57
MELD score, median (IQR) 15(11-19) 11(8-14) <0.001 15 (11-19) 14 (11-19) 0.39
Band ligation
= Varices Paquet’s grade Il1/1V?, 38/116(33) 232652 (36) 0.88 29/91(32) 20/60(33) 0.85
n/N (%)
= Risk factors (cherry red spots, 78/98 (80) 503/599 (84) 0.28 63/82(77) 52/58(90) 0.05
large varices, thinning of the
variceal wall)3, n/N (%)
= Number of band ligations ap- 4(3-6) 4(3-5) 0.19 4(3-6) 4 (3-5) 0.06
plied*, median (IQR)
Laboratory tests, median (IQR)
« INR 1.4(1.3-1.6) 1.2(1.1-1.3) <0.001 1.4(1.3-1.6) 1.4(1.2-1.6) 0.60
« Platelets, 10%/L 43 (34-68) 98 (73-135) <0.001 40 (31-56) 48 (41-81) <0.01
= Fibrinogen, g/L° 2.0(1.4-2.3) 3.0 (2.4-3.6) <0.001 2.0(1.4-2.3) 2.2(1.8-2.6) 0.12
= Bilirubin, mg/dL 2.5(1.3-4.8) 1.4(0.9-2.3) <0.001 2.3(1.3-4.6) 2.2(1.0-4.7) 0.46
« Creatinine, mg/dL 0.9(0.7-1.2) 0.9(0.7-1.1) 0.13 1.0(0.7-1.2) 0.9(0.7-1.1) 0.29
Complications within 30 days, n (%)
= Bleeding 10 (9) 28 (4) 0.04 7(7) 5(8) >0.99
= Death 5 (4) 8 (1) 0.03 4(4) 2(3) >0.99

EVL, endoscopic variceal band ligation; IQR, interquartile range; MELD, Model of End-Stage Liver Disease; INR, international normalized ratio.

' Coagulopathy group defined by INR>1.5 and/or platelet count<50x 10°/L.
2 Available in 768 (98 %)/151 (94 %) cases.
3 Available in 697 (89%)/140 (88 %) cases.
4 Available in 776 (99%)/158 (99 %) cases.
5 Available in 559 (71%)/119 (74 %) cases.

total of 160 procedures fulfilled these criteria. Median MELD
score in this group was 14 (IQR 11-19). In total, 12 cases of
UGIB after EVL (7.5% of cases) were observed in this sample,
and 6 patients (3.8% of cases) died during follow-up.In this
group, periprocedural coagulation products were given in 98
cases (61.3%). There was a trend for higher bleeding rates in
the “coagulopathy group” compared with patients without
coagulopathy (7.5% vs. 4.1 %); this association, however, failed
to reach statistical significance (P=0.08). Characteristics of the
“coagulopathy group” stratified according to peri-intervention-
al substitution policy are shown in » Table 3. There was no dif-
ference in incidence of bleeding and risk for mortality between
EVL procedures with and without substitution of coagulation
products (» Table 3).

Discussion

The results of this retrospective two-center study suggest that
severity of liver disease (as indicated by serum bilirubin levels)
and size of esophageal varices, rather than changes in coagula-
tion test results, are associated with UGIB after EVL in patients
with liver cirrhosis.

EVL is considered standard of care in cirrhosis patients with
medium to large varices to reduce bleeding incidence from
esophageal varices. Although this procedure is relatively safe,
the literature reports periprocedural bleeding rates exceeding
6% [9]. As changes in coagulation test results are common in
advanced liver disease [12,21], it can be hypothesized that
EVL-related bleeding in cirrhosis patients may, at least partly,
be attributable to these coagulation disturbances.

However, our data do not support this hypothesis. Although
INR was significantly associated with bleeding complications in
the univariate analysis, the absolute difference in INR between
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patients who did and did not develop bleeding after EVL was
clinically negligible (» Table 2). Moreover, this association did
not remain significant after multivariate adjustment. Similarly,
there was no significant association between platelet counts
and bleeding events (» Table 2). We did observe lower fibrino-
gen levels in patients with UGIB following EVL (» Table 1); how-
ever, no statistically significant association between fibrinogen
levels and occurrence of early UGIB after EVL was observed
(»Table2). Serum bilirubin levels prior to EVL and presence of
varices grade llI/IV were identified as independent factors sig-
nificantly associated with UGIB after EVL in stable cirrhosis pa-
tients (» Table 2).

The finding that standard coagulation tests are a poor indi-
cator of bleeding complications is consistent with the literature
[22,23]. A study in 150 patients suggested that post-EVL ulcer
bleeding was associated with Child C status but not with stand-
ard coagulation tests [24]. As a consequence, the use of INR in
particular for prediction of bleeding in cirrhosis patients is no
longer recommended [5,25]. In patients with stable liver cir-
rhosis, the concept of rebalanced hemostasis is increasingly ac-
knowledged, which suggests that both pro- and anticoagula-
tory factors are decreased, resulting in a balanced coagulation
despite abnormal routine coagulation tests [12,15]. However,
in clinical practice, substitution of coagulation products (espe-
cially before invasive procedures) is often triggered by changes
in routine coagulation test results (e.g. platelet count<50x
10°/L, INR >1.5, or fibrinogen <1g/L, respectively) in patients
with liver cirrhosis, and is still suggested by some guidelines/
consensus statements [26, 27].

Yet, evidence supporting the prophylactic substitution of
coagulation products to prevent bleeding events in cirrhosis is
lacking [28]. The infusion of platelets and/or FFP has only mar-
ginal effects on platelet count and INR, respectively [22,29]. In
a randomized, controlled trial, the use of thrombopoietin re-
ceptor agonist eltrombopag prior to planned/elective, invasive
procedures in patients with cirrhosis and thrombocytopenia
had no effect on bleeding events (despite a significant increase
in platelet count), but was associated with an increased risk for
venous thrombosis [30]. Moreover, volume load associated
with blood product substitution, especially FFPs, may paradoxi-
cally trigger bleeding via an increase in portal pressure [31].
These data clearly call into question the liberal substitution re-
gimens frequently applied to cirrhosis patients with abnormal
standard coagulation tests. Recent studies advocate viscoelas-
tic testing as an appropriate alternative method to evaluate
bleeding risk in patients with cirrhosis [32,33]. It has been
shown that substitution guided by viscoelastic testing reduces
transfusions of blood/coagulation products without increasing
the risk for bleeding [34,35]. However, these studies do not an-
swer the question of whether preinterventional prophylactic
substitution of coagulation products reduces the risk of bleed-
ing.

Thus, as a secondary aim, our study evaluated the peri-inter-
ventional use of coagulation products, and its potential effect
on bleeding complications after EVL. For this purpose, we de-
fined a “coagulopathy group” by INR > 1.5 and/or platelet count
<50x10°/L, which are common threshold values for substitu-

tion of coagulation products prior to invasive procedures. In
this group, substitution of blood/coagulation products was not
associated with fewer bleeding events following EVL, despite
comparable baseline characteristics (except for a small but sig-
nificant difference in platelet count). Similarly, there was no dif-
ference in procedure-associated mortality between patients
who received substitution of coagulation products and those
who did not (» Table 3). Thus, our data do not support the pro-
phylactic use of FFPs and/or platelets before prophylactic EVL in
cirrhosis patients. However, future prospective studies are
needed to evaluate potential risks and benefits of prophylactic
substitution strategies in patients with liver cirrhosis.

Importantly, only a few bleeding events occurred within 24
hours after EVL. Thus, given the limited half-life of substituted
coagulation products, the rationale of preinterventional blood
product substitution is even more questionable.

Interestingly, larger size of esophageal varices was associat-
ed with a higher incidence of procedure-associated bleeding
events. Considering that variceal size may be associated with
portal pressure [36], this finding supports the established con-
cept that the degree of portal hypertension is predictive of
bleeding risk [37]. Conversely, we did not observe an associa-
tion between platelet count and UGIB after EVL in our patients.
This is particularly interesting as platelet counts are considered
inversely associated with portal pressure [38], and have been
linked to bleeding after invasive procedures [39]. Yet, all of our
EVL patients had signs of portal hypertension (such as varices)
and platelet counts were generally low. Thus, the preselection
of our patients may have limited the range of platelet counts
evaluated in our study. Nevertheless, in our portal-hyperten-
sive patient sample of interest, platelet counts were not asso-
ciated with bleeding risk.

The benefit of PPI therapy in cirrhosis patients remains a
matter of debate. In a small study, pantoprazole therapy after
prophylactic EVL was significantly associated with smaller
post-banding ulcers but had no effect on bleeding complica-
tions [11]. A retrospective cohort study suggested that pa-
tients without PPl had an increased risk for post-EVL bleeding
[40], which was also suggested by a recent meta-analysis [41].
However, in this meta-analysis, the authors found no beneficial
effects of PPl in preventing death, ulcers or pain following EVL
[41]. In our study, we did not observe an association between
periprocedural PPl use and bleeding complications in cirrhosis
patients undergoing EVL (»Table2). Almost 80% of our pa-
tients received PPI therapy. Given the potentially harmful ef-
fects [42], PPl use in cirrhosis patients - not only following EVL -
requires further investigation.

Some limitations need to be considered when interpreting
the results of this study. First, despite the relatively large size
of the sample, the study was not sufficiently powered to draw
definite conclusions and recommendations for clinical practice
owing to the low bleeding rate following EVL. However, our re-
sults are based on a large patient sample and add to the in-
creasing number of studies challenging the role of standard co-
agulation tests and routine blood product substitution in cir-
rhosis, and are a good basis for further analyses in this field.
Second, the retrospective design implies inherent limitations
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and potential for bias. However, our study comprises a large
number of patients and procedures from two academic medi-
cal centers. All data were documented in the patient data man-
agement systems in a prospective manner by trained staff, but
were extracted later for this analysis. Third, the use of coagula-
tion/blood products and PPIs was not standardized across pa-
tients and medical centers. Nonetheless, our data warrant the
evaluation of a real-life substitution policy, which is frequently
based on changes in routine coagulation test results, especially
platelets and INR. Fourth, assessment/measurement of portal
hypertension was not routinely performed in our patients.
Fifth, residual confounding is always a matter of concern and
cannot be entirely excluded. Finally, post-procedural dietary
management may affect rebleeding as suggested by a recent
case report [43]. However, adherence to dietary recommenda-
tions was not assessed in our study.

In conclusion, our data show that EVL is generally a safe pro-
cedure in patients with liver cirrhosis. Bleeding complications
after EVL, observed in approximately 5% of procedures, were
mainly determined by severity of liver disease and variceal size.
Moreover, in a predefined “coagulopathy group” (INR>1.5 and/
or platelets <50x 10°/L), we did not observe a difference in the
incidence of UGIB after EVL between patients who received
blood/coagulation products and those who did not. Thus, our
study raises further doubts about the rationale for “prophylac-
tic” blood/coagulation product substitution guided by standard
coagulation tests in patients with liver cirrhosis undergoing
planned/elective procedures.
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