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ULTRASOUND ASSESSMENT OF PORTAL VEIN DIAMETER IN HEALTHY ADULT WOMEN
IN SOUTH-SOUTH NIGERIA

ABSTRACT

Background: About 75% of the liver blood flow is from the portal vein, while the remaining 25% comes
from the hepatic artery. One of the main abnormalities of the portal system is portal hypertension,.and the
portal vein diameter is key in make this diagnosis.

Objectives: To assess the mean normal portal vein diameter in healthy women in ‘South-South Nigeria.
Subjects and Methods: This descriptive, cross-sectional study«was conducted at all the clinical
departments of the two tertiary health facilities, one secondary facility and:ene radio-diagnostic facility in
Bayelsa State, South-South Nigeria, between April, 2022 and:December, 2022. Data analysis was done
using Statistical Product and Service Solutions for Windows® version. 25, SPSS Inc.; Chicago, USA.
Descriptive statistics (mean, standard deviation, frequency, and percentages) and Pearson product
moment correlation were used for the analysis. The level of significance was considered at p<0.05.
Results: Portal vein diameter ranged from 6.8 mm to 16.6 mm, with a mean of 10.46 + 2.00 mm. Body
mass index (r = 0.41), age (r = 0.43), parity (r = 0.44), weight (r = 0.49) and height (r = 0.27) had a
significant relationship (p — 0.001).with portal vein:diameter. The relationship between portal vein
diameter and age/parity of participants was of positive'increasing trend.

Conclusion: This research has established baseline values for normal range of PV diameter in healthy
women in our region of Nigeria, and also revealed significant correlation of PV diameter with age, parity,
weight, height and body mass index.

Keywords: Portal vein.diameter, Liver, Women, Age, Parity, Portal hypertension.

INTRODUCTION

The main sources:of blood supply of the liver are the portal vein (PV) and hepatic artery. About 75% of
the liver blood flow is from the portal vein, while the remaining 25% comes from the hepatic artery.[1] The
superiorymesenteric vein and splenic vein meet at the level of the second lumbar vertebra, behind the
pancreatic neck, to form the portal vein.[1]The ultrasound measurement of the diameter of the portal vein
is a crucial tool for making diagnosis of portal hypertension. Homeostasis is supported by the complex

interaction between the liver and the portal vein.[1]
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systemic collaterals at different sites, all result from portal hypertension. Portal hypertension causes
significant mortality and morbidity, because it is the most frequent complication and the leading cause of
death in people with chronic liver disease.[2,6,7]The normal PV diameter may varyfrom 7 mm to 15 mm,
and the normal portal venous pressure varies between 5 mmHg and 10 mmHg.[8] A portal venous
pressure of more than 15 mmHg (30 cmH,0) may suggest portal hypertension.[8]The upper limit of the
portal vein diameter has been documented as 13 mm by some authors, and a value greater than that

suggests portal hypertension.[4,5,9,10]

Portal hypertension may result from pre-hepatic, hepatic, or post-hepatic causes. The most common

schistosomiasis, which occurs more in endemic regions[11,12] and hepatic vascular abnormalities[5]In
addition to these conditions, other predisposing factors which include alcohol abuse and hepatitis, lead to

scarring of the liver, which in turn cause liver cirrhosis.[11]

Some diagnostic imaging techniques like portal venography;:spleneportography and arteriography have
been used in the past to evaluate patients suspected to have portal hypertension; but these procedures
are invasive and risky for the patient, costly and, time-consuming. Magnetic resonance imaging
andcomputed tomographic scan on the other hand; have the merit of providing better cross-sectional
images. However, they are both costly, and ' the “latter exposes the patient toionizing

radiation.[13,14]Ultrasonographyluses non-ionizing radiationand plays a major role in the diagnosis and

follow-up of patients with portal hypertension due to'its low cost, availability, accessibility, non-invasive
nature, mobility, and less time-consuming. Therefore, the objective of this study was to assess the mean

SUBJECTS AND METHODS

Study design and setting: This descriptive, cross-sectional study recruited and enrolled healthy women
from all the glinical departments at the Niger Delta University Teaching Hospital, Okolobiri, Federal
Medical Centre, Yenagoa, Silhouette Radiodiagnostic Consultants, Yenagoa and Diete Koki Memorial
Hospital;. Yenagoa;, all in Bayelsa State, Nigeria. The study was conducted between April, 2022 and
December, 2022. These facilities offer obstetric and gynaecological care services to the people of
Bayelsa State and nearby Rivers and Delta States, all of which are located in the South-South

geopolitical region of Nigeria. |

Sample size calculation: This was calculated using the formula:n = Zo®x 0° / &° [15,16]

Where: Za = 95% CI, which is 1.96, 0 = mean of 10.65 mm from a previous study.[11]6 = level of
precision for our study (/N63).

Calculation:

n = (1.96)* x 10.65° / 0/63
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n=23.8416 x 113.42/1.34

n=432.81/1.34

n=322.993

n =323

Considering attrition of 5% (16.15), n was adjusted to 339.For this study, 339 consecutive healthy women

were enrolled.

Ethics: The protocol for this study was approved by the Research and Ethics Committee of the Federal
Medical Centre Yenagoa, Bayelsa State, Nigeria (FMCY/REC/ECC/2022/683).

Inclusion criteria:Healthy adultwomen without any medical condition.

Exclusion criteria: Women with liver disease and other medical conditions.

Following counseling, written informed consent was obtained from all thezwomen enrolled in the study.
Sociodemographic information was obtained, including any presenting complaints that the patients may
have. With the patient standing on the Frankfort plane, the height of the patient was measured using a
wall-mounted stadiometer. A weighing scale was used,to determine weight. Patients were asked to take
off their bulky outerwear and shoes and stand in the.middle of the scale to evenly distribute their weight
across both feet. Body mass index (BMI) was determined as.the product of height (m) squared and
weight (kg). Urinalysis, liver function tests and serum electrolytes, urea and creatinine, were done for the
women, and if these were normal, they:were then referred to the Radiology Units of the study centres for

ultrasound scan.

Procedure: Transabdominal ultrasound examination was performed for all the patients by consultant
radiologists, using a 2012 Philips HD1%.device with a 3.5 MHz curvilinear probe. Before data collection
commenced, the consultant radiologists discussed, assessed for interobserver variability and reliability,
and reached, an. agreement: on the standard operative procedure of ultrasonography to
ensure data quality.After an overnight fast, the individuals were placed in the supine and right anterior
oblique positions for ithe ultrasound examination. When the main portal vein could be seen best, the
patients were exposed from the xiphisternum to the suprapubic region, ultrasound gel was applied to the
right upper quadrants of the abdomen, and the transducer was placed in the epigastrium in both the
transverse and longitudinal planes. Measurements were taken at the location where the portal vein
crosses anterior to the inferior vena cava, with the calipers placed between the inner margins of the
echogenic walls of the vessel at the location where the portal vein crosses prior to the inferior vena

cava (Figure 1).
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Figure 1: Longitudinal view of the abdomen showing the levels of measurement of the portal vein

(green dotted lines).

Data analysis: A pre-designed proforma was used to record allithe measurements obtained. Data
analysis was done using Statistical Product and Service Solutions for Windows® version 25, SPSS Inc.;
Chicago, USA. Descriptive statistics (mean; standard deviation, frequency, and percentages) and
Pearson product moment correlation were used for the analysis. Interobserver and intraobserver
variations were calculated with the use of the:intraclass correlation coefficient (ICC) and documented.

Statistical significance was set at P<0.05.

RESULTS

Baseline characteristics

A total of 339 healthy women with-a mean age of 32.5 + 11.2 years, were assessed for portal vein
diameter. The modal (35.7%) age=group was 20 — 29 years. Women aged 2 40 years were 28.6%, while
those 15 — 19 years were 13.0%.The mean body mass index was 23.9 + 4.6kg/m2.More than half (57.8%)
of participantsthad normal weight. Others were underweight (6.5%), overweight (22.7%) and obese
(13.0%).Majority. (38.9%) of the women were nulliparous. The median parity was 1; with a range 0 to 5
(Table ).

Relationship between baseline characteristics and portal vein diameter

Portal vein diameter ranged from 6.8 mm to 16.6 mm, with a mean of 10.46 + 2.00 mm (Figure 2). Body
mass index (r = 0.41), age (r = 0.43), parity (r = 0.44), and weight (r = 0.49), had a fairly strong, significant
relationship (p — 0.001) with portal vein diameter. Height also had a statistically significant (although
weak) relationship with portal vein diameter(r = 0.27; p — 0.001) (Table 2).The relationship between portal
vein diameter and age/parity of participants was of positive increasing trend. There was a gradual

increase in the portal vein diameter of participants 15 years to greater than 40 years. The difference in the
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mean portal vein diameter between the age groups was significant (f-stat = 22.11; p -0.001). A similar
trend was seen with parity (Table 3).Results for the intraobserver and interobserver correlation

coefficients are shown in Table 4.

Table 1: Baseline characteristics of the participants

Characteristics Frequency,n = 339 Percent (%)
Age group (years)

15-19 44 13.0

20 - 29 121 35.7
30-39 77 W22.%
=40 97 By, @8 ) G,
Age in years — mean + SD 325112 oy, .

Anthropometric measurements % b >
Weight in kg — mean = SD 63.8+13.8 7Y
Height in metres — mean + SD ,1.63%0.07, 7\\\@
Body mass index in kg/m® — mean + SD 3.€ +4.6

Body mass index . N%

Underweight ‘ o 6.5
Normal weight @ 57.8
Overweight 22.7
Obese 13.0
Parity

Nulliparity 38.9
Primiparous . 16.2
Multiparous F 9 A" 109 32.2
Grand multiparous L 4\ 43 12.7

Parity — Median (range) 1(0-5

=
y.!

Mean =10 .48
Std. Dev. = 2 004
M =339

B0

Frequency

20

75 100 125 150 175

Portal vein diameter in mm



Figure 2: Histogram showing the measurements of portal vein diameter

Table 2: Correlation between portal vein diameter and age, parity and the anthropometric
measures of participants

Characteristics Correlation coefficient - r (p-value)
Age 0.43 (0.001%)
Parity 0.44 (0.001%)
Weight 0.49 (0.001%)
Height 0.27 (0.001%)
Body mass index 0.41 (0.001%)

*Statistically significant

Table 3: Mean portal vein diameter at the different age groups and parity

Characteristics Frequency Portal vein diameter F-stat (p-value)
Mean * SD

Total population 339 10.46 + 2.00

Age group (years)

15-19 44 9.40 £ 1.32 22.11 (0.001%)

20-29 121 9.74 £0.73

30-39 77 10.97 £ 2.25

240 97 11.43+2.51

Parity

Nulliparity (0) 132 8.50'+0.76 35.57 (0.001%)

Primiparous (1) 55 9.66 = 0.99

Multiparous (2) 54 9.90£0.73

Multiparous (3) 44 10.30 £ 2.17

Multiparous (4) 11 11.53 +2.36

Grand-multiparous (25) 43 12.94 +2.32

*Statistically significant

Table 4: Interobserver and intragbserver intraclass correlation coefficient results

Ultrasound parameter Intraclass correlation coefficient

Interobserver Intraobserver
Portal vein diameter 0.99 (95% CI 0.51-0.99) 0.98 (95% CI 0.56-0.99)
DISCUSSION

This study revealed a mean PV diameter of 10.46 + 2.00 mm (with a range of 6.8 mm to 16.6 mm). This
finding is in‘eonsonance with the mean PV diameter 0f10.43 + 1.58 mmreported byOrijiet al., in South-
South Nigeria,[17] 11.5 £ 0.15 mm reported byAnakwueet al., in South-East Nigeria,[2] 10.9 + 0.81 mm
reported by Usman et al., in Maiduguri, North-East Nigeria,[11] 10.6 + 1.8 mm reported by Geletoet al., in
South-West Ethiopia,[8] 11.7 + 0.3 mm reported by Cosaret al., in Turkey,[18] and 11.0 + 2.6 mm
reported by Tasuet al., in France.[19]lt is possible that the reason for these similarities is that ethnic and
racial variations do not significantly influence PV diameter.Conversely, our mean PV diameter was slightly
higher than the 7.9 + 2.0 mm reported by Hawazet al., in Addis Ababa, Ethiopia,[6] 9.83 £ 0.95 mm
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reported by Akanniet al., in Parakou, Benin,[20] and 9.6 £ 1.9 mm reported by Rokni-Yazdi and Sotouden
in Iran.[21]This may be a result of the different sample sizes, methodologies and measuring techniques of

thesedifferent studies.

Age correlated significantly (r = 0.43; p — 0.001) with portal vein diameter in this study. PV diameter
increased with increase in the age of the women. This finding is in agreement with the reports ofOrijiet
al.,[17]Anakwueet al.,[2] Usman et al.,[11]Hawazet al.,[6] Shikha et al.,[22] andGeletoet al.[8]However,
Adeyekun and Tsebi,[14]Cosaret al.,[18] and Weinrebet al.,[4] did not find any correlation between PV
diameter and age. This may have also resulted from the difference in sample size, methodology and

measuring technique of the studies.

Our study observed a significant correlation between PV diameter and parity. This finding is in tandem
with that of Orijiet al.[17]The reason for this is not readily understood.This study: also observed a
significant correlation between PV diameter and weight, height, and body:mass index. This observation
agrees with the findings ofAyeleet al.,[23]Akanniet al.,[20] in.Parakou, Benin, Gareeballahet al.,[24] in
Sudan, and Sahaet al.,[25] and Lal et al.,[26] both in India;, who reported that weight and height were
associated with PV diameter. This was, however, in disagreement with:the reports ofQOrijiet al.,[17]Usman
et al.,[11] and Moriyasuet al.,[27] who did not observe any relationship between PV diameter and weight,
height, and body mass index. The relatively small sample‘size of these studies and the measuring

techniques for PV diameter may have contributed this variable correlation with PV diameter.

The ICC was employed in our study to reduce interobserver and intraobserver variability for
measurements of portal vein diameter.lt assesses the consistency of measurements for the same
parameter[28] and takes ‘into account both interobserver variability and the variance of all
measurements.[28,29]A value above 0:8 indicates nearly perfect agreement, with the standard range
being 0 to 1.[30,31]}in'our study, the results for the inter- and intraobserver variance were 0.99 and 0.98,

respectively, showing nearly perfect agreement.

This study's strength comes from the fact that it was a multicenter study that only included healthy female
participants. As a result, confounding factors that might have altered the measurements of the portal vein
diameter, such as liver diseases or other medical disorders, were eliminated. The limitation of this study is
that it is hospital-based, and may therefore, not reflect what is obtainable in the general population of

women.

CONCLUSION
This research has established baseline values for normal range of PV diameter in healthy women in our
region of Nigeria, and also revealed significant correlation of PV diameter with age, parity, weight, height

and body mass index. A nomogram showing the value of portal vein diameter at different age-groups and
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parity was produced. More researches on the relationship between PV diameter and age and parity are

therefore recommended.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-financial interests
OR personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES

1.

10.

11.

12.

Luntsi G, Sani M, Zira JD, Ivor NC, Garba SH. Sonographic assessment of the portal vein diameter
in apparently healthy adults in a Northern Nigerian population. AfriHealth Sci. 2016;16(4):1163-
1168. doi:10.4314/ahs.v16i4.35

Anakwue AM, Anakwue R, Agwu KK, Idigo F, Ugwu A, Nwogu U. Sonographic Evaluation of
Normal Portal Vein Diameter in Nigerians. Eur J Sci Res. 2009;36(1):144-117.

Ong JP, Sands M, Younossi ZM. Transjugular intrahepatic portosystemic shunts (TIPS): a decade
later. J Clin Gastroenterol. 2000;30(1):14-28. doi:10.1097/00004836-200001000-00005

Weinreb J, Kumari S, Philips G, Pochaczevsky R. Portal vein measurements by real-time
sonography. AJR Am J Roentgenol. 1982;139(3):497-499. doi:10.2214/ajr.139.3.497

Al-Nakshabandi NA. The role of ultrasonography in portal hypertension. Saudi J Gastroenterol Off J
Saudi Gastroenterol Assoc. 2006;12(3):111-117. doi:10:4103/1319-3767.29750

Hawaz Y, Admassie D, Kebede T. Ultrasound Assessment of Normal Portal Vein Diameter in
Ethiopians Done at Tikur Anbessa Specialized Hospital. East Cent Afr J Surg. 2012;17(1):90-93.
doi:10.4314/ecajs.v17il

Uppalapati S, Lokesh S.. Correlation of portal vein diameter with the presence of oesophageal
varices in chronic liver disease:, a prospective study. Int J Adv Med. 2018;5(4):859-864.
doi:10.18203/2349-3933.ijam20182529

Geleto G, Getnet W, Tewelde T. Mean Normal Portal Vein Diameter Using Sonography among
Clients Comingito Radiology Department of Jimma University Hospital, Southwest Ethiopia. Ethiop
J Health.Sci. 2016;26(3):237-242.

Pinto-Silva. RA, Queiroz LC, Azeredo LM, Silva LC, Lambertucci JR. Ultrasound in schistosomiasis
mansoni. Mem Inst Oswaldo Cruz. 2010;105(4):479-484. doi:10.1590/s0074-02762010000400021

Mandal L, Mandal SK, Bandyopadhyay D, Datta S. Correlation of portal vein diameter and splenic
size with gastro-oesophageal varices in cirrhosis of liver. JIJACM. 2011;12(4):266-270.

Usman AU, Ibinaiye P, Ahidjo A, Tahir A, Sa'ad ST, Mustapha Z, et al. Determination of normal
portal vein diameter on ultrasound scan among adults in northeastern Nigeria. Arch Int Surg.
2015;5(3):143. doi:10.4103/2278-9596.167507

Ohmae H, Tanaka M, Hayashi M, Matsuzaki Y, Kurosaki Y, Blas BL, et al. Improvement of

ultrasonographic and serologic changes in Schistosoma japonicum-infected patients after treatment
with praziquantel. Am J Trop Med Hyg. 1992;46(1):99-104. doi:10.4269/ajtmh.1992.46.99

8



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Usman A, Tahir A, Sa'ad S, Tahir N, Ibinaiye P, Ahidjo A, et al. Ultrasound Determination of Portal
Vein Diameter in Adult Patients with Chronic Liver Disease in North-Eastern Nigeria. Sub-Sahar Afr
J Med. 2015;2(2):57-63. do0i:10.4103/2384-5147.157419

Adeyekun AA, Tsebi HB. Grey-scale sonographic evaluation of portal vein diameter in healthy
Nigerian adults. J Med Biomed Res. 2014;13(1):17-24. doi:10.4314/jmbr.v13il

Bolarinwa OA. Sample size estimation for health and social science researchers: The principles and
considerations for different study designs. Niger Postgrad Med J. 2020;27(2):67-75.
doi:10.4103/npmj.npmj_19 20

LaMorte WW. Sample Size for One Sample, Continuous Outcome. Boston University School of
Public Health. Accessed October 26, 2022. Available: https://sphweb.bume:bu.edu/otit/mph-
modules/bs/bs704_power/BS704_Power3.html

Oriji PC, Kiridi EK, Kiridi EGE, Chibundu O, Ugwoegbu JU, Ubom AE, et al: Sonographic
assessment of maternal portal vein diameter in healthy pregnancy:in South:South Nigeria. Asian J
Med Health. 2023;21(2).

Cosar S, Oktar SO, Cosar B, Yicel C, Ozdemir H. Doppler and gray-scale ultrasound evaluation of
morphological and hemodynamic changes in liver vascualture in alcoholic patients. Eur J Radiol.
2005;54(3):393-399. doi:10.1016/j.ejrad.2004.07.015

Tasu JP, Rocher L, PEletier G, Kuoch V, Kulh E, Miquel'A,; etial. Hepatic venous pressure gradients
measured by duplex ultrasound. Clin Radiol. 2002;57(8):746-752. doi:10.1053/crad.2002.0951

Akanni D, Alassan KS, Kiki M, Djohoun B, Tove:KMS,de, Sehonou J. Ultrasound Diameter of the
Portal Vein to Healthy Adult in Parakou (Benin).. Open- J Med Imaging. 2021;11(04):145-152.
doi:10.4236/0jmi.2021.114013

Rokni-Yazdi H, Sotoudeh H. Assessment of Normal Doppler Parameters of Portal Vein and Hepatic
Artery in 37 Healthy Iranian Volunteers. Iran J Radiol. 2006;3(4):213-216.

Singh S, Pankaj AK, Rani A, Sharma PK, Chauhan P. Gender Linked Metric Analysis of Portal Vein:
A Sonographic . Appraisal. J Clin Diagn Res JCDR. 2017;11(3):AC13-AC15.
doi:10.7860/JCDR/2017/22851.9461

Ayele T, Gebtemickael A, Gebremichael MA, George M, Wondmagegn H, Esubalew H, et al.
Ultrasonographic Determination of Portal Vein Diameter Among Adults with and without Chronic
Liver Disease at Selected Referral Hospitals in Southern Ethiopia</p>. Int J Gen Med. 2022;15:45-
52. doi:10.21471IGM.S342087

Gareeballah A; Hassan L, Elzaki M, Ibraheem S, Abelwahab B, Siddig A, et al. Measurement of
Normal. Portal Vein Diameter in Sudanese Using Ultrasonography. Glob Adv Res J Med Med Sci.
2017;6(12):336-340.

Saha N; Sarkar R, Singh M. Portal vein diameter in a tertiary care centre in North-East India. IOSR
J Dent Med Sci. 2016;14(12):110-113. doi:DOI: 10.9790/0853-14121110113

Lal N, Lal V, Majumdar S, Moitra S. Anthropometric correlates of sonographically-determined
normal portal vein diameter: results from a study conducted in Rajasthan, India. Int J Anat Res.
2018;6(3.3):5588-5592. doi:10.16965/ijar.2018.208

Moriyasu F, Nishida O, Ban N, Nakamura T, Sakai M, Miyake T, et al. “Congestion index” of the
portal vein. AJR Am J Roentgenol. 1986;146(4):35-39. doi:10.2214/ajr.146.4.735



28.

29.

30.

31.

Shrout PE, Fleiss JL. Intraclass correlations: Uses in assessing rater reliability. Psychol Bull.
1979;86:420-428. doi:10.1037/0033-2909.86.2.420

Figueras F, Fernandez S, Hernandez-Andrade E, Gratac6s E. Umbilical venous blood flow
measurement: accuracy and reproducibility. Ultrasound Obstet Gynecol. 2008;32(4):587-591.
doi:10.1002/u0g.5306

Costa-Santos C, Bernardes J, Ayres-de-Campos D, Costa A, Costa C. The limits of agreement and
the intraclass correlation coefficient may be inconsistent in the interpretation of agreement. J Clin
Epidemiol. 2011;64(3):264-269. doi:10.1016/j.jclinepi.2009.11.010

Fernandez S, Figueras F, Gomez O, Martinez JM, Eixarch E, Comas M, et al. Intra- and

interobserver reliability of umbilical vein blood flow. Prenat Diagn. 2008;28(11):999-1003.
doi:10.1002/pd.2092

10



