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Abstract Background Splanchnic vein thrombosis is a well-recognized local vascular complication of acute
pancreatitis (AP), estimated to occur in approximately 15% of patients. While splanchnic vein
recanalization occurs spontaneously in approximately one third of patients, severe complications
such as bowel ischemia and liver failure have also been reported. At present, there is no consensus
on whether patients presenting with AP-associated splanchnic vein thrombosis should receive
therapeutic anticoagulation.

Methods We searched multiple databases from inception through December 2020 to collect
studies that compared the clinical outcomes of patients with AP and splanchnic vein thrombosis
who received therapeutic anticoagulation (AC group) with those who did not (N-AC group).
A meta-analysis was performed to calculate the relative risk (RR) of vessel recanalization, bleeding
complications, collateral formation and death in the 2 groups.

Results Seven studies with 8353 patients, 339 of whom had splanchnic vein thrombosis, were
included in the final analysis. A total of 154 patients (45.4%) had acute severe pancreatitis.
A significantly higher proportion of patients had vessel recanalization in the AC group: RR 1.6,
95% confidence interval 1.17-2.27; ’=0%; P=0.004. There was no difference between the 2 groups
in the RR of bleeding complications, collateral formation and death.

Conclusions Our analysis demonstrated that, among patients with AP-associated splanchnic vein
thrombosis, therapeutic anticoagulation resulted in recanalization of the involved vessels without
significantly increasing the risk of bleeding complications. There was no difference in the RR of
death or the rates of collateral vessel formation during the follow up.
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The global incidence of AP is 34 affected individuals per 100,000
person-years, and it has been increasing worldwide [1]. The
worldwide obesity epidemic is also thought to be contributing
to the overall increasing global incidence of AP [2]. While the
morbidity and long-term sequelae of AP remain substantial,
DO https://doi.org/10.20524/a0g.2021.0661 the associated mortality has seen a downward trend over the
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past decade, from 1.6% to 0.8%, in part due to improvements
in timely and accurate diagnosis, as well as in the care of
critically ill patients with AP [3]. Despite this, AP is currently
one of the most common gastrointestinal disorders warranting
hospitalization in the United States and accounts for $9.3
billion in healthcare costs annually [4].

Splanchnic vein thrombosis is a well-recognized local
vascular complication of AP [5], estimated to occur in
approximately 15% of patients [6]. Its etiology is thought
to be due in part to the anatomic relationship of the large
mesenteric vessels to the pancreas, the prothrombotic nature
of the acute inflammatory reaction, along with contributions
from systemic response to the injury, hypovolemia and
fluid shifts [7]. Splanchnic vein thrombosis may involve
thrombosis of the splenic vein (SpVT), portal vein (PVT)
and superior mesenteric vein (SMVT), either separately
or in combination, and is often detected incidentally on
imaging performed to evaluate the symptoms and/or
complications of AP. While splanchnic vein recanalization
occurs spontaneously in approximately one third of
patients [8,9], severe complications such as bowel ischemia
and liver failure have also been reported [10]. Additionally,
progressive splanchnic vein thrombosis can result in portal
hypertension with resulting complications, including
hemorrhage [11].

At present, there is no consensus on whether patients
presenting with splanchnic vein thrombosis in the setting
of AP should receive therapeutic anticoagulation. We
conducted a systematic review of the published literature and
performed a meta-analysis to assess the safety and clinical
outcomes of anticoagulation in AP-associated splanchnic
vein thrombosis.

Materials and methods

Search strategy

The relevant medical literature was searched by a medical
librarian for studies reporting outcomes of anticoagulation
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in patients with splanchnic vein thrombosis in the setting of
AP. The search strategy was created using a combination of
keywords and standardized index terms. A systematic and
detailed search was run in December 2020 in Ovid EBM
Reviews, ClinicalTrials.gov, Ovid Embase (1974+), Ovid
Medline (1946+ including Epub ahead of print, in-process
& other non-indexed citations), Scopus (1970+), and Web
of Science (1975+). Results were limited to English language
publications only.

The full search strategy is available in Supplementary
Appendix 1. As the included studies were observational in
design, the MOOSE (Meta-analyses Of Observational Studies
in Epidemiology) checklist was followed [12] and is provided as
Supplementary Appendix 2. The PRISMA flowchart for study
selection [13] was followed and is provided as Supplementary
Fig. 1. The reference lists of evaluated studies were examined to
identify other studies of interest.

Study selection

We included studies that compared the clinical outcomes
of patients with AP and splanchnic vein thrombosis who
received therapeutic anticoagulation with those who did
not. Studies included were cohort and case-control studies
that reported outcomes of both treatment approaches.
Studies were included whether they were published as full
manuscripts or conference abstracts, were performed in
an inpatient or outpatient setting, irrespectively of follow-
up time and country of origin, as long as they provided the
appropriate data needed for the analysis.

Our exclusion criteria were as follows: 1) case series
and case reports; 2) studies in which patients received
prophylactic anticoagulation; 3) studies including patients
with chronic pancreatitis; 4) studies performed in the
pediatric population (age <18 years); and 4) studies not
published in English. In cases of multiple publications from
a single research group reporting on the same patient, same
cohort and/or overlapping cohorts, data from the most
recent and/or most appropriate comprehensive report were
retained. The remaining studies were evaluated by 2 authors
(SC, DR) based on the publication timing (most recent) and/
or the sample size of the study (largest). In situations where
a consensus could not be reached, overlapping studies were
included in the final analysis and any potential effects were
assessed in a sensitivity analysis of the pooled outcomes,
leaving out one study at a time.

Data abstraction and quality assessment

Data on study-related outcomes from the individual studies
were abstracted independently onto a standardized form by
at least 2 authors (SC, SRK). Other authors (AP, BD, DR, NB)
cross-verified the collected data for possible errors and 2 authors
(SC, SRK) performed the quality scoring independently. We
used the Newcastle-Ottawa scale to assess the quality of cohort
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studies [14]. This quality score consists of 8 questions, the
details of which are provided in Supplementary Table 1.

Outcomes assessed

Patients were grouped based on whether they received
anticoagulation (AC) or not (N-AC). The primary outcomes
assessed were the relative risk (RR) of vessel recanalization,
bleeding complications, collateral formation and death in
patients who received anticoagulation compared with those who
did not. The secondary outcomes measured were the pooled
rates of vessel recanalization, bleeding complications, collateral
formation and death in patients who received anticoagulation
and in patients who did not receive anticoagulation.

Statistical analysis

We used meta-analysis techniques to calculate the pooled
estimates in each case, following the methods suggested by
DerSimonian and Laird and using the random-effects model.
Results were expressed in terms of RR or mean difference
(MD) along with relevant 95% confidence intervals (CI),
when appropriate [15]. When the incidence of an outcome
was zero in a study, a continuity correction of 0.5 was added
to the number of incident cases before statistical analysis [16].
We assessed heterogeneity between study-specific estimates
using the Cochran Q statistical test for heterogeneity, 95%CI,
and the I? statistics [16,17], in which values of <30%, 30-
60%, 61-75%, and >75% were suggestive of low, moderate,
substantial and considerable heterogeneity, respectively. We
assessed publication bias, qualitatively, by visual inspection of
funnel plot, and quantitatively, by the Egger test [18]. When
publication bias was present, further statistics using the fail-
safe N test and Duval and Tweedie’s “Trim and Fill” test was
used to ascertain the impact of the bias [19]. Three levels of
impact were reported, based on the concordance between
the reported results and the actual estimate if there was no
bias. The impact was reported as minimal if both versions
were estimated to be same, modest if effect size changed
substantially but the final finding would still remain the
same, and severe if the basic final conclusion of the analysis
was threatened by the bias [20]. A Knapp-Hartung 2-tailed
P-value of <0.05 was considered statistically significant and
the R? value was calculated to study the goodness of fit. All
analyses were performed using Comprehensive Meta-Analysis
software, version 3 (BioStat, Englewood, NJ).

Results

Characteristics and quality of included studies

Seven studies with 8353 patients, 339 of whom had
splanchnic vein thrombosis, were included in the final

Annals of Gastroenterology 34

analysis. The severity of pancreatitis was defined as per the
Atlanta Criteria [8,21], Revised Atlanta Classification [22-24]
and Balthazar score [25]. Of 135 patients with splanchnic vein
thrombosis reported in 5 studies [8,21-23,25], 78 (57.7%) were
classified as having severe AP. In another study, all 148 of the
included patients were classified as having moderately severe
or severe AP [24].

Six of the included studies were retrospective in
design [8,9,23-26], while one was a prospective multicenter
study [22]. Only one of the included studies was published
in abstract form but presented pertinent outcomes of
interest [26]. Two studies were performed in the USA, 4
in Europe and 1 in India. Based on the Newcastle-Ottawa
scoring system, all included studies were considered to be of
high quality.

Search results and population characteristics

Our initial search strategy yielded 67 results. All search
results were exported to Endnote, where 26 obvious
duplicates were removed leaving 41 citations. A schematic
diagram demonstrating our study selection is presented in
Supplementary Fig. 1.

All studies reported information on thrombus location:
26 patients had isolated PVT, 194 had isolated SpVT and
5 patients had isolated SMV'T. A vast majority of patients
had a combination of vessels involved. Details of patient
characteristics and demographics were available in 5 studies.
A total of 172 males and 91 females were included in our
analysis, with mean age ranging from 36.6-58 years. The
follow-up period ranged from 3-24 months.

Imaging modalities utilized for diagnosis and follow up of
splanchnic vein thrombosis

All studies used pancreas protocol contrast-enhanced
computed tomography (CT), magnetic resonance imaging
and/or color Doppler ultrasonography [8,9,22-25].
Splanchnic vein thrombosis was diagnosed when an
actual thrombus was detected in the vein, or the vein
appeared compressed, or was not visualized with presence
of collaterals. Portal cavernoma was defined radiologically
as the presence of large portoportal collaterals. Follow-up
imaging, including contrast CT [21,23,25] and Doppler
ultrasonography [8], was done to assess for recanalization of
involved vessels.

Type and duration of anticoagulant agent used

Four studies provided information on the type of
therapeutic anticoagulation used. In 2 studies, therapeutic
low-molecular-weight heparin (LMWH) (1 mg/kg b.i.d.) or
intravenous unfractionated heparin infusion (initial bolus
of 80 U/kg, followed by an initial infusion rate of 18/kg/h),



according to the standard nomogram, was given. This was
followed by maintenance therapy with warfarin to keep
the international normalized ratio (INR) between 2 and
3 [8,22]. Gonzelez et al utilized the same anticoagulation
protocol, but in that study the INR range was kept between
1.8 and 2 [9].

In another study, a therapeutic dose of LMWH was
administered (100 Ul/kg b.i.d.) to in-patients at the time of
diagnosis and patients were subsequently fully anticoagulated
upon discharge with fondaparinux 7.5 mg/day, or vitamin
K antagonist (warfarin) (target INR 2.0-3.0), or novel
direct oral anticoagulants, [23]. Three studies did not
provide information on the therapeutic modality used in
the anticoagulated group [24-26]. Further details of patient
characteristics and clinical outcomes are described in
Tables 1 and 2.

Meta-analysis outcomes
Pooled RR and rates of vessel recanalization

The pooled rate of vessel recanalization at follow up in the
AC group (6 studies, 53 of 103 patients) was 51.5%, 95%CI
35.5-67.1; I* 52%, while in the N-AC group (5 studies, 40 of
136 patients) it was 28.6%, 95%CI 18.6-41.3; I’=38%. The
difference between the 2 was statistically significant: RR 1.6,
95%CI 1.17-2.27; I’=0%; P=0.004 (Fig. 1).

Pooled RR and rates of bleeding complications

The pooled rate of bleeding complications in the AC group
was 21.2%, 95%CI 14-30.6; I’=0%, while in the N-AC group it
was 11%, 95%CI 6.5-17.9; I’=0%. The difference between the
2 was not statistically significant: RR 1.95, 95%CI 0.98-3.88;
P=0%; P=0.06 (Fig. 2).
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Pooled RR and rates of collateral formation

The pooled rate of collaterals formation in the AC group
was 43.3%, 95%CI 26.1-62.3; I’=61%, while in the N-AC group
it was 46.2%, 95%CI 31.3-61.8; I’=26%. The difference between
the 2 was not statistically significant: RR 1.24, 95%CI 0.75-2.05;
P=24%; P=0.4 (Fig. 3).

Pooled RR and rates of death

The pooled death rate in the AC group was 12.6%, 95%CI
7.5-20.4; P=0%, while in the N-AC group it was 6.8%,
95%CI 3.5-12.8; ’=0%. The difference between the 2 was not
statistically significant: RR 2.02, 95%CI 0.85-4.8; I’=0%; P=0.1
(Fig. 4).

Validation of meta-analysis results
Sensitivity analysis

To assess whether any one study had a dominant effect on
the meta-analysis, we excluded one study at a time and analyzed
its effect on the main summary estimate. No one study had a
dominant effect on our study outcomes.

Heterogeneity

We assessed dispersion of the calculated rates using the I?
percentage values, as reported in the meta-analysis outcomes
section. While there was moderate to substantial heterogeneity
in the pooled rates of vessel recanalization and collateral
formation in both groups, the pooled RR ratios between the 2
groups had zero to low heterogeneity.

Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio limit  limit P-value -
Harris, 2013 [8] 1.098 0.204 5.919 0.913 I;
Junare, 2020 [22] 1.200 0.499 2.883 0.684 B
Pagliari, 2020 [23] 2.521 0.909 6.991 0.076
Anderson, 2017 [26] 1.628 1.082 2.448 0.019
Gonzelez, 2011 [9] 2.000 0547 7.312 0.295
1.629 1172 2.265 0.004

01 02 05 1 2 5 10

Favours non-AC  Favours AC

Figure 1 Forest plot, vessel recanalization
CI, confidence interval, AC, anticoagulation
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Table 1 Study population characteristics

Study Design Total patients Age, M/F  Thrombus Intervention Vessel involved
[Ref.] Mean location (heparin/
AP W/ (SD) coumadin/
thrombus  [Range] others)
AC N-AC
Harris, Retrospective, 2454 45 58 (15)  31/14  7/45(PVT), 17 (heparin - 11/17 (PVT) 22/28
2013 [8] Jan 1996 to 17/45 (SpVT), warfarin) (SpVT)
Dec 2006, 4/45 (SMV'T),
Single-center, 4/45 (SMVT +
USA PVT), 4/45 (PVT
+SpVT), 4/45
(SpVT + SMVT),
5/45 (SMVT +
PVT + SpVT)
Junare, Prospective, 105 24 36.62 19/5 11/24 (SpV'T), 12 (heparin - 1/12 (SpVT), 10/12
2020 [22] Jan 2018 to (6.49) 4/24 (SpVT warfarin) 2/12 (SpVT (SpVT),
Dec 2018, + PVT), 9/24 + PV),9/12 2/12 (SpVT
Multicenter (SpVT + PVT + (SpVT + PV + PV), 0/12
(02), India SMVT) + SMVT) (SpVT + PV
+SMVT)
Pagliari, Retrospective, 221 27 55.1 23/4 9/27 (SpVT), 16 (LMWH) NR NR
2020 [23] Dec 2015 to (13.8) 10/27 (SpVT + [Inpatient]
Dec 2018, [25-79] SMVT), 1/27 -7 (VKA), 5
Single-center, (PVT), 2/27 (fondaparinux),
Italy (SpVT + PVT), 4 (apixaban)
1/27 (PVT + [After
SMVT), 4/27 discharge]
(PVT + SMVT +
SpVT)
Toque, Retrospective, 318 19 57 (35) 17/2 7/19 (SpVT), 15 (NR NR NR
2015 [25] Jan 2007 to 6/19 (PVT), - type of
Dec 2012, 4/19 (SpVT + anticoagulation
Single-center, SMVT), 2/19 therapy)
France (SpVT + PVT +
SMVT)
Anderson,  Retrospective, 4980 128 514 73/55  71/128 (PVT), 57 (NR NR NR
2017 (abs)  Jan 2007 to (13.7) 80/128 (SpVT), - type of
[26] Jan 2017, 23/128 (PVT + anticoagulation
Single-center, SpVT) therapy)
USA
Gonzelez, Retrospective, 127 20 53.5 9/11 8/20 (SpVT), 4 (LMWH) 2 (PVT), 8 (SpVT),
2011 [9] Jan 2008 to [36-81] 5/20 (PVT), 1/20 [inpatient] 2 (PVT + 3 (PVT), 1
Dec 2009, (SMVT), 4/20 -4 (VKA or SpVT) (SMVT),
Single-center, (PVT + SpVT), warfarin) [after 2 (PVT
UK 1/20 (SpVT, discharge] +SpVT),
SMVT), 1/20 1(SpVT,
(PVT + SpVT + SMVT),
SMVT) 1(PVT +
SpVT +
SMVT)
Garret, Retrospective, 148 76 NR NR SpVT 62/76 NR NR NR
2018 [24] January 2012

to December
2015, Single-
center, France

SD, standard deviation; PV'T, portal vein thrombosis; SpV'T, splenic vein thrombosis; SMV'T, superior mesenteric vein thrombosis; NR, not
reported; LMWH, low molecular weight heparin; VKA, vitamin K antagonist; AC, anticoagulation; AP, acute pancreatitis
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Study name

Harris, 2013 [8]
Junare, 2020 [22]
Pagliari, 2020 [23]
Anderson, 2017 [26]
Gonzalez, 2011 [9]

Statistics for each study

Risk Lower Upper
ratio  limit limit
0.659 0.143  3.028
6.000 0.335 107.420
0.688 0.015 32.115
2491 1.078 5757
4.000 0.093 172.429
1.948 0.979  3.875

P-value

0.592
0.224
0.848
0.033
0.470
0.057

Risk ratio and 95% CI

0.5

—-q

1 2

Favours non-AC  Favours AC

Figure 2 Forest plot, bleeding complications
CI, confidence interval, AC, anticoagulation

Study name

Harris, 2013 [8]
Junare, 2020 [22]
Pagliari, 2020 [23]
Anderson, 2017 [26]
Gonzalez, 2011 [9]

Statistics for each study

Risk Lower Upper
ratio limit limit

0.659 0.317  1.367
1.000 0.250 3.998
2.491 1.078  5.757
4.000 0.093 172.429
1282 0.764 2.153
1238 0.749 2.045

P-value
0.263
1.000
0.033
0.470
0.347
0.405

Risk ratio and 95% CI

0.1 0.2 0.5

Favours non-AC

1 2 5 10

Favours AC

Figure 3 Forest plot, collateral formation

CI, confidence interval, AC, anticoagulation

Study name

Harris, 2013 [8]
Junare, 2020 [22]
Pagliari, 2020 [23]
Anderson, 2017 [26]
Gonzelez, 2011 [9]

Statistics for each study

Risk Lower Upper
ratio limit limit

3.294 0.323 33.640
0.500 0.052 4.807
0.688 0.015 32.115
2.803 0.910 8.633
2.000 0.080 49.711
2.024  0.852 4.810

P-value

0.315
0.548
0.848
0.073
0.672
0.110

Risk ratio and 95% CI

L
L
=
0102 05 1 2 5 10

Favours non-AC  Favours AC

Figure 4 Forest plot, deaths

CI, confidence interval, AC, anticoagulation
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Publication bias

Publication bias could not be estimated as the number of
studies included our final analysis was less than 10.

Discussion

Our analysis demonstrated that, among patients with
AP found to have splanchnic vein thrombosis, therapeutic
anticoagulation resulted in recanalization of the involved
vessels without significantly increasing the risk of bleeding
complications. We found no difference in the risk of death and
rates of formation of collateral vessels at follow up between the
AC and N-AC groups.

Splanchnic vein thrombosis is an increasingly recognized
complication of AP. Its symptoms frequently overlap with
those of AP and it is often diagnosed by imaging studies in the
course of AP workup [27]. There is no consensus, however,
with regard to anticoagulant treatment in these patients and
whether it improves recanalization rates or overall clinical
outcomes. Current society guidelines on AP do not specifically
address this topic [28-30]. Timely intervention also needs to
be considered, as splanchnic vein thrombosis may at times
result in organ (bowel or hepatic) ischemia and necrosis if not
recognized early [10,31]. Therefore, the risks and benefits of
anticoagulation therapy in this subset of patients need to be
thoroughly evaluated. Our results add to the current body of
evidence on this challenging clinical scenario.

How does our study compare to the current published
literature? A recent study by Zhou et al, including 273 patients
with acute necrotizing pancreatitis, found that the application of
timely systemic anticoagulation seems to reduce the incidence of
splanchnic venous thrombosis and improves clinical outcomes
without increasing the risk of hemorrhage. However, the
percentage of patients developing recanalization or collateral
circulation was not reported in this study [32]. Hajibandeh
et al, in a recent Letter to the Editor, concluded that current
evidence suggests that the routine use of AC in the management
of pancreatitis-induced splanchnic venous thrombosis does not
provide any benefit over no AC and may increase the risk of
bleeding. However, only 252 patients were included in the analysis
that was the subject of the letter [33]. A previous systematic
review and meta-analysis of 16 studies evaluated the safety and
efficacy of anticoagulation for splanchnic vein thrombosis in
patients with AP. The authors noted a 14% rate of recanalization
in patients receiving anticoagulation, compared to 11% among
those who did not. Bleeding complications were observed in 16%
of patients receiving anticoagulation compared to 5% who did
not. However, the analysis also included 9 individual case reports
and 2 case series, leading to significant heterogeneity in the results,
precluding the authors from performing a meta-analysis [34].
Additionally, cohort studies in which prophylactic, rather than
therapeutic dosage of anticoagulation was administered, were
included [35]. In our analysis we only included studies in which
patients received therapeutic or systemic anticoagulation and
there was no or low heterogeneity in our results.

Anticoagulation for splanchnic vein thrombosis in AP 869

There are several strengths to our review. First, our search
strategy was meticulous, with well-defined inclusion criteria,
careful exclusion of redundant studies, inclusion of good
quality studies with detailed extraction of data, and rigorous
evaluation of study quality. Second, we included only those
studies where the outcomes of patients who received therapeutic
anticoagulation were directly compared to those who did not.
This allowed us to perform a robust meta-analysis of clinical
and safety outcomes. Third, in all of the studies included in our
analysis, splanchnic venous thrombus was diagnosed when an
actual thrombus was detected in the vein, or the vein appeared
compressed, or was not visualized with presence of collaterals.

There are several limitations to this study, most of which are
inherent to any meta-analysis. First and foremost, the type of
anticoagulant used and duration of therapy varied widelyamong
the studies. The vessels involved were not equally distributed
among the AC and N-AC groups in the included studies. In
one study, some patients received AC for less than 6 months
and others for longer [25]. Second, one of the included studies
was only published in abstract format [26] and in another study
not all our outcomes of primary interest were presented [24].
Two studies reported rates of collateral formation for the entire
cohort of patients with splanchnic venous thrombosis, not
for AC and N-AC groups separately [23,9]. Limited literature
suggests that the rate of spontaneous recanalization may be
as high as 30% in patients with SpVT [36]. While 10-year
recurrence-free survival is highest for isolated SpVT, this may
not be true in patients with PVT and/or SMVT [37,38]. We
were also unable to calculate the pooled outcomes of bowel
ischemia and hepatic decompensation between the 2 groups,
as this information was lacking in the studies. Third, 6 of
the 7 studies included in our analysis were retrospective in
design, while the severity classification criteria for AP varied
across studies, which may have resulted in potential bias.
Finally, a major concern for anticoagulation in splanchnic
vein thrombosis is the risk of bleeding. While our analysis did
not show a statistically significant difference in bleeding rates
between the 2 groups, there was a trend towards more bleeding
in patients receiving anticoagulation. Additionally, we did not
report the etiology and severity of bleeding in our analysis,
since this was not included in most studies. Further studies are
warranted to stratify the risk of bleeding in patients with severe
and non-severe AP receiving AC.

Despite these limitations, our study showed that the use of
anticoagulation in patients with splanchnic vein thrombosis in
the setting of AP resulted in higher rates of vessel recanalization,
without an associated higher risk of bleeding complications.
Our findings suggest that anticoagulation should be considered
in AP patients with splanchnic vein thrombosis if there are no
contraindications to anticoagulation.
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Summary Box

What is already known:

e Splanchnic vein thrombosis is a well-recognized
local vascular complication of acute pancreatitis
(AP) and is estimated to occur in approximately
15% of patients

e While splanchnic vein recanalization occurs
spontaneously in approximately one third of
patients, severe complications such as bowel
ischemia and liver failure have also been reported

e At present, there is no consensus on whether
patients presenting with splanchnic  vein
thrombosis in the setting of AP should receive
therapeutic anticoagulation

What the new finding is:

e Based on this meta-analysis, in patients with
AP found to have splanchnic vein thrombosis,
therapeutic ~ anticoagulation  resulted  in
recanalization of the involved vessels without
significantly increasing the risk of bleeding
complications
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Supplementary material

Appendix 1 Literature search strategy

All EBM Reviews via Ovid (Cochrane Database of
Systematic Reviews (2005+), ACP Journal Club (1991+),
Cochrane Central Register of Controlled Trials (CCTR, 1991+),
Cochrane Clinical Answers (CCA), Cochrane Methodology
Register (2012+), Database of Abstracts of Reviews of Effects
(DARE, 2016+), Health Technology Assessment Database
(HTA, 2016+), National Health Service Economic Evaluation
Databases (NHSEED, 2016+)):

acute-pancreatitis.ab,hw,ti. AND splanchnic.ab,hw;ti. AND
(thrombo* or phlebothrombo*).ab,hw;ti. AND ((anticoagula*
or anti-coagula* or antithromb* or anti-thromb* or
heparin* or LMWH or coumadin* or warfarin*).abhw;ti. or
(anisindione or apolate-sodium or beciparcil or blood-clotting-
inhibitor* or chlorophacinone or coumarin or defibrotide or
dextran-sulfate or diphenadione or fluindione or ghilanten
or  glycerophosphoinositol-inositolphosphodiesterase  or
glycosaminoglycan-polysulfate or iliparcil or inclacumab
or mopidamol or naroparcil or phenindione or tecarfarin or
torapsel or tretoquinol or uproleselan).ab,kw;ti.)

Embase via Ovid (1974+): ((acute pancreatitis/or acute-
pancreatitis.ab,kw,od,ti.) AND (splanchnic blood flow/
or splanchnic.abkw,od,ti) AND (exp vein thrombosis/
or (thrombo* or phlebothrombo*).abkw,0od,ti) AND
(anticoagulation/or exp anticoagulant agent/or (anticoagula*
or anti-coagula* or antithromb* or anti-thromb* or heparin*
or LMWH or coumadin* or warfarin*).ab,kw,od,ti,du,tn. or
(anisindione or apolate-sodium or beciparcil or blood-clotting-
inhibitor* or chlorophacinone or coumarin or defibrotide or
dextran-sulfate or diphenadione or fluindione or ghilanten
or  glycerophosphoinositol-inositolphosphodiesterase  or
glycosaminoglycan-polysulfate or iliparcil or inclacumab
or mopidamol or naroparcil or phenindione or tecarfarin or
torapsel or tretoquinol or uproleselan).ab,du,kw,0d,ti,tn.) NOT
(exp juvenile/not adult/, exp animal/not exp human/, case
report/, case-report.ti.) Limit to English

MEDLINE via Ovid (1946+ and Epub Ahead of Print,
In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) Daily): ((exp Pancreatitis/or acute-pancreatitis.
abkw;ti.) AND (exp Splanchnic Circulation/or splanchnic.
abkwti) AND (exp Venous Thrombosis/or (thrombo*
or phlebothrombo*).abkw;ti) AND (exp Anticoagulants/

or (anticoagula* or anti-coagula* or antithromb* or anti-
thromb* or heparin* or LMWH or coumadin* or warfarin*).
ab,kw,nm,ti. or (anisindione or apolate-sodium or beciparcil or
blood-clotting-inhibitor* or chlorophacinone or coumarin or
defibrotide or dextran-sulfate or diphenadione or fluindione or
ghilanten orglycerophosphoinositol-inositolphosphodiesterase
or glycosaminoglycan-polysulfate or iliparcil or inclacumab
or mopidamol or naroparcil or phenindione or tecarfarin or
torapsel or tretoquinol or uproleselan).ab,kw;ti,nm.) NOT (exp
CHILD/not exp ADULT/, exp Animals/not Humans/, Case
Reports/, case-report.ti.) Limit to English

Scopus via Elsevier (1970+): ((TITLE-ABS-KEY (acute-
pancreatitis)y AND TITLE-ABS-KEY (splanchnic) AND
TITLE-ABS-KEY (thrombo* OR phlebothrombo*))) AND
(TITLE-ABS-KEY (anticoagula* OR anti-coagula* OR
antithromb* OR anti-thromb* OR heparin* OR Imwh OR
coumadin* OR warfarin* OR anisindione OR apolate-
sodium OR beciparcil OR blood-clotting-inhibitor* OR
chlorophacinone OR coumarin OR defibrotide OR dextran-
sulfate OR diphenadione OR fluindione OR ghilanten
OR glycerophosphoinositol-inositolphosphodiesterase  OR
glycosaminoglycan-polysulfate OR iliparcil OR inclacumab
OR mopidamol OR naroparcil OR phenindione OR
tecarfarin OR torapsel OR tretoquinol OR uproleselan))
AND (LIMIT-TO (LANGUAGE, “English”))

Web of Science Core Collection via Clarivate
Analytics (1975+): TOPIC: (acute-pancreatitis) AND TOPIC:
(splanchnic) AND TOPIC: (thrombo* or phlebothrombo*)
AND TOPIC=(anticoagula* or anti-coagula* or antithromb*
or anti-thromb* or heparin* or LMWH or coumadin* or
warfarin® or anisindione or apolate-sodium or beciparcil or
blood-clotting-inhibitor* or chlorophacinone or coumarin or
defibrotide or dextran-sulfate or diphenadione or fluindione or
ghilanten or glycerophosphoinositol-inositolphosphodiesterase
or glycosaminoglycan-polysulfate or iliparcil or inclacumab
or mopidamol or naroparcil or phenindione or tecarfarin or
torapsel or tretoquinol or uproleselan) Limit to English



Appendix 2 MOOSE checklist

Item No Recommendation Specify page
number
Reporting of background should include
1 Problem definition 5
2 Hypothesis statement 5
3 Description of study outcome(s) 6
4 Type of exposure or intervention used 6
5 Type of study designs used 6
6 Study population 6-7
Reporting of search strategy should include
7 Qualifications of searchers (e.g., librarians and investigators) 6
8 Search strategy, including time period included in the synthesis and key words 6-7
9 Effort to include all available studies, including contact with authors 7
10 Databases and registries searched 6
11 Search software used, name and version, including special features used (e.g., explosion) 9
12 Use of hand searching (e.g., reference lists of obtained articles) 5
13 List of citations located and those excluded, including justification s
Appendix
14 Method of addressing articles published in languages other than English =
15 Method of handling abstracts and unpublished studies 6
16 Description of any contact with authors
Reporting of methods should include
17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be tested 7
18 Rationale for the selection and coding of data (e.g., sound clinical principles or convenience) 7
19 Documentation of how data were classified and coded (e.g., multiple raters, blinding and interrater reliability) 7
20 Assessment of confounding (e.g., comparability of cases and controls in studies where appropriate) 7
21 Assessment of study quality, including blinding of quality assessors, stratification or regression on possible 7
predictors of study results
22 Assessment of heterogeneity 9
23 Description of statistical methods (e.g., complete description of fixed or random effects models, justification 8-9
of whether the chosen models account for predictors of study results, dose-response models, or cumulative
meta-analysis) in sufficient detail to be replicated
24 Provision of appropriate tables and graphics Tables 1-2, Figs 1-4
Reporting of results should include
25 Graphic summarizing individual study estimates and overall estimate Figs 1-4
26 Table giving descriptive information for each study included Table 1,2
27 Results of sensitivity testing (e.g., subgroup analysis) 12
28 Indication of statistical uncertainty of findings 11-12




Appendix 3 (A) PRISMA Flowchart

Records identified through
database searching
(n=67)

Additional records identified
through other sources
(n=0)

[ Included ] [ Eligibility ] [ Screening ] [ldentification]

A 4

A 4

Records after duplicates removed
(n=41)

A

Records screened

(n=41)

A 4

Full-text articles assessed
for eligibility
(n=30)

A 4

Studies included in
qualitative synthesis
(n=7)

A 4

Records excluded
(n=0)

Full-text articles excluded, with
reasons (n=11)
Case Reports (9), Case Series (2)




Appendix 3 (B) PRISMA Checklist

Section/topic #  Checklist item Specify page number
TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; 4
data sources; study eligibility criteria, participants, and interventions; study
appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. 5-6
Objectives 4 Provide an explicit statement of questions being addressed with reference to 7-8
participants, interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and registration 5  Indicate if a review protocol exists, if and where it can be accessed (e.g., Web NA
address), and, if available, provide registration information including registration
number.
Eligibility criteria 6  Specify study characteristics (e.g., PICOS, length of follow up) and report 7
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with 6
study authors to identify additional studies) in the search and date last searched.
Search 8  Present full electronic search strategy for at least one database, including any 6-7
limits used, such that it could be repeated. Appendix
Study selection 9  State the process for selecting studies (i.e., screening, eligibility, included in 7
systematic review, and, if applicable, included in the meta-analysis).
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, 8
independently, in duplicate) and any processes for obtaining and confirming data
from investigators.
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 8-9
sources) and any assumptions and simplifications made.
Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual studies (including 12
studies specification of whether this was done at the study or outcome level), and how
this information is to be used in any data synthesis.
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 8-9
Synthesis of results 14  Describe the methods of handling data and combining results of studies, if done, 10-11

including measures of consistency (e.g., I?) for each meta-analysis.
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