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Abstract

BACKGROUND

Patients with liver disease are concomitantly at increased risk of venous
thromboembolism (VTE) and bleeding events due to changes in the balance of
pro- and anti-hemostatic substances. As such, recommendations for the use of
pharmacological VTE prophylaxis are lacking. Recent studies have found no
difference in rates of VTE in those receiving and not receiving pharmacological
VTE prophylaxis, though most studies have been small. Thus, our study sought
to establish if pharmacological VTE prophylaxis is effective and safe in patients
with liver disease.

AIM
To determine if there is net clinical benefit to providing pharmacological VTE
prophylaxis to cirrhotic patients.

METHODS

In this retrospective study, 1806 patients were propensity matched to assess if
pharmacological VTE prophylaxis is effective and safe in patients with cirrhosis.
Patients were divided and evaluated based on receipt of pharmacological VTE
prophylaxis.

RESULTS

The composite primary outcome of VTE or major bleeding was more common in
the no prophylaxis group than the prophylaxis group (8.7% vs 5.1%, P = 0.002),
though this outcome was driven by higher rates of major bleeding (6.9% vs 2.9%,
P <0.001) rather than VTE (1.9% vs 2.2%, P = 0.62). There was no difference in
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length of stay or in-hospital mortality between groups. Pharmacological VTE
prophylaxis was independently associated with lower rates of major bleeding
(OR =0.42, 95%CI: 0.25-0.68, P = 0.0005), but was not protective against VTE on
multivariable analysis.

CONCLUSION

Pharmacological VTE prophylaxis was not associated with a significant reduction
in the rate of VTE in patients with liver disease, though no increase in major
bleeding events was observed.

Key words: Fibrosis; Venous thromboembolism; Venous thrombosis; Liver; Embolism

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: While patients with cirrhosis have historically been considered to be
coagulopathic, recent data suggests that these patients may be both hypo- and
hypercoagulable. Recommendation for provision of chemoprophylaxis to prevent venous
thromboembolism (VTE) in this group of patients is lacking. In our study,
pharmacological VTE prophylaxis decreased composite rates of major bleeding and VTE
but was not protective against VTE, further demonstrating the uncertain utility of
chemoprophylaxis in this population.

Citation: Yerke J, Bauer SR, Bass S, Torbic H, Militello M, Roach E, Hanouneh I, Welch S.
Effectiveness of venous thromboembolism prophylaxis in patients with liver disease. World J
Hepatol 2019; 11(4): 379-390
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INTRODUCTION

It is widely recognized that patients with liver disease, particularly end stage, have
acquired bleeding disorders resulting from a reduction of procoagulant factors,
thrombocytopenia, and abnormalities in fibrinolysis!'. More recently, however, the
risk of venous thromboembolism (VTE) is being recognized and is likely due to
elevations in factor VIII and von Willebrand factor along with a reduction of the
endogenous anticoagulant protein Cl'l. Several studies have evaluated the risk of VTE
in patients with end-stage liver disease with varying results ranging from an
incidence of 0.5% to 6.3%™. Factors that have been implicated in a higher rate of VTE
occurrence include albumin levels < 3 g/dL and concomitant comorbidities,
particularly chronic kidney disease, heart failure, and malignancy®™!.

These variable findings are likely due to several factors including differences in
severity of liver disease, etiology of liver disease, concomitant comorbidities, and
potentially the receipt of pharmacological VTE prophylaxis. The use of
pharmacological VTE prophylaxis is commonly omitted in patients with end stage
liver disease due to the widely held belief that the risk of bleeding outweighs the

benefit of prophylaxis®”'*"l. Additionally, it is unclear if pharmacological prophylaxis
is effective in preventing thrombosis as it has been shown to be in other patient
populations.

Few studies have evaluated the effectiveness and risk of VTE prophylaxis in
patients with liver disease. Those that have suggest no reduction in rate of VTE
events, but suggest potential increases in the rate of major bleedingl®’*'?. However,
these studies have significant limitations, most notably the lack of defined
prophylactic therapy, defined VTE and bleeding events, heterogeneity among
patients, and small sample size. The net benefit of pharmacological VTE prophylaxis
is of particular interest because VTE events have been shown to confer a higher 30-d
mortality when they occur in a patient with cirrhosis compared to the general
population!”l. Therefore, our study seeks to compare differences in the rate of VTE
and major bleeding between patients with liver disease receiving and not receiving
pharmacological VTE prophylaxis.
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MATERIALS AND METHODS
Study site

This retrospective cohort study was performed at a large, tertiary-care academic
medical center and approved by the Cleveland Clinic Institutional Review Board
(Cleveland, OH, United States). Adult patients admitted for 48 h or more from
November 2008 through July 2015 with discharge International Classification of
Diseases, 9" edition (ICD-9) diagnosis codes corresponding to cirrhotic liver disease
were included in the study. Patients were excluded if they developed an incident VTE
within 48 h of admission, if they had a diagnosis of congenital or acquired
thrombophilia (defined as factor V Leiden, anti-phospholipid syndrome, prothrombin
G20210A, protein C or S deficiency, prothrombin mutation, or anti-thrombin
deficiency) or hemophilia, or if they received treatment dose anticoagulation for any
indication other than an incident VTE. For patients with multiple admissions, the
most recent admission was included for analysis. Patients admitted for liver
transplantation were included up until their transplant.

Outcomes

The primary outcome was the composite rate of incident VTE and major bleeding.
Secondary outcomes included the rate of incident VTE, rate of major bleeding, length
of hospital stay, and rate of in-hospital mortality. Incident VTE was defined as a new
thrombosis occurring 48 h or more after admission, extension of a VTE in a patient
with an untreated prevalent VTE, or additional VTE formation in a patient with an
untreated prevalent VTE. An incident VTE was required to be demonstrated by
unequivocal radiographic imaging by compression ultrasonography, venography,
computed tomography angiography, or ventilation-perfusion scanning!'?. Prevalent
VTE was defined as a documented VTE at admission that was not being treated with
anticoagulation. An incident bleeding event was considered any new-onset major
bleeding event or any major bleeding event that occurred 24 h or more following
hemostasis of a previous bleeding event!”. For example, if a patient was admitted for
variceal hemorrhage and did not have further bleeding the patient was not regarded
as having incident bleeding, but if the patient developed bleeding more than 24 h
after initial hemostasis the patient was regarded as having incident bleeding. Major
bleeding was defined as bleeding that was symptomatic and at a critical site
(intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, or
intramuscular with compartment syndrome), or that required transfusion of at least 2
units of whole red blood or red cells within 24 hi**l,

Included patients

Patients were allocated to the pharmacological VTE prophylaxis group if they
received pharmacological prophylaxis for at least 50% of their hospital stay. Patients
receiving prophylaxis less than 50% of their stay were allocated to the no prophylaxis
group. Those experiencing a VTE event were grouped according to receipt or no
receipt of prophylaxis within 48 h prior to the event and those experiencing a
bleeding event were grouped according to receipt or no receipt of prophylaxis in the
24 h prior to the event. All major bleeding and VTE events were identified by the use
of ICD-9 codes and manually verified in the electronic medical record.

Appropriate dosing of prophylactic anticoagulants was considered to be two or
three doses per day of subcutaneous unfractionated heparin 5000 units, one or two
doses per day of subcutaneous enoxaparin 40mg or two doses per day of enoxaparin
30 mg (or renally adjusted equivalent), one dose per day of subcutaneous
fondaparinux 2.5 mg (or renally adjusted equivalent), or aspirin 160mg or more per
day in orthopedic surgery patients.

Statistical analysis

The statistical methods of this study were reviewed by R. Samuel Butler from the
Cleveland Clinic Department of Biostatistics. Assuming a rate of 7.7% for occurrence
of the primary outcome in the no pharmacological VTE prophylaxis group and a rate
of 4.4% in the pharmacological VTE prophylaxis group, a sample of 513 patients
would provide 80% power to detect a 3.3% difference with a two-sided a = 0.05. This
estimate assumes an incidence of VTE of 6.3% in the no prophylaxis group as found
by Dabbagh et all as it was thought that this patient population most closely mirrored
our study population. No study with a similar patient population to our own that
compared incidence of major bleeding in patients with liver disease receiving or not
receiving pharmacological prophylaxis was found, so a rate of 1.4% was chosen for
this portion of the composite primary outcome. Patients were matched in a 1:1 fashion
based on propensity score. Variables included in the propensity score were history of
VTE, baseline platelet count, use of mechanical VTE prophylaxis, baseline model for
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end-stage liver disease (MELD) score, age, the presence of heart failure, the presence
of chronic kidney disease, the presence of lung disease (chronic obstructive
pulmonary disease, asthma, or idiopathic pulmonary fibrosis), and the etiology of
liver disease. Missing data required to calculate the MELD score was considered to be
normal. Univariate analyses were completed using Pearson’s Chi-square test for
categorical variables and analysis of variance for continuous variables. Multivariable
logistic regression was performed to identify independent risk factors for VTE, major
bleeding, and in-hospital mortality.

RESULTS

A total of 9547 patients were identified with ICD-9 codes for liver disease, of which
3114 patients met inclusion criteria. The most common reasons for exclusion were
those already receiving full dose anticoagulation (n = 1090), hospital length of stay
less than 48 h (1 = 1504), and liver disease without cirrhotic morphology (n = 3742). Of
the 3114 patients, 903 patients in the prophylaxis group were matched by propensity
score to 903 patients in the no prophylaxis group (Figure 1) and were included in the
analyses. Baseline characteristics according to group are summarized in Table 1.
Patients in the no pharmacological prophylaxis group were less likely to require renal
replacement therapy (24.5% vs 29.6%, P = 0.015) and had a different distribution of
MELD scores (fewer patients with MELD 10-39, more patients with MELD < 10 or =
40). Differences in VTE risk score were noted; however, patients in both groups were
predominately categorized as medium (65.4% vs 75.3%) and high risk (20.3% vs 14.2%)
in the no prophylaxis and prophylaxis groups respectively. No difference was noted
in the primary etiology of hepatic disease. Statistically significant differences were
also noted in baseline INR and hemoglobin, but these were considered to be of
negligible clinical significance. All other baseline characteristics were similar between
groups.

Patients in the no prophylaxis group were more likely to experience the composite
endpoint of VTE or major bleeding compared to those in the prophylaxis group (8.7%
vs 5.1%, P = 0.002), although this was driven by an increased rate of major bleeding
events (6.9% vs 2.9%, P < 0.0001) with no difference observed in the rate of VTE events
(1.9% vs 2.2%, P = 0.61). There was no difference in in-hospital mortality (12.1% vs
11.5%, P = 0.72) or hospital length of stay (10.5 + 12.6 d vs 10.8 + 14.8 d, P = 0.67)
between groups (Table 2).

Multivariable logistic regression for VTE events (Table 3), bleeding events (Table 4),
and in-hospital mortality (Table 5) was performed. Lower baseline serum albumin
(OR = 0.23, 95%CI: 0.13-0.42, P < 0.0001) was independently associated with
development of VTE events, while decreasing baseline hemoglobin (OR = 0.76,
95%ClI: 0.68-0.87, P < 0.0001) and albumin (OR = 0.61, 95%CI: 0.42-0.90) were
independently associated with development of a major bleed. Pharmacological VTE
prophylaxis was independently associated with lower rates of major bleeding (OR =
0.42, 95%CI: 0.25-0.68, P = 0.0005), but was not significantly associated with a
difference in rate of incident VTE (OR = 0.99, 95%CI: 0.48-2.06, P = 0.97).

Risk factors independently associated with in-hospital mortality included
occurrence of the primary endpoint (OR = 2.30, 95%CI: 1.44-3.70, P = 0.0005),
decreasing baseline albumin (OR = 0.68, 95%CI: 0.52-0.88, P = 0.004), and increasing
MELD category (OR = 0.31, 95%CI: 0.13-0.70, P = 0.0005 for comparison of MELD 20-

29 with MELD > 40).

DISCUSSION

While antihemostatic changes of cirrhosis have been well characterized,
prohemostatic changes have also been more recently recognized!'**/l. Although liver

disease associated coagulopathy results in elevated laboratory tests for coagulation,
thrombin generation is not proportionately reduced, leaving some subsets of patients
with a hypercoagulable thrombin generation profile'**1. However, the propensity of a
patient to be hypo- or hypercoagulable is challenging to predict, particularly when
using standard laboratory tests of coagulation, such as INR or activated partial
thromboplastin time, that have not been validated in this patient population”'%*.
While the incidence of VTE has been well established in patients with cirrhosis,
whether pharmacological VTE prophylaxis should be provided in an attempt to
decrease this incidence is not well known. Major VTE prophylaxis guidelines are
silent on this topic/*l. Therefore, this study was conducted to evaluate whether
patients with cirrhosis experienced net benefit or harm when prophylactic
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Table 1 Baseline characteristics

No prophylaxis(n = 903) Prophylaxis(n = 903)
Mean age (yr) 60.1+11.9 60.2+11.8
Male 572 (63.3) 535 (59.2)
RRT" 221 (24.5) 267 (29.6)
CKD 226 (25.0) 238 (26.4)
Lung disease 218 (24.1) 218 (24.1)
Heart failure 192 (21.3) 196 (21.7)
MVP 291 (32.2) 286 (31.7)
VTE risk score
Unknown risk score 103 (11.4) 78 (8.6)
Low risk 26 (2.9) 17 (1.9)
Medium risk 591 (65.4) 680 (75.3)
High risk 183 (20.3) 128 (14.2)
BMI (kg/m?) 244+0.20 24.4+0.20
INR® 14+£0.57 1.3+0.32
Platelet count (k/uL) 1442+ 925 151.0 £97.0
aPTT (s) 34.8+12.0 34.4+10.2
Albumin (g/dL) 2.9+0.70 2.9+0.67
Tbili (mg/dL) 40+71 3.8+6.6
SCr (mg/dL) 15+13° 1.6+15
Hemoglobin (g/dL) 104+23" 10.7 £2.1
Liver disease etiology
Alcoholic 278 (30.8) 286 (31.7)
NASH 27 (3.0) 22 (2.4)
Acute Hepatitis 35 (3.9) 38 (4.2)
Other! 563 (62.3) 557 (61.7)
Mean MELD score 17.0+9.1 17.4+£83
MELD category*
MELD > 40 20 (2.2) 8 (0.89)
MELD 30-39.9 71 (7.9) 74 (8.2)
MELD 20-29.9 205 (22.7) 233 (25.8)
MELD 10-19.9 338 (37.4) 386 (42.7)
MELD < 10 269 (29.8) 202 (22.4)

Data presented as 1 (%) or mean + SD.

I0Other liver disease includes primary sclerosing cholangitis, biliary cirrhosis, cirrhosis due to alpha-1
antitrypsin deficiency, and any other liver disease not included above. This categorization is for the primary
hepatic International Classification of Diseases, 9" edition (ICD-9) code for an admission; all patients had an
ICD-9 code for cirrhosis.

P < 0.05 vs prophylaxis group;

P < 0.01 vs prophylaxis group;

P < 0.001 vs prophylaxis group. RRT: Renal replacement therapy; CKD: Chronic kidney disease; MVP:
Mechanical venous thromboembolism prophylaxis; BMI: Body mass index; INR: International normalized
ratio; aPTT: Activated partial thromboplastin time; Tbili: Total bilirubin; SCr: Serum creatinine; NASH: Non-
alcoholic steatohepatitis; MELD: Model for end-stage liver disease.

anticoagulation was provided. We found that those who received pharmacological
prophylaxis experienced the primary outcome of incident VTE or incident major
bleeding less frequently, although this difference was driven by decreased rates of
major bleeding (Table 2).

The overall rate of VTE in our study (2.0%) closely correlates with the incidence
seen in several other studies of patients with liver disease, but was significantly lower
than the VTE rate used in our power analysist>>”'**l. Dabbagh et all! was chosen to
inform the power analysis as this study contained a large proportion of patients with
Child-Pugh Class C liver disease, which more closely mirrors the liver disease
population seen at our institution. The differences in incidence of VTE may partially
be explained by higher rates of mechanical prophylaxis (31.9% vs 16.3%) in the current
study. Similar to previous data, there was no difference in the incidence of VTE
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9547 patients identified
by ICD-9 code

2691 patients excluded
full dose AC (1090)
LOS < 48 h (1504)
VTE within 48 h (56)

non-cirrhotic liver disease (3742)

LT without recurrent liver disease (41)

3114 patients met inclusion criteria

903 patients in prophylaxis 903 patients in no prophylaxis
group with adequate matched group with adequate matched
patient patient

Figure 1 Inclusion/exclusion schema. AC: Anticoagulation; LOS: Hospital length of stay; LT: Liver transplantation; ICD-9: International Classification of Diseases,

9th edition.

between the no prophylaxis group and the prophylaxis group (1.9% vs 2.2%, P =
0.62)1%>121. While the matched analysis was likely still susceptible to bias due to an
imbalance in baseline characteristics, further correction for between-group differences
by multivariable logistic regression also revealed no difference (OR for VTE in the
prophylaxis group 0.99, 95%CI: 0.48-2.06). This lack of difference when correcting for
other factors may indicate that only minimal, if any, protection from VTE is provided
by pharmacological prophylaxis in patients with cirrhosis.

As noted in previous literature, low baseline serum albumin was independently
associated with VTE development in this population*’l. Low baseline serum albumin
was also independently associated with increased odds of major bleeding and in-
hospital mortality, as has been observed widely throughout the literature*~". These
findings complicate the use of serum albumin as an indicator of appropriateness of
pharmacological prophylaxis. These data may also suggest that patients with severe
liver disease could concomitantly be at elevated risk of bleeding and thrombosis, with
the type of event experienced influenced by acute physiologic insults.

While several different types of liver disease have been associated with increased
risk for thrombosis, little is known about how different types of liver disease compare
to each other in regards to thrombotic risk!”'~"l. In addition, very few studies have
evaluated how risk factors for thrombosis have translated to actual thrombotic events.
One large study evaluating nearly 5 million patients with liver disease found an
increased rate of VTE in patients with non-alcoholic liver disease compared to those
with alcoholic liver disease (0.9% vs 0.6%, P < 0.0001)"). However, significant
differences in baseline characteristics between the non-alcoholic and alcoholic groups
were present, including age (60 vs 52 years, P < 0.0001), which is a known risk factor
for VTEP!. Patients with cholestatic cirrhosis have also been shown to be more
hypercoagulable on evaluation by thromboelastography than a cohort of mainly
patients with alcoholic cirrhosistl. However, no difference in etiology of cirrhosis was
noted in our study.

Our study found an overall rate of major bleeding of 4.9%, with significantly more
major bleeding events occurring in the no prophylaxis group than in the prophylaxis
group (6.9% vs 2.9%). Overall bleeding rates in a previous study found no significant
difference in rates of any bleeding between those who did not receive prophylaxis
versus those that received prophylaxis (8.1% vs 5.5%, P = 0.258) as well as in rates of
gastrointestinal hemorrhage (3.2% vs 3.0%, P = 0.52)!"?l. However, on multivariable
analysis the use of pharmacological prophylaxis was significantly associated with in-
hospital bleeding (OR = 2.355, 95%CI: 1.116-4.971)!"?l. This result contrasts sharply
with our own multivariable analysis, which found that prophylaxis was associated
with a decreased incidence of major bleeding (OR = 0.42, 95%CI: 0.25-0.68).
Importantly, the bleeding definitions used in the respective studies differed, with
Shatzel et all'" evaluating all bleeding events compared to major bleeding in the
current evaluation. However, these discrepant findings are unlikely explained by
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Table 2 Matched univariate results (n = 903)

No prophylaxis Prophylaxis
VTE or major bleeding 79 (8.7)" 46 (5.1)
VTE' 17 (1.9) 20 (2.2)
Major Bleeding' 62 (6.9)° 26 (2.9)
In-hospital mortality 109 (12.1) 104 (11.5)
LOS (d) 105 +12.6 10.8 +14.8

Data presented as 1 (%) or mean * SD.

One patient in each group experienced both a venous thromboembolism and major bleeding event.
2P < 0.05 vs prophylaxis group;

PP < 0.001 vs prophylaxis group. LOS: Hospital length of stay; VTE: Venous thromboembolism.

bleeding definitions!”. Our study found that lower baseline serum albumin (OR =
0.676, 95%ClI: 0.484-0.943) was independently associated with major bleeding, a result
that likely highlights the increased bleeding risk that occurs as cirrhosis severity
progresses. However, this does not explain the difference in major bleeding observed
in the propensity score matched analysis as the mean albumin was not different
between groups. Notably, it does not seem that prophylactic anticoagulation imparted
any additional bleeding risk within our patient population.

There was no difference in in-hospital mortality between those who did not receive
prophylaxis versus those that did (12.1% vs 11.5%, P = 0.72). Factors found to increase
the risk of in-hospital mortality include occurrence of the primary endpoint (OR =
2.30, 95%Cl: 1.44-3.70, P = 0.0005), decreasing baseline albumin (OR = 0.68, 95%CI:
0.52-0.88, P = 0.004), and increasing MELD category. A higher incidence of mortality
in patients with hypoalbuminemia has been consistently observed throughout the
literature, a finding that is corroborated by our study™-*l. Overall, these findings seem
to suggest that progression of cirrhosis leads to worsened outcomes in regards to VTE
and bleeding events as well as in-hospital mortality.

The results of our study can be applied clinically in many ways. First, decreased
serum albumin has consistently been shown to be an independent risk factor for VTE
within this population, and was also associated with increased odds of major bleeding
and in-hospital mortality. While these results may not be useful in stratifying patients
that should receive pharmacological prophylaxis from those that should not, they can
help provide insight into patients that require mechanical prophylaxis, as well as
heighten the clinician’s suspicion of VTE if signs and symptoms meet this clinical
picture. Second, these data suggest that pharmacological VTE prophylaxis is safe in
patients with cirrhosis, as patients that received prophylaxis did not experience
increased risk of major bleeding. However, efficacy of pharmacological prophylaxis
within this population was not established by this study. Finally, our findings suggest
that a validated risk tool, such as the Padua Predictive Score, may be more useful in
stratifying liver disease patients at risk for VTEP'2*1.

Our study has several limitations. First, this retrospective review is subject to
inherent flaws of the study design; we were reliant on the accuracy of the medication
administration record for group allocation. Second, although selection bias was
minimized through propensity matching, baseline differences between groups
remained. Despite efforts to collect a comprehensive list of baseline characteristics,
there may be additional unaccounted differences that influenced the clinician’s
decision to administer prophylaxis. Additionally, while absolute standardized
differences of baseline characteristics between groups decreased following propensity
score matching, some differences remained (Table 6). While we made every effort to
make the prophylaxis and no prophylaxis groups as similar as possible, the chance
remains that there is a fundamental difference in the patient populations for which we
could not account. Thirdly, few patients in this study received low molecular weight
heparin. A previous study, primarily evaluating bleeding risk associated with
pharmacological prophylaxis, found that patients receiving unfractionated heparin,
but not low molecular weight heparin, were at an increased risk of in-hospital
bleeding events!'”l. This finding may in part be explained by a greater effect on
thrombin generation with unfractionated heparin when compared to low molecular
weight heparin, suggesting a more potent anticoagulant effect for unfractionated
heparin in cirrhotic patients®!. Therefore, our results should only be applied to
patient’s receiving unfractionated heparin. A VTE risk scoring tool that includes risk
factors similar to those included in the Caprini score and Padua predictive score was
used to evaluate patients within our study™ . This tool was developed,
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Table 3 Multivariable analysis of risk factors for development of venous thromboembolism in

patients with hepatic cirrhosis

OR 95%Cl
Prophylaxis group 0.99 0.48-2.06
BMI (kg/m?) 2.33 0.38-14.13
Baseline albumin (g/dL) 0.23 0.13-0.42
Baseline hemoglobin (g/dL) 1.18 0.99-1.41
Male sex 157 0.68-3.61

MELD: Model for end-stage liver disease; BMI: Body mass index.

implemented, and validated at the study site, but has not been evaluated within a
population of patients with liver disease. Because a validated VTE risk score for this
population was not collected and analyzed, it is possible that there was a difference in
baseline VTE risk for which we could not account. However, baseline characteristics
that were collected that are risk factors for VTE (such as hospital length of stay and
comorbidities) were balanced between groups. Finally, our study relied on ICD-9
codes to identify all patient diagnoses, including liver disease, VTE and bleeding
events, and comorbid conditions. Although this is consistent with other studies on
this topic, confirmation of clinical conditions aside from VTE and bleeding events was
not manually performed. Additionally, validation of these events was only completed
if events had appropriate ICD-9 codes, leaving us unable to account for events that
were not documented appropriately.

Our study does have some notable strengths. Incident VTE and major bleeding
were clearly defined and confirmed by manual chart review. Second, our study had
clear definitions for what constituted prophylaxis and no prophylaxis. Third, baseline
albumin and comorbid conditions, factors known to increase the risk of VTE in liver
disease, were well balanced between groups, decreasing the risk that these variables
could have confounded the results. Finally, our study included patients with varying
degrees and etiologies of liver disease making these results more generalizable.

In conclusion, patients receiving pharmacological VTE prophylaxis experienced a
lower rate of the composite endpoint of VIE and major bleeding, though this was
driven by a reduction in the rate of major bleeding. Pharmacological VTE prophylaxis
was not associated with a significant reduction in the rate of VTE in patients with liver
disease, but was also not associated with an increase in rates of major bleeding.
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Table 4 Multivariable analysis of risk factors for development of a major bleed in patients with hepatic cirrhosis

OR 95%Cl
Prophylaxis group 0.42 0.25-0.68
Baseline albumin (g/dL) 0.61 0.42-0.90
Baseline hemoglobin (g/dL) 0.77 0.68-0.87
BMI (kg/m?) 0.49 0.16-1.53
Male sex 0.87 0.54-1.39
MELD < 10 0.07 0.02-0.21
MELD 10-19 0.07 0.03-0.18
MELD 20-29 0.19 0.07-0.49
MELD 30-39 043 0.16-1.15

All MELD categories compared to MELD score > 40

MELD: Model for end-stage liver disease; BMI: Body mass index.

Table 5 Multivariable analysis of risk factors for in-hospital mortality in patients with hepatic cirrhosis

OR 95%Cl
Prophylaxis group 1.03 0.73-1.43
Baseline albumin (g/dL) 0.68 0.52-0.88
Baseline hemoglobin (g/dL) 1.00 0.92-1.08
Male sex 1.00 0.71-1.42
Occurrence of primary endpoint 2.30 1.44-3.68
MELD < 10 0.05 0.02-0.14
MELD 10-19 0.09 0.04-0.21
MELD 20-29 0.31 0.13-0.70
MELD 30-39 0.93 0.39-2.20

All MELD categories compared to MELD score > 40

MELD: Model for end-stage liver disease.

Table 6 Absolute standardized differences in baseline characteristics before and after propensity score matching

Unmatched Matched
No prophylaxis Prophylaxis No prophylaxis Prophylaxis
ASD ASD

(n=2166) (n=948) (n=903) (n=903)
Age (yr) 58.1+11.6 60.3 +11.8 0.153 60.1£11.9 60.2+11.8 0.00844
Male 1349 (62.3) 561(59.2) 0.0639 572 (63.3) 535 (59.2) 0.0842
RRT 819 (37.8) 270 (28.5) 0.199 221 (24.5) 267 (29.6) 0.115
CKD 577 (26.6) 247 (26.1) 0.0133 226 (25.0) 238 (26.4) 0.0304
Lung disease 397 (18.3) 236 (24.9) 0.160 218 (24.1) 218 (24.1) 0.000
Heart failure 360 (16.6) 210 (22.2) 0.140 192 (21.3) 196 (21.7) 0.0108
MVP 755 (34.9) 300 (31.6) 0.0682 291 (32.2) 286 (31.7) 0.0119
VTE risk score 0.390 0.218
Unknown 447 (20.6) 80 (8.4) 103 (11.4) 78 (8.6)
Low 86 (4.0) 17 (1.8) 26 (2.9) 17 (1.9)
Medium 1341 (61.9) 716 (75.5) 591 (65.4) 680 (75.3)
High 292 (13.5) 135 (14.2) 183 (20.3) 128 (14.2)
BMI (kg/m?) 24.2+0.19 24.4+0.20 0.0180 24.4+0.20 24.4+0.20 0.00
INR 1.51+0.67 1.27+0.31 0.478 1.4+0.57 1.3+0.32 0.216
Platelet count (k/uL) 1083 +£76.2 159.8 +108.0 0.551 1442 £92.5 151.0£ 97.0 0.0718
aPTT (s) 37.68 +13.6 343+10.1 0.282 34.8 +12.0 34.4+10.2 0.0359
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Albumin (g/dL)
Tbili (mg/dL)

SCr (mg/dL)
Hemoglobin (g/dL)
Liver disease etiology
Alcoholic

NASH

Other'

Acute hepatitis
MELD score

MELD category
>40

30-39

20-29

10-19

<10

28+0.70 29+0.68 0.118 2.9+0.70 29+0.67 0.00
5.88+8.57 3.68+649 0.288 4071 38466 0.0292
1.65+1.41 1.59 +1.50 0.0414 15+13 16+15 0.0713
100423 10.7 2.1 0.269 104+23 107 £2.1 0136
0.0964 0.0416
745 (34.4) 296 (31.2) 278 (30.8) 286 (31.7)
75 (3.5) 25 (2.6) 27 (3.0) 22 (2.4)
1239 (57.2) 585 (61.7) 563 (62.3) 557 (61.7)
107 (4.9) 42 (4.4) 35(3.9) 38 (4.2)
21.1+103 17.2+83 0422 17.0£9.1 174+83 0.0459
0431 0.210
102 (4.7) 8(0.8) 20 (2.2) 8 (0.89)
364 (16.8) 74 (7.8) 71 (7.9) 74 (8.2)
637 (29.4) 238 (25.1) 205 (22.7) 233 (25.8)
692 (31.9) 402 (42.4) 338 (37.4) 386 (42.7)
371 (17.1) 226 (23.8) 269 (29.8) 202 (22.4)

Data presented as 1 (%) or mean + SD.

Other liver disease includes primary sclerosing cholangitis, biliary cirrhosis, cirrhosis due to alpha-1 antitrypsin deficiency, and any other liver disease not
included above. RRT: Renal replacement therapy; CKD: Chronic kidney disease; MVP: Mechanical venous thromboembolism prophylaxis; BMI: Body mass
index; INR: International normalized ratio; aPTT: Activated partial thromboplastin time; Tbili: Total bilirubin; SCr: Serum creatinine; NASH: Non-alcoholic
steatohepatitis; MELD: Model for end-stage liver disease; ASD: Absolute standardized difference.
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ARTICLE HIGHLIGHTS

Research background

Hepatic cirrhosis has historically been considered a coagulopathic disease, as traditional
measurements of coagulation are often deranged. However, more recent literature suggests an
altered coagulation cascade that may be tipped toward thrombosis or bleeding based on acute
insults. Major venous thromboembolism (VTE) prophylaxis guidelines currently make no
recommendation on whether to provide pharmacological prophylaxis to hospitalized cirrhotic
patients. This study sought to improve on previously published retrospective data that has
studied this topic, and attempted to provide data about whether pharmacological prophylaxis
provides net clinical benefit or causes harm in a cirrhotic population.

Research motivation

The main problem that this study attempted to solve is whether pharmacological VTE
prophylaxis prevents thrombotic events in patients with cirrhosis without causing a significant
additional bleeding burden. Solving this problem could provide clarity in regards to the optimal
strategy to prevent thrombotic events in cirrhotic patients.

Research objectives

The main objective of this study was to determine whether pharmacological VTE prophylaxis
was beneficial overall to cirrhotic patients. This was assessed using a composite outcome of
incident VTE and incident major bleeding, as the authors considered either of the events
included in the composite outcome to be similarly detrimental to a patient. We feel that this
study evaluated the benefits of pharmacological prophylaxis to the best of the capabilities of a
retrospective study, and showed no harm to patients receiving prophylactic anticoagulation. Our
findings could be used to demonstrate that pharmacological prophylaxis is likely safe in a
population such as ours, which could allow for a future prospective, randomized controlled trial
to be completed in an ethical manner.

Research methods

This study was a retrospective, cohort trial of patients with cirrhosis that received or did not
receive pharmacological VTE prophylaxis during a hospitalization for any indication. Cirrhosis
and other baseline past medical history that may have contributed to bleeding or thrombosis
were identified using ICD-9 codes. Incident major bleeding and incident VTE were identified
using ICD-9 codes and verified in the patient’s medical record by reviewing relevant imaging
reports and lab values. We attempted to balance the patient groups by performing propensity
score matching, and to account for any additional imbalance through multivariable logistic
regression.

Research results

Baseline characteristics were largely balanced when comparing groups. Our primary outcome
(the composite of incident major bleeding or incident VTE) was found to occur significantly less
frequently in the prophylaxis group than in the no prophylaxis group (5.1 vs 8.7%, P < 0.05),
though this result was driven largely by a higher rate of major bleeding in the no prophylaxis
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group. This result was confirmed on multivariable analysis, as receipt of pharmacological
prophylaxis was significantly associated with a lower odds of major bleeding (though no
significant association with pharmacological prophylaxis was noted on multivariable analysis of
VTE).

Research conclusions

The major finding of this study was that pharmacological VTE prophylaxis did not increase the
incidence of major bleeding in a large cohort of hospitalized cirrhotic patients. This challenges
the historical idea that pharmacological prophylaxis should be withheld from cirrhotic patients
due to an increased bleeding risk, and is more in line with recent findings that while cirrhotic
patients have an altered coagulation cascade, they are at risk for both thrombotic and bleeding
complications depending on acute insults. This finding could be the impetus for a large,
randomized controlled trial in this patient population that could better answer the question of
whether prophylactic anticoagulation truly prevents incident thrombotic events in a cirrhotic
population.

Research perspectives

We feel that the only way to definitively answer the question of whether pharmacological
prophylaxis is effective in preventing incident thrombotic events in a cirrhotic population is
through a randomized, controlled trial. However, we feel that the lack of an increase in bleeding
complications observed in this study is significant, and should allow for the pursuit of such a
study without significant concern for harming a cirrhotic population similar to ours by
providing pharmacologic VTE prophylaxis.
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