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Abstract

Portal vein thrombosis (PVT), which is associated with reduced portal vein velocity, is considered to be an indicator for
worse outcomes in liver cirrhosis. Nonselective beta-blockers (NSBBs), which are widely used for primary and secondary
prophylaxis of esophageal variceal bleeding in liver cirrhosis, can significantly decrease the portal vein velocity. We proposed
a hypothesis that the use of NSBBs might facilitate the development of PVT in cirrhotic patients. The PubMed, EMBASE,
and Cochrane Library databases were searched. Major meeting abstracts and randomized-controlled trials regarding the use
of NSBBs in liver cirrhosis were also hand-searched. The number of patients who developed PVT in groups treated with
or without NSBBs was pooled. Odds ratios (ORs) or risk ratios (RRs) with 95% confidence intervals (CIs) were calculated.
Subgroup meta-analyses were performed according to the type of studies, region, and study quality. Meta-regression and
sensitivity analyses were performed to explore the source of heterogeneity. Nine of the 6416 retrieved papers were finally
included. Overall, meta-analysis demonstrated that NSBBs were significantly associated with the development of PVT (OR
4.62, 95% CI 2.50-8.53; p <0.00001). The heterogeneity was statistically significant (I*=80%; p <0.00001). Subgroup
meta-analyses still demonstrated a significantly positive association of NSBBs with the development of PVT in cohort stud-
ies (RR 2.57,95% CI 1.46—4.51; p=0.001) and case—control studies (OR 8.17, 95% CI 2.46-27.06; p=0.0006). Sensitivity
analyses based on subgroups find the source of heterogeneity. Based on the systematic review and meta-analysis, we found
that the use of NSBBs increased a 4.62-fold risk of PVT in cirrhotic patients.
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8.4-16.4% in cirrhotic patients [1]. Development of occlusive
PVT may have adverse clinical consequences in patients with
cirrhosis and has been associated with poor outcomes in post-
liver transplant patients [2]. First, cirrhotic patients with PVT
acquired longer time to achieve variceal eradication than those
without PVT [3]. Second, PVT influenced the development of
first bleeding or rebleeding in cirrhotic patients during short-
and long-term follow-up [4]. Third, liver transplant recipients
with PVT had significantly higher 30-day and 1-year mortality
than those without PVT; furthermore, among the liver trans-
plant recipients with PVT, completely occlusive PVT carried
worse outcome than partially occlusive PVT [5]. Fourth, PVT
was significantly related to acute kidney injury and hepatorenal
syndrome in decompensated cirrhotic patients [6].

Virchow’s triad is well known for the mechanism of venous
thrombosis, which includes blood hypercoagulability, endothe-
lial dysfunction, and reduced blood flow. The same mechanism
is also appropriate to the development of PVT in cirrhotic
patients. The well-recognized risk factors for PVT in cirrhotic
patients include inherited and acquired thrombophilic disor-
ders, inflammation, portal venous endothelial injury secondary
to abdominal surgery or trauma, and decreased portal vein
velocity [1, 7]. Among them, the most important risk factor
of PVT in liver cirrhosis may be decreased portal vein veloc-
ity [7].

Nonselective beta-blockers (NSBBs) are recommended
by the American Association for the Study of Liver Diseases
(AASLD) [8], European Association for the Study of the
Liver (EASL) [9], and Baveno VI consensus [10] regarding
primary and secondary prophylaxis of esophageal variceal
bleeding in cirrhotic patients. A recent network meta-anal-
ysis proposed that NSBBs should be superior to esophageal
variceal ligation (EVL) for primary prophylaxis, because
NSBBs decreased the overall mortality and led to a lower
risk of serious complications than EVL [11]. Several meta-
analyses confirmed the advantages of NSBBs+EVL over
EVL monotherapy in decreasing the risk of variceal rebleed-
ing, overall rebleeding, and mortality in secondary prophy-
laxis for esophageal variceal bleeding [12—14]. NSBBs have
a two-fold mechanism: the first is to antagonize 1 receptors
to decrease heart rate and cardiac output, and the second is
to antagonize P2 receptors to decrease splanchnic vasodila-
tion, thereby reducing portal blood flow.

Accordingly, we hypothesized that the use of NSBBs
might facilitate the development of PVT by decreasing the
portal vein velocity [15]. Herein, we conducted a meta-anal-
ysis to further clarify this hypothesis.

Methods
Registration
of PROSPERO is

The registration number
CRD42018096893.

Literature search

The PubMed, Cochrane library, and EMBASE databases
were searched to identify all papers which reported the
proportion of PVT in cirrhotic patients who received
NSBBs and those who did not. Search items were “liver
cirrhosis” or “cirrhotic” and “portal vein thrombosis”. The
last search was updated on January 24, 2019. Major meet-
ing abstracts from the Digestive Disease Week (DDW),
AASLD, and EASL were hand-searched. Randomized-
controlled trials (RCTs) regarding the use of NSBBs for
primary and secondary prophylaxis of variceal bleeding
and management of ascites were also hand-searched.

Selection of papers

There was no language limitation. All eligible studies
should compare the risk of PVT between cirrhotic patients
treated with and without NSBBs. Exclusion criteria were
as follows: (1) duplicate studies; (2) reviews or meta-
analyses; (3) case reports; (4) correspondence; and (5)
irrelevant literature.

Data extraction

The characteristics of studies were extracted as follows:
first author, publication year, country, study design, type
of publication, enrollment period, follow-up, target pop-
ulation, number of total patients, number and percent-
age of patients in Child—Pugh (CP) A/B + C, number of
patients treated with NSBBs, type of NSBBs, and number
of patients who developed and did not develop PVT in
patients treated with and without NSBBs. The characteris-
tics of patients were also extracted as follows: age, gender,
etiology of cirrhosis, CP score, model for end-stage liver
disease (MELD) score, portal vein velocity, ascites, esoph-
ageal varices, splenectomy, body-mass index, alanine ami-
notransferase (ALT), aspartate aminotransaminase (AST),
bilirubin, albumin, platelet count, prothrombin time activ-
ity, and protein C.
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Study quality assessment

The quality of case—control and cohort studies was evalu-
ated using the Newcastle—Ottawa Scale (NOS) [16], which
includes 8 questions. The highest NOS score should be 9
points. High quality should be considered if the NOS score
is > 6 points.

Endpoints

The primary endpoint was the incidence of PVT in groups
treated with or without NSBBs.

Statistical analyses

Review Manager software (Version 5.3, Cochrane collab-
oration, the Nordic Cochrane Centre, Copenhagen) was
employed for the statistical analysis. Only a random-effect
model was employed. Odds ratios (ORs), risk ratios (RRs),
or mean difference (MD) with 95% confidence intervals
(CIs) were calculated. If only data were expressed as
median with range, mean with standard deviation was esti-
mated [17]. I? and p values were calculated to assess the
heterogeneity among studies. I>> 50% and/or p <0.1 were
considered to have statistically significant heterogeneity.
Publication bias was not performed, because the number
of included studies was less than 10. Subgroup analyses
were performed according to the type of studies, region,
and study quality (studies with NOS > 7). Stata software
(Version 12.0, StataCorp, College Station, Texas, USA)
was employed for the meta-regression analysis to analyze
the source of heterogeneity. In the meta-regression analy-
sis, the covariates included the publication year (before
2016 vs. after 2016), type of study design (cohort vs.
case—control), sample size (> 200 vs. <200), percentage
of CP class A, percentage of decompensation events, and
studies with NOS (>7 vs. < 7). Sensitivity analysis was
performed to explore the source of heterogeneity by omit-
ting each included study.

Results
Study selection

Among the 6416 papers retrieved in PubMed, Cochrane
library, and EMBASE databases, 9 papers were potentially
eligible [18-26]. In addition, one abstract paper, which
was hand-searched from DDW, was potentially eligi-
ble [27]. After reviewing the RCTs regarding the use of
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Papers identified (=6416)
PubMed (n=1698)
EMBASE (n=4510)
Cochrane library (n=155)
Major meeting abstracts (n=1)
RCTs of NSBBs (n=52)

— = -

] Excluded papers (7=4887) I
1 Reviews or meta-analyses (n=900) I
1 Case reports (n=1003)
Correspondence (n=172) 1
Irrelevant literature (n=2760) 1
b I Retsof NSBBs (n=52) |
\

4! - ——————-

Included papers (=9)

Fig. 1 Flowchart of study selection. RCT randomized-controlled trial,
NSBBs nonselective beta-blockers

NSBBs, no paper was eligible for the meta-analysis (Sup-
plementary tablel). Among the potentially eligible papers,
one paper was further excluded from the meta-analysis,
because it did not provide any detailed data [22]. Finally,
9 papers, which reported the specific data regarding the
development of PVT in cirrhotic patients treated with
and without NSBBs, were included in the meta-analysis
[18-21, 23-27] (Fig. 1).

Study characteristics

Study characteristics were summarized in Table 1. Six of the
included studies were published as full texts [19, 20, 23-26]
and 3 as abstracts [18, 21, 27]. According to the countries,
4 of them came from Italy [18, 23-25], 1 from the United
States of America [27], 1 from Spain [21], 1 from China
[19], 1 from France [20], and 1 from Portugal [26]. The
sample size ranged from 56 to 1243. The publication year
ranged from 2011 to 2019. Five of them were cohort studies
[18, 20, 24-26] and 4 were case—control studies [19, 21, 23,
27]. Among the 4 case—control studies, 1 study was matched
by CP score [23], 1 study was matched by age, gender, CP
score, MELD score, and etiology [27], and 2 studies did not
report any detailed matching information [19, 21]. Type of
NSBBs was unknown in 6 studies, propranolol alone in 1
study [23], and propranolol and carvedilol in 2 studies [24,
26]. Diagnostic method of PVT was unclear in 2 studies [18,
27], ultrasound alone in 2 studies [23, 25], ultrasound and/or
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NSBBs No NSBBs Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% Cl M-H. Random, 95% CI

Giannitrapani 2018 11 45 8 185 11.7% 7.16 [2.68, 19.11] -

Gomez 2015 15 160 8 408 12.5% 5.17 [2.15, 12.46] -

Menadier 2018 41 65 34 85 14.0% 2.56 [1.32, 4.98] -

Nery 2015 40 282 78 961 15.6% 1.87 [1.25, 2.81] -

Nery 2019 10 57 1 51 5.7% 10.64 [1.31, 86.34]

Pellicelli 2011 8 20 3 36 8.5% 7.33[1.67, 32.29]

Tang 2015 7 16 13 135 10.6% 7.30[2.33, 22.85] -

Violi 2016 67 344 59 409 15.7% 1.43[0.98, 2.11] ™

Zampino 2018 18 28 1 102 5.6% 181.80[21.91, 1508.41] -

Total (95% CI) 1017 2372 100.0% 4.62 [2.50, 8.53] D

Total events 217 205

Heterogeneity: Tau? = 0.59; Chi? = 40.24, df = 8 (P < 0.00001); I = 80% ‘0_01 0?1 . 1‘0 100‘

Test for overall effect: Z = 4.88 (P < 0.00001)

Favours [No NSBBs] Favours [NSBBs]

Fig.2 Meta-analysis regarding the use of nonselective beta-blockers and development of portal vein thrombosis

computed tomography (CT) in 1 study [19], ultrasound fol-
lowed by a confirmation with magnetic resonance imaging
(MRI) and/or CT in 3 studies [20, 24, 26], and ultrasound
followed by a confirmation with MRI or CT angiography in
1 study [21]. Only 1 study performed the subgroup analyses
according to the grade of esophageal varices, CP class, ALT
levels, AST levels, albumin, platelet count, ascites, longitu-
dinal diameter of the spleen, platelet count/spleen diameter
ratio, portal vein diameter, bilirubin levels, age, and gender.
At multivariate analysis, only NSBBs and grade of esopha-
geal varices were associated with PVT in this study [24].

Study quality

All of the included nine studies had a NOS of > 6 points.
Five studies had a score of 6 points [18, 19, 23, 25, 27], 1
had a score of 7 points [21], 2 had a score of 8 points [20,
26], and 1 had a score of 9 points [24] (Table 1).

Patient characteristics

There were 1017 patients treated with NSBBs, of whom 217
had or developed PVT and 800 did not have or develop PVT.
There were 2372 patients treated without NSBBs, of whom
205 had or developed PVT and 2167 did not have or develop
PVT. Age, gender, and etiology of cirrhosis were available
in 7 studies [19-21, 23-26], CP class in 6 studies [19, 20,
23-26], MELD score in 5 studies [19, 21, 24-26], informa-
tion regarding the portal vein velocity in 4 studies [18, 20,
21, 26], and information regarding ascites and esophageal
varices in 6 studies [20, 21, 23-26]. Notably, most biomedi-
cal variables were missing in 3 studies published as abstracts
[18, 21, 27].
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Meta-analysis

Meta-analysis demonstrated a significantly positive associa-
tion of NSBBs with the development of PVT (OR 4.62, 95%
CI 2.50-8.53; p<0.00001). The heterogeneity was statisti-
cally significant (I>=80%; p <0.00001) (Fig. 2).

Subgroup analyses

Meta-analysis of cohort studies still demonstrated a sig-
nificantly positive association of NSBBs with the devel-
opment of PVT (RR 2.57, 95% CI 1.46-4.51; p=0.001).
The heterogeneity was statistically significant (> =73%;
p=0.005) (Fig. 3a).

Meta-analysis of case—control studies still demon-
strated a significantly positive association of NSBBs with
the development of PVT (OR 8.17, 95% CI 2.46-27.06;
p=0.0006). The heterogeneity was statistically significant
(=81%; p=0.001) (Fig. 3b).

Meta-analysis of European studies still demonstrated a
significantly positive association of NSBBs with the devel-
opment of PVT (OR 5.09, 95% CI 2.35-11.01; p <0.0001).
The heterogeneity was statistically significant (/* = 84%;
p <0.00001) (Fig. 3c).

Meta-analysis of studies with NOS >7 also demon-
strated a significantly positive association of NSBBs with
the risk of developing PVT (OR 4.27, 95% CI 1.81-10.04;
p=0.0009). The heterogeneity was statistically significant
(I =84%; p <0.00001) (Fig. 3d).

Subgroup meta-analyses regarding the portal vein
velocity, type of NSBBs, and duration of NSBBs were not
performed, because the relevant data were lacking in the
majority of the studies.
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a Cohort studies NSBBs No NSBBs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H, Random % Cl
Giannitrapani 2018 11 45 8 185 19.3% 5.65[2.41, 13.23] -
Nery 2015 40 282 78 961 30.2% 1.75[1.22, 2.50] -
Nery 2019 10 57 1 51 6.3% 8.95[1.19, 67.49]
Pellicelli 2011 8 20 3 36 13.3% 4.80 [1.43, 16.08] -
Violi 2016 67 344 59 409 30.9% 1.35[0.98, 1.86] i
Total (95% CI) 748 1642 100.0% 2.57 [1.46, 4.51] ‘
Total events 136 149 . .

Heterogeneity: Tau? = 0.24; Chi? = 15.05, df = 4 (P = 0.005); I> = 73%
Test for overall effect: Z = 3.28 (P = 0.001)

b Case-control studies NSBBs

10
Favours [NSBBs]

0.1
Favours [No NSBBs]

1

Odds Ratio Odds Ratio

el 9. JDQIroup N d d eld
Gomez 2015 15 160 8 408 28.1% 5.17 [2.15, 12.46] —
Menadier 2018 41 65 34 85 30.1% 2.56 [1.32, 4.98] —
Tang 2015 7 16 13 135 25.5% 7.30 [2.33, 22.85] L A
Zampino 2018 18 28 1 102 16.3% 181.80[21.91, 1508.41] R
Total (95% Cl) 269 730 100.0% 8.17 [2.46, 27.06] —~—
Total events 81 56
Heterogeneity: Tau? = 1.13; Chi? = 15.61, df = 3 (P = 0.001); I = 81% ’0 » 0‘1 ] 1’0 100’
Test for overall effect: Z = 3.44 (P = 0.0006) ' Favours'[No NSBBs] Favours [NSBBs]
C European studies NSBBs No NSBBs Odds Ratio Odds Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Random, 95% CI M-H. Random. 95% ClI
Giannitrapani 2018 11 45 8 185 15.6% 7.16 [2.68, 19.11] —
Gomez 2015 15 160 8 408 16.5% 5.17 [2.15, 12.46] -
Nery 2015 40 282 78 961 19.8% 1.87 [1.25, 2.81] =
Nery 2019 10 57 1 51  8.2% 10.64 [1.31, 86.34]
Pellicelli 2011 8 20 3 36 11.8% 7.33[1.67, 32.29] -
Violi 2016 67 344 59 409 19.9% 1.431[0.98, 2.11] il
Zampino 2018 18 28 1 102  8.1% 181.80[21.91, 1508.41] E—
Total (95% Cl) 936 2152 100.0% 5.09 [2.35, 11.01] N
Total events 169 158
Heterogeneity: Tau? = 0.74; Chi = 36.50, df = 6 (P < 0.00001); I2 = 84% ’0 Py 0’ " ; 1‘0 ] 00’
Test for overall effect: Z = 4.14 (P < 0.0001) ' Favours tNo NSBBsl] Favours [NSBBs]
d NOS2 7 studies NSBBs No NSBBs Odds Ratio Odds Ratio
Events Total Even Weight M-H, Random, 95% CI M-H, Random, 95% CI
Giannitrapani 2018 11 45 8 185 256% 7.16 [2.68, 19.11] —
Gomez 2015 15 160 8 408 27.4% 5.17 [2.15, 12.46] —
Nery 2015 40 282 78 961 354% 1.87 [1.25, 2.81] =
Nery 2019 10 57 1 51 11.7% 10.64 [1.31, 86.34] .
Total (95% Cl) 544 1605 100.0% 4.27 [1.81, 10.04] -
Total events 76 95
Heterogeneity: Tau? = 0.50; Chi? = 10.68, df = 3 (P = 0.01); 12 = 72% :o. » of ] ] 1=0 ] 00’

Test for overall effect: Z = 3.32 (P = 0.0009)

Favours [No NSBBs] Favours [NSBBs]

Fig.3 Subgroup meta-analyses regarding the use of nonselective beta-blockers and development of portal vein thrombosis. Panel a: cohort stud-
ies; panel b: case—control studies; panel c¢: European studies; panel d: NOS> 7 studies

Meta-regression analyses

The results of meta-regression analyses were reported
(Supplementary table 2). Among the meta-analyses, het-
erogeneity was not related to the publication year (before
2016 vs. after 2016) (p=0.744), sample size (> 200
vs. <200) (p=0.199), type of study design (case—control

vs. cohort) (p =0.379), study quality (NOS >7 vs.<7)
(p=0.814), percentage of CP class A (p=0.564), esoph-
ageal varices (p=0.461), esophageal variceal bleed-
ing (p=0.754), ascites (p =0.498), and encephalopathy
(p=0.251).
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Sensitivity analyses

Sensitivity analyses based on all included studies, cohort
studies, and European studies failed to demonstrate any
source of heterogeneity (Supplementary table 3). Sensitiv-
ity analyses based on the case—control studies found that the
heterogeneity became non-significant after ruling out the
study by Zampino et al. (> =36%, p=0.21) [23]. Sensitivity
analyses on studies with NOS > 7 found that the heterogene-
ity became non-significant after removing the study by Nery
et al. [20] (*=0%, p=0.78).

Additional meta-analyses regarding the association
of portal vein velocity with the development of PVT

Four of the included studies also explored the association
of portal vein velocity with the development of PVT. Meta-
analyses demonstrated that a lower portal vein velocity was
significantly associated with a higher risk of PVT (MD 2.16,
95% CI 0.72-3.60; p=0.003) (Supplementary Fig. 1).

Additional meta-analyses regarding the association
of platelet count with the development of PVT

Six of the included studies also explored the association of
platelet count with the development of PVT. Interestingly,
meta-analysis demonstrated that a lower platelet count was
significantly associated with a higher risk of PVT (MD
13.71, 95% CI 6.94-20.47; p <0.0001) (Supplementary
Fig. 2).

Discussion

This is a hypothesis-driven systematic review and meta-
analysis to explore whether or not the use of NSBBs is
associated with the development of PVT. The present work
validated our previous hypothesis [15] and demonstrated that
the use of NSBBs was associated with a 4.62-fold increased
risk of PVT.

NSBBs and portal vein velocity. Literature with respect
to the impact of NSBBs on the portal vein velocity, hepatic
blood flow, and portal blood flow should be reviewed
(Table 2) [28-37]. First, seven studies found that proprano-
lol significantly decreased the portal vein velocity, with a
range of reduction by 11.3-29% [29-33, 35, 37]. Similarly,
atenolol (p1 receptor blocker) [29, 30], isosorbide dinitrate
(vasodilator) [29], and isosorbide 5 mononitrate (vasodila-
tor) [32] had an effect on decreasing the portal vein velocity.
Notably, propranolol was superior to atenolol in reducing the
portal vein velocity [30]. By contrast, neither clonidine (a2
receptor blocker) [33] nor labetalol (1, f2, and ol receptor
blockers) [30] led to a significant change in the portal vein
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velocity. Captopril (angiotensin-converting enzyme inhibi-
tor) led to an opposite effect with increasing the portal vein
velocity of 6.6% from the baseline [37]. As for the hepatic
blood flow as an outcome, two studies suggested that pro-
pranolol significantly decreased the hepatic blood flow, with
a range of reduction by 14.1-20.4% [28, 36]. By compari-
son, carvedilol (B1, B2, and al receptor blockers) had no sig-
nificant effect on decreasing the hepatic blood flow [34, 36].
Metoprolol (1 receptor blocker) did not have a reduction
on the hepatic blood flow [28]. As for the portal blood flow
as an outcome, propranolol in three studies [29, 30, 35] and
atenolol in two studies [29, 30] significantly decreased the
portal blood flow. By comparison, the portal blood flow was
not significantly changed in isosorbide dinitrate or labetalol
group [29, 30].

Portal vein velocity and PVT. Literature with respect to
the impact of decreased portal vein velocity on the devel-
opment of PVT should be reviewed (Table 3) [18, 20, 26,
38-46]. These studies included cirrhotic patients [18, 20,
26, 38, 42, 43, 45, 46], cirrhotic patients undergoing sple-
nectomy with and without devascularization [39, 41, 44],
and liver transplantation recipients [40]. Nine of the 12 rel-
evant studies found that the portal vein velocity was signifi-
cantly lower in PVT group than no PVT group [18, 38—41,
43-46]. By comparison, only 3 studies by Nery et al. and
Chen et al. did not observe any significant difference in the
portal vein velocity between patients with and without PVT
(Nery : 11 cm/s vs. 13 cm/s [20]; Nery : 19.9+7.5 cm/s
vs. 21.8+5.5 cm/s [26]; Chen: 17.3+6.2 cm/s vs.
17.8 +4.8 cm/s [42]). Notably, the Nery et al. study [20]
suggested that such an unexpected finding should be attrib-
uted to the heterogeneity in the measurement of instruments
and operators and the screening of the portal vein velocity
in only a proportion of included patients. Though there is
no specific evidence to verify the relationship between the
type, dose and duration of NSBBs, and the portal vein veloc-
ity, the baseline value of portal vein velocity should also
be suspected due to the lack of available data in terms of
duration of NSBBs before admission in the Nery et al. study
[26]. In the Chen et al. paper, the portal vein velocity was
measured after the occurrence of PVT, and the number of
patients without PVT who underwent the portal vein veloc-
ity measurement was unclear [42].

Portal vein velocity ranged from 12.4+ 1.7 cm/s to
15.7+3.2 cm/s in healthy subjects of different age groups
[47]. Portal vein velocity was 10.0 +3.7 cm/s in cirrhotic
patients and a decreased portal vein velocity of lower than
10 cm/s was associated with worse survival [48]. The por-
tal vein velocity in cirrhotic patients with and without PVT
was heterogeneous among the above-mentioned studies
probably due to different instruments for the portal vein
velocity measurement and patient characteristics (Table 3).
In detail, the portal vein velocity in cirrhotic patients with
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Fig.4 A schematic diagram showing the relationship among nonselective beta-blockers, portal vein velocity, and portal vein thrombosis

PVT was 9-19.9 cm/s in cohort studies [18, 20, 26, 38, 43,
46] and 16.9-17.3 cm/s in case—control studies [42, 45];
by comparison, in cirrhotic patients without PVT, the por-
tal vein velocity ranged from 12.5 to 21.8 cm/s in cohort
studies [18, 20, 26, 38, 43, 46] and from 17.8 to 25 cm/s
in case—control studies [42, 45]. The cut-off values of the
portal vein velocity at baseline for the development of PVT
in cirrhotic patients were explored in four studies [38, 41,
43, 45]. A portal vein velocity of 15 cm/s was defined as the
best cut-off value in three studies where generalized cirrhotic
patients were included [38, 43, 45], but a portal vein velocity
of 24.45 cm/s in 1 study where only cirrhotic patients with
hepatitis B undergoing splenectomy with periesophagogas-
tric devascularization were included [41]. Notably, the mean
portal flow velocity was found to be below this cut-off value
of 15 cm/s after the intervention of propranolol [31].
Screening, prevention, and treatment of PVT. In the case
that NSBBs are warranted, the primary task for physicians is
to screen the occurrence of PVT and to identify the patients
at a high risk of developing PVT. Doppler ultrasonogra-
phy may be preferred for routine screening of portal venous
patency in cirrhotic patients treated with NSBBs (Table 3)
[20, 26, 38—46]. Meanwhile, it is useful to identify patients
with decreased portal vein velocity, who are at a high risk of
developing PVT. The secondary task is to prevent from the
development and progression of PVT in cirrhotic patients.
Recent evidence suggested that anticoagulants should be
effective for the prevention of de novo PVT in cirrhotic
patients. A RCT found that cirrhotic patients receiving
enoxaparin had a significantly lower incidence of de novo
PVT than those without any treatment during follow-up
(48 weeks: 0% vs. 16.6%; 96 weeks: 0% vs. 27.7%; the end
of the follow-up: 8.8% vs. 27.7%) [49]. A meta-analysis also
found that the use of drug prophylaxis (i.e., anticoagulants,
thrombolytics, and prostaglandin E1) could significantly
reduce the incidence of PVT in cirrhotic patients after

@ Springer

splenectomy (OR 0.29) [50]. As for the treatment of PVT,
a meta-analysis found that the rate of complete portal vein
recanalization was significantly increased (OR 4.16) and the
rate of thrombus progression was significantly decreased
(OR 0.061) in anticoagulation group [51]. More recently, an
updated meta-analysis further showed that the overall portal
vein recanalization was significantly increased (OR 4.8) and
the rate of spontaneous variceal bleeding was significantly
decreased (OR 0.232) in anticoagulation group [52]. There-
fore, a combination of NSBBs with anticoagulants might be
theoretically considered in cirrhotic patients at a high risk of
developing PVT. Certainly, the risk of bleeding secondary to
use of anticoagulants should be closely monitored.

Limitations. Our study had several limitations. First, a
relatively small number of included studies and a limited
availability of data restricted us to conduct further subgroup
analyses. Second, a majority of included studies were ret-
rospective. Third, the heterogeneity among studies was sig-
nificant. Fourth, the follow-up duration was varied among
the cohort studies. Fifth, except for the risk of PVT, dynamic
changes of varices and variceal bleeding among users of
NSBBs versus nonusers could not be obtained simultane-
ously. Thus, the use of NSBBs should be fully weighed to
further explore the benefits and potential risks.

Conclusion. Based on the present systematic review and
meta-analysis, we found that NSBBs would increase the
risk of PVT in liver cirrhosis. Decreased portal vein veloc-
ity might establish a cause-and-effect relationship between
NSBBs and PVT (Fig. 4). Follow-up ultrasound to detect
the portal vein velocity and potential prophylactic strategy
should be considered for cirrhotic patients treated with long-
term NSBBs. Follow-up ultrasound to detect the portal vein
velocity and potential prophylactic strategy should be con-
sidered for cirrhotic patients treated with long-term NSBBs
with signs and symptoms suggestive of decompensation.
Until more evidence regarding effect of PVT on prognosis
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is obtained, NSBBs should not be readily withheld due to
its clear survival benefit in the population needing primary
and secondary prophylaxis of variceal bleeding. Therefore,
there is an urgent need of high-quality studies to estimate the
net clinical benefit of NSBBs in cirrhotic patients, having a
composite outcome of PVT, varices, variceal bleeding, and
overall death. How to identify the cirrhotic patients at a high
risk of developing PVT and its related worse outcomes may
be more clinically important.
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