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Prediction and prevention of post-procedural
bleedings in patients with cirrhosis
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Although post-procedural bleedings are infrequent in patients with cirrhosis, they are associated with significant
morbidity and mortality. Therefore, predicting and preventing such bleedings is important. Established predictors
of post-procedural bleeding include high-bleeding risk procedure, severe cirrhosis and high body mass index;
prognostic value of anemia, acute kidney injury and bacterial infection is more uncertain. While prothrombin time and
international normalized ratio do not predict post-procedural bleeding, some evidence suggests that platelet count,
whole blood thrombin generation assay and viscoelastic tests may be helpful in this context. Prevention of post-
procedural bleeding involves careful management of antithrombotic drugs during the periprocedural period. Patients
with cirrhosis present unique challenges due to altered pharmacokinetics and pharmacodynamics of antithrombotic
drugs, but there is a lack of dedicated studies specifically focused on this patient population. Guidelines for
periprocedural management of antithrombotic drugs developed for patients without liver disease are thus applied to
those with cirrhosis. Some technical aspects may decrease the risk of post-procedural bleeding, namely ultrasound-
guidance, opting for transjugular route rather than percutaneous route, and the level of expertise of the operator.
The effectiveness of platelet transfusions or thrombopoietin-receptor agonists remains uncertain. Transfusion
of fresh-frozen plasma, of fibrinogen, and administration of tranexamic acid are not recommended for reducing
post-procedural bleeding in patients with cirrhosis. In conclusion, prediction of post-procedural requires a global
approach taking into account the patients characteristics, the risk of the procedure, and the platelet count. There is
little data to support prophylactic correction of hemostasis, and dedicated studies are needed. (Clin Mol Hepatol
2025;31(Suppl):S205-S227)
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INTRODUCTION a fragile hemostatic balance, stemming from disruptions
across all three phases of hemostasis. Second, many pa-

Patients with cirrhosis frequently require invasive proce- tients with cirrhosis receive anticoagulants, typically for
dures as part of the management of their liver disease or of portal vein thrombosis, or antiplatelet drugs to mitigate car-
their comorbidities. These procedures pose significant diovascular risk, especially in those with metabolic dys-
challenges in this setting. First, cirrhosis is associated with  function-associated steatotic liver disease. Lastly, the se-
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verity of cirrhosis increases the risk of post-procedural
bleeding, further complicating patients’ management.'
Moreover, the occurrence of post-procedural bleeding
leads to significant morbidity and mortality, particularly in
hospitalized patients with cirrhosis."” Therefore, predicting
and preventing post-procedural bleeding is critical for im-
proving outcome of patients with cirrhosis undergoing inva-
sive procedures.

In this review, we will first discuss features that predict
post-procedural bleeding in cirrhosis and then review pre-
ventive strategies, including management of anticoagulants
and antiplatelet drugs. The method used to identify the ar-
ticles of interest in this review is reported in the Supple-
mentary Method 1.

PREDICTION OF POST-PROCEDURAL
BLEEDING

Accurately predicting post-procedural bleeding is essen-
tial for implementing tailored preventive measures, espe-
cially for patients at high risk of bleeding. Three key param-
eters can be considered when assessing bleeding risk in
patients with cirrhosis undergoing invasive procedures: the
risk inherent to the procedure, patient-specific characteris-
tics (such as comorbidities), and the results of the laborato-
ry workup, although the predictive value of the latter re-
mains a topic of debate.

The risk of procedure

Understanding the bleeding risk associated with an inva-
sive procedure is critical for two reasons: (i) the procedural
risk itself is one of the most significant predictors of post-
procedural bleeding"?; (i) the bleeding risk of the proce-
dure directly influences the approach to managing peri-
procedural antiplatelet and anticoagulant drugs (see the
section “Periprocedural management of anticoagulant and
antiplatelet drugs”).

Outside the liver disease field, numerous scientific societ-

ies have developed classifications for assessing bleeding
risk associated with invasive procedures or surgery, over
the past decade.”® These classifications aimed at standard-
ization of patient care and the harmonization of research
studies. As cirrhosis is associated with specific changes in
haemostasis, the main scientific societies of hepatology
and haemostasis have proposed classifications tailored to
patients with cirrhosis in recent years.”" However, these
classifications have some limitations. First, procedures
were generally categorized as either ‘high-risk’ or ‘low-risk’
for bleeding, but definitions of a ‘high-risk’ procedure varied
across guidelines, some defining it as an expected bleeding
risk (minor or major) greater than 1.5%,"'*'> while others
use this threshold but for major bleeding risk only."®"?

Second, even when using the same definition, some
guidelines did not come up with the same bleeding risk for
a single procedure. For example, transjugular liver biopsy
was categorized as high-risk in some guidelines''*" and
low-risk in others.""

To overcome these discrepancies, a broad survey of ex-
perts was recently conducted to reach a consensus on the
risk of bleeding in patients with cirrhosis.'® Fifty-two experts
in coagulation and liver diseases were asked to classify
procedures frequently performed in patients with cirrhosis.
A high-risk procedure was defined as any procedure asso-
ciated with an estimated risk of major bleeding greater than
1.5%, or even minor bleeding that could lead to significant
morbidity or death, such as intracranial bleeding. For 52 of
the 80 procedures, more than 75% of the experts agreed
on the risk of bleeding associated with the procedure. Sev-
enteen procedures, mainly interventional endoscopies,
percutaneous organ biopsies, and those involving the cen-
tral nervous system, were classified as high-risk, while 35
diagnostic procedures were classified as low-risk (Fig. 1).
Although based on expert opinion, this study represents a
valuable step towards standardizing future research and
classification, and will help clinicians in their day-to-day
practice.

One aspect that is difficult to capture in the various clas-
sifications should be emphasized. The definition of bleed-

Abbreviations:

AKI, acute kidney injury; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; EASL, European Association for the Study of the Liver; FFP, fresh frozen plasma;
INR, international normalized ratio; MELD, model for end stage liver disease; PT, prothrombin time; ROTEM, rotational thromboelastometry; TEG, thromboelastography;
VKA, vitamin K antagonist; TGA, thrombin generation assay; TPO-RA, thrombopoietin receptor agonist
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Low-bleeding risk (

Transjugular liver biopsy
Hepatic venous pressure gradient mesurement
Diagnostic and therapeutic paracentesis

ERCP without sphincterotomy

ERCP with biliary or pancreatic stent placement
without sphincterotomy

Hemostasis with plasma argon

Video capsule

Ultrasound without fine-needle aspiration
Enteral stent deployment

Polypectomy < 1 cm (upper and lower endoscopy)
Diagnostic upper endoscopy or balloon assisted
enteroscopy

Push enteroscopy

Alix Riescher-Tuczkiewicz, et al.
Procedural bleeding risk

No consensus

) High-bleeding risk

Transcatheter arterial chemoembolization or
radioembolization

Tunneled ascitic drain placement
Laparoscopic liver biopsy

Percutaneous liver biopsy

Portal recanalization

Transjugular intrahepatic portosystemic shunt
Percutaneous ablation of liver cancer

Cholecystostomy or percutaneous biliary drain
placement

ERCP with papillary balloon dilatation without
sphincterotomy

Endoscopy with radiofrequency ablation
Variceal ligation

Therapeutic assisted balloon enteroscopy
Endoscopy with ultrasound with fine needle
aspiration

Glue injection of gastric varices

Endoscopy with stricture dilatation (balloon,
pneumatic or bougie)

ERCP with biliary or pancreatic sphincterotomy
Endoscopy with mucosal resection
Submucosal dissection

Cystogastrostomy

Polypectomy > 1 cm (upper and lower
enodoscopy)

Peroral endoscopic myotomy

Ampullary resection
Percutaneous gastrostomy or jejunostomy
placement

Flexible sigmoidoscopy (with or without biopsy)
Diagnostic colonoscopy (with or without biopsy)

Central venous catheter placement
Peripherally inserted central catheter line

placement

Central line removal

Cardiac catheterization
Transesophageal echocardiography
Diagnostic coronary angiography
Inferior vena cava filter placement

Arterial line placement
Therapeutic coronary angiography
Angiography or venography with intervention

¢ Thoracentesis
¢ Bronchoscopy w

Tunneled pleural drain placement
Bronchoscopy with biopsy
Therapeutic bronchoscopy

* Intrathoracic organ biopsy

olposcopy with cervical biopsy
iagnostic hysteroscopy

Transjugular kidney biopsy
Hysteroscopy with biopsy
Lithotripsy (kidney, bladder, ureter)
Amniocentesis

Prostate biopsy
Percutaneous kidney biopsy

Nephrostomy tube placement

Dental cleaning

Intra-articular injection

Lymph node percutaneous biopsy
Skin biopsy

Drainage catheter exchange

Intra-articular puncture
Dental extraction
Lumbar puncture

Epidural catheter placement
Central nervous system procedure
Non liver intraabdominal solid-organ biopsy

Figure 1. Bleeding risk associated with invasive procedures in patients with cirrhosis according to a published expert opinion.”® In the ‘no
consensus’ column, the light blue color indicates that 60% to 74% of the experts considered the procedure to be low-risk and the dark
blue color indicates that 60% to 74% of the experts considered the procedure to be high-risk of bleeding. ERCP, endoscopy retrograde

cholangiopancreatography.

ing risk is based on a bleeding rate associated with the
procedure, which does not consider the specific population
in which the procedure is performed. For instance, liver bi-
opsy can be conducted via transjugular or percutaneous
routes, but the transjugular approach is typically recom-
mended for more fragile patients with precarious hemosta-
sis while the percutaneous route is generally used when
hemostasis is preserved. Therefore, at equivalent bleeding
rates, transjugular biopsy may actually present a lower
bleeding risk since it is performed in patients who are oth-
erwise at a higher risk of bleeding.

Characteristics of patients

Kidney injury

Acute kidney injury (AKI) in patients with cirrhosis is as-
sociated with hemostatic changes summarized in Table 1.7*°
While some changes are associated with an increased risk
of bleeding and others with thrombosis, global coagulation
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assays, such as thrombin generation assays (TGA),
showed no significant abnormalities.” Interestingly, most
of the hemostatic changes resolved following the resolution
of AKL." Clinically, one retrospective study including 83 pa-
tients with decompensated cirrhosis found that AKI was the
only independent predictor of post-paracentesis hemoperi-
toneum.?' However, two other studies, including patients
across all stages of cirrhosis severity, did not confirm this
association.”® Although data are limited, current guidelines
and expert opinion recommend addressing AKI in patients
with cirrhosis prior to performing invasive procedures.'®'>'>'®

Chronic kidney injury in patients with cirrhosis has also
been identified as a risk factor for bleeding following ERCP
and paracentesis.?**

The impact of hemodialysis on procedural bleeding risk
remains uncertain. On the one hand, anticoagulation is
commonly used during hemodialysis to prevent clotting
within the dialysis circuit, and hemodialysis activates plate-
lets inducing transient platelet dysfunction and decreased
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Table 1. Hemostatic changes associated with acute kidney injury and bacterial infection in patients with cirrhosis

Reflect a balance between

c:ch:ilﬁon Reflect bleeding tendency bleeding and thrombosis  Reflect thrombosis tendency
tendency
Acute kidney - Impaired platelet function (reduced platelet - Whole-blood TGA® and - Higher FVIII, lower protein
injury aggregation and secretion)"” PFP-TGA": no change C and S, antithrombin and

- Reduced Factor FXIII""'® in ETP plasminogen"

- Increased tPA, decreased alpha-2 antiplasmin, - Increased TAT level indicating a
increased plasmin-antiplasmin level (but probably increased coagulation
might be a response to increased coagulation activation"
activation)™" - Increased TAFI activation'”

Bacterial - Circulating endogenous heparinoids, inducing a - PFP-TGA: no change - Lower protein C, protein S, and
infection “heparin-like” effect® in ETP¥ antithrombin®

- Reduced platelet aggregation and decreased
levels of factor VII*
- TEG®: prolonged R and K times, along with a

reduced alpha angle and maximum amplitude®

- Whole blood TGA: reduced ETP*

ETP, endogenous thrombin potential; PFP, platelet free plasma; TAFI, thrombin-activated fibrinolytic inhibitor; TAT, thrombin-antithrombin;
TEG, thromboelastography; TGA, thrombin generation assay; tPA, tissue plasminogen activator.

platelet receptor expression, but on the other hand, hemo-
dialysis alleviates uremia-mediated platelet dysfunction as-
sociated with chronic kidney disease.®*” One study evalu-
ating hemostasis in patients with chronic kidney disease,
with or without hemodialysis, reported no significant differ-
ence in platelet function nor coagulation parameters mea-
sured by rotational thromboelastometry (ROTEM) (e.g.,
clotting time and maximum clot firmness) and TGA (e.g.,
endogenous thrombin potential) or clot lysis time between
the two groups.”® Although hemodialysis has been identi-
fied as a risk factor for procedural bleeding, it is unclear
whether this risk stems directly from hemodialysis or from
the underlying chronic or acute kidney injury necessitating
dialysis.?** Further research is required to clarify this rela-
tionship, especially in the population of patients with chron-
ic liver disease as no data are available at the moment.

Bacterial infection

Hemostatic changes observed during bacterial infections
in patients with cirrhosis are summarized in Table 1.2%%%
Notably, two global hemostasis assays—thromboelastog-
raphy (TEG) and whole-blood TGA—identified a hypoco-
agulable profile in these patients during bacterial infec-
tion.?>* However, the link between these changes and
post-procedural bleeding remains unclear. While most
studies found no significant association between bacterial
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infection and increased procedural bleeding risk,"**' one
study did report a higher risk of bleeding following variceal
band ligation in infected patients.*® Despite the limited data,
current guidelines and expert opinion recommend treating
bacterial infections before performing invasive procedures
in patients with cirrhosis."®"*'®

Anemia

Red blood cells play a key role in the hemostatic process
by (i) promoting platelet adhesion and aggregation and (ii)
pushing the platelets near the vessel wall, where they are
strategically placed to respond to vascular injury.”> One
study found that lower hemoglobinemia was associated
with bleeding following endoscopic variceal ligation and
colonoscopic polypectomy,® but none of the other studies
found such association."*' Guidelines from the European
Association for the Study of the Liver (EASL) recommend
managing anemia prior to invasive procedures by address-
ing underlying deficiencies, such as vitamin B12, folate
(B9), and iron." Conversely, red blood cell transfusions are
not advised solely as they carry significant risks.

Cirrhosis severity

Severity of cirrhosis must be thoroughly evaluated before
undertaking any invasive procedure for two reasons. First,
severity of cirrhosis, indicated by a higher model for end

http://www.e-cmh.org



stage liver disease (MELD)"* or Child-Pugh score,***® or
signs of liver failure or portal hypertension**®, has been
consistently identified as an independent risk factor for
both minor and major post-procedural bleeding. Second,
although not specifically addressed in the studies, post-
procedural bleeding occurring in patients with decompen-
sated cirrhosis, who are already in a fragile state, is more
likely to lead to significant morbidity and mortality com-
pared to patients with compensated cirrhosis.®

Acute on chronic liver failure (ACLF) is a distinct syn-
drome observed in patients with acutely decompensated
chronic liver disease characterized by an intense systemic
inflammatory response, single or multiple organ failure, and
high 28-day mortality rates.** Hemostatic alterations in
ACLF range from a normal to hypocoagulable profile, as
demonstrated by TGA or viscoelastic tests, and highly vari-
able fibrinolytic profile, which can span from hypofibrinoly-
sis to hyperfibrinolysis.**** Clinically, neither ACLF per se,
nor the associated coagulopathy, predict procedural related
bleeding, when adjusted for potential confounders such as
AKI or sepsis."*®

Antiplatelet drugs

Antiplatelet drugs include inhibitor of cyclooxygenase 1,
namely aspirin, and P2Y,, receptor inhibitors, namely clopi-
dogrel, prasugrel and ticagrelor (Supplementary
Table 1).°**” In the general population, the procedural
bleeding risk associated with aspirin is lower than that of
P2Y,, receptor inhibitors, used alone or in combination with
aspirin.*®® In the perioperative setting, aspirin use reduces
the risk of cardiac events, including myocardial infarction,
in patients with previous cardiovascular events.®** In pa-
tients undergoing procedures with a low risk of bleeding,
continued use of aspirin appears as a safe option.* In pa-
tients undergoing procedures with a high risk of bleeding,
the decision to continue or discontinue aspirin must bal-
ance the risk of bleeding associated with the procedure
against the patient’s thrombotic risk.*

In patients with cirrhosis, the effect of antiplatelet drugs
on procedural bleeding risk is not well documented. One
study found that antiplatelet drugs use was associated with
a higher incidence of bleeding, but these were mainly
spontaneous and portal hypertension-related bleedings
and not specifically post-procedural bleedings.® The large
PROC-BLeeD prospective study found that clopidogrel
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was associated with a higher incidence of post-procedural
bleeding by univariable analysis, but the low number of pa-
tients involved did not allow for multivariable analysis.' Oth-
er studies found no significant association between anti-
platelet use and post-procedural bleeding, but the
infrequent use of these drugs in the studies makes it diffi-
cult to draw firm conclusions."**®” Dedicated trials testing
interruption or not of aspirin in patients with cirrhosis would
be needed to guide clinical practice, but these will be diffi-
cult to conduct given the low frequency of bleeding events.

Anticoagulants

Anticoagulants include heparin (both unfractionated and
low-molecular weight), vitamin K antagonists (VKAs), and
direct oral anticoagulants (DOACs) (Supplementary
Table 2).°°*%7% |n patients without liver disease, VKAs and
DOACs, as well as peri-procedural bridging with low-mo-
lecular weight heparin, have been associated with an in-
creased risk of bleeding following various procedures com-
pared to no anticoagulant.®**%%%7

In patients with cirrhosis, the substantial literature on the
safety of DOACs and VKAs has focused on bleeding events
related to portal hypertension or spontaneous gastrointesti-
nal or intracranial bleeding, rather than on post-procedural
bleedings.”*™ In the specific setting of endoscopic variceal
ligation, low-molecular weight heparin was not associated
with an increased risk of bleeding.”® Outside this setting,
observational studies reported a significant incidence of
bleedings following invasive procedures in patients with
chronic liver disease treated with anticoagulant than in pa-
tients without anticoagulants;"****®' patients with a platelet
count below 50x10%L seem particularly at risk.”® Therefore,
careful management of anticoagulants is needed when
planning an invasive procedure in patients with cirrhosis.

Other characteristics

Higher body mass index (BMI, 31.2 kg/m® vs. 29.5 kg/m?)
has recently been identified as a risk factor for post-proce-
dural bleeding in patients with cirrhosis, independently of
ascites, which may confound both procedural bleeding risk
and BMI measurements.! While this association may seem
surprising, given that obesity is typically considered proco-
agulant, it may be related to technical challenges during
procedures, as excess adipose tissue may obscure ana-
tomical landmarks and potentially complicate the proce-
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dure, but also to the fact that some confounding factors,
such as sarcopenia and edema, were not taken into ac-
count."®%

A history of bleeding is commonly assessed as part of
the pre-anesthesia workup to identify patients at higher risk
of bleeding.?*®® A prospective study including 302 patients,
both with and without cirrhosis, undergoing liver biopsy
found that questionnaires quantifying history of bleeding
had no predictive value for liver biopsy-related bleeding.”
To date, no data support the use of such questionnaires to
predict post-procedural bleeding in cirrhosis.

Overall, future research is needed to better characterize
the impact of AKI, bacterial infections, and anemia on post-
procedural bleeding, as well as the potential benefits and
harms of treating these conditions prior to the procedures.
These studies should take into account the increasing
bleeding risk associated with cirrhosis progression from
the compensated stage to stable decompensation, acute
decompensation and acute-on-chronic liver failure.

Hemostasis tests

Prothrombin time (PT) and international normalized
ratio (INR)

PT and INR are widely used in the management of pa-
tients with cirrhosis for prognostic purposes (e.g., calcula-
tion of the Child-Pugh and MELD scores). Conversely, it
became clear over the recent years that PT and INR are
not reliable predictors of post-procedural bleeding, high-
lighted, for instance, in a systematic review with meta-anal-
ysis and in a large recent prospective multicenter study."*
Likewise, a recent survey gathering 52 experts concluded
that INR should not be considered when assessing bleed-
ing risk prior to low-risk procedures,'® in line with recently
published guidelines in patients with cirrhosis.®" As for
high-risk procedures, experts also agreed not to take INR
into account, although the predefined consensus threshold
of 75% was not fully reached (71% agreement). Thus, the
maximum acceptable INR value for performing high-risk
procedures and surgeries was set at 2.

Platelets

Thrombocytopenia is a common feature in cirrhosis, af-
fecting up to 78% of patients.®® Moderate thrombocytope-
nia (platelet count=50-100x10%L) and severe thrombocy-
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topenia (platelet count <50x10%L) are observed in
approximately 13% and 1% of the patients, respectively,
but are dependent on the stage of cirrhosis.”” The ability of
platelet count to predict post-procedural bleeding is highly
debated in the literature. Biologically, Tripodi et al.*® dem-
onstrated, using a TGA, that a platelet count above 56.10%
L was required to maintain adequate coagulation. Clinically,
the thresholds of platelet count predictive of post-procedur-
al bleeding vary from one study to another, ranging from
30x10%L to 75x10%L."***" Practically speaking, data con-
cur for stating that above 75x107/L, the risk of post-proce-
dural bleeding is not increased, which ultimately concerns
the vast majority of patients with cirrhosis. If the platelet
count is below 75x10%L, the exact threshold at which the
risk of post-procedural bleeding is increased has not been
determined. Retrospective studies indicated that profound
thrombocytopenia might predict post-procedural bleeding,
but the thresholds were inconsistent.” Prospective studies
showed no correlation between platelet count and post-
procedural bleeding risk."* However, it is important to note
that most studies had limitations:(i) patients with very pro-
found thrombocytopenia (e.g., <30x10%L) were often not
included in the studies; (ii) patients with severe thrombocy-
topenia frequently received pre-procedural platelet infu-
sion; and (iii) major bleeding episodes were not individual-
ized from minor bleeding.

Therefore, no definitive conclusions can be drawn from
the available literature on the predictive value of platelet
count for post-procedural bleeding risk. Yet, platelets being
necessary for clot formation to stop bleeding, a certain lev-
el of platelet count is needed to prevent post-procedural
bleeding, but this level has not been identified. From a
practical standpoint, the above-mentioned recent expert
opinion suggested that the lowest acceptable platelet
counts for performing a low-risk procedure or a high-risk
procedure are 30x10%L and 50x10%L, respectively.”® Fur-
ther prospective randomized studies are needed to assess
in patients with severe thrombocytopenia the procedural
bleeding risk and the best management in this context.

Viscoelastic tests

Compared to conventional hemostasis tests, viscoelastic
tests, such as ROTEM and TEG, offer a more comprehen-
sive assessment of hemostasis in patients with cirrhosis as
(i) they include the dynamics of clot formation, stabilization
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and lysis, and (i) they are performed on whole blood, ac-
counting for the contributions of both cells and plasma pro-
teins.”® Several randomized controlled trials have demon-
strated the value of these tests in reducing the need for
blood product transfusion in patients with cirrhosis under-
going invasive procedure or liver transplantation.”*"® How-
ever, their predictive value for post-procedural bleeding re-
mains unclear as summarized in Table 2.*%>''"'% Some
studies identified an association between specific TEG
(e.g., K time, maximum amplitude)'®*'® or ROTEM parame-
ters (e.g., clotting time, maximum clot firmness)'® and post-
procedural bleeding, while others did not.*”"*"'** This incon-
sistency may be attributed to the heterogeneity of the
studies in terms of types of procedures performed (ranging
from low to high risk of bleeding procedures), type of bleed-
ing (post-procedural vs. portal hypertension-related), and
included patients having various severities of cirrhosis. Ac-
cordingly, there is insufficient evidence to support the rou-
tine use of viscoelastic tests in predicting post-procedural
bleeding in cirrhosis. Additionally, the limited availability of
viscoelastic tests, currently confined to certain tertiary care
centers, and the absence of clearly identified thresholds,
restrict their applicability. In this line, current guidelines do
not recommend viscoelastic tests to predict post-procedur-
al bleeding in patients with cirrhosis, and encourage further
prospective studies to clarify their potential utility.'"

TGA

TGA is a global coagulation assay that continuously moni-
tors continuously thrombin generation after triggering co-
agulation cascade with tissue factor, with or without the ad-
dition of phospholipids, at various concentrations.'””'®® TGA
takes into account the activity of natural plasma anticoagu-
lants (such as protein C) by adding soluble thrombomodu-
lin, a protein present on the endothelium, which activates
protein C.'” TGA can be performed on platelet free plasma
or on whole blood. Three prospective studies consistently
showed that TGA performed on platelet free plasma does
not predict post-procedural bleeding (Supplementary Table
3).°""%™ Gonversely, TGA performed on whole blood might
be of interest to predict post-procedural bleeding. Indeed,
Zanetto et al.""® observed, in patients with decompensated
cirrhosis, that impaired whole blood TGA parameters pre-
dicted major post-procedural bleeding. These results must
be confirmed by dedicated independent studies.
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Overall, laboratory workup seems to have a limited value
in predicting post-procedural bleeding, although definitive
conclusions cannot be drawn for platelet count. Still, plate-
let count, hemoglobin level and INR can be useful, particu-
larly before high-risk procedures, as they provide an over-
view of the baseline hemostatic status and can guide
management in case bleeding complications occur. Addi-
tionally, platelet count and INR may alert clinicians to coag-
ulopathies unrelated to cirrhosis or signal the need for
greater caution or procedure postponement if INR reveals
liver function worsening. While TGA on platelet free plasma
does not predict post-procedural bleeding, more studies
are needed for viscoelastic tests and for TGA on whole
blood.

PREVENTION OF BLEEDING

Periprocedural management of antiplatelet and
anticoagulant drugs

Managing antithrombotic drugs during the periprocedural
period requires a patient-specific approach, considering
the indication for antithrombotic treatment (primary or sec-
ondary prevention), the thrombotic risk of the patient, the
indication for the procedure, its bleeding risk and its urgen-
cy. In recent years, several societies have issued recom-
mendations for the management of antithrombotic drugs in
the periprocedural/surgical setting in the general popula-
tion. In this section, we first reviewed the guidelines pub-
lished in the past five years (2019-2024) by various societ-
ies of Cardiology, Hepatology, Gastroenterology,
Pulmonology, Anesthesiology, Thrombosis and Haemosta-
sis, Hematology and Interventional Radiology.>®""%"%
Some guidelines focus specifically on proce-
dures,>®""*""5" gthers on surgeries” and others on both
118181 which can partly ac-
count for the differences in the proposed management.

These guidelines are summarized below and in Figure 2

procedures and surgeries

and Supplementary Tables 4, 5. We then highlight areas
where adaptation to the cirrhosis setting may be required.
Regarding discontinuation of antithrombotic drugs, the
number of days mentioned refers to the number of full days
before the day of the procedure/surgery in which the pa-
tient does not take any dose of antithrombotic drugs. The
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drugs are also not taken on the day of the procedure/sur-
gery.

In the general population
Elective procedure

Antiplatelet drug

Aspirin is widely used in the general population either for
primary prevention in individuals with high atherosclerotic
cardiovascular disease risk or for secondary prevention in
those with existing cardiovascular disease.”® Practically
speaking, for procedures with a low risk of bleeding, most
guidelines concur for continuing aspirin. For procedures
with a high risk of bleeding, there is a consensus in favor of
considering aspirin interruption, except for most endoscop-
ic procedures (but ampullectomy), where aspirin can be
continued.>*"#""#""® The duration of interruption before the
procedure/surgery varies from 3 to at least 7 days.>*"
The appropriate time to resume aspirin after surgery/pro-
cedure varies from “as soon as possible” to “within 48
hoursva'5,57,114

P2Y,, inhibitors are mostly prescribed as part of dual an-
tiplatelet therapy (DAPT) in combination with aspirin (fol-
lowing acute coronary syndrome or percutaneous coronary
intervention), but also as monotherapy as part of a de-es-
calation following DAPT, or due to a recent stroke, periph-
eral artery disease or aspirin intolerance.” In patients with
a high thrombotic risk, defined by the European Society of
Cardiology as acute coronary syndrome <3 months, percu-
taneous coronary intervention <1 month or a high risk of
stent thrombosis (history of stent thrombosis under anti-
platelet therapy, left ventricular ejection fraction <40%,
poorly controlled diabetes, severely impaired renal func-
tion/hemodialysis, recent complex percutaneous coronary
intervention or stent malapposition/residual dissection),
discontinuing DAPT significantly increases the risk of isch-
emic events.” It is thus preferable to either maintain DAPT
in case of low-bleeding risk procedure or defer the elective
procedure/surgery until the completion of the full course of
DAPT.>*""3"™ |n patients with a low thrombotic risk, DAPT
can be either continued (only in low-bleeding risk proce-
dure) or P2Y,, inhibitors can be interrupted while continuing
aspirin.>*"""*""® P2y, inhibitors are interrupted 3—5 days for
ticagrelor, 5 days for clopidogrel and 7 days for prasugrel
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before the procedure/surgery.”"*"

to restart antiplatelet drug within 24—48 hours.

It is usually indicated
57,112,114

Anticoagulant

Most guidelines agree on the management of VKA in the
periprocedural/surgical period. In low bleeding risk proce-
dure/surgery, continuation of VKA is indicated.>®""">"*®
INR should be checked before the procedure/surgery to
ensure that it does not exceed therapeutic range or is in
the lower level if VKAs are continued.””"" In high bleeding
risk procedures/surgeries, suspension of VKA is the
rule.>*"""*"% Warfarin is interrupted 5 days,>®"® 121117
phenprocoumon 7 to 12 days®*'™® and acenocoumarol 3
days,”"" before the procedure/surgery. Whether or not to
do a bridge with heparin in the periprocedural/surgical peri-
od depends on the patient’s thrombotic risk. Indeed, two
randomized trials, namely the BRIDGE and PERIOP-2 tri-
als, found no significant benefit of heparin bridging (in the
peri-surgical or post-surgical period) to prevent major
thromboembolism while it increased in the BRIDGE trial
the risk of major bleeding.”'®® Consequently, in cases of
low thrombosis risk (generally patients taking VKAs for atri-
al fibrillation without high CHADS,VASC, score, venous
thromboembolism (VTE) >3 months, and mechanical
heart valve with no other risk factor for thrombosis), a hep-
arin bridge is not indicated. Bridging might still be beneficial
in a subset of patients at very high risk of thrombosis."™ In
these selected cases, cardiologist’s opinion should be
sought to determine the best management of periproce-
dural anticoagulation. INR should be checked to ensure it
is below a “safe” threshold (usually INR <1.5) in case of
withdrawal.’”""® VKA can usually be resumed quickly after
the procedure/surgery; timing suggested in the different
guidelines varies from “evening of the procedure/surgery”
to “within 24 hours after the procedure/surgery”.>"®"2 11416117
Guidelines recommend checking INR after the procedure/
surgery once the VKA has been restarted to ensure ade-
quate anticoagulation.

The management of DOACs in the periprocedural or sur-
gical setting is more consistent across guidelines thanks to
the PAUSE trial."* This prospective study evaluated a stan-
dardized protocol in patients with atrial fibrillation treated
with DOACs (including apixaban, dabigatran and rivaroxa-
ban) undergoing procedure/surgery without bridging hepa-
rin.”®* This protocol resulted in low rates of both major
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Figure 2. Summary of current guidelines on the interruption of antiplatelet and anticoagulant drugs before invasive procedure and sur-
gery. The aim of this figure is to provide a simple summary of the current guidelines on the management of antithrombotic drugs in the
periprocedural/surgical period in patients without liver disease. These are also summarised in Supplementary Tables 4 and 5. VKA men-
tioned in the figure refers to Warfarin. Timing are different for acenocoumarol (3 days) and phenprocoumon (7 to 12 days). CrC, creatinine
clearance; C, clopidogrel; DAPT, dual antiplatelet therapy; DOAC, direct oral anticoagulant; P, prasugrel; T, ticagrelor; VKA, vitamin K an-

tagonist.
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bleeding (0.9-1.85%) and thrombotic events (<1%). Accord-
ingly, DOAC interruption is recommended before perform-
ing both low and high bleeding risk procedure/surgery,
without heparin bridging.*""*"*""” The number of days to
stop and resume DOACs in the periprocedural/surgical pe-
riod depends on the bleeding risk of the procedure, the
type of DOAC and the patient’s renal function. For proce-
dures with a low risk of bleeding, DOACs may be discontin-
ued and resumed 1 day before/after the procedure/surgery
(excluding the day of surgery),””""*"*"" some guidelines
even suggest omitting DOAC only on the day of procedure/
surgery.">"™ For procedures with a high risk of bleeding,
DOACSs can be stopped 2 days before the procedure/sur-
gery and resumed 2 to 3 days after the procedure/surgery.
These durations are longer in dabigatran-treated patients
with impaired renal function. Deferral of elective surgery
should be considered in patients within 3 months of acute
VTE, stroke or transient ischaemic attack."

Specific case of non-elective procedures

The management of non-elective procedures differs from
that of elective procedures as (i) there is often insufficient
time to allow antithrombotic drugs to dissipate, necessitat-
ing the use of reversal agents in some cases or perfor-
mance of the procedure while antithrombotic drug is still
active, and (ii) patients may require procedures with a high
risk of bleeding, but it may not be possible to optimize pre-
operative conditions to mitigate this risk (e.g., in cases of
acute renal failure, bacterial infection, etc.), as the urgency
of the procedure outweighs the bleeding risks.

Data on the management of antithrombotic drugs in non-
elective procedures remain limited.>*"85""41%512¢ The man-
agement approach depends (i) on the urgency of the pro-
cedure—classified as immediate, urgent, or expedited—
based on the National Confidential Enquiry into Patient
Outcome and Death (NCEPOD) classification (Supplemen-
tary Table 6)'* and (i) on whether the procedure can be
performed while the patient remains on antithrombotic
treatment.

For antiplatelet agents, immediate or urgent procedures
(to be performed within hours) typically preclude sufficient
time for drug withdrawal (at least three days for aspirin and
even longer for P2Y,, inhibitors). As a result, involving a
multidisciplinary team or discussing with a cardiologist is
needed to decide on a case-by-case basis the manage-
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ment of antiplatelet agents, especially in patients taking
P2Y,, inhibitors.**™ One guideline suggests neutralizing
antiplatelet agents using platelet transfusion for neurosurgi-
cal procedure (intracranial surgery) while maintaining anti-
platelet therapy in other procedures.” In cases of intra- or
postoperative bleeding potentially related to antiplatelet
agents, platelet transfusion may be used for neutraliza-
tion."*'* However, this approach may be ineffective, espe-
cially in patients taking ticagrelor.

For patients on DOACSs, it is important to inquire about
the timing of the last dose and perform blood-coagulation
tests (e.g., PT, aPTT, anti-Xa, diluted thrombin time) along-
side DOAC plasma level testing.””"™® These assessments
can help determine the necessity for active DOAC reversal.
If the last dose was taken more than 12 hours previously
and there is no renal impairment, the procedure can usual-
ly be completed without reversal,”” but a longer stopping
time may also be required for rivaroxaban.”®® Otherwise, re-
versal may be required, particularly for immediate proce-
dures with a high bleeding risk. Reversal agents include
Idarucizumab and Andexanet alfa which are specific for
dabigatran and FXa inhibitors, respectively, but also pro-
thrombin complex concentrate (PCC) or activated PCC.
PCC, idarucizumab, and Andexanet alfa demonstrated
similar effective hemostasis rates and comparable mortali-
ty among the three agents, though Andexanet alfa was as-
sociated with a significantly higher rate of thrombotic
events."”

For VKA-treated patients requiring an emergency proce-
dure with moderate-to-high bleeding risk, the patient’s INR
should be measured upon hospital admission. Rapid rever-
sal of anticoagulation is best achieved using four-factor
PCCs, preferred over plasma transfusion, as they provide
more reliable and quicker correction.®”*™ Vitamin K can
also be administered but takes time to be efficient (approxi-
mately 6 hours).* If reversal proves insufficient or there is a
risk of prothrombotic rebound, an interdisciplinary ap-
proach is necessary to decide on the timing of anticoagula-
tion resumption.

In patients with cirrhosis
In patients with cirrhosis receiving antithrombotic drugs,

some specificities related to the liver disease should be
considered when planning invasive procedures. First, anti-
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thrombotic drugs pharmacokinetics might be modified in with cirrhosis, they are still used in this population.''* While
patients with cirrhosis due to (i) hypoalbuminemia resulting awaiting dedicated studies specifically in patients with cir-
in higher circulating concentration of unbound drug, im-  rhosis, we propose an algorithm for managing antithrom-
pacting its clearance and toxicity,**"' (ii) delayed hepatic  botic therapy (Fig. 3), as well as suggestions for the timing
clearance (for instance related to altered cytochrome P450  of discontinuation and resumption of anticoagulants (Fig. 4),
activity'?
some drugs (apixaban, rivaroxaban),' (i) common im-  out liver disease.”®® The timing for resuming antithrombotic
paired renal clearance, further compromising drug excre-  therapy should always take into account input from the
tions.®® Additionally, pharmacodynamics of anticoagulants physician who performed the procedure, particularly re-
in patients with cirrhosis are also altered as evidenced by garding their assessment of whether adequate hemostasis
in vitro studies using TGA showing either increased (dabig-  has been achieved at the end of the procedure.

atran, low-molecular-weight heparin) or decreased (rivarox-

aban, apixaban, edoxaban and fondaparinux) anticoagu-

lant effect of the drugs in this setting.”**"** Finally, = OTHER PREVENTIVE MEASURES BEFORE
monitoring of VKA before invasive procedure is challenging AN INVASIVE PROCEDURE IN PATIENTS

in patients with severe cirrhosis, as INR is influenced both WITH CIRRHOSIS

by liver disease severity and the effect of VKA."*° Although

the above considerations are important, no study has spe-  Technical aspects

cifically investigated the optimal timing for discontinuing

antithrombotic therapy in patients with cirrhosis. Therefore, The use of ultrasound guidance for procedures such as
although it remains unclear whether guidelines designed percutaneous liver biopsy, transjugular intrahepatic porto-
for patients without liver disease are applicable to patients systemic shunt, paracentesis and central venous catheter

), resulting in higher plasma concentrations of  based on the guidelines mentioned above in patients with-

C Management of antithrombotic drugs before an invasive procedure )

\ 4

ASPIRIN DAPT

Low-bleeding risk High-bleeding risk

Low-bleeding risk High-bleeding risk

\ 4
] Consider .

Figure 3. Suggested management for antithrombotic drugs in the periprocedural period in patients with cirrhosis derived from those pro-
posed in the general population. For low bleeding risk procedures, aspirin should generally be continued. For procedures with a high risk
of bleeding, most endoscopic procedures (except ampullectomy) can still be performed safely with aspirin. For other high-risk proce-
dures, discontinuation of aspirin may be considered, but the decision should balance the risk of bleeding against the risk of thrombosis,
with input from a cardiologist being particularly valuable in these cases. Decisions regarding DAPT are more complex, as these drugs
are often prescribed following percutaneous coronary intervention or acute coronary syndrome. In such cases, cardiology input is critical
to guide management. VKA therapy can usually be continued for low bleeding risk procedures. However, for high bleeding risk proce-
dures, discontinuation is recommended. In patients at very high thrombotic risk, bridging therapy may be considered. For both high and
low bleeding risk procedures, interruption of DOACs without bridging is typically advised. DAPT, dual antiplatelet therapy; DOAC, direct
oral anticoagulant; VKA, vitamin K antagonist.
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placement has been associated with a lower incidence of
complications, including post-procedural bleeding, com-
pared with no ultrasound guidance, although the popula-
tions included in the studies were not always patients with
cirrhosis."""*®

The impact of operator experience on post-procedural
bleeding is unclear. While some studies suggest that expe-
rienced operators or high-volume centers reduce bleed-
ing,**'* others show no effect,”®'*° and some even indicate
an increased risk of bleeding with more experienced oper-
ators,"* both in patients with and without cirrhosis. It is like-
ly that a selection bias is responsible for these results, with
patients at higher risk of bleeding or those for whom the
procedure appears more complicated being referred to an
experienced operator or expert center.

Finally, the route by which the invasive procedure is per-
formed is also important. For instance, the transjugular
route for kidney or liver biopsy appears as a safe option in
patients with chronic liver disease in whom the percutane-
ous route is not feasible due to impaired hemostasis.”""**

Alix Riescher-Tuczkiewicz, et al.
Procedural bleeding risk

Measures to modulate hemostasis

Platelet transfusion has been traditionally used before in-
vasive procedures to increase platelet count in patients
with chronic liver disease and severe thrombocytopenia. In
vitro studies show that infusing one standard adult platelet
dose results in only a small increase in platelet count
(platelet count, 39x10%L [16—64] vs. 52x10%/L [19-91])
without normalizing thrombin generation and thromboelas-
tometry tests.”®® Additionally, platelet increase after transfu-
sion is transient and variable from one patient to another
and platelet transfusion carries the risk of potential harmful
transfusion reactions.”®® Lastly, no study has demonstrated
its effectiveness in reducing post-procedural bleeding.
Avatrombopag and Lusutrombopag, both thrombopoietin
receptor agonists (TPO-RA), stimulate platelet production
in the bone marrow. Compared to placebo, these drugs re-
duce the need for peri-procedural platelet transfusions and
are more likely to achieve a platelet count >50x10%L before
the procedure, without significant differences in thrombotic
complications.”®”"®® Moreover, their effect lasts up to 2
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Figure 4. Suggested timing of interruption and resumption for anticoagulants in the periprocedural period in patients with cirrhosis. VKA
mentioned in the figure refers to Warfarin. The timing is different for acenocoumarol (3 days) and phenprocoumon (7 to 12 days). *VKA
can be taken the evening of the procedure. Depending on the procedure and the hemostasis, DOAC can be resumed on the evening of
the second day or 2 or the third day after a high-bleeding risk procedure. DOAC, direct oral anticoagulant; VKA, vitamin K antagonist.
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weeks which may be desirable in patients with delayed
post-procedural bleeding. Compared with platelet transfu-
sions, TPO-RA have thus the advantage of enabling a
more prolonged increase in platelet count without the side
effects associated with transfusions. However, no random-
ized controlled trial has evaluated their efficacy in reducing
post-procedural bleeding and an 8- to 13-day treatment
course is required before the procedure, limiting their use
to elective settings. Current guidelines do not recommend
correcting thrombocytopenia before high-bleeding risk pro-
cedures in patients with cirrhosis in case of platelet count
>50x10%/L."°"2'*"%® When platelet count is <50x10%/L, rec-
ommendations differ from one guideline to another, some
suggesting no routine preprocedural correction, while oth-
ers suggest preprocedural correction in very specific cases
associated with a high risk of bleeding (very high-risk pro-
cedure, local hemostasis not possible, platelet count
<20x10%L), using platelet transfusion or TPO-RA."*"™"
Correction of thrombocytopenia prior to invasive procedure
should not aim to normalize their number (i.e., >150x10%L),
but rather to ensure a safe threshold (established depend-
ing on the risk of the procedure).

Fibrinogen plays a crucial role in coagulation as it is con-
verted into fibrin, which forms a mesh-like network that sta-
bilizes the clot by trapping platelets and red blood cells.
Patients with cirrhosis can have both hypofibrinogenemia
(due to decreased liver synthesis) and dysfibrinogenemia,
i.e., a functionally abnormal fibrinogen.'®*'*® Two studies
suggested that addition of fibrinogen concentrate in vitro
into the plasma of patients with cirrhosis improves the
structural properties of the fibrin clot and decreases clot
permeability.**'®” However, plasma fibrinogen concentra-
tion is not a clear predictor of post-procedural bleeding"*
and no prospective study evaluated the interest of infusion
of cryoprecipitate/fibrinogen concentrates in patients with
cirrhosis before invasive procedures. Therefore, current
guidelines do not recommend routine correction of fibrino-
gen prior to invasive procedures in patients with cirrho-
SiS-10,11,14

Fresh frozen plasma (FFP) contains both coagulation fac-
tors and anticoagulant proteins. Its use to correct INR prior
to invasive procedures in patients with cirrhosis is not sup-
ported by current guidelines for several reasons.'®"? First,
the biological effect of FFP remains uncertain, with some
studies suggesting a pro-thrombotic effect while others

5218
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showed no effect or even a slight reduction in thrombin
generation."®®"® Second, there is no evidence that FFP re-
duces the risk of post-procedural bleeding in patients with
cirrhosis. Third, its use is associated with significant risks,
including complications such as transfusion-related acute
lung injury'*'
load,” as well as an increase in blood volume and conse-

quently in portal pressure which may increase the risk of
174

and transfusion-associated circulatory over-

portal hypertension-related bleeding.

Fibrinolysis is a complex process that is also altered in
patients with cirrhosis, who can display features of hypo- or
hyperfibrinolysis."”
derivative that exerts antifibrinolytic effects by binding to ly-
sine-binding sites on plasminogen, preventing its (and
plasmin’s) interaction with fibrin."” In upper gastrointestinal
bleeding in patients with cirrhosis, tranexamic use has
been associated with reduced risk of failure to control
bleeding by day 5 and of rebleeding,”” but at the cost of an
increased risk of venous thrombosis and no reduction of
death from gastrointestinal bleeding."”® Currently, no data
supports its use to reduce post-procedural bleeding in pa-
tients with cirrhosis and current guidelines do not recom-
mend it in this setting.*"

Altogether, correction of coagulation abnormalities prior
to invasive procedures should be restricted to severe
thrombocytopenia, with so far unclear thresholds (some-
where between 20 and 50x10%L), despite the wide hetero-
geneity of practice and the observed lack of compliance to
guidelines in real world practice.”'® Clinicians must also
bear in mind the “expected” time when bleeding usually oc-
curs after the procedure. For example, bleeding following
endoscopic variceal ligation occurs mainly between 5 to 15
days after endoscopy, and transfusion of blood products
prior to endoscopic ligation is unlikely to prevent this late
bleeding.67,181,182

When a high-risk procedure is scheduled, particularly in
patients at high risk of thrombosis, anticipating the attitude
in case bleeding would occur might prove useful to guide
the physicians on call who will have to take care of the pa-
tients in emergency. Such protocol would mention the pro-
cedure the patient underwent and the measures to under-
take to stop bleeding, including local treatment and
hemostasis correction measures adapted to the hemosta-
sis status of the patient.

Tranexamic acid is a synthetic lysine

http://www.e-cmh.org



CONCLUSION

In conclusion, management of invasive procedures in pa-
tients with cirrhosis requires first an assessment of the
bleeding risk associated with the procedure, taking into ac-
count the characteristics of the patient, the procedure or
the laboratory work-up. Preventing post-procedural bleed-
ing requires managing antithrombotic therapies and cor-
recting potential risk factors, including AKI and bacterial in-
fections, although the benefits of these have not been
formally demonstrated. The interest of drugs and blood
products to prevent post-procedural bleeding has not been
proven in this context.
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