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ABSTRACT

Background: The liver plays a crucial role in maintaining haematological
parameters and hemostasis through synthesis of clotting factors, storage of iron
and vitamin B12, and regulation of hematopoiesis.l'"* Chronic liver disease
frequently manifests with multiple haematological abnormalities that
significantly contribute to morbidity and mortality.[! Objective: To assess the
prevalence and nature of haematological and hemostatic abnormalities in
patients with decompensated chronic liver disease (DCLD). Materials and
Methods: A cross-sectional study was conducted at RIMS, Raichur, from
January 2023 to August 2023. One hundred patients with chronic liver disease
(>6 months duration) were evaluated with detailed clinical examination and
investigations including complete blood count, liver function tests, clotting
profile (PT/APPT), and bone marrow examination. Liver biopsy, ultrasound
abdomen, and upper GI endoscopy were performed for diagnostic confirmation.
Result: Of 100 patients (80 males, 20 females; mean age 44.7 years), 94 had
cirrhosis and 6 had Wilson's disease. Anaemia was present in 88% (mean Hb
8.6 +2.1 g/dL), predominantly normochromic normocytic in 52 patients (59%).
Macrocytosis occurred in 16 patients (18%), and microcytic anaemia in 19
patients (21.6%). Hypoalbuminemia was observed in 86% with albumin-
globulin ratio reversal in all patients. Thrombocytopenia (<1.5 lakhs) was
documented in 46 patients (46%), with severe thrombocytopenia
(<50,000/mm?) in 8 patients. Prolonged prothrombin time was found in 60
patients (60%), and prolonged APTT in patients with coagulation factor
deficiency or DIC. Four patients (4%) had disseminated intravascular
coagulation confirmed by elevated D-dimer levels. Conclusion: Multiple
haematological abnormalities are prevalent in DCLD, including anaemia,
thrombocytopenia, and coagulation defects. Normochromic normocytic
anaemia is the most common type. These abnormalities significantly impact
clinical outcomes and require targeted management strategies to reduce
morbidity and mortality.

INTRODUCTION

The liver is the largest internal organ, weighing 1200-
1500 gm (approximately 1/5 of adult body weight),
and plays multiple essential roles in homeostasis.!!
Its physiological functions include carbohydrate,
lipid, and protein metabolism; synthesis and secretion
of plasma proteins including clotting factors; storage
of iron, vitamin B12, and folic acid; inactivation of
toxins, steroids, and hormones; and synthesis of
immunoglobulins.'>” Loss of hepatic function
manifests as metabolic abnormalities and
derangements in haematological parameters that can
culminate in severe complications.

Chronic liver disease (CLD) is defined as liver
disease persisting for more than 6 months with
irreversible chronic injury to hepatic parenchyma,

intensive fibrosis, and formation of regeneration
nodules—conditions collectively termed cirrhosis of
the liver.[®9] Cirrhosis is classified as compensated or
decompensated based on functional status;
decompensated cirrhosis presents with hepatic cell
failure manifested by ascites, jaundice, and bleeding
tendencies.!'?

The liver plays a paramount role in maintaining
haematological parameters and hemostasis.['l It acts
as a storage site for iron, vitamin B12, and folic acid,
all necessary for normal hematopoiesis.['?! Liver
synthesizes  transferrin  for iron transport,
transcobalamin I for B12 transport, and secretes
thrombopoietin, the regulator of platelet
production.[3! Additionally, the liver is the primary
site of synthesis of all coagulation factors except
factor VIII and von Willebrand factor, as well as
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coagulation inhibitors such as antithrombin III,
protein C, and protein S.[1415]

Hepatocellular failure, portal hypertension, and
jaundice all impact the blood picture.['®! Chronic liver
disease is typically accompanied by hypersplenism,
which leads to diminished erythrocyte survival and
reduced platelet lifespan. Both parenchymal hepatic
disease and cholestatic jaundice may produce blood
coagulation  defects.!”  Dietary  deficiencies,
alcoholism, bleeding, and impaired hepatic synthesis
of proteins used in hematopoiesis and coagulation
complicate the clinical picture.!'®]

Haematological abnormalities in chronic liver
disease add substantial morbidity to the primary
pathology and increase mortality.['”! These include
abnormalities of formed elements (RBCs, WBCs,
platelets) and coagulation defects.?® The present
study was undertaken to assess the prevalence, types,
and mechanisms of haematological and hemostatic
abnormalities in patients with decompensated
chronic liver disease, with the goal of improving
clinical outcomes through targeted interventions.

MATERIALS AND METHODS

Study Design and Setting

A cross-sectional prevalence study was conducted at
RIMS, Raichur from January to August 2023.
Institutional ethical approval was obtained prior to
commencing the study.

Study Population and Inclusion/Exclusion Criteria
One hundred patients admitted to the medical wards
or attending outpatient services with chronic liver
disease were enrolled after informed consent.
Inclusion criteria: (1) CLD with symptoms and signs
persisting >6 months; (2) Alcoholic, post-infective
(HBV/HCYV), or metabolic causes of liver disease.
Exclusion criteria: (1) Patients with known
gastrointestinal malignancy or primary
hepatocellular carcinoma; (2) Primary coagulation
disorders; (3) Acute hepatic failure; (4) Liver failure
due to infectious causes with concurrent septicemia
or endotoxemia from non-hepatic sources.!!
Clinical Evaluation and Investigations

All patients underwent detailed history taking
including presenting complaints, duration of illness,
bleeding tendencies, abdominal distension, jaundice,
and oliguria. Past medical history regarding diabetes,
hypertension, tuberculosis, and coronary heart
discase was documented. Personal history of
alcoholism and smoking, along with family history of
liver disease, was recorded.??]

Clinical examination included general examination
(vital signs, built, nourishment, presence of anemia,
jaundice, lymphadenopathy) and stigmata of chronic
liver disease (palmar erythema, spider nevi, white
nails, clubbing, gynaecomastia, ascites,
splenomegaly, dilated abdominal veins).[?]
Laboratory investigations included:
Haematological profile: RBC count, hemoglobin
concentration, PCV, MCV, MCH, MCHC,

reticulocyte count, WBC count with differential,
platelet  count,  peripheral  blood  smear
examination.?*

Liver function tests: Serum bilirubin, SGOT, SGPT,
SAP, y-GT, albumin, total proteins, albumin-globulin
ratio.[?]

Coagulation profile: Prothrombin time (PT),
activated partial thromboplastin time (APPT),
bleeding time.[2%)

Renal and electrolyte parameters: Blood urea,
serum creatinine, electrolytes

Viral markers: HBsAg, anti-HCV antibody
D-dimer estimation for patients suspected of
disseminated intravascular coagulation.!?”]
Diagnostic confirmation of cirrhosis was established
through liver biopsy (using Menghini's needle under
ultrasound  guidance), ultrasound abdomen,
computed tomography (CT) scan abdomen, upper
gastrointestinal endoscopy (for portal
gastropathy/varices assessment), and portal Doppler
studies.”® Bone marrow examination was performed
in  selected patients without coagulation
abnormalities.

RESULTS

Demographic and Clinical Characteristics
Among 100 patients enrolled, 80 (80%) were male
and 20 (20%) female, with age ranging from 20-60
years (mean 44.7 £+ 12.3 years). Majority (42%) were
in the 40-50 year age group; only 6% were <30 years.
Of six younger patients, two were diagnosed with
Wilson's disease and four with cryptogenic cirrhosis.
The remaining 94 patients (94%) had decompensated
cirrhosis of variable etiology.[?”!

Etiology of liver disease: Among 80 male patients,
62 (77.5%) reported history of alcoholism, while
none of the 20 female patients reported alcohol use.
Past history of jaundice was present in 32 patients
(32%); serological testing revealed 12 patients (12%)
HBsAg-positive and 1 patient (1%) anti-HCV
antibody-positive.

Serum Proteins and Hepatic Synthetic Function
Elevated serum bilirubin (>1.5 mg/dL) was observed
in 86 patients (86%), with 14% maintaining normal
bilirubin levels despite clinical evidence of CLD.
Total proteins were decreased: 14% had levels >6
gm/dL, 42% in the 6-5 gm/dL range, 43% in the 5-4
gm/dL range, and only 1% <4 gm/dL. Critically, all
100 patients (100%) exhibited albumin-globulin
ratio reversal, indicating significant hepatic
synthetic dysfunction.

Red Blood Cell Abnormalities and Anaemia
Prevalence of anaemia: Anaemia was present in 88
patients (88%), with mean hemoglobin 8.6 + 2.1
g/dL. Only 12 patients (12%) had normal hemoglobin
(>12 g/dL); notably, 32 patients (32%) had severe
anaemia (<8 g/dL).13!

Characteristics of anaemia: Among patients with
normal hemoglobin, all 12 had normochromic
normocytic blood picture. Of 88 anaemic patients: 52
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(59%) had normochromic normocytic anaemia, 19
(21.6%) had microcytic hypochromic anaemia, 16
(18.2%) had macrocytic anaemia, and 1 (1.1%) had
dimorphic anaemia. Five microcytic patients showed
anisocytosis and poikilocytosis; target cells were
identified in only 3 patients (3.4%); acanthocytes
were absent in all samples.[*?

White Blood Cell Abnormalities

WBC count ranged from 1050/mm? to 16,100/mm?.
Leucocytosis (>12,000/mm?®) was observed in 22
patients (22%), predominantly due to secondary
infections including spontaneous bacterial peritonitis
(4 patients) and peritonitis from repeated paracentesis
(18 patients). Leucopenia (<3000/mm?®) was present
in 5 patients (5%), likely due to hypersplenism or
alcohol-induced bone marrow suppression.**!
Lymphocytosis occurred in 12 patients (12%) and
eosinophilia in 2 patients (2%), the latter associated
with parasitic infections.

Platelet Abnormalities and Hemostasis
Thrombocytopenia (<1.5 lakhs/mm?®) was
documented in 46 patients (46%): severe
thrombocytopenia (<50,000/mm?) in 8 patients (8%),
moderate (50,000-1,00,000/mm?®) in 12 patients
(12%), and mild (1-1.5 lakhs/mm?) in 26 patients

(26%).34  Patients  with  platelet  counts
<1,00,000/mm?® universally exhibited prolonged
bleeding time. AIll 8 patients with severe
thrombocytopenia had large spleens (>8 cm) and
history of hematemesis. Among 46 patients with
thrombocytopenia, 38 (82.6%) had history of at least
one bleeding episode.

Coagulation abnormalities: Prolonged prothrombin
time was observed in 60 patients (60%), with no
correlation between severity of jaundice and PT
prolongation. Among these, 38 patients (63.3%) had
history of hematemesis. APPT was prolonged in 52
patients (52%), particularly those with factor
deficiency or disseminated intravascular
coagulation.3%!

Disseminated intravascular coagulation: Four
patients (4%) were diagnosed with DIC, confirmed
by: (i) significant prolongation of both PT and APPT;
(i) severe thrombocytopenia (<50,000/mm?); (iii)
elevated D-dimer levels; (iv) clinical signs of
spontaneous bleeding and endotoxemia; (v) culture-
positive septicemia with gram-negative
organisms.’’l These patients required intensive
management and had poorer clinical outcomes.

Table 1: Demographic and etiological characteristics of patients with decompensated chronic liver disease (N = 100)

Variable Category n (%)
Sex Male 80 (80)
Female 20 (20)
Age (years) <30 6 (6)
30-39 XX (XX) if provided
40-50 42 (42)
>50 XX (xx) if derivable
Etiology Decompensated cirrhosis 94 (94)
Wilson’s disease 6 (6)
Alcohol history (males) Alcoholic CLD 62/80 (77.5)
Viral markers HBsAg positive 12 (12)
Anti-HCV antibody positive 1(1)
Serum bilirubin >1.5 mg/dL 86 (86)
Albumin-globulin ratio Reversal 100 (100)

Suggested structure and content:

Table 2: Haematological and coagulation abnormalities in decompensated chronic liver disease (N = 100)

Parameter Category / definition n (%)
Anaemia Present 88 (88)
Severe (Hb <8 g/dL) 32 (32)
Normal Hb (>12 g/dL) 12 (12)
Type of anaemia (n = 88) Normochromic normocytic 52 (59)
Microcytic hypochromic 19 (21.6)
Macrocytic 16 (18.2)
Dimorphic 1(1.1)
White blood cell count Leucocytosis (>12,000/mm?3) 22 (22)
Leucopenia (<3,000/mm?) 5(5
Lymphocytosis 12 (12)
Eosinophilia 2(2)
Platelet count Thrombocytopenia (<1.5 lakhs/mm?) 46 (46)
Mild (1-1.5 lakhs/mm?) 26 (26)
Moderate (50,000-1,00,000/mm?) 12 (12)
Severe (<50,000/mm?) 8 (8)
Coagulation profile Prolonged PT 60 (60)
Prolonged APTT 52 (52)
Disseminated intravascular coagulation DIC present 44
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DISCUSSION

This study of 100 patients with decompensated
chronic liver disease documented multiple
interrelated haematological abnormalities that
substantially impact clinical outcomes.

Anaemia in Chronic Liver Disease

The 88% prevalence of anaemia aligns with
published literature reporting anaemia in 75-80% of
CLD patients.®®*1 The predilection for severe
anaemia (32% with Hb <8 g/dL) in this cohort
reflects the advanced stage of disease
(decompensated  cirthosis) and  confounding
malnutrition prevalent in developing countries. "
Mechanisms of anaemia in this study include: (i)
hemodilution from increased plasma volume due to
portal hypertension and ascites; (ii) shortened RBC
survival secondary to hypersplenism, with
reticulocytosis ~ expected  but  incompletely
compensatory; (iii) reduced bone marrow response
due to decreased erythropoietin production and
suppression by elevated inflammatory cytokines
(TNF-a, IL-1, IL-6),#421 (iv) dietary and nutritional
deficiencies compounded by alcoholism in 77.5% of
males, particularly affecting B12 and folate
metabolism.[*]

Patients with cirrthosis possess low oxygen-
hemoglobin affinity, increasing tissue oxygen
availability and better tolerance of moderate
anaemia.[*! However, severe anaemia necessitates
investigation  for  superimposed  conditions:
esophageal or anorectal varices bleeding, peptic ulcer
disease, malignancy, hemolysis, and increased
bleeding tendencies.*”]

RBC morphology findings: The predominance of
normochromic normocytic anaemia (59%) is
consistent with prior studies (reported 59-90%).14¢]
Macrocytosis (18.2%), predominantly in 62 alcoholic
patients, reflects toxic effects of alcohol on RBC
production and altered Bl2/folate metabolism
consequent to  hepatic  dysfunction and
malabsorption.*”] Microcytic hypochromic anaemia
(21.6%) correlates with iron deficiency from chronic
gastrointestinal bleeding; serum iron and total iron
binding capacity alterations reflect decreased hepatic
synthesis of transferrin.[*¥! Target cells (3.4%)
develop due to increased RBC membrane cholesterol
content in  cholestatic  disease.*) Notably,
acanthocytes (spur cells), associated with severe liver
disease and hemolytic anaemia, were absent—
suggesting this cohort did not manifest the most
severe  lipid  abnormalities or  hemolytic
syndromes.["

White Blood Cell Abnormalities

The 22% prevalence of leucocytosis predominantly
associated with infections (spontaneous bacterial
peritonitis, peritonitis from repeated paracentesis)
reflects the immunocompromised state and high
infection risk in advanced CLD.PY The 5%
prevalence of leucopenia contrasts with western
literature frequently reporting severe leucopenia; this

difference likely reflects ethnic variations and
infection burden in this Indian population.’>?]

The 2% eosinophilia associated with parasitic
infections aligns with geographical prevalence of
parasitic diseases in India and previously
documented associations between eosinophilia and
hepatic vein thrombosis, hepatocellular carcinoma,
and primary biliary cirrhosis.[*]

All patients demonstrated hypergammaglobulinemia
with albumin-globulin ratio reversal, consistent with
cirrhosis-associated polyclonal immune activation
initiated by translocation of enteric organisms
normally filtered by liver.’ This generalized
immunological hyperactivity likely contributed to the
infections observed.>”

Platelet Abnormalities

The 46% thrombocytopenia prevalence aligns with
published data documenting platelet abnormalities in
30-50% of cirrhosis patients.[*®) Mechanisms include:
(i) shortened platelet lifespan (approximately 3-5
days vs. normal 7-10 days); (ii) platelet sequestration
in enlarged spleen (mean spleen size >8 cm in
patients with severe thrombocytopenia); (iii) reduced
thrombopoietin production by diseased liver; (iv)
bone marrow compensatory failure; (v) platelet-
associated immunoglobulin elevation.l>”)

The strong association between thrombocytopenia
and splenomegaly (large spleen in all patients with
<50,000/mm?®) confirms hypersplenism as the
primary mechanism.¥ The 82.6% prevalence of
bleeding history in thrombocytopenic patients attests
to the clinical significance of platelet defects.
Qualitative platelet dysfunction, assessed by
prolonged bleeding time in those with
<1,00,000/mm?, compounds quantitative defects;
abnormal platelet aggregation in cirrhosis results
from altered arachidonic acid content in platelet
phospholipids and circulating aggregation inhibitors
(elevated HDL).[*!

Coagulation Abnormalities

The 60% prevalence of prolonged PT reflects
decreased synthesis of vitamin K-dependent factors
(I, VII, IX, X).[°01 Factor VII has the shortest half-life
and is typically the first to decrease in hepatocellular
failure; decreased factor V (independent of vitamin
K) alongside these factors indicates hepatocellular
insufficiency rather than vitamin K deficiency
alone.l] The absence of correlation between
jaundice severity and PT prolongation suggests that
PT reflects underlying synthetic reserve rather than
cholestasis degree.[6?!

The 52% APPT prolongation indicates deficiencies
in multiple intrinsic pathway factors and reflects both
factor deficiency and platelet dysfunction.[®®] In the 4
patients with DIC, profound APPT prolongation
accompanied severe thrombocytopenia and elevated
D-dimer, confirming consumptive coagulopathy.[®
DIC pathogenesis involves tissue thromboplastin-
like material released from necrotic liver triggering
uncontrolled thrombin generation, leading to
consumption of factors V, VIII, VII, II, XIII, proteins
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C and S, antithrombin III, plasminogen, and o2-
plasmin inhibitor.[%]

Clinical Implications

These haematological abnormalities collectively
define the bleeding diathesis in cirrhosis, increasing
risk of spontaneous bleeding, hemorrhagic
complications from invasive procedures, and
contributing substantially to mortality.l®® The four
DIC cases, all presenting with septicemia and
endotoxemia, underscore the "second hit"
phenomenon  wherein  infection  precipitates
coagulopathy superimposed on pre-existing cirrhotic
hemostatic dysfunction.[®”]

Study Limitations

Limitations include modest sample size from a single
center, potential selection bias toward more severe
disecase (hospital-based recruitment), lack of
individual clotting factor measurement (PT/APPT
serve as surrogates), and absence of longitudinal
follow-up to assess prognostic significance of
haematological abnormalities.

CONCLUSION

In this cohort of 100 patients with decompensated

chronic liver disease, multiple interrelated

haematological and hemostatic abnormalities were
documented:

1. Anaemia was highly prevalent (88%),
predominantly  normochromic  normocytic
(59%), with 32% manifesting severe anaemia,
reflecting  hemodilution, shortened RBC
survival, and suppressed erythropoiesis.[®®!

2. Hypoalbuminemia and albumin-globulin
ratio reversal were universal (100%), indicating
profound hepatic synthetic dysfunction.[*”]

3. Thrombocytopenia affected 46% of patients,
strongly associated with splenomegaly and
bleeding history, with 8% manifesting severe
thrombocytopenia.[’"!

4. WBC abnormalities included leucocytosis in
22% (predominantly infection-related) and
leucopenia in 5%, reflecting
immunocompromised.[’!]

5. Coagulation defects were frequent, with 60%
prolonged PT and 52% prolonged APPT,
reflecting decreased synthesis of clotting
factors.l’

6. Disseminated intravascular coagulation
occurred in 4% of patients, invariably associated
with infection/septicemia and markedly worse
outcomes.[””]

These haematological abnormalities significantly

contribute to  morbidity through bleeding

complications, infections, and disease progression.

Clinical recommendations include: (i) routine

screening of all CLD patients for haematological and

hemostatic parameters; (ii) implementation of early

infection detection and treatment protocols; (iii)

consideration of prophylactic measures (e.g., variceal

band ligation, prophylactic antibiotics for

spontaneous bacterial peritonitis) in high-risk
patients; (iv) deferral of elective procedures in
patients with significant coagulation abnormalities or
thrombocytopenia; (v) aggressive management of
infections to prevent DIC; (vi) nutritional support to
ameliorate nutritional deficiency-related anaemia.[*]
Early recognition and targeted management of these
haematological abnormalities can significantly
reduce morbidity and mortality in patients with
decompensated chronic liver disease.
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