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Abstract

Objective: A retrospective study was performed to compare the difference in platelet count (PLT), prothrombin time (PT), in-
ternational normalized ratio (INR), and activated partial thromboplastin time (APTT), between cirrhotic patients with and
without acute upper gastrointestinal bleeding (AUGIB) or acute oesophageal variceal bleeding (AEVB).
Methods: Between January 2012 and June 2014, a total of 1734 cirrhotic patients were enrolled and were classified into
‘AUGIB’ (n¼497) and ‘no AUGIB’ (n¼1237) groups according to their disease history. They were further divided into ‘AEVB’
(n¼297) and ‘no AEVB’ (n¼1259) groups according to the endoscopic findings. Additionally, 178 patients with AUGIB were
not assigned to either the ‘AEVB’ or ‘no AEVB’ groups due to the absence of any endoscopic findings.
Results: Compared with the ‘no AUGIB’ group, the ‘AUGIB’ group had similar PLT (99.99 6 89.90 vs.101.47 6 83.03; P¼0.734)
and APTT (42.96 6 15.20 vs.43.77 6 11.01; P¼0.219), but significantly higher PT (17.30 6 5.62 vs.16.03 6 4.68; P<0.001) and INR
(1.45 6 0.69 vs.1.31 6 0.59; P<0.001). A lower PT was independently associated with the absence of AUGIB (OR¼0.968; 95%
CI: 0.942–0.994). Compared with the ‘no AEVB’ group, the ‘AEVB’ group had significantly lower PLT (86.87 6 62.14
vs.101.74 6 83.62; P¼0.004) and APTT (40.98 6 7.9 vs.43.72 6 10.97; P<0.001), but similar PT (16.53 6 3.71 vs.16.04 6 4.68;
P¼0.088) and INR (1.35 6 0.41 vs.1.31 6 0.59; P¼0.225). A higher PLT was independently associated with the absence of AEVB
(OR¼1.004; 95% CI: 1.002–1.006; P¼0.001).
Conclusions: PLT was associated with the occurrence of portal hypertension-related bleeding in liver cirrhosis.
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Introduction

Traditionally, a patient with liver cirrhosis is often at a high risk
of bleeding, especially portal hypertension-related variceal
bleeding [1, 2]. Recently, our systematic review has confirmed
that about 1% of cirrhotic patients have a diagnosis of venous
thromboembolism (VTE) on admission [3]. It appears that cir-
rhotic patients have a higher prevalence of VTE than healthy
controls [4]. Additionally, portal vein thrombosis is relatively
frequent in cirrhotic patients, especially in those with more se-
vere liver dysfunction [5]. Except for the evidence from epidemi-
ological studies, experimental studies have also found that
such patients had a pro-coagulant tendency, including lower
protein C and higher factor VIII etc. [6, 7]. Re-balance between
coagulation and anticoagulation has been proposed in liver cir-
rhosis, but it is easily upset, so that bleeding and thrombosis
events develop [8]. Regular surveillance of haemostatic factors
and coagulation status is necessary to evaluate the possibility
of bleeding and thrombosis. This knowledge will alert the physi-
cians and patients to the relevant risks.

The most common diagnostic tests for haemostasis and co-
agulation in cirrhotic patients include platelet count (PLT), pro-
thrombin time (PT), international normalized ratio (INR), and
activated partial thromboplastin time (APTT). They are inexpen-
sive, rapid, and widely used to evaluate the bleeding tendency
in our clinical practices. Briefly, if PT, INR, and APTT were ele-
vated or PLT were decreased, the risk of bleeding would be in-
creased. However, some recent perspectives suggested that PT
and INR could reflect the severity of liver dysfunction and risk
of mortality in acute or chronic liver diseases, but not the risk of
bleeding [9]. PLT was significantly associated with hepatic ve-
nous pressure gradient in cirrhotic patients who had never bled
[10]. Reduced PLT could reflect the presence of portal hyperten-
sion, especially its related hypersplenism. In this study, we
have explored the association of the four readily available hae-
mostasis and coagulation tests with the occurrence of acute up-
per gastrointestinal bleeding (AUGIB) and acute oesophageal
variceal bleeding (AEVB) in liver cirrhosis.

Patients and methods
Patients

All cirrhotic patients who were consecutively admitted to our
hospital between January 2012 and June 2014 were potentially
eligible for this retrospective study. In our hospital, a diagnosis
of liver cirrhosis was often established by the clinical presenta-
tions (decompensated events), liver function tests (total biliru-
bin, albumin, etc.), and abdominal ultrasound and CT scans
(liver contour, spleen size, portal vein, and oesophageal varices)
[11, 12]. Liver biopsy was considered if a diagnosis of liver cir-
rhosis was ambiguous. Exclusion criteria were (i) that patients
were diagnosed with malignancy and (ii) that regular coagula-
tion test results, such as PLT, PT, INR, and APTT, were absent.
This study was approved by the Ethics Committee of our hospi-
tal [number k(2015)15]. The informed consent was waived.

Data collection

Information from all patients with a diagnosis of liver cirrhosis
was searched by our hospital Department of Information. All
clinical records were carefully reviewed to identify the patients
with a diagnosis of malignancy, especially HCC. All data were
collected from the electronic medical charts. The primary data
items included sex, age, aetiology of liver diseases, ascites,

hepatic encephalopathy, varices, laboratory tests, Child-Pugh
class/score [13], and model for end-stage liver disease (MELD)
score [14].

Definitions and classifications

AUGIB was defined as a new onset of haematemesis or melaena
within 5 days prior to admission at our hospital. AEVB was de-
fined as an episode of AUGIB with evidence of oesophageal vari-
ces on upper gastrointestinal endoscopy if other possible
sources, such as ulcer, had been excluded. Thus, the patients
were divided into two groups: (i) patients with AUGIB; and (ii)
patients without AUGIB. Additionally, they were further classi-
fied into two subgroups: (a) patients with AEVB and (b) patients
without AEVB. All episodes of AUGIB and AEVB were evaluated
by two investigators (YP and JL), their accuracy was then con-
firmed by another two investigators (HD and XQ). Any disagree-
ment among them was resolved by discussion. The grades of
ascites and hepatic encephalopathy were evaluated according
to the current guidelines and consensus.

Statistical analysis

Continuous variables were expressed as mean 6 standard devi-
ation or median (range), and were compared by using the inde-
pendent sample t-test or non-parametric Wilcoxon test.
Categorical variables were expressed as frequency (percentage),
and were compared by using the Chi-squared test. Box plots
were also drawn to show the statistical differences between
groups in the PLT, PT, INR, and APTT. All variables that were
statistically significantly associated with AUGIB/AEVB in uni-
variate analyses were entered into multivariate analyses.
Independent variables were reported with odds ratios (ORs)
with 95% confidence intervals (CIs). A two-tailed P-value of
<0.05 was considered statistically significant. All statistical
analyses were employed by using SPSS Statistics 17.0.

Results
Overall analysis (with and without AUGIB)

During the enrolment period, a total of 1734 patients with a di-
agnosis of liver cirrhosis were eligible for our study. The pa-
tients’ characteristics are shown in Table 1. Among them, 497
and 1237 patients presented with and without AUGIB, respec-
tively. A majority of them were male (66.6%), had viral hepatitis
with or without alcohol abuse (46.3%), and were in Child-Pugh
classes A and B (79.5%).

Patients with AUGIB had significantly lower haemoglobin
(Hb) than those without. PLT was not significantly different
between patients with and without AUGIB (99.99 6 89.90
vs.101.47 6 83.03; P¼ 0.734).

Patients with AUGIB had significantly lower total bilirubin
(TBIL), albumin (ALB), and creatinine (Cr) levels than those with-
out AUGIB. PT and INR were significantly higher in patients
with AUGIB than in those without (17.30 6 5.62 vs.16.03 6 4.68;
P< 0.001; 1.45 6 0.69 vs.1.31 6 0.59; P< 0.001) and APTT was not
significantly different between the two groups (42.96 6 15.20
vs.43.77 6 11.01; P¼ 0.219). Child-Pugh and MELD scores were
not significantly different between patients with and without
AUGIB.

Haemoglobin, TBIL, ALB, Cr, and PT were included in the
multivariate analysis (Table 2). A lower PT was independently
associated with the absence of AUGIB (OR¼ 0.968, 95% CI: 0.942–
0.994; P¼ 0.015).
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Subgroup analysis (with and without AEVB)

In 178 patients with AUGIB, upper gastrointestinal endoscopy
was not performed to evaluate the presence of varices. Among
the remaining 319 AUGIB patients undergoing upper gastroin-
testinal endoscopy, 22, 6, 37, and 254 patients had no, mild,
moderate, and severe varices, respectively. The characteristics
of patients with and without AEVB are shown in Table 3.

Patients with AEVB had significantly lower Hb than those with-
out AEVB. PLT was significantly lower in patients with AEVB than
in those without AEVB (86.876 62.14 vs.101.746 83.62; P¼ 0.004).

Patients with AEVB had significantly lower TBIL, ALB, and Cr
levels than those without. PT and INR were not significantly

different between the two groups (16.53 6 3.71 vs.16.04 6 4.68;
P¼ 0.088; 1.35 6 0.41 vs.1.31 6 0.59; P¼ 0.225); and APTT was sig-
nificantly lower in patients with AEVB than in those without it
(40.98 6 7.98 vs.43.72 6 10.97; P< 0.001). Child-Pugh and MELD
scores were higher in patient with AEVB than those without.
The difference was statistically significant for MELD score, but
not for Child-Pugh score.

Haemoglobin, PLT, TBIL, ALB, Cr, and APTT were included in
the multivariate analysis (Table 4). A higher PLT was indepen-
dently associated with the absence of AEVB (OR¼ 1.004; 95% CI:
1.002–1.006; P¼ 0.001).

Discussion

PT/INR is a major component of Child-Pugh and MELD score [13,
14], which reflects the severity of liver dysfunction in liver cir-
rhosis. However, the association between PT/INR and risk of
bleeding and haemostasis in liver cirrhosis has been frequently
questioned. More recently, the Baveno VI Consensus Workshop
on the management of portal hypertension has clearly sug-
gested that PT/INR is not a reliable indicator of coagulation sta-
tus in patients with cirrhosis [15]. This recommendation is
strong and of high grade. In the present study, we attempted to
retrospectively compare the difference of PT/INR and PLT be-
tween patients with and without recent bleeding. Our study

Table 1. Comparison between patients with and without acute upper gastrointestinal bleeding (AUGIB)

Variables Total With AUGIB Without AUGIB P- value
(n¼ 1734) (n¼497) (n¼ 1237)

Gender (male/female) 1154/580 333/164 821/416 0.801
Age (years) 56.23 6 12.06 55.69 6 12.02 56.45 6 12.08 0.232
Aetiology of liver diseases 0.336

Viral hepatitis 595 (34.3) 180 (36.2) 415 (33.5)
Alcohol 456 (26.3) 124 (24.9) 332 (26.8)
Viral hepatitisþAlcohol 144 (8.3) 35 (7.0) 109 (8.8)
Others 208 (12.0) 68 (13.7) 140 (11.3)
Unknown 331 (19.1) 90 (18.1) 241 (19.5)

Ascites 854 (49.3) 232 (46.7) 622 (50.3) 0.175
Hepatic encephalopathy 115 (6.6) 31 (6.2) 84 (6.8) 0.676
Varices <0.001

No 99 (5.7) 22 (4.4) 77 (6.2)
Mild 30 (1.7) 6 (1.2) 24 (1.9)
Moderate 84 (4.8) 37 (7.4) 47 (3.8)
Severe 475 (27.4) 254 (51.1) 221 (17.9)
Not evaluated by endoscopy 1046 (60.3) 178 (35.8) 868 (70.2)

Laboratory tests
Haemoglobin (g/L) 94.86 6 30.07 73.48 6 21.94 103.45 6 28.59 <0.001
Platelet (�109/L) 101.05 6 85.03 99.99 6 89.90 101.47 6 83.03 0.734
Total bilirubin (lmol/L) 20.85 (1.9–809.8) 19.7 (3.3–250.8) 21.95 (1.9–809.8) <0.001
Albumin (g/L) 32.10 6 6.87 30.18 6 6.66 32.88 6 6.80 <0.001
Creatinine (mmol/L) 59 (2.82–1473) 58.8 (20–919) 59 (2.82–1473) 0.001
Prothrombin time (s) 16.39 6 5.00 17.30 6 5.62 16.03 6 4.68 <0.001
APTT (s) 43.53 6 12.36 42.96 6 15.20 43.77 6 11.01 0.219
INR 1.35 6 0.62 1.45 6 0.69 1.31 6 0.59 <0.001

Child-Pugh class 0.115
A 627 (36.2) 168 (33.8) 459 (37.1)
B 751 (43.3) 234 (47.1) 517 (41.8)
C 288 (16.6) 75 (15.1) 213 (17.2)
Not evaluated 68 (3.9) 20 (4.0) 48 (3.9)

Child-Pugh score 7 (5–15) 7 (5–14) 7 (5–15) 0.615
MELD score 5.8 (-14.3–51.6) 5.4 (-7.5–39.4) 5.8 (-14.3–51.6) 0.115

Values are presented as mean 6 SD, median (range) or n (%). APTT¼activated partial thromboplastin time; INR¼ ; MELD¼model for end stage liver disease

Table 2. Multivariate analysis of factors associated with acute upper
gastrointestinal bleeding

Variables P-value Odds ratios 95% confidential interval

Lower limit Upper limit

Haemoglobin <0.001 1.044 1.038 1.050
Total bilirubin <0.001 1.007 1.004 1.011
Albumin 0.062 1.020 0.999 1.042
Creatinine <0.001 1.005 1.003 1.008
Prothrombin time 0.015 0.968 0.942 0.994
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found that PT/INR could reflect the occurrence of all-cause
AUGIB in liver cirrhosis, but not AEVB. By contrast, PLT could re-
flect the occurrence of AEVB in liver cirrhosis, but not AUGIB.

AUGIB could be attributed to various aetiologies in liver cir-
rhosis, such as portal hypertension, peptic ulcer, and others.
Regardless of any aetiologies of AUGIB, PT/INR was associated
with the bleeding tendency; certainly, we had to acknowledge
that the absolute difference of mean PT/INR values between the
two groups was close to 1. Thus, it should be noted that PT/INR
might play only a minor role in the occurrence of AUGIB.

On the other hand, AEVB was related to portal hypertension
on its own. Splenomegaly and hypersplenism were also com-
mon complications of portal hypertension. Many studies have
found a close association between PLT and the severity of portal
hypertension [16, 17]; thus, it is more reasonable to speculate
that PLT predicts the occurrence of portal hypertension-related
bleeding; indeed, there was also a relatively large absolute dif-
ference of mean PLT values between the two groups.

Our study had two major strengths: first, there was a rela-
tively large sample size; our conclusions might thus be more
stable. Second, four authors (JL, YP, HD, and XQ) participated in
identifying and confirming the acute bleeding episodes; thus we
could more accurately evaluate the factors associated with
acute bleeding episodes.

A major limitation of our study should be clearly empha-
sized: that its retrospective nature precluded accurate identifi-
cation of the causes of all AUGIB episodes. Not all patients with
AUGIB underwent endoscopic examinations. Endoscopic treat-
ment was based on the presence of active bleeding and patients’
preferences. Patient selection bias has never been neglected;
relevant data were not available in some patients. Second, we
initially planned to validate our conclusions by using the data
from another hospital (i.e. No. 463 Hospital of the Chinese PLA).
Although two authors (LS and JM) had finished the data
collection, very few patients with AUGIB at that hospital had
undergone endoscopic examination. Thus, further external vali-
dation is warranted. Third, due to the retrospective nature of
the study, the use of concurrent medications that may influence
the PT and INR—such as warfarin or heparin—was not clearly
recorded. Fourth, hepatic venous pressure gradient (HVPG) is
the reference standard of portal hypertension; however, HVPG
measurement is not carried out in our hospital. Thus, future
studies should explore the correlation between PLT, PT/INR, and
APTT with HVPG and upper gastrointestinal endoscopy exami-
nations. Fifth, the definitions of variceal bleeding were not
excellent.

In conclusion, PLT—but not PT/INR—reflected the occur-
rence of portal hypertension-related bleeding in liver cirrhosis.
Accordingly, we would like to further ask whether oral warfarin
prolongs the PT but does not increase the risk of variceal bleed-
ing in liver cirrhosis. This question is clinically important, be-
cause anti-coagulation therapy may recanalize the thrombosed
portal vein, prevent the development of portal vein thrombosis,
and even improve liver function [18, 19].
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Table 3. Comparison between patients with and without acute vari-
ceal bleeding (AEVB)

Variables With AEVB Without AEVB P-value
(n¼ 297) (n¼ 1259)

Gender (male/female) 199/98 829/430 0.705
Age (years) 54.37 6 11.56 56.42 6 12.12 0.008
Aetiology of liver diseases 0.529

Viral hepatitis 108 (36.4) 428 (34.0)
Alcohol 70 (26.2) 336 (26.7)
Viral hepatitisþalcohol 28 (9.4) 109 (8.7)
Others 40 (13.5) 141 (11.2)
Unknown 51 (17.2) 245 (19.5)

Ascites 135 (45.5) 626 (49.7) 0.186
Hepatic encephalopathy 10 (3.4) 85 (6.8) 0.028
Varices <0.001

No 0 (0.0) 99 (7.9)
Mild 6 (2.0) 24 (1.9)
Moderate 37 (12.4) 47 (3.7)
Severe 254 (85.5) 221 (17.6)
Not evaluated 0 (0.0) 868 (68.9

Laboratory tests
Haemoglobin (g/L) 74.13 6 20.78 102.85 6 28.88 <0.001
Platelet (�109/L) 86.87 6 62.14 101.74 6 83.62 0.004
Total bilirubin (mmol/L) 18.0 (3.3–107) 21.9 (1.9–809.8) <0.001
Albumin (g/L) 31.24 6 6.35 32.83 6 6.78 <0.001
Creatinine (mmol/L) 59 (28–327) 59 (2.82–1473) 0.001
Prothrombin time (s) 16.53 6 3.71 16.04 6 4.68 0.088
APTT (s) 40.98 6 7.98 43.72 6 10.97 <0.001
INR 1.35 6 0.41 1.31 6 0.59 0.225

Child-Pugh class 0.057
A 119 (40.1) 473 (37.6)
B 133 (44.8) 523 (41.5)
C 34 (11.4) 215 (17.1)
Not evaluated 11 (3.7) 48 (3.8)

Child-Pugh score 7 (5–13) 7 (5–15) 0.057
MELD score 5.1 (-7.4–37.6) 5.8 (-14.3–51.6) 0.002

Values are presented as mean 6 SD, median (range) or n (%). APTT¼activated

partial thromboplastin time; INR¼ international normalized ratio;

MELD¼model for end stage liver disease

Table 4. Multivariate analysis of variables associated with acute var-
iceal bleeding

Variables P-value Odds
ratios

95% confidential interval

Lower limit Upper limit

Haemoglobin <0.001 1.044 1.037 1.051
Platelet 0.001 1.004 1.002 1.006
Total bilirubin 0.011 1.008 1.002 1.014
Albumin 0.051 1.026 1.000 1.052
Creatinine <0.001 1.008 1.004 1.011
Activated partial

thromboplastin time
<0.001 1.074 1.048 1.102
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