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Abstract:

Background: Variceal rupture is the most common fatal complication of cirrhosis and liver disease severity
increases the likelihood of varices and hemorrhage. The medical team must accurately forecast oesophageal
varices (EV) bleeding in liver cirrhosis patients. Today, comprehensive diagnosis of portal hypertension (PHT)
needs measurement of the portosystemic gradient, the most precise indicator of EV development. Objective: The
aim of the current study is to investigate the relation between the Duplex sonographic portal vein indices (PVV,
PVD & HCI) with oesophageal varices. Methods: This cross-sectional study was conducted in the Department of
Radiology & Imaging, Dhaka Medical College Hospital, Dhaka, from July 2021 to June 2023. The main objective
of this study was to evaluate the usefulness of Duplex study of portal vein for prediction of esophageal varices in
liver cirrhosis by measuring congestion index, velocity & diameter of portal vein: Purposive type of Non-random
sampling was done. Eligibility criteria of Inclusion criteria were patient with known case of cirrhosis of liver on
the basis of history, physical examination, liver biochemistry & USG and adult patient of both genders. Duplex
study was done on 58 patients known case of cirrhosis of liver patients who attended the outpatient department
or indoor of department of Dhaka Medical College Hospital, Dhaka. Statistical analyses of the results were be
obtained by using window-based Microsoft Excel and Statistical Packages for Social Sciences (SPSS-24). Results:
Majority of the study participants (17, 29.3%) were aged between 40 to 49 years old. Mean * SD of the study
participants was 50.17 + 12.26 years, with range 27 - 73. Most of the participants (45, 77.65%) were male. Male
female ratio was Male: Female = 3.46:1. Every participant was presented with anorexia and fatigue, none of the
participants presented with hepatic encephalopathy. Majority of the participants (45, 77.6%) were infected with
hepatitis B virus, followed by (9, 15.5%) participants who were infected by hepatitis C virus and rest of the
participants were suffering from due to liver cirrhosis due to other causes. Majority of the participants (42, 72.4%)
had increased portal vein diameter and the mean + SD was 13.89 + 1.59. Conclusion: Except for portal vein
velocity, all studied portal vein indices demonstrated a significant correlation with the presence of EV on EGD
(p<0.05). The sensitivity of each of these three parameters was 94.87%. The congestion index had the highest
specificity at 84.21% and the highest negative predictive value at 88.89%. Positive predictive value was also
highest for the congestion index at 92.50%, and accuracy was highest at 91.38%. This research indicates that the
congestion index is the superior predictive tool.
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I.  Introduction
Liver cirrhosis is defined as a chronic disease of the liver with destruction of the hepatic parenchymal
cells. Pathologically, it is characterized by hepatic parenchymal necrosis, and fibrosis of the perivascular
connective tissue. There is degeneration of the hepatocyte and formation of irregular regenerating nodules.
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Clinically, fibrosis and distortion of the portal and periportal architecture causes portal hypertension with the
resulting ascites and variceal hemorrhage. [1]

Ooesophageal varices refer to the enlargement of submucosal veins located in the distal oesophagus,
which serve as a connection between the portal and systemic circulatory systems. This phenomenon occurs as a
consequence of portal hypertension which is frequently associated with cirrhosis as well as resistance to the flow
of portal blood and an elevation in portal venous blood inflow. Variceal rupture is the prevailing fatal complication
associated with cirrhosis whereby the severity of liver disease exhibits a positive correlation with the occurrence
of varices and the subsequent risk of bleeding. [2]

Portal hypertension is one of the most serious complications of cirrhosis of the liver. The most significant
clinical manifestation of portal hypertension is gastrooesophageal varices. Oesophageal varices (OV) are present
in approximately 50% of cirrhotic patients. [3] Approximately 50% of patients with cirrhosis develop
gastrooesophageal varices. A cirrhotic patient who does not have varices has not yet developed portal hypertension
or his or her portal pressure is not yet high enough for varices to develop. As portal pressure increases, the patient
may progress to having small varices. With time as the hyperdynamic circulation increases, blood flow through
the varices will increase, thus raising the tension in the wall. Variceal hemorrhage resulting from rupture occurs
when the expanding force exceeds the maximal wall tension if there is no modification in the tension of the wall,
there will be a high risk of recurrence. [4] Multiple liver vascular indices are in use now e.g., Splenoportal index
(SP1), Hepatic artery pulsatility index (HAPI), Hepatic artery resistivity index (HARI), Splenic artery pulsatility
index (SAPI), Splenic artery resistivity index (SARI) etc. [5] Among them there are very few studies investigated
the relationship between sonographic portal vein diameter (PVD), portal vein velocity (PVV) and congestion
index (CI) with portal hypertension or development of early oesophageal varices. Some studies showed positive
relationship among CI and early oesophageal varices and thus proposed Duplex sonography as a good alternative
diagnostic modality, while others have totally questioned the role of sonography in diagnosis of cirrhosis. [6]

Duplex sonography is a non-invasive method to assess splanchnic arterial and venous vasculature. Portal
vein diameter >13 mm suggests portal hypertension. [7] Thus, a large portal vein suggests portal hypertension. In
portal hypertension, portal vein velocity tends to fall and when less than 16 cm per sec, portal hypertension is
likely. Congestive index is another portal vein indices calculated as the ratio between cross sectional area of portal
vein and mean portal vein velocity. Normal value of congestion index is 0.07+ 0.029. This is high in patients with
varices. [8] When congestion index exceeds 0.1, portal hypertension was diagnosed with 95% sensitivity and
specificity. [9]

Il.  Methodology

This cross-sectional study was carried out in the Department of Radiology & Imaging, Dhaka Medical
College Hospital, Dhaka, during July, 2021 to June, 2023 (2 years). A total of 58 patients were participated in the
study. This study was carried out known case of cirrhosis of liver patients who attended the outpatient department
or indoor of department of Dhaka Medical College Hospital, Dhaka referred to Radiology and Imaging department
for imaging investigation. Sampling technique: Purposive type of Non-random sampling was done. Eligibility
criteria: Inclusion criteria were patient with known case of cirrhosis of liver on the basis of history, physical
examination, liver biochemistry & USG and adult patient of both genders. Exclusion criteria were patient who
refuse to be enrolled in study, patient who has previously sclerotherapy or band ligation of oesophage transjugular
intrahepatic portosystemic stent shunt or surgery from portal hypertension, patients taking drug for primary
prophylaxis of variceal bleeding, patient with heart failure, patient with cavernous transformation of portal vein,
patient with hepatic, splenic or portal vein thrombosis and patient with severe abdominal and chest or renal
disease. Data Collection and Processing: After taking consent and matching eligibility criteria, data were
collected from patients on variables of interest using the predesigned structured questionnaire by interview,
observation. To collect data, face to face interview has been carried out with a standardized semi-structured
questionnaire. Alongside, the medical records of the patients have been reviewed. Data regarding
sociodemographic background, diabetic and smoking status has been collected and recorded. Collected data were
edited and Statistical analyses of the results were be obtained by using window-based Microsoft Excel and
Statistical Packages for Social Sciences (SPSS-24). Frequency and percentages have been depicted for qualitative
data and mean and standard deviation has been calculated for quantitative data.

I11.  Result
This cross-sectional study was carried out in the Department of Radiology & Imaging, Dhaka Medical
College Hospital, Dhaka, during July, 2021 to June, 2023 (2 years). A total of 58 patients were participated in the
study. This study was carried out known case of cirrhosis of liver patients who attended the outpatient department
or indoor of department of Dhaka Medical College Hospital, Dhaka referred to Radiology and Imaging department
for imaging investigation.
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Table-1: Age distribution of the participants (N=58)

Age (years n=58 %

27-30 2 3.4
30-39 12 20.7
40-49 17 29.3
50-59 12 20.7
60-69 11 19

70-73 4 6.9

Mean + SD 50.17 £ 12.26

Range 271073

Table-I shows that majority of the study participants (17, 29.3%) were aged between 40 to 49 years old. Mean +
SD of the study participants was 50.17 + 12.26 years, with range 27 to 73.

Gender (%)

P

= Male = Female
Figure-1: Gender distribution of the study participants (N=58)

Figure | show that most of the participants (45, 77.65%) were male where Male to Female ratio was 3.46: 1

Presenting Complaints

M Frequency ¥ Percentage (%)

Figure I1: Presenting complaints of the study participants (N=58)
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Figure-11 shows that, every participant was presented with anorexia and fatigue, followed by weight loss (24,
48.3%), abdominal distension (26, 44.8%), vomiting of blood (16, 27.6%), yellowish coloration of skin, sclera
and urine (15, 25.9%), swelling of leg (9, 15.5%) and passage of black tarry stool (8, 13.8%).

Table-11: Investigation findings of the participants (N=58)

Investigation findings Mean + SD
Serum bilirubin (mg/dl) 1.95+0.63
Serum albumin (g/dl) 419+ 4.00
Serum ALT (U/L) 65.15 + 17.64
Serum AST (U/L) 75.62 + 29.00
Serum alkaline phosphatase (U/L) 173.89 £ 57.19
Prothrombin time (seconds) 20.25 + 4.58
INR 1.65+0.42
Viral Markers n %
HBsAg
Positive 39 67.2
Negative 13 224
Reactive 6 10.3
HBYV DNA
Detected 34 58.6
Not detected 24 41.4
Anti HCV
Positive 9 155
Negative 49 84.5

Table-I1 shows the investigation findings of the study participants. Most of the participants (39, 67.2%) was
HBsAg positive. HBV DNA detected in (34, 58.6%) participants. Maximum participants (49, 84.5%) were
found to be Anti HCV negative.

Etiology of the cirrhosis

g
=

V Others

M Frequency M Percentage (%)

Figure 111: Etiology of the liver cirrhosis of the study participants (N=58)

Figure-111 shows that, majority of the participants (45, 77.6%) were infected with hepatitis B virus, followed by
(9, 15.5%) participants who were infected by hepatitis C virus and rest of the participants were suffering from
liver cirrhosis due to other causes.
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Table-111: B-mode USG findings of the participants (N=58)
Variables n % ‘

Liver Size (cm)

Enlarged (>15cm) 14 24.1
Shrunken (<12cm) 18 31
Normal (12-15cm) 26 44.8
Mean £ SD 13.07 £2.43
Range (min-max) 12.97 (8.23-21.20)
Margin of the Liver
Regular 4 6.9
Irregular 54 93.1
Spleen Size (cm)
Enlarged (>12cm) 39 67.2
Normal (7-12) 19 32.8
Ascites
Present 37 63.8
Absent 21 36.2
Portal vein diameter (mm)
Increased (>13 mm) 42 72.4
Normal (<13 mm) 16 27.6
Mean + SD 13.89 + 1.59
Range (min-max) 7.40 (11-18.40)
Cross-sectional area of the portal vein (cm?)
Median 1.71
IQR 1.49-2.12

Table-I11 shows that, majority of the participants (26, 44.8%) had normal sized liver. Maximum participants (39,
67.2%) had enlarged spleen. Also, most of the participants (37, 63.8%) had ascites. Majority of the participants
(42, 72.4%) had increased portal vein diameter and the mean + SD was 13.89 + 1.59.

Table-1V: Color doppler study findings of the participants (N=58

Variables
Portal vein velocity (cm/s)
Decreased (<16 cm/s) 53 91.4
Normal (16-40 cm/s) 5 8.6
Mean + SD 11.38 £2.90
Range (min-max) 6.08-17.50
Portal congestion index
>0.1 40 69
<0.1 18 31
Median 0.15
IQR 0.10-0.22
Portal vein flow direction
Hepatopetal 47 81
Hepatofugal 11 19

Table-1V shows that, most of the participants (55, 94.8%) had decreased portal vein velocity, with a Mean = SD
of 11.38 + 2.90. Majority of the participants (40, 69%) had congestion index > 0.1, with a Median 1.71 and IQR
0.10-0.22. Maximum participants (47, 81%) had hepatopetal flow.

Table-V: Endoscopy findings of the participants (N=58)
Variables n % ‘

Oesophageal varices
Present 39 67.2
Absent 19 32.8
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Grading
Grade-I 14 35.9
Grade-II 22 56.4
Grade-III 3 7.7

Table-V shows that, among 58 participants, (19, 32.8%) had no varices and (39, 67.2%) participants had
oesophageal varices. Among them (14, 35.9%) had grade-1, (22, 56.4%) had grade-11 and (3, 7.7%) had grade-
.

Table-VI: Correlation of portal vein diameter and oesophageal varices (N=58

Portal Vein diameter (mm _

Sp(e[ok{vlo]o][ae[ET[alFE PV diameter > 13 PV diameter < 13 . p-value
Frequency (%) Frequency (%)

Present 37 (94.9) (TP) 2 (5.1)(FN) 39

Absent 5 (26.3)(FP) 14 (73.7) (TN) 19

Total 42 16 58 <0.001°

Table-VI shows that, out of 58 cases 42 were diagnosed as oesophageal varices by PVD more than 13mm and
among them 37 were confirmed by endoscopy. They were true positive cases. 5 cases were diagnosed by PVD
more than 13mm, but not confirmed by endoscopy. They were false positive cases. Out of 39 cases, which were
confirmed by endoscopy, 2 cases were not diagnosed by PVD more than 13mm. They were false negative cases.

prediction of oesophageal varices
95% Confidence Interval

Table-VII: Validity parameter of portal vein diameter in

Validity parameter Value (%)

Lower limit Upper Limit
Prevalence of varices 67.24% 0.5366 0.7899
Sensitivity 94.87% 0.8268 0.9937
Specificity 73.68% 0.4880 0.9085
Positive predictive value 88.10% 0.7437 0.9602
Negative predictive value 87.50% 0.6165 0.9845
Accuracy 87.93% 0.7670 0.9501

Table-VII shows the Validity test results. Sensitivity, Specificity, Positive predictive value (PPV), Negative
predictive value (NPV) and Accuracy of portal vein diameter study findings in prediction of oesophageal varices
were 94.87%, 73.68%, 88.10%, 87.50% and 87.93%, respectively.

Table-VIII: Correlation of portal vein velocity and oesophageal varices (N=58
Portal Vein velocity (cm/s)

Endoscopic diagnosis PV velocity < 16 PV velocity > 16 Total | p-value
Frequency (%) Frequency (%)
Present 37 (94.9) (TP) 2 (5.1) (FN) 39
Absent 16 (84.2) (FP) 3(15.8) (TN) 19 >0.318"™
Total 53 5 58

Table-V111 shows that, out of 58 cases 53 were diagnosed as oesophageal varices by PVV less than 16cm/s and
among them 37 were confirmed by endoscopy. They were true positive cases. 16 cases were diagnosed by PVV
less than 16¢cm/s, but not confirmed by endoscopy. They were false positive cases. Out of 39 cases, which were
confirmed by endoscopy, 2 cases were not diagnosed by PVV less than 16cm/s. They were false negative cases.
Rest of the 3 cases were neither confirmed by endoscopy nor by PVV. So, they were true negative cases.

Table-1X: Validity parameter of portal vein velocity in prediction of oesophageal varices

~ 95% Confidence Interval |
Value (%) 95% Confidence Interval

Validity parameter

Lower limit Upper Limit
Prevalence of varices 67.24% 0.5366 0.7899
Sensitivity 94.87% 0.8268 0.9937
Specificity 15.79% 0.0338 0.3958
Positive predictive value 69.81% 0.5566 0.8166
Negative predictive value 60% 0.1466 0.9473
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Accuracy 68.97% 0.5546 0.8046

Table-1X shows the Validity test results. Sensitivity, Specificity, Positive predictive value (PPV), Negative
predictive value (NPV) and Accuracy of portal vein velocity study findings in prediction of oesophageal varices
were 94.87%, 15.79%, 69.81%, 60% and 68.97%, respectively.

Table-X: Correlation of congestion index and oesophageal varices (N=58)
Congestion Index :

Endoscopic diagnosis >0.1 <0.1
Frequency (%) Frequency (%)
Present 37 (94.9) (TP) 2 (5.1) (FN) 39
Absent 3(15.8) (FP) 16 (84.2) (TN) 19 <0.001°
Total 40 18 58

Table-X shows that, out of 58 cases 40 were diagnosed as oesophageal varices by congestion index more than
0.1 and among them 37 were confirmed by endoscopy. They were true positive cases. 3 cases were diagnosed
by congestion index more than 0.1, but not confirmed by endoscopy. They were false positive cases. Out of 39
cases, which were confirmed by endoscopy, 2 cases were not diagnosed by congestion index more than 0.1.
They were false negative cases. Rest of the 16 cases were neither confirmed by endoscopy nor by congestion
index. So, they were true negative cases.

Table-X1: Validity parameter of congestion index in prediction of oesophageal varices
95% Confidence Interval
Value (%)

Validity parameter

Lower limit Upper Limit
Prevalence of varices 67.24% 0.5366 0.7899
Sensitivity 94.87% 0.8268 0.9937
Specificity 84.21% 0.6042 0.9662
Positive predictive value 92.50% 0.7961 0.9843
Negative predictive value 88.89% 0.6529 0.9862
Accuracy 91.38% 0.8102 0.9714

Table-XI shows the Validity test results. Sensitivity, Specificity, Positive predictive value (PPV), Negative
predictive value (NPV) and Accuracy of Congestion Index study findings in prediction of oesophageal varices
were 94.87%, 84.21%, 92.50%, 88.89% and 91.38%, respectively.

TISO.7 MI10

Endoscopic Correlation with Duplex Ultrasound Fig. 04. 59y female patient with chronic liver disease Doppler
US of PV showing portal vein diameter 15.6mm, portal vein mean velocity 9.66cm/sec, hepatopetal flow and
calculated congestion index >0.1, Upper Gl endoscopy showing grade 111 esophageal varices.
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IV.  Discussion

In this present study, majority of the study participants (17, 29.3%) were aged between 40 to 49 years
old, which means, most of the participants were lied in fourth decade of life. Mean + SD of the study participants
was 50.17 + 12.26 years, with range (27 to 73). The finding of this study was almost similar with Mahmoud et al.
where they observed a mean age of 50.7 £ 11.7 years of their participants. [10] In this study, most of the
participants (45, 77.65%) were male. This Finding was almost similar with Mansoor et al., 2019, where they
performed their study on 200 patients and observed that 137 (68.50%) were males and 63 (31.50%) were females
with male to female ratio of 2.17:1. [11]

Here, every participant was presented with anorexia and fatigue, followed by weight loss (24, 48.3%),
abdominal distension (26, 44.8%), vomiting of blood (16, 27.6%), yellowish coloration of skin, sclera and urine
(15, 25.9%), swelling of leg (9, 15.5%) and passage of black tarry stool (8, 13.8%). None of the participants
presented with hepatic encephalopathy. Similar symptoms and signs were reflected in the studies performed by
Devrajani et al. where clinical manifestation of 100 patients were splenomegaly in 82, clinical jaundice in 78,
ascites in 77, palmer erythema in 67, hematemesis in 26 patients. [12] The clinical signs noted among the patients
were most commonly ascites and icterus constituting 90% and pedal edema accounting to about 80%.

The study finding was slightly different from Mahmoud et al. where they found, the etiology of liver
cirrhosis in their patients was due to hepatitis C virus (HCV) infection in 64 patients (79.1%) and hepatitis B virus
(HBV) infection in eight patients (9.8%), while other etiologies were found in nine patients (11.1%). [13] In this
study, majority of the participants (26, 44.8%) had normal sized liver. Maximum participants (39, 67.2%) had
enlarged spleen. Also, most of the participants (37, 63.8%) had ascites. Shastri et al. found that (40, 80%) had
ascites and splenomegaly. [14] Here, majority of the participants (42, 72.4%) had increased portal vein diameter
and the mean + SD was 13.89 + 1.59.

In this study, among 58 participants, (19, 32.8%) had no varices and (39, 67.2%) participants had
oesophageal varices. Among them (14, 35.9%) had grade-1, (22, 56.4%) had grade-Il and (3, 7.7%) had grade-III.
Tarzamni et al. stated that 13 patients had EV grade-1, 37 grade-111 and 19 grade -I1I. [15] Elhady Sheta et al.
observed that among 100 cirrhotic patients, 43 patients had no varices. [16] 10 patients were found to have grade
I EV, 15 patients were found to have grade 1l EV and 32 were found to have grade 111 EV.

As evident from the results above, except portal vein velocity, other portal vein indices under study
correlated significantly with the presence of EV on EGD (p <0.05). Among these parameters, sensitivity of all
three parameters was 94.87%. Congestion index had the highest specificity of 84.21%, highest negative predictive
value of 88.89%. Positive predictive value was also highest for congestion index at 92.50% and accuracy at
91.38%. Shastri et al., observed that all the portal vein indices under study correlated significantly with the
presence of EV on EGD (p <0.05). [14] Among these parameters, PVVV had the highest sensitivity of 84%. PVD
and HCI had the highest specificity of 55% and highest negative predictive value of 38%. Positive predictive
value was highest for PVV at 76%. In our study, we found that congestion index is the better prediction tool,
which is consistent with findings of previous studies done by Nouh et al. [17]

Limitations of the study
The present study was conducted in a very short period due to time constraints and funding limitations.
The small sample size was also a limitation of the present study.

V.  Conclusion

By evaluating the congestion index, portal vein diameter and velocity can help physicians as noninvasive
predictors of esophageal varices in cirrhotic patients, reducing the need for unnecessary endoscopic screening.
This is particularly valuable in clinical settings where there are limited resources and endoscopic facilities are not
available in all areas. The congestion index is a reliable indicator for predicting the occurrence of bleeding
oesophageal varices. Patients with a portal congestion index exceeding 0.10 are particularly susceptible to
experiencing bleeding oesophageal varices. Considering the other duplex parameter, it can be concluded that the
congestion index is a useful diagnostic tool for predicting oesophageal varices.

VI.  Recommendation
This study can serve as a pilot to much larger research involving multiple centers that can provide a
nationwide picture, validate regression models proposed in this study for future use and emphasize points to ensure
better management and adherence.
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