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Background: Measuring portal vein diameter (PVD) is a feasible method of detecting portal 
vein hypertension, which is a primary and fatal complication of chronic liver disease (CLD) 
and is usually diagnosed very late. However, there is a paucity of morphometric information 
on portal vein diameter in the Ethiopian population. Hence, it is important to determine the 
portal vein diameter among adults with and without chronic liver disease.
Purpose: The study aimed to identify how PVD is affected by age, sex, and anthropometric 
measurements in patients with and without CLD.
Methods: A cross-sectional study was conducted among 220 participants (110 CLD patients 
and 110 controls) who have visited the radiology unit at selected Hospitals. Patients with CLD 
were selected consecutively as they present while controls were selected by a systematic 
sampling technique. A structured questionnaire was used to collect the data. Correlation and 
independent t-test were used to assess the relations. A statistically significant association was 
declared at P-value <0.05.
Results: Mean portal vein diameter for CLD patients was 17.03±1.97 mm with a range of 
12.8−20.8mm and 10.79±1.27mm with a range of 7.70–13.25mm for the control group. Age, 
weight, and body mass index had a positive correlation with portal vein diameter in both 
groups. The mean portal vein diameter increased by 21.34% during deep inspiration in the 
control group.
Conclusion: The mean portal vein diameter among patients with CLD was higher than that 
of the control group. A significant gender-based difference was recorded in the portal vein 
diameter of the control group only. Ultrasonography is a non-invasive, readily available 
diagnostic tool for portal vein pathology.
Recommendation: It is recommended for clinicians to take into consideration age, sex and 
anthropometric measurements while measuring PVD.
Keywords: portal vein diameter, portal hypertension, chronic liver disease, Ethiopia

Introduction
Portal vein (PV) is the main channel of the portal venous system and clinically 
important structure as it is usually associated with portal hypertension (PHT). PHT 
is the elevation of the hepatic venous pressure gradient (HVPG) to >5 mmHg, 
which is the primary complication of chronic liver disease (CLD).1,2 The preva-
lence of cirrhosis has increased by five times between 1990 and 2017 and more than 
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1.32 million deaths due to cirrhosis have been recorded, 
which is 2.4% of the total death by 2017.3 This substantial 
number of death is to some extent accounted for the late 
diagnosis of CLD. Thereby patients may present with 
upper gastrointestinal bleeding associated with a 20–30% 
mortality rate with each episode of bleeding and a 60–80% 
chance of re-bleeding within a year after the first 
episode.4,5 Meanwhile, the clinical diagnosis of liver cir-
rhosis and PHT is seldom established until complications 
such as bleeding from oesophageal varices have become 
apparent. However, studies demonstrate that in only one- 
third of patients with PHT the collaterals will use the 
oesophageal pathway and thus alert the clinicians to the 
elevated pressure in the portal system while the remaining 
two-third of collateral do not bleed apparently.6

Hence, portal vein assessment should be widely prac-
ticed for screening, diagnosis, and follow-up of PHT since 
it is the primary complication of chronic liver disease. 
Because of its use of non-ionizing radiation, easy accessi-
bility, non-invasive nature, portability, low cost, and ability 
to rapid accomplishment, sonography is claimed as a good 
diagnostic tool for patients with portal hypertension.7 

Besides, Sonography of the liver is often the first exam-
ination performed in a patient with clinical and laboratory 
signs of liver disease. However, inconsistent findings of 
sonographic measurements of PVD were reported even 
within a nation. For example, a study conducted by 
Hawaz et al at Tikur Anbesa Specialized Hospital, Addis 
Ababa, Ethiopia reports that there is no gender-based 
difference in the PVD of the normal population,8 on the 
other hand study conducted in Jimma, stated significantly 
wider PVD male than female.9

Moreover, in sub-Saharan Africa, there is a paucity of 
information regarding the relationship between different 
anthropometric parameters and PVD. In addition, there is 
no study conducted to determine the relationship between 
PVD and anthropometric variables in CLD patients. 
Surprisingly, a reference point used to detect PHT so far 
in Ethiopia is a value set for the population of foreign 
countries.

All these facts imply the need for studies for building 
advanced knowledge on the morphometric anatomy of 
PVD by comparing individuals with and without CLD on 
basis of PVD affecting factors. This helps in enhancing the 
capacity of health professionals in diagnosing and moni-
toring follow-up of patients with PHT. Such information is 
essential and studies of this kind have not been conducted 
in Ethiopia. Therefore, this study intended to determine 

portal vein diameter among adults with and without 
chronic liver disease at selected referral hospitals in south-
ern Ethiopia.

Methods and Materials
Study Area and period: The study was conducted at 
Wolaita Sodo university teaching and referral hospital 
(WSUTRH) and Nigist Ellene Mohamed Memorial 
Referral Hospital (NEMMRH) located in Southern 
Ethiopia, from December 2020 to July 2021.

Study Design: Cross-sectional study design was 
implemented.

Study Participants: The study population consists of two 
groups; adult CLD patients and patients without CLD (con-
trols) who visited the radiology unit for sonographic evalua-
tion reasons other than hepatobiliary disease.

Inclusion Criteria
Age 18 years or above and who had not had a meal for at 
least six hours was the inclusion criteria for patients with-
out CLD. Patients without hepato-biliary disease has no 
hepatobiliary surgery, or recent surgery for other reasons, 
age of 18 or above, and who had fasted for at least six 
hours were included in the control group.

Exclusion Criteria
Pregnant women were excluded from the study group of 
patients with CLD. While participants who are pregnant, 
consume alcohol, are taking hepatotoxic drugs, have car-
diac disease, and have any ultra-sonographic evidence of 
liver diseases were excluded from the control group.

Sample Size Determination and Sampling 
Procedure
Sample size was calculated based on PVD for age relation-
ship by using Fisher’s z test comparing two independent 
correlations with assumptions of Pearson’s correlation 
coefficient (r), the significance level (ɑ), and the power.10 

Pearson’s correlation coefficient of 0.681 for controls and 
0.242 for patients with CLD was taken from the previous 
study in Nigeria by Usman et al 2015.11 And power 80 and 
significant level of 0.05 were assumed (Table 1).

Since the sampling procedure was two steps, to adjust 
the design effect, multiplying 50 by two, the sample size 
was 100 for each group. Then, Adding 10% of the non- 
response rate on 100 the total sample size became 110 for 
each group. The sample size was proportionally allocated. 
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Then, patients with CLD were selected consecutively as 
they present while controls were selected by a systematic 
sampling technique.

Data Collection
A structured pretested interviewer-administered question-
naire consisting of three sections: socio-demographic (age 
and sex), anthropometric measurements (height, weight, 
and BMI), and parameters for PVD was used. The weight 
and height of the patients were measured using standar-
dized height and weight measurements for adults. The 
weight and height were read to the nearest 0.1kg and 
0.1cm by using beam balance (QF-2003A, China) and 
tap meter (Kaida, China), respectively. The weight of 
ascitic patients was adjusted by subtracting 2.2, 6, and 
14kg from the actually measured weight of grade one, 
grade two, and grade three ascitic patients, respectively.12 

To check the instrumental consistency 5 normal subjects 
were tested using (EDAN U2 prime edition, China) and 
(SONOSCAPE SSI-8000, China) ultrasound machines. 
Then, the precision of the machines was tested by calcula-
tion the Cronbach alpha value, which was found to be 
0.981.

Measurements
The participants were in the supine position. Then before 
measuring PVD, the hepatobiliary system was scanned by 
the radiology residents, and patients diagnosed with CLD 
were included in patients with the CLD study group, and 
any signs of hepatobiliary disease were excluded from the 
control study group. The diameter of the portal vein was 
measured from the inner-to-inner wall of the echogenic 
wall in longitudinal and transverse cross-section just 
before the bifurcation at the widest part of the blood vessel 
(Figure 1).

An average of three times measurement was taken to 
minimize measurement error. The measurement was done 
with deep inspiration, expiratory, and a quiet respiratory 
phase using a 3.5 MHz curvilinear probes of EDAN U2 
prime edition and SONOSCAPE SSI-8000 ultrasound 

machines. Then, a respiratory phasic variation of PVD 
was calculated as follows: mean deep inspiratory minus 
deep expiratory and divided by mean deep inspiratory 
PVD multiplied by 100.

Data Processing and Statistical Analysis
Data were entered into Epi Data version 3.1 and exported 
to SPSS version 25 for management and analysis. The 
characteristics of the study population were described 
using descriptive statistics like means, standard devia-
tions, frequencies, and proportions. The normality 
assumption was checked by the Shapiro–Wilk test and it 
was normal (P-value=0.083 and 0.279) for patients with 
CLD and controls, respectively. The linearity (between 
independent and dependent variables) was checked by 
using a scattered plot and the relation was linear. The 
third assumption: homocedesity of the dependent was 
checked and the variance was homogenous. Then, the 
relation between PVD with age, weight height, and BMI 
was determined by Pearson’s correlation coefficient. An 
Independent t-test was used to compare portal vein dia-
meter between patients with CLD and controls, as well as 
the difference between sexes. A P-value of less than 0.05 
was considered statistically significant for the correlation 
and independent t-test.

Results
Sociodemographic and Clinical 
Characteristics of the Study Participants
220 study participants participated in the study with 
a response rate of 100%. Half of the study participants 
(110) were either patient with CLD or controls. The major-
ity of patients with CLD were males (70.9%). While 
among controls, the females (53.6%) were slightly more 
than males. We reported no difference in mean age 
(P=0.068) and height (P=0.261) between patients with 
CLD and controls. However, there was a significant dif-
ference in weight (P≤0.001), BMI (P≤0.001), PVD 
(p≤0.001), and respiratory phasic variation of PVD 

Table 1 Sample Size Determination for the Study Population

Study Group Pearson’s Correlation Coefficient Significant Level Power Ratio Sample Size

Control 0.681 0.05 80 1 50
Patients with CLD 0.242 0.05 80 1 50

Total 100
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(p≤0.001) between patients with CLD and controls. 
Almost all CLD patients have presented with ascites 
(107) 97.3% and Grade 3 ascites accounted for (58) 
54.2% followed by Grade 2 ascites (44) 41.1%. 
Similarly, all patients had splenomegaly which is con-
firmed by ultrasound (Table 2).

Respiratory Phasic Portal Vein Diameter 
Variation of Patients with CLD and 
Controls
The mean portal vein diameter increased by 8.92% dur-
ing deep inspiration in patients with CLD. While the 
respiratory phasic variation of the PVD control group 
increased by 21.34%. However, we reported no differ-
ence in Respiratory phasic variation of PVD between 
males and females in both patients with and without 
CLD (Table 3).

Determination of Portal Vein Diameter in 
Patients with CLD and Control Group
Although the mean PVD of patients with CLD, was larger in 
males (17.18±1.83) than females (16.68 ± 2.28) it was insig-
nificant (P=0.23). However, the mean PVD difference 
between males (11.1±1.21) and females (10.53±1.27mm) 
was significant (P=0.017) in controls, which shows the ana-
tomical size difference between males and females (Table 4).

A small linear relationship exists between age and 
means PVD among patients with CLD (r=0.224, 
P=0.018) reported that relation is more in male patients. 
While, a strong linear relationship was noted between 
mean PVD in controls and age (r=0.259, P=0.048) by 
which the relation is more in female patients. Indicating 
PVD increases as age increase (Table 4).

The correlation between the mean PVD of patients with 
CLD with anthropometric parameters was small in both sexes’ 

Figure 1 Ultrasonography image showing the level of measurement of the main portal vein and echogenic wall of lumen on a longitudinal section.
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categories with a significant relationship (P <0.05) in weight 
and BMI, but with height. While there was a moderately 
strong and significant relation between the mean PVD of 
controls and weight (r=0.309, P=0.001) which shows the 
larger the bodyweight the wider PVD (Table 4).

Discussion
Portal hypertension can be caused by any condition that 
interferes with blood flow at any level within the portal 
system and the causes are usually subcategorized as pre- 
hepatic, intrahepatic, and post hepatic. Intrahepatic causes 
account for over 95% of cases of portal hypertension and 
are represented by the major forms of cirrhosis.4 A study 
conducted in southern India among adults has also 
reported 90% of PHT is caused by CLD.1 Similarly, intra-
hepatic cause of PHT accounts for most cases in the 
pediatric age group 93%.2

In the present study, 220 patients with or without CLD 
were investigated in this cross-sectional study. The pur-
pose of our study was to sonographically assess the rela-
tionship between portal vein diameter and age, sex, and 
anthropometric variables among patients with CLD and 
controls. The mean PVD in the current study is compar-
able with previous standards. The main findings also 
established that there is the sex difference in PVD 
among controls and varies with age, height, weight, and 

BMI. While, there was no sex difference in PVD and does 
not vary with height, among patients with CLD.

The mean normal portal vein diameter was found to be 
10.79±1.27mm which is in line with studies conducted 
elsewhere.9,13–15 In a contrary, a study conducted in North- 
Eastern India by Saha et al 2015, reported a lower mean 
normal PVD (8.83±2.12mm), which could be due to the 
inclusion of participants under 18 years.16 Similarly, lower 
mean PVD (9.60±1.41mm) with relatively lower mean age 
(32.5±11.3 years) was reported in a study by Luntsi et al in 
Northern Nigeria.7 Furthermore, we reported a significant 
(P=0.017) difference in the mean PVD between males 
(11.1±1.21mm) and females (10.53±1.27mm) in the con-
trol group. Similarly, a study done in Ethiopia,9 Nepal15 

and India16 reported that the PVD is significantly larger in 
males than females. The similarity could be due to the 
average liver size in males being larger than the female. 
However, previous studies by Adeyenkun and Tsebi,17 

Gareeballah et al13 and Hawaz et al8 do not report the 
statistically significant differences in PVD between males 
and females. A positive correlation between normal PVD 
and age within males (r=0.224, P=0.114) and females 
(r=0.294, r=0.002) was noted in the current study. This 
supports the increasing PVD with age observed by most 
studies.8,9,11,15 The positive correlation could be due to the 
effect of growth. Although, Study by Saha et al reported 

Table 2 Sociodemographic and Clinical Characteristics of Patients with CLD and Controls at Selected Referral Hospitals Southern 
Ethiopia, 2021

Variables Patients with CLD (n=110) Controls (n=110) P-value

Sex Male (n)% (78)70.9% (51)46.4%

Female (n)% (32)29.1% (59)53.6%

Age (mean ± SD years) 41.33±11.25 38.52±11.43 0.068

Weight (mean ± SD kg) 48.76±6.96 60.36±7.01 0.001*

Height (mean ± SD cm) 164.85±4.76 163.95±6.8 0.261

BMI (mean ± SD kg/m2) 17.96 ± 2.62 22.50 ± 2.55 0.001*

PVD (mean ± SD mm) 17.03 ± 1.97 10.79 ± 1.27 0.001*

PVD (range mm) 12.8–20.8 7.70–13.25

Respiratory phasic PVD difference (mean ± SD) 8.92% 21.34% 0.001*

Portal hypertension indicators Ascites (n)% 107 (97.3%) - -

Splenomegaly (n)% 110 (100%) - -

Note: *P-value < 0.05.
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no association (r=0.015, P=0.880) between PVD and 
age.16

The mean PVD in CLD patients in the current study 
was much larger (17.03 ±1.97mm) than that of the normal 
participants (10.79±1.27mm). This could be because the 
raised pressure in the portal venue’s system dilates the 
blood vessels in the system to accommodate the pressure. 
Our finding was supported by studies conducted in 
Nigeria11 and Italy.18 The variation in measurement of 
PVD in CLD patients in other studies could be due to 
early or late-stage disease during the time study since the 
change in diameter of the vein is minimal in its early stage 
(due to lower pressure) and late-stage (due to formation of 
collateral anastomosis) of the disease. Besides, our finding 
indicated the statistically non-significant difference in 
PVD of males and females in patients with CLD and 
agrees with a study in Nigeria.11 Moreover, the present 
study showed a moderately strong and significant positive 
correlation between PVD and age within male CLD 
patients (r=0.328, P=0.003). In contrary, a study by 
Usman et al in North-Eastern Nigeria, reported 
a negative correlation between PVD and age within male 
CLD patients (r=−0.273, P=0.00).11 However, we did not 
find a statistically significant correlation between PVD and 
the age of female CLD patients (r=0.03, P=0.89) in the 
present study. A study done in Nigeria reported a negative 
but not significant correlation (r=−0.212, P=0.153) of PVD 
and age of female patients with CLD.11 The pathologic 
condition of PVD which may lead to an irregular pattern 
of change of PVD with disease progression despite parti-
cipants’ age could have contributed to varying findings in 
the association of age with PVD in different studies.

Anthropometric measurement has been reported to corre-
late with PVD in normal population.14,19 This study report 
shows the correlation between PVD and weight and BMI of 
patients with CLD and but not with height. On the other 
hand, our finding supports medium-strength correlation 
between weight and PVD among controls in studies con-
ducted elsewhere.13,16 Although, there are studies that failed 
to show a correlation either between height or BMI and PVD 
among patients without CLD,16 our findings support the 
study by Gareeballah et al in Sudan that reported a positive 
correlation.13 The increment in PVD as the body parameters 
increase could be due to proportional increment of blood 
vessels with body size and internal organs.

Clinically, PVD of greater than or equal to 13mm is 
suspected for PHT. Similarly, study by Bolondi et al 
revealed PVD diameter of ≥13 indicates PHT with 41.8% Ta
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of sensitivity.18 Furthermore, Usman et al demonstrated that 
the maximum PVD of 13.06mm for controls and minimum 
PVD of 13.14mm for patients with CLD by which 13mm 
could be taken as the reference point for PHT detection.11 

Similarly, in our study, the maximum PVD for the control 
group was 13.25mm and the minimum PVD in CLD 
patients was 12.8mm. In the current study, respiratory phasic 
variation of mean PVD was found to be 21.3% in the control 
group. Our finding is in line with Geleto et al and Hawaz 
et al in Ethiopia.8,9 On the other hand, respiratory phasic 
variation was (8.92%) in patients with CLD which is much 
lower than controls. In patients with CLD, the diameter of 
the blood vessel is already dilated due to the elevated pres-
sure in the portal venous system and the wall of the blood 
vessel cannot stretch further to accommodate the change in 
pressure during inspiration and expiration, unlike a healthy 
portal vein.

Limitations of Study
One of the limitations of this study is that, only the diameter 
of the portal vein was measured and not the portal flow. We 
did not take into account parameters like patient liver size, 
which possibly could result in the variation of portal vein 
study. The study was carried out in patients who visited the 
hospital for the general health check-up, thus may not be 
representative of the population.

Conclusion
To conclude, the mean PVD of patients with CLD in the 
current study was found to be much larger compared to 

controls. The PVD difference between males and females 
was significant in the control group while there was no 
sex-based difference of PVD in patients with CLD. Portal 
vein diameter of CLD patients was correlated positively 
with age, weight, and BMI. Similarly, the PVD of controls 
is correlated positively with age, weight, and BMI, in 
addition to height.

Recommendations
It is recommended that clinicians should take into consid-
eration consider age, sex and anthropometric measure-
ments while measuring PVD as these variables could 
affect the measurement. Furthermore, researchers are 
recommended to conduct large-scale study of this kind 
for identification of precise portal vein diameter in 
Ethiopian population.

Data Sharing Statement
The datasets used and analysed in the current study are 
available from the corresponding author on reasonable 
request.

Ethical Approval and Informed 
Consent
This study was carried out after obtaining ethical approval 
from Arba Minch University, College of Medicine, and Health 
Sciences, Institutional Research Ethics Review Board (Ref.no: 
IRB/555/12; Issue date: 26/11/2020). To ensure confidential-
ity, it was the anonymous type whereby names of the study 
subjects were not written on the questionnaire. Written consent 

Table 4 Determinants of Portal Vein Diameter in Patients with CLD and Controls at Selected Referral Hospitals Southern Ethiopia, 
2021

Patients with CLD Controls

Male Female Male Female

Mean PVD ±SD 17.18 ±1.83 16.68 ±2.28 P=0.235 11.1 ± 1.21 10.53 ±1.27 P=0.017

Age (in years) r=0.328* 

P=0.003

r=0.03 

P=0.87

r=0.224* 

p=0.018

r=0.224 

P=0.114

r=0.259* 

P=0.048

r=0.294* 

P=0.002

Weight (in KG) r=0.194 

P=0.088

r=0.240 

P=0.185

r=0.222* 

P=0.02

r=0.145 

P=0.31

r=0.323* 

P=0.013

r=0.309* 

P=0.001

Height (In Meter) r=0.097 

P=0.396

r=−0.130 

P=0.478

r=0.079 

P=0.411

r=0.046 

P=0.75

r=0.147 

P=0.267

r=0.197* 

P=0.04

BMI (KG/m2) r=0.155 

P=0.177

r=0.297 

P=0.099

r=0.196* 

P=0.04

r=0.113 

P=0.431

r=0.25 

P=0.056

r=0.197* 

P=0.039

Note: *P-value < 0.05.

International Journal of General Medicine 2022:15                                                                             https://doi.org/10.2147/IJGM.S342087                                                                                                                                                                                                                       

DovePress                                                                                                                          
51

Dovepress                                                                                                                                                            Ayele et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


from the study participants was obtained after they were 
briefed about the research intent and asked for their willing-
ness to participate in the study. Their right of denial to parti-
cipate in the study was also assured. This study was conducted 
per the declaration of Helsinki.
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