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European Association for the Study of the Liver*
Summary
The prevention and management of bleeding and thrombosis in
patients with cirrhosis poses several difficult clinical questions.
These Clinical Practice Guidelines have been developed to pro-
vide practical guidance on debated topics, including current
views on haemostasis in liver disease, controversy regarding the
need to correct thrombocytopenia and abnormalities in the
coagulation system in patients undergoing invasive procedures,
and the need for thromboprophylaxis in hospitalised patients
with haemostatic abnormalities. Multiple recommendations in
this document are based on interventions that the panel feels are
not useful, even though widely applied in clinical practice.
© 2021 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.
Introduction
Patients with cirrhosis frequently acquire substantial alterations
in their haemostatic system that are apparent during screening
with basic tests of haemostasis (mainly international normalised
ratio [INR], activated partial thromboplastin time [APTT] and
platelet count). Historically, these changes were thought to
induce a haemostasis-related bleeding tendency.

Nowadays, however, it is well accepted that basic haemostasis
tests, such as prothrombin time and APTT, do not truly represent
the haemostatic system operating in patients with liver disease
who remain in haemostatic balance, as both pro- and anti-
haemostatic systems change simultaneously (reviewed in1).

Furthermore, it is also acknowledged that although patients
with liver disease may experience bleeding complications, many
of these bleeds are unrelated to haemostatic failure but are a
consequence of portal hypertension or mechanical vessel injury,
which could be caused by inadvertent vessel puncture during
invasive procedures, for example. It has also been established
that patients with cirrhosis are not protected from the occur-
rence of thrombosis and may require anticoagulant therapy for
prevention or treatment of thrombotic episodes. The occurrence
of both bleeding and thrombosis may pose difficult clinical
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questions, which will be addressed in these Clinical Practice
Guidelines (CPGs).

The absence of high-quality clinical studies represents an
additional challenge in constructing guidance. We have therefore
attempted to base our recommendations not only on available
clinical literature, but also on biochemical studies, so that our
recommendations, when insufficiently supported by clinical
data, have a mechanistic basis.

Clinical studies on bleeding and thrombosis in patients with
liver disease have been of poor to moderate quality for reasons
outlined elsewhere.2 As an example, the question of how to
manage haemostatic abnormalities prior to invasive procedures
has not been addressed by adequately powered randomised
studies. Ideally, a pragmatic study addressing this issue should
include an arm where blood product transfusions are adminis-
tered on the basis of pre-selected coagulation test cut-offs and a
comparison arm where no prophylactic blood product trans-
fusion is mandated, and only rescue treatment is allowed.
However, although the results of such a study would provide a
definite answer to this long-standing question, it is quite unlikely
that it will ever be performed; taking into account the generally
low incidence of bleeding (e.g., approximately <1.5%) following
the most common procedures, it would require the enrolment of
a cohort of 1,531 patients per arm in order to detect a statistically
significant increase (i.e., from 1.5% to 3.0%, at least 100% of the
baseline risk) in peri-procedural bleeding rate. Thus, although
the low level of evidence for many of our recommendations
should encourage the hepatology community to organise better
quality studies, we should accept that many of these studies will
not be performed in the foreseeable future. Nevertheless, we are
convinced that there is reason to change some widely accepted
treatment dogmas as we have outlined in this document.

Multiple recommendations in this document relate to in-
terventions the panel responsible for drafting this document
feel are not useful, even though they are currently widely
applied in clinical practice. Even though there is no definitive
evidence from well-designed clinical studies for many of the
statements, the combination of potential harm, cost, and
biochemical support for a lack of effect has led to these rec-
ommendations that are supported by both the writing panel
and the Delphi panel (details provided in the next section). An
example of such a recommendation is the advice not to attempt
to correct prolonged prothrombin time in a patient with
cirrhosis prior to a procedure, as there is evidence that a pro-
longed prothrombin time does not predict bleeding, likely
because patients are in a ‘rebalanced’ haemostatic state.
Furthermore, there is no clinical evidence that fresh frozen
22 vol. 76 j 1151–1184
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Clinical Practice Guidelines
plasma (FFP) infusion reduces bleeding risk, and there is evi-
dence for a lack of a biochemical response to FFP infusion in this
setting. The writing panel proposes that all statements are valid
for any patient with cirrhosis, including those who are critically
ill. However, there are limited data on bleeding and thrombosis
risk in critically ill patients with cirrhosis, and very little is
known about the efficacy of pro- and anti-haemostatic in-
terventions in these patients. Therefore, we propose that de-
viations from our recommendations may be justified in
individual cases. For example, it may be justified to provide pro-
haemostatic therapy in a patient with extreme changes in the
haemostatic system when there is particular concern regarding
bleeding among the treating physicians.
Recommendation

� In patients with cirrhosis and abnormal laboratory tests
(INR, APTT, platelet count, fibrinogen), attempting to
correct these tests by administering blood products or
factor concentrates, with the aim of preventing sponta-
neous bleeding, is not recommended (LoE 3,
strong recommendation).

Future perspectives
Large observational studies aiming to define the precise incidence of
spontaneous bleeding events and their impact on clinical course
and survival of patients with cirrhosis are recommended.
Methodology used for the development of the
present CPGs
The EASL Governing Board has selected a panel of experts to
prepare these CPGs with the purpose of providing the best
available evidence on prevention and management of bleeding
and thrombosis in patients with cirrhosis. The first task of the
panel was to identify the most relevant topics and those for
which substantial need for guidance existed. The identified
themes were a) prevention of bleeding in patients with liver
diseases, including spontaneous and procedure-related bleeding;
b) management of bleeding episodes in patients with cirrhosis,
including correction of haemostatic alterations c) prevention and
management of thrombotic events in patients with liver dis-
eases, including anticoagulant treatments; d) role of new oral
anticoagulant drugs in patients with cirrhosis.

The EASL Governing Board has requested that CPGs be based
on the PICO format (P Patient, Population, or Problem; I Inter-
vention, Prognostic Factor, or Exposure; C Comparison or Inter-
vention (if appropriate), O Outcome) questions.3 The panel
agreed to use the PICO format, although the panel noted that for
some of the topics evidence of good quality was scarce.

An extensive literature search was performed using PubMed,
Embase, Google Scholar and Scopus. The initial key words were:
“Spontaneous Bleeding” OR “Procedural Bleeding” OR “Haemo-
stasis” OR “Correction of Haemostatic alterations” OR “Invasive
procedures” OR “Monitoring” OR “Routine coagulation tests” OR
“Viscoelastic tests” OR “Thrombosis” OR “Clinical prediction
scores” OR “VKA” OR “LMVH” OR “DOACs” AND “Liver cirrhosis”
OR “Chronic liver Disease”. References from papers were
searched and identified further.

The selection of references was based on appropriateness of
study design, number of patients, and publication in peer review
journals. Whenever available, meta-analyses were used; other-
wise, original data were used. The quality of evidence was scored
according to the Oxford Centre for Evidence-based Medicine
(OCEBM) (adapted from The Oxford 2011 Levels of Evidence).4

The levels of evidence were classified as follows: 1) systematic
reviews (with homogeneity) of randomised controlled trials; 2)
randomised controlled trials or observational studies with dra-
matic effects; systematic reviews of lower quality studies (i.e.
non-randomised, retrospective); 3) non-randomised controlled
cohort/follow-up study/control arm of randomised trial (sys-
tematic review is generally better than an individual study); 4)
case series, case-control, or historically controlled studies (sys-
tematic review is generally better than an individual study); 5)
expert opinion (mechanism-based reasoning).
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Each panellist was responsible for a group of questions. After
a first in-person meeting, due to the COVID-19 pandemic, all
subsequent meetings were held by teleconference. All recom-
mendations were discussed and approved by all panellists. The
strength of the recommendations in these guidelines has been
graded according to the OCEBM in 2 categories: strong or weak
(2). A glossary has also been provided to standardise terminology
and definitions. The PICO questions were sent to the Delphi
panel made up of 34 international experts in hepatology,
gastroenterology, haematology, anaesthesiology, internal medi-
cine, surgery, endoscopy, and radiology with an interest in hae-
mostasis in patients with liver diseases from Europe, Asia and
America. After revision of the questions, answers to the ques-
tions and recommendations or statements were formulated
based on available literature. The panel chose to formulate
statements when insufficient evidence for a recommendation
was available. The Delphi panel then examined the CPG.
Returning scores were graded as follows: less than 50% approval:
re-write recommendation and resubmit to the Delphi panel;
50%-75% approval: re-write/improve the recommendation, but
no resubmission to the Delphi panel; 75-90% approval: no need
to re-write the recommendation but the document will take into
account the comments; >−90% approval: assumed as consensus,
no change needed but small corrections possible. To consider a
question approved, an agreement from at least 75% of Delphi
panel members was required. All but two questions (which had
scores of 62% and 69%) received a score above 75%, thus avoiding
the need for revision. The final version of the CPG with the
marginal corrections mentioned above, was finally sent for
approval to the EASL Governing Board. This document is inten-
ded to be valid until September 2026 unless the EASL Governing
Board indicates the need for an earlier update.

In patients with cirrhosis and abnormal laboratory tests (INR,
APTT, platelet count, fibrinogen), is correction of these tests
by blood products or factor concentrates indicated to prevent
spontaneous bleeding?
Spontaneous haemostasis-related bleeding in cirrhosis is
defined as an unprovoked haemorrhagic event of unexplained
cause. This definition was recently introduced to distinguish
bleeding occurring in patients with cirrhosis as a result of hae-
mostatic abnormalities from bleeding related to portal hyper-
tension, traumatic or iatrogenic vascular lesions, or peptic
ulcers.5 A list of spontaneous bleeding events classified according
22 vol. 76 j 1151–1184



to their clinical relevance is reported in Table 1, together with the
criteria proposed by the International Society on Thrombosis and
Haemostasis to define their severity.6

Clinically non-significant bleeding, such as bruises or
epistaxis, is common in patients with cirrhosis and contributed
to the traditional concept of this disease as exhibiting a bleeding
phenotype. Several case reports and case series have been pub-
lished on this subject. Ragni et al.7 reported a case series of 30
patients with alcohol-related cirrhosis and haemostatic abnor-
malities: 21 patients (70%) had haemorrhagic complications, 1/3
of these presenting with clinically non-significant bleeding epi-
sodes (oozing from venepuncture sites, bruising, and epistaxis),
with no difference in prothrombin time or APTT reported be-
tween bleeders and non-bleeders.

Gunawan et al.8 reported on a cohort of 60 patients with
hyperfibrinolysis, defined by a shortened euglobulin clot lysis
time of whom 29 presented with clinically non-significant
bleeding episodes (23 subcutaneous/soft tissue bleeding and 6
mucosal bleeding), with no difference in INR, APTT and platelet
counts between bleeders and non-bleeders.8

Several reports of a wide range of clinically relevant sponta-
neous bleeding events in patientswith cirrhosis are available in the
literature. They include intracranial haemorrhage,9–11 muscular
haematomas,12 orbital haematomas,12–14 spontaneous haemoper-
itoneum,15,16 and spontaneous arterial bleeding.17,18 Huang et al.10

described a cohort of 36 patients with cirrhosis and spontaneous
intracranial haemorrhage; although all patients had thrombocy-
topenia and increased INR, the occurrence of intracranial haemor-
rhage and its outcomewere not related to these abnormal tests but
rather to the presence of alcohol-related liver disease. In a cohort of
61 patients with cirrhosis (23 Child-Pugh class B, 38 class C), Violi
et al. showed that those with hyperfibrinolysis and comparable
platelet counts had a higher risk of bleeding. Many bleeding epi-
sodes were, however, related to portal hypertension.19 Overall, the
majority of these studies included patients with a haemostatic
defect, and none of them had been designed, or presented data, to
prove that the coagulationdefectwas the exclusive causeof, or even
contributed to bleeding.

The administration of vitamin K to correct prolongations in
INR has been part of clinical practice for a long time in patients
with chronic liver disease. However, this practice is not sup-
ported by any evidence, as vitamin K – especially when
Table 1. Spontaneous bleeding events related to cirrhosis defined accord-
ing to severity.6

Non-major bleeding

Skin haemorrhages
Bruises
Petechiae purpura
Ecchymosis

Mucosal bleeding
Gum bleeding
Epistaxis
Menometrorrhagia

Dental root bleeding

Major bleeding

Massive spontaneous deep haematomas
Spontaneous intracranial haemorrhage
Spontaneous haemoperitoneum
Orbital haemorrhage
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administered orally or subcutaneously – does not improve the
INR.20 Saja et al.21 demonstrated that 1 subcutaneous dose of
vitamin K did not modify coagulation parameters. However, it is
well known that intravenous administration of vitamin K can
correct the INR in cholestatic liver disease, although its effect is
transient.22 The use of vitamin K to prevent spontaneous
bleeding has not been evaluated.

Youssef et al.23 addressed the issue of using FFP transfusions
to correct the PT and showed that only a minority (14%) of pa-
tients with cirrhosis achieved complete correction. These data
were further supported by Abdel-Wahab et al.24 In addition, it is
well known that FFP added in vitro to plasma of patients with
cirrhosis or infused into patients with cirrhosis, despite short-
ening the INR, does not modify thrombin generation.25,26

Considering the potential harm from FFP transfusion (mostly
consisting of transfusion-associated circulatory overload, but
also of rare transfusion reactions including transfusion-related
acute lung injury),27 and the number of units required to
meaningfully improve prothrombin time,23 prophylactic FFP
administration should be abandoned, especially in the setting of
spontaneous bleeding prevention.

Prevention of spontaneous bleeding by platelet transfusion
remains controversial due to the low-grade evidence present in
the literature. In patients without underlying liver disease and
therapy-induced hypoproliferative thrombocytopenia, platelet
transfusions to prevent spontaneous bleeding are only recom-
mended when platelet count is <−10 × 109/L.28 In a prospective
cohort of 280 patients with cirrhosis followed for a median time
of about 3 years, neither absolute platelet count (hazard ratio
0.99 95% CI 0.995–1.004) nor platelet count <50 × 109/L (hazard
ratio 0.65 95% CI 0.31–3.36) were associated with spontaneous
bleeding episodes.29 Currently, there is no clear-cut evidence
suggesting that correction of platelet count prevents sponta-
neous bleeding.

A decreased fibrinogen plasma level is frequently detected in
patients with liver disease. Fibrinogen levels have been associ-
ated with lower survival in patients with decompensated
cirrhosis and gastrointestinal bleeding.30 This relationship
weakens after correction for disease severity. Indeed, in a
retrospective cohort of patients with cirrhosis with very low
fibrinogen levels (<150 mg/dl), Budnick et al.31 showed that
prophylactic cryoprecipitate administration did not modify
bleeding or mortality risk.

Do traditional haemostasis tests (INR, APTT, platelet count,
fibrinogen), or viscoelastic tests, predict bleeding in patients
with cirrhosis undergoing invasive procedures at low or high
risk of bleeding?
Statement

� INR and APTT do not predict post-procedural bleeding in
patients with cirrhosis undergoing invasive procedures
(LoE 3).

� Studies do not consistently demonstrate a link between
thrombocytopenia, hypofibrinogenaemia, or viscoelastic

22 vol. 76 j 1151–1184 1153



Recommendation

� In patients with cirrhosis, the use of traditional haemo-
stasis tests, or viscoelastic tests, cannot be generally
indicated to predict procedural bleeding risk, although
they can be used to assess severity of disease or haemo-
static status and to provide an initial benchmark to guide
management in the case of post-procedural bleeding (LoE
3, strong recommendation).

test results and the risk of post-procedural bleeding,
although there may be subgroups in whom thrombocy-
topenia is related to procedural bleeding risk and there is
initial evidence suggesting that viscoelastic tests might
help to address this issue (LoE 4).

Future perspectives
On the basis of initial evidence provided by the results of
viscoelastic tests, their potential to predict post-procedural
bleeding should be further explored in prospective, adequately
powered studies including different categories of patients with
cirrhosis (compensated, decompensated, acute-on-chronic liver
failure) undergoing high-risk procedures.

Clinical Practice Guidelines
Measures of haemostasis that are commonly used in clinical
practice (e.g., INR, platelet count, fibrinogen) are frequently
altered in patients with cirrhosis as almost all the coagulation
factors are synthesised by the liver. Both hypersplenism and
decreased hepatic production of thrombopoietin are the main
pathophysiological factors responsible for decreased platelet
counts in these patients.32 However, in patients with cirrhosis,
alteration of these parameters should be interpreted with caution
as they reflect just one side of the haemostatic balance, and do
not take into account compensatory mechanisms that operate in
these patients. In fact, the simultaneous changes in pro- and anti-
haemostatic pathways in patients with cirrhosis have been pro-
posed to lead to a status of “rebalanced haemostasis”.33,34 Indeed,
the INR of the prothrombin time may be prolonged in patients
with cirrhosis as it depends on liver-derived procoagulant factors,
but this parameter does not take into account the concomitant
deficiency in liver-derived anticoagulant factors such as anti-
thrombin, protein C and protein S.35–37 Likewise, advanced liver
disease is often associated with various degrees of thrombocy-
topenia, although other factors that might compensate for this
defect, supporting platelet adhesion despite their reduced count
– such as von Willebrand factor, whose levels are consistently
elevated in cirrhosis – are not routinely assessed in these pa-
tients, and platelet function is seldom evaluated due to the lack of
clinically available, reliable tests.38–40

The literature regarding the potential association between
altered standard coagulation tests and procedure-related
bleeding in patients with cirrhosis – besides being limited by
the aforementioned issues – is hampered by the lack of pro-
spective, adequately designed, sufficiently powered studies
addressing this question, and by the wide array of invasive
procedures performed in the various studies, each with a
potentially different risk for bleeding. Moreover, based on the
traditional tenet that altered coagulation tests should be
manipulated to decrease the risk of procedure-associated
1154 Journal of Hepatology 20
bleeding, the use of blood product transfusions quite often
biased the evaluation of the role of coagulation test alterations
in studies addressing this issue. Further, as alterations of
coagulation tests and thrombocytopenia are coexistent, in
many studies it is also difficult to identify a univocal association
between test alteration and outcome of interest. Lastly,
compared to patients with stable disease (even if decom-
pensated), patients with acute-on-chronic liver failure portray
a different clinical picture, where the presence of renal failure,
or sepsis, and the concurrent systemic inflammatory response,
may tip the coagulation balance and drive the occurrence of
bleeding (or thrombotic) events following invasive procedures
independently of coagulation test abnormalities.41–46

Bearing all these limitations in mind, and despite the absence
of appropriately designed studies with well-defined end-points,
there is no evidence that INR alterations are associated with an
increased risk of significant bleeding following invasive proced-
ures in stable patients with cirrhosis undergoing paracentesis,47

thoracentesis,48 dental extraction49), central venous cannula-
tion,50 percutaneous and transjugular liver biopsy,51,52 hepato-
cellular carcinoma percutaneous ablation,53 prophylactic
endoscopic band ligation (EBL) of oesophageal varices,54,55 and
endoscopic polypectomy.54,56 Further, a recent meta-analytic
review of the literature reported that there was no significant
difference in mean INR between patients with cirrhosis who bled
or did not bleed at, or following, an invasive procedure, and that
there was no significant association between peri-procedural
bleeding events and pre-procedural INR.57

Likewise, the presence of thrombocytopenia, using various
cut-offs to define the severity of this alteration, has not been
consistently associated with an increased risk of bleeding
following paracentesis,47 thoracentesis,48 dental extraction,49

central venous cannulation or hepatic venous pressure gradient
measurement,50,58 EBL of oesophageal varices,55,56 endoscopic
polypectomy,56 and transjugular or laparoscopic liver biopsy.51,59

On another note, some retrospective studies have reported an
increased risk of bleeding associated with thrombocytopenia
following percutaneous ablation of hepatocellular carcinoma,
with a post-procedural bleeding rate of 0.6% on a total of 1,843
procedures performed in 1,211 patients.53 While in 1,267 pa-
tients undergoing endoscopic polypectomy, a platelet count <50
× 109/L was independently associated with immediate post-
procedural bleeding,54 this finding was not confirmed in a
single-centre study of 358 colonoscopies after adjusting for dis-
ease severity.56 Finally, a prospective, multicentre study carried
out in 363 patients with cirrhosis undergoing 852 procedures
found no evidence of an association between platelet count or
INR values and post-procedural bleeding, which in this study
was a rare event (i.e., 1 episode every 85 procedures or every 36
patients). In particular, in this study – that included a wide array
of invasive procedures categorised on the basis of the estimated
risk of bleeding – none of the 89 patients with a platelet count
<−50 × 109/L (10.4% of the whole series) had a procedure-related
bleeding episode.60 Lastly, a recent review aimed at examining
the association between procedure-related (liver biopsy, para-
centesis, invasive endoscopic procedures, thermal ablation, liver
surgery) bleeding risk and platelet count in patients with
cirrhosis and severe thrombocytopenia (<50 × 109/L): the au-
thors concluded that the studies published so far do not support
the definition of a target platelet count that can be reliably
associated with risk of bleeding.61
22 vol. 76 j 1151–1184



Recommendation

� In patients with cirrhosis undergoing invasive procedures
with a low risk of bleeding, laboratory evaluation of hae-
mostasis with the aim of predicting post-procedural
bleeding is not indicated (LoE 4, strong recommendation).
Finally, fibrinogen levels are usually normal in compensated
cirrhosis and are often decreased in end-stage liver disease. Be-
sides quantitative alterations, liver dysfunction may also induce
qualitative fibrinogen modifications (i.e., dysfibrinogenaemia)
although the exact influence of this latter circumstance on the
coagulative balance of patients with cirrhosis is unclear.62,63 All
in all, fibrinogen levels have inconsistently and inconclusively
been associated with an increased risk of bleeding following
oesophageal varices ligation,64 and although this parameter has
not been routinely evaluated in studies assessing the risk of
bleeding following other procedures, low fibrinogen levels were
associated with an increased risk of bleeding following para-
centesis in patients with acute-on-chronic liver failure.45

Fibrinogen level <60 mg/dl was the strongest independent pre-
dictor of new onset episodes of major bleeding in 1,493 pro-
spectively recorded, critically ill patients with cirrhosis, but a
causal relationship was not established, and notably most of the
bleeding episodes were related to portal hypertension.65

As far as viscoelastic tests of coagulation (thromboelastog-
raphy [TEG]; rotational thromboelastometry [ROTEM]) are con-
cerned, 3 recent prospective studies carried out in patients with
cirrhosis undergoing invasive procedures, randomised to receive
TEG-guided or standard test-based blood product transfusions,
clearly demonstrated that the use of viscoelastic tests is associ-
ated with a decreased requirement for prophylactic blood
product transfusions, although they were unable to demonstrate
any association between viscoelastic tests alterations and
bleeding events, mainly due to the paucity of bleeding events
recorded.66–68 In a study that included 150 patients with
cirrhosis (61.3% with an INR >−1.5, 15.3% with platelet count <50
× 109/L, “abnormal” TEG R-time and MA in 39.4% and 24.7% of
patients, respectively) undergoing a wide array of invasive pro-
cedures without prophylactic administration of blood products,
just 1 patient bled (0.7%), thus preventing any meaningful
analysis regarding this issue, though indirectly underlying that
the absence of correction of common or more sophisticated
coagulation tests does not appear to alter post-procedural
outcome.69 Indeed, a recent study did demonstrate that a TEG
K-time of 3.05 minutes or more was a weak predictor of bleeding
in 90 patients with cirrhosis undergoing central venous cannu-
lation (accuracy 69.4%, p = 0.047), while preliminary results of
another study where 41 patients with cirrhosis and an INR >−1.5
and/or a platelet count <−50 × 109/L undergoing endoscopic pro-
cedures were randomised to a ROTEM- or standard coagulation
test-based transfusion policy showed that patients in the
ROTEM-guided arm received a barely significantly lower volume
of transfusions (309 ml vs. 461 ml, p = 0.049) with no difference
in bleeding events between the study arms.70,71 Lastly, in a
recent report that included patients with decompensated
cirrhosis undergoing TEG assessment on admission, 72 patients
(30% with platelet count <50 × 109/L, median INR 1.6, IQR 1.3-1.8)
underwent a total of 153 invasive procedures in the course of the
hospitalisation, a median of 5 days after performing TEG
assessment, and bleeding occurred in 7 procedures (major
bleeding in 3).72 In this study, where the rate of procedural
bleeding was high (i.e., 9.7%) and both bacterial infection (65%)
and acute kidney injury (50%) were highly prevalent, common
measures of coagulation on admission were not predictive of
post-procedural bleeding, while a “hypocoagulable” TEG profile
(i.e., longer k-time, wider a-angle, and smaller maximum
Journal of Hepatology 20
amplitude) was more frequently observed in patients who
experienced a procedure-related bleeding, in particular a
maximum amplitude <30 mm was associated with major
bleeding episodes.6,72 All in all, despite routine coagulation tests
generally being demonstrated to be a poor guide to identify
patients who may experience bleeding complications following
invasive procedures, they may serve to provide the clinician with
a picture of the severity of liver disease as well as of the patient’s
baseline haemostatic status in the case of haemorrhagic events,
also prompting potential multidisciplinary evaluation in the case
of extremely deranged, or unexpected, results; likewise, routine
use of viscoelastic tests currently cannot be recommended to
predict post-procedural bleeding, although initial evidence sug-
gests that their role should be further explored in prospective
and adequately powered studies.

In patients with cirrhosis undergoing invasive procedures
with a low risk of clinically relevant bleeding, is laboratory
evaluation of haemostasis indicated to predict procedure-
related bleeding?
In patients with cirrhosis, the risk of bleeding following an
invasive procedure is based on various factors that are not re-
flected by alterations in haemostatic parameters alone, but that
include technical issues, and factors that are inherent to a given
procedure where the event can be mitigated in the course of the
procedure itself by reactive, non-coagulation related measures
(e.g., such as in dental extractions or endoscopic polypectomy).
Furthermore, the same procedure may carry different bleeding
risks when it is carried out in different clinical situations, as in
patients with stable disease or in those with concomitant acute
events such as sepsis or acute kidney injury. For example, in
patients with stable cirrhosis and deranged coagulation tests
(mean platelet count 50.4 × 109/L, mean INR 1.7) no bleeding
events were reported following paracentesis carried out by
trained nurses, whereas a post-paracentesis bleeding rate of 3%
was observed in patients with acute-on-chronic liver failure
undergoing the same invasive procedure.45,47 In the study by Lin
et al.,45 when patients with acute-on-chronic liver failure were
propensity score matched to patients with decompensated
cirrhosis based on severity of liver disease, platelet count and INR
were not different between those who experienced post-
procedural bleeding and those who did not, while hypo-
fibrinogenaemia was the only independent predictor of post-
paracentesis bleeding.

Bearing these limitations in mind, according to both data
reported in the literature and experts’ consensus indications,
derived mainly from evidence obtained in patients without liver
disease, invasive procedures have generally been subdivided into
low-risk – when the expected occurrence of bleeding is <−1.5% –

and high-risk – when the estimated bleeding risk is >1.5%, or
22 vol. 76 j 1151–1184 1155



Statements

� There is weak evidence that the measurement of platelet
count might be indicated to identify patients at increased
procedural bleeding risk. No solid data are available for
fibrinogen (LoE 4).

� As evidence supporting viscoelastic tests as predictors of
procedure-related bleeding in patients with acute
decompensation of cirrhosis, with or without organ fail-
ure, is weak, it is not possible to advise for or against their
use (LoE 4).

Recommendation

� In patients with cirrhosis undergoing invasive procedures
associated with a high risk of bleeding, laboratory eval-
uation of haemostasis is generally not indicated to predict
post-procedural bleeding, although it may serve to pro-
vide a baseline status of the patient and to assist the
physician in the case of bleeding events (LoE 4/5,
weak recommendation).

Clinical Practice Guidelines
when even minor bleeding may lead to severe consequences, or
death, as in the case of intracranial bleeding.73,74

Procedures associated with a low risk (i.e., <−1.5%) and a
high risk (>1.5%) of bleeding are reported in Table 2
(47,48,51,53,54,56,75–81). Overall, in stable patients with cirrhosis,
diagnostic endoscopic procedures (e.g., gastroscopy or colo-
noscopy with mucosal biopsies), thoracentesis, paracentesis,
trans-oesophageal echocardiography, transjugular liver
biopsy and hepatic venous pressure gradient measurement, are
mainly associated with a low risk of bleeding, and the occur-
rence of bleeding episodes has not been related to either INR
values or degree of thrombocytopenia (reviewed in61,80)
(Table 3).45,47–56,58,60,66,68,76–79,81–103 Percutaneous ablation of
hepatocellular carcinoma is another procedure where the risk
of bleeding is considered low, although in the largest series
reporting the occurrence of haemorrhagic complications (0.5%
in 1,834 procedures), median platelet count was 140 × 109/L and
patients with a pre-procedural platelet count <50 × 109/L
received 10 units of packed platelets as prophylaxis.53

Patients with acute complications of cirrhosis, or patients
with acute-on-chronic liver failure, may represent a subset
where the absence of an association between coagulation tests
and bleeding risk may be not as straightforward as in stable
patients, although the studies on this subject tend to suggest that
management of the complication such as infection or acute
kidney injury, rather than the haemostatic abnormality, may
improve patient outcome. As a fact, a retrospective study showed
that the presence of acute kidney injury was the only indepen-
dent risk factor for post-paracentesis haemoperitoneum, with
both platelet count and INR values not significantly different
between patients with or without this complication.104
Table 2. Procedural bleeding risk in patients with cirrhosis.

Procedure Bleeding rate (%)

Low bleeding risk (<1.5%)

Paracentesis
1,100 procedures47 None
4,729 procedures76 0.2

Thoracentesis
215 procedures49 None

Trans-oesophageal echocardiography
24 procedures77 None

Percutaneous liver biopsy
68,276 procedures78;
3,357 procedure80 0.06–0.69

Transjugular liver biopsy
7,493 procedures51 0.07

HVPG measurement
238 procedures79 None

Percutaneous ablation of liver cancer
1,843 procedures53 0.5

High bleeding risk (>−1.5%)

ERCP
2,620 endoscopic biliary sphincterotomy74 3.5
581 endoscopic papillary balloon dilation 1.9

Endoscopic polypectomy
814 procedures54 7.9 immediate,

1.2 delayed
Endoscopic oesophageal varices ligation
886 procedures56 2.8

Dental extraction
333 extractions75 6.3 intraoperative,

6.3 postoperative

ERCP, endoscopic retrograde cholangiopancreatography; HVPG, hepatic venous
pressure gradient.
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In patients with cirrhosis undergoing invasive procedures
with a high risk of clinically relevant bleeding, is laboratory
evaluation of haemostasis indicated to predict procedure-
related bleeding?
Procedures with a reported bleeding rate >1.5%, or where the
consequences of bleeding may result in severe detrimental
sequelae, such as those that may occur following intracranial
pressure monitoring, or where bleeding cannot be easily
managed with local haemostatic manoeuvres are considered as
high-risk procedures. Overall, despite some heterogeneity
among studies, the procedures associated with a high risk of
bleeding are reported in Table 2.

Endoscopic retrograde cholangiopancreatography (ERCP) is
associated with a higher risk of bleeding in patients with
cirrhosis and clinically significant portal hypertension (20% of
them had a platelet count <50 × 109/L) compared to patients
without cirrhosis (4.0% vs. 0%).105 A study that included 538
procedures (mean platelet count 105 × 109/L, INR >1.7 in 8.6% of
the patients) found no association between bleeding episodes –
that occurred in 1.1% of the procedures – and “coagulopathy”
(not clearly defined in the study), even in patients who un-
derwent sphincterotomy, although patients with an INR >−1.5
received FFP and those with thrombocytopenia (platelet count
<50 × 109/L) were transfused with platelets.105,106 However,
ERCP is also an example of a procedure where the risk of
bleeding can be minimised by means of technical strategies: as
a fact, the use of endoscopic papillary balloon dilation is asso-
ciated with a significantly decreased risk of bleeding requiring
endoscopic haemostasis compared to endoscopic biliary
sphincterotomy (1.9% vs. 3.5%, p = 0.05).75 Endoscopic poly-
pectomy is another procedure associated with a high risk of
bleeding, as the immediate post-polypectomy bleeding rate can
be as high as 7.5%, with a delayed bleeding rate of 2.0%.56,107 In
these patients, standard haemostasis tests such as INR and
platelet count are often associated with an increased risk of
22 vol. 76 j 1151–1184



Table 3. Bleeding risk associated with invasive procedures.

Procedure Study design Procedures/patients (n) PLT count or PLT cut-off Finding

Paracentesis

Webster, 1996101 Retrospective 179 outpatients Not specified 4 haemorrhagic complications in patients with PLT >80
× 109/L

Grabau, 200447 Retrospective 1,100 in 628 patients PLT <50 × 109/L in 55.64% of procedures No bleedings in procedures performed with PLT <50
× 109/L

Pache, 200577 Retrospective 4,729 patients Not specified Severe haemorrhagic complications in 0.2% of proced-
ures without association with PLT count

Lin, 200545 Prospective
observational

410 in 163 patients PLT <50 × 109/L in 13% of procedures Minor bleeding in 0.5% of procedures in patients with
PLT = 50-100 × 109/L

De Gottardi, 200988 Prospective
observational

515 in 171 patients PLT <50 × 109/L in 10% and PLT <100 × 109/L
in 40% of patients

Association between PLT <50 × 109/L and increased risk
of overall complications (p = 0.07). Association with
bleeding risk not reported

Rowley, 201997 Retrospective 3,116 in 123 patients PLT <50 × 109/L in 12% of patients Bleeding rate: 0.2%. No bleeding with PLT <50 × 109/L

Liver biopsy

Piccinino, 198679 Retrospective 68,276 percutaneous PLT >50 × 109/L in all biopsies Bleeding rate: 0.06%. Association between bleeding and
PLT not evaluated

Caturelli, 199686 Retrospective Only abstract available Not specified Bleeding rate: 0.13%. Association between bleeding and
PLT not evaluated

Actis, 200782 Retrospective 835 patients Not specified Bleeding rate: 0.12%. Association between bleeding and
PLT not evaluated

West J, 2010102 Retrospective 61,187 patients Not specified Rate of major bleeding: 0.65%. Association between
bleeding and PLT not evaluated

Seeff et al., 201052 Retrospective 2,740 percutaneous biopsies Patients with PLT <50 × 109/L were excluded Bleeding rate: 0.6%. Patients with PLT = 50-60 × 109/L
was significantly higher than patients with PLT >60
× 109/L (5.3% vs. 0.4%)

Kalambokis et al., 200751 Review 7,649 transjugular biopsies
in 7,189 patients

Cut-off 60 × 109/L Minor bleeding <2%
No association with PLT count

Alessandria, 200883 Retrospective 306 transjugular biopsies Not specified No major complications. No association between
bleeding rate and PLT count

Mammen et al., 200894 Retrospective 601 transjugular biopsies PLT >60 × 109 in 20% of patients Bleeding rate: 0.9%. No association with PLT count
Procopet et al., 201296 Prospective 75 transjugular biopsies Not specified Bleeding rate: 1.3%. No association with PLT count
Takyar et al., 201781 Retrospective 3,357 percutaneous biopsies Cut-off 100 × 109/L Bleeding rate: 0.69% (fatal in 0.09%).

PLT <100 × 109 was an independent risk factors for post-
biopsy bleeding, but % patients with PLT <60 × 109 were
not different between groups

Potretzke et al., 201895 Retrospective 1,876 percutaneous biopsies
in 1,732 patients

Cut-off 70 × 109/L Bleeding rate: 0.69%. No association with PLT count

Dentistry

Ward et al., 2006100 Retrospective 35 procedures in 30 patients Cut-off 35-50 × 109/L (depending on
the risk group)

No association between PLT count and prolonged post-
operative bleeding

Perdigao et al., 201249 Prospective
observational

35 procedures in 23 patients PLT <50 × 109/L in 34% of patients 1 postoperative bleeding (2.9%) in patients with PLT =
50 × 109/L. No bleeding during procedures (n = 12) with
PLT = 30-49 × 109/L

Cocero et al., 201787 Retrospective 1,183 extractions in 381 patients Cut-off PLT <−40 × 109/L Bleeding rate: 0.4% in patients with PLT >40 × 109/L and
INR <2.5; 5.88% in patients with PLT <−40 × 109/L

Medina et al., 201876 Retrospective 190 extractions PLT <150 × 109/L in 96.3% of patients Bleeding rate: 6.3%. Intraoperative bleeding increased
proportionally to the decrease in platelet count. How-
ever, this platelet level could explain only 16% of the
cases of bleeding

(continued on next page)
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Table 3. (continued)

Procedure Study design Procedures/patients (n) PLT count or PLT cut-off Finding

Endoscopic variceal ligation

Vieira da Rocha et al., 200955 Prospective
observational

150 patients PLT <50 × 109/L in 12% of patients Severe post-procedural ulcer bleeding in 7.33% of pa-
tients. Risk of bleeding was not associated with
PLT count

Vanbiervliet et al., 201099 Retrospective 837 ligations in 605 patients Not specified Bleeding rate: 2.75%. No association between PLT count
and bleeding but high platelet ratio index was an inde-
pendent predictive factor of bleeding

Endoscopic polypectomy

Jeon et al., 201291 Retrospective 66 in 30 patients Not specified Bleeding rate in 3% of procedures. No association be-
tween bleeding and PLT count

Lee et al., 201492 Retrospective 89 patients w/liver cirrhosis +
348 w/o liver disease

Not specified Bleeding rate in 14.61% of patients. Association between
bleeding and PLT not evaluated

Soh et al., 202054 Retrospective 1,267 patients Cut-off 50 × 109/L Haemorrhagic rate (immediate + delayed): 7.5%. PLT <50
× 109/L significantly associated with immediate post-
procedural bleeding (rate: 27.5%; OR = 6.6)

Percutaneous ablation

Cammà et al., 200584 Retrospective 202 patients >−40 × 109/L in all patients Bleeding rate: 0.50%. Association between bleeding and
PLT not evaluated

Livraghi et al., 200893 Retrospective 218 patients >−40 × 109/L in all patients Bleeding rate: 0.92%. Association between bleeding and
PLT not evaluated

Goto et al., 201090 Retrospective 4,133 in 2,154 patients Mean PLT count = 125 ± 33 × 109/L
(50-669)

Haemorrhagic complications rate: 1.5%. Low PLT count
was a significant risk factor for haemoperitoneum (PLT
>−50 × 109/L was an inclusion criteria)

Park et al., 201753 Retrospective 1,843 in 1,211 patients Mean PLT count = 140 ± 85 × 109/L Post-procedural bleeding rate was 0.6%, and the risk was
significantly greater in patients with PLT < 50 × 109/L (OR
= 8.79)

Vascular catheter insertion

Fisher et al., 199950 Retrospective 658 cannulations in 283 patients PLT <50 × 109/L in � 25% patients 1 haemothorax in patients with PLT = 68 × 109/L. PLT <−10
× 109/L significantly associated with superficial haema-
toma vs. PLT > 50 × 109/L (4.8% vs. 1.6%, respectively)

Estcourt et al., 201589 Systematic review — Not specified No evidence from RCTs to determine whether PLT
transfusions are required prior to central line insertion
in patients with thrombocytopenia, and, if a PLT trans-
fusion is required, what is the correct threshold

HVPG measurement

Bosch et al. 200958 Review + single-centre
experience

12,000 measurement Not reported 1 haemothorax in patients with PLT = 68 × 109/L. PLT <−10
× 109/L significantly associated with superficial haema-
toma vs. PLT >50 × 109/L (4.8% vs. 1.6%, respectively)

Woolfson et al., 2013103 Retrospective 52 HVPG measurements
in 49 children

PLT <100 × 109/L in 28 patients Variceal bleeding and variceal bleeding + ascites
occurred each in 1/7 patients with cirrhosis.
Association between bleeding and PLT not evaluated

Thoracentesis

Castellote et al., 200185 Retrospective 245 thoracentesis in 69
patients with cirrhosis

Not reported Bleeding rate: 2%. Association between bleeding and PLT
not evaluated

Xiol et al., 200148 Retrospective 215 thoracenteses in 60
patients with cirrhosis

Not reported Association between bleeding and PLT not evaluated

(continued on next page)
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bleeding in univariate analysis, although they were not inde-
pendent predictors on multivariate analysis when other pa-
rameters such as technical issues (e.g., use of hot or cold snare),
procedure-inherent risks (e.g., performance of endoscopic
mucosal resection) and severity of liver disease were identified
as independent predictors of bleeding complications. In one of
these studies, the presence of lower haemoglobin levels was
independently associated with an increased risk of delayed
post-polypectomy bleeding, a finding that may potentially be
related to the decreased viscosity of blood in anaemic pa-
tients.56 Lastly, a retrospective study carried out in a very large
series (n = 814) of patients with cirrhosis undergoing endo-
scopic polypectomy identified advanced liver disease (Child-
Pugh class B or C), technical issues (3 or more polyps removed,
endoscopic mucosal resection or submucosal dissection, and
polypectomy performed by trainees), and platelet count <50
× 109/L as independent risk factors for immediate post-
polypectomy bleeding.54

Oesophageal varices banding ligation is another procedure
associated with a high risk of bleeding (2.7–7.3%), although in
this case the bleeding episodes are almost exclusively delayed,
between 7 and 14 days following the procedure, when the
bands dislodge.55,56,64,99 In these patients, INR values and
platelet counts, or viscoelastic tests results, were not associ-
ated with the occurrence of post-banding ulcer bleeding.
Nevertheless, in 1 study carried out in patients with throm-
bocytopenia, low fibrinogen levels (<150 mg/dl) were associ-
ated with bleeding and, in another study, the presence of
infection and lower haemoglobin values were independently
associated with the occurrence of bleeding. Interestingly
enough, in the latter, both red blood cell and FFP but not
platelet transfusions were associated with an increased risk of
bleeding, thus suggesting that the bleeding episodes might
also have been related to an increase in portal pressure
dictated by volume expansion.56,64

Transjugular intrahepatic portosystemic shunt (TIPS) is a
procedure usually performed in patients with advanced liver
disease, who are more likely to have deranged standard coagu-
lation parameters and severe thrombocytopenia. In these pa-
tients the risk of complications is mainly related to technical
issues, as demonstrated in a study where capsule perforation
occurred in 31% of “conventional” TIPS as compared to 9% of
cases of ultrasound-guided procedures.108 The vast majority of
bleeding complications, during or following the procedure, are
related to technical factors rather than being associated with
haemostatic abnormalities.109

Lastly, dental extraction, another procedure carried out quite
frequently in patients with cirrhosis in preparation for liver
transplantation, is often burdened by a high bleeding rate
(approximately 6.0%). Although results obtained in a large series
of patients identified a platelet count <40 × 109/L associated with
an INR >−2.5 as a risk factor for bleeding following dental
extraction, this study failed to control for liver disease-related
factors, and also technical factors were not systematically
addressed.87 Technical issues (e.g., number of teeth extracted per
session) rather than derangement of haemostasis tests seemed
to be the main determinant of bleeding following extraction. The
only prospective study published on this issue included 23 pa-
tients with a mean platelet count of 67 × 109/L and a mean INR of
1.5.49 No prophylactic administration of blood products was
allowed and patients underwent a total of 84 extractions;
22 vol. 76 j 1151–1184 1159
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bleeding occurred in 2.9% of procedures and was stopped by
topical haemostasis alone in all patients.49

The presence of renal failure and/or sepsis also seems to in-
crease the bleeding risk in patients undergoing high-risk pro-
cedures. Indeed, renal function impairment was an independent
predictor of bleeding in patients undergoing ERCP,75 and lower
glomerular filtration rate was independently associated with
delayed bleeding following endoscopic resection. In both these
studies no association with platelet count or INR and bleeding
was identified. In patients undergoing EBL, bleeding was asso-
ciated with infection in models adjusting for model for end-stage
liver disease (MELD)-Na or Child-Pugh score but not with
platelet count or INR values. These results seem to point towards
an increased bleeding risk in patients with cirrhosis and either
sepsis or kidney injury. In these patients, there is initial evidence
that viscoelastic tests may be able to capture a (relative) hypo-
coagulable profile, variously defined in the studies as either at
least 3 ROTEM parameters out of range (longer k-time, wider a-
angle, and smaller maximum amplitude), although this finding
needs to be confirmed.42,110

All in all, the available evidence seems to suggest that even in
patients undergoing procedures associated with a high risk of
bleeding, technical factors or complications of liver disease are
better predictors of post-procedural bleeding than coagulation
test abnormalities.

In patients with cirrhosis undergoing invasive procedures*,
does correction of a prolonged INR by infusion of FFP
decrease the rate of procedure-related clinical
relevant bleeding?
* when the term “invasive procedure” is used, it means both low-
and high-risk procedures
Recommendation

� In patients with cirrhosis undergoing invasive procedures,
correction of a prolonged INR with FFP is not recom-
mended to decrease the rate of procedure-related clini-
cally relevant bleeding (LoE 2, strong recommendation).

Recommendation

� In patients with cirrhosis undergoing invasive procedures,
routine use of PCCs to decrease the rate of procedure-
related clinically relevant bleeding is discouraged (LoE 3,
weak recommendation).

Future perspectives
Trials – preferably randomised placebo-controlled trials should
assess the safety and efficacy of PCCs and their optimal dosage for
decreasing procedure-related clinically relevant bleeding episodes.
As previously stated, INR tests the function of a discrete
number of procoagulant proteins (factors VII, X, V, and II and
fibrinogen). These tests are insensitive to plasma levels of anti-
coagulant proteins and do not take into account the role of the
endothelium in the haemostatic process.

FFP contains all of the plasmatic pro- and anticoagulant
proteins in physiological levels, and therefore, FFP transfusion in
patients with cirrhosis and a prolonged INR frequently does not
lead to a full normalisation of the prothrombin time.23,111 Ex vivo
studies showed that FFP only minimally improves thrombin
generating capacity in patients with cirrhosis, which is likely
explained by the balanced administration of both pro- and
anticoagulant proteins with FFP transfusions.25,26,112 In patients
with compensated and acutely decompensated cirrhosis, acute-
on-chronic liver failure, infection or shock, administration of
FFP only slightly improved global thrombin generating capacity
in a few patients and even worsened them in a third of cases.26

The absence of a meaningful improvement of haemostatic ca-
pacity by FFP is in line with the questionable clinical effect of FFP
in patients with cirrhosis. Importantly, as evaluated in a recent
1160 Journal of Hepatology 20
Cochrane review, no studies have demonstrated the efficacy of
prophylactic FFP in preventing bleeding in patients with cirrhosis
undergoing invasive procedures.113

Only 2 randomised controlled trials assessed the effect of FFP
vs. no intervention on post-procedural bleeding in patients
without chronic liver disease114,115 and both studies showed no
difference in the occurrence of bleeding events between patients
who did or did not receive FFP. In a randomised controlled trial
that compared haemostatic management guided by TEG to
haemostatic management guided by INR and platelet count in
patients with cirrhosis undergoing low- and high-risk invasive
procedures, 23 of 60 patients included (inclusion criteria INR >1.8
and/or platelet count <50 × 109/L) received FFP, with only 3 of
these 23 patients in the TEG arm. Only 1 patient (who received
FFP) had a post-interventional bleeding episode.66 The authors
concluded that these findings indicate uncertainty of the utility
of prophylactic FFP use in patients with cirrhosis and coagulation
test abnormalities prior to invasive procedures.

Plasma transfusion does carry potentially life-threatening
risks both in the general population and specifically in patients
with cirrhosis. The negative effects commonly associated with
FFP transfusions include:
� FFP increases blood volume, and therefore portal pressure,

and may thus increase the risk of bleeding by exacerbating
portal hypertension.116

� Transfusion-related acute lung injury, which is the leading
cause of transfusion-related mortality,117 can be associated
with FFP transfusion.118–120

� Transfusion-associated circulatory overload (TACO). The re-
ported incidence of TACO ranges from <1% to 8% of trans-
fusions in the general population. Plasma transfusion is a risk
factor for TACO since large volumes and increased infusion
rates are usually used in adults.121 A mortality rate of 5–15%
has been reported in patients with TACO.122

� Allergic/anaphylactic reactions. The rate of allergic or
anaphylactic reactions to FFP found in 2 retrospective studies
was 1:591 and 1:2,184 plasma units transfused.123 The esti-
mated incidence of anaphylactic reactions alone ranges from
1:18,000 to 1:172,000 transfusions.124

� Other less common risks include transmission of
infections, febrile non-haemolytic transfusion reactions,
red blood cell allo-immunisation, and haemolytic trans-
fusion reactions.70,125–127

In patients with cirrhosis undergoing invasive procedures,
does administration of prothrombin complex concentrates
(PCCs) decrease the rate of procedure-related clinically
relevant bleeding?
22 vol. 76 j 1151–1184



Statement

� In patients with cirrhosis undergoing invasive procedures,
no studies have specifically evaluated whether the infusion
of platelet concentrates or TPO-R agonists decrease the rate
of procedure-related clinically relevant bleeding (LoE 1).

Recommendation

� In patients with cirrhosis undergoing invasive procedures,
infusion of platelet concentrates or use of TPO-R agonists
is not recommended when platelet count is above 50
× 109/L or when bleeding can be treated by local hae-
mostasis (LoE 3/4, strong recommendation).

� In patients undergoing high-risk procedures in whom
local haemostasis is not possible and platelet count is
between 20 × 109/L and 50 × 109/L infusion of platelet
concentrates or TPO-R agonists should not be routinely
performed but may be considered on a case-by-case basis
(LoE 3/4, strong recommendation).

� In patients undergoing high-risk procedures in whom
local haemostasis is not possible and platelet count is
very low (<20 × 109/L) infusion of platelet concentrates or
TPO-R agonists should be considered on a case-by-case
basis (LoE 3/4, strong recommendation).

Future perspectives
Large observational cooperative studies are recommended to
collect data, in patients with cirrhosis undergoing invasive pro-
cedures, on real-life incidence of bleeding and on complications
associated with these events and with inherent therapies. Placebo-
controlled, randomised trials including a large proportion of
patients with cirrhosis and very low platelet counts undergoing
high-risk invasive procedures should be performed, with clinically
significant bleeding as a primary endpoint, to assess the role of
platelet transfusions in extreme situations. Similar trials should be
PCCs are a pooled plasma product, and formulations
contain 3 (II, IX, X) or 4 (II, VII, IX, X) vitamin K-dependent
procoagulant proteins, proteins C and S, and often heparin;
it offers an attractive low-volume therapeutic profile to
partly restore a disturbed haemostatic system. PCC factor
concentrations are 25 times greater than in FFP. Compared
to FFP, PCCs lead to a more rapid and more effective
correction of the INR, and infusion is usually completed in
10 minutes. The use of PCCs outside correction of an
elevated INR as a result of vitamin K antagonist treatment is
considered off-label. Dosage is based on INR and body
weight. Decisions on dosing are problematic in patients with
cirrhosis as INR is spontaneously altered at baseline in
these patients.128–130

A recent in vitro study showed an exaggerated procoagulant
response after addition of PCCs to the plasma of patients with
cirrhosis compared to healthy individuals, which differed ac-
cording to the severity of liver disease. Thrombin generation
increased by 150% in plasma from patients with acutely
decompensated cirrhosis and by 270% in patients with acute-
on-chronic liver failure compared to an increase of 97% in
healthy individuals, suggesting a requirement for dose-
adjustment in patients with liver disease.131 This finding was
confirmed in patients with cirrhosis in whom an enhanced
in vitro procoagulant effect of PCCs in blood samples taken
during liver transplantation was evident.132 Data regarding
in vivo efficacy and safety in patients with liver disease
are lacking.133

Administration of PCCs to expedite interventions effectively
reduced the INR in a retrospective study of 45 critically ill pa-
tients with liver disease-associated coagulopathy.134 Similarly,
another study showed that in 105 patients (77% chronic and 33%
acute liver disease) PCCs (administered for pre-procedure pro-
phylaxis in 48% and for treatment of bleeding in 52%) produced
statistically significant reductions in the INR. Three patients
experienced thromboembolic events within 4 weeks of
PCC administration.135

Although PCCs have been used in the context of liver trans-
plantation in some European centres with positive results in
terms of lower red blood cell and FFP requirements, published
experience is limited to retrospective observational studies,136

and thrombotic complications are not reported in all of
them.137,138 The only randomised controlled study planned in
this setting was stopped because of low enrolment, so data
regarding efficacy and safety in patients with liver disease
are scarce.133

Use of procoagulant therapeutics in patients with advanced
cirrhosis remains challenging and there are concerns over
increasing the risk of thrombosis in this population. In 347 pa-
tients with cirrhosis receiving PCCs for the prevention or treat-
ment of bleeding, PCC administration was the only factor
associated with the occurrence of thromboembolic events (5.5 %)
in a short-term follow-up,139 and isolated cases of disseminated
intravascular coagulation-like coagulopathy have been reported
in patients with decompensated cirrhosis after administration
of PCCs.140

On the whole, measures aimed at reducing the pre-
procedural INR in patients with cirrhosis who are not taking
vitamin K antagonists are very controversial.134
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In patients with cirrhosis undergoing invasive procedures,
does correction of thrombocytopenia by infusion of platelet
concentrates or by thrombopoietin receptor (TPO-R) agonists
decrease the rate of procedure-related clinically
relevant bleeding?
Thrombocytopenia is common in patients with advanced
cirrhosis and its prevalence increases with increasing severity of
liver disease. In vitro evidence indicates that platelet-dependent
thrombin generation is preserved in patients with cirrhosis and
platelet counts >−56 × 109/L. This in vitro finding has been used to
promote a platelet count above 50 × 109/L as a target for prophy-
laxis.141 However, thrombin generation assays disregard many key
aspects of platelet function including adhesion and aggregation,
calling into question the aforementioned threshold. In addition,
compensatory mechanisms which may alter overall platelet per-
formance, such as elevated von Willebrand factor (VWF),40

increased circulating activated platelets,142 and platelet-derived
micro-particles143 as well as the contribution of renal dysfunction
toplatelet physiology144 are not evaluatedby this test. Anaemia can
also increase the risk of bleeding at similar platelet counts.145

performed to assess the utility of TPO-R agonists.
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In an in vivo study in patients with cirrhosis and thrombocyto-
penia, no evidence that prophylactic platelet transfusion improves
haemostatic potential was found. In this study, transfusion of 1
standardadultplateletdose slightly increasedplatelet count (pre-vs.
post-infusion: 39 × 109/L (16-64) vs. 52 × 109/L (19-91), p <0.001),
without significant effects on ex vivo haemostatic tests.146 However,
another study showed similar increases in platelet count (from 28
×109/L (21-41)beforeto43×109/L (39-64)afterplatelet transfusion),
with increases in in vivomarkers of haemostasis activation.112

Avatrombopag147 and lusutrombopag148 are both oral TPO-R
agonists that have completed phase III trials and are now
approved in the US and Europe for use in thrombocytopenic
patients with liver disease undergoing an invasive procedure.
They require completion of a 5- to 7-day treatment course prior
to the procedure.149 Potential advantages of TPO-Rs are: i)
improvement of patient clinical management, avoiding the risk
of cancellation of procedures due to a platelet count that is
perceived as too low by the proceduralist; ii) avoidance of pro-
phylactic use of platelet transfusions (which for these patients is
of unpredictable efficacy) and of iii) potential adverse events
including refractoriness to further platelet transfusions150; and
iv) increased availability of platelets for other clinical purposes.61

A recent meta-analysis including 6 publications comprising 8
randomised trials showed that TPO-R agonists were significantly
more likely to result in a preoperative platelet count >50 × 109/L
(72.1% vs.15.6%, relative risk (RR): 4.8; 95% CI 3.6–6.4; p <0.00001;
number needed to treat: 1.8) and reduced the incidence of platelet
transfusions (22.5% vs. 67.8%, RR: 0.33; 95% CI 0.3–0.4; p <0.00001),
without increasing the risk of thrombosis.151 Peri-procedural
bleeding was likewise reported as decreased, but these bleeding
complications included clinically non-significant bleeds andbleeds
that occurred prior to the procedure. None of the original studies
reported differences in procedure-associated bleeding.148,152,153

A secondary, pooled analysis of the lusutrombopag studies
showed that the proportion of patients with procedural and post-
procedural bleeding eventswas numerically higher in the placebo
with platelet transfusion group compared to the lusutrombopag
without platelet transfusion group (11.9% vs. 6.5%), although the
severity of events was mainly mild in both groups.154

In patientswith cirrhosis undergoing invasive procedures, does
correction of acquired fibrinogen deficiency by administration
offibrinogenconcentrateorcryoprecipitatedecrease the rateof
procedure-related clinically relevant bleeding?
Recommendation

� In patients with cirrhosis undergoing invasive procedures,
routine correction of fibrinogen deficiency to decrease the
rate of procedure-related clinically relevant bleeding is
discouraged (LoE 4, strong recommendation).

Future perspectives
Large prospective studies aiming at evaluating the qualitative
and quantitative role of fibrinogen deficiency in patients with
cirrhosis undergoing invasive procedures are warranted.
Adequate plasma levels of fibrinogen are essential for clot for-
mation, and in severe bleeding, fibrinogen reaches a critically low
plasma concentration earlier than other coagulation factors.155 The
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critical minimum concentration of fibrinogen required tomaintain
haemostasis is amatter of debate. Of note, patientswith congenital
afibrinogenemia may be asymptomatic or even have a thrombotic
tendency,156 which contrasts with the predictable bleeding ten-
dency of patients with congenital haemophilia A or B.

Fibrinogen levels can be effectively increased by administration
of cryoprecipitate or fibrinogen concentrate but transfusion
thresholds are rather arbitrary. Cryoprecipitate is a plasma-derived
product rich in VWF, fibrinogen and fibronectin, while fibrinogen
concentrates are derived from pooled plasma following viral
exclusionand lyophilisation.ThepresenceofVWF incryoprecipitate
is not apparently necessary in patients with cirrhosis as VWF levels
are already elevated, and may pose a thrombotic risk. Fibrinogen
concentrate has a lower volume (50 vs. 250 ml). Standardisation of
fibrinogen content and lack of need for crossmatching favour its use
in cirrhosis, while its cost currently limits wider application.157,158

Fibrinogen production and degradation in patients with
decompensated cirrhosis remains poorly understood. Some au-
thors propose that low levels of fibrinogen are more indicative of
decreased hepatic production and thus reflect advancing hepatic
synthetic dysfunction without direct involvement in the patho-
physiology of bleeding,31 whereas others have proposed that low-
grade intravascular coagulation contributes to low levels of
fibrinogen in cirrhosis.159

Plasma fibrinogen levels less than approximately 100 mg/dl
are associated with spontaneous and procedure-related bleeding
in patients with cirrhosis,64 but it is unclear whether this asso-
ciation is causal or merely reflects severity of disease. In the
setting of trauma surgery in patients without underlying liver
disease, fibrinogen replacement to achieve fibrinogen levels
>200 mg/dl is associated with more effective haemostasis.160 In
cirrhosis, a fibrinogen threshold from 100 to 200 mg/dl has been
recommended to trigger fibrinogen replacement in the setting of
bleeding, and in clinical practice the most agreed upon cut-off in
the actively bleeding patient with cirrhosis is >120 mg/dl.32

In vitro data showed that fibrinogen levels of >−100 mg/dl
resulted in greater mechanical clot stability compared to lower
levels of fibrinogen, but no threshold concentrations of fibrinogen
were identified for this effect.161 A reduction in in vitro clot
permeability (which is an in vitro measure of clot quality) was
observed when fibrinogen concentrate (1 mg/dl) was added to
control samples and a similar reduction was observed in patients
with compensated cirrhosis, whereas a slightly more robust effect
was observed in patients with acute decompensation and patients
with acute-on-chronic liver failure.131

A retrospective study including 237 patients with cirrhosis
admitted to the intensive care unit with fibrinogen levels <150mg/
dl assessed the association between cryoprecipitate transfusion
and bleeding events and mortality. Cryoprecipitate transfusions
were routinelygiven to achievefibrinogen levels >100 to120mg/dl.
As expected, patients who received cryoprecipitate transfusions
had lower baseline fibrinogen levels (93 mg/dl vs. 119 mg/dl; p
<0.01). Cryoprecipitate transfusion increased fibrinogen levels by
27.8mg/dl (standarddeviation, 28.2) buthadno independenteffect
on bleeding complications or mortality. These data call into ques-
tion whether fibrinogen is itself a direct factor in the pathophysi-
ology of bleeding in critically ill patients with cirrhosis.31

A randomised controlled trial in the setting of liver trans-
plantation has failed to demonstrate a beneficial effect of pre-
emptive fibrinogen administration, although the target fibrin-
ogen levels (>2.9 mg/dl) were not achieved in the experimental
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group (1.7 vs. 1.5 mg/dl in experimental and placebo
groups, respectively).162
In patients with cirrhosis undergoing invasive procedures,
does correction of anaemia decrease the rate of clinically
relevant bleeding?
Future perspectives
Large observational studies are recommended to evaluate
whether anaemia (alone or combined with thrombocytopenia) is
associated with bleeding events in patients with cirrhosis.

Recommendations

� In patients with cirrhosis, every effort should be made to
optimise haemoglobin levels by treating iron, folic acid,
vitamin B6, and vitamin B12 deficiencies, especially in
those patients likely to undergo invasive procedures (LoE
5, weak recommendation).

� In the setting of invasive procedures, prophylactic red
blood cell transfusion with the aim of decreasing the risk
of procedure-related bleeding is not recommended (LoE
5, weak recommendation).

Recommendation

� In patients with cirrhosis undergoing invasive procedures,
routine use of tranexamic acid to decrease the rate of
procedure-related clinically relevant bleeding is discour-
aged (LoE 4, weak recommendation).

Future perspectives
Prospective studies are needed to evaluate the role of the
hyperfibrinolytic state on post-procedural bleeding in patients
with cirrhosis undergoing invasive procedures. Large clinical
studies are needed to evaluate antifibrinolytic therapy in pa-
tients with cirrhosis undergoing invasive procedures, especially
in those with an established (or suspected) hyper-
fibrinolytic state.
Erythrocytes are involved in primary haemostasis because they
flow in the centre of the vessel and push platelets towards the
vessel walls in flowing blood; this induces an increased platelet
concentration at the site of damaged vessels.163,164 In addition,
erythrocytes may also modulate biochemical reactions and
enhance platelet activation. Platelet adhesion to VWF is also
regulatedbyhaematocrit level andflowrate.165Exvivo studies have
shown that correction of haematocrit levels can correct platelet
adhesion in blood from patients with cirrhosis,166 while an in vitro
study using the PFA-analyser found an inverse correlation between
haematocrit and closure time.167 Very few data are available on
anaemia and bleeding risk in vivo, although a prolonged bleeding
time in patients with anaemia has been described.168 Furthermore,
correction of anaemia has been reported to correct bleeding times
in general patients,169 and a haematocrit <25%has been reported to
be associated with a higher bleeding risk in patients with hypo-
proliferative thrombocytopenia.170 Treatment of anaemia with
erythropoietin in patients with chronic kidney disease improved
bleeding times and reduced bleeding complications.171

Anaemia is a frequent complication observed in patients with
cirrhosis,withaprevalenceof about60%, and its aetiology isusually
multifactorial.172–174Diversemechanismsmaybe implicated: acute
or chronic gastrointestinal haemorrhage leading to iron deficiency,
hypersplenism secondary to portal hypertension, chronic hae-
molysis, spur-cell anaemia, aplastic anaemia with hypocellular
bone marrow especially secondary to hepatitis, alcohol abuse, and
folic acid, vitamin B12 and B6 deficiencies, which could be related
to inadequate food intake or intestinal malabsorption.

Despite the high prevalence of anaemia in patients with
cirrhosis and its known contribution to bleeding, studies evalu-
ating the incidence of bleeding after invasive procedures have
not focused on the possible role of anaemia, or haemoglobin and
haematocrit values as risk factors for bleeding.

One retrospective paediatric study concerning 213 children
(mostly with cirrhosis) who underwent 328 percutaneous liver
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biopsies showed that 4.2% experienced a decrease in haemo-
globin level >2 g/dl, 3.3% required transfusion and 0.5% died,
with younger age and lower pre-procedural haematocrit (29.3%
vs. 34.3%) being predictive of bleeding complications.175

Furthermore, a recent study in patients with cirrhosis reported
that post-procedural bleeding was independently associated
with lower preoperative haemoglobin level in both 327 patients
undergoing 358 polypectomies and in 454 patients undergoing
886 EBL procedures.56 These few data suggest that anaemia in
patients with cirrhosis could be associated with an increased risk
of bleeding during invasive procedures. However, no data are
available on the effect of correcting anaemia on post-procedure
bleeding rates. In patients with cirrhosis, transfusion of blood
products can increase portal pressure by increasing blood vol-
ume, thus increasing the risk of further bleeding. Restrictive
packed red blood cell transfusions (transfusion with haemoglo-
bin <7 g/dl with a target haemoglobin of 7-9 g/dl) were associ-
ated with lower re-bleeding and mortality in patients with acute
upper gastrointestinal bleeding.176

In patients with cirrhosis undergoing invasive procedures,
does administration of antifibrinolytic drugs such as
tranexamic acid decrease the rate of clinically
relevant bleeding?
Fibrinolysis is a complex process, which is altered in patients
with cirrhosis, with decreases in both pro- and anti-fibrinolytic
factors resulting in a fragilely rebalanced fibrinolytic system. Both
hyperfibrinolysis and hypofibrinolysis may occur in patients with
cirrhosis.43 Tranexamic acid is a synthetic derivative of lysine that
exerts antifibrinolytic effects by binding to lysine binding sites on
plasminogen molecules, inhibiting the interaction of plasminogen
with formed plasmin and fibrin. Tranexamic acid is available in
intravenous and oral formulations and it can also be used topi-
cally.177,178 Elimination of the intravenous form of tranexamic acid
is exponentialwith approximately 90% cumulative excretion of the
drug inurine ina timespanof24hours.Renal clearance is themajor
mechanism of excretion and this correlates with an increased
incidence of complications (neurotoxicity, ocular toxicity) in pa-
tients with renal dysfunction. Therefore, reduced doses of tra-
nexamic acid are indicated in patients with chronic or acute renal
failure, and it should be used with cautious in this setting.

During liver transplantation, hyperfibrinolysis is caused by a
high level of tissue plasminogen activator release during the
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anhepatic phase, potentially increasing bleeding risk. In rando-
mised controlled trials, antifibrinolytic treatment has been
shown to reduce blood loss and transfusion requirements in liver
transplantation without increasing thrombotic events.179–181

Most of these trials used aprotinin, but this drug was with-
drawn from the market due to mortality concerns in cardiac
surgery. Although aprotinin has been carefully reintroduced into
practice for complex cardiac surgery, nowadays tranexamic acid,
applied either pre-emptively or therapeutically, is more
commonly used during liver transplantation.

Dental extraction inpatientswith cirrhosis has been shown to be
associated with bleeding complications although severe bleeding is
rare even in patients with remarkably altered parameters (platelet
count <40 × 109/L 87 and INR >2.576; platelet count >16 × 109/L and
INR <3). Data regarding administration of antifibrinolytics to pa-
tients with cirrhosis undergoing invasive procedures are scarce. In a
prospective observational study in liver transplant candidates, a low
risk of bleeding after tooth extractions was found for patients with
INRvalues of <−2.50andplatelet counts of >−30×10

9/L). Soakinggauze
with tranexamic acid did not impact outcomes.49

Tranexamic acid has not been studied in patients with
cirrhosis undergoing invasive procedures such as liver biopsy,
paracentesis, polypectomy, or radiofrequency ablation.
In patients with cirrhosis with abnormal laboratory tests
(prothrombin time, APTT, platelet count, fibrinogen)
undergoing prophylactic band ligation, is correction of these
tests by blood products or factor concentrates indicated to
prevent bleeding?
Recommendation

� In patients with cirrhosis, antiplatelet and/or anticoagu-
lant agents should be managed following the same
guidelines as in patients without cirrhosis before invasive
procedures (LoE 4, strong recommendation).

Recommendation

� In patients with stable cirrhosis and abnormal laboratory
tests (prothrombin time, APTT, platelet count, fibrinogen)
undergoing prophylactic band ligation, administration of
blood products or factor concentrates with the aim of
avoiding post-ligation bleeding is not recommended (LoE
5, strong recommendation).
Prophylactic band ligation is part of the standard of care in
the management of varices in patients with cirrhosis.182 As
primary prophylaxis, patients should receive non-selective
beta-blockers or band ligation, although the former has
further benefits as it treats portal hypertension rather than just
the varices. In the prevention of re-bleeding, non-selective
beta-blockers and band ligation should be combined to achieve
the maximum protection.182

Patients who undergo oesophageal varices band ligation
can experience several complications including bleeding.
Bleeding from patients undergoing EBL can be the conse-
quence of portal hypertension (a variceal bleeding) or can be
due to the ulcers that result from the release of the bands.
Post-banding ulcer bleeding occurs in 2.7-7.8% of patients, and
takes place approximately 10-14 days after the placement of
the bands.55,64,99,183–185 Post-band ligation bleeding is a
serious clinical complication as it is associated with a mortality
rate of approximately 25-50%.99,183,185 Several studies have
associated post-band ligation ulcer bleeding to coagulation
abnormalities such as low fibrinogen64 or the prothrombin
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time index.99 In most studies evaluating the incidence of
bleeding after placement of elective band ligation, blood
products were transfused at the time of the endoscopy in pa-
tients perceived as high risk,55,64 while other studies do not
state whether or not blood products were transfused at the
time of the procedure.99,183–185

No randomised controlled trials have evaluated the effect of
the administration of blood products on the incidence of post-
banding ulcer bleeding. In a retrospective study an analysis of
post-EBL bleeding was performed according to the presence of
baseline increased INR (>1.5) and severe thrombocytopenia
(platelets <50 × 109/L). In each subgroup, some patients received
blood products (INR >1.5 n = 41 (46%), platelets <50 × 109/L, n =
39 (57%)) depending on the attending physician’s criteria. No
differences in the frequency of post-EBL bleeding episodes were
observed according to the previous administration of
blood products.186

A prospective randomised controlled trial evaluating the use
of TEG to guide substitution of blood products in patients with
cirrhosis undergoing elective procedures included 10 patients
who underwent EBL, 6 were randomised to the TEG group while
4 received the standard of care. Although a sub-analysis in this
subgroup was not done, in the whole study patients who were
assigned to TEG received less blood products without differences
in the frequency of bleeding episodes.66

Should antiplatelet and/or anticoagulant agents be
discontinued in patients with cirrhosis before invasive
procedures to decrease the rate of procedure-related
clinically relevant bleeding?
Anticoagulant therapy either using low molecular weight
heparin (LMWH), vitamin K antagonists and more recently
direct-acting oral anticoagulants (DOACs) are gaining acceptance
for the treatment of portal vein thrombosis (PVT) in patients
with cirrhosis.32 In addition, antiplatelet agents are widely used
in this population given the high incidence of coronary artery
disease (around 20-40%).73,187 Antithrombotic drugs are inher-
ently associated with a bleeding risk, and this bleeding risk may
be elevated in patients with cirrhosis due to their fragilely
rebalanced haemostatic system. For example, in a nationwide
study comparing bleeding events between patients with and
without cirrhosis and a previous acute myocardial infarction
under double antiplatelet treatment, the risk of gastrointestinal
bleeding was significantly higher in patients with cirrhosis.188

Therefore, the question regarding the management of anti-
platelet and anticoagulant treatment before elective invasive
procedures is more and more frequently raised in clinical prac-
tice. Factors to consider are the procedural bleeding risk, the
inherent risk of thrombosis associated with the underlying dis-
ease, and whether the procedure is elective or an emergency.
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International guidelines use a very practical approach con-
cerning management of anticoagulant and antiplatelet therapy
before percutaneous procedures or endoscopic procedures in
patients with cirrhosis,189,190 as they recommend the same rules
for patients with and without cirrhosis. Whether to use the same
timing for discontinuation of therapy in patients with cirrhosis is
unclear as i) clearance of anticoagulants may be delayed as they
are often metabolised by the liver and/or kidneys, ii) the efficacy
of anticoagulants might be altered in patients with cirrhosis as
suggested by in vitro studies.191,192 In a recent study evaluating
the risk of variceal band ligation in patients with cirrhosis, only
32 out of 750 patients were under anticoagulation that could not
be discontinued. The risk of post-EBL bleeding was 9%, and was
associated with secondary prophylaxis (p = 0.05) and previous
decompensation of cirrhosis,193 but not to anticoagulant use
during the procedure. These results confirm those obtained in
another study that compared 80 patients on LMWH to 185 who
were not receiving anticoagulants.194 In this study, the risk of
secondary bleeding was not different between the 2 groups. In
this context there are no data regarding TIPS or liver biopsy.

In patients with cirrhosis, should invasive procedures be
performed with specific modalities (e.g. experienced
operators, imaging guidance) to reduce procedure-
related bleeding?
Recommendation

� In patients with cirrhosis, imaging guidance is recom-
mended for liver biopsy, central venous line placement
and jugular puncture for TIPS placement (LoE 3,
strong recommendation).

Future perspectives
Any new specific modality aimed at reducing the risk of pro-
cedure-related bleeding should be evaluated in prospective
randomised trials.
Invasive procedures are usually stratified as low (i.e., <1.5%
bleeding complications) or high (>1.5% bleeding complications)
risk.80,195 This stratification reasonably considers not only the
frequency of the bleed but also the potential severity of this
complication (Table 2, adapted from80,195). In this setting, various
measures to reduce the bleeding risk associated with these
procedures have been explored, including using imaging guid-
ance, proper training, or even allowing only experienced oper-
ators to perform such procedures.

Role of operator’s experience
The role of operator’s experience on the bleeding risk remains
debated in technically simple and low-risk procedure such as
paracentesis or percutaneous liver biopsy. For paracentesis, a
minimum of 10 procedures performed under supervision was
sufficient to achieve low complications after paracentesis when
performed by a trained nurse even in patients with low platelet
count or altered INR without corrective measures.47 As far as
liver biopsy is concerned, 1 report showed a lower incidence of
bleeding following the procedure among physicians who had
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carried out more than 100 biopsies compared to less experi-
enced physicians who had carried out less than 20 biopsies
(1.1% vs. 3.2%), although this study did not control for severity of
liver disease.196 However, in another study, the reverse phe-
nomenon was observed as, among 2,229 biopsies, a higher risk
of bleeding was observed when liver biopsy was performed by
experienced operators (more than 150 procedures, bleeding
incidence 2.2%) vs. less experienced operators (bleeding inci-
dence, 1.1%), although once again it was not reported whether
these findings were independent of several other confounding
factors (e.g., stage of liver disease, biopsy technique, number of
passes)197 and this finding may be due to selection bias.

Retrospective studies suggested that patients with cirrhosis
had an increased risk of bleeding during more demanding
endoscopic procedures such as polypectomy or ERCP compared
to patients without cirrhosis.54,107,198 However, the bleeding ep-
isodes were mostly self-limited by using local haemostatic ma-
noeuvres, suggesting the importance of endoscopic skills. One
study showed an increased risk of bleeding when polypectomy is
done by experienced operators, which again may reflect a se-
lection bias.54

In a recent review of TIPS procedures, transcapsular puncture
during TIPS has been reported in up to 33% of cases, leading to
peritoneal bleeding in 1-2% of cases.199 Better stent patency and
decreased mortality following TIPS have been demonstrated
when more experienced operators performed the procedure.200

When inexperienced operators used intravascular ultrasound
for TIPS needle visualisation, it reduced procedure time and
frequency of capsular perforation in a small series of 109
TIPS procedures.108
Role of imaging guidance
The impact of ultrasound guidance on reducing bleeding com-
plications has been clearly demonstrated for central line place-
ment in patients with coagulopathy201 and has become standard
of care in this setting.202 For paracentesis,203 the use of ultra-
sound guidance did not seem to be associated with a lower rate
of haemorrhage or haematoma formation following the pro-
cedure (with 2/723 procedures, 0.28% vs. without 5/574 pro-
cedures, 0.87%, p = 0.25), although this study was retrospective
and based on billing codes.203

The use of ultrasound guidance significantly reduced the
number of complications when used to guide double-pass liver
biopsy compared to the traditional Menghini technique in a
randomised trial including 200 liver biopsies.204 These results
were confirmed later in a multicentre randomised trial that
showed that ultrasound guidance significantly reduces pain and
bleeding episodes in percutaneous liver biopsy.205

Bleeding complications during TIPS are linked to capsular
puncture while attempting to puncture the portal vein. Several
methods have been suggested to reduce this risk, such as trans-
parietal ultrasound206 or using more sophisticated 2D/3D fusion
image guidance207 to reduce the number of passes from the
hepatic vein to the portal vein. These imaging techniques
reduced TIPS procedure duration and reduced the number of
passes required to reach the portal vein and their use is therefore
recommended despite a lack of evidence that they reduce
bleeding complications.208
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� In case of failure to control haemorrhage, the decision to
correct haemostasis should be considered on a case-

Clinical Practice Guidelines
Should patients with cirrhosis undergoing invasive procedures
be monitored differently for bleeding complications than
patients without cirrhosis?
Recommendation

� Patients with cirrhosis undergoing invasive procedures
should be monitored for bleeding complications in the
same way as patients without cirrhosis (LoE 3,
strong recommendation).

Future perspectives
Any change in standard surveillance after invasive procedures in
patientswith cirrhosis (e.g. shortened hospital surveillance) should
be evaluated prospectively.

by-case basis (LoE 3, strong recommendation).

� In patients with cirrhosis and active variceal bleeding,
tranexamic acid should not be used (LoE 2,
strong recommendation).
In patients with cirrhosis undergoing procedures associated
with a low risk of bleeding, there is no medical justification to
monitor them differently to patients without cirrhosis. In general,
bleeding associatedwith invasive proceduresmainly occurs during
the procedure itself and is usually identified and managed imme-
diately by appropriate local treatment. However, an increased risk
of delayed bleeding after specific invasive procedures could justify
intensified post-procedural monitoring in patients with cirrhosis.
For example, decompensated cirrhosis is described as a risk factor
for bleedingpost-sphincterotomy in a recentmeta-analysiswith an
odds ratio of 2.05 (95% CI 1.62-2.58).209 An analysis based on the
National NIS survey210 confirmed a statistically significant differ-
ence in the incidence of bleeding episodes after ERCP between
patientswith (n= 1,930) andwithout cirrhosis (n= 5,790) (2.3 vs.1%;
p <0.0001). However, it is unknown whether prolonged surveil-
lance or additional endoscopic examination may decrease the
bleeding risk associated with these procedures in patients with
cirrhosis.105,210,211 In procedures typically associated with a risk of
delayed bleeding such as colonic polypectomy, delayed bleeding
remains a rare event (0.3% of colonoscopies). A recent study
involving 307 colonoscopies with 638 polypectomies in patients
with cirrhosis reported a similar incidence of delayed bleeding as
would be expected in patients without cirrhosis.107

Importantly, identification of anaemia after an invasive pro-
cedure may lead to an erroneous diagnosis of occult bleeding.
Anaemia is frequent in patients with cirrhosis (reported in 51% to
66% of patients), is usually multifactorial, and is associated with
severity of liver disease and degree of portal hypertension.212,213

A pre-procedural haemoglobin level would be helpful to avoid
the erroneous diagnosis of occult bleeding based on a post-
procedural haemoglobin measurement.

In patients with cirrhosis and active variceal bleeding, besides
vasoactive treatment and endoscopic therapy, is correction of
haemostatic alterations indicated to stop bleeding?
Recommendations

� In patients with cirrhosis and active variceal bleeding, if
haemostasis is achieved with portal hypertension-
lowering drugs and endoscopic treatment, correction of
haemostatic abnormalities is not indicated (LoE 3,
strong recommendation).
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Variceal bleeding is still associated with a 6-week mortality
rate of 15-20%. Standard therapy for variceal bleeding includes
prompt initiation (before endoscopy) of vasoactive therapy
(terlipressin, somatostatin or octreotide), antibiotics, and EBL.182

Few studies have evaluated the effect of correction of haemo-
stasis in the context of variceal bleeding. A recent study evaluated
the use of TEG to guide transfusion in the context of acute variceal
bleeding. Interestingly, only patients with severe haemostatic ab-
normalities (platelets <50 × 109/L and/or INR >1.8) were included.
The standard of care group received platelets and/or FFP when the
values were under/above these cut-offs, respectively. The TEG-
guided group received platelets and/or FFP according to the TEG
results. As TEG results are frequently normal in patients with
cirrhosis, even in the presence of thrombocytopenia and/or a pro-
longed INR, the TEG group required less blood products. No dif-
ference in outcomes regarding early re-bleeding and 6-week
mortality was observed, although the trial was not powered to
evaluate these outcomes.214

The use of recombinant factor VIIa has been evaluated in 2
studies215,216 and their results have been combined in a meta-
analysis of individual patient data.217 The meta-analysis reported
a beneficial effect of recombinant factor VIIa in the prevention of
early re-bleeding among high-risk patients with active bleeding at
endoscopy, particularly in patients with a Child-Pugh score above
8 points. No differences were observed in 6-week re-bleeding
rates or mortality. Administration of recombinant factor VIIa was
potentially associated with an increased rate or arterial throm-
boembolic events, and it has been argued that this drug has no net
clinical benefit in the setting of variceal bleeding.218

Use of intravenous tranexamic acid has been evaluated in a large
randomised placebo-controlled trial including 12,009 patients with
acute upper gastrointestinal bleeding, of which nearly 50% of cases
were suspected variceal bleeding.219 The primary outcome of the
trial was death due to bleeding within the first 5 days. No beneficial
effect of tranexamic acidwas observed in thewhole groupnor in the
subgroup analysis of patients with suspected variceal bleeding and
liver disease comorbidity. Possible reasonswhy an antifibrinolytic is
ineffective in variceal bleeding include the limited role of haemo-
stasis in variceal bleeding and the frequent occurrence of a hypofi-
brinolytic state in critically ill patients with cirrhosis.43 In thewhole
study population, an almost 2-fold increase in the incidence of
venous thromboemboliceventswasobserved in the tranexamicacid
group compared to the placebo group. A subgroup analysis showed
that the risk of venous thromboembolic events was concentrated in
patients with comorbid liver disease/suspected variceal bleeding.
Thrombotic events could be related to the high doses of tranexamic
acid used in this trial but could also be related to the relative hypo-
fibrinolysis observed in acute-on-chronic liver failure.

In both animal models and patients with cirrhosis, evidence
suggests that administration of blood products leads to an increase
in portal pressure.116,220–223 Higher portal pressure has been asso-
ciated with worse outcomes (failure to control bleeding or early
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re-bleeding).224,225 This mechanism likely explains why a restric-
tive red blood cell transfusion strategy is beneficial and indicates
that administration of large volumes of blood products may para-
doxically increase bleeding rather than contribute to control
of bleeding.

In patients with cirrhosis and active bleeding related to portal
hypertension, but not to varices (e.g. portal hypertensive
gastropathy), is correction of a prolonged prothrombin time,
fibrinogen deficiency or thrombocytopenia by transfusion of
FFP, fibrinogen concentrate/cryoprecipitate, PCCs, or platelet
concentrate indicated to stop bleeding?
Statement

� No studies evaluating correction of haemostasis in pa-
tients with cirrhosis and active bleeding related to portal
hypertension, but not to varices (e.g., portal hypertensive
gastropathy), are available (LoE 5).

Recommendations

� In patients with cirrhosis and active bleeding related to
portal hypertension, but not to varices (e.g., portal hy-
pertensive gastropathy), bleeding should be managed
with portal hypertension-lowering measures (LoE 5,
weak recommendation).

� In the case of failure to control haemorrhage with portal
hypertension-lowering drugs, the decision to correct
haemostasis should be considered on a case-by-case basis
(LoE 5, weak recommendation).

Future perspectives
Large observational cooperative studies are recommended to
collect data on the treatment (including correction of haemostatic
abnormalities) of patients with overt portal hypertensive
gastropathy-related bleeding and/or chronic anaemia due to
portal hypertensive gastropathy-related bleeding in whom vaso-
active treatment and endoscopic therapy failed to stop bleeding.

Recommendations

� In patients with cirrhosis who are actively bleeding from
a non-portal hypertensive cause, active bleeding should
first be addressed by local measures and/or interven-
tional radiology procedures (LoE 4,
strong recommendation).

� In those patients in whom local measures fail to stop the
bleeding, addressing contributing factors (renal failure,
infectionorsepsis, andanaemia)mayreducebleedingwhile
correction of haemostatic abnormalities can be considered
on a case-by-case basis (LoE 5, weak recommendation).

Future perspectives
Preferably randomised, placebo-controlled studies should
explore the best strategies to correct haemostasis in patients
with non-portal hypertension-related bleeding which is unre-
sponsive to local measures. Depending on the clinical context,
low-volume products (fibrinogen concentrates and PCCs) or
platelet concentrates are the agents of choice for such studies.
Patients with cirrhosis may have other sources of bleeding
related to portal hypertension. Portal hypertensive gastropathy is
the most common source,190 although similar lesions may be
detected in other parts of the gastrointestinal tract including
portal hypertensive enteropathy (small bowel) and portal hyper-
tensive colopathy.226–228 These entities are mainly a cause of
chronic bleeding and chronic anaemia.229–231 Nevertheless, they
may also present as acute gastrointestinal bleeding. Portal hy-
pertensive gastropathy was identified as the source of bleeding in
2-12% of patients with cirrhosis who presented with gastroin-
testinal bleeding.229,232,233 Although portal hypertension plays
the main role in determining bleeding from portal hypertensive
gastropathy, increased fibrinolysis has also been implicated.190,234

The mainstay of the treatment of bleeding (both acute and
chronic) from portal hypertensive gastropathy is based on portal
pressure-lowering strategies.235–238 Vasoactive therapy is rec-
ommended in the acute setting, while beta-blockers are rec-
ommended in the chronic setting.190

Patients who have refractory bleeding from portal hyperten-
sive gastropathy can be considered for TIPS placement.182 No
studies have evaluated the effectiveness of correcting haemo-
static abnormalities in order to stop bleeding related to portal
Journal of Hepatology 20
hypertension but not varices. A case report has described the use
of tranexamic acid in the context of refractory bleeding due to
gastric vascular ectasia in cirrhosis.239 This bleeding, although
common in cirrhosis, is typically not associated with portal hy-
pertension and should be treated with endoscopic procedures.

In patients with cirrhosis that are actively bleeding from a
non-portal hypertensive cause, is correction of a prolonged
prothrombin time, fibrinogen deficiency, or
thrombocytopenia by transfusion of FFP, fibrinogen
concentrate/cryoprecipitate, PCCs, or platelet concentrate
indicated to stop bleeding?
Inpatientswith cirrhosiswhoare actively bleeding, theremaybe at
least 3 underlying causes for the bleed.240 First, bleeding may be
directly related toportalhypertension,which is the case for variceal
bleeding. Portal hypertension-related bleeding requires local
measures andpharmacological therapies to reduceportal pressure,
but pro-haemostatic therapy is not indicated. The observation that
patients on anticoagulants at the time of a variceal bleed do not
bleed more or have worse outcomes than patients who are not on
anticoagulants confirms that the role of the haemostatic system in
variceal bleeding, if present, is minor.241 Second, bleeding may be
caused by inadvertent puncture or laceration of vessels during
invasive procedures. If such a bleed is accessible, for example
during surgery, repair of the vessel by simple suturing is indicated.
Alternatively, the bleed may be addressed endoscopically or by
interventional radiology. Whether pro-haemostatic therapy is
beneficial in cases of inadvertent vessel puncture, in which the
vessel is not readily accessible, for example if the vessel is injured
during percutaneous liver biopsy or paracentesis, is uncertain.
Third, some bleeds may be related to haemostatic failure. Such
bleeds include large spontaneous or procedure-related haemato-
mas, oozing from indwelling catheters, and dental bleeds.Whereas
some of these haemostasis-related bleeds are cosmetic or can be
stopped with local measures, some may be more severe and may
require intervention. For example, continuous oozing from
indwelling catheters or expanding haematomas in critically ill
patients with cirrhosis may not respond to local measures. These
22 vol. 76 j 1151–1184 1167



Statement

� There is initial evidence that the use of viscoelastic tests is
associatedwithdecreasedbloodproductuse inpatientswith
cirrhosis and active upper gastrointestinal bleeds, without
differences in bleeding control and mortality (LoE 3).

Recommendation

� Given the benefits of reducing blood transfusion, visco-

Clinical Practice Guidelines
patientsmay havemultiple factors thatmay contribute to bleeding
including renal failure, infection or sepsis, and anaemia.46,104,242,243

These factors have direct effects on the haemostatic system and
addressing these issues may reduce bleeding risk. Successful
treatment of acute kidney injury and infection in patients with
cirrhosis has been demonstrated to improve ex vivo measures of
haemostasis.46 In addition, adequate management of anaemia re-
duces bleeding risk in patients with renal failure without under-
lying liver disease.144,244 Nevertheless, there are no clinical data
showing that addressing these issues reduces bleeding severity in
actively bleeding patients with cirrhosis. Whether transfusion of
blood components is effective at stopping bleeding in these sce-
narios is also unclear, but it is evident that profoundly bleeding
patients may develop hypovolemic shock, which requires resusci-
tation using blood component transfusion. Ex vivo studies have
demonstrated that FFP and platelet concentrates hardly improve
haemostasis in non-bleeding patients,26,112,146 whereas fibrinogen
concentrates and PCCs have been shown to effectively improve
haemostasis in vitro.131 It is important to note that there is very little
evidence on the efficacy of haemostatic products in bleeding pa-
tients without underlying liver disease. For example, although FFP
is the accepted standard treatment for replacement of clotting
factors in bleeding patients undergoing cardiac surgery, in a
Cochrane review only 1 study out of 14 identified trials (n=738
participants) has evaluated the efficacy of FFP in bleeding patients,
and this was underpowered to determine differences in mortal-
ity.245 There is evidence that PCCs are beneficial in actively bleeding
patients.246 Similarly, the clinical efficacy of therapeutic platelet
transfusions is unclear. In the SPRINT trial, bleeding grades were
assessed before and after 186 therapeutic platelet transfusions
given for active bleeding. WHO bleeding grades decreased
following only 21% of the transfusions; they were unchanged after
69%, and they actually increased after 10%.247 In addition, a recent
large national audit reported the resolution of bleeding after a
therapeutic platelet transfusion in 58% of cases with clinically
relevant bleeding (WHOgrade2orabove).248Nevertheless, despite
the lack of firm evidence of efficacy, guidelines do suggest to
transfuse FFP or platelets in patients that are actively
bleeding.249,250 Thus, there is little evidence on how to best treat
active bleeding in the general population, and randomised trials
addressing management of non-portal hypertension-related
bleeds in patients with cirrhosis are absent.
elastic tests can be used when available (LoE 1,
strong recommendation).

Future perspectives
Viscoelastic tests’ ability to guide pro-haemostatic management
In patients with cirrhosis that are actively bleeding from a non-
portal hypertensive cause, is administration of antifibrinolytic
drugs such as tranexamic acid indicated to stop bleeding?
Recommendation

� In patients with cirrhosis, routine use of antifibrinolytic
agents to treat active bleeding from a non-portal hyper-
tensive cause is discouraged (LoE 5,
weak recommendation).

Future perspectives
Preferably randomised, placebo-controlled trials should assess
the safety and efficacy of antifibrinolytic agents in treating active
non-portal hypertensive bleeding episodes that are unresponsive
to local measures.

1168 Journal of Hepatology 20
Antifibrinolytic drugs such as tranexamic acid, epsilon amino-
caproic acid, and aprotinin have been widely used in the general
population to prevent or treat bleeding. Large, randomised studies
have demonstrated that tranexamic acid reduces bleeding and
mortality in trauma and post-partum bleeding.251,252 However,
tranexamic acidwasnoteffective in subarachnoidhaemorrhage,253

and was ineffective and caused harm in patients with gastroin-
testinal bleeding.219 In the HALT-IT trial on the use of tranexamic
acid in gastrointestinal bleeding, a subgroup of patients had sus-
pected variceal bleeding or liver disease. This trial concluded that
tranexamic acid should not be used to treat bleeding in patients
with cirrhosis. Since inother settings it has beendemonstrated that
tranexamic acid is onlyeffectivewhen administeredwithin 3hours
of the onset of bleeding, the delay between onset of bleeding and
tranexamic acid administration could explain its inefficacy in this
trial. Although antifibrinolytics do not seem to have a role in
gastrointestinal bleeding, they may be effective in other settings.
Prophylactic use of antifibrinolytic agents has been shown to
reduce blood loss and transfusion requirements during liver
transplantation in multiple randomised controlled trials without
increasing the risk of thrombotic complications.179,181,254 Such
studies align with the beneficial effects of antifibrinolytics in car-
diac surgery.255 Antifibrinolytics have shown benefit in the general
population in patients with heavymenstrual bleeding,256 andmay
be beneficial for epistaxis.257 No studies on the efficacy of anti-
fibrinolytics in patients with cirrhosis who are actively bleeding
from causes other than liver transplant surgery or from a gastro-
intestinal sources are available.

In patients with cirrhosis who are actively bleeding, is pro-
haemostatic management better guided by viscoelastic tests
than by routine coagulation tests?
in patients with cirrhosis and active bleeding should be pro-
spectively evaluated in randomised controlled trials.
Patients with cirrhosis may experience a bleeding complica-
tion due to haemostatic failure or non-haemostatic causes.
Notably, a bleed that is not primarily caused by haemostatic
failure can become a haemostatic bleed. For example, a surgical
bleed that is not promptly addressed may become a haemostatic
bleed due to severe blood loss and consumption of haemostatic
factors, ultimately resulting in haemostatic failure. When a
bleeding complication is likely the result of haemostatic failure,
laboratory testing may help in identifying which factors (plate-
lets, coagulation factors, fibrinogen) require repletion.249,258
22 vol. 76 j 1151–1184



Routine diagnostic tests of haemostasis (platelet count and
prothrombin time) may have limited value in patients with liver
disease as the platelet count does not indicate the functionality of
the circulating platelets40,142 and the prothrombin time only as-
sesses the activity of pro- and not anticoagulant factors.259

Viscoelastic tests more accurately demonstrate the functional
status of platelets and coagulation factors, although there remain
important limitations. Specifically, viscoelastic tests are insensi-
tive to the VWF and the protein C system, both of which are
profoundly altered in patients with liver disease.260 Another
advantage of viscoelastic tests relates to the identification of
(severe) hyperfibrinolysis,261 and the fact that viscoelastic tests
can be performed as point-of-care tests. One randomised
controlled study has shown that the use of viscoelastic tests to
determine transfusion requirements in patients with cirrhosis
with non-variceal upper gastrointestinal bleeding does not result
in superior control of bleeding compared to the use of routine
diagnostic tests to guide transfusion, although blood product
transfusion was much lower in the viscoelastic test group.262 It
has been shown that the use of viscoelastic tests reduces blood
product use in patients with variceal bleeding without differences
in outcomes,214 but it is questionable whether pro-haemostatic
therapy contributes at all to stopping a variceal bleed when the
standard treatment with vasoactive drugs and endoscopic treat-
ment is administered. There are data showing that the use of
viscoelastic tests in the general population, specifically acutely
bleeding trauma, surgical, and critically ill patients was associated
with a tendency towards fewer blood product transfusions.214

Transfusions guided by viscoelastic tests were associated with a
reduced number of additional invasive haemostatic interventions
(angioembolic, endoscopic, or surgical) in surgical patients.
Viscoelastic tests appear to be helpful in guiding haemostasis
management in patients during liver transplantation,263 although
it is not clear whether viscoelastic tests are useful to guide
transfusion in actively bleeding patients in this setting. Since
viscoelastic tests are quicker than routine diagnostic tests and
provide information on fibrinolysis (which may prompt anti-
fibrinolytic therapy), they have a theoretical advantage over
routine diagnostic tests in guiding active bleeding, although this
has not been formally compared in a (randomised) clinical study.

Are patients with cirrhosis at risk of developing venous
thromboembolism (VTE/deep vein thrombosis [DVT]/
pulmonary embolism [PE])?
Statement

� Based on clinical observations and laboratory findings, it
can be concluded that the risk of developing DVT/PE is at
least as high in patients with cirrhosis as in the general
population (LoE 2).

Future perspectives
Data from large observational studies will provide the basis for
prophylactic treatment of venous thromboembolism in patients
with cirrhosis.

Recommendation

� Clinical prediction scores, such as the Padua prediction
score (>3281 or >−4

282 or IMPROVE score (>−4
283) can be used

to predict which patients with cirrhosis are at high risk of
developing lower limb DVT and/or PE (LoE 3,
strong recommendation).

Future perspectives
Large observational cooperative studies are recommended to
collect data on the real-life ability of clinical prediction scores to
assess the risk for VTE in patients with cirrhosis.
Patients with cirrhosis show distinct hypercoagulable changes
in their haemostatic system. These hypercoagulable changes
include a VWF/ADAMTS13 imbalance,40 hyperactive platelets,142
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enhanced thrombin generating capacity as assessed by
thrombomodulin-modified thrombin generation,264 and a hypo-
fibrinolytic state in the sickest patients.43,265 These hypercoagu-
lable changes may increase the risk of thrombotic disease.

The prevalence of venous thrombosis in patients with cirrhosis
is highly variable. In patients with cirrhosis admitted to hospital,
the incidence of VTE has been reported to be between 1.2% to
7%.187,266,267 During hospital stay, the occurrence of VTE fluctuates
widely, occurring in 0.5% to 7% of patients with chronic advanced
liverdisease.267–271 In the settingofhospitalisedpatients, data from
a meta-analysis indicate that about 1% of patients with liver dis-
eases develop or are diagnosed with VTE during their hospital-
isation.272 However, there are apparently contrasting data showing
that the overall incidence of VTE in patients with no liver disease,
mild liver disease and moderate-severe liver disease was 2.7, 2.4
and 0.9 per 100 patient discharges, respectively.273 A recent sys-
tematic review andmeta-analysis showed a 1.7-fold increased risk
of VTE in patients with cirrhosis compared to individuals without
cirrhosis.274 A nationwide study from Taiwan indicated that the
adjusted hazard ratio of VTE was 1.7 in patients with cirrhosis
compared to the general population.275 In a study from a medical
claim database, in patients with cirrhosis and in comparators, the
crude rates of any thromboembolic event were 561.1 and 249.7 per
10,000 person-years, respectively.276 In a population-based case-
control study, patientswith cirrhosishada1.74-fold increasedRRof
VTE.277 In a recent study exploiting nationwide Danish healthcare
registries, patients with cirrhosis, mostly of alcoholic aetiology,
were matched with comparators from the general population and
were prospectively followed up until development of VTE, or other
vascular events, or death. The 10-year risk of VTE was 2.5% for pa-
tients with cirrhosis vs. 1.7% for controls.278

Caution is needed in interpreting these data, because the
apparently increased risk of VTE in patients with cirrhosis may
be related to the fact that they did not receive prophylactic
anticoagulation when hospitalised. The prevalence of VTE pro-
phylaxis, when indicated, in the population with cirrhosis was
low and reported to be 24-56%.268,270,279 However, in patients
with cirrhosis and VTE, the proportion of patients treated with
anticoagulants was similar to the population without cirrhosis
(i.e. 98.4%)280 and the incidence of mortality, PE, and fatal
bleeding episodes was higher.280
Can clinical prediction scores be used to decide which
patients with cirrhosis are at risk of VTE (DVT/PE)?
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Clinical Practice Guidelines
Lower albumin, alone or in combinationwith other biochemical
parameters (e.g., APTT266) has been indicated as a relevant risk
factor for VTEdevelopment by several studies,63,266,271,284 although
another study failed to confirm this association.268 VTE incidence
was not related to the severity of liver disease according to the
Child-Pugh or the MELD score (Child-Pugh A vs. Child-Pugh B/C
cirrhosis; continuousMELD score).266,285 Additional risk factors are
Black race, malnutrition and the presence of a central venous
line.286 It is not well knownwhether the concomitant presence of
cancer, chronic renal failure or congestive heart disease increases
VTE risk in cirrhosis as it does in the general population.

Several risk-assessment models have been set up in general
surgical or medical patients to identify those at increased throm-
botic risk (Caprini score, Geneva risk score, Padua prediction score).
The latter is a risk-assessment model based on clinical features of
hospitalised patients. The Padua prediction score was shown to be
able to discriminate between patients at high and low VTE risk.287

This study did not include patients with cirrhosis. The Padua pre-
diction score, however, is the only one, among the above-cited risk-
assessmentmodels,whichwas latervalidatedasa risk-stratification
tool for VTE in the setting of cirrhosis. In a retrospective cohort of
163 patients in a single academic medical centre in the United
States,282 the Padua prediction score was identified as an effective
risk-assessment tool for VTE in patients hospitalised with cirrhosis.
The ability of the Padua prediction score to predict VTE in patients
with chronic liver disease was also assessed by Moorehead et al.281

They showed that patients with a Padua prediction score >3 were
significantly more likely to develop VTE than thosewith a score <3.

The International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE) risk score is another risk-
assessment model that was more recently developed in a large
cohort of patients, which also included patients with chronic
liver disease.283 Davis et al.288 used the IMPROVE risk score to
identify patients with cirrhosis at higher risk of developing VTE.
Thrombotic events were significantly more common in patients
with an IMPROVE score >−4.

Can viscoelastic tests or other laboratory tests be used to
decide which patient with cirrhosis is at risk of VTE (DVT/PE)?
Recommendation

� The use of viscoelastic tests or other laboratory tests to
identifywhichpatientswith cirrhosis are at risk of VTE (DVT/
PE) is not recommended (LoE 5, strong recommendation).

Future perspectives
Prospective studies should explore the predictive value of labo-
ratory tests alone or in combination with clinical scores to pre-
dict the risk of VTE during hospitalisation.
Viscoelastic tests provide more accurate information on hae-
mostatic status in patients with cirrhosis compared to routine
diagnostic tests. However, there are at least 2 important limitations
of viscoelastic tests that deserve attention.260 First, viscoelastic
tests are insensitive to the platelet adhesive protein VWF. As VWF
plasma levels are highly elevated in patients with cirrhosis and
appear to compensate inpart for cirrhotic thrombocytopenia,40 this
leads to an underestimation of true haemostatic capacity by
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viscoelastic tests. Similarly, viscoelastic tests are insensitive to the
anticoagulant action of the protein C system, and as decreased
levels of protein C contribute to the hypercoagulability of patients
with cirrhosis,289 this again leads to an underestimation of hae-
mostatic capacity. There are several validated clinical prediction
models for venous thrombosis risk in the general population.290

These risk-assessment models generally rely on clinical factors
and known heritable thrombophilia (factor V Leiden, prothrombin
20210A variant, protein C, S and antithrombin deficiency), but not
on global laboratory tests of coagulation. In theory, hypercoagula-
bility as assessed with global tests, such as viscoelastic tests or
thrombin generation tests, could be associated with an increased
risk of venous thrombosis, but little data in support of this hy-
pothesis are available. Ameta-analysis has shownviscoelastic tests
to have a moderate ability to predict venous thromboembolic
events,291 but whether the performance of these tests is sufficient
for clinical use is questionable.

Routine coagulation tests are not able to correctly identify pa-
tients at risk of thrombotic events in patients with cirrhosis.292 A
retrospective study by Dabbagh et al.270 was among the first to
show that an elevated INR is not associated with a sufficient anti-
coagulant effect to prevent VTE in patients at risk. A recent pro-
spective study by Zermatten et al.285 showed that a prolonged INR
and APTT were related more with an increased risk of thrombosis
rather than bleeding. On the whole, no single laboratory assay is
able to identify all known thrombophilic disorders.284,293 Rogers
et al.293 set up a comprehensive diagnostic algorithm including
more than 20 different parameters to identify patients with sus-
pected thrombophilia. However, the complexity of the algorithm
means that a specialised laboratory and coagulation specialists are
required for its application and interpretation, respectively.

Heritable thrombophilia, plasma levels of individual coagula-
tion factors, and plasma hypofibrinolysis have been identified as
risk factors for VTE.259,294 In addition, other widely available lab-
oratory tests, such as the shortened APTT295 and mean platelet
volume,296 are associated with an increased risk of venous
thrombosis. None of these studies, however, have been applied in
the general population, as knowledge of the thrombophilic status
of a given individual does not alter treatment decisions.297 No
studies on laboratory tests in relation to venous thrombosis risk in
patients with cirrhosis are available in the literature.
Is administration of thromboprophylaxis with LMWH or
DOACs indicated to decrease the incidence of lower limb DVT
(DVT/PE) in high-risk patients with cirrhosis?

Recommendations

� In patients with cirrhosis at risk of DVT/PE, thrombopro-
phylaxis with LMWH can be recommended as it has a
reasonable safety profile, but efficacy is unclear based on
available data (LoE 3, weak recommendation).

� In patients with Child-Pugh class A and B cirrhosis at risk
of DVT/PE, thromboprophylaxis with DOACs can be rec-
ommended as DOACs have a reasonable safety profile in
these patients, but efficacy data are still limited. In pa-
tients with Child-Pugh C cirrhosis, DOACs are not
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recommended (Safety: LoE 2; Efficacy: LoE 4;
weak recommendations).

uture perspectives

arge observational cooperative studies, or ideally randomised
ontrolled trials, are recommended to determine the safety and
fficacy of LMWH or DOACs in hospitalised patients with
irrhosis at high risk of VTE.
The occurrence of DVT/PE in patients with cirrhosis is asso-
ciated with prolonged hospital stay and has a clear-cut impact on
prognosis, with several studies – including systematic reviews,
literature reviews and data from registries and large cohorts –

reporting, with few isolated exceptions,286 significantly
increased mortality.187,270,273,274,280,298 According to these data,
thromboprophylaxis would appear a sensible option to offer to
patients with cirrhosis and risk factors for DVT/PE (such as
prolonged hospitalisation and immobilisation, surgery, male
sex).299 However, to date, thromboprophylaxis for VTE has not
been extensively used in patients with cirrhosis because of the
perceived increased risk of bleeding associated with the coa-
gulopathy of cirrhosis. Most available studies on prophylaxis for
DVT/PE are retrospective and uncontrolled, and data have often
been extracted from heterogeneous cohorts, which also fortu-
itously included patients with chronic liver disease.
safety and efficacy of vitamin K antagonists and LMWH in the
treatment of DVT/PE in patients with cirrhosis. Tools able to
monitor their effects on haemostasis should be refined.
LMWH
Most studies in the setting of cirrhosis have evaluated throm-
boprophylaxis using LMWH or unfractionated heparin (UFH).
Shatzel et al.300 retrospectively reviewed 600 hospital admis-
sions accounting for 402 patients. About half of the patients
received VTE thromboprophylaxis (LMWH in 134 (45%) and UFH
in 141 (48%) at a prophylactic dose). Prophylaxis did not reduce
the risk of VTE (odds ratio 0.94, 95% CI 0.23–3.71). Yerke et al.301

retrospectively evaluated 2 groups of 903 patients propensity
score matched according to whether they had or had not
received anticoagulation; on multivariate analysis they found
that anticoagulation did not reduce the incidence of VTE. In a
small retrospective cohort study, Bogari et al.282 evaluated VTE
incidence in a group of patients defined as at high-risk of VTE
according to the Padua prediction score. The incidence of VTE in
those who received pharmacological prophylaxis was halved
(13% vs. 27% without prophylaxis), although the difference was
not statistically significant (p = 0.239).

In most studies, bleeding events were similar in patients who
did or did not receive thromboprophylaxis, with a trend towards
an increased risk for in-hospital bleeding in patients receiving
UFH.300 Administration of thromboprophylaxis in hospitalised
patients with cirrhosis was not associated with increased rates of
gastrointestinal bleeding or death (overall rate of 2.5% of patients
with documented gastrointestinal bleeding events). Moreover,
Intagliata et al.302 showed that patients with cirrhosis receiving
thromboprophylaxis during hospitalisation did not have an
increased risk of gastrointestinal bleeding or death. In contrast,
Reichert et al.,303 in a cohort of 256 patients, identified
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pharmacological VTE prophylaxis use as an independent risk
factor for bleeding.

DOACs
Several studies have evaluated the use of DOACs in patients with
cirrhosis, exploiting large series of patients with atrial fibrilla-
tion. However, most if not all studies reported on DOACs safety
rather than efficacy in preventing VTE. Data on the latter are
scarce and indirect. Kunk et al.304 reported on a small group of 22
patients with cirrhosis and atrial fibrillation who received DOACs
for stroke prevention. On follow-up assessment for DVT onset,
DOACs maintained a good safety profile and none of these pa-
tients developed VTE while on treatment.

Experience with DOACs in patients with chronic liver disease is
still not extensive, although preliminary results do not seem to
indicate an increased risk of bleeding events.305,306 A single-centre
retrospective study of 138 patients withmostly advanced cirrhosis
(93 Child-Pugh class B or C) on DOAC therapy suggested that long
term DOAC treatment was associated with fairly high treatment
discontinuation rate and frequency of bleeding events.307 Fu et
al.,308 in a meta-analysis on 41,954 patients with atrial fibrillation
and liver disease, found that DOACs were associated with reduced
risks of all-cause death (RR 0.78; 95% CI 0.66–0.93), major bleeding
(RR 0.68; 95% CI 0.53–0.88), and intracranial haemorrhage (RR
0.49; 95% CI 0.41–0.59), but comparable risks of stroke or systemic
embolism (RR 0.80; 95% CI 0.57–1.12) and gastrointestinal bleeding
(RR 0.90; 95% CI 0.61–1.34), compared to patients receiving tradi-
tional anticoagulant drugs. In the subgroup with cirrhosis (n =
3,111), the risks of major bleeding (RR 0.53; 95% CI 0.37–0.76),
gastrointestinal bleeding (RR 0.57; 95% CI 0.38–0.84), and intra-
cranial haemorrhage (RR 0.55; 95% CI 0.31–0.97)were significantly
reduced when compared with warfarin. Similar results in terms of
bleeding and occurrence of ischaemic stroke were obtained by
Menichelli et al.309 while a decreased occurrence of ischaemic
stroke was reported by Huang et al.310

Can vitamin K agonists or LMWH be used in the treatment of
DVT/PE in patients with cirrhosis?

Recommendation

� For treatment of DVT/PE, vitamin K antagonists should
be used with caution in patients with cirrhosis, as these
patients can have baseline altered INR and thus target
INR remains unknown. In patients with Child-Pugh A,
LMWH, and vitamin K antagonists are reasonable op-
tions. Until more data become available, LMWH is rec-
ommended for treatment of DVT/PE in patients with
Child-Pugh B and Child-Pugh C cirrhosis, whereas UFH
is the treatment of choice in case of renal failure (LoE 4,
weak recommendation).
Future perspectives
Large observational cooperative studies are needed to assess
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Large observational cooperative studies are needed to assess the
safety and efficacy of DOAC therapy in patients with Child-Pugh
B or C cirrhosis.

Clinical Practice Guidelines
In recent guidelines, UFH, LMWH and vitamin K antagonists
are included in the standard of treatment for DVT/PE in patients
without cirrhosis, while there is no mention about patients
with advanced cirrhosis.311 The use of LMWH in patients with
cirrhosis is complicated by 2 factors. First, the anticoagulant
effect of LMWH may be different in patients with cirrhosis
compared to patients with adequate liver function, because of
the haemostatic changes in patients with cirrhosis. Indeed, the
in vitro anticoagulant effect of LMWH was reported to be
increased in plasma from patients with cirrhosis.312 Second,
monitoring of LMWH by the anti-Xa assay may be unreliable.
Specifically, LMWH levels are underestimated in patients with
cirrhosis when anti-Xa reagents do not contain exogenously
added antithrombin.192 Caution is needed when treating pa-
tients who develop acute kidney injury during treatment. In
this case, LMWH should be stopped and replacement with UFH
considered until normalisation of kidney function. Monitoring
issues also complicate the use of vitamin K antagonists. Due to
their narrow therapeutic range and significant drug-drug in-
teractions, close monitoring is required to avoid side effects and
to maintain the patient in a therapeutic range. However,
defining a therapeutic range may be challenging in patients
with cirrhosis as the baseline INR may be elevated in many
patients5 so that a target INR value cannot be defined. In
addition, the inter-laboratory variation in the INR in patients
with cirrhosis is very high.37

While clinical studies assessing the effects of UFH or LMWH
for the treatment of VTE/PE in patients with cirrhosis are lack-
ing, some data are available concerning the safety of anti-
coagulation in patients with cirrhosis with PVT; these data
suggest that anticoagulation is a relatively safe treatment that
may lead to partial or complete recanalisation of the portal vein
in patients with cirrhosis and PVT.313–315 In a retrospective
Spanish study including 17 patients with cirrhosis with non-
splanchnic VTE (11 patients with DVT, 7 with PE and 1 with
both), 11 patients were treated with LMWH, while 6 were
switched to vitamin K antagonists within a week after initiating
LMWH treatment. The majority of these patients (83%) suffered
from bleeding complications with 6 (35%) of them requiring
blood transfusions.316

In a recent meta-analysis, data have been collected from pa-
tients with cirrhosis treated with vitamin K antagonists and
LMWH for splanchnic vein thrombosis.317 In spite of the afore-
mentioned drawbacks, these findings suggest that anti-
coagulation can also be used for the treatment of venous
Table 4. Adapting dose of DOACs in liver or kidney failure.

Dabigatran Apixaban

Renal function

Cr Cl >50 ml/min No action needed No action n
Cr Cl 30–50 ml/min Consider therapy

modification (reduce)
No action n

Cr Cl 15–30 ml/min Do not prescribe Consider th
modification

Cr Cl <15 ml/min Do not prescribe Do not pres

Liver function

Child-Pugh A No action needed No action n
Child-Pugh B Consider therapy

modification (reduce)
Consider th
modification

Child-Pugh C Do not prescribe Do not pres

Cr Cl, creatinine clearance; DOACs, direct oral anticoagulants.
Adapted from Steffel J, Eur Hear J, 2016321; Prisco et al. Inter Emerg Med 2017.322
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thrombosis in patients with cirrhosis, even though more data on
efficacy and safety are needed.

Can DOACs be used in the treatment of DVT/PE in patients
with cirrhosis?

Recommendations

� For the treatment of DVT/PE in patients with cirrhosis,
currently available data suggest that there are no major
concerns regarding the safety of DOACs in patients with
Child-Pugh class A cirrhosis. Due to the possibility of
accumulation,DOACs shouldbeusedwith caution inChild-
Pugh class B patients, as well as in patients with creatinine
clearance below 30 ml/min. The use of DOACs in Child-
Pugh class C patients is not recommended (LoE 4,
strong recommendation).

Future perspectives
DOACs were found to be non-inferior or slightly superior to
the existing standard of care, warfarin or LMWH, in patients
without underlying liver disease.318,319 DOACs are the recom-
mended first-line treatment for DVT/PE in patients without
cirrhosis, whereas patients with liver disease have been sys-
tematically excluded from these clinical trials.311 Some obser-
vational studies have suggested that DOACs are effective and safe
for the treatment of VTE in patients with cirrhosis,320 although
these are limited by their small sample size, their retrospective
and observational design and the lack of adequate control groups
and sufficient follow-up.

DOACs have not been extensively studied in patients with
cirrhosis. While there are no formal contraindications in patients
with Child-Pugh class A or B cirrhosis, DOACs should not be
administered in Child-Pugh C patients and their dose should be
adapted in case of renal insufficiency (a creatinine clearance <30
ml/min) (Table 4).321,322 A small study revealed an increased
drug exposure of rivaroxaban in patients with Child-Pugh class B
cirrhosis relative to those with class A and healthy controls.323

Data on the safety and efficacy of DOACs in patients with
cirrhosis, with indications for anticoagulant therapy, including
DOACs

Edoxaban Rivaroxaban

eeded No action needed No action needed
eeded Consider therapy

modification (reduce)
Consider therapy
modification (reduce)

erapy
(reduce)

Consider therapy
modification (reduce)

Consider therapy
modification (reduce)

cribe Do not prescribe Do not prescribe

eeded No action needed No action needed
erapy
(reduce)

Consider therapy
modification (reduce)

Do not prescribe

cribe Do not prescribe Do not prescribe
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atrial fibrillation, VTE, and PVT, have been reported in several
retrospective studies. DOACs showed similar safety profiles as
traditional anticoagulants, including vitamin K antagonists, UFH
and LMWH, and the rates of bleeding complications were similar
in patients receiving DOACs and those receiving traditional an-
ticoagulants. In a study that included a historical control group of
patients treated with warfarin, a significantly larger percentage
of patients receiving edoxaban achieved complete resolution of
PVT (70% vs. 20%) and a significantly smaller proportion of pa-
tients (5% vs. 47%) had thrombosis progression.324 The results of
a study comparing rivaroxaban to warfarin for the treatment of
acute PVT demonstrated that treatment with rivaroxaban was
associated with recanalisation of the portal vein at much higher
rates (34/40) compared with warfarin (18/40).325 In both studies
Table 5. Significant drug interactions with DOACs.

Frequently used
drugs in
hepatology

Mechanism of
interaction Dabigatran

Carvedilol/
(propranolol)

P-gp inhibition Consider therapy
modification
(reduce)

Simvastatin/
atorvastatin

P-gp inhibition Consider therapy
modification
(reduce)

Proton pump
inhibitors

Decreased GI
absorption

-30%

Cyclosporine/
tacrolimus

P-gp + CYP3A4
inhibition

Consider therapy
modification
(reduce)

Sirolimus/
everolimus

No relevant
interaction
anticipated

No action needed

Sorafenib/
nivolumab/
ramucirumab/
atezolizumab/
bevacizumab

No relevant
interaction
anticipated

No action needed

Comment: All DOACs are substrates of P-gp, an efflux transporter located in the gut
concentrations (increasing risk of thrombosis) and P-gp Inhibitors may increase plasma
2016321; Burnett J. J Thromb Thrombolysis, 2016328; Wessler JD JACC, 2013.329

DOACs, direct oral anticoagulants; GI, gastrointestinal; P-gp, P-glycoprotein.

Appendix: Delphi round agreement on the statements an

Question
number

Statement/recommendation

1. � In patients with cirrhosis and abnormal laboratory tests (INR, APTT
by administering blood products or factor concentrates, with the ai
(LoE 3, strong recommendation).

2. � INR and APTT do not predict post-procedural bleeding in patien
� Studies do not consistently demonstrate a link between thromb
and the risk of post-procedural bleeding, although there may be su
bleeding risk and there is initial evidence suggesting that viscoela
� In patients with cirrhosis, the use of traditional haemostasis tests
procedural bleeding risk, although they can be used to assess seve
benchmark to guide management in the case of post-procedural b

3. � In patients with cirrhosis undergoing invasive procedures with
with the aim of predicting post-procedural bleeding is not indicat

4. � There is weak evidence that the measurement of platelet count m
bleeding risk. No solid data are available for fibrinogen (LoE 4).
� As evidence supporting viscoelastic tests as predictors of procedu
cirrhosis, with or without organ failure, is weak, it is not possible
� In patients with cirrhosis undergoing invasive procedures assoc
haemostasis is generally not indicated to predict post-procedural b
the patient and to assist the physician in the case of bleeding even
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the incidence of bleeding complications was similar or lower in
patients who were treated with DOACs. However, caution is
needed, in particular when using rivaroxaban and dabigatran,
because their use has been associated with a higher incidence of
major gastrointestinal bleeding326,327 and their dose should be
adapted in patients with renal failure (creatinine clearance <30
ml/min).321 Attention should also be paid to potential drug-drug
interactions (Table 5).321,328,329

Clinical case reports and in vitro studies suggest that the ef-
ficacy of DOACs targeting factor Xa in patients with cirrhosis can
be attenuated.192,330 In addition, a recent study has shown a
reduced in vivo anticoagulant effect of the anti-Xa DOAC edox-
aban.132 Whether dose-adjustments of anti-Xa-targeting DOACs
are indicated in patients with cirrhosis requires clinical study.
DOACs

Apixaban Edoxaban Rivaroxaban

No action needed Consider therapy
modification (reduce)

No action needed

No data No data No data

No relevant effect No relevant effect No relevant effect

No action needed Consider therapy
modification (reduce)

No action needed

No action needed No action needed No action needed

No action needed No action needed No action needed

mucosa and regulates absorption of drugs. P-gp inducers may reduce plasma DOAC
DOAC concentrations (increasing risk of bleeding). Adapted from Steffel J, Eur Hear J,

d recommendations of the present CPGs

Delphi panel
agreement*

, platelet count, fibrinogen), attempting to correct these tests
m of preventing spontaneous bleeding, is not recommended

100%

ts with cirrhosis undergoing invasive procedures (LoE 3). 62%
ocytopenia, hypofibrinogenaemia, or viscoelastic test results
bgroups in whom thrombocytopenia is related to procedural
stic tests might help to address this issue (LoE 4).
, or viscoelastic tests, cannot be generally indicated to predict
rity of disease or haemostatic status and to provide an initial
leeding (LoE 3, strong recommendation).
a low risk of bleeding, laboratory evaluation of haemostasis
ed (LoE 4, strong recommendation).

96%

ight be indicated to identify patients at increased procedural 80%

re-related bleeding in patients with acute decompensation of
to advise for or against their use (LoE 4).
iated with a high risk of bleeding, laboratory evaluation of
leeding, although it may serve to provide a baseline status of
ts (LoE 4/5, weak recommendation).

(continued on next page)
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(continued)

Question
number

Statement/recommendation Delphi panel
agreement*

5. � In patients with cirrhosis undergoing invasive procedures, correction of a prolonged INR with FFP is not recommended to
decrease the rate of procedure-related clinically relevant bleeding (LoE 1, strong recommendation).

93%

6. � In patients with cirrhosis undergoing invasive procedures, routine use of PCCs to decrease the rate of procedure-related
clinically relevant bleeding is discouraged (LoE 3, weak recommendation).

96%

7. � In patients with cirrhosis undergoing invasive procedures, no studies have specifically evaluated whether the infusion of
platelet concentrates or TPO-R agonists decrease the rate of procedure-related clinically relevant bleeding (LoE 1).

69%

� In patients with cirrhosis undergoing invasive procedures, infusion of platelet concentrates or use of TPO-R agonists is not
recommended when platelet count is above 50 × 109/L or when bleeding can be treated by local haemostasis (LoE 3/4,
strong recommendation).
� In patients undergoing high-risk procedures in whom local haemostasis is not possible and platelet count is between 20 × 109/L
and 50 × 109/L infusion of platelet concentrates or TPO-R agonists should not be routinely performed but may be considered on a
case-by-case basis (LoE 3/4, strong recommendation).
� In patients undergoing high-risk procedures in whom local haemostasis is not possible and platelet count is very low (<20 ×
109/L) infusion of platelet concentrates or TPO-R agonists should be considered on a case-by-case basis (LoE 3/4,
strong recommendation).

8. � In patients with cirrhosis undergoing invasive procedures, routine correction of fibrinogen deficiency to decrease the rate of
procedure-related clinically relevant bleeding is discouraged (LoE 5, strong recommendation).

97%

9. � In patients with cirrhosis, every effort should be made to optimise haemoglobin levels by treating iron, folic acid, vitamin B6,
and vitamin B12 deficiencies, especially in those patients likely to undergo invasive procedures (LoE 5, weak recommendation).

93%

� In the setting of invasive procedures, prophylactic red blood cell transfusion with the aim of decreasing the risk of procedure-
related bleeding is not recommended (LoE 5, weak recommendation).

10. � In patients with cirrhosis undergoing invasive procedures, routine use of tranexamic acid to decrease the rate of procedure-
related clinically relevant bleeding is discouraged (LoE 4, weak recommendation).

90%

11. � In patients with stable cirrhosis and abnormal laboratory tests (prothrombin time, APTT, platelet count, fibrinogen) undergoing
prophylactic band ligation, administration of blood products or factor concentrates with the aim of avoiding post-ligation
bleeding is not recommended (LoE 5, strong recommendation).

97%

12. � In patients with cirrhosis, antiplatelet and/or anticoagulant agents should be managed following the same guidelines as in
patients without cirrhosis before invasive procedures (LoE 4, strong recommendation).

97%

13. � In patients with cirrhosis, imaging guidance is recommended for liver biopsy, central venous line placement and jugular
puncture for TIPS placement (LoE 3, strong recommendation).

93%

14. � Patients with cirrhosis undergoing invasive procedures should be monitored for bleeding complications in the same way as
patients without cirrhosis (LoE 3, strong recommendation).

97%

15. � In patients with cirrhosis and active variceal bleeding, if haemostasis is achieved with portal hypertension-lowering drugs and
endoscopic treatment, correction of haemostatic abnormalities is not indicated (LoE 3, strong recommendation).

83%

� In case of failure to control haemorrhage, the decision to correct haemostasis should be considered on a case-by-case basis (LoE
3, strong recommendation).
� In patients with cirrhosis and active variceal bleeding, tranexamic acid should not be used (LoE 2, strong recommendation).

16. � No studies evaluating correction of haemostasis in patients with cirrhosis and active bleeding related to portal hypertension,
but not to varices (e.g., portal hypertensive gastropathy), are available (LoE 5).

93%

� In patients with cirrhosis and active bleeding related to portal hypertension, but not to varices (e.g., portal hypertensive
gastropathy), bleeding should be managed with portal hypertension-lowering measures (LoE 5, weak recommendation).
� In the case of failure to control haemorrhage with portal hypertension-lowering drugs, the decision to correct haemostasis
should be considered on a case-by-case basis (LoE 5, weak recommendation).

17. � In patients with cirrhosis who are actively bleeding from a non-portal hypertensive cause, active bleeding should first be
addressed by local measures and/or interventional radiology procedures (LoE 4, strong recommendation).

97%

� In those patients in whom local measures fail to stop the bleeding, addressing contributing factors (renal failure, infection or
sepsis, and anaemia) may reduce bleeding while correction of haemostatic abnormalities can be considered on a case-by-case
basis (LoE 5, weak recommendation).

18. � In patients with cirrhosis, routine use of antifibrinolytic agents to treat active bleeding from a non-portal hypertension-related
cause is discouraged (LoE 5, weak recommendation).

90%

19. � There is initial evidence that the use of viscoelastic tests is associated with decreased blood product use in patients with
cirrhosis and active upper gastrointestinal bleeds, without differences in bleeding control and mortality (LoE 3).

90%

� Given the benefits of reducing blood transfusion, viscoelastic tests can be used when available (LoE 1, strong recommendation).
20. � Based on clinical observations and laboratory findings, it can be concluded that the risk of developing DVT/PE is at least as high

in patients with cirrhosis as in the general population (LoE 2).
93%

21. � Clinical prediction scores, such as the Padua prediction score (>3281 or >−4
282 or IMPROVE score (>−4

283) can be used to predict
which patients with cirrhosis are at high risk of developing lower limb DVT and/or PE (LoE 3, strong recommendation).

93%

22. � The use of viscoelastic tests or other laboratory tests to identify which patients with cirrhosis are at risk of VTE (DVT/PE) is not
recommended (LoE 5, strong recommendation).

93%

23. � In patients with cirrhosis at risk of DVT/PE, thromboprophylaxis with LMWH can be recommended as it has a reasonable safety
profile, but efficacy is unclear based on available data (LoE 3, weak recommendation).

89%

� In patients with Child-Pugh class A and B cirrhosis at risk of DVT/PE, thromboprophylaxis with DOACs can be recommended as
DOACs have a reasonable safety profile in these patients, but efficacy data are still limited. In patients with Child-Pugh C
cirrhosis, DOACs are not recommended (Safety: LoE 2; Efficacy: LoE 4; weak recommendations).

(continued on next page)
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(continued)

Question
number

Statement/recommendation Delphi panel
agreement*

24. � For treatment of DVT/PE, vitamin K antagonists should be used with caution in patients with cirrhosis, as these patients can
have baseline altered INR and thus target INR remains unknown. In patients with Child-Pugh A, LMWH, and vitamin K an-
tagonists are reasonable options. Until more data become available, we recommend LMWH for treatment of DVT/PE in patients
with Child-Pugh B and Child-Pugh C cirrhosis, whereas UFH is the treatment of choice in case of renal failure (LoE 4,
weak recommendation).

87%

25. � For the treatment of DVT/PE in patients with cirrhosis, currently available data suggest that there are no major concerns
regarding the safety of DOACs in patients with Child-Pugh class A cirrhosis. Due to the possibility of accumulation, DOACs should
be used with caution in Child-Pugh class B patients, as well as in patients with creatinine clearance below 30 ml/min. The use of
DOACs in Child-Pugh class C patients is not recommended (LoE 4, strong recommendation).

90%

*Levels of agreement are rounded to the nearest whole number.
Abbreviations
APTT, activated partial thromboplastin time; CPG, Clinical Prac-
tice Guidelines; DOACs, direct-acting oral anticoagulants; DVT,
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boelastometry; RR, relative risk; TACO, transfusion-associated
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heparin; VTE, venous thromboembolism; VWF, von Wille-
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Glossary
Cirrhosis
Compensated cirrhosis: a clinical condition of histologic, im-
aging proven cirrhosis and/or clinically significant sinusoidal
portal hypertension and Child-Pugh class A, in a patient who has
never experienced an episode of acute decompensation (i.e. as-
cites, hepatic encephalopathy, gastrointestinal haemorrhage or
bacterial infection or any combination of them). Compensated
cirrhosis is by definition a state of clinical stability.182,331
Journal of Hepatology 20
Decompensated cirrhosis and unstable decompensated
cirrhosis: acute decompensation is defined as an acute devel-
opment of clinically significant ascites, hepatic encephalopathy,
portal hypertensive-related gastrointestinal bleeding or bacterial
infection or any combination thereof. Decompensated cirrhosis
can be characterised by recurrent episodes of acute decompen-
sation and in this case is defined as unstable decom-
pensated cirrhosis.332–334

Stable decompensated cirrhosis: the clinical state achieved af-
ter the first episode of acute decompensation, characterised
by the persistence of a given clinical condition without wors-
ening of ascites, bacterial infection, hepatic encephalopathy
or portal hypertensive bleeding or new onset of one of
these conditions.332,334

Stable cirrhosis: refers to the condition of clinical stability
within an otherwise compensated OR decompensated cirrhosis.
Bleeding
Spontaneous bleeding (not associated with portal hyperten-
sion): any unprovoked bleeding, at gastrointestinal level or at
any other organ level.
Procedure-related bleeding: a haemorrhagic event (overt or
obscure) following or happening within 24 hours of an inter-
ventional procedure335

Failure to control bleeding: death or need to change therapy
after a bleeding episode defined by:
� new development of overt haemorrhage (i.e. fresh haema-

temesis or nasogastric aspiration of >−100 ml of fresh blood), >−2
hours attempting to control bleeding (with a specific drug
treatment or procedure);

� development of hypovolemic shock;
� 3 g drop in Hb (9% drop in haematocrit) within any 24 hours if

no transfusion is administered (adapted from182,336).
Clinically relevant bleeding: any bleeding causing
� haemodynamic instability ((blood pressure less than

100 mmHg or pulse more than 100 beats per min);
� requiring additional and non-expected haemostatic measures;
� requiring transfusions of more than 2 units of blood in

24 hours;
� requiring hospitalisation for patients in whom the procedure

was carried out as outpatients;
� requiring bleeding-related extension of hospital stay in pa-

tients who received the procedure as inpatients.
Major bleeding: according to the International Society on
Thrombosis and Haemostasis criteria, major bleeding is
defined as
22 vol. 76 j 1151–1184 1175
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� fatal bleeding, and/or
� bleeding in a critical area or organ (intracranial, intraspinal,

intraocular, retroperitoneal, intra-articular, peri-cardial,
intramuscular with compartment syndrome), and/or

� bleeding causing a fall in haemoglobin level of >−20 g/L, or
leading to transfusion of >−2 units of whole blood or red cells.

Note that a non-major bleeding episode can also be clinically
relevant if: (a) required medical intervention by a healthcare
professional or (b) led to hospitalisation or increased level of care
or (c) prompted a face-to-face evaluation.

Hyperfibrinolysis
Fibrinolysis is the physiologic counterbalance of coagulation,
functioning to maintain vasculature patency. Hyperfibrinolysis
defines a situation with markedly enhanced fibrinolytic activity,
resulting in increased bleeding. The diagnosis of hyperfibrinolysis
is made indirectly with immunochemical methods which detect the
elevation of biomarkers such as D-Dimer (cross-linked fibrin
degradation products), fibrinogen split products, complexes of
plasmin and alpha-2-antiplasmin, by the euglobulin lysis time test,
or by viscoelastic methods in whole blood.

Transfusion
Transfusion-associated cardiac overload (TACO): condition of
overload that manifests as respiratory system-related signs and
symptoms such as tachypnoea, dyspnoea, and decreased oxygen
saturations, typically occurring during or within 12 hours
of transfusion.337,338

Transfusion-related acute lung injury (TRALI): a clinical syn-
drome that presents as acute hypoxemia and non-cardiogenic
pulmonary oedema during or after blood transfusion.339,340

Case-by-case basis
Decisions that are made separately, each adapted to the facts of
the particular situation.

Invasive procedure
A procedure in which the body is penetrated or entered, e.g. by a
tube, needle, or ionizing radiation.

Standard coagulation tests
Standard coagulation tests include prothrombin time, partial
thromboplastin time, and fibrinogen levels.

Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jhep.2021.09.003.
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