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Abstract

Background: Chronic liver disease (CLD) is associated with complex hemostatic alterations that can lead to
both bleeding and thrombotic complications. This study aimed to investigate coagulopathy in CLD patients and
understand its clinical implications.

Methods: This prospective observational study enrolled 43 adult patients with CLD of varying severity.
Coagulation parameters (PT, INR, aPTT, platelet count) were assessed at baseline and during follow-up. Patients
were monitored for bleeding and thrombotic events. Correlations between coagulation parameters and disease
severity (Child-Pugh and MELD scores) were analyzed, and predictors of clinical events were identified using
multivariate regression.

Results: The study population (mean age 54.3 £ 11.7 years, 74.4% male) comprised 34.9% Child-Pugh A,
41.9% Child-Pugh B, and 23.2% Child-Pugh C patients. Coagulation parameters showed significant
deterioration with increasing Child-Pugh class (p<0.001 for all parameters) and strong correlations with disease
severity scores (r=0.756 for INR and Child-Pugh score, p<0.001). During the study period, 32.6% of patients
experienced bleeding events and 14.0% developed thrombotic complications. Patients with bleeding events had
significantly worse baseline coagulation parameters compared to non-bleeders (INR: 2.1 + 0.6 vs. 1.5 + 0.4,
p=0.001; platelet count: 93.4 + 32.6 vs. 134.7 = 45.8 x 10°/uL, p=0.004). Multivariate analysis identified INR >
1.8 (adjusted OR=4.28, p=0.012), platelet count < 100 x 10*/uL (adjusted OR=3.74, p=0.020), and Child-Pugh
Class C (adjusted OR=3.95, p=0.017) as independent predictors of bleeding. Dynamic worsening of coagulation
parameters was significantly associated with bleeding risk in Cox regression analysis.

Conclusion: Coagulopathy in CLD correlates significantly with disease severity and has important clinical
implications. Conventional coagulation tests retain value in bleeding risk stratification, while their limitations in
predicting thrombotic complications highlight the complex "rebalanced hemostasis" in CLD. Regular
monitoring of coagulation parameters and individualized management approaches are essential in these patients.
Keywords: Chronic liver disease; Coagulopathy; Bleeding; Thrombosis; Prothrombin time; International
normalized ratio; Platelet count; Child-Pugh score; Risk factors; Hemostasis.
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Introduction

Chronic liver disease (CLD) represents a system [2]. Consequently, deteriorating liver
significant global health burden, affecting an function invariably leads to profound alterations in
estimated 844 million people worldwide with a the hemostatic system. Historically, coagulopathy
mortality rate exceeding 2 million deaths annually in CLD has been synonymous with an increased
[1]. As liver disease progresses from inflammation bleeding tendency, evidenced by prolonged
to fibrosis and ultimately cirrhosis, numerous conventional coagulation tests such as prothrombin
complications emerge, with coagulopathy being time (PT) and activated partial thromboplastin time
one of the most clinically significant and complex (aPTT). This perspective influenced clinical
manifestations. The liver plays a central role in practice for decades, leading to liberal prophylactic
hemostasis, synthesizing most pro-coagulant use of blood products before invasive procedures in
factors (factors II, V, VII, IX, X, XI, and XII), patients with liver disease [3]. However, this
anticoagulant proteins (protein C, protein S, and paradigm has undergone substantial revision in
antithrombin), and components of the fibrinolytic recent years. Current understanding recognizes that
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hemostasis in CLD represents a precarious
"rebalanced" state rather than a simple
hypocoagulable condition [4].

The concept of rebalanced hemostasis in CLD
acknowledges that while pro-coagulant factors
decrease, anticoagulant proteins also diminish
concurrently. This simultaneous reduction in both
pro- and anti-coagulant factors results in a delicate
equilibrium that can easily tip toward either
bleeding or thrombosis depending on prevailing
clinical circumstances [4]. Adding to this
complexity, patients with advanced liver disease
often exhibit thrombocytopenia due to splenic
sequestration, decreased thrombopoietin
production, and immune-mediated destruction of
platelets. However, the remaining circulating
platelets frequently demonstrate enhanced function,
potentially compensating for reduced platelet
numbers [5].

Several factors contribute to the hemostatic
dysfunction observed in CLD. Progressive loss of
functional liver parenchyma directly reduces the
synthesis  of  coagulation  factors.  Portal
hypertension leads to  hypersplenism and
consequent  thrombocytopenia.  Vitamin K
deficiency, common in cholestatic disorders and
malnutrition, further impairs the production of
vitamin K-dependent factors (II, VII, IX, and X).
Dysfibrinogenemia, characterized by functionally
abnormal fibrinogen molecules, can occur in
advanced liver disease, compromising clot
formation and stability [6]. Additionally, systemic
inflammation and  endothelial  dysfunction,
prevalent in cirrhosis, contribute to hemostatic
derangements by activating coagulation pathways
and impairing vascular integrity.

The clinical manifestations of coagulopathy in
CLD span a spectrum from spontaneous bleeding
to unprovoked thrombosis. Bleeding complications
typically involve mucosal surfaces, presenting as
gastrointestinal hemorrhage, epistaxis, or gingival
bleeding. More severe manifestations include
intracranial hemorrhage or bleeding at invasive
procedure sites. Paradoxically, patients with
advanced liver disease demonstrate an increased
risk of thrombotic events, particularly portal vein
thrombosis, which occurs in approximately 10-25%
of cirrhotic patients [7]. This thrombotic tendency
extends beyond the splanchnic circulation, with
studies revealing an elevated risk of deep vein
thrombosis and pulmonary embolism in patients
with cirrhosis despite prolonged conventional
coagulation tests [8].

Conventional coagulation assays, notably PT,
aPTT, and international normalized ratio (INR),
have significant limitations in assessing bleeding
risk in CLD patients. These tests evaluate only pro-
coagulant activity without accounting for
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concurrent reductions in anticoagulant proteins.
Furthermore, they are performed in plasma,
excluding the crucial contribution of -cellular
elements to hemostasis. Consequently, these tests
overestimate bleeding risk and correlate poorly
with actual hemorrhagic events in CLD patients
[3]. This discrepancy has stimulated interest in
global viscoelastic tests, such as
thromboelastography  (TEG) and rotational
thromboelastometry (ROTEM), which provide a
more comprehensive assessment of the entire
hemostatic process, including clot formation,
strength, and dissolution in whole blood [9].

The clinical implications of coagulopathy in CLD
extend beyond bleeding risk assessment and
management. Coagulation parameters, particularly
INR, are integral components of prognostic scoring
systems such as the Model for End-Stage Liver
Disease (MELD), which guides allocation of liver
transplants in many regions [10]. However, the
inclusion of INR in such models potentially
overestimates disease severity in patients with
cholestatic disorders who may have significant
coagulopathy without corresponding parenchymal
dysfunction. Moreover, uncertainty persists
regarding optimal management strategies for
procedures in patients with liver disease, with
practices ranging from liberal use of blood products
to restrictive approaches based on viscoelastic
testing.

Despite significant advances in understanding the
complex hemostatic alterations in CLD, several
knowledge gaps persist. The predictive value of
conventional and viscoelastic coagulation tests for
bleeding events remains incompletely defined.
Optimal thresholds for prophylactic blood product
administration before invasive procedures lack
consensus. The role of anticoagulation in
preventing thrombotic complications requires
further clarification. Additionally, the impact of
etiological factors, such as alcohol, viral hepatitis,
or non-alcoholic steatohepatitis, on the specific
patterns  of  coagulopathy  merits  further
investigation. This prospective observational study
aims to address these knowledge gaps by
comprehensively characterizing coagulopathy in a
cohort of patients with CLD of varying etiologies
and severity. By correlating coagulation parameters
with clinical outcomes, we seek to enhance risk
stratification and guide evidence-based
management of this complex patient population.
The study will evaluate conventional coagulation
tests alongside clinical parameters to assess their
utility in predicting bleeding and thrombotic
complications. Furthermore, by longitudinally
following patients through different stages of liver
disease, we aim to elucidate the dynamic changes
in hemostatic profiles with disease progression and
their correlation with clinical events.
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Understanding the nuances of coagulopathy in
CLD has profound implications for clinical
practice. It can guide rational blood product
utilization, improve risk assessment before invasive
procedures, inform anticoagulation strategies for
thromboprophylaxis, and refine prognostic models
for liver disease. Moreover, as novel therapies for
liver disease continue to emerge, comprehending
the impact of improved liver function on
hemostatic  parameters becomes increasingly
relevant. In summary, coagulopathy in CLD
represents a  complex, dynamic  process
characterized by a precarious balance between
bleeding and thrombosis. This study endeavors to
enhance our understanding of this intricate
hemostatic milieu, with the ultimate goal of
improving patient outcomes through targeted,
evidence-based interventions.

Aims and Objectives

Aim: The primary aim of this study was to
investigate coagulopathy in patients with chronic
liver disease (CLD) and to understand its clinical
implications in terms of bleeding and thrombotic
risks. The study sought to establish a
comprehensive profile of hemostatic alterations in
CLD patients and correlate these changes with
disease severity, progression, and patient outcomes.

Objectives: The study was designed with three
principal objectives. First, it aimed to characterize
the coagulation profile changes in CLD patients
through detailed assessment of conventional
coagulation parameters including prothrombin time
(PT), activated partial thromboplastin time (aPTT),
international normalized ratio (INR), and platelet
count. Second, the study endeavored to correlate
these coagulation changes with the severity and
progression of liver disecase as determined by
established scoring systems such as Child-Pugh and
Model for End-Stage Liver Disease (MELD)
scores. Third, the investigation sought to evaluate
the impact of coagulopathy on patient outcomes,
with particular focus on bleeding complications and
thrombotic events that occurred during the study
period.

Materials and Methods

Study Design and Setting: This prospective
observational study was conducted over a period of
six months from October 2023 to March 2024 at
the Department of General Medicine, Karwar
Institute of Medical Sciences (KRIMS), Karwar,
Karnataka, India. The study protocol received
approval from the Institutional Ethics Committee
(IEC) of KRIMS (Approval No. KRIMS/IEC/2023-
24/037) and adhered to the principles outlined in
the Declaration of Helsinki. Written informed
consent was obtained from all study participants or
their legal representatives prior to enrollment.
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Study Population and Sample Size: The study
population comprised adult patients diagnosed with
chronic liver disease who were admitted to or
attending the outpatient department of General
Medicine at KRIMS during the study period. The
diagnosis of CLD was established based on
clinical, biochemical, radiological, and, where
available, histopathological evidence. The sample
size was calculated based on a study by Agarwal B
et al. [10], which reported that the proportion of
patients with thromboelastography (TEG) tracings
consistent with a hypocoagulable state was 20%.
Using the formula: n =22 x p x (1 - p) / €%, where z
= 1.96 for a confidence level (o) of 95%, p =
proportion (expressed as a decimal) = 0.2, and e =
margin of error = 0.12, the calculation yielded a
sample size of 42.69, which was rounded up to 43
patients with CLD required for this study.

Inclusion and Exclusion Criteria: Patients were
considered eligible for inclusion if they were aged
18 years or older of either gender, had been
diagnosed with chronic liver disease as confirmed
by relevant diagnostic tests, represented any stage
of CLD including compensated and decompensated
cirrhosis, and demonstrated willingness to
participate in the study with signed informed
consent. The study implementation involved a
rigorous screening process to exclude patients who
presented with acute liver failure or acute
exacerbation of chronic liver disease, had a history
of liver transplantation or were listed for liver
transplantation during the study period, exhibited
co-existing hematological diseases known to affect
coagulation such as hemophilia or von Willebrand
disease, reported current or recent (within the past
6 months) use of anticoagulant or antiplatelet
therapy including over-the-counter medications like
aspirin, suffered from other systemic diseases
significantly affecting coagulation such as chronic
renal failure or disseminated malignancy, were
pregnant or breastfeeding at the time of study
enrollment, demonstrated inability to provide
informed consent or comply with study procedures
due to cognitive impairment, severe psychiatric
illness, or substance abuse, or had a recent history
(within the past year) of major surgical procedures
that could influence coagulation status.

Data Collection and Assessment Methods: A
comprehensive standardized case record form was
employed to collect data from all enrolled patients.
The data collection encompassed detailed
demographic information including age, sex,
residence (urban/rural), occupation, and
anthropometric measurements. The clinical data
comprised presenting complaints, history of present
illness, past medical and surgical history, personal
history including alcohol consumption patterns,
smoking habits, and dietary practices, family
history of liver or other relevant diseases, findings
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from general physical examination, and
observations from detailed systemic examination.
The etiology of liver disease was categorized as
alcoholic, viral hepatitis, non-alcoholic fatty liver
disease, or others, and the presence of cirrhosis was
documented. All comorbid conditions such as
hypertension, diabetes, cardiac disease, or others
were recorded.

Laboratory Investigations: All laboratory
investigations were conducted at the Central
Laboratory of KRIMS following standardized
protocols to ensure consistency and reliability of
results. The battery of tests included comprehensive
liver function tests consisting of serum bilirubin
(total and direct), alanine aminotransferase (ALT),
aspartate  aminotransferase =~ (AST), alkaline
phosphatase (ALP), serum albumin, total proteins,
and serum glutamyl transpeptidase. The
coagulation profile assessment incorporated
prothrombin time, international normalized ratio,
activated partial thromboplastin time, and platelet
count. Additional relevant investigations comprised
complete blood count, renal function tests
including blood urea and serum creatinine, serum
electrolytes, viral markers for hepatitis B and C,
ultrasonography of the abdomen, and upper
gastrointestinal ~ endoscopy ~ when  clinically
indicated.

Disease Severity Assessment: The severity of
chronic liver disecase was evaluated using two
widely recognized scoring systems. The Child-
Pugh score was calculated based on five clinical
parameters: serum bilirubin, serum albumin,
prothrombin time or INR, ascites, and hepatic
encephalopathy. Each parameter was assigned a
score from 1 to 3, with higher scores indicating
worse function. Based on the total score, patients
were classified into Class A (5-6 points)
representing least severe liver disease, Class B (7-9
points) indicating moderately severe liver disease,
or Class C (10-15 points) signifying most severe
liver disease. The Model for End-Stage Liver
Disease (MELD) score was calculated using the
formula: MELD = 3.78 x In[serum bilirubin
(mg/dL)] + 11.2 x In[INR] + 9.57 X In[serum
creatinine (mg/dL)] + 6.43, which provided another
measure of disease severity and prognosis.

Assessment of Bleeding and Thrombotic Events:
All study participants underwent continuous
monitoring for bleeding and thrombotic events
throughout the duration of their hospital stay or
during follow-up visits for outpatients.

Bleeding events were classified according to
severity as major bleeding (defined as fatal
bleeding, symptomatic bleeding in a critical area or
organ, or bleeding causing a decrease in
hemoglobin level of >2 g/dL. or requiring
transfusion of >2 units of blood) or minor bleeding
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(any other bleeding event not meeting criteria for
major bleeding). Thrombotic events were
documented when objectively confirmed and
categorized as deep vein thrombosis, pulmonary
embolism, portal vein thrombosis, or other venous
or arterial thrombotic events.

Study Protocol and Follow-up: The study
protocol involved a systematic approach to patient
assessment and follow-up. Upon enrollment, all
patients  underwent  comprehensive  clinical
evaluation, baseline laboratory investigations,
assessment of coagulation parameters, and
calculation of Child-Pugh and MELD scores. For
hospitalized patients, coagulation parameters were
reassessed after 48 hours of admission, daily
monitoring for bleeding and thrombotic events was
implemented, and additional assessments were
performed if clinically indicated or following any
bleeding or thrombotic event. Outpatient
participants were scheduled for follow-up
evaluation at 2-week intervals or earlier if clinically
indicated, with assessment of coagulation
parameters at each follow-up visit and
documentation of any bleeding or thrombotic
events that had occurred since the previous visit.

Statistical Analysis: All collected data were
entered into Microsoft Excel and subsequently
analyzed using Statistical Package for Social
Sciences (SPSS) version 22.0. Descriptive statistics
were employed to summarize the demographic and
clinical characteristics of the study population, with
continuous variables expressed as mean =+ standard
deviation or median with interquartile range
depending on the distribution of data, and
categorical variables presented as frequencies and
percentages.

The relationship between coagulation parameters
and disease severity was analyzed using Pearson's
or Spearman's correlation coefficient based on the
distribution of data. The association between
coagulation parameters and the occurrence of
bleeding or thrombotic events was evaluated using
appropriate statistical tests including Chi-square
test, Fisher's exact test, or Mann-Whitney U test.
Univariate and multivariate logistic regression
analyses were conducted to identify independent
predictors of bleeding and thrombotic events, with
variables yielding p-values < 0.10 in univariate
analysis included in the multivariate model. A p-
value < 0.05 was established as the threshold for
statistical significance in all analyses.

Results

The study enrolled a total of 43 patients with
chronic liver disease. The demographic and
baseline characteristics of the study population are
presented in Table 1. The mean age of the
participants was 54.3 £ 11.7 years, with a
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predominance of males (74.4%) over females
(25.6%). Alcohol-related liver disease was the most
common etiology (60.5%), followed by viral
hepatitis (18.6%), non-alcoholic fatty liver disease
(11.6%), and other causes (9.3%). According to the
Child-Pugh classification, 34.9% of patients were
categorized as class A, 41.9% as class B, and
23.2% as class C. The mean MELD score of the
study population was 15.7 £+ 6.4. The most frequent
presenting symptom was jaundice (62.8%),
followed by ascites (53.5%), hematemesis/melena
(32.6%), and encephalopathy (20.9%). Common
comorbidities included hypertension (30.2%),
diabetes mellitus (27.9%), and chronic kidney
disease (14.0%).

The baseline coagulation parameters stratified by
Child-Pugh class are shown in Table 2. There was a
statistically significant progressive worsening of all
coagulation parameters with increasing disease
severity. The mean prothrombin time increased
from 14.2 + 1.8 seconds in Child-Pugh A patients
to 17.6 = 2.9 seconds in Child-Pugh B and 24.3 +
5.2 seconds in Child-Pugh C patients (p<0.001).
Similarly, the mean INR values were 1.2 + 0.2, 1.6
+ 0.3, and 2.4 £ 0.5 for Child-Pugh classes A, B,
and C, respectively (p<0.001). The aPTT showed a
comparable trend, with mean values of 31.5 + 3.6
seconds in Child-Pugh A, 36.4 £+ 4.7 seconds in
Child-Pugh B, and 47.1 + 9.2 seconds in Child-
Pugh C patients (p<0.001). In contrast, the platelet
count demonstrated a significant decline with
worsening liver function, with mean values of
162.7 + 48.3 x 10%/uL, 112.4 + 35.2 x 10°/pL, and
78.6 £ 31.7 x 103/uL for Child-Pugh classes A, B,
and C, respectively (p<0.001).

Table 3 illustrates the correlation between
coagulation parameters and disease severity scores.
All  coagulation  parameters  demonstrated
significant correlations with both Child-Pugh and
MELD scores. Prothrombin time showed a strong
positive  correlation with  Child-Pugh score
(r=0.732, p<0.001) and MELD score (r=0.689,
p<0.001). The INR exhibited the strongest
correlation with both Child-Pugh score (r=0.756,
p<0.001) and MELD score (r=0.781, p<0.001). The
aPTT also displayed a significant positive
correlation with Child-Pugh score (r=0.645,
p<0.001) and MELD score (r=0.583, p<0.001). In
contrast, the platelet count showed a moderate
negative correlation with Child-Pugh score (r=-
0.528, p=0.002) and MELD score (r=-0.471,
p=0.008), indicating that platelet counts decreased
as disease severity increased.

During the study period, 14 patients (32.6%)
experienced bleeding events, while 6 patients
(14.0%) developed thrombotic complications
(Table 4). Among the bleeding events, 5 (11.6%)
were classified as major and 9 (20.9%) as minor.
The most common major bleeding manifestation
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was variceal hemorrhage (7.0%), followed by non-
variceal gastrointestinal bleeding (2.3%) and
intracranial hemorrhage (2.3%). Minor bleeding
events included epistaxis (9.3%), gingival bleeding
(7.0%), and ecchymosis/bruising (4.7%). The mean
time from enrollment to the development of
bleeding events was 8.7 = 6.2 days. Regarding
thrombotic events, portal vein thrombosis was the
most frequent (9.3%), followed by deep vein
thrombosis (2.3%) and pulmonary embolism
(2.3%). Thrombotic events occurred at a mean of
12.3 + 7.8 days after enrollment.

Table 5 compares the coagulation parameters
between patients who experienced clinical events
and those who did not. Patients who developed
bleeding events had significantly worse coagulation
parameters at baseline compared to those without
bleeding. The mean baseline PT (22.1 + 5.6 vs.
16.2 + 4.1 seconds, p=0.003), INR (2.1 £+ 0.6 vs.
1.5 = 0.4, p=0.001), and aPTT (43.6 + 8.2 vs. 34.7
+ 6.3 seconds, p=0.002) were all significantly
higher in patients with bleeding events. Conversely,
the mean baseline platelet count was significantly
lower in patients who experienced bleeding
compared to those who did not (93.4 £ 32.6 vs.
134.7 + 45.8 x 103/uL, p=0.004). These differences
became even more pronounced at the 48-
hour/follow-up assessment. In contrast, there were
no statistically significant differences in baseline or
follow-up coagulation parameters between patients
who developed thrombotic events and those who
did not, although there was a trend toward lower
platelet counts in patients with thrombotic events.
The multivariate logistic regression analysis for
independent predictors of bleeding events is
presented in Table 6. In the univariate analysis, INR
> 1.8 (OR=5.63, 95% CI: 1.98-16.04, p=0.001),
platelet count < 100 x 103/uL (OR=4.37, 95% CI:
1.54-12.36, p=0.005), aPTT > 40 seconds
(OR=3.92, 95% CI: 1.47-10.41, p=0.006), Child-
Pugh Class C (OR=5.87, 95% CI: 2.01-17.14,
p<0.001), and MELD score > 18 (OR=4.12, 95%
CI: 1.45-11.68, p=0.008) were all significantly
associated with bleeding events. Age > 60 years,
male gender, and alcohol etiology did not show
significant associations. In the multivariate model,
INR > 1.8 (adjusted OR=4.28, 95% CI: 1.37-13.42,
p=0.012), platelet count < 100 x 103/uL (adjusted
OR=3.74, 95% CI: 1.23-11.35, p=0.020), and
Child-Pugh Class C (adjusted OR=3.95, 95% CI:
1.28-12.18, p=0.017) remained independent
predictors of bleeding events. The aPTT > 40
seconds showed a trend toward significance
(adjusted OR=2.86, 95% CI: 0.97-8.44, p=0.056),
while MELD score > 18 lost its significance in the
multivariate model (adjusted OR=2.43, 95% CI:
0.76-7.81, p=0.137). The model demonstrated good
performance with a Nagelkerke R? of 0.463 and
Hosmer-Lemeshow goodness-of-fit p-value of
0.752. Table 7 depicts the changes in coagulation
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parameters during follow-up and their association
with clinical outcomes. In the overall study
population, there were no statistically significant
changes in coagulation parameters between
baseline and 48-hour/follow-up assessments.
However, patients who experienced bleeding events
showed significant worsening of all coagulation
parameters. Their PT increased by a mean of 2.2 +
2.7 seconds (p=0.008), INR by 0.2 + 0.3 (p=0.014),
and aPTT by 2.6 + 4.1 seconds (p=0.031), while
platelet count decreased by 9.2 = 10.8 x 103/uL
(p=0.007). Cox proportional hazards models
revealed that these changes were significantly
associated with the risk of bleeding events. Each
one-second increase in PT was associated with a
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28% increased risk of bleeding (HR=1.28, 95% CI:
1.08-1.52, p=0.005), each 0.1 increase in INR with
a 9.7% increased risk (calculated from HR=2.53,
95% CI: 1.36-4.71, p=0.003), each one-second
increase in aPTT with a 14% increased risk
(HR=1.14, 95% CI: 1.03-1.27, p=0.012), and each
1 x 10%/uL decrease in platelet count with a 3%
increased risk (HR=0.97, 95% CI: 0.95-0.99,
p=0.008). In contrast, patients who developed
thrombotic  events showed no statistically
significant changes in coagulation parameters
between baseline and follow-up, and these
parameters were not significantly associated with
the risk of thrombotic events in Cox regression
analysis.

Table 1: Demographic and Baseline Characteristics of Study Population

Characteristic Value (n=43)
Age (years), mean + SD 543+£11.7
Gender, n (%)

Male 32(74.4)
Female 11 (25.6)
Etiology of CLD, n (%)

Alcohol-related 26 (60.5)
Viral hepatitis 8 (18.6)
NAFLD 5(11.6)
Others 4(9.3)
Child-Pugh Class, n (%)

A 15 (34.9)
B 18 (41.9)
C 10 (23.2)
MELD score, mean + SD 157+ 6.4
Presenting symptoms, n (%)

Jaundice 27 (62.8)
Ascites 23 (53.5)
Hematemesis/melena 14 (32.6)
Encephalopathy 9(20.9)
Comorbidities, n (%)

Diabetes mellitus 12 (27.9)
Hypertension 13 (30.2)
Chronic kidney disease 6 (14.0)

Table 2: Baseline Coagulation Parameters by Disease Severity

Parameter Child-Pugh A Child-Pugh B Child-Pugh C p-value
(n=15) (n=18) (n=10)
PT (seconds), mean + SD 142+1.8 17.6 +£2.9 243+5.2 <0.001*
INR, mean + SD 1.2+0.2 1.6+0.3 24+£0.5 <0.001*
aPTT (seconds), mean + SD 31.5+£3.6 36.4+4.7 47.1£9.2 <0.001*
Platelet count (x10%/uL), mean+ SD | 162.7 +48.3 112.4+£35.2 78.6 £31.7 <0.001*
*One-way ANOVA with post-hoc Bonferroni correction
Table 3: Correlation Between Coagulation Parameters and Disease Severity Scores

Coagulation Parameter Child-Pugh Score MELD Score

r-value p-value r-value p-value
Prothrombin Time 0.732 <0.001 0.689 <0.001
INR 0.756 <0.001 0.781 <0.001
aPTT 0.645 <0.001 0.583 <0.001
Platelet count -0.528 0.002 -0.471 0.008

Pearson's correlation coefficient (r) was used for all analyses
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Table 4: Frequency and Characteristics of Bleeding and Thrombotic Events

Event Type Number of Patients (%) Time from Enrollment (days) Mean + SD
Bleeding Events 14 (32.6) 8.7+£6.2
Major Bleeding 5(1.6) 7.2+4.6
- Variceal hemorrhage 3(7.0) 6.3+338
- Non-variceal GI bleeding 1(2.3) 8.0

- Intracranial hemorrhage 1(2.3) 9.0
Minor Bleeding 9(20.9) 9.6+7.1

- Epistaxis 4(9.3) 7.8+£5.2
- Gingival bleeding 3(7.0) 10.7+8.5
- Ecchymosis/bruising 2(4.7) 12.0+9.9
Thrombotic Events 6 (14.0) 123+7.8
- Portal vein thrombosis 4(9.3) 11.5+£6.3
- Deep vein thrombosis 1(2.3) 14.0

- Pulmonary embolism 1(2.3) 15.0

Table 5: Comparison of Coagulation Parameters Between Patients With and Without Clinical Events

Parameter Bleeding Events Thrombotic Events

Present Absent p- Present (n=6) Absent p-

(n=14) (n=29) value (n=37) value
Baseline
PT (seconds) 22.1+5.6 16.2+4.1 0.003 19.3+4.7 17.8+5.2 0.495
INR 2.1+0.6 1.5+04 0.001 1.8+0.5 1.7+0.6 0.683
aPTT (seconds) 43.6+£82 347+£6.3 0.002 39.2+7.8 37.3+84 0.583
Platelet count (x10%/uL) | 93.4+32.6 134.7+45.8 | 0.004 102.7 £36.2 124.3 £46.7 | 0.265
At 48 hours/Follow-up
PT (seconds) 243 +6.1 15.8+3.9 <0.001 | 20.7+54 17.9+£5.8 0.262
INR 23+£0.7 14+03 <0.001 | 1.9+0.5 1.7+£0.6 0.431
aPTT (seconds) 46.2+9.1 33.8+£5.9 <0.001 | 41.5+8.6 36.9+8.7 0.218
Platelet count (x10%/uL) | 84.2 +29.7 137.3+43.9 | <0.001 | 96.5+334 123.8+45.2 | 0.156
Values are presented as mean + SD; Mann-Whitney U test was used for all comparisons

Table 6: Multivariate Analysis for Independent Predictors of Bleeding Events
Variable Univariate Analysis Multivariate Analysis
Odds Ratio (95% | p-value | Adjusted Odds Ratio (95% | p-value
Ch Ch

INR>1.8 5.63 (1.98-16.04) 0.001 4.28 (1.37-13.42) 0.012
Platelet count <100 x 103/uL | 4.37 (1.54-12.36) 0.005 3.74 (1.23-11.35) 0.020
aPTT > 40 seconds 3.92(1.47-10.41) 0.006 2.86 (0.97-8.44) 0.056
Child-Pugh Class C 5.87(2.01-17.14) <0.001 | 3.95(1.28-12.18) 0.017
MELD score > 18 4.12 (1.45-11.68) 0.008 2.43 (0.76-7.81) 0.137
Age > 60 years 1.86 (0.71-4.88) 0.207 - -
Male gender 1.32 (0.51-3.41) 0.568 - -
Alcohol etiology 1.75 (0.65-4.69) 0.268 - -

Model performance: Nagelkerke R? = 0.463; Hosmer-Lemeshow goodness-of-fit p = 0.752

Table 7: Changes in Coagulation Parameters During Follow-up and Association with Clinical Qutcomes

Parameter At Baseline | At48 Mean p- Association with
hrs/Follow- Change value* | Events**
up

All Patients (n=43)

PT (seconds) 18.1£5.2 18.5+£6.2 04+3.7 0.486 -

INR 1.7£0.5 1.8+0.6 0.1+04 0.127 -

aPTT (seconds) 37.6 £ 8.2 38.1+9.3 0.5+54 0.536 -

Platelet count (x10%/uL) 1212+46.3 | 119.4+485 | -1.8+14.7 | 0.426 -

Patients with Bleeding

Events (n=14)

PT (seconds) 22.1£5.6 243 +6.1 22+2.7 0.008 HR =1.28 (1.08-1.52),
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p =0.005

INR 2.1+0.6 23+£0.7 0.2+0.3 0.014 HR =2.53 (1.36-4.71),
p =0.003

aPTT (seconds) 43.6 +8.2 46.2+9.1 2.6+4.1 0.031 HR =1.14 (1.03-1.27),
p=0.012

Platelet count (x10%/uL) 93.4+32.6 84.2+29.7 -9.2+10.8 | 0.007 HR =0.97 (0.95-0.99),
p =0.008

Patients with Thrombotic

Events (n=6)

PT (seconds) 19.3+4.7 20.7+5.4 14+3.1 0.296 HR = 1.05 (0.92-1.20),
p=0.473

INR 1.8+0.5 1.9+05 0.1+0.3 0.438 HR =1.67 (0.63-4.41),
p=0.304

aPTT (seconds) 392+7.8 41.5+8.6 23+4.6 0.264 HR =1.08 (0.95-1.23),
p=0.256

Platelet count (x10%/uL) 102.7+£36.2 | 96.5+33.4 -6.2+9.1 0.134 HR =0.98 (0.95-1.01),
p=0.186

*Paired t-test comparing baseline and follow-up values **Cox proportional hazards model, hazard ratio (HR)

for each unit increase in the parameter; HR (95% CI)

Discussion

Chronic liver disease (CLD) presents a complex
challenge in terms of hemostatic alterations, with
the liver playing a central role in the synthesis of
both pro- and anticoagulant factors. This
prospective  observational  study  examined
coagulopathy in 43 patients with CLD of varying
severity, focusing on coagulation profile changes,
their correlation with disease severity, and their
impact on clinical outcomes. The findings
contribute to the evolving understanding of the
delicate hemostatic balance in CLD patients and
have important implications for clinical practice.

Demographic and Baseline Characteristics: The
demographic profile of our study population aligns
with global epidemiological patterns of CLD. The
predominance of males (74.4%) and the mean age
of 54.3 + 11.7 years are comparable to findings by
Tapper et al. who reported 68.5% male
predominance with a median age of 57 years in a
cohort of 2,743 CLD patients [11]. The etiological
distribution in our study, with alcohol-related liver
disease being most prevalent (60.5%), followed by
viral hepatitis (18.6%) and NAFLD (11.6%),
reflects the changing landscape of CLD etiology.
This distribution differs somewhat from that
reported by Asrani et al. in their global burden
study, where viral hepatitis (primarily HBV and
HCV) contributed to approximately 50% of CLD
cases worldwide, followed by alcohol-related liver
disease (30%) and NAFLD (14%) [12]. The higher
proportion of alcohol-related CLD in our cohort
may reflect regional wvariations in alcohol
consumption patterns or referral biases. The
distribution of patients across Child-Pugh classes
(34.9% class A, 41.9% class B, and 23.2% class C)
provided a balanced representation of different
stages of liver disease severity, enabling
comprehensive evaluation of coagulopathy across
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the spectrum of CLD. The mean MELD score of
15.7 £ 6.4 indicates moderate to advanced liver
disease in our cohort, similar to the study by
Northup et al. who reported a mean MELD score of
14.7 + 7.2 in their analysis of bleeding risk in CLD
patients [13].

Coagulation Parameters and Disease Severity:
Our study demonstrated a significant progressive
deterioration of all coagulation parameters with
increasing disease severity classified by Child-
Pugh score. The strong positive correlations
between PT/INR and disease severity scores
(Child-Pugh and MELD) observed in our study are
consistent with findings by Drolz et al., who
reported correlation coefficients of 0.72 and 0.83
between INR and Child-Pugh and MELD scores,
respectively, in a cohort of 389 patients with
decompensated cirrhosis [14]. These findings
reinforce the established role of coagulation
parameters, particularly INR, as important
components of prognostic scoring systems in CLD.

The moderate negative correlation between platelet
count and disease severity scores (r=-0.528 for
Child-Pugh, r=-0.471 for MELD) aligns with the
pathophysiological mechanisms of
thrombocytopenia in advanced liver disease,
primarily driven by portal hypertension and splenic
sequestration. Similar findings were reported by
Giannini et al., who demonstrated a correlation
coefficient of -0.46 between platelet count and
HVPG (hepatic venous pressure gradient) as a
direct measure of portal hypertension [15].

Interestingly, our data showed that aPTT also
correlated significantly with disease severity
(r=0.645 for Child-Pugh, r=0.583 for MELD), a
finding that has received less attention in literature.
This suggests that intrinsic pathway abnormalities,
reflected by aPTT prolongation, may be more
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prominent in advanced CLD than previously
recognized. Tripodi et al. noted similar findings in
their comprehensive assessment of hemostasis in
cirrhosis, reporting significant prolongation of
aPTT with increasing disease severity, although
they found greater variability in aPTT compared to
PT/INR across different cirrhosis stages [16].

Clinical Events: Bleeding and Thrombosis: The
observed frequency of bleeding events (32.6%) in
our cohort is comparable to findings by Fortune et
al., who reported a 29.4% incidence of bleeding in
a retrospective analysis of 380 hospitalized patients
with cirrhosis over a similar observation period
[17]. However, this rate is higher than the 18.7%
reported by Violi et al. in their prospective study of
503 compensated cirrhosis patients followed for 12
months [18]. This discrepancy likely reflects
differences in study populations, with our cohort
including a higher proportion of decompensated
CLD patients.

The distribution of bleeding events, with variceal
hemorrhage being the most common major
bleeding manifestation (7.0%), followed by non-
variceal gastrointestinal bleeding (2.3%) and
intracranial hemorrhage (2.3%), is consistent with
the established patterns of bleeding in CLD. In the
study by Garcia-Tsao et al., variceal hemorrhage
constituted approximately 60-65% of all major
bleeding events in patients with cirrhosis, with an
annual incidence of 5-15% in patients with known
varices [19].

The 14.0% incidence of thrombotic events in our
study population, predominantly portal vein
thrombosis (9.3%), underscores the paradoxical
prothrombotic state that can exist in CLD despite
prolonged conventional coagulation tests. Our
findings align with those of Nery et al., who
reported a cumulative incidence of portal vein
thrombosis of 10.7% at 1 year in a cohort of 1,243
patients with cirrhosis [20]. The lower incidences
of deep vein thrombosis (2.3%) and pulmonary
embolism (2.3%) observed in our study are also
comparable to rates reported by Sogaard et al.
(1.8% and 0.7%, respectively) in their population-
based cohort study [21].

The simultaneous occurrence of both bleeding and
thrombotic complications in our cohort (though not
in the same patients) exemplifies the concept of
"rebalanced hemostasis" in CLD proposed by
Lisman and Porte [22]. According to this concept,
the parallel reduction in both pro- and
anticoagulant factors creates a new, more
precarious hemostatic equilibrium that can be
easily tipped toward either bleeding or thrombosis
by additional factors such as infections, renal
dysfunction, or procedural interventions.
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Prediction of Bleeding Risk: Our comparison of
coagulation parameters between patients with and
without bleeding events revealed significantly
worse baseline and follow-up values in bleeders.
This finding partly contradicts the traditional view
that conventional coagulation tests poorly predict
bleeding risk in CLD. Particularly notable were the
differences in baseline PT (22.1 £ 5.6 vs. 16.2 £4.1
seconds, p=0.003), INR (2.1 = 0.6 vs. 1.5 = 0.4,
p=0.001), and platelet count (93.4 + 32.6 vs. 134.7
+ 45.8 x 10%/uL, p=0.004) between bleeders and
non-bleeders.

These findings are partially supported by
Napolitano et al, who found that severe
thrombocytopenia (<50  x 10°%/uL)  was
independently associated with bleeding risk
(OR=3.6, 95% CI: 1.7-7.6) in their study of 280
cirrhotic patients [23]. However, they differ from
observations by Segal et al., who reported poor
correlation between INR and bleeding risk in a
systematic review of 35 studies involving invasive
procedures in CLD patients [24]. This discrepancy
might be explained by our inclusion of both
spontaneous and procedure-related bleeding events,
whereas Segal's review focused primarily on the
latter.

Our multivariate analysis identified INR > 1.8
(adjusted OR=4.28, p=0.012), platelet count < 100
x 10%/uL (adjusted OR=3.74, p=0.020), and Child-
Pugh Class C (adjusted OR=3.95, p=0.017) as
independent predictors of Dbleeding events.
Interestingly, MELD score > 18, while significant
in univariate analysis (OR=4.12, p=0.008), lost its
significance in the multivariate model (adjusted
OR=2.43, p=0.137). This suggests that specific
coagulation parameters might be more directly
relevant to bleeding risk than composite severity
scores that include non-hemostatic factors. The
predictive value of INR for bleeding risk aligns
with findings by Cerini et al., who demonstrated
that INR > 1.8 was associated with an increased
risk of variceal bleeding (HR=2.37, 95% CI: 1.22-
4.61) in patients with portal hypertension [25].
Similarly, our threshold for platelet count (< 100 x
10%/uL) as a predictor of bleeding is supported by
Giannini et al., who identified platelet count < 100
% 10%/pL as an independent predictor of esophageal
varices with sensitivity and specificity of 61.2%
and 73.9%, respectively [26].

The finding that Child-Pugh Class C remained an
independent predictor of bleeding after adjusting
for coagulation parameters suggests that factors
beyond measurable coagulation abnormalities, such
as endothelial dysfunction, bacterial translocation,
and systemic inflammation associated with
advanced cirrhosis, contribute significantly to
bleeding risk. This complex interplay of hemostatic
and non-hemostatic factors in CLD-associated
bleeding has been elegantly described by Tripodi
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and Mannucci in their review of coagulopathy in
liver disease [27].

Thrombotic Risk and Paradoxical Coagulation
in CLD: In contrast to bleeding events, our study
found no significant differences in conventional
coagulation parameters between patients who
developed thrombotic events and those who did
not. This observation supports the concept that
conventional coagulation tests predominantly
reflect  procoagulant  deficiencies  without
adequately assessing the concurrent reduction in
natural anticoagulants in CLD, thus failing to
predict thrombotic risk.

Similar findings were reported by La Mura et al.,
who found no association between INR or platelet
count and the occurrence of portal vein thrombosis
in a cohort of 290 cirrhotic patients followed for a
median of 31 months [28]. Instead, they identified
slow portal flow velocity and previous thrombotic
events as the main risk factors, factors that were not
assessed in our study.

The absence of significant associations between
conventional  coagulation  parameters  and
thrombotic events in our study highlights the
limitations of these tests in capturing the complex
hemostatic alterations in CLD. As suggested by
Tripodi et al., global viscoelastic tests such as
thromboelastography =~ (TEG) or  rotational
thromboelastometry (ROTEM), which assess the
entire coagulation process in whole blood, might
provide more accurate assessment of thrombotic
risk in these patients [29]. However, these tests
were not included in our study protocol. The
finding that thrombotic events occurred at a later
time point after enrollment (mean 12.3 + 7.8 days)
compared to bleeding events (mean 8.7 + 6.2 days),
though not statistically analyzed, might reflect the
differential impact of acute illness and
hospitalization on bleeding versus thrombotic risk.
Acute  decompensation and its associated
physiological stress might precipitate bleeding
more immediately, while thrombotic complications
may develop more gradually as a consequence of
prolonged  immobility,  inflammation, and
endothelial dysfunction during hospitalization.

Longitudinal Changes in Coagulation
Parameters: Our analysis of changes in
coagulation parameters during follow-up revealed
significant worsening in patients who developed
bleeding events, with no significant changes in the
overall cohort or in those with thrombotic events.
These findings suggest that dynamic deterioration
in coagulation parameters, rather than absolute
values at a single time point, might be particularly
predictive of bleeding risk.

The significant associations between changes in
coagulation parameters and bleeding risk in our

Raju et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Cox regression analysis (HR=1.28 per second
increase in PT, HR=2.53 per unit increase in INR,
HR=1.14 per second increase in aPTT, and
HR=0.97 per 1 x 10%/uL decrease in platelet count)
are consistent with observations by Vanbiervliet et
al. They reported that a > 20% increase in INR over
baseline was associated with a 3.4-fold increased
risk of bleeding (95% CI: 1.7-6.9) in patients with
acute-on-chronic liver failure [30].

The lack of significant changes in coagulation
parameters in patients who developed thrombotic
events again highlights the limitations of
conventional tests in predicting thrombotic risk in
CLD. Englesbe et al. similarly found no significant
changes in INR prior to the development of portal
vein thrombosis in their retrospective analysis of
liver transplant candidates [31].

Implications for Clinical Practice: The findings
of our study have several important implications
for clinical practice. First, they suggest that
conventional coagulation tests, despite their
limitations, still provide valuable information for
bleeding risk stratification in CLD patients.
Specifically, INR > 1.8 and platelet count < 100 x
103/uL could serve as simple thresholds for
identifying patients at increased bleeding risk who
might benefit from prophylactic measures or closer
monitoring.

Second, our data support the concept that
coagulopathy in CLD is dynamic rather than static,
with  significant  implications for  patient
management. Regular monitoring of coagulation
parameters, particularly in hospitalized patients
with acute decompensation, might help identify
those with deteriorating profiles who are at
increased risk of bleeding. Third, the simultaneous
occurrence of bleeding and thrombotic events in
our cohort, albeit in different patients, highlights
the complex and often unpredictable nature of
hemostatic alterations in CLD. This complexity
calls for individualized approaches to prophylaxis
and management, rather than general protocols
based solely on conventional coagulation tests.
Finally, the independent association of Child-Pugh
Class C with bleeding risk, even after adjusting for
coagulation parameters, emphasizes the
multifactorial nature of bleeding in advanced liver
disease. This suggests that interventions targeting
non-hemostatic factors such as portal hypertension,
bacterial translocation, and systemic inflammation
might be equally important in bleeding prevention
as those focused on coagulation abnormalities.

Strengths and Limitations: Our study has several
strengths, including its prospective design,
comprehensive  evaluation  of  coagulation
parameters across different stages of CLD, and
systematic assessment of both bleeding and
thrombotic outcomes. The inclusion of both
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baseline and follow-up coagulation parameters
allowed evaluation of dynamic changes and their
association with clinical events, providing insights
beyond what could be gleaned from cross-sectional
analyses. However, several limitations should be
acknowledged. First, the relatively small sample
size (n=43) limits the statistical power, particularly
for subgroup analyses. Second, the short follow-up
period (mean approximately 2 weeks) might not
capture the full spectrum of hemostatic
complications, especially those occurring later in
the disease course. Third, the study did not include
global viscoelastic tests such as TEG or ROTEM,
which might provide more comprehensive
assessment of hemostasis in CLD. Fourth, factors
known to influence coagulation in CLD, such as
endothelial function markers, bacterial
translocation indicators, and specific clotting factor
levels, were not measured. Finally, the
observational nature of the study precludes
definitive conclusions about causality.

Future Directions: The findings of this study
suggest several avenues for future research. Larger
prospective studies with longer follow-up periods
are needed to validate the identified predictors of
bleeding and thrombotic events in CLD. The
integration of global viscoelastic tests alongside
conventional coagulation parameters might provide
more comprehensive risk stratification. Future
studies should also explore the role of novel
biomarkers of endothelial dysfunction, bacterial
translocation, and specific hemostatic factors in
predicting hemostatic complications in CLD.
Additionally, interventional studies evaluating
targeted prophylactic strategies based on identified
risk factors could help establish evidence-based
guidelines for preventing bleeding and thrombotic
complications in CLD. The development of CLD-
specific risk assessment tools that incorporate both
hemostatic and non-hemostatic factors could
facilitate more individualized management
approaches.

Conclusion

This prospective observational study provides
insights into the complex nature of coagulopathy in
chronic liver disease and its clinical implications.
The findings demonstrate a significant correlation
between conventional coagulation parameters and
disease severity, with progressive deterioration of
PT, INR, aPTT, and platelet count across Child-
Pugh classes. The study identified INR > 1.8,
platelet count < 100 x 103/uL, and Child-Pugh
Class C as independent predictors of bleeding
events, highlighting the utility of these parameters
in bleeding risk stratification despite their
recognized limitations. The observation that
dynamic worsening of coagulation parameters was
significantly associated with bleeding risk
emphasizes the importance of regular monitoring in
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high-risk patients. The simultaneous occurrence of
both bleeding and thrombotic complications in the
study cohort, with no significant association
between conventional coagulation tests and
thrombotic events, exemplifies the concept of
"rebalanced hemostasis" in CLD and the limitations
of current testing methods. This paradoxical
coexistence of bleeding and thrombotic risks
underscores the need for individualized approaches
to hemostatic management in CLD patients. The
finding that Child-Pugh Class C remained an
independent predictor of bleeding after adjusting
for coagulation parameters suggests that factors
beyond measurable coagulation abnormalities, such
as portal hypertension, endothelial dysfunction, and
systemic inflammation, contribute significantly to
bleeding risk in advanced liver disease. This
multifactorial nature of hemostatic complications in
CLD calls for comprehensive management
strategies  that address both  coagulation
abnormalities and underlying liver dysfunction.
Despite its limitations, this study contributes to the
evolving understanding of coagulopathy in CLD
and provides clinically relevant insights for risk
stratification and management. Future research
incorporating global viscoelastic tests and novel
biomarkers, along with larger sample sizes and
longer follow-up periods, will further refine our
understanding of this complex aspect of CLD and
inform evidence-based management guidelines.
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