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Abstract

Background: A key tenet of clinical management of patients post liver transplantation

(LT) is thepreventionof thrombotic andbleeding complications. This systematic review

investigated the optimalmanagement of thromboprophylaxis after LT regarding portal

vein thrombosis (PVT) or hepatic artery thrombosis (HAT) and prevention of bleeding.

Methods: Systematic review following PRISMA guidelines and recommendations

using the GRADE approach derived from an international expert panel. Seven

databases were used to conduct extensive literature searches focusing on the use of

anticoagulation in LT and its impact on the following outcomes: PVT, HAT, and bleeding

(CRD42021244288).
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Conference on Enhanced Recovery for Liver

Transplantation, January 2022, Valencia, Spain. Results:Of the 2478 articles/abstracts screened, 16 studies were included in the final

review.All articleswere critically appraisedby apanel of independent reviewers. There

waswide variation regarding the anticoagulation protocols used. Thromboprophylaxis

with therapeutic doses of heparin/Vitamin K antagonist combination did not decrease

the risk of de novo or the recurrence of PVT but was associated with an increased risk

of bleeding in some studies. Only the use of aspirin resulted in a small but significant

decrease in the incidence of HAT post-LT, yet it did not increase the risk of bleeding.

Conclusions: Based on existing data and expert opinion, thromboprophylaxis at ther-

apeutic or prophylactic dose is not recommended for prevention of de novo PVT fol-

lowing LT in patients not at high risk. Aspirin should be considered as the standard of

care following LT to prevent HAT. Thromboprophylaxis should be strongly considered

in recipients at risk of HAT and PVT following LT.

KEYWORDS

anticoagulation, antiplatelet, bleeding, hepatic artery, liver transplantation, portal vein, thrombo-
prophylaxis, thrombosis

1 INTRODUCTION

Liver transplantation (LT) is a complex procedure. On one hand there

is an attendant risk of perioperative bleeding because of major upper

abdominal surgery in a context of portal hypertension, coagulopathy

related to impaired liver function, thrombocytopenia related to hyper-

splenism and potential activation of fibrinolysis in a context of con-

trolled infection On the other hand, there is a risk of vascular throm-

bosis as a consequence of decreased portal blood flow, increased intra-

hepatic vascular resistance, complex vascular anastomoses, technical

complications, and an imbalance between pro and anticoagulant fac-

tors. Optimization of early management after LT, therefore, requires

the anticipation of bleeding/thrombotic complications and early ini-

tiation of targeted interventions to prevent and/or correct these

complications.

Portal vein thrombosis (PVT), either partial or complete, is not

uncommon in candidates for LT with end stage cirrhosis, with a preva-

lence ranging from 5% to 26% according to different populations and

different diagnostic criteria.1,2 Prevalence of benign PVT seems to be

higher in patientswithNASH-related cirrhosis as compared to patients

with cirrhosis due to other causes.3 As a consequence, since NASH is

a growing indication for LT, the prevalence of PVT in transplant candi-

dates with end stage cirrhosis is likely to increase in the near future.

In addition to patients with PVT at evaluation, 5%–10% of patients

develop new PVT after being waitlisted, especially in countries where

waiting time is long.4–6 Beyond technical difficulties during the trans-

plant procedure, recurrence of PVT after LT is a matter of concern and

requires a strategy to identify patients at risk of recurrence, justifying

early anticoagulation to prevent re-thrombosis.

In contrast to LT candidates, de novo PVT following deceased donor

liver transplantation (DDLT) in adult recipients is a relatively rare com-

plication with reported incidence ranging between 2.2% and 2.9%.7,8

However, it is associatedwith increased risk of graft loss requiring inva-

sive procedures including re-transplantation and the increased risk of

recipient deathwith reported rates ashighas67%–100%.7–9 Although,

denovoPVT is uncommonwith conventional end-to-endportal anasto-

mosis, factors such as the presence of the pre-operative PVT, pediatric

transplantation, non-physiological portal vein reconstruction, LDLT

setting and hypercoagulable states like myeloproliferative disorders

contribute to higher rates of post-operative PVT and require special

consideration.10–14

Adequate arterial liver graft perfusion is an absolute necessity since

arterial blood flow is the only source of oxygen supply to allograft’s

biliary tree.15–17 The incidence of hepatic artery thrombosis (HAT)

ranges between 1.6% and 10% according to different series and is

more prevalent in pediatric rather than adult recipients.15 HAT is a

catastrophic complication,which generally occurs during the firstweek

after transplantation and is often associated with diffuse, irreversible

ischemic cholangiopathy requiring re-transplantation in up to 60% of

cases and contributes to high recipient mortality ranging between 9%

and 56%.16 Revascularization attempts are rarely effective at prevent-

ing the ischemic damage to the bile ducts. Therefore, accurate screen-

ing by Doppler ultrasound is central in the detection of reduced arte-

rial blood flow or thrombosis. LateHAT (>1month post-LT) is less com-

mon than early HAT (<1 month post-LT), but it may also result in dif-

fuse ischemic cholangiopathy.18,19 While several risk factors for HAT

have been clearly identified (pediatric transplantation, LDLT, donor

age, reduced size graft, complex arterial reconstruction, aorto-hepatic

conduits, hypercoagulable state), there is no consensus on the optimal

initiation time and the duration of the thromboprophylactic therapy or

the nature of the thromboprophylactic agents.14

Early postoperative bleeding is one of the most frequent and life-

threatening complications of LT, leading to increased morbidity and

mortality. In early studies where post-operative anticoagulation and

antiplatelet drugs were not used routinely, the incidence of bleed-

ing post LT has been reported to be as high as 8.4% and 16%.20,21

The main reasons of perioperative and early post-operative bleed-

ing in LT are coagulopathy secondary to slow graft function, large
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operative field and extensive surgical procedure. Additional risks

include previous abdominal surgery and prior history of spontaneous

bacterial peritonitis that both contribute to prolonged adhesiolysis,

presence of ascites (reflecting the degree of portal hypertension), high

lab-MELD score and renal failure.22–24 Post-operative variceal bleed-

ing is very uncommon as liver transplantation reverses portal hyper-

tension, however it remains a significant source of morbidity and

mortality in patients with pre-operative PVT requiring cavo-portal or

reno-portal anastomosis. Although in most patients coagulation fac-

tors return to normal or near normal values within the first week

after transplantation, the platelet count may remain low due to per-

sistence of hypersplenism and other factors including adverse drug

events. Thrombocytopenia may contribute to the persistent risk of

bleeding especially when medical thromboprophylaxis is considered.

Overall, early post-operative course in LT is characterized by increased

riskof bleeding aswell as thrombotic events. Therefore, tooptimize the

recovery, a careful balance must be achieved to mitigate both risks of

bleeding and thrombosis.

In this manuscript, we have reviewed the literature on thrombo-

prophylaxis to prevent PVT/HAT and its associated risk of periopera-

tive bleedingwith the goal to delineate recommendations based on the

existing data and the expert opinion of the panel.

2 MATERIALS AND METHODS

2.1 Information sources and protocol registration

The study was conducted following the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) guidelines.25

A systematic literature review was performed on March 30,

2021, searching the online databases including Ovid MEDLINE,

Embase, Scopus, Google Scholar, Clinical.Trials.gov, and the Cochrane

Central Register of Controlled Trials. Additional review was per-

formed using PubMed. The protocol was registered on PROSPERO

(CRD42021244288).

2.2 Eligibility criteria

The search terms were organized according to the PICO (popula-

tion, intervention, control, and outcomes) criteria. The population

represents adult (18 years old and older) recipients that received

a deceased donor or living donor liver transplant. Split-liver recipi-

ents were excluded. The intervention groups included patients that

received aspirin, unfractionatedor low-molecularweight heparin (UFH

or LMWH), epoprostenol, vitamin K antagonist as well as monitored

coagulation with viscoelastic testing during the perioperative period

following liver transplantation. The control groups include patients

that did not receive aspirin, UFH, epoprostenol, vitamin K antagonist

or monitoring with viscoelastic testing after liver transplantation. The

main outcomes were incidence of PVT, HAT, and bleeding following LT.

The additional outcomes included deep venous thrombosis, pulmonary

embolism rates, morbidity, mortality, intensive care, and hospital stay.

2.3 Search and study selection

The searches were performed by expert University of Zurich scientific

librarians and themembers of the expert panel. All selected titles were

screened by two independent investigators (SB and SA) and contro-

versies were resolved by consensus of the study group. Only studies

reporting on themanagement of thromboprophylaxis after liver trans-

plantation in respect to PVT, HAT, bleeding, morbidity, mortality, inten-

sive careunit andhospital staywere included. The studies that had con-

ference abstract with known upcoming manuscript submission were

also included. Studies that reported on pediatric population alone, case

reports or published in language other than English were excluded.

Both comparative and single cohort studies, retrospective or

prospective, describing outcomes in patients receiving different types

of anticoagulation or outcomes in patients that were monitored for

bleeding with different markers and techniques were included.

2.4 QOE and recommendations grading

The recommendations were formulated using the “Grading of Rec-

ommendations Assessment, Development and Evaluation” (GRADE)

approach derived from an international expert panel.26 The GRADE

guideline provided a comprehensive and structured approach to rate

the quality of evidence (QOE) for systematic review and to grade

strength of recommendations. Six authors (VAK, BO, CI, LM, PGN,

GWS) separately rated the QOE for each outcome. The direction and

strength of recommendations were assessed by the experts individu-

ally followed by the final consensus during the expert panel.

3 RESULTS

3.1 Study selection

Of 2478 articles/abstracts screened, 31 publications underwent full-

text assessment for eligibility and 16 were included in qualitative syn-

thesis (Figure1). Twelve studieswere comparative; of those, eightwere

single center17,27–33 and two were multi-center retrospective34,35

studies, one was a single center non-randomized36 and one was a

multi-center randomizedprospective37 study. The remaining fourwere

single center retrospective non-comparative studies.16,38–40 Baseline

characteristics including study type, number of subjects enrolled, and

target outcomes are reported in Table 1.

3.2 QOE and recommendations grading

The results of the individual studies are reported in Table 2. The sum-

mary of findings for the main outcomes, thromboprophylaxis to pre-

vent PVT, HAT and bleeding following LT, and the final QOE grading

according to the GRADE approach are summarized in Tables 2 and 3.

The QOE was rated low to very low for the reported outcomes. The

main reasons for downgrading were imprecision due to large varia-

tion in study groups and interventions as well as limitations due to the
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F IGURE 1 Flow diagram of study extraction and selection

retrospective observational nature of most studies. For the thrombo-

prophylaxis for prevention ofHAT,QOEwas upgraded due to similarity

and magnitude of the effect. The evidence to recommendation frame-

work according to the GRADE approach are listed in Table 4.

3.3 Results of individual studies

3.3.1 Thromboprophylaxis and monitoring for
prevention PVT following LT

Based on the literature review conducted by the authors, the evidence

to support the post-transplant thromboprophylaxis at therapeutic or

prophylactic doses for prevention of de novo PVT as a standard of care

for all adult LT recipients is lacking. Shay et al. retrospectively com-

pared the rates of PVT occurrence in 469 LT recipients (the majority

wereDDLTs, 99%)with andwithout early post-operative use of aspirin.

The incidence of PVT was .6% versus 2% respectively without statis-

tical significance.27 Similarly, in randomized control trial, the adminis-

tration of PGI2 analog during the early post-operative period did not

affect the rate of PVT following DDLT.37

Kaneko et al. examined a combination therapy of UFH (ACT goal

130–160 s), dalteparin, prostaglandin E1, antithrombin III (AT III)

concentrates and a protease inhibitor (mesilate gabexate) for anti-

thrombotic prophylaxis following LDLT in adult recipients. The rate of

PVTwas 1.6%,whichwas lower than de novoPVT rates following LDLT
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TABLE 1 Study characteristics

Study type No. of patients Main outcomes assessed

1. Shay et al 2013 Single center retrospective

observational comparative study

Total n= 469 (Aspirin n=
165; No Aspirin n=
304)

Early use of aspirin in liver transplantation
∙ Overall incidence of HAT
∙ Early HAT (<30 days post OLTx)
∙ Late HAT (>30 days post OLTx)
∙ PVT
∙ Significant Bleeding requiring>2u PRBC

2. Lin et al.28 Single center retrospective

observational comparative study

Total n= 198 (HAT n=
13, NoHAT n= 185)

Intraoperative flowmeasures for

prediction of HAT
∙ Overall incidence of HAT
∙ Mean andmedian flow rates of the

hepatic artery in HAT and non-HAT

groups
∙ Median portal vein flow in HAT and

non-HAT groups

Average allograft survival in HAT and

non-HAT groups

3. Bärthel et al.37 Multi-center prospective randomized

control trial, open label with and

without PGI2

Total n= 80 (PGI2 n= 40,

no PGI2 n= 40)

Seven day course of PGI2 treatment

following liver transplantation
∙ Primary Graft Dysfunction (PGF)
∙ 30 day+ 180 daymortality
∙ ICU LOS
∙ Hospital LOS

Fresh Frozen Plasma administered

4.Wolf et al.17 Single center retrospective

observational comparative study

(Minimum f/up 3months)

Total n= 529 (ASA

Group n= 354, No

ASA n= 175)

Effect of ASA on:
∙ HAT
∙ Biopsy-associated bleeding (non-US

based biopsies)
∙ GI bleeding

5. Nguyen-Buckley et

al, 2021

Single center retrospective

observational comparative study

(Intra-op or within 1month)

n= 2330 (no ROTEM n=
2002, ROTEM n= 328)

Effect of Rotational Thromboelastometry

and Cryoprecipitate on:
∙ Thromboembolic event (intracardial

thrombus, pulmonary embolism, HAT,

ischemic stroke)
∙ Use of cryoprecipitate

6. Roullet et al., 2014 Single center prospective

non-randomized

n= 60 (no ROTEM n=
30, ROTEM n= 30)

Effect of Rotational Thromboelastometry

on:
∙ Fibrinogen transfusions
∙ Blood transfusions
∙ Perioperative bleeding

7. Oberkofler C et al,

2021 (manuscript is

available on request)

Multicenter retrospective

observational comparative study

n= 2366 (ASA n= 1436;

No ASA n= 930)

Effect of low-dose ASA on:
∙ Arterial patency
∙ Rejection

8.Widen A, 2009 Single center retrospective

observational comparative

case-matched analysis

n= 138 (n= 59warfarin

vs.N= 79 control)

Use of anticoagulation after liver

transplantation
∙ Bleeding episodes after LT irrespective

of the need of RBC transfusion

9. Vivarelli et al.31 Single center retrospective

observational comparative study

n= 838 (236 antiplatelet

vs. 598 no-antiplatelet

prophylaxis)

Effect of ASA on prevention of HAT
∙ Early (< 1month interval time after LT)

or late HAT after LT

(Continues)
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TABLE 1 (Continued)

Study type No. of patients Main outcomes assessed

10. Alexander et al.32 Single center retrospective

observational comparative study

n= 716 (220 heparin vs.

496 no-heparin)

Effect of chemoprophylaxis on
∙ In-hospital vascular thromboembolism

event defined as any depth vein

thrombosis (upper or lower extremity)

or pulmonary embolism after LT.
∙ The diagnosis of DVTwasmade using a

Doppler ultrasound, and for PE, the

diagnosis wasmade using a chest

computed tomography scan.

11. Bos et al.35 Two-center retrospective

observational comparative study

Total n= 235with PVT

(anticoagulation n=
113; no

anticoagulation n=
122)

Utility of therapeutic anticoagulation post

liver transplantation in recipients with

pre-transplant Yerdel-grade I/II PVT
∙ Recurrence of PVT Complications

associated with therapeutic

anticoagulationwithin 1 year

post-transplant

12. Rizzari M, 2020 Single center retrospective

observational study,

non-comparative

Total n= 126with PVT

(Yerdel grade I n= 73;

Yerdel grade II/III n=
53)

Impact of PVT grade and intra-op flow on:
∙ Post-LT PVT
∙ Biliary complications
∙ Graft survival

13. Sanchez-Ocaña

et al.33
Single center retrospective

observational comparative study

Total n= 215

PVT n= 37

6month course of oral anti-coagulation

(warfarin)
∙ PVT recurrence
∙ Post-LT bleeding

14. Kaneko et al.39 Single center retrospective

observational study,

non-comparative

Total n= 125 Use of heparin in LDLT (dalteparin (25

IU/kg/d) on POD 1; then heparin with ACT

goal 130–160 starting POD#3)
∙ Bleeding episodes
∙ Thrombosis rate

15. Gad et al.40 Single center retrospective

observational study,

non-comparative

Total n= 213 Vascular outcomes post-LDLT in adult and

pediatric population
∙ Routine use of thromboprophylaxis:

Routine anticoagulant and anti-platelet

therapy using Heparin infusion up to

180–200 units/kg per day adjusted with

reference to the activated clotting time

(target levels, 180–200 s) and/or the

activated partial thromboplastin time

(target levels, 50–70 s). But when

thrombocytopenia occurred, heparin was

shifted to clexane 20mg/12 h, then at

POD8 dipyridamole was given at a dose of

(4mg/kg/d) for 3months as protocol
∙ HAT, PVT, bleeding complications

16. Stange et al.16 Single center retrospective

observational study,

non-comparative

Total n= 1192 Outcomes on thromboprophylaxis on adult

DDLT
∙ HAT incidence UFH 5000 IU over 24 h

beginning 6 h postoperatively, for 14 d,

then LMWHSQuntil dischargewas used

for patients with split-liver transplant or

complex arterial reconstruction
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TABLE 2 Study outcomes

Prevention of bleeding HAT PVT

1. Shay R et al

2013

Significant Bleeding (requiring≥2 units RBC)
9% on Aspirin vs 19%without Aspirin, NS

HAT
∙ Overall HAT

3% on Aspirin vs 4.9%without Aspirin, NS
∙ Early HAT (<30 days post OLTx)

1.8% on Aspirin vs 3.9%without Aspirin, NS
∙ Early HAT (<30 days with graft loss)

0% on Aspirin vs 3.6%without Aspirin, p< .05Late HAT

(>30 days post OLTx)1.2% on Aspirin vs 1%without

Aspirin, NS

PVT
.6% on Aspirin vs 2%

without Aspirin, NS

2. Lin et al.28 NA No imaging comparison, more intraoperative flow as

predictor of HAT
∙ Overall incidence of HAT 6.6% (13/198)
∙ Mean andmedian flow rates of the hepatic artery in

HAT group 262mL/min and 220ml/min vs. 436ml/min

and 400ml/min in non-HAT groups (p< .0036).

Median portal vein flow rate was 2115ml/min (range

900–3200) for the HAT group vs. 2171ml/min (range:

300–6000) in the non-HAT group (p< .84).

NA

3. Bärthel

et al.37
Fresh Frozen Plasma requirement (units) 5.5

control vs 4 iloprost. 0 (-4,1) p= .264.

Composite HAT/PVTAE rare and not different between

groups

Composite HAT/PVTAE

rare and not different

between groups

4.Wolf

et al.17
Biopsy bleeding:
∙ 1.1%ASA vs

.6% non-ASA (p= .29)GI bleeding:18.9%ASA

vs 12.8% non-Asa (p= .08)

Overall HAT
∙ 3.7%ASA vs

4% non-ASA (p= .85)NS for all pts, 2–12 yo and<2 yo

NA

5. Nguyen-

Buckley C

et al, 2021

NA Overall HAT
∙ 2.3% no ROTEMvs 5.2% ROTEM

(≥18 yo) (p< .01)Overall MTC (major thrombotic
complications)
∙ 4.2% no ROTEMvs 9.5% ROTEM

(p< .001)Use of cryoprecipitate
∙ 1.1± 1.1 no ROTEMvs 2.9± 2.3 units ROTEM (p< .001)

Use of cryoprecipitate as independent risk factor for MTCOR

1.1, 95%CI: 1.04–1.24 (p< .003)

NA

6. Roullet S

et al, 2014

Perioperative bleeding:
∙ 3 L (1.7-4 L) no ROTEM vs 3 L (2.1-4.9 L)

ROTEM (NS)

Autologous transfusion:
∙ 545ml (288–752ml) no ROTEM vs 490ml

(268–1122ml) ROTEM (NS)

Received perioperative FFP units:
∙ 4 (4-5) no ROTEM vs. 8 (7-8) ROTEM (p< .05)

But fewer ROTEMpts got FFPReceived
Perioperative Fibrinogen (%pts):
∙ 30% no ROTEMvs

57%ROTEM (p< .05)No difference in fibrinogen

volume between groupsHyperfibrinolysis detection
with ROTEM
∙ Specificity 100%
∙ Sensitivity 11–13%

Postoperative ICUwithin 24hrs:Platelet units:
∙ 1.2± .5 no ROTEM vs 1± 0 ROTEM (p< .01)

Total transfusions RBC, FFP, PLT, Fibrinogen (g), Tran-
examic acid (g):No significance in number of pts

and amount between no ROTEM and ROTEM

NA NA

(Continues)



8 of 16 KIRCHNER ET AL.

TABLE 2 (Continued)

Prevention of bleeding HAT PVT

7. Oberkofler

C et al, 2021

(manuscript

is available

on request)

NA 1-year arterial patency:
∙ 99%ASA vs 96% no ASA

HR .23; 95%CI:.13-.4; (p< .001)Overall HAT:2.9%ASA vs

1.9% no ASA, p= .136

NA

8.Widen A,

2009

Number of patients who bled
∙ Anticoagulated group 9 (15%) vs. 16 (23%)

control group (P.0.37)

Number of bleeding episodes
∙ Anticoagulation group10 (17%) vs. 19 (24%)

control group (P.0.45)

Conclusion:(Warfarin) Anticoagulation in LT

recipients does not increase the risk of bleeding

complications.

NA NA

9. Vivarelli

et al.31
N/A The effect of aspirin on early HATwas not assessable due

tomedian presentation 5 days post-op and ASAwas

started atmedian time 8 days.
∙ Overall late HATwas .4% in ASA group and 2.2% in

non-ASA group (p= .037)

The incidence of late HAT in high risk recipients (DCD or

arterial conduits) was significantly higher among those

patients who did not receive aspirin (12/338; 3.6%), as

compared to those who received the prophylaxis

(1/160; .6%) (p= .037). Amultivariate analysis was not

performed.

N/A

10. Alexander

et al.32
∙ Multivariate logistic regression revealed no

association between the use of

chemoprophylaxis with heparin (adjusted odds

ratio [OR] 1.5 [.45-4.7], p= .53) and VTE. Only

revealed that blood product administrationwas

significantly associatedwith VTE and death.
∙ A significant positive association was observed

between the use of chemoprophylaxis (adjusted

OR 3.2 [1.3–8.0], p= .01) and death.
∙ Use of chemoprophylaxis and increasing

amounts of blood products following

orthotropic liver transplant was associatedwith

increasedmortality.

N/A N/A

11. Bos et al.35 Bleeding events:
∙ 23% anticoagulation vs 4.1% no

anticoagulation, p< .02

Length of stay:
∙ 21 days anticoagulation vs 17.5 days no

anticoagulation, p< .01

* Initial heparinwith transition to warfarin, INR
target of 2–3

HAT:
4.3% anticoagulation vs. 4.5% no anticoagulation, NS

Overall for Yerdel I and II
PVT recurrence within 1 yr
post-LT:
∙ 5.3% anticoagulation

vs

2.5% no anticoagulation,

p= .32For Yerdel II PVT:
∙ 5.7% anticoagulation vs

5.5% no anticoagulation, p
= 1

12. Rizzari M,

2020

NA NA Recurrent post-op PVT:
∙ high PVT grade group

22.6% versus
∙ low PVT grade group

9.6%,

p= .07low-flow group

29.0%versushigh-flow

group 10.5%,p= .02All

pts were on SQ 5,000

TID heparin and 325

mgASA

(Continues)
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TABLE 2 (Continued)

Prevention of bleeding HAT PVT

13. Sanchez-

Ocaña

et al.33

∙ No bleeding episodes in warfarin group NA Intra-op:
Short (Grades I-II) 26/37

(70%) Long (Grades

III-IV) 11/37 (30%)

Cavernous

Transformation 5/37

(13.5%)

Post-op PVT recurrence:
0% recurrence of PVT

(all patients received low

molecular-weight

heparin (1mg/kg twice

a day) in the immediate

postoperative period

andwere discharged

withOAC (warfarin)

for 6months)

14. Kaneko

et al.39
Incidence of bleeding:
∙ 15% bleeding/take-back for bleeding

Early HAT
∙ N= 3, 2.3% (on POD#1, 4, 11)

PVT
∙ N= 2,1.6% (POD#4, 5)

15. Gad et al.40 Incidence of bleeding:
∙ N= 4, 1.8%

Incidence of HAT
∙ N= 9 (4 early and 5 late), 4.2% Risk of HAT and/or PVT

Recipient age> 18 years 3/27 (11.1%) (yes) versus

39/186 (no) (21%) p> .05

Incidence of PVT
∙ N= 5, 2.3%

16. Stange

et al.16
Incidence of bleeding:
∙ N= 3 (.2%)

Incidence of early HAT
∙ N= 14 (1.17%)

Incidence of late HAT
∙ N= 16 (1.33%)

NA

reported by other authors, 6.8% and 9%; however, the rate of post-

operative bleeding and theneed for take-backdue tobleedingwas15%

under the presented protocol.9,39 Another study of early UFH admin-

istration (target: ACT 180–200 s or PTT 50–70 s) for one week fol-

lowed by 3 months of dipyridamole therapy for adult and pediatric

LDLT recipients found that the rate of PVT was 2.3%, which was com-

parable to the report of PVT rate by Kaneko et al, but with significantly

lower incidence of post-operative bleeding at 1.8% (Gad, 2016).40

Several studies examined the use of anticoagulation protocols for

LT recipients with pre-operative diagnosis of PVT.33,35,38 A two-center

retrospective study on the utility of UFH infusion followed by Vita-

min K antagonist (target INR 2–3) for LT recipients with pre-operative

Yerdel I and II PVT showed no significant difference in recurrence

of PVT between anticoagulation (Yerdel I: 5.3%; Yerdel II: 5.7%) and

no anticoagulation (Yerdel I: 2.5%; Yerdel II: 5.5%) groups; however,

the incidence of bleeding and length of stay were significantly higher

among recipients in the anticoagulation group (see Figure 2).35,41 In

contrast, Sanchez-Ocaña et al. used LMWH (1 mg/kg twice a day) fol-

lowed by Vitamin K antagonist for aminimum of 6months for all recip-

ients with pre- or intra-operative diagnosis of PVT (Yerdel I-2: 70%;

Yerdel III-IV: 30%). The authors reported no PVT recurrence and no

associated bleeding complications.33 Rizzari et al. utilized the combi-

nation of subcutaneous (SQ) UFH 5,000 IU three times a day and 325

mg aspirin for all recipients with pre- or intra-operative diagnosis of

Yerdel I (58%) and grade Yerdel II-III (42%) PVT. The recurrence rates

of PVT in this study were significantly higher (Yerdel I: 9.6%; Yerdel II-

III: 22.6%) compared to the rates reported by Bos et al. and Sanchez-

Ocaña et al.; however, the authors found that the intra-operative low

portal flowmeasurements correlatedwith increased risk of PVT recur-

rence suggesting that other factors outside of anti-coagulation should

be considered.38

Lastly, two other special considerations should be discussed includ-

ing LT recipientswith non-physiological portal vein (PV) reconstruction

(cavo-portal hemi-transposition, reno-portal anastomosis, PV arterial-

ization) and recipients with underlying hypercoagulability disorders.

Hibi et al. reported post-transplant re-thrombosis rate of 24% among

recipients who underwent non-physiological portal vein reconstruc-

tion when compared to 4.7% re-thrombosis rate in recipients with

physiological reconstruction (p < .001). Furthermore, patient survival

in the non-physiological bypass group was significantly lower than the

control group whereas the rate of hypercoagulable conditions was

higher among recipients with the non-physiological bypass.12 Liver

recipients with etiologies such as Budd-Chiari Syndrome and under-

lying hypercoagulable states have a documented high-rate of post-

transplant thrombotic complications thus prophylaxis with vitamin K

antagonists post-transplant has been a standard of care.42

In conclusion, there is no substantial evidence to support the sys-

tematic thromboprophylaxis for prevention of de novo PVT follow-

ing LT in adult DDLT recipients. Given serious consequences of PVT

and the increased risk of PVT occurrence, thromboprophylaxis should
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be considered in the special circumstances (LDLT, pre-transplant PVT,

non-physiological PV reconstruction, hypercoagulable states, pediatric

LT); although, other factors suchas intra-operative technical challenges

and intra-operative reduced PV flows may impact the outcomes. If

thromboprophylaxis is needed, UFH, LMWH, vitamin K antagonists, or

direct oral anticoagulants (DOACs) should be preferred to aspirin.

3.4 Thromboprophylaxis and monitoring for
prevention of HAT following LT

Despite relatively frequent use of aspirin following LT, the data on

its efficacy to prevent HAT vary. Shay et al. demonstrated that 325

mg of daily aspirin during the initial three post-operative months fol-

lowed by complete discontinuation or dose reduction did not affect

the incidence of overall early and late HAT; however, the incidence of

early HAT with graft loss within 30 days was significantly decreased in

aspirin (0%) versus no aspirin (3.6%) groups (p< .05). The retrospective

multicenter study byOberkofler et al. examined the effect of aspirin on

the incidence ofHAT in 2,366 LT recipients (ASA, n=1436; noASA, n=

930).34 Aspirinwas beneficial in lowering the risk ofHAT (within 1 year

post-transplant, Hazard Ratio .23; 95% CI: .13–.4; p < .001), but the

benefit did not extend to the later incidence (>1 year) of HAT.34 In con-

trast, Vivarelli et al. found that the administration of aspirin decreased

the overall late HAT from 2.2% to .4% (p = .037) and the recipients of

DCD livers or in need of the arterial conduit during the reconstruc-

tion had significantly higher rate of HAT if aspirin prophylaxis was not

used.31

Wolf et al compared the incidence of HAT in the group of 529 adult

and pediatric recipients with and without post-operative aspirin pro-

phylaxis (81 mg for adults and 40 mg for children). Contrary to prior

studies, there was no difference in the incidence of HAT between

aspirin and no aspirin groups.17 Of note, 14 of 28 children under the

age of 6 years old received post-operative UFH infusion at dose of 10

U/kg per hour for 5–7 days.17 The only risk factors for HAT that were

identified by the authors were recipient age of younger than 2 years

and low donor liver weight.17

Other strategies such as use of PGI2 analog during early post-

operative period did not affect the incidence of HAT in DDLT

recipients.37 Similarly, Bos et al. showed no difference of HAT among

two patient groups with pre-operative diagnosis of PVTwhowere ran-

domized into UFH/Vitamin K antagonist therapy (target INR 2–3) ver-

sus no anti-coagulation groups.35

In the setting of the LDLT, Kaneko et al. reported the incidence of

HAT as 2.3% despite the aggressive post-operative anti-thrombotic

prophylaxis protocol (UFH, dalteparin, prostaglandin E1, antithrom-

bin III (AT III) concentrates, a protease inhibitor).39 The authors’ HAT

rate was comparable to other reports of HAT following LDLT that did

not utilize anti-coagulation prophylaxis; at the same time, the protocol

by Kaneko et al. was associated with significant post-operative bleed-

ing complications.39,43,44 Similarly, Gad et al. failed to demonstrate the

benefit of UFH (target: ACT 180–200 s or PTT 50–70 s) and dipyri-
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TABLE 4 Evidence to recommendation framework according to the GRADE approach

Question:Does thromboprophylaxis prevent PVT and HAT following liver transplantation while limiting bleeding complications?

Decision domain Judgment Reason for Judgment

Yes No

Balance between desirable

and undesirable outcomes

(estimated effects), with

consideration of values and

preferences (estimated

typical)

✓ The thromboprophylaxis did not have a desired outcome on prevention of

primary PVT or recurrent of PVT following liver transplantation.

Aspirin was the only thromboprophylaxis that was shown to have small but

desirable effect on prevention of HAT following liver transplantation.

Use of aspirin did not correlate with increased number of undesirable effects

such as bleeding.

The thromboprophylaxis with heparin products or heparin/warfarin

combination hadmoderate undesirable consequences including bleeding,

increased length of stay and positive correlation between

thromboprophylaxis and death following transplantation.

Confidence in themagnitude

of estimates of effect of the

interventions on important

outcomes (overall QOE for

outcomes)

✓ Thromboprophylaxis does not prevent PVT following liver transplantation:

very low •∘∘∘
Thromboprophylaxis with aspirin may decrease the incidence of HAT: low

••∘∘
Only Aspirin thromboprophylaxis did not correlate with the increased risk of

bleeding following liver transplantation: low ••∘∘
Confidence in Values and

Preference, and their

Variability

✓ Based on the available data and the clinical experience of all authors, there is

a limited application of thromboprophylaxis in prevention of the PVT for

all liver transplant recipients whenweighted against themoderate risk of

post-transplant bleeding complications.

Aspirin may provide a small protective effect in prevention of HAT at the

same time balancing an acceptable low risk of bleeding following the liver

transplantation.

Intra-operative flowmonitoringmay predict the risk of HAT or recurrence of

PVT, which in turnmay help to stratify the liver recipients who are at risk

for the post-operative thrombosis andwould benefit from

thromboprophylaxis following the transplantation (Lin et al, 2002, Rizzari,

2020). Intra-operative coagulationmonitoring using ROTEMdid not

significantly decrease the intra-operative bleeding but may increase the

number of major thrombotic complications including HAT

(Nguyen-Buckley C et al, 2020, Roullet S et al, 2014)

Resource implications ✓ The resources required to provide aspirin thromboprophylaxis to liver

transplant recipients are rated lower than the resources that are needed

for management of the devastating complications of HAT. The

thromboprophylaxis for PVT does not prevent thrombotic events but

increases utilization of resources for management of bleeding

complications.

Overall QOE:Very low for thromboprophylaxis to prevent PVT. Low for thromboprophylaxis to prevent HAT. Very low for thromboprophylaxis to prevent
bleeding

Overall strength of

recommendations:

Strong Considering all decision domains, the guideline panel recommends that

I) Therapeutic/prophylactic dose of thromboprophylaxis should not be

routinely used in prevention of PVT,

ii) Aspirin can be considered for thromboprophylaxis to prevent HAT

iii) New and existing parameters for intra-operative assessment such as

coagulationmonitoring or flowmeasures should be adopted tominimize

the pro-thrombotic events or predict the recipient groups that are at

high-risk of thrombosis following the transplantation14 (LinM., et al, 2002,

RizzariM, et al., 2020).

iv) Prophylactic doses of UFH or LMWH should be judiciously considered for

LT recipients to prevent DVT/PE early post LT.48

Evidence to recommendation synthesis: i) moderate evidence for recommending against use of the

thromboprophylaxis for prevention of PVT at therapeutic or prophylactic

dose

ii) moderate evidence for recommending for the use of aspirin for prevention

of HAT

iii) moderate evidence for resource utilization for both (i & ii

recommendations)
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F IGURE 2 Portal vein thrombosis classification according to Yerdel et al.
Grade I – thrombus confined to<50% of the portal vein (PV) lumen, with or without minimal extension into the superior mesenteric vein (SMV)
Grade II –>50% occlusion of the PV, including total occlusion, with or without minimal extension into the SMV
Grade III – Complete thrombosis of both PV and proximal SMV
Grade IV – Complete thrombosis of the PV and proximal/distal SMV

damole prophylaxis for HAT prevention in adult and pediatric recipi-

ents with a reported overall rate of 4.2%.40

For split-liver transplants or complex arterial reconstruction, Stange

et al. used infusion of UFH at 5000 units over 24 h for 14 days.16

The only reconstruction that had significantly higher rate of HAT

was the graft interposition to recipient supra-celiac aorta (RR 5.76;

95%, confidence interval: 2.4–13.4, p < .05).16 These findings have

been supported by Hibi et al. demonstrating an increased rate of late

HAT, ischemic cholangiopathy and lower 5-year graft survival among

patients with aorto-hepatic conduits.45

In summary, despite a significant variability in study designs, aspirin,

irrespective of dose, following LT was the only method of thrombopro-

phylaxis that lowered the incidence of HAT in LT recipients overall and

in those with higher rate of HAT such as complex arterial reconstruc-

tion with aortic conduits.

The application of intra-operative monitoring strategies may have

a value in stratifying the post-operative risk for the development of

HAT,which in turnmayguide thedecision regardingprophylaxis strate-

gies. Similarly to the findings by Rizzari et al. on the positive asso-

ciation between the low intra-operative flow and recurrence of PVT,

Lin et al. demonstrated that liver transplant recipients with low mean

and median intra-operative hepatic arterial flow were more likely to

develop HAT post-operatively.28 At the same time, Nguyen Buckley

et al. reported that the use of intraoperative rotational thromboe-

lastometry (ROTEM) to guide transfusion strategy increased intra-

operative use of cryoprecipitate with increased observation of post-

operative HAT from 2.4% to 5.2% (p< .01) and major thrombotic com-

plications from4.2% to9.5% (p< .001) in adult liver recipients.29 These

findings put a new perspective on the use of ROTEM as the intra-

operativemonitoring technique for resuscitation of liver recipients and

cautioned the liberal use of cryoprecipitate.29

3.5 Thromboprophylaxis and prevention
of bleeding following LT

Research with regard to prevention of early and late thrombotic

complications post LT has mainly focused on the use of aspirin,

UFH, LMWH, and Vitamin K antagonists or a combination of

these.16,17,27,30–33,35,38–40 The incidence of bleeding associated with

each of these agents in LT recipients is described below. Of note,

the majority of the included studies concern the use of antiplatelet
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and anticoagulation agents in LT recipients who had a specific indi-

cation for thromboprophylaxis and would therefore not be expected

to be generalizable to the entire LT population. Bleeding events are,

where possible, classified into either major or minor in accordance

with criteria recommended by the International Society on Thrombo-

sis and Haemostasis.46 Major bleeding is defined as fatal bleeding or

requiring re-operation, and/or symptomatic bleeding in a critical area

or organ, such as intracranial, intraspinal, intraocular, retroperitoneal,

intra-articular, pericardial, or intramuscular with compartment syn-

drome, and/or bleeding causing a fall in haemoglobin levels of 20 g/L

or greater, or leading to a transfusion of 2 units or more of whole blood

or red cells.Minor bleeding is defined as all reportedbleedings not clas-

sified asmajor.

Three studies describing the use of aspirin in prevention of post-

operative thromboembolic complications following LT were reviewed.

These were single-center retrospective observational studies with

matched control groups. Low-dose aspirin (81 mg or 100 mg daily)

was used by Wolf et al. and Vivarelli et al. whereas a standard dose

aspirin (325 mg daily) was used by Shay et al.17,27,31 In the study by

Wolf et al., hemorrhage following biopsy occurred in 1.1% of patients

treated with daily aspirin (81 mg) and in .6% of patients in the con-

trol group (NS). A trend toward increased incidence of gastrointestinal

bleeding was reported but did not reach statistical significance (18.9%

with aspirin vs. 12.8% without aspirin).17 In more recent studies by

Vivarelli et al. and Shay et al., bleeding rates were not significantly dif-

ferent between aspirin and control groups. Shay et al. observed signif-

icant bleeding events in 9% of patients on aspirin (325 mg) compared

to 19% of patients in the control group (NS). Vivarelli et al. reported

no episodes of upper or lower gastrointestinal bleeding in patientswho

received aspirin (100mg) over a median follow-up of 1704 days (range

33–7017 days).31 Overall, these studies suggest that the administra-

tion of aspirin (81–325 mg) does not significantly increase the risk of

bleeding following LT.

Seven studies describing the use of anticoagulation (UFH, LMWH,

or Vitamin K antagonist) following LT were reviewed. These were ret-

rospective observational studies conducted in several different patient

cohorts. Two studies were conducted in patients with confirmed PVT

prior to LT, two in LDLT and the remaining studies were conducted in

a general population of LT recipients.16,30,32,33,35,39,40 Significant dif-

ferences were observed between studies with regard to the choice

of anticoagulant, dosage, timing of therapy initiation, target ranges

(ACT or APTT) and duration. In the majority of the studies, intra-

venous (IV) UFH was initiated soon after the procedure followed by

either SQ UFH, LMWH, or Vitamin K antagonist for minimum dura-

tion of 3 months or longer.16,30,32,33,35,39,40 In studies which involved

patients treated with Vitamin K antagonist for confirmed PVT, there

was considerable variation in bleeding rates. Bos et al. found a sig-

nificant increase in bleeding complications (23% vs. 4.1%, p < .01)

and increased length of stay (21 vs. 17.5 days, p < .01) among recip-

ients who received anticoagulation.35 Sanchez-Ocana et al. reported

no adverse events associated with anticoagulation and no cases of

recurrent thrombosis.33 Contradicting findings were also reported in

studies conducted in LDLT recipients. Kaneko et al. reported bleeding

requiring blood transfusion and/or re-laparotomy in 15% of patients

who received IV UFH with a target ACT of 130–160 s.39 In contrast,

Gad et al. reported an overall incidence of bleeding of 1.9% in patients

receiving IVUFHupuntil post-operativeday8with a targetACTof180

to 200 and/or APPT of 50 to 70 s.40

Three studies conducted in a cohort of general LT population were

also reviewed.16,30,32 Widen et al. found similar rates of bleeding in

patientswho receivedanticoagulationwithVitaminKantagonist (15%)

compared to those who did not (23%) (NS). The risk of bleeding after

the first week post LT was 4.2 and 2.8 per 100 person years in the

anticoagulated group and control group respectively.30 Details with

regard to the anticoagulation protocol and bleeding outcomes were

not well described in two remaining studies. The database review by

Alexander et al. reported that thromboprophylaxiswas associatedwith

an increase in the amount of blood products administered and an

increase risk of death compared to the control group (OR 3.2 [1.3–

8.0] p= .01).32 Anticoagulationwas, however, initiated in only 30.5%of

patients (220/496) and the groups who received anticoagulation were

older, had a longer hospital stay and higher MELD scores making com-

parison with the control group difficult. Stange et al. reported three

instances (.2%) of major bleeding complications in their study but it is

not clear if these received anticoagulation.16

All studies included in the review were retrospective observational

studies and usually conducted in a single-center. Some studies lacked

specific details about the choice anddoseof anticoagulationused,mon-

itoring arrangements, bleeding outcomes, follow-up and many did not

have a control groupwhich presents a challenge when interpreting the

overall findings. Despite the contrasting results, there is evidence to

suggest that therapeutic dose anticoagulation (targetACT>130or tar-

get INR 2–3) has potential to contribute to a significant bleeding risk

and that a reduction in thrombotic complications is not observed with

this strategy. These conclusions are also substantiated by studies in the

general population where the treatment with Vitamin K antagonist is

estimated to be associatedwith a two-fold increase in bleeding rates.47

In LT recipients the risk may be even greater; careful assessment and

judicious use of thesemedicines is therefore critical.

For modern monitoring techniques, viscoelastic testing (thromboe-

lastography and rotational thromboelastometry) is gaining popularity,

but Roullet S et al. demonstrated no benefit in preventing the periop-

erative bleeding (defined within 24 h post LT) when the intraoperative

ROTEMwas used.36

3.6 Thromboprophylaxis and prevention deep
vein thrombosis and pulmonary embolism

Outcomes regarding the incidence of post-operative systemic throm-

bosis (PE and DVT) following LT but not post-operative bleeding were

reviewed by Yip et al. Of 999 recipients in this single-center retro-

spective study, 2.8% developed PE or DVT within 30 days following

LT. Multivariate analysis demonstrated that the presence of PICC line

increased odds of PE/DVT 6.3 times (95% CI, 2.9–13.8, p < .0001).48

Whereas, the administration of prophylactic SQ UFH (5000 IU TID)
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decreased transplant-associated PE/DVT compared to LT recipients

without SQ UFH prophylaxis whose odds of developing DVT/PE was

five times greater (95%CI, .1–.7, p< .01).48

Based on the reviewed literature, early aspirin use (as early as post-

operativeday1) doesnot seemto increase riskof post-operativebleed-

ing complications following LT whereas therapeutic UFH/Vitamin K

antagonist levels may contribute to major bleeding events in the gen-

eral adult LT population. When considering prophylactic doses of SQ

UFH (5000 IU TID), it should be noted that in non-LT surgical patients

the use of thromboprophylaxis is now routine and the value and safety

of this is well established. Further, Annamalai et al. reported 9% risk

of DVT in LT population whereas Yip et al. demonstrated the bene-

fit of prophylactic UFH in reducing the incidence of DVT/PE within

30 days following LT.48,49 Therefore, strong consideration should be

given to low dose SQ UFH prophylaxis in early post-operative period

following LT.

Despite the identified trends, there was a wide variation across the

studies regarding the use of anticoagulation post LT reflecting the need

for robust and rigorous randomised controlled studies in this cohort

to delineate the best practices for thromboprophylaxis and simultane-

ously avoiding the increased risk of bleeding complications.

4 CONCLUSIONS AND PERSPECTIVES

Optimizing the prevention of thrombotic events and bleeding compli-

cations is typically a way to enhance success after LT. Indeed, the stud-

ies that have been included in this systematic review clearly show that

both thrombotic and bleeding complications are relatively common

early after LT with a potential for life threatening events such as pri-

mary non-function, diffuse ischemic cholangiopathy or massive bleed-

ing from the operative field.

The main points from the studies in the current review of the litera-

ture are the following: 1. There are nodata to support systematic use of

therapeutic or prophylactic dose of anticoagulation to prevent PVT in

adult recipients after LTexcept in a subgroupof high risk patients (tech-

nical difficulties, occlusive PVT prior to LT, complex physiological anas-

tomosis, or non-physiological anastomosis); 2. If thromboprophylaxis is

needed for prevention of PVT; UFH, LMWH or vitamin K antagonists

should be preferred to aspirin; 3. Data on DOACs are scarce in liver

transplantation but the consideration should be given to the reversibil-

ity of the agent prior to its use; 4. Long-term aspirin, irrespective of

dose, reduces the risk of HAT without increasing the risk of postop-

erative bleeding: 5. Therapeutic anticoagulation increases the risk of

post-operative bleeding events, regardless of the agent used; 6. Pro-

phylactic dose of UFH or LMWH (barring renal dysfunction) should

be judiciously considered for LT recipients to prevent DVT/PE in early

post-operative period. These findings are of utmost importance, and

they help guide the management of LT recipients. However, these con-

clusionsmaybeviewedasanoversimplification since the risksof bleed-

ing and thrombosis arehighlyheterogeneous frompatient topatient. In

addition, it remains impossible to anticipate anumberof factors leading

to post-operative bleeding such as allograft dysfunction, sepsis or the

need for invasive procedures. Most of the current studies did not con-

sider patients’ heterogeneity. New tools such as ROTEM are promis-

ing to guide thromboprophylaxis at an individual level. However, these

tools still have limitations. For instance, recent studies have shown that

intraoperative monitoring with ROTEM increases the use of cryopre-

cipitates, increases the rate of HAT and may lead to major thrombotic

complications.29,36

In conclusion, multicenter studies with focus on different popula-

tions of LT recipients are needed to refine strategies in thrombopro-

phylaxis. Specifically, the field would benefit from prospective ran-

domized trials on comparing different thromboprophylaxis regimens

to decrease the incidence of HAT and PVT in high-risk cases including

complex arterial or venous reconstructions, conduits, non-anatomical

re-vascularization, pre-transplant PVT, LDLT, and pediatric transplan-

tation. Incorporating the intra-operative HA and PV flow measure-

ments in the study design may provide additional guidance for the

cases with the high-thrombotic risk. The incidence of major bleed-

ing events as defined above and other serious adverse drug events

(i.e., heparin induced thrombocytopenia) should be analyzedwithin the

same cohorts. With increasing use of DOACs, the research is needed

to evaluate safety and efficacy of these drugs in LT recipients. Simi-

larly with viscoelastic testing gaining popularity in the intra- and post-

operative settings, the prospective randomized studies should focus on

establishing the optimal end-goals for the resuscitation with the com-

peting goal of minimizing thrombotic complications.
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