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Abstract

Background: Splanchnic vein thrombosis is a complication of acute pancreatitis (AP)
and is likely often underdiagnosed.

Objectives: We aimed to understand the time course and risk factors of splanchnic
vein thrombosis in the early phase of AP.

Methods: A systematic search was conducted using the PRISMA guidelines
(PROSPERO registration CRD42022367578). Inclusion criteria were appropriate
imaging techniques in adult AP patients, studies that reported splanchnic vein
thrombosis data from the early phase, and reliable information on the timing of
imaging in relation to the onset of pancreatitis symptoms or hospital admission. The
proportion of patients with thrombosis with 95% confidence intervals (Cl) was
calculated using random-effects meta-analyses, and multiple subgroup analyses
were performed.

Results: Data from 1951 patients from 14 studies were analyzed. The proportion of

patients with splanchnic vein thrombosis within 12 days after symptom onset was
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0.13 (CI 0.07-0.23). The occurrence was lowest at 0.06 (Cl 0.03-0.1) between 0 and
3 days after symptom onset, and increased fourfold to 0.23 (Cl 0.16-0.31) between
3 and 11 days. On hospital admission, the proportion of patients affected was 0.12
(C1 0.02-0.49); it was 0.17 (Cl 0.03-0.58) 1-5 days after admission. The prevalence
in mild, moderate, and severe AP was 0.15 (Cl 0.05-0.36), 0.26 (Cl 0.15-0.43), and
0.27 (Cl 0.17-0.4), respectively. Alcoholic etiology (0.31, ClI 0.13-0.58) and
pancreatic necrosis (0.55, Cl 0.29-0.78, necrosis above 30%) correlated with
increased SVT prevalence.

Conclusion: The risk of developing splanchnic vein thrombosis is significant in the
early stages of AP and may affect up to a quarter of patients. Alcoholic etiology,

pancreatic necrosis, and severity may increase the prevalence of splanchnic vein

thrombosis.

KEYWORDS

INTRODUCTION

Acute pancreatitis (AP) is a major gastrointestinal condition that
often requires hospital admission; in its severe form, the mortality
rate can reach 30%.? Disease development is confounded by po-
tential local complications, of which splanchnic vein thrombosis (SVT)
is a major one. SVT is associated with worse patient outcomes and
may lead to further complications such as portal hypertension,
gastrointestinal bleeding, and mesenteric ischemia.®*

SVT impacts the veins of the gastrointestinal system, specifically
the splenic vein (SV), portal vein (PV), and superior mesenteric vein
(SMV). The development of SVT is attributed to the proximity of
inflammatory processes in the pancreatic region, which can affect the
coagulation system and the compression due to the mass effect.”™?

The early phase of AP is defined as the first week after symptom
onset; the underlying pathogenesis of this phase may continue in the
second week.'®* The diagnosis of SVT is based on imaging; however,
in uncomplicated cases, current imaging protocols recommend the
use of advanced imaging techniques such CT or MRI 48-72 h after
symptom onset only in specific scenarios, such as diagnostic uncer-
tainty or rapid deterioration of the clinical state.?? In addition, the
diagnostic value of ultrasound (US) is limited in these initial days.'®
These factors reduce the reporting of SVT in the initial days of AP.
Our objective was to investigate the timeline of SVT development in
the early phase of AP, despite challenges in detection and resulting
scarcity of data.**

Our hypotheses were threefold: first, that SVT is prevalent in the
early phase; second, that its development has a time course; and
third, that identifiable risk factors contribute to its occurrence. Our

14-16

goal was to fill these research gaps, as our investigation may

serve as a cornerstone for the development of anticoagulation
guidelines for AP patients with SVT, which are currently lacking*1¢~

9. only nonspecific guidelines are available for the acutely ill.2°

portal vein thrombosis, portosplenomesenteric venous thrombosis, splenic vein thrombosis,
superior mesenteric vein thrombosis

Key summary

Established knowledge on this subject:

e Splanchnic vein thrombosis is a local complication of
acute pancreatitis (AP) and is associated with worse
patient outcomes.

e There are important risk factors for thrombosis devel-
opment, which include pancreatic necrosis, severity, and

alcoholic etiology of pancreatitis.

Significant and/or new findings of this study:

e Splanchnic vein thrombosis affects up to one in four
patients in the early phase of AP.

e Thrombosis development takes 3 days after the onset of

pancreatitis symptoms.

MATERIALS AND METHODS
Protocol

Our systematic review and meta-analysis followed both the recom-
mendations of the PRISMA 2020 guidelines?! (Supplementary
Table S1) and the Cochrane Handbook.?? Our study protocol was
prospectively registered in PROSPERO,?® CRD42022367578. We
adhered to the protocol and made no amendments.

Eligibility criteria

Using the CoCoPop (Condition, Context, Population) framework,2*

we included cohort studies that provided data on SVT prevalence
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in adult patients diagnosed with AP by early-phase imaging. Studies
that reported data from the first week following symptom onset or
hospital admission were included. Studies in all languages and
publication years were considered; no additional filters were
considered.

We excluded studies investigating pediatric patients and those
involving participants with an active or recent history of malignancy
or surgery. Conference abstracts, case reports, and case series were
excluded.

Information sources, search strategy

A systematic search was conducted on 27.10.2022 in four databases:
MEDLINE (via PubMed), Embase, Cochrane (CENTRAL), and Scopus.
The search key can be found in Supplementary Table S2.

Selection process

We managed records using EndNote?’; after removing duplicates, we
conducted the selection on Rayyan.2 Two independent review au-
thors (RB and BG) performed the selection, with an independent
senior author (NF) responsible for resolving selection disagreements.
We first performed the title and abstract selection and then screened
the studies by full text. Cohen's kappa was calculated for each step to
demonstrate the level of inter-rater agreement.

Forward and backward citation chasing was employed with the

citation chaser tool.?’

Early phase of AP

As there is no universal definition of the early phase of AP, with
articles describing it as the first one to 2 weeks after symptom

onset, 1011

we considered studies that reported an SVT diagnostic
interval that overlapped the first week of either symptom onset or

hospital admission.

Pooled prevalence of SVT

To calculate the pooled prevalence of SVT, we included data from
studies reporting timelines from both symptom onset and hospital
admission. Symptom onset invariably precedes hospital admission,
and empirical evidence suggests that approximately three-quarters
of patients are admitted within the first two to three days
following symptom onset.?®=%° However, a notable proportion,
around one-quarter of patients, exhibits a delayed admission pattern,

k%8 or more.3t According to these data, we esti-

extending to a wee
mated that the majority of patients had symptom onset maximum a
week before admission, and data reported from 0-12 days after

symptom onset and from O to 5 days after admission were considered

to cover the same disease period and pooled together. This adjusted

pooling was performed exclusively for this particular analysis.

Study risk of bias assessment and level of evidence

The Joanna Briggs Institute Critical Appraisal Checklist for Preva-
lence Studies®? was used to evaluate the risk of bias in the identified
studies, and the assessment outcomes were visually represented. The
evaluation was conducted independently by two researchers (RB and
BG); any disagreements were resolved by consensus and consultation
with the senior review author (NF). A study was considered to have
an acceptable risk of bias if it had two or fewer “No" answers in the
checklist. Studies with a higher risk of bias were excluded. We
assessed the level of evidence for each outcome using the GRADEpro
tool,®® following the guidelines of the GRADE Handbook.>*

Statistical analysis

The proportion with a 95% confidence interval (Cl) was used for the
effect size measure. To calculate prevalence, the total number of
patients and those with the event of interest were extracted from
each study. We used a random-effects model to pool effect sizes.
“Classical 2-level” meta-analyses were performed to pool different
studies. If more results were available in separate categories in the
same article (subgroups), a “3-level” model was used.®®

All statistical analyses were conducted with R3¢ using the meta®’
package for basic meta-analysis calculations and plots, metafor®® for
3-level models, and dmetar®® package for additional influential anal-
ysis calculations and plots.

For more details on data collection, calculations, data synthesis,
publication bias assessment, and influential analyses, see Supporting
Information S1.

RESULTS
Search and selection process

A total of 12,496 studies were identified by searching the relevant
databases. Twelve studies were retrieved through a systematic

h3>7749-47 and three studies via citation chasing,*®~>°

searc resulting
in 15 eligible studies included in the review. One article was excluded
from the meta-analysis as it had a substantial risk of bias.” Details of
the selection process with Cohen's kappa values calculated are

summarized in a PRISMA flow diagram, shown in Figure 1.

Basic characteristics of studies included

The baseline characteristics of the studies included in this analysis

are presented in Table 1. Six out of 14 studies were identified as
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Identification of studies via databases and registers Identification of studies via other methods

Records identified from:
Databases (n = 12496) of
which

Records removed before screening:
Duplicate records removed by
automatic removal (n =4026), by

Records identified from:
Citation searching (n =810)

Medline (n=4391), —
Embase (n=4710),
Scopus (n=3251),
Cochrane (n=144)

manual removal (n =275).
Records removed for other

3
2
S
©
o
E
S
c
[}
=

reasons (n =1, retracted article)

|

A

Records screened
(n=8194)

and abstract screening)

l_, Records excluded
(n=7997 - manual process, title

Records screened
(n=810)

Records excluded

(n=736 - manual process - title
and abstract screening)
Cohen’s kappa =0.84

A

A

Cohen's kappa =0.81
Reports sought for retrieval

Reports sought for retrieval Reports not retrieved
(n=74) (n=4)

Reports not retrieved
(n=197) (n=17)

Reports assessed for eligibility l_» Reports excluded:

(n=180) Ineligible article type (n = 90)
No SVT prevalence data
(n=38)

No data about diagnosis
timing (n=31)

Wrong population (n=9)
Cohen's kappa =0.87

Reports assessed for
eligibility (n=70)

l_, Reports excluded:

Already identified in the
systemic search (n=36)

No SVT prevalence data
(n=18)

Ineligble article type (n=6)
No data about diagnosis
timing (n=5)

A

Studies included in review

Wrong population (n=2)
Cohen's kappa =0.81

(n=15)

FIGURE 1 PRISMA 2020 flow diagram of the study screening process. SVT, splanchnic vein thrombosis.

414345464849 \\hile eight were characterized as retro-

prospective,
spective cohorts.3>¢40:424447.50 Qe prospective study was included

only for the systematic review.”

The risk of developing SVT increases over time in AP
and can affect up to one in four patients

The proportion of patients who developed SVT in the early phase of
AP (within 11 days after symptom onset or 5 days after admission) is
0.13 (CI 0.07-0.23), details are shown in Figure 2. Subgroup analysis
revealed that the occurrence was lowest 0-3 days after symptom
onset at 0.06 (Cl 0.03-0.10); it increased to 0.23 (Cl 0.16-0.31) be-
tween 3 and 11 days. On the day of hospital admission, the preva-
lence was 0.12 (Cl 0.02-0.49) and increased to 0.17 (Cl 0.03-0.58)

1-5 days after admission; see Figure 3a,b.

Alcoholic etiology, pancreatic necrosis, and severity
are associated with SVT development

Subgroup analysis was conducted to examine disease factors influ-
encing the incidence of SVT, with prevalence calculated for each
factor. Subgroup analysis by disease severity showed SVT occurrence
as follows: mild patients had a prevalence of 0.15 (Cl 0.05-0.36),

moderate patients 0.26 (Cl 0.15-0.43), and severe patients 0.27 (Cl
0.17-0.4). These data suggest that the risk of SVT increases with
increasing disease severity, see Supplementary Figure S1.

The etiology of AP also showed a correlation with SVT occur-
rence. The alcoholic AP group was the most affected, with a preva-
lence of 0.31 (Cl 0.13-0.58), whereas the biliary group had a lower
prevalence of 0.12 (Cl 0.04-0.3). The difference between these
subgroups was statistically significant; see Figure 4.

The relationship between pancreatic necrosis and SVT occur-
rence was evaluated in two separate analyses, as the studies re-
ported different necrosis categories. Both analyses demonstrated a
significant and dose-dependent association between the extent of
necrosis and the incidence of SVT. In the first analysis, the prevalence
was as follows: absent necrosis 0.11 (Cl 0.05-0.25), <30% necrosis
0.25 (Cl 0.11-0.47), and >30% necrosis 0.5 (Cl 0.29-0.72). The
second analysis yielded the following proportions: absence of ne-
crosis 0.09 (Cl 0.06-0.15), <50% necrosis 0.29 (Cl 0.22-0.37), and
>50% necrosis 0.46 (Cl 0.36-0.56); see Figures 5a,b.

Thrombosis rate in splenic (SV), portal (PV), and
superior mesenteric veins (SMV)

The proportion of thrombosed veins in patients with SVT was as
follows: SV 0.58 (Cl 0.44-0.71), PV 0.43 (Cl 0.3-0.56), and SMV 0.23



UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

682

"M3IASJ D17eWR]SAS a3 Ul Ajuo papn|aul Apnis,

"BLS}JD BIUB|}Y 03 SUIPJOIIE AYIBASS dV,

‘Pajewnysy,

‘UBIP3IN

a3uey,

punoseJ}|n ‘SN ‘elId3dD) BIUBJIY PAsIASY ZTOZ O3 Sulplodde ‘AJIaAaS dY ‘SiieaJoued a3nde ‘dy :SUOIIeIARIgqY

‘lewdap IS4y SY3} 0} papunoJ s 35 UeaW J|IYM ‘4aquIiNU SJOYM }SaJeau ay3 0} papunod ade d|qe} dy3 Ul sagejuadtad 930N

10

15

10

15
4N ‘LD
12

1D

15

1D

SN

SN ‘1D
15

10

15

SN ‘LD

Ajjepow
SuiSew

€-0
19-1
»8-0
€-0
>CT-€
11-9
»8-0
50T-¢
»8-0
50T-T
>96-€
or-¢
»8-0
=
L-G
(sAep) 1asuo

woldwAs 4y 03
aAIje[a. Suidew)

- - - 8¢ 4 8y cL 8¢ 7'€S 14 9AI303ds0119y ueder 4667 ‘e 39 ewlysns|
- - - 9¢ 6% 14 19 6€ qlS 81€  9AIadsoalay duel4  GT0C ‘e 39 anbo |
1€ €9 91 Lz 8¢ s€ 09 (014 LS 10 dAPadsouay  wop3uly payun  ¢zoe ‘|e 39 ulAselsy
- - - 1% 19 14 e€6-T1C 681  dAIadsoalay Aoxinl  810C ‘|e 39 sepAe]
p€ - - T4 €9 4" Y4 18 c9 10T aAIpadso.d eljeosdy  /00¢ ‘e 39 Jewns
LE (014 (927 14 T4 0§ 09 (04 99¢ 09 9AI303dso.d elpul /10 ‘e 32 nyeg
e €4 [4% T4 8¢ LE oL o€ - 0s aAIadsold elpul  9T0C  Ie 19 lysuemnysey
4 6S ot 4 6¢ 89 LL €¢ e6/-81 TTT  9Adadsouay puejod TcocC ‘& 39 DppemeN
(0[0) 0 0 - - - - 8¢ 9AI30adsold  Wopsuly pajun  TT0C 518 39 Z3]9zUu0o
- - - - - - ¥S 9 e0/£-0C cL 9AI1309ds0.119Y eulyy  /L10¢ ‘e 39 194
- - - 14’ [4> ¥S VL 9¢ - 681 aAIadso.d Avewss 000z ‘e 33 [9440Q
p00T 0 0 1€ ¥9 9 87 4 9vS OpT  9A13dadsolyay eulyd  8T0C ‘e 39 8uig
144 8¢ 81 - - - 99 € a4 0s 9AI303dso.d elpul 910C ‘|e 19 Aepueg
8T 14 LE ce 0§ LT 9 8¢ 8T 6v1  dAIadsoaIay uleds  0zoz ‘e 32 3|V
8g 9¢ S [44 4 9% 9L 144 6'1¢€ 96 aAIpadso.d elpu]  810¢C ‘e 39 pawyy
9J9A9S  91eU9PON  PIIN 49YlOQ Asellg  dljoyodly  delN  djewaq  (sJeaA) a8e sjuanzed  uSisap Apnis Anuno)  ueap Joyiny
(%) uonnqiiysip (%) uonnqiusip (%) HEaN 30 SATIN
Ajaanss dy A8ojona dv uonnqiisip
PETIIETS)

"sisAjeue-e3awl pue M3IASJ D13BWS}SAS BU3 Ul papn|dul SaIpn3s ay} 4O sofisiialoeleyd oiseg T 379V L



BORBELY ET AL 683
Article Event Total Proportion  95%-Cl Proportion of SVT
Stimac D, 2007 2 101 0.02 [0.00; 0.07] =+
Tsushima 'Y, 1999 1 25 0.04 [0.00; 0.20] +——

Taydas O, 2018 9 189 0.05 [0.02; 0.09] —+

Alberti P, 2020 10 149 0.07 [0.03; 0.12] —+—
Raghuwanshi S, 2016 4 50 0.08 [0.02; 0.19] ———

Banday I, 2015 4 50 0.08 [0.02;0.19] —++—

Ding L, 2018 25 140 0.18 [0.12; 0.25] -

Sahu B, 2017 16 60 0.27 [0.16; 0.40] —
Ahmed S, 2018 26 96 0.27 [0.19; 0.37] ——
Thejasvin K, 2022 109 401 0.27 [0.23; 0.32] ko
Nawacki L, 2021 34 111 0.31 [0.22; 0.40] —
FeiY, 2017 29 72 0.40 [0.29; 0.53] —_—
Random effect 269 1444 0.13 [0.07; 0.23] =
Prediction interval [0.01; 0.61]

12 = 89% [82%; 93%], T = 0.99 0 02 04 06 08 1

FIGURE 2 Forest plot of the analysis of the pooled prevalence of SVT in the early phase of AP (within 12 days of symptom onset). AP,
acute pancreatitis; Cl, confidence interval; SVT, splanchnic vein thrombosis.

(C1 0.14-0.36); the sum was greater than one because some patients
had multiple thrombosed vessels. The proportion of patients with a
single vessel and specific combinations is shown in Supplementary
Figures S2 and S3.

Gender

We found that the proportion of females affected was 0.09 and 0.16
for males; statistical significance was not reached; see Supplementary
Figure S4.

Mortality, length of hospital stay

Because of methodological differences between the studies, we were
unable to conduct a meta-analysis for hospital stay and mortality
outcomes. The data collected can be found in Supplementary
Tables S3 and S4.

Risk of bias assessment, level of evidence

Of the 15 studies identified in the search and selection process,

3,5,6,40-50 and one

14 were deemed suitable for the meta-analysis,
was considered high risk” leading to exclusion. In general, the
most significant source of bias was due to inadequate study
population size, as most studies did not report sufficient patient
numbers to accurately determine the prevalence of a condition
estimated to have a prevalence rate of 15%.3%°! Figure 6. The
level of evidence ranged from very low to moderate; see Sup-

plementary Table S5.

Publication bias

In the overall SVT prevalence analysis, we found no significant pub-
lication bias based on visual inspection of the funnel plot and the fact
that the Egger's test p-value exceeded 0.1. Visual inspection of funnel
plots and Begg's test for the prevalence subgroup analyses for
severity, etiology, necrosis, gender, and affected veins found no evi-

dence for publication bias. Supplementary Figures S5-514.

Heterogeneity

We found high heterogeneity in most analyses; we report them in

Figures with Forest plots.

DISCUSSION

Our investigation focused on the time dependence and risk factors
for the development of SVT. We found that patients in the 0-3 days
within the symptom onset group were the least affected, and the
proportion of SVT rose significantly thereafter, suggesting that its
development takes several days. The onset of AP was defined as the
onset of abdominal pain.'® However, patients often do not seek im-
mediate medical help, resulting in a delay in hospital admission.?®
This delay contributes to our findings that the percentage of patients
with SVT is higher upon admission compared to that in the 0-3 days
within the symptom onset group and does not significantly increase
1-5 days after admission.

Our findings show that 13.2% of patients in the early phase are
affected by SVT. One meta-analysis found that the prevalence of SVT
in patients with AP - irrespective of imaging timing - was 16.6%, with



684

UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

Article

0 to 3 days after symptom onset

Tsushima Y, 1999 1 25 0.04
Taydas O, 2018 9 189 0.05
Alberti P, 2020 10 149 0.07
Random effect 20 363 0.06

12 = 0% [0%; 90%], T = 0.05

3 to 11 days after symptom onset

Ding L, 2018 25 140 0.18
Sahu B, 2017 16 60 0.27
Ahmed S, 2018 26 96 0.27
Random effect 67 296 0.23

12 = 42% [0%; 82%), T = 0.05
Random effect 87 659 0.12
Prediction interval

1% = 88% [75%; 94%], T = 0.81

Residual heterogeneity: 12=3% [0%; 80%)], T = 0.05
Test for subgroup differences: p < 0.01

(b)
Article

Day of hospital admission

Banday |, 2015 4 50 0.08
Raghuwanshi S, 2016 4 50 0.08
Thejasvin K, 2022 109 401 0.27
Random effect 17 501 0.12

12 = 86% [59%; 95%], T = 1.11

1 to 5 days after admission

Stimac D, 2007 2 101 0.02
Nawacki L, 2021 34 111 0.31
FeiY, 2017 29 72 0.40
Random effect 65 284 0.17

12 = 91% [76%; 96%), T = 1.11

Random effect 182 785 0.15
Prediction interval
12 = 87% [74%; 94%], T = 1.14

Residual heterogeneity: 12 = 89% [77%; 95%], T = 1.11
Test for subgroup differences: p =0.72

SVT Total Proportion

SVT Total Proportion

95%-Cl Proportion of SVT

[0.00;0.20] H——
[0.02;0.09] =
[0.03;0.12] ==
[0.03;0.10] <

[0.12; 0.25] _—
[0.16; 0.40] ——
[0.19; 0.37] ——
[0.16; 0.31] -
[0.05; 0.26]  —~d=—

[0.01; 0.62]
I I I I I 1
0 02 04 06 038 1

95%-Cl Proportion of SVT

[0.02;0.19] =

[0.02;0.19] =+

[0.23;0.32] -

[0.02; 0.49] —_——

[0.00;0.07] =+
[0.22; 0.40]
[0.29; 0.53]
[0.03; 0.58]  —m——

[0.05; 0.38] <
[0.01; 0.84]

T T
0 02 04 06 08 1

FIGURE 3 Subgroup analyses by SVT diagnosis timing in studies reporting SVT prevalence in the early phase of AP. (a) subgroup analysis
of studies reporting SVT data relative to symptom onset. (b) subgroup analysis of studies reporting SVT data relative to the hospital admission.
AP, acute pancreatitis; Cl, confidence interval; SVT, splanchnic vein thrombosis.

differences among the studies by geographical area, for example,
European studies having the highest prevalence.>2 In a more recent
meta-analysis focusing on the treatment of SVT, 17% of AP patients
were affected by it, and in a subgroup of patients with a first episode
of AP, it was 15%. Our meta-analysis showed minimal overlap with
these previous meta-analyses in terms of studies included: one study
was also a part of the analysis published in 2015,** two were in the
2022 analysis,***¢ and a fourth study presented in both was included

only in our systematic review.” Our pooled prevalence is comparable
to previous results; the minor difference could be attributed to our
selection of early-phase AP cases, where the prevalence is lower due
to the time required for SVT to develop. We synthesized data from
studies where all patients underwent imaging, as asymptomatic pa-
tients in some studies did not receive imaging.>®

We found that pancreatic necrosis is associated with the
development of SVT. The interaction is likely bidirectional in
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Article SVT Total Proportion
Alcoholic

Toque L, 2015 9 79 0.11
Ding L, 2018 2 8 0.25
Thejasvin K, 2022 52 141 0.37
Nawacki L, 2021 22 39 0.56
Random effect 85 267 0.31
Biliary

Toque L, 2015 4 156 0.03
Nawacki L, 2021 6 48 0.12
Ding L, 2018 14 89 0.16
Thejasvin K, 2022 35 151 0.23
Random effect 59 444 0.12
Hypertriglyceridemic

Ding L, 2018 8 38 0.21
Idiopathic

Nawacki L, 2021 0 26 0.00
Other

Toque L, 2015 6 83 0.07
Ding L, 2018 1 5 0.20
Thejasvin K, 2022 22 109 0.20
Nawacki L, 2021 6 15 0.40
Random effect 35 212 0.18

95%-Cl  Weight Proportion of SVT

[0.05;0.21] 23.7% ——

[0.03;065] 102% ——+—

[0.29; 0.45]  40.7% ——

[0.40;0.72]  25.4% —_—

[0.13; 0.58] 100.0% ——

[0.01;0.08] 17.4% +

[0.05;0.25] 202%  —+—

[0.09; 0.25] 24.7% —+—

[0.17;0.31]  37.7% ——

[0.04; 0.30] 100.0% ———

[0.10;0.37]  100.0% —

[0.00;0.13] 100.0% +—

[0.03;0.15] 25.9%  —+—

[0.01;072] 7.4% ——+——

[0.13;0.29] 45.0% e

[0.16;0.68] 21.7% —_—

[0.07; 0.42] 100.0% —_—
T T T T T 1
0 02 04 06 08 1

Between study 12: 76% [44%; 87%] Within study 12:12% [0%; 11%]

Omnibus test for subgroup difference: p= 0.03

FIGURE 4 Forest plot of subgroup analysis of SVT prevalence by different AP etiologies. AP, acute pancreatitis; Cl, confidence interval;

SVT, splanchnic vein thrombosis.

nature: firstly, the inflammatory response and cytokine storm
associated with pancreatic necrosis create an environment condu-
cive to SVT development; conversely, the presence of SVT may
exacerbate the progression of pancreatitis by impairing circulatory
function. Pancreatic necrosis causes inflammation - both locally
and systemically - and mass effect; SVT development is fueled
mainly by these local effects of necrosis, in particular venous
endothelial damage by pancreatic enzymes, leading to the exposure
of the tissue factor, impaired vasomotor function and compression
from surrounding necrotic tissue, resulting in reduced capillary
perfusion and stasis.”®°37>> The release of pro-inflammatory me-
diators from necrotic tissue also contributes to the systemic in-
flammatory response, which has been shown to tip the balance of
the hemostasis toward a pro-thrombotic state.>® Confirming these
findings, Roch et al. reported that 50% of necrotizing AP patients
presented with SVT, 16% had deep vein thrombosis in the ex-
tremities, and 6% had pulmonary embolism.>” In addition, this
inflammation alters the pharmacokinetics and pharmacodynamics
of anticoagulants in patients receiving prophylactic anticoagulation
therapy, leading to inadequate prophylaxis and, eventually,
thrombosis.®

Furthermore, the impact of necrotizing AP extends beyond
inflammation, the known depletion of Beta-cells and insulin produc-

P5857 can also lead to disease

tion over the course of necrotizing A
deterioration,’® thus forming a vicious cycle. The presence of SVT
might trigger this cycle by damaging circulation®® and, consequently,

the functionality of Beta-cells.

Our data suggest that alcohol-induced AP patients may have a
higher prevalence of SVT, which could be explained by the higher
proportion of severe cases and more frequent necrosis in such pa-
tients,®? as well as the effect of alcohol on the coagulation system. In
addition, cirrhosis in the chronic alcoholic population predisposes
them to chronic and recurrent SVT.*%* Our results show that
approximately one-third of patients with alcohol-induced AP pre-
sented with this complication compared with 12% of biliary patients.
While there is an inverse relationship between mild-to-moderate
alcohol consumption and thrombosis development, heavy alcohol
consumption has been associated with an increased incidence of

thrombotic events®> %8

and corresponding hemostatic factor
changes.®? Alcohol consumption required to induce an AP episode
falls into the category of heavy alcohol consumption.”® There is some
confounding between pancreatic necrosis and alcoholic etiology, as

they are known to co-occur more frequently.®?

The splenic vein is the most affected

We observed that the veins of the splanchnic system were not
equally involved in thrombosis. SV was the most frequently affected
vein, followed by PV, and the SMV was the least frequently throm-
bosed vein alone. As local mechanisms play a significant role in SVT
development, the proximity of the SV makes it the most exposed,
while PV and SMV are more distant. Other studies confirm these

findings.”Y”
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Article SVT Total Proportion
No necrosis

Ahmed S, 2018 1 16 0.06
Ding L, 2018 8 91 0.09
Nawacki L, 2021 13 72 0.18
Random effect 22 179 0.10
Necrosis <30%

Ding L, 2018 4 28 0.14
Ahmed S, 2018 5 27 0.19
Nawacki L, 2021 10 23 0.43
Random effect 19 78 0.25
Necrosis >30%

Ahmed S, 2018 20 53 0.38
Ding L, 2018 13 21 0.62
Nawacki L, 2021 1 16 0.69
Random effect 44 90 0.55

Omnibus test for subgroup difference: p < 0.01

Article SVT Total Proportion
No necrosis

Ahmed S, 2018 1 16 0.06
Ding L, 2018 8 91 0.09
Thejasvin K, 2022 15 155 0.10
Random effect 24 262 0.09
Necrosis <50%

Ding L, 2018 7 36 0.19
Ahmed S, 2018 10 40 0.25
Thejasvin K, 2022 46 147 0.31
Random effect 63 223 0.29
Necrosis >50%

Ahmed S, 2018 15 40 0.38
Thejasvin K, 2022 45 99 0.45
Ding L, 2018 10 13 0.77
Random effect 70 152 0.46

Omnibus test for subgroup difference: p < 0.01

Between study 12: 69% [0%; 89%] Within study 12:0% [0%; 9%]

Between study 12: 0% [0%; 48%)] Within study 12:0% [0%; 44%]

95%-Cl  Weight Proportion of SVT

[0.00;0.30] 8.3% -

[0.04;0.17]  40.4% H—

[0.10;0.29] 51.3% e

[0.04; 0.25] 100.0% D

[0.04;0.33] 27.2% B

[0.06;0.38] 31.7% —a—

[0.23;0.66] 41.2% e

[0.10; 0.50] 100.0% —

[0.25;0.52] 41.9% —

[0.38;0.82] 32.2% e

[0.41;0.89] 26.0% e

[0.29; 0.78] 100.0% —
T T T T T 1
0 02 04 06 08 1

95%-Cl Weight Proportion of SVT

[0.00;0.30]  4.3% —_-—

[0.04;0.17]  33.5% -

[0.06;0.15]  62.2% B

[0.06; 0.15]  100.0% -

[0.08;0.36] 12.6% ——

[0.13;0.41]  16.8% —

[0.24;0.39] 70.6% -

[0.22; 0.37] 100.0% -

[0.23;0.54] 25.9% —

[0.35;0.56] 67.8% -

[0.46;0.95]  6.4% -

[0.36; 0.56] 100.0% —
T T T T T 1
0 02 04 06 08 1

FIGURE 5 Forest plots of subgroup analyses of SVT prevalence

by different amounts of pancreatic necrosis. A: subgroup analysis of

studies reporting SVT prevalence by necrosis categories - necrosis absent, necrosis less than 30%, and more than 30%. (a): subgroup analysis
of studies reporting SVT prevalence by necrosis categories - necrosis absent, necrosis less than 50%, and more than 50%. Cl, confidence

interval; SVT, splanchnic vein thrombosis.

Strengths and limitations

The strengths of our study include that this is the first meta-analysis to
explore this topic, we adhered to the guidelines of our methodology,
which was prospectively published in PROSPERO, and we conducted
detailed statistical subgroup analyses using data from 1951 patients.

A significant limitation is the substantial heterogeneity of the
studies included; we conducted several prespecified subgroup ana-
lyses and were able to account for some of this heterogeneity.

The lack of individual patient data is another limitation; aggre-
gate data from published studies limited our ability to control for
potential confounders and explore effect modifiers beyond subgroup
analyses. Specifically, information concerning preexisting conditions

known to be pro-thrombotic and potentially linked to increased SVT

63,64 71-73

prevalence, such as cirrhosis or diabetes, was not reliably
reported in the articles.

Our analyses consisted of pooling univariate data. Nevertheless,
some articles in our review conducted supporting multivariate ana-

6,42

lyses, revealing that alcoholic AP etiology and pancreatic necro-

sis® independently elevate the risk of SVT development.

Implications for practice and research

This study can be considered translational medicine, with implica-
tions for research and practical applications.”+”>
The existing guidelines for AP both in the initial days and later

than 48-72 h after symptom onset recommend the use of both CT
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Ahmed et al, 2018

Q1

Was the sample frame appropriate to
address the target population?

Q2

Were study participants sampled in an
appropriate way?

Q3

Was the sample size adequate?

Q4

Were the study subjects and the setting
described in detail?

Q5

Was the data analysis conducted with
sufficient coverage of the identified?

Q6

Were valid methods used for the
identification of the condition?

Q7

Was the condition measured in a

Alberti et al, 2020

Banday et al, 2015

standard, reliable way for all?

Was there appropriate statistical
analysis?

Was the response rate adequate, and if
not, was the low response rate managed?

Q8

Q9

Overall Appraisal

Ding et al, 2018

Dorffel et al, 2000
Feietal, 2017
Gonzelezetal, 2011
Nawacki et al, 2021
Raghuwanshi et al, 2016
Sahuetal, 2017
Stimac et al, 2007
Taydas et al, 2018
Thejasvin et al, 2022
Toque et al, 2015
Tsushima et al, 1999

m

FIGURE 6 Risk of bias assessment according to the Joanna Briggs Institute Critical Appraisal Checklist for Studies Reporting Prevalence
Data. E, exclude; |, include; N, no; N/A, not applicable; U, unclear; Y, yes.

and MRI only in cases of diagnostic uncertainty, rapid deterioration
of clinical status, or in critically ill patients.??”® These are not
appropriate for SVT detection, as most hospitalized AP patients do
not undergo imaging, and thrombosis may not be detected.>® Routine
CT or MRI imaging in hospitalized AP patients after 48-72 h should
be considered to diagnose SVT without delay.

The most pivotal research direction lies in the prevention of SVT
development. While certain studies have reported improved out-
comes associated with early anticoagulation in AP,*%7778 the un-
derlying mechanism remains to be fully elucidated. Our findings
highlight the need for anticoagulation therapy as a routine element of
AP therapy. However, additional studies are needed to establish the
optimal agent and dosage required to achieve adequate anti-

coagulation without unnecessarily increasing bleeding complications.

CONCLUSION

The risk of developing Splanchnic Vein Thrombosis (SVT) is signifi-
cant in AP, affecting up to a quarter of patients. The risk of occur-
rence increases with time in the early stages of AP. Alcoholic
etiology, pancreatic necrosis, and most probably, severity are asso-
ciated with an increased risk of SVT development in AP. Our findings
highlight the need for anticoagulation therapy and advanced imaging

(CT, MRI) to become a routine component of AP therapy.
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