ASIAN JOURNAL OF MEDICAL SCIENCES

Radiological assessment of chronic liver
disease and portal hypertension through

ultrasound and Doppler imaging in the
Bundelkhand region

Manu Shukla', Piyush Kant Pandey?

Assistant Professor, Department of Obstetrics and Gynaecology, ?Assistant Professor, Department of Radiodiagnosis,

Maharani Laxmi Bai Medical College, Jhansi, Uttar Pradesh, India

Submission: 15-06-2025 Revision: 26-07-2025

Background: Chronic liver disease (CLD) is a progressive condition with major global
health implications, especially in resource-limited regions such as Bundelkhand.
Portal hypertension, a frequent complication of CLD, significantly impacts morbidity.
Ultrasonography combined with Doppler imaging offers a non-invasive, affordable,
and accessible method for evaluating hepatic parenchyma and hemodynamics, which
is crucial for early diagnosis and management. Aims and Objectives: To identify
ultrasonographic features of CLD, assess Doppler parameters of portal hypertension,
correlate imaging findings with Child-Pugh classification, and determine common
etiological factors of CLD in the Bundelkhand population. Materials and Methods: A
prospective observational study was conducted on 100 CLD patients using ultrasound
and Doppler imaging at a tertiary center. Liver morphology, portal vein parameters, and
collaterals were assessed and correlated with Child-Pugh scores. Statistical analysis
was performed, and ethical clearance was obtained from the institutional ethics
committee. Results: In this prospective observational study involving 100 patients,
the most common etiologies of CLD were alcohol (45%), hepatitis B (20%), and
hepatitis C (15%). Ultrasound findings included coarse hepatic echotexture (78%),
liver shrinkage (72%), irregular liver surface (66 %), splenomegaly (65%), and ascites
(50%). Doppler findings revealed portal vein diameter > 13 mm in 60%, reduced flow
velocity in 58%, hepatofugal flow in 18%, collateral formation in 40%, and reversed
splenic flow in 22% of patients. A statistically significant correlation was observed
between worsening Child-Pugh class and increasing portal vein diameter (P<0.001) as
well as declining portal flow velocity (P<0.001). Conclusion: Ultrasound with Doppler
is an effective and reliable tool for assessing CLD and portal hypertension, especially in
low-resource settings. Doppler parameters correlate significantly with disease severity
and may serve as prognostic indicators.
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INTRODUCTION

Chronic liver disease (CLD) encompasses a spectrum
of progressive hepatic disorders that culminate in
irreversible liver damage, including fibrosis, cirrhosis,
and hepatocellular dysfunction. Globally, liver disease is a

leading cause of morbidity and mortality, with a significant
proportion attributed to chronic liver injury due to viral
hepatitis, alcohol abuse, non-alcoholic fatty liver disease
(NAFLD), and autoimmune disorders."? In India, CL.D
has emerged as a major health-care challenge, with a rising
incidence due to the dual burden of infectious and lifestyle-
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related etiologies.’ The Bundelkhand region, characterized
by limited health-care infrastructure and delayed access to
specialist services, is particularly vulnerable to the adverse
outcomes of late-diagnosed liver disease.*

One of the most significant complications of CLD is portal
hypertension, defined as elevated pressure in the portal
venous system. This hemodynamic alteration leads to a
cascade of clinical manifestations such as splenomegaly,
ascites, portosystemic collaterals, esophageal varices,
and hepatic encephalopathy. Early detection of portal
hypertension is crucial in preventing life-threatening
complications, improving quality of life, and guiding
therapeutic interventions.’

Imaging modalities play a central role in the non-invasive
diagnosis and monitoring of CLD and its complications.
Among these, abdominal ultrasonography (USG)
combined with Doppler imaging stands out due to its
affordability, accessibility, and diagnostic reliability. USG
enables visualization of liver morphology, size, surface
irregularities, parenchymal echotexture, and associated
findings such as ascites and splenomegaly. Doppler imaging
adds a functional dimension by assessing vascular flow
parameters — such as portal vein diameter, direction, and
velocity of portal flow, hepatic artery resistance index, and
the presence of collateral vessels.®

Portal vein diameter exceeding 13 mm, reversal of portal
venous flow (hepatofugal), decreased flow velocity
(<13 cm/s), and visualization of collaterals are key
Doppler signs of portal hypertension. The degree of
these changes often correlates with the clinical severity
of liver disease, as graded by scoring systems such as the
Child-Pugh classification or the model for end-stage liver
disease (MELD) score. Thus, Doppler sonography not only
aids in diagnosing portal hypertension but also serves as a
surrogate marker of disease progression.’

Aim and objectives

Aim

To evaluate the radiological features of CLD and portal
hypertension using ultrasound and Doppler imaging in
patients from the Bundelkhand region.

Objectives

1. To identify ultrasonographic features indicative of
CLD

2. To assess Doppler parameters associated with portal
hypertension

3. To correlate ultrasound and Doppler findings with
clinical severity (Child-Pugh classification)

4. To determine the prevalence of common etiological
factors in CLD.
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MATERIALS AND METHODS

Research design

A prospective observational study was undertaken in
the Department of Radiodiagnosis, Maharani Laxmi Bai
Medical College, Jhansi, Uttar Pradesh, over a period of
12 months, from November 2023 to October 2024. The
study included patients clinically diagnosed with CLD, who
were referred for abdominal USG and Doppler evaluation.

Inclusion criteria

e Adults (=18 years) diagnosed clinically and
biochemically with CLD

e Datients provide informed written consent.

Exclusion criteria

® Pregnant women

e DPatients with acute liver failure

e Known cases of hepatic malignancy
e Incomplete imaging or clinical data.

Procedure for data collection

All enrolled patients underwent detailed history-taking,
clinical examination, and baseline liver function tests.
Abdominal USG was performed to assess liver size, surface,
parenchymal echotexture, presence of ascites, and splenic
dimensions. Doppler ultrasound was used to evaluate portal
vein diameter, flow direction, velocity, and the presence
of portosystemic collaterals or reversed splenic vein flow.
Findings were correlated with Child-Pugh classification.

Ethical considerations

The present study was conducted following the ethical
principles outlined in the Declaration of Helsinki. Ethical
clearance was obtained from the Institutional Ethics
Committee of Maharani Laxmi Bai Medical College, Jhansi.

Statistical analysis

Descriptive statistics were expressed as meantstandard
deviation for continuous variables and as number
(percentage) for categorical variables. Chi-square test or
Fisher’s exact test was applied for categorical comparisons.
Analysis of variance was used for group comparisons of
continuous variables. P<0.05 was considered statistically
significant.

RESULTS

The demographic profile of the study revealed that the
majority of CLD patients were males (64%) and within the
age group of 41-50 years (30%) and 51-60 years (25%),
reflecting the typical middle-aged presentation of CLD
(Table 1). Alcoholic liver disease was the predominant
etiology (45%), followed by Hepatitis B (20%), Hepatitis
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Parameters Frequency (n=100) Percentage
Age
20-30 years 10 10.00
31-40 years 18 18.00
41-50 years 30 30.00
51-60 years 25 25.00
>60 years 17 17.00
Gender
Male 64 64.00
Female 36 36.00

Etiology Number Percentage
Alcoholic liver disease 45 45.00
Hepatitis B 20 20.00
Hepatitis C 15 15.00
Non-alcoholic fatty liver disease 10 10.00
Cryptogenic 10 10.00
Total 100 100

Finding Number (%)
Shrunken liver 72 (72)
Splenomegaly 65 (65)
Ascites 50 (50)
Irregular liver surface 66 (66)
Coarse echotexture 78 (78)

C (15%), and both NAFLD and cryptogenic causes
contributing 10% each (Table 2). Ultrasonographic
evaluation showed coarse echotexture in 78%, shrunken liver
in 72%, irregular surface in 66%, splenomegaly in 65%, and
ascites in 50%, all of which are hallmark features of advanced
CLD and portal hypertension (Table 3). Doppler studies
further supported these findings, with 60% showing portal
vein diameter >13 mm, 58% reduced flow velocity, 40%
having collateral circulation, 22% with reversed splenic vein
flow, and 18% with hepatofugal flow, indicating progressive
portal hypertension (Table 4). A significant association was
observed between worsening Child-Pugh class and increased
portal vein diameter (from 11.8 mm in class A to 14.6 mm
in class C) along with decreased portal flow velocity (from
19.2 em/s to 12.4 cm/s), affirming the prognostic value of
Doppler parameters in staging CLD severity (Table 5).

DISCUSSION

This prospective study focused on evaluating the
ultrasonographic and Doppler imaging characteristics of
CLD and portal hypertension in a tertiary care setting in
the Bundelkhand region. A total of 100 clinically diagnosed
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Doppler finding Number (%)
Portal vein diameter >13 mm 60 (60)
Reduced portal flow velocity 58 (58)
Hepatofugal flow 18 (18)
Collateral circulation 40 (40)
Reversed flow in the splenic vein 22 (22)

Child-Pugh  Mean portal vein Mean flow P-value
class diameter (mm) velocity (cm/s)

Class A 11.841.2 19.242.3 <0.05
Class B 13.5¢1.4 15.6+2.0 <0.01
Class C 14.6+£1.7 12.4£1.9 <0.001

patients were included, with imaging findings assessed in
conjunction with clinical severity using the Child-Pugh
classification.

Demographic profile

The demographic distribution revealed a mean age
of 48.5 years, with a peak incidence in the 41-50-year
age group (30 patients, 30%), followed by those aged
51-60 years (25 patients, 25%). These findings indicate
a predominance of CLD in middle-aged individuals,
consistent with the natural history of hepatic fibrosis
progression over a decade or longer. Males comprised
64% of the sample, which is in line with previous Indian
studies demonstrating higher CLD burden in males due
to prevalent alcohol abuse and hepatitis B virus (HBV)
infection.

Etiology

The etiological profile identified alcohol as the leading
cause of CLD in 45 patients (45%), followed by HBV
in 20 patients (20%), hepatitis C virus in 15 (15%), and
NAFLD and cryptogenic causes in 10 patients each (10%).
This distribution reflects the regional trend where alcohol-
induced liver injury predominates. Comparable results were
reported by Khawas et al.,* where alcoholic liver disease
was the most common etiology in their study population,
followed by viral hepatitis. The emergence of NAFLD,
though still less frequent in our cohort, mirrors its growing
prevalence in urban India.

Ultrasonographic features

Ultrasound examination revealed coarse hepatic echotexture
in 78 patients (78%), liver surface irregularity in 66 (66%0),
shrunken liver in 72 (72%), and splenomegaly in 65 (65%).
Ascites were observed in 50 patients (50%). These features
are pathognomonic of advanced liver disease and portal
hypertension. In a study by Baz et al.,” splenomegaly
and ascites were observed in 49% and 44%, respectively,
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correlating with MELD scores and disease severity.
The higher incidence in our study may reflect the late
presentation of patients in this region.

The finding of a shrunken liver in 72% of cases
indicates chronicity of parenchymal damage, while coarse
echotexture and surface nodularity are markers of cirrhotic
transformation. These sonographic signs have been
consistently validated in literature as reliable indicators of
cirrhosis when biopsy is unavailable.

Doppler findings

Doppler parameters were critical in the non-invasive
assessment of portal hypertension. A portal vein diameter
>13 mm was seen in 60 patients (60%), reduced portal
flow velocity in 58 (58%), hepatofugal flow in 18 (18%),
collateral formation in 40 (40%), and reversed splenic vein
flow in 22 (22%). These Doppler abnormalities are key
indirect indicators of elevated portal pressure.

Our findings are concordant with those of Méller etal.," who
emphasized that a portal vein diameter >13 mm and velocity
<15 cm/s are diagnostic markers of portal hypertension. The
observed hepatofugal flow and presence of portosystemic
collaterals reflect decompensated portal hypertension, usually
correlating with higher Child-Pugh or MELD scores.

In comparison, Khawas et al.,* noted that Doppler
sonography showed increasing sensitivity with worsening
CLD stage, reaching 90% in late-stage disease (F'4). Their
study observed reduced flow velocity in 59% of cases,
comparable to our 58% incidence. This supports the strong
correlation between Doppler parameters and clinical staging,

Wu et al.,'" noted that hepatofugal flow and collateral
visualization via color Doppler had a sensitivity of 70-83%
and specificity >90% for cirrhosis and portal hypertension.
Our study demonstrated 18% with hepatofugal flow and
40% with collaterals — lower values possibly attributable
to earlier disease in some patients or technical limitations.

Child-Pugh correlation

The progressive deterioration in Doppler parameters with
increasing Child-Pugh class in our study was statistically
significant. Mean portal vein diameter increased from
11.8+1.2 mmin class A to 14.6£1.7 mm in class C (P<0.001),
whereas mean flow velocity declined from 19.24+2.3 cm/s to
12.4+1.9 ecm/s (P<0.001). These trends emphasize the utility
of Doppler imaging as a non-invasive proxy for clinical severity.

Moller etal.," similarly found significant correlations between
Doppler indices and clinical grading, particularly with
hepatic venous pressure gradient (HVPG) measurements
and MELD scores. In their study, a damping index >0.6
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and a monophasic hepatic vein waveform were predictive of
HVPG =12 mmHg; Although hepatic vein waveforms were
not assessed in our study, the inverse correlation between
portal vein velocity and Child-Pugh class reinforces the
hemodynamic basis of disease progression.

Baz etal.,’ reported a similar association, with higher hepatic
artery velocity (>60 cm/s in 70% of patients) and reduced
portal velocity (<20 ecm/s in 59%) corresponding to
increased MELD scores. While we did not measure hepatic
arterial resistive index, the presence of splenomegaly
and ascites in 65% and 50% of our patients, respectively,
provides indirect evidence of significant portal hypertension
and correlates with Doppler findings.

Role in low-resource settings

In resource-limited settings such as Bundelkhand, where
elastography and contrast-enhanced imaging are not
routinely available, USG with Doppler remains a cornerstone
for early diagnosis and longitudinal monitoring. Although
limitations such as operator dependency and interobserver
variability exist, the combined interpretation of B-mode
and Doppler findings offers substantial diagnostic yield.

The Baveno VII consensus supports liver stiffness
measurement and spleen stiffness measurement for
stratifying portal hypertension risk. However, these
modalities require advanced tools. In our study, portal
vein diameter and flow velocity — both easily measurable
— showed significant correlation with clinical severity,
underscoring their utility where elastography is unavailable.

Peltec et al.,'* and Criciun et al.,"® advocate for
multiparametric ultrasound (MPUS), which combines
B-mode, Doppler, elastography, and CEUS for accurate
CLD assessment. While our setting did not support MPUS,
our results support its potential value, especially with
further training and infrastructure support.

Diagnostic and prognostic implications

The significance of Doppler ultrasound extends beyond
diagnosis — it also serves as a prognostic tool. The presence
of hepatofugal flow, reversed splenic vein flow, and
portosystemic collaterals suggests decompensated portal
hypertension, increasing the risk of variceal bleeding and
hepatic encephalopathy. These parameters, when monitored
over time, can guide therapeutic interventions such as initiation
of non-selective beta-blockers or planning for endoscopy.

Doppler parameters are also useful in monitoring the
tresponse to treatment. Criciun et al.,”’ highlighted that
changes in portal and splenic indices reflect hemodynamic
improvements post-TIPS or pharmacotherapy. Thus,
incorporating Doppler into regular follow-up imaging
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Limitations of the study 4. Rathore N, Chandel K, Singh A, Satale AA and Singh G. To
study the prevalence of metabolic-associated fatty liver disease
in a tertiary hospital in Bundelkhand region. Asian J Med Sci.

progression or treatment failure.

This study is limited by its single-center design and relatively

small sample size, which may potentially affect the external 2025:16(6):74-80.

validity of the findings. The operator-dependent nature of https://doi.org/10.71152/ajms.v16i6.4550

USG and Doppler may introduce inter-observer variability. 5. Garcia-Tsao G, Abraldes JG, Berzigotti A and Bosch J. Portal

In addition, the absence of advanced imaging modalities hypertensive bleeding in cirrhosis: Risk stratification, diagnosis,

such as elastography or liver biopsy restricts comprehensive and management: 2016 practice guidance by the American
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hepatic assessment. The cross-sectional study design 2017:65(1):310-335.

also precludes evaluation of temporal changes in disease https://doi.org/10.1002/hep. 28906

progression of treatment response. 6. Berzigotti A, Seijo S, Arena U, Abraldes JG, Vizzutti F, Garcia-
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identify portal hypertension in patients with compensated
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] S o https://doi.org/10.36478/10.36478/makrjms.2024.10.7.11
but also in prognostication and monitoring of CLD. 9. Baz AA, Mohamed RM and El-Kaffas KH. Doppler ultrasound

in liver cirrhosis: Correlation of hepatic artery and portal vein
measurements with model for end-stage liver disease score in
ACKNOWLEDGMENT Egypt. Egypt J Radiol Nucl Med. 2020;51:228.

. https://doi.org/10.1186/s43055-020-00344-6
The author sincerely acknowledges the support of the 19 msller K, EI Hija RA, Qi X, Jenssen C, Mutze S, Méller B, et al.

Department of Radiodiagnosis, Maharani Laxmi Bai Portal hypertension-noninvasive multiparametric ultrasound-
Medical College ]hansi for providing the necessary based criteria and measurements. Portal Hypertens Cirrhosis.
’ ’ 2025;4:44-65.

facilities and patient access for conducting this study. .
https://doi.org/10.1002/poh2.70002

11.  Wu CC. Ultrasonographic evaluation of portal hypertension and

REFERENCES liver cirrhosis. J Med Ultrasound. 2008;16(3):188-193.
https://doi.org/10.1016/S0929-6441(08)60047-8

1. Lee MJ. A review of liver fibrosis and cirrhosis regression. 12. Peltec A, Tcaciuc E and Sporea |. Multiparametric abdominal
J Pathol Transl Med. 2023;57(4):189-195. ultrasound for portal hypertension assessment in chronic liver
https://doi.org/10.4132/jptm.2023.05.24 disease. JSM Hepat. 2024;5(1):1013.

2. Asrani SK, Devarbhavi H, Eaton J and Kamath PS. Burden of http://doi.org/10.3748/wjg.v30.i12.1663
liver diseases in the world. J Hepatol. 2019;70(1):151-171. 13. Craciun R, Mocan T and Sparchez Z. Ultrasound-Based
https://doi.org/10.1016/j.jhep.2018.09.014 Methods for the Assessment of Advanced Liver Disease and

3. Mukherjee PS, Vishnubhatla S, Amarapurkar DN, Das K, Portal Hypertension. United Kingdom: Intechopen; 2025.
Sood A, Chawla YK, et al. Etiology and mode of presentation of http://doi.org/10.5772/intechopen.1010916

Authors' Contribution:

MS and PKP- Definition of intellectual content, literature survey, prepared first draft of manuscript, implementation of study protocol, data collection, data
analysis, manuscript preparation and submission of article, concept, design, clinical protocol, manuscript preparation, editing, and manuscript revision, design of
study, statistical analysis and interpretation, review manuscript, review manuscript, literature survey, coordination, and manuscript revision.

Work attributed to:
Department of Radiodiagnosis, Maharani Laxmi Bai Medical College, Jhansi, Uttar Pradesh, India-284128.

Orcid ID:
Manu Shukla- = https://orcid.org/0009-0009-5582-7682
Piyush Kant Pandey- " https://orcid.org/0009-0002-9957-8453

Source of Funding: None, Conflicts of Interest: None.

142 Asian Journal of Medical Sciences | Sep 2025 | Vol 16 | Issue 9


https://doi.org/10.1016/S0929-6441(08)60047-8
https://orcid.org/0009-0009-5582-7682
https://orcid.org/0009-0009-5582-7682
https://orcid.org/0009-0006-6184-9245
https://orcid.org/0009-0006-6184-9245

