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ABSTRACT

Background- Portal hypertension (PHT) and Esophageal varices (EV) are major
complications of liver cirrhosis. Doppler ultrasonographic (US) examination has emerged as a
promising, simple, cost-effective, and non-invasive technique to predict these complications.
Objective- To assess portal vein Doppler indices (PVI) as predictors of development of
esophageal varices in patients with liver cirrhosis and to correlate these findings with upper GI
endoscopy. Methods- This observational cross-sectional study included 84 patients with liver
cirrhosis admitted to the Medicine department of a tertiary care teaching hospital. Portal vein
Doppler parameters were evaluated and correlated with the presence of esophageal varices
confirmed on upper gastrointestinal endoscopy. Results- A statistically significant association
was found between portal vein velocity <16 cm/sec and congestion index >0.1 with the
presence of esophageal varices (p < 0.05). Among the portal vein parameters studied, portal
vein velocity emerged as the most reliable non-invasive marker. Portal vein diameter did not
show a statistically significant association. Conclusion- Portal vein Doppler parameters,

particularly portal vein velocity and congestion index, may serve as reliable non-invasive
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predictors of esophageal varices in cirrhotic patients, potentially aiding in risk stratification and

early intervention strategies.

KEYWORDS- Portal Hypertension (PHT), Doppler Ultrasonography, Portal vein indices;

Portal vein diameter, Portal vein velocity, Congestion Index, Upper GI endoscopy.
Introduction

Esophageal varices (EV) are a significant and frequent complication in patients with
liver cirrhosis associated with portal hypertension. Variceal bleeding is potentially fatal, with a
reported mortality rate ranging from 20% to 50% [1-4]. Approximately one-third of patients
with EV experience bleeding, and recurrence occurs in up to 70% of these cases [5,6]. Thus,
monitoring and early detection of PHT and development of EV are crucial in implementing
timely prophylactic or therapeutic measures.

Esophagogastroduodenoscopy[EGD] remains the gold-standard for evaluation of
esophageal varices and is advised for all patients with newly diagnosed cirrhosis [7]. While
EGD allows early medical or endoscopic intervention to prevent bleeding, it is invasive,
resource-intensive, and may not be readily available in all clinical settings. In recent years,
several studies have focused on non-invasive predictive methods to identify patients at high
risk for EV, especially in resources constrained settings in developing and underdeveloped
countries. These include various biochemical, clinical, and ultrasonographic parameters [8-11].
Among these, Doppler ultrasonographic (US) examination has emerged as a promising, simple,
low-cost, and non-invasive technique. Various US indices such as spleen size, portal vein
velocity (PVV), portal vein diameter (PVD), hepatic and splenic impedance indices have
shown potential in predicting the presence and severity of esophageal varices, as well as the
associated bleeding risks in cirrhotic patients. The adoption of accurate and specific non-

invasive measures could help identify individuals who would benefit from early interventions
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[12-15]. However, results across studies have been inconsistent. Given these limitations and
the need for reliable non-invasive predictors, we have undertaken this study to evaluate the

portal vein parameters in Doppler US as predictors for development of EV.

Aim
To study portal vein Doppler parameters as predictors of development of esophageal varices in

patients with liver cirrhosis.
Objectives

1. To measure various portal vein indices using ultrasound in patients with liver cirrhosis.

2. To compare and correlate the various Doppler parameters with upper GI endoscopy
findings.

3. To find out which portal vein parameter, namely portal vein diameter, portal vein

velocity and congestion index is the best index in predicting variceal development.

Methods

This was an observational cross-sectional study conducted in 84 patients with liver cirrhosis,
admitted under Medicine department of a tertiary care teaching hospital. The protocol of this
study was approved by the Institutional Ethics committee of the medical college. Written

informed consent was taken from all study subjects. Duration of study was 18 months.
Inclusion criteria:

Patients aged >18yrs, who were admitted in a tertiary hospital, with ultrasound findings
suggestive of liver cirrhosis (such as coarse and altered echo texture, surface nodularity,

splenomegaly, ascites, signs of portal hypertension [ie, dilated portal vein with slow/reversal
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of flow, portosystemic collaterals +/- portal vein thrombosis], hypertrophy of the caudate
lobe and lateral segments of the left lobe with concomitant atrophy of the posterior segments

of the right lobe).
Exclusion criteria:

Patients who had hepatic encephalopathy, hepatorenal syndrome, hepatopulmonary

syndrome, coagulopathy, hepatocellular carcinoma or metastasis in liver and gross ascites.

Patients already on prophylaxis for portal hypertension with beta-blockers or those who had

undergone endoscopic or surgical treatment for esophageal varices.

All eligible cirrhotic patients underwent sonographic portal vein Doppler evaluation by the
author. Findings were correlated with upper GI endoscopy reports to assess the presence of

esophageal varices.
Portal vein indices used to assess portal hypertension on Doppler ultrasonography included:

1. Portal vein diameter (PVD) > 13 mm
ii.  Portal vein velocity (PVV) <16 cm/ sec

ii1.  Congestion Index (CI), calculated as ratio of cross-sectional area of portal vein and

portal vein velocity, with a value >0.1 considered abnormal

EV were considered present if identified on upper GI endoscopy. Quantitative variables were
compared using the student’s t test while qualitative variables were analysed using chi-square
test or Fischer’s exact test, as appropriate. A p-value <0.05 was considered statistically
significant. Sensitivity, specificity, positive predictive value (PPV) & negative predictive
value (NPV) of portal vein Doppler indices were calculated using upper GI endoscopy as the

reference standard.
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Fig 1. A 65-year-old male with history of chronic alcoholism and positive esophageal varices on upper GI
endoscopy. On Doppler Ultrasound imaging, Portal vein velocity was reduced (12.54 cm/s). Portal vein
diameter was normal (12mm) and congestion index was 0.09.

Fig 2. A 40-yr old male, chronic alcoholic with no esophageal varices found on upper GI endoscopy.
Doppler Ultrasound imaging shows hepatofugal flow in main portal vein with mild to moderate ascites.
However, portal vein was non dilated measuring 11mm.

Results

A total of 84 patients with liver cirrhosis were included in the study. The mean age of the study

population was 52.56 + 9.13 years with a majority belonging to the 41-50 years age group (32,
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38.09%), followed by 51-60 years age group (23, 27.38%). Most participants were male (72,

85.71%) and a significant majority (69, 82.14%) had a history of alcohol addiction.

On Doppler ultrasound, an increased portal vein diameter of >13 mm was observed in 23
(27.38%) patients, with a mean diameter of 12.33 + 1.46 mm. Reduced portal vein velocity of
<16 cm/sec was seen in 48 (57.14%) patients, with a mean velocity of 14.73 +2.63 cm/sec.
The portal vein congestion index was >0.1 in 19 (22.62%) patients, with a mean value of
0.08 = 0.03. Upper gastrointestinal endoscopy revealed that 40 (47.62%) patients had

esophageal varices, while 44 (52.38%) did not.
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Chart 1. Distribution of comorbidities among study participants.

Portal vein Upper GI scopy findings
diameter EV present EV absent
>13 mm 10 (25%) 13 (29.55%)
<13 mm 30 (75%) 31 (70.45%)
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Total 40 (100%) 44 (100%)

*Chi square=0.217; df=1, p=0.6

Table 1. Association of portal vein diameter with upper GI scopy findings.

In the present study, sensitivity, specificity, PPV, NPV & diagnostic accuracy of portal vein
diameter as compared to upper GI scopy was 25%, 70.45%, 43.48%, 50.82% & 48.81%
respectively. Also, portal vein diameter of >13 mm was not significantly associated with EV

(p>0.05).

Upper GI scopy findings
Portal vein velocity
EV present EV absent
<16 cm/sec 32 (80%) 13 (29.55%)
>16 cm/sec 08 (20%) 31 (70.45%)
Total 40 (100%) 44 (100%)

*Chi square=21.44; df=1,; p<0.001

Table 2. Association of portal vein velocity with upper GI scopy findings.

In the present study, sensitivity, specificity, PPV, NPV & diagnostic accuracy of portal vein
velocity as compared to upper GI scopy was 80%, 70.45%, 71.11%, 79.49% & 75%

respectively. We have also found that portal vein velocity <16 cm/sec was significantly
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associated with presence of EV (p<0.05).
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Portal vein Upper GI scopy findings
congestion index EV present EV absent
>0.1 10 (25%) 09 (20.45%)
<0.1 30 (75%) 35 (79.55%)
Total 40 (100%) 44 (100%)

*Chi square=6.52; df=1; p=0.01
Table 3. Association of portal vein CI with upper GI scopy findings.

In the present study, sensitivity, specificity, PPV, NPV & diagnostic accuracy of portal vein
CI as compared to upper GI scopy was 25%, 79.55%, 52.63%, 53.85% & 53.57%
respectively. We have also found that portal vein congestion index >0.1 was significantly

associated with presence of EV (p<0.05).

Discussion

This cross-sectional study highlights that liver cirrhosis predominantly affects middle-
aged males, with a significant majority having alcohol addiction. Among Doppler US
parameters, portal vein velocity emerged as the most reliable non-invasive marker for
predicting gastrointestinal varices demonstrating high sensitivity, specificity and overall
diagnostic accuracy. Moreover, a velocity <16 cm/sec was significantly associated with the

presence of varices, supporting it’s utility as a screening parameter.

Portal vein congestion index >0.1, although having lower sensitivity, demonstrated

higher specificity and was also significantly associated with varices. This suggests potential
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utility in confirming disease when positive, particularly when used along with other doppler
parameters. Portal vein diameter >13 mm showed the lowest diagnostic performance and
lacked a statistically significant association with varices (p > 0.05) in our study. While
several earlier studies have reported portal vein diameter as a useful predictor, variability in
measurement techniques, respiratory phase during assessment, and the development of

portosystemic collaterals may limit its reliability as a standalone parameter.

The findings of the present study are comparable with those reported by Minal Shastri
et al [16] who reported statistically significant association of PVD, PVV and CI with
presence of EV (p-value<0.05). Vinaya Gaduputi et al [17] reported statistically significant
correlations between portal vein indices & presence of gastric varices. Mohamed Alaa Eldin
Nouh et al [18] reported that PVD, hepatic artery pulsatility index, portal hypertensive index,

PVV, portal CI had high sensitivity for prediction of EV.

The relatively small sample size may limit generalizability. Additionally, Doppler
ultrasonography is operator-dependent, and measurements may vary based on technique and
equipment. However, despite these limitations, portal vein velocity and congestion index
appear to be useful non-invasive predictors of varices in cirrhotic patients, potentially aiding
in risk stratification and early intervention strategies. Patients demonstrating reduced portal
vein velocity and elevated congestion index on Doppler ultrasound may benefit from early

endoscopic evaluation and timely management.
Conclusion

Portal vein Doppler ultrasonography is a useful non-invasive tool for predicting

esophageal varices in patients with liver cirrhosis. Portal vein velocity and congestion index
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assessment may aid in risk stratification and help identify patients who would benefit from

early endoscopic evaluation, particularly in resource-limited settings.
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