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BACKGROUND & AIMS: Hospitalized patients with cirrhosis
frequently undergo multiple procedures. The risk of
procedural-related bleeding remains unclear, and management
is not standardized. We conducted an international, prospec-
tive, multicenter study of hospitalized patients with cirrhosis
undergoing nonsurgical procedures to establish the incidence
of procedural-related bleeding and to identify bleeding risk
factors. METHODS: Hospitalized patients were prospectively
enrolled and monitored until surgery, transplantation, death, or

28 days from admission. The study enrolled 1187 patients
undergoing 3006 nonsurgical procedures from 20 centers.
RESULTS: A total of 93 procedural-related bleeding events
were identified. Bleeding was reported in 6.9% of patient ad-
missions and in 3.0% of the procedures. Major bleeding was
reported in 2.3% of patient admissions and in 0.9% of the
procedures. Patients with bleeding were more likely to have
nonalcoholic steatohepatitis (43.9% vs 30%) and higher body
mass index (BMI; 31.2 vs 29.5). Patients with bleeding had a
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higher Model for End-Stage Liver Disease score at admission
(24.5 vs 18.5). A multivariable analysis controlling for center
variation found that high-risk procedures (odds ratio [OR],
4.64; 95% confidence interval [CI], 2.44-8.84), Model for End-
Stage Liver Disease score (OR, 2.37; 95% CI, 1.46-3.86), and
higher BMI (OR, 1.40; 95% CI, 1.10-1.80) independently
predicted bleeding. Preprocedure international normalized
ratio, platelet level, and antithrombotic use were not pre-
dictive of bleeding. Bleeding prophylaxis was used more
routinely in patients with bleeding (19.4% vs 7.4%). Patients
with bleeding had a significantly higher 28-day risk of death
(hazard ratio, 6.91; 95% CI, 4.22-11.31). CONCLUSIONS:
Procedural-related bleeding occurs rarely in hospitalized
patients with cirrhosis. Patients with elevated BMI and
decompensated liver disease who undergo high-risk proced-
ures may be at risk to bleed. Bleeding is not associated with
conventional hemostasis tests, preprocedure prophylaxis, or
recent antithrombotic therapy.

Keywords: Hemostasis; Obesity; Prophylaxis; Risk; Cirrhosis.

atients with decompensated liver disease are

frequently hospitalized and often undergo multiple
procedures. Clinicians regularly provide bleeding prophy-
laxis to patients with cirrhosis before procedures due to
concern for bleeding risk." However, studies suggest a lower
risk of bleeding secondary to a rebalanced hemostatic sys-
tem in cirrhosis with preservation of hemostasis, albeit in a
more fragile balance.” Conventional parameters to assess
the hemostatic system do not reliably measure bleeding risk
in patients with cirrhosis. As such, current strategies to
direct preprocedural prophylaxis may add unnecessary
risk."? Beyond risk of volume overload and lung injury,
unnecessary use of blood products may exacerbate resource
shortages.” Presently, tests cannot predict bleeding associ-
ated with procedures in patients with cirrhosis, and clini-
cians therefore rely on extrapolation and anecdotal
approaches.*”

Studies examining bleeding in patients with cirrhosis
undergoing procedures differ in many aspects.*® Most
studies are retrospective with mixed cohorts undergoing
both nonsurgical and surgical procedures, do not control
for preprocedure prophylaxis, and lack uniform outcome
definitions.>”"*"  With one exception,'* studies lack
restrictive “control” arms where patients undergo pro-
cedures without prophylaxis. Consequently, reported rates
of procedural-related bleeding range widely, from 2% to
20%. Small prospective studies have explored alternative
measures of hemostasis with viscoelastic testing in pa-
tients with cirrhosis undergoing procedures and demon-
strated low rates of bleeding.*** Randomized controlled
trials investigating the efficacy and safety of thrombo-
poietin agonists in patients with cirrhosis for low-risk
procedures have also found low rates of bleeding
events.'”>®

Hospitalized patients with decompensated cirrhosis may
be at higher risk to develop procedural-related bleeding. In
particular, patients with acute-on-chronic liver failure

Gastroenterology Vol. 165, Iss. 3

WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Hospitalized patients with cirrhosis can develop bleeding
from a wide variety of causes and frequently undergo
nonsurgical procedures. Patients with cirrhosis have a
complex hemostatic system that is difficult to measure.
Bleeding events remain challenging to predict, and
consequently, clinicians routinely provide prophylaxis
before procedures.

NEW FINDINGS

In patients with cirrhosis undergoing nonsurgical proced-
ures, bleeding is rare and not dependent on the international
normalized ratio, thrombocytopenia, or preprocedure
bleeding prophylaxis. Factors such as overall degree of
hepatic decompensation, obesity, and procedure risk are
associated with increased risk of bleeding.

LIMITATIONS

Bleeding events are rare and multivariate models are
therefore limited.

CLINICAL RESEARCH RELEVANCE

These findings help to identify which specific patients and
procedures may be at highest risk for bleeding and
reassures clinicians to avoid strategies unlikely to
reduce bleeding risk in all patients.

BASIC RESEARCH RELEVANCE

These findings support past translational studies that
indicate conventional measures of hemostasis do not
reflect bleeding risk. Future studies of the hemostasis
system in models of obesity and decompensated
cirrhosis may reveal underlying pathophysiologic
mechanisms which explain these clinical findings.

(ACLF) may have unique hemostatic profiles placing them at
higher risk to develop bleeding or thrombosis.'”*® Society
guidance and consensus statements now recommend
against the routine use of preprocedure prophylaxis for
prevention of bleeding.g"r"]g’21 However, these recommen-
dations are based on expert opinion from the available
limited data.

Given this uncertainty, we conducted a prospective, in-
ternational, multicenter, observational cohort study of hos-
pitalized patients with decompensated cirrhosis undergoing
nonsurgical procedures. The aim was to define overall
incidence of procedural-related bleeding using standard

Abbreviations used in this paper: ACLF, acute-on-chronic liver failure;
AHR, adjusted hazard ratio; AKI, acute kidney injury; BMI, body mass in-
dex; Cl, confidence interval; CKD, chronic kidney disease; CRNMB, clin-
ically relevant nonmajor bleeding; CTP, Child-Turcotte-Pugh; HR, hazard
ratio; INR, international normalized ratio; MELD, Model for End-Stage
Liver Disease; NASH, nonalcoholic steatohepatitis; OR, odds ratio; VTE,
venous thromboembolism.
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Table 1.Baseline Patient Characteristics at Admission®

Procedural-Related Bleeding in Liver Disease 719

All patients All nonbleed patients All bleed patients
Characteristics (N=1187) (n=1105) (n = 82) P value”®
Age, mean (SD), y 58.2 (12.2) 58.3 (12.2) 56.3 (12.6) 197
Male sex 717 (60.4) 672 (60.8) 45 (54.9) .267
BMI, mean (SD) 29.6 (8.0) 29.5 (8.0) 31.2 (8.4) .014
Etiology of cirrhosis
Alcohol 526 (44.3) 491 (44.4) 5 (42.7) .866
NASH 367 (30.9) 331 (30.0) 6 (43.9) .005
Hepatitis C virus 169 (14.2) 159 (14.4) 0(12.2) .526
Other 250 (21.1) 237 (21.4) 3 (15.9) .092
MELD score at admission, mean (SD) 18.9 (8.0) 18.5 (7.8) 24.5 (8.6) <.001
CTP score at admission, mean (SD) 9.9 (1.9) 8 (1.9 10.8 (1.6) .004
CTP score category
A (5-6) 45 (4.2) 3 (4.4) 2 (2.6) .768
B (7-9) 409 (38.6) 400 (40.7) 9(11.8) <.001
C (10-15) 605 (57.1) 540 (54.9) 65 (85.5) <.001
ACLF grade 0 (no ACLF) 827 (78.7) 783 (80.3) 44 (57.9) <.001
ACLF (grades 1, 2, and 3) 224 (21.3) 192 (19.7) 32 (42.1) <.001
ACLF grade 1 112 (10.7) 102 (10.5) 0 (13.2) 498
ACLF grade 2 84 (8.0) 7 (6.9) 7 (22.4) <.001
ACLF grade 3 28 (2.7) 23 (2.4) 5 (6.6) .022
Organ failures
0 681 (64.8) 644 (66.1) 37 (48.7) .001
1 258 (24.5) 241 (24.7) 17 (22.4) 638
2 84 (8.0) 67 (6.9) 17 (22.4) <.001
3 22 (2.1) 17 (1.7) 5 (6.6) .006
>4 6 (0.6) 6 (0.6) 0 (0.0 1.000
CLIF-Organ Failure score, mean (SD) 7.8 (1.8) 7.7 (1.8) 8.9 (2.1) <.001
CLIF-C Acute Decompensation score, mean (SD) 54.6 (10.6) 54.4 (10.4) 59.1 (12.4) .001
CLIF-C ACLF score, mean (SD) 50.4 (7.7) 50.3 (7.8) 50.9 (6.7) .403
Laboratory values at admission, mean (SD)
Sodium, mmol/L 133.8 (6.2) 133.9 (6.2) 132.0 (6.1) .003
Blood urea nitrogen, mg/dL 31.2 (23.8) 30.2 (22.7) 44.2 (33.3) <.001
Creatinine, mg/dL 1.6 (1.4) 1.5 (1.3) 2.4 (2.0) <.001
Total bilirubin, mg/dL 4.9 (7.1) 4.8 (6.9) 6.8 (8.4) <.001
Albumin, g/dL 3.0 (0.6) 3.0 (0.6) 2.8 (0.6) .085
Hemaoglobin, g/dL 9.9 (2.5) 9.9 (2.6) 9.6 (2.3) .310
Platelets, k/uL 128.0 (85.7) 128.7 (84.7) 118.8 (97.5) 159
INR 1.7 (0.7) 1.7 (0.7) 2.0 (0.8) <.001
Prothrombin time, s 19.5 (7.4) 19.2 (7.1) 23.3 (10.0) <.001
Fibrinogen, mg/dL 208.6 (104.9) 214.2 (105.2) 162.9 (92.1) .007
Reason for admission
Volume overload 335 (28.2) 312 (28.2) 23 (28.0) .894
Bleeding 279 (23.5) 266 (24.1) 13 (15.9) .042
Hepatic encephalopathy 146 (12.3) 140 (12.7) 6 (7.3) 101
AKI 66 (5.6) 7 (5.2) 9 (11.0) .013
Other 361 (30.4) 330 (29.9) 31 (37.8) .070
Infection at admission 300 (25.4) 264 (24.1) 36 (43.9) <.001
AKI at admission 416 (35.1) 371 (33.6) 45 (54.9) <.001
History of CKD 212 (17.9) 191 (17.3) 21 (25.6) .011
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Table 1.Continued
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All patients All nonbleed patients All bleed patients
Characteristics (N=1187) (n=1105) (n = 82) P value®
Renal replacement therapy at admission 45 (3.8) (3.5) 7 (8.5) .012
History of cardiac disease 204 (17.6) 190 (17.7) 14 (17.1) .635
History of bleeding disorder 13 (1.1) 3(1.2) 0 (0.0) .616
History of thrombophilia disorder 23 (2.0 0(1.9) 3(3.7) 219
History of current malignancy 179 (15.1) 166 (15.1) 13 (15.9) .931
History of procedural bleeding 50 (4.2) 3 (3.9) 7 (8.5) .078
Antiplatelet therapy on admission 121 (10.2) 113 (10.2) 8 (9.8) .616
Anticoagulation on admission 86 (7.2) 0 (7.2) 6 (7.3) .889
Medications at admission
Aspirin 109 (9.2) 102 (9.2) 7 (8.5) .651
Clopidogrel 21 (1.8) 19 (1.7) 2 (2.4) .253
Selective serotonin reuptake inhibitor 103 (8.7) 99 (9.0 4 (4.9) .306
Direct oral anticoagulant 42 (3.5) 39 (3.5) 3 (3.7) 1.000
Vitamin K antagonist 22 (1.9) 20 (1.8) 2 (2.4) .660
Medical thromboprophylaxis at admission 300 (25.3) 276 (25.0) 24 (29.3) 195
Unfractionated heparin 169 (56.3) 153 (55.4) 16 (66.7) 114
Low-molecular-weight heparin 119 (39.7) 112 (40.6) 7 (29.2) .130
Other 12 (4.0) 11 (4.0 14.2) 1.000
Prior admission in 28 days 283 (24.0) 265 (24.1) 18 (22.2) .976

NOTE. Data are presented as n (%) unless indicated otherwise. Bold P values indicate statistical significance (P < .05). See
Supplementary Table 2 for the percentage of missing data for each variable.

SD, standard deviation.
@Baseline characteristics are summarized at the patient level.

bFor patient-level categorical risk factors in which the risk factor frequencies for both nonbleed patlents and bleed patients
were >5, the P value was derived via center-adjusted binomial generalized linear model Wald’s x? test; otherwise, the P value
was derived via an unadjusted Fisher’s exact test (please see the Supplementary Analytical Methods section for further details).

outcome definitions in a high-risk cohort and to identify
factors predicting bleeding.

Materials and Methods

We performed a prospective, multicenter cohort study
enrolling adult patients with cirrhosis admitted to the hospital
from 20 centers in North and South America (Supplementary
Table 1). Patients aged >18 years admitted to the hospital
for >24 hours and undergoing at least 1 procedure during the
hospitalization were included. Exclusion criteria included
prisoners, pregnancy, prior liver transplantation, unable to
provide consent, or previous enrollment.

Meetings were conducted with each local study team. Local
Institutional Review Board and Ethics Committee approvals
were obtained at each participating institution. Data were
submitted in electronic case format via Research Electronic
Data Capture Software (REDCap) and centrally managed at the
University of Virginia, Charlottesville, Virginia. Clinical man-
agement of each patient was conducted according to the local
provider’s discretion, and study investigators recorded data
from the electronic medical record (Supplementary Methods).

Enrollment was prospective and consecutive, and all pa-
tients eligible for inclusion during enrollment periods were
evaluated to reduce risk of bias. Patients who met inclusion
criteria were consented for enrollment during the index

hospitalization. Patients were monitored until 28 days from the
admission date, death, liver transplantation, or before 28 days
from admission if they underwent a major surgical operation
(Supplementary Figure 1).

Data were reviewed contemporaneous to enrollment to
rectify any discrepancies. The 28-day observation period from
admission was designated to allow for standardized assessment
of death and to capture delayed bleeding after procedures. Sur-
gical operations and liver transplantation during hospitalization
were chosen as termination end points to the study because
surgical-related bleeding (eg, bleeding in the operating room)
involves a separate risk profile and subsequent management
strategies postoperatively. Individuals were enrolled only once in
the study at the time of the hospitalization.

Sample Size Justification

Study sample size determination was focused on bleeding
prevalence estimation precision as well as on multivariate
modeling of the risk of procedure bleed. Regarding bleed
prevalence estimation precision, we assumed an underlying
prevalence for bleeding of 8%. Therefore, it is possible with a
total enrollment of 707 patients to estimate bleed prevalence
with a precision of +2%. More recent analyses suggest alter-
native strategies exist to determine sample size for multivariate
regression models that do not rely on events per variable
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Table 2.Procedure Characteristics®
All procedures Nonbleed procedures Bleed procedures
Characteristic (N = 3006) (n =2913) (n = 93) P value®
Trainee performing 2180 (72.7) 2106 (72.4) 4 (79.6) .390
Any bleeding prophylaxis before 233 (7.8) 215 (7.4) 18 (19.4) .001
Vitamin K 102 (44.9) 6 (45.9) 6 (33.3) .058
Platelets 73 (32.3) 7 (32.2) 6 (33.3) .616
Plasma 69 (30.5) 0 (28.8) 9 (50.0) .297
Cryoprecipitate 51 (22.6) 5 (21.6) 6 (33.3) .328
Platelet transfusions before procedures 71 2.4 65 (2.2) 6 (6.5) .024
Prior platelet transfusions/patient
0 1137 (95.8) 1065 (96.4) 72 (87.8) <.001
1 36 (3.0) 29 (2.6) 7 (8.5) .004
2 9 (0.8 7 (0.6) 2 (2.4) 124
3 3 (0.3 3 (0.3 0 (0.0) 1.000
4 2 (0.2) 1(0.1) 1(1.2) .069
Plasma transfusions before procedures 69 (2.3) 60 (2.1) 9 (9.7) <.001
0 1146 (96.5) 1076 (97.4) 70 (85.4) <.001
1 21 (1.8) 13 (1.2) 8(9.9) <.001
2 16 (1.3) 14 (1.3) 2 (2.4) .304
3 2 (0.2 1(0.1) 1(1.2) 133
>4 2 (0.2) 1(0.1) 1(1.2) 133
Antithrombotic therapy within 24 hours 835 (27.9) 806 (27.8) 29 (31.2) .198
Aspirin 45 (1.5) 43 (1.5) 2(2.2) .648
Clopidogrel 19 (0.6) 16 (0.5) 3 (3.3 .019
Unfractionated heparin prophylaxis 472 (15.7) 455 (15.6) 17 (18.5) .188
Low-molecular-weight heparin prophylaxis 236 (7.9) 231 (7.9) 5 (5.4) 412
Unfractionated heparin treatment 26 (0.9) 24 (0.8) 2 (2.2) .188
Low-molecular-weight heparin treatment 22 (0.7) 21 (0.7) 1(1.1) 497
Direct oral anticoagulants 37 (1.2) 34 (1.2) 3 3.2 .105
Vitamin K antagonist 13 (0.4) 12 (0.4) 1(1.1) .331
Procedure
Common bedside 1568 (52.2) 1522 (52.2) 46 (49.5) 757
Vascular 569 (18.9) 544 (18.7) 25 (26.9) .060
Endoscopic 760 (25.3) 747 (25.6) 13 (14.0) .005
Percutaneous 8 (2.9) 3 (2.8) 5 (5.4) 211
Dental 1(0.4) 7 (0.2) 4 (4.3) <.001
Skin 0 (0.3 10 (0.3) 0 (0.0) 1.000
Overall procedure risk .001
Low risk 2733 (90.9) 2657 (91.2) 76 (81.7)
High risk 273 (9.1) 256 (8.8) 17 (18.3)
Preprocedure laboratory values, mean (SD)°
Sodium, mmol/L 134.6 (6.1) 134.7 (6.1) 133.8 (6.8) 117
Blood urea nitrogen, mg/dL 34.4 (26.2) 34.0 (25.8) 47 9 (35.2) <.001
Creatinine, mg/dL 1.7 (1.4) 1.7 (1.4) 5 (2.0) <.001
Total bilirubin, mg/dL 5.5(7.8) 5.4 (7.5) 8 (13.4) .001
Albumin, g/dL 3.0 (0.7) 3.0 (0.7) 9 (0.7) .342
Hemoglobin, g/dL 9.2 (2.1) 9.2 (2.1) 8 (2.1) .039
Platelets, k/uL 113.0 (78.4) 113.3 (78.3) 103 7 (81.3) 114
INR 1.8 (0.7) 1.8 (0.7) 0 (0.8) <.001
Prothrombin time, s 20.3 (7.0) 20.2 (6.9) 23 3 8.6) <.001
Fibrinogen, mg/dL 194.2 (108.9) 195.9 (109.7) 161.8 (88.9) .050

NOTE. Data are presented as n (%) unless designated otherwise. Bold P values indicate statistical significance (P < .05). See
Supplementary Table 3 for the percentage of missing data for each variable.
SD, standard deviation.

aProcedure characteristics are summarized at the procedure level.

bFor procedure categorical risk factors in which the risk factor frequencies for both the nonbleed procedures and the bleed
procedures were >5, the P values were derived via center-adjusted binomial generalized estimating equation Wald’s x? tests;
otherwise, the P values were derived via unadjusted Fisher’s exact tests (please see the Analytical Methods section of the
Supplementary Material for further details).
°For preprocedure laboratory data, all laboratory measures were analyzed on the natural logarithmic scale, and the P values
were derived via center-adjusted linear mixed model t tests (please see the Analytical Methods section of the Supplementary
Material for further details).
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criteria.’’ However, we based the multivariate regression
model on the aim for ~10 unique events per predictor variable
to have adequate power to detect partial associations without
overfitting. As such, we estimated the need for a minimum of 80
to >100 bleeding events to identify unique partial associations
between predictors of bleed and procedure bleed. Conse-
quently, the patient enrollment goal was liberally set at ~1250
patients (patient enrollment size that conservatively assumes
every patient will undergo 1 procedure during hospitalization).

Study Definitions

Cirrhosis was defined according to available clinical, histo-
logic, radiographic, and biochemical data. Definitions for Model
for End-Stage Liver Disease (MELD), acute decompensation,
and ACLF were defined according to European Foundation for
the Study of Chronic Liver Failure and are described in the
Supplementary Methods. Ascites grade was defined according
to International Club of Ascites and European Association for
Study of Liver guidelines.”*** Ascites grade was recorded and
assessed at the time of admission. Hepatic encephalopathy was
defined according to West Haven criteria and was recorded and
assessed at the time of admission.

Chronic kidney disease (CKD) was defined as a clinical history
or a documented glomerular filtration rate of <60 mL « min~" -
1.73 m™% for >3 months.”® Acute kidney injury (AKI) was
defined according to International Club of Ascites definition as an
increase in serum creatinine of >0.3 mg/dL within 48 hours or a
50% increase in 7 days from the baseline serum creatinine.”®

A nonsurgical procedure was defined as any procedure
occurring during the hospitalization as judged by investigators,
but could not take place with general anesthesia in an operating
room. Procedure-related bleeding was defined as bleeding
related in time and location to the procedure, as judged and
reported by the local investigator. The severity of bleeding was
categorized according to International Society of Thrombosis
and Haemostasis definitions for major bleeding®’ and clinically
relevant nonmajor bleeding (CRNMB)?® (Supplementary
Methods). Bleeding related to a procedure that was identified
by investigators but did not meet the definition of major
bleeding or CRNMB was reported as “other bleeding.” For each
bleeding event submitted, 3 blinded independent adjudicators
reviewed a deidentified case report form to verify that the
bleeding event met the criteria. A majority agreement was
needed to determine whether the bleeding event met criteria
and to classify the type of bleeding.

Procedure risk was determined to be low-risk or high-risk
based on previously published guidance.”***° Low-risk pro-
cedures include procedures where the expected major bleeding
rate is <1.5% and bleeding can be easily controlled if occurring.
High-risk includes procedures where the expected estimated
major bleeding rate is >1.5% or if bleeding would be difficult to
control or result in a location causing serious morbidity.

Analytical Methods

The analytical methods are described in detail in the
Supplementary Analytical Methods. In 6 subsections we detail
the analytical methods used to:

1. summarize the empirical distributions of the baseline
and preprocedure and concurrent-procedure patient
characteristic data,

Gastroenterology Vol. 165, Iss. 3

2. derive the estimates for the bleeding prevalence and for
bleeding incidence rate,

3. compare the baseline characteristics of patients with and
without bleeding,

4. compare the preprocedure characteristics of patients
with and without bleeding,

5. derive among a set of a priori-selected patient and
procedure characteristics those characteristics that are
uniquely associated with procedure bleed, and

6. compare 28-day mortality and survival time between
patients with and without bleeding.

Missing data were not imputed, and missing data fre-
quencies are summarized in the Supplementary Results
(Supplementary Tables 2-4).

Data were contributed by 20 medical centers, and to account
for variability between centers, the 20 centers were clustered
into 5 center-groups. Cluster criterion was based on geographic
location and bleeding events (each center-group had to have
at least 10 bleeding events) (Supplementary Tables 5 and 6).
All multivariate regression models for bleeding, death, and
survival were constructed a priori, and selection of variables
was based on prior literature and biologic plausibility.

Results

Cohort Patient Characteristics

The study enrolled 1187 patients undergoing 3006
nonsurgical procedures from 2019 to 2022 from 20 centers
throughout North and South America (Table 1 and
Supplementary Table 1). The cohort was an average age of
58.2 years, and 60% were men. Volume overload, bleeding,
and hepatic encephalopathy were among the most common
reasons for admission to the hospital. Overall, the cohort had a
mean MELD at admission of 19 and a mean Child-Turcotte-
Pugh (CTP) score of 10 (57.1% of patients CTP C). ACLF
(grade 1-3) was present in 21.3% of the cohort, with a Eu-
ropean Foundation for the Study of Chronic Liver Failure
(CLIF)-C ACLF mean score of 50.4. Patients underwent an
average of 2.5 procedures during each hospitalization.
Medical thromboprophylaxis was started at the time of
admission in 25.3% of patients. Infection was present at
admission in 25.4% of patients, with the most common type
of infection being spontaneous bacterial peritonitis.

The cohort underwent 62 distinct nonsurgical proced-
ures, with 9.1% of procedures classified as high bleeding
risk (Supplementary Table 7). The most common proced-
ures included paracentesis, esophagogastroduodenoscopy,
and placement of a central venous catheter (Supplementary
Table 7). A trainee participated in 72.7% of procedures.
Bleeding prophylaxis was provided before 7.8% of proced-
ures (4.2% of patients received at least 1 unit of platelets,
and 3.5% of patients received at least 1 unit of plasma).

Anticoagulation or antiplatelet therapy (prophylaxis or
therapeutic) within 24 hours of the procedure was present
during 27.9% of procedures. In patients on anticoagulation,
therapy was continued uninterrupted during 76% of pro-
cedures. The most common anticoagulation used in the
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cohort was venous thromboembolism (VTE) prophylaxis,
with unfractionated heparin in 15.7% and low-molecular-
weight heparin in 7.9% of procedures. At the conclusion of
the analysis, 10 patient admissions had procedures included
beyond defined study termination points (n = 21 procedures,
all without bleeding). Procedures included beyond study end
points were uniformly excluded in all time-dependent, death,
and survival analyses (Supplementary Methods).

Prevalence and Incidence Rates

We identified 93 procedural-related bleeding events in
this cohort (31 major, 37 CRNMB, and 25 other) (Table 2
and Supplementary Table 8). A single bleeding event
occurred in 72 patients (87.8%), and >1 bleeding event
occurred in 10 patients (12.2%), comprising 9 patients with
2 bleeding events and 1 patient with 3 bleeding events.
Procedural-related bleeding occurred in 6.9% (95% confi-
dence interval [CI], 5.6%-8.5%) of patients per admission
and 3.0% (95% CI, 2.5%-3.8%) per procedure. Major
bleeding occurred in 2.3% (95% CI, 1.6%-3.3%) of patients
per admission and 0.9% (95% CI, 0.7%-1.5%) per proced-
ure. The mean incidence rate per hospitalization day for all
bleeding was 6 bleeds (95% CI, 5.0-7.6 bleeds) per 1000
patient hospitalization days. The mean incidence rate per
hospitalization day for major bleeding was 2.1 (95% CI, 1.4-
2.9) per 1000 patient hospitalization days. Among those
who had a bleeding event, the median time to the first bleed
was 3.5 days (95% CI, 2.5-6.0 days) from admission, and
the mean time to first bleed was 6.0 days (95% CI, 4.9-7.3
days) from admission. Bleeding unrelated to procedures
occurred in 16.2% (95% CI, 14.2%-18.4%) of patients, with
portal hypertension-related gastrointestinal bleeding being
the most common type of bleeding. Venous thrombosis was
diagnosed in 8.0% (95% CI, 6.6%-9.7%) of patients, with
portal vein thrombosis the most common thrombosis
identified (5.3%; 95% CI, 4.2%-6.7%).

Comparison of Patients With and Without
Bleeding

When patients with bleeding events were compared
with patients without bleeding, multiple significant differ-
ences were identified in univariable analysis (Table 1).
Admission characteristics, including age, sex, etiology of
cirrhosis, and reason for admission, were generally similar
between the groups. However, patients with bleeding were
more likely to have nonalcoholic steatohepatitis (NASH) as
an etiology to cirrhosis (43.9% vs 30%; P = .005) and had
significantly higher mean body mass index (BMI; 31.2 vs
29.5; P = .014). Based on univariate analysis, when cate-
gorized into BMI classes, patients with BMI >40 were at
significantly higher risk of experiencing >1 procedure
bleeds compared with patients with normal BMI patients
(P = .042) (Supplementary Table 9).

Patients with bleeding had significantly higher MELD
scores and CTP scores at admission. A univariate analysis
showed patients who had a MELD >25 at admission were at
higher risk of experiencing >1 procedure bleeds compared
with patients who had a MELD <25 at admission (P < .001)
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(Supplementary Table 10). In the bleeding group, 42.1% of
patients had ACLF compared with 19.7% in the nonbleeding
group (P < .001). Specifically, higher proportions of
advanced ACLF grade 2 and 3 were more common in the
bleeding cohort. Procedural-related bleeding was more
likely to develop in patients with ACLF (relative risk, 2.05;
95% CI, 1.32-3.19; P = .001).

Patients with bleeding underwent more procedures
during the hospitalization (mean 4.4 vs 2.4 procedures, P <
.001). During each hospitalization, patients had an incidence
rate of 2.0 procedures (95% CI, 1.9-2.1 procedures) per 10
patient hospital days. The median time to the first bleed
among the cohort with bleeding was 3.5 days (95% CI, 2.5-
6.0 days) from admission. Patients with bleeding were more
likely to have undergone high-risk procedures compared
with patients who did not bleed (relative risk, 2.23; 95% CI,
1.35-3.73; P = .002).

Admission laboratory values were significantly different,
with elevated creatinine, total bilirubin, and international
normalized ratio (INR) in the bleeding group (Table 1).
Patients with bleeding were more likely to have AKI (54.9%
vs 33.6%, P < .001), CKD (25.6% vs 17.3%, P = .011), and
infection (43.9% vs 24.1%, P < .001) at admission. There
were no significant differences in presence of antiplatelet
therapy, anticoagulation, or initiation of medical thrombo-
prophylaxis at admission between groups.

Procedures With Bleeding Compared With Those
Without Bleeding

The cohort underwent 3006 procedures, with 93 pro-
cedures associated with a bleeding event (Table 2). Bleeding
events were encountered in 2.9% (46 of 1568) common
bedside procedures, 4.4% (25 of 569) vascular, 1.7% (13 of
760) endoscopic, 5.7% (5 of 88) percutaneous, 36.3% (4 of
11) dental, and 0% (0 of 10) skin procedures
(Supplementary Figure 2 and Supplementary Tables 7 and
8). There was no significant difference in trainee involve-
ment in procedures (nonbleed 72.4% vs bleed 79.6%, P =
.382). Patients with bleeding underwent a higher proportion
of high-risk procedures (Supplementary Figure 3).

Laboratory values before procedures with bleeding
demonstrated significantly higher blood urea nitrogen,
creatinine, total bilirubin, INR, and significantly lower
fibrinogen (Table 2). Notably, the mean platelet count
before procedures was similar between procedures with
bleeding 103.7 k/uL and procedures without bleeding 113.3
k/uL (P = .11). When high- and low-risk procedures were
stratified, the presence of severe thrombocytopenia (plate-
lets <50,000/uL) was not significantly different between
groups (Supplementary Figure 4). Owing to the low preva-
lence of fibrinogen values checked before procedures,
multivariable analysis of fibrinogen could not be performed
(data missing in 81.6% of patients).

Procedures in which prophylaxis was administered before
the procedure had a higher percentage of bleeds than pro-
cedures in which prophylaxis was not administered before the
procedure (19.4% of procedures with bleeding vs 7.4% of
procedures without bleeding, P =.001) (Table 2). Specifically,
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Platelet transfusion before both low- and high-risk pro-
cedures was more common for procedures performed on
patients with severe thrombocytopenia than performed in
patients who had a preprocedure count >50,000/uL
(Figure 14). In 28.6% of the procedures performed on pa-
tients who had bleeding and severe thrombocytopenia, the
patient had received at least 1 platelet transfusion before
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the procedure compared with 10.4% of the procedures
performed on patients who had no bleeding but severe
thrombocytopenia (P = .055) (Figure 1B). A higher pro-
portion of low- and high-risk procedures was performed on
patients who had received a plasma transfusion when the
preprocedure INR was >1.5 (Figure 24). In 14% of the
procedures performed on patients with bleeding and an INR
>1.5, the patient had received at least 1 unit of plasma
before the procedure compared with only 3.5% of the
procedures performed on patients without bleeding and an
INR >1.5 (P = .001) (Figure 2B).
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Figure 2. (A) The relative frequencies of
patients who did or did not receive a
plasma transfusion before procedures
stratified by procedure risk are
compared. Frequency of plasma trans-
fusion was significantly dependent on
INR. When the INR was >1.5 before the
procedure, a plasma transfusion was
given more often for high-risk proced-
ures (P = .005). (B) The relative fre-
quencies between patients who received
a plasma transfusion before the pro-
cedure, as stratified by INR and bleeding
outcome, are compared. Among all
procedures, a plasma transfusion was
more frequently provided before pro-
cedures with an INR >1.5. (P < .001).
Among nonbleeding procedures, a
plasma transfusion was more frequently
provided in procedures with an INR >1.5
(P < .001). However, among bleeding
procedures, plasma transfusions were
not significantly dependent on the INR
(P = .261). Patients with bleeding more
frequently received a plasma transfusion
before the procedure when the INR was
>1.5 compared with patients without
bleeding and an INR >1.5 (P = .001).
Values above the bars identity the num-
ber of patients upon which the relative
frequency is based.
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The presence of anticoagulation or antiplatelet medica-
tion at the time of the procedure was similar between the
nonbleed (27.8%) and bleed (31.2%) groups (P = .198).
However, clopidogrel use at the time of the procedure
was more common among bleed procedures (3.3% vs 0.5%,

P =.019).

Predictors of Procedural-Related Bleeding

Multivariate analysis showed that high-risk procedures
(adjusted odds ratio [AOR], 4.64; 95% CI, 2.44-8.84; P <

.001), MELD score (AOR, 2.37; 95% CI 1.46-3.86; P < .001),
and higher BMI (AOR, 1.40; 95% CI, 1.10-1.80; P = .007)
were uniquely associated with procedure bleeding (model C
statistic, 0.77; 95% CI, 0.75-0.78) after adjusting for all
remaining predictor variables and center-group variation
(Table 3). The presence of ascites at admission, trainee
involvement in the procedure, AKI present at admission,
platelet level before the procedure, INR before the proced-
ure, infection at admission, antithrombotic therapy, number
of prior procedures, VTE prophylaxis at admission, and
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Table 3.Multivariable Binomial Generalized Estimating Equation Model Adjusted Odds Ratios for Comparing the Odds for

Procedural-Related Bleeding®

Predictor variable Ratio” AOR (95% CI) P value®
Procedure risk High: Low 4.64 (2.44-8.84) <.001
MELD score at admission 3rd quantile (25.9): 1st quantile (13.6) 2.37 (1.46-3.86) <.001
BMI 3rd quantile (33.3): 1st quantile (24.1) 1.40 (1.10-1.80) .007
Ascites present Present: Absent 1.31 (0.99-1.75) .062
Trainee performed Yes: No 1.56 (0.81-2.99) A77
AKI present at admission Present: Absent 0.72 (0.42-1.22) .223
INR prior to procedure 3rd quantile (2.0): 1st quantile (1.3) 1.22 (0.84-1.79) .294
Infection at admission Present: Absent 1.26 (0.76-2.08) .337
Antithrombotic prior to procedure Yes: No 1.34 (0.69-2.61) .394
Platelet level prior to procedure 3rd quantile (137.0): 1st quantile (59.0) 0.93 (0.65-1.27) .635
Number of prior procedures X+ 1:x 1.02 (0.92-1.13) .657
ACLF present at admission Yes: No 1.04 (0.80-1.35) 776
VTE prophylaxis at admission Yes: No 1.01 (0.52-1.96) 972

NOTE. Bold P values indicate statistical significance (P < .05). See Supplementary Table 3 for the percentage of missing data

for each variable.

#Procedure is the analytical unit, and 2324 of the 3006 total procedures (77.3%) had a complete set of risk factor data and
were included in the analysis. Please see Supplementary Table 6 for the center-group related AORs that were omitted from this

AOR summary.

bRatio notation: 1st quantile denotes the value of the predictor variable at the 25th percentile of the predictor variable empirical
distribution. The 3rd quantile denotes the value of the predictor variable at the 75th percentile of the predictor variable

empirical distribution.

°P values were derived from the multivariate binomial generalized estimating equation multivariate adjusted type Ill Wald’s x2
tests (please see the Analytical Methods section of the Supplementary Methods for further details).

presence of ACLF were not significant predictors of pro-
cedure bleeding. Center-group was included in the multi-
variate analysis to adjust for between center-group
variability, and the center-group adjusted AORs are pre-
sented separately in Supplementary Table 6. Data for indi-
vidual center-specific enrollment and bleeding incidence are
listed in Supplementary Table 5.

Univariate analysis revealed that the risk for procedural
bleeding was higher among procedures performed on pa-
tients with a BMI >40 than among procedures performed
on patients with a BMI within the normal reference range
(P = .016) (Supplementary Table 9). Univariate analysis
also revealed that the risk for procedural bleeding was
higher among the procedures performed on patients who
had an admission MELD >25 than among the procedures
performed on patients who had an admission MELD <25 (P
< .001) (Supplementary Table 10)

Patient Mortality and Survival Analysis

Death during hospitalization and the 28-day follow-up
period was more common in patients who experienced
procedural-related bleeding. Patients in the bleeding cohort
had higher rates of mortality during hospitalization (28.8%
vs 6.5%, P < .001) and during the 28-day follow-up period
(23.8% vs 7.0%, P < .001). A total of 94 patients died during

hospitalization, and 2 additional patients died after hospi-
talization during the 28-day follow-up period. Five patients
undergoing 8 separate procedures with bleeding died as an
indirect or direct result of bleeding. Two patients had
multiple procedural-related bleeding events indirectly or
directly associated with death. Procedural-related bleeding
associated with death was encountered related to the
following procedure types: transjugular intrahepatic porto-
systemic shunt, paracentesis, esophagogastroduodenoscopy
with band ligation, and arterial and venous catheter
procedures.

When patients with and without bleeding were
compared, patients with procedural-related bleeding had a
significantly higher risk of death (HR, 6.91; 95% CI, 4.22-
11.31; P < .001) (Figure 34). Patients with major proce-
dural bleeding had a significantly higher risk of death than
patients without bleeding (HR, 12.97; 95% CI, 6.42-26.19;
P < .001) (Figure 3B). When death was examined in
multivariate logistic regression, patients with procedural-
related bleeding had a significantly higher risk of death
(AOR, 3.14; 95% CI, 1.66-5.97; P < .001) (Supplementary
Table 11).

An increased number of procedures performed was
also significantly predictive of risk of death (AOR, 1.14; 95%
CI, 1.04-1.27; P = .008). A Cox multivariate regression
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survival analysis also demonstrated a significantly lower
likelihood of 28-day survival in patients with procedural-
related bleeding compared with patients without a
bleeding event (adjusted HR [AHR], 1.71; 95% CI, 1.08-2.73;
P = .023) (Table 4). Similarly, an increased number of
procedures performed was also significantly predictive of
lower likelihood of 28-day survival (AHR, 1.25; 95% CI,
1.10-1.41; P < .001) in the multivariate regression survival
analysis.

When death was examined in respect to the most severe
type of bleeding event experienced in a multivariate logistic
regression model, patients with major bleeding had a
significantly higher risk of death compared with patients
without bleeding (AOR, 5.77; 95% CI, 2.20-15.12; P < .001)
(Supplementary Table 12). Patients with CRNMB compared
with patients without bleeding also had a significantly

PN
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Survival Time (Days)

higher risk of death (AOR, 2.89; 95% CI, 1.15-6.28;
P = .024) (Supplementary Table 10). A Cox multivariate
regression survival analysis also demonstrated a signifi-
cantly lower likelihood of 28-day survival in patients with
procedural-related major bleeding compared with patients
without bleeding (AHR, 3.49; 95% CI, 1.56-7.80; P = .002)
(Supplementary Table 13).

Discussion

This is the largest prospective study to date examining
procedural-related bleeding in hospitalized patients with
decompensated cirrhosis. The dynamic spectrum of
decompensated liver disease coupled with the rarity of
bleeding presents significant investigational challenges.*’
Our results show that procedural-related bleeding in
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Table 4.Multivariate Extended Cox’s Regression Adjusted Hazard Ratios for Comparing the Instantaneous Risk of Death at

the Patient Level®

Predictor variable Ratio” AHR (95% CI) P value®
Procedures during hospitalization, n X+ 1:x 1.25 (1.10-1.41) <.001
MELD score at admission 3rd quantile (24.3): 1st quantile (12.5) 2.52 (1.47-4.33) .001
Procedure bleeding event Yes: No 1.71 (1.08-2.73) .023
History of CKD Yes: No 0.48 (0.25-0.92) .028
Age 3rd quantile (66.0): 1st quantile (51.0) 1.33 (0.97-1.83) .076
Infection at admission Yes: No 1.47 (0.92-2.34) A11
CTP class at admission Class C: Class A or B 1.60 (0.67-3.85) .290
Ascites present Yes: No 1.66 (0.64-3.29) .298
AKI at admission Yes: No 1.26 (0.74-2.12) .395
Sex Male: Female 0.84 (0.52-1.35) 471
ACLF present at admission Yes: No 0.90 (0.66-1.23) .503

NOTE. Bold P values indicate statistical significance (P < .05). Note the Gambsch and Therneau null hypothesis test, in which
it is assumed under the null hypothesis that the HR is time independent (ie, the HR remains constant though time), failed to be
reject at the predictor variable level for all 11 predictor variables (P >.150 for all), and also failed to be rejected at the model

level (P = .817).

2Patient is the analytical unit, and 1021 of the total 1187 patients (86.0%) had a complete set of risk factor data and were

included in the analysis.

bRatio notation: 1st quantile denotes the value of the predictor variable at the 25th percentile of the predictor variable empirical
distribution, and the 3rd quantile denotes the value of the predictor variable at the 75th percentile of the predictor variable

empirical distribution.

P value is the P value from the multivariate adjusted type Ill Wald’s x? test (please see the Analytical Methods section of the

Supplementary Material for further details).

hospitalized patients with cirrhosis is rare. The risk of
bleeding is strongly associated with more decompensated
disease, higher-risk procedures, and higher BMI. Specifically,
patients undergoing high-risk procedures with MELD scores
>25 and BMI >40 may represent a higher-risk population
more prone to develop bleeding from procedures. However,
contrary to common perception, bleeding is not associated
with conventional coagulation tests, antithrombotic therapy
use, or preprocedure prophylaxis. Development of
procedural-related bleeding in hospitalized patients with
cirrhosis is independently associated with increased mor-
tality and a lower likelihood of 28-day survival.

Many clinicians perceive bleeding risk to be increased in
patients with decompensated cirrhosis and therefore may
avoid procedures or alter approaches with transfusions for
prophylaxis. Our results demonstrate that procedural-
related bleeding is very uncommon, irrespective of pro-
phylaxis use. Studies examining bleeding in patients with
cirrhosis report varying rates of bleeding and do not always
account for prophylaxis. Three retrospective studies con-
ducted in patients with cirrhosis undergoing various pro-
cedures reported a wide range of bleeding events from 2%
to 20%.°'" Our results agree with a previous study of
bleeding in hospitalized patients with decompensated
cirrhosis where investigators reported bleeding unrelated to
portal hypertension developed in 6.7% of patients, with
most of the bleeding related to procedures.’

Retrospective cohort studies in patients with decom-
pensated cirrhosis indicate conventional tests of hemostasis
do not predict bleeding.**** Societal guidance now recom-
mends against the use of platelet count and INR to risk
stratify patients before procedures.”?%*! Our study sup-
ports these recommendations, because neither pre-
procedure platelet count nor INR predicted bleeding, and
correction of these laboratory values did not reduce
bleeding risk. Although the use of preprocedure prophylaxis
was not randomized in this study, its use was overall low,
indicating further evidence of the low likelihood of efficacy
to prevent bleeding.

Nonetheless, the INR is inextricably linked to cirrhosis
through the MELD score and may remain conflated with
bleeding risk. However, we found no evidence that use of
plasma to correct the INR prevents bleeding events.
Together this suggests that the predictive value of the INR
rests only in that it exemplifies disease severity rather than
reflecting a risky acquired coagulopathy.

Procedure risk category was the most significant pre-
dictor of bleeding in this cohort. This finding corroborates a
recent retrospective study examining the risk of bleeding
with procedures and surgery.'’ Determining procedure
bleeding risk is complex and based on inherent technical
factors, organ system involvement, and highly dynamic
patient-specific risk factors. Society guidelines advocate for
a dichotomous procedure risk categorization (low or high),
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where low-risk procedures are unlikely to result in major
bleeding (<1.5%). Procedures that involve locations in the
body with potential catastrophic consequences or difficulty
in controlling bleeding are also considered high risk. These
classifications are from expert opinion in the context of
managing antithrombotic therapy in patients undergoing
procedures.”””*" This finding highlights the importance of
future studies to focus on specific high-risk procedures to
better clarify future recommendations for periprocedural
risk stratification and management strategies.

Obesity is known to have an independent and procoa-
gulant effect on the hemostatic system.34 In this cohort,
however, NASH and higher BMI were more common in
patients with bleeding. In multivariate analysis, higher BMI
was a significant predictor of bleeding. Previous studies
suggest NASH may increase the risk for hypercoagulability
with higher risk of thrombosis.>**® Obese patients without
cirrhosis undergoing procedures, such as percutaneous
coronary intervention or surgery, have lower rates of
bleeding complications compared with low BMI pa-
tients.*”*® However, a recent large cohort study examined
this “obesity paradox” and found that obesity may not
actually protect against bleeding.’’ Adipose tissue can
obscure anatomic landmarks, suggesting that obesity may
increase the risk of procedural-related bleeding.*’

The relationship with BMI and procedural-related
bleeding in this study may possibly be explained by tech-
nical challenges during procedures. The use of BMI may
have some important limitations in the setting of cirrhosis
given the presence of ascites, sarcopenia, and edema. In this
study, we controlled for the contribution of ascites in the
model and therefore demonstrated BMI, independent of
ascites, predicts bleeding. Nevertheless, edema and other
features of body habitus, such as sarcopenia, were not
assessed in this study and may confound this finding.
Further studies are needed to expand and confirm the role
of BMI as an easily quantifiable measure to aid in predicting
bleeding risk in this population.

Patients admitted to the hospital with cirrhosis are at
risk to develop acutely decompensated disease or multi-
organ failure consistent with ACLF, often driven by infection
and AKI. Previous studies have found associations between
acute and chronic kidney disease and risk of bleeding in
patients with cirrhosis.**™*® Our study demonstrated that
AKI and CKD were both more common in patients with
bleeding. Levels of both blood urea nitrogen and creatinine
were significantly higher in patients with bleeding
compared with patients without bleeding at admission and
before procedures. However, the presence of AKI was not
predictive of bleeding in multivariable modeling.

The significant influence of creatinine in the MELD score
may partly explain this due to a fundamental confounding
relationship between these variables. Patients with acutely
decompensated cirrhosis and ACLF have unique hemostatic
profiles compared with patients with stable cirrhosis.”’
Patients with ACLF typically have significant kidney dis-
ease, and consequently, this confounding relationship could
obscure the role that specific organ failures have on
bleeding risk.

Procedural-Related Bleeding in Liver Disease 729

The presence of medical VTE prophylaxis at admission
and other anticoagulation preprocedure did not enhance
bleeding risk. This finding supports society guideline rec-
ommendations to consider anticoagulation for VTE pro-
phylaxis in high-risk patients with cirrhosis admitted to the
hospital. Interestingly, VTE prophylaxis was started at
admission in only 25% of patients. Although no difference
was observed in bleeding outcomes, future studies should
clarify the rationale for providing or withholding VTE pro-
phylaxis in hospitalized patients.**

Patients who developed procedural-related bleeding had
a significantly lower likelihood of 28-day survival in this
cohort, even when controlling for common confounding
factors associated with death, such as MELD, ACLF, and CTP
grade. This significant and independent risk for death em-
phasizes the urgent necessity for future studies to develop
strategies to prevent bleeding by accurately identifying the
highest-risk procedures and patients. It is important, how-
ever, to consider the complex relationship between proce-
dural bleeding and death because patients with
decompensated liver disease and multiorgan failure more
often require procedures, and the consequences of bleeding
may contribute to, but not completely explain, the ultimate
cause of death. In some cases, bleeding may be a marker of
increased mortality risk rather than a contributing factor
per se. The small number of deaths in this cohort overall
places constraints on statistical modeling, and this finding
should be interpreted with caution until future studies can
elaborate on these findings.

These results provide clinicians with several direct
practical applications. First, procedural-related bleeding is
very rare but is associated with higher-risk procedures and
a higher risk of death in hospitalized patients with cirrhosis.
Therefore, preventive strategies and planning for rescue
therapies for potential bleeding in the periprocedural period
in high-risk procedures is imperative. Notably, preproce-
dural prophylaxis in this cohort was not associated with
decreased bleeding. This finding is consistent with recent
guidance recommending against routine use or pre-
procedure prophylaxis based on platelet count or INR,>*%**
Clinicians can be reassured by the findings that platelet
count and the INR do not predict bleeding events and that
correction of these values is therefore unlikely to reduce
bleeding risk.

Second, patients with elevated BMI may be higher risk
for bleeding, and caution in these patients is advised,
particularly when they are undergoing high-risk procedures.

Third, the degree of hepatic decompensation is a very
important predictor of bleeding, and caution is advised in
patients with a higher MELD score.

Our study has several strengths, including the prospec-
tive study design with standard clear outcome definitions.
Given patients were sampled from multiple centers
throughout North and South America, the strong external
validity allows for broader application.

We minimized misclassification bias through use of
standard bleeding definitions, prospective enrollment, and
blinded adjudicators. Nevertheless, classifying bleeding
related to procedures is challenging in this population given
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the underlying severity of illness, which can contribute to all
types of bleeding. We relied on previously published liter-
ature and biologic plausibility to construct our multivariable
model a priori, which allows for increased validity and
generalizability.

As with most observational studies, there are important
limitations to recognize. There is potential for selection bias
because patients admitted to the hospital who did not un-
dergo procedures were not enrolled, and this population
may have included higher-risk individuals who were too
unstable to undergo procedures.

The rarity of bleeding events limited construction of a
multivariable model, which could lead to inaccurate or
overlooked associations. As such, we included the most
important variables in the model based on prior studies and
plausible biologic relationships, and therefore, many un-
known factors that which may affect bleeding risk were not
included.

Given the rarity of use of antiplatelet agents and thera-
peutic anticoagulant agents in this cohort, we combined all
agents into one category for multivariate analyses and found
no association with bleeding. The bleeding risk with these
medications likely depends on many factors, including
medications class, timing of administration, dose, and dy-
namic patient factors that were unable to be measured in
the limitations of this study design.

This was an observational study; therefore, the use of
preprocedure prophylaxis was not randomized. Because
patients who received prophylaxis were more likely to be
perceived by local providers to be at higher risk of bleeding,
prophylaxis was intentionally excluded from the multivar-
iate model predicting bleeding to reduce introduction of
bias.

Although local cohorts were combined into one large
cohort in this study, there is a possibility that center-specific
factors, including patient characteristics and enrollment
approaches, differed between centers. To counter this po-
tential bias, we used extensive instructive guidance and
preparation with centers, scrutinized database entries dur-
ing enrollment, and used independent adjudicators to re-
view bleeding events.

Furthermore, to account for any center-specific effect, we
adjusted for center-specific influence in univariate and
multivariate modeling, as described above. Center-group
designation was intended to distribute bleeding events
evenly, and the groups were artificial constructs, and there-
fore, this study is not powered to compare specific variables
unique to local centers that may affect bleeding risk. A limi-
tation of this strategy is the possibility that heterogeneity
between center bleeding rates is unaccounted for and may be
an unrecognized bias introduced into the analyses.

A 28-day follow-up period was chosen for standardiza-
tion and logistics for follow-up during enrollment, and
therefore, bleeding events, particularly delayed bleeding,
may have been missed in extended hospitalizations.

Lastly, we suspect that bleeding risk is unique and
inherent to specific procedures, and the rarity of outcome
events precluded us from performing extensive subcohort
analyses to assess procedures separately. We attempted to
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mitigate this by using a formal definition of risk stratifica-
tion; however, future studies may consider focusing on
single procedures or groups of procedures with similar
features.

Conclusion

In conclusion, procedural-related bleeding is rare in a
large and diverse population of hospitalized patients with
decompensated cirrhosis. Conventional parameters previ-
ously associated with bleeding risk, including thrombocy-
topenia and coagulopathy measured by INR, do not predict
bleeding, and the use of measures to “correct” these values
should be avoided. Rather, clinicians should focus individual
management strategies on higher-risk populations that
appear to include patients undergoing high-risk procedures
with higher MELD scores and higher BMI. Although bleeding
from procedures is rare, its independent association with
death in this study highlights the need for future studies
to improve our understanding of bleeding risk in this
population.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://dx.doi.org/10.1053/
j.gastro.2023.05.046.
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