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Background: Risk of venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE),
may be increased in liver cirrhosis. We conducted a single-center study to explore the epidemiology, risk fac-
tors, and in-hospital mortality of VTE in Chinese patients with liver cirrhosis.

Material/Methods: All patients with liver cirrhosis who were consecutively admitted to our hospital between January 2011 and
December 2013 were retrospectively included.
Results: Of 2006 patients with liver cirrhosis included, 9 patients were diagnosed with or developed VTE during hospi-
talization, including 5 patients with a previous history of DVT, 1 patient with either a previous history of DVT
or new onset of PE, and 3 patients with new onset of VTE (PE, n=1; DVT, n=2). Risk factors for VTE included a
significantly higher proportion of hypertension and significantly higher red blood cells, hemoglobin, alanine
aminotransferase, aspartate aminotransferase, prothrombin time (PT), international normalized ratio (INR),
D-dimer, and Child-Pugh scores. The in-hospital mortality was significantly higher in patients with VTE than
those without VTE (33.3% [3/9] versus 3.4% [67/1997], P<0.001).

Conclusions: VTE was observed in 0.4% of patients with liver cirrhosis during hospitalization and it significantly increased

the in-hospital mortality. Elevated PT/INR aggravated the risk of VTE.

MeSH Keywords: Liver Cirrhosis ¢ Prevalence ¢ Venous Thrombosis
Abbreviations: PT — prothrombin time; INR - international normalized ratio; VTE — venous thromboembolism;
DVT - deep vein thrombosis; PE — pulmonary embolism; ICD - international classification code;

AUGIB - acute upper gastrointestinal bleeding; MELD — model for end-stage liver diseases
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Background

Traditionally, patients with liver cirrhosis have an auto-anti-
coagulation status because they often have an elevated pro-
thrombin time (PT) or international normalized ratio (INR) [1-4].
If so, a cirrhotic patient should rarely experience thrombotic
events. However, the accumulated evidence suggests that cir-
rhotic patients have an increased risk of venous thromboem-
bolism (VTE), which is defined as deep vein thrombosis (DVT)
and pulmonary embolism (PE) [5-25]. Case-control studies
have also confirmed that cirrhotic patients are more likely to
develop VTE than the general population [26]. Our recent sys-
tematic review and meta-analysis found that about 1% of pa-
tients with chronic liver diseases had and developed VTE dur-
ing their hospitalizations [27]. However, the relevant data are
almost all from Western countries; by comparison, few stud-
ies have been conducted in Chinese populations. The most
common etiology of liver cirrhosis was hepatitis B virus in
China [28]. On the other hand, there was no consensus about
the risk factors of VTE in liver cirrhosis. Herein, we conducted
a retrospective observational study to evaluate the epidemi-
ology and risk factors of VTE in Chinese hospitalized patients
with liver cirrhosis and to explore whether VTE might influ-
ence the in-hospital mortality of liver cirrhosis.

Material and Methods

In this retrospective observational study, all patients with a
diagnosis of liver cirrhosis who were consecutively admitted
to the General Hospital of Shenyang Military Area between
January 2011 and December 2013 were identified by search-
ing the international classification codes (ICD)-9, ICD-10,
and discharge diagnoses in the Department of Information.
Diagnosis of liver cirrhosis was primarily established accord-
ing to the history of liver disease, clinical presentations, labo-
ratory tests, and abdominal imaging. Patients with malignancy
were excluded. Repeated admission was not excluded. Some
patients had been included in our previous studies [29-32].
The study protocol was approved by the Ethics Committee of
our hospital The number was K(2015)30. Informed written
consents were waived.

VTE was defined as DVT and PE. Considering that the poten-
tial pathogenesis and prognosis might be different between
VTE and portal venous system thrombosis [33,34], portal ve-
nous system thrombosis was not considered in the present
study. The medical records were thoroughly searched by an
investigator to identify the history and new onset of VTE (X2).
The data accuracy was checked by another investigator (XQ).
Diagnosis of VTE was established according to the clinical pre-
sentations and imaging examinations.
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Additional data were collected by our study group, including
the age, sex, blood pressure at admission, history of liver cir-
rhosis, etiology of liver disease, acute gastrointestinal bleed-
ing (AUGIB), ascites, hepatic encephalopathy, and laborato-
ry tests (red blood cell count, hemoglobin, white blood cell
count, platelets, total bilirubin, albumin, alanine aminotrans-
ferase, aspartate aminotransferase, alkaline phosphatase, glu-
tamyl transpeptidase, blood urea nitrogen, creatinine, potas-
sium, sodium, PT/INR, activated partial thromboplastin time,
and D-dimer). Arterial hypertension was classified into grade
I, II, and Ill according to the guideline [35]. Ascites and he-
patic encephalopathy were graded according to the guide-
lines [36,37]. Child-Pugh and model for end-stage liver diseases
(MELD) scores were calculated according to the previous cri-
teria [38,39]. In-hospital death was reviewed. Causes of death
were also recorded.

Statistical analysis

All statistical analyses were performed by SPSS Statistics ver-
sion 17.0.0. Continuous data are expressed as mean + stan-
dard deviation and median with range and were compared
by the independent sample t test. Categorical data were ex-
pressed as frequency (percentage) and were compared by the
chi-square test or Fisher exact test. A bar chart was also drawn
to compare the in-hospital mortality between patients with
and without VTE. Two-sided p<0.05 was considered to be sta-
tistically significant.

Results

Patients

Overall, 2006 patients were included in our study. A majority
of patients were male, had hepatitis B virus and alcohol abuse,
and had Child-Pugh class A and B (Table 1). Among them, 5
patients had a previous history of lower extremity DVT, 1 pa-
tient had a previous history of lower extremity DVT and devel-
oped new onset of PE during hospitalization, 1 patient devel-
oped new onset of PE during hospitalization, and 2 patients
developed new onset of DVT during hospitalization. Thus, the
prevalence of VTE in liver cirrhosis during hospitalization was
0.4% (9/2006) and the incidence of VTE was 0.2% (4/2006).

Comparison between patients with and without VTE

Compared with those without VTE, patients with VTE had a
significantly higher proportion of hypertension and significant-
ly higher red blood cells, hemoglobin, alanine aminotransfer-
ase, aspartate aminotransferase, PT, INR, D-dimer, and Child-
Pugh scores (Table 1). MELD score was statistically similar
between the 2 groups.
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Table 1. Patients characteristics.

Variables

All patients (n=2006)

available

VTE in total (n=9)

Results
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No VTE in total (n=1997)

Age (years)

56.24+12.18;
55.78
(6.20-95.13)

9

56.94+13.36;
56.50
(40.07-84.35)

available REeults
56.23+12.18;
1997 55.77 0.862
(6.20-95.13)

1330 (66.3%)/
676 (33.7%)

8 (88.9%)/
1(11.1%)

1322 (66.2%)/
675 (33.8%)
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Table 1 continued. Patients characteristics.
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Variables
Results Results . Results
available
3.11+0.86; 3.67+0.74; 3.11+0.86;
Red blood cell (10'2/L) 1960 3.07 341 1951 3.06 (0.93- 0.049
(0.93-6.78) (2.89-5.19) 6.78)
95.01+30.03; 118.03+19.99; 94.91+30.03;
Hemoglobin (g/L) 1960 93.00 121.00 1951 93.00 (23.0- 0.021
(23.0-218.0) (91.0-155.0) 218.0)
5.40+4.14; 7.02+4.26; 5.39+4.13;
White blood cell (109/L) 1961 4.20 6.40 1952 4.20 (0.30- 0.238
(0.30-46.10) (3.20-17.00) 46.10)
100.97+86.83; 75.22+45.91; 101.09+86.96;
Platelet (109/L) 1959 76.00 57.00 1950 76.00 0.373
(5-1278) (28-180) (5-1278)
39.47+59.63; 62.20+87.84; 39.36+59.48;
Total bilirubin (umol/L) 1926 21.85 33.10 1917 21.80 0.252
(1.9-707.7) (3.4-285.6) (1.9-707.7)
32.1446.90; 29.36+8.06; 32.15+6.89;
Albumin (g/L) 1901 32.10 33.00 1892 32.10 0.225
(0.4-52.8) (17.4-39.7) (0.4-52.8)
39.35+65.78; 180.67+434.01; 38.69+58.87;
Alanine aminotransferase (U/L) 1925 26.00 29.00 1916 26.00 <0.001
(3.0-1460) (9.0-1335.0) (3.0-1460)
Aspartate aminotransferase 57.48+102.45; 227.00+434.75; 56.68+98.08;
(qu) 1924 36.00 55.00 1915 36.00 <0.001
(8.0-2454) (17.0-1366.0) (8.0-2454)
113.70+96.58; 108.31+60.28; 113.73+96.72;
Alkaline phosphatase (U/L) 1921 86.00 89.00 1912 86.00 0.867
(12.8-980.0) (41.0-215.0) (12.8-980.0)
113.92+4202.34; 52.67+24.54; 114.21+202.77;
Glutamyl transpeptidase (U/L) 1916 48.00 59.00 1907 48.00 0.363
(1.5-4562) (8.0-84.0) (1.5-4562)
7.97+7.01; 6.97+4.03; 7.97+7.02;
Blood urea nitrogen (mmol/L) 1881 5.89 6.14 1872 5.89 0.669
(1.42-76.02) (2.96-16.36) (1.42-76.02)
87.16+116.78; 75.56+41.15; 87.22+117.03;
Creatinine (umol/L) 1880 60.00 63.00 1871 60.00 0.765
(2.8-1473) (48.0-182.0) (2.8-1473)
4.08+0.54; 4.31+0.61; 4.08+0.54;
Potassium (mmol/L) 1910 4.04 4.10 1901 4.04 0.184
(2.20-7.87) (3.84-5.11) (2.20-7.87)
138.15+4.49; 136.12+5.21; 138.16+4.48;
Sodium (mmol/L) 1909 138.80 137.30 1900 138.80 0.175
(116.3-160.8) (125.7-142.2) (116.3-160.8)
16.25+4.64; 19.97+6.57; 16.23+4.63;
Prothrombin time (second) 1881 15.20 19.20 1872 15.20 0.016
(10.5-94.6) (12.7-31.8) (10.5-94.6)
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Table 1 continued. Patients characteristics.

All patients (n=20 VTE in total (n=9) No VTE in total (n=1997)

Variables
available Reste EVET BV fLlts available Rl
Activated oartial 43.18+11.92; 45.70+18.91; 43.17+11.89;
o lZstin s (sl 1879 41.50 40.10 1870 41.50 0.526
P (20.0-180.0) (28.3-87.3) (20.0-180.0)
1.34+0.57; 1.75+0.82; 1.33+0.57;
International normalized ratio 1875 1.20 1.53 1867 1.20 0.039
(0.76-13.40) (0.98-3.22) (0.76-13.40)
0.76+1.32; 5.7546.86; 0.73+1.17;
D +1.32; +6.86; +1.17; .
e @) 609 530 (0-15.5) 360 (03-155)  °%° 030 (0-0.0) 2022
7.5342.04; 9.14+1.68; 7.5342.04;
hild-Pugh 1781 220% .95 1774 . .
Child-Pugh score 78 7.00 (5-15) 9.00 (6-11) 7 700(-15  %9%7
Child-Pugh class, n (%) 1781 1774 0.437
A 649 (36.4%) 1(14.3%) 648 (36.5%)
B 827 (46.4%) 4 (57.1%) 823 (46.4%)
C 305 (17.1%) 2 (28.6%) 303 (17.1%)
7.4047.48; 12.41+10.48; 7.38+7.47;
MELD score 1794 5.96 10.53 1787 5.95 0.076
(-14.28-51.64) (-1.16-26.40) (-14.28-51.64)

HBV — hepatitis B virus; HCV — hepatitis C virus; PBC — primary biliary cirrhosis; AUGIB — acute upper gastrointestinal bleeding;
MELD — model for end stage liver disease.

Table 2. Causes of in-hospital death.

Causes All patients VTE in total No VTE in total
Massive gastrointestinal bleeding 23 0 23
Clverfalwe 1w 1 .
liver failure plus multiple organ faiture o1 o u
 Multiple organ faitwee 7 o 7
 Massive gastrointestinal bleeding plus multiple organ failure s o s
Pulmonary embolsm > > o
CRenalfailwee > o >
Sudden cardiacarrest > o >
Cerebral infarction plus multiple organ failue > o 2
 Cerebral infarction plus massive gastrointestinal bleeding 1 o 1
 Massive gastrointestinal bleeding plus liver faiture 1 o 1
Respiratory failwee 1 o 1
Csepsis o 1
Severe pulmonary infection 1 o 1
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Figure 1. In-hospital mortality between patients with and
without VTE.

In-hospital mortality between patients with and without
VTE

The in-hospital mortality was 3.5% (70/2006). Causes of death
are shown in Table 2. The in-hospital mortality was signifi-
cantly higher in patients with VTE than in those without VTE
(33.3% [3/9] versus 3.4% [67/1997], P<0.001) (Figure 1). The
overall mortality due to VTE was 0.09% (2/2006) and VTE ac-
counted for 2.8% of all causes of death (2/70).

Discussion

Our study demonstrated that the prevalence and incidence of
VTE during hospitalization was 0.4% and 0.2% in Chinese pa-
tients with liver cirrhosis, respectively. This finding was rela-
tively lower than our recent systematic review that the inci-
dence of VTE in patients with chronic liver diseases was 1%
(95% confidence interval: 0.7-1.3%), and the prevalence of VTE
was 1% (95% confidence interval: 0.7-1.2%) [27]. This discrep-
ancy might be explained by the heterogeneous sample size
and etiology of liver cirrhosis among studies; despite this, we
preferred to emphasize another major finding — that patients
with VTE had an approximately 10-fold higher risk of in-hos-
pital death than those without VTE. Certainly, a small number
of patients with VTE might restrict the interpretation of com-
parative analysis. Considering a statistically significant differ-
ence of in-hospital mortality between the 2 groups, we had
to acknowledge the importance of early diagnosis and treat-
ment of VTE in liver cirrhosis.

We also attempted to analyze the risk factors for VTE in liver
cirrhosis. D-dimer, red blood cells, hemoglobin, alanine ami-
notransferase, aspartate aminotransferase, PT, INR, and Child-
Pugh scores were significantly associated with the presence of
VTE. Except for D-dimer, which has been a routine diagnostic
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test for VTE [40], and arterial hypertension, which is an impor-
tant determinant of VTE in the general population [41], the risk
factors for VTE should be interpreted carefully. First, patients
with VTE had significantly higher red blood cell and hemoglo-
bin than those without VTE, possibly because none of patients
with VTE had AUGIB, but 28.3% of patients without VTE had
AUGIB. Thus, we might speculate that AUGIB was rarely com-
plicated in patients with VTE. Second, patients with VTE had
significantly higher alanine aminotransferase and aspartate
aminotransferase than those without VTE. Similarly, patients
with VTE also had significantly higher Child-Pugh scores than
those without VTE. Additionally, higher total bilirubin and low-
er albumin were observed in patients with VTE, but the dif-
ference was not statistically significant. Thus, the relationship
between severity of liver dysfunction and probability of VTE
is suggested. Third, patients with VTE had significantly higher
PT and INR than those without VTE. This finding is seeming-
ly counterintuitive, but was largely consistent with the mod-
ern concept that PT and INR do not reflect the global coagu-
lation status, and that elevated PT and INR does not protect
cirrhotic patients from the development of VTE. This has been
repeatedly reported in previous studies and was recently re-
viewed [42-44]. This finding can be explained by the fact that
PT and INR mirror the liver synthesis of the procoagulants only,
whereas other parameters associated with an overall decrease
of liver function can be more accurate surrogates for impaired
production of procoagulants as well as natural anticoagulants.

Except for our findings, previous studies should be deeply
and systematically discussed. We described a detailed search
strategy in our recent systematic review of the epidemiology
of VTE in liver diseases [27]. Studies were eligible if they com-
pared the characteristics between liver disease patients with
and without VTE. Notably, we just summarized the risk fac-
tors of VTE in the patients with liver diseases, but not in the
general population. Indeed, in the latter condition, the pres-
ence of liver disease might be one of the variables included.
Thus, the following items about the risk factors of VTE were
collected: variables included in the univariable analyses, sig-
nificant factors calculated in the univariate analyses, the vari-
ables included in the multivariate analyses, and the indepen-
dent predictors calculated in the multivariate analyses. Their
frequencies were counted. The odds or risk ratio for each fac-
tor was also recorded to clarify whether the independent fac-
tors increased or decreased the risk of VTE in liver diseases.

Overall, 7 individual studies evaluated the risk factors of pre-
dicting the development of VTE in patients with liver diseas-
es in univariate analyses, and 5 of them also conducted mul-
tivariate analyses [7,9,11,12,18,19,24] (Table 3). A total of 19
significant risk factors were reported in univariate analyses.
They included age, race, Charlson co-morbidity index, insur-
ance, encephalopathy, variceal bleeding, ascites, coagulopathy,
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Table 3. Summary of univariate and multivariate analyses regarding the risk factors of VTE in liver diseases.

No. observed/significant

variables in univariate

No. observed/significant
variables in multivariate
analyses

Multivariate
analysis

First author, journal (year) U:::T;i:i:e
Aldawood A, Thromb J (2011) Yes
MM, DigDissci2o1) Yes
Barclay SM, Pharmacotherapy (2013) Yes
Dabbagh O, Chest 2010) s
Lesmana CRA, Hepatol Int 2010) Yes
 Northup PG, Am J Gastroenterol (2006) Yes
 Walsh KA, Ann Pharmacother (2013) Yes

analyses

29/0 No Not applicable
oan3 Yes 010
""""" a0 Yes  sm
""""" 30  No  Notapplicable
wn Yes mo
wsn Ys s
s s mo

hypo-osmolality, malnutrition, total parenteral nutrition, me-
chanical ventilation, central venous line placement, diabetes
mellitus, albumin, creatinine, aspartate aminotransferase, ala-
nine aminotransferase, and hematocrit. A total of 16 indepen-
dent risk factors were reported in multivariate analyses. The
race with the highest risk of VTE was black, followed by white
and Hispanics. A higher Charlson co-morbidity index, malnu-
trition, central venous line placement, active malignancy, trau-
ma or surgery during hospitalization, history of VTE, and dia-
betes mellitus were also associated with an increased risk of
VTE in patients with liver diseases. The presence of encepha-
lopathy, variceal bleeding, ascites, coagulopathy, and hypo-os-
molality, Medicaid insurance, and use of VTE prophylaxis were
associated with a decreased risk of VTE.

A lower albumin level was identified as an independent predic-
tor of VTE in 2 studies by Northup [19] and Walsh [24]. In the
study by Northup, the albumin level was significantly lower in
cirrhotic patients with VTE than in those without VTE (mean:
2.85 g/dL, 95%Cl: 2.70-3.01 versus mean: 3.10 g/dL, 95%Cl:
2.96-3.23, P=0.01); in the study by Walsh, the albumin lev-
el was significantly lower in patients with VTE than in those
without VTE (median: 2.1 g/dL, interquartile range: 1.7-2.6
versus median: 2.4 g/dL, interquartile range: 2-2.8, P=0.02).
By contrast, another two studies did not identify the albumin
level as a significant predictor of VTE in the multivariate anal-
yses [11,18]. In the study by Lesmana, the proportion of an
albumin level <3 mg/dL was lower in patients with DVT than
in those without DVT (75% [9/12] versus 49.2% [120/244],
P=0.081), but the difference was not statistically significant.
No detailed data was reported in the study by Barclay.

Although a firm conclusion was not achieved, these prelim-
inary findings from our team and others are helpful for the

identification of high-risk patients. However, these data were
scattered and needed to be integrated into a score system or
predictive index. Ideally, a prospective study should include a
training cohort to produce a predictive model to stratify the
risk of the development of VTE and a validation cohort to con-
firm its accuracy.

The retrospective nature was a major limitation of our study.
Although we selected all patients consecutively admitted to
our hospital and had very few exclusion criteria, the patient
selection bias should not be neglected in a retrospective study.
Second, laboratory and radiological examinations for the diag-
nosis of VTE were not routinely performed. Prospective stud-
ies might be warranted to establish the accurate epidemiol-
ogy of VTE, especially asymptomatic VTE. Third, the regional
and ethnic difference in the epidemiology of VTE could not be
evaluated in this single-center study.

Conclusions

VTE was observed in 0.4% of patients with liver cirrhosis dur-
ing hospitalization and it significantly increased the in-hospi-
tal mortality. Degree of liver dysfunction might be significant-
ly associated with the presence of VTE in liver cirrhosis. More
importantly, elevated PT/INR did not protect from the devel-
opment of VTE, but increased the risk of VTE in liver cirrhosis.
Due to potential study limitations, these findings should be
cautiously interpreted and further validated.
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