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Abstract

Aims: The aim of this study was to evaluate hemodynamic changes in the main portal vein and inferior vena cava (IVC) in adult
population after liquid meal ingestion.

Methods: Color Doppler was used to measure hemodynamic changes in the main portal vein and IVC in response to meal
ingestion and posture changing, in 48 healthy adults (23 males and 25 females), which consists of three ethnics groups (Malay,
Chinese and Indian).

Results: Mean blood velocity portal vein was significantly increased from a baseline value of 21.17±8.15 cm/s to a maximum
value of 28.48±7.79 cm/s, 30 minutes after a meal (p&lt;0.05). No significant changes were found in diameter and venous
pulsatility index for main portal vein and diameter, velocity and venous pulsatility index for inferior vena cava (IVC). There are
also no significant differences between sex, age and ethnic groups except venous pulsatility index of main portal vein, which
found to be higher in males (3.08±4.25) (p&lt;0.05). Posture change from supine to sitting significantly reduced portal venous
velocity (16.87±5.54cm/s) from the baseline value (21.17±8.15cm/s) (p&lt;0.05), while others parameter changes were not
statistically significant.

Conclusions: There was no evidence of a prandial effect in healthy adults on diameter, flow velocity and pulsatility index for IVC.
No significant differences were found in the diameter and flow velocity between sex, age, ethnic groups and posture changing.
Venous pulsatility index was higher in males than in females, whereas velocity of portal vein was decreased after posture
changing from supine to sitting.

INTRODUCTION

Doppler ultrasound remains as minority imaging until
introduction of color Doppler in 1982. Color-Doppler
imaging or color-flow imaging has enable the vascular blood
flow coded with different color, to indicate the direction of
blood flow relative to the selected angle of Doppler
detection [1]. The use of color Doppler flow imaging is

described for the vessels of the neck and extremities, upper
abdomen and abdominal transplants, obstetrics and
gynecology, dialysis fistulas, and testicular and penile flow
imaging. Color Doppler units capable of displaying regional
physiologic and pathophysiologic arterial and venous flow in
familiar anatomic format of grey-scale sonographic image
[2]. Doppler parameters such as portal venous blood flow and

hepatic arterial resistive index have been used to measure the
effects of pharmacologic intervention, patient positioning,
and disease states [3,4,5,6,7,8]. Accurate characterization of

portal venous blood flow provides valuable information to
aid assessment of hepatic physiology, portal hypertension,
and pharmacologic alteration of hepatic circulation [9]. For

instances, previous studies have shown that the flow of
hepatic and portal veins is altered in patients with liver
cirrhosis, portal vein thrombosis, Budd-Chiari syndrome,
and vascular malformations [7,10,11,12].

Previous studies have showed hemodynamic changes in
portal venous flow after a meal in healthy subjects. These
studies did not, however, examine the effect of the meal on
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portal venous pulsatility and so far, no Doppler study has
been conducted to evaluate effect of meal on inferior vena
cava (IVC) diameter, blood flow, and pulsatility. The
purpose of this study was to investigate the effect of meal
ingestion on parameters that measures on healthy subjects
beside made comparison of parameter between age groups,
ethnic groups, genders and positions.

METHODS

The study population were a selection of 48 healthy
volunteers (23 men, 25 women) aged 21 and above. Subject
from different ethnic groups have been randomly chosen
from Kuala Lumpur. No subject had a history of liver,
cardiac disease; portal hypertension, hypertension, Malaria
history, ever gone through cholescyctectomy or cardiac
operation.

Ultrasound Doppler equipment studies were performed with
2 identical American units (Hawks 2101 Exl & ATL 5000)
and curvilinear transducers with frequency of 3.25 MHz.
This transducer was chosen because it is used routinely at
most institution for US studies of liver in adult patients.
Study was carried out at Hospital of Kuala Lumpur (HKL).

Subjects did not eat or drink after midnight before
examination. All measurements were obtained with subjects
in two positions: supine and sitting. Subjects were instructed
to suspend respiration during the measurements.

The main portal vein and IVC both was interrogated at the
level of confluence of the portal vein. In this position the
main portal vein and IVC caliber variation were measured
using B-mode sonography along the same line of
exploration. Blood flow and pulsatility were measured both
using triplex Doppler sonography. Waveforms were
obtained by using an angle of insonation less then 60° . The
time-averaged mean portal venous velocity was determined
electronically with the software package of the ultrasound
machine. The measurements were repeated at 30 minutes
after ingestion of a standardised liquid meal. The meal (110-
kcal Nestum 3-in-1) was composed of 3.5g of protein, 2.2g
of fat, 19.8g of carbohydrates, and 200 ml of water.

QUANTITATIVE ANALYSIS

The calibers of the portal vein and IVC were measured on
the B-mode images. While the blood velocities and venous
pulsatilities of that's were measured using CFM/SP mode.
Venous pulsatilities were obtained directly from the screen.
It was also evaluated using the venous pulsatility index

(VPI) calculated as follows: VPI= (A-MD)/Mean, where A
is the maximum Doppler frequency shift and MD is the mid
diastolic (Figure 1). The index is similar to the resistive
index used to describe arterial pulsations [13].

Figure 2

Table 1: Response of main portal vein 30 minutes after meal
ingestion.

DATA ANALYSIS

The results are reported as mean ± standard deviation.
Collected data were analyzed using Statistical Packages for
Social Sciences (SPSS) program 11.0 version for Windows
98. Analysis test used in this study are student's t test, t test
and ANOVA. A p value of less than 0.05 was considered
significant.

T test used to evaluate the changes of parameters' values
after meal and different position. Student's t test used to
evaluate the differences of parameters' values between
genders. While ANOVA used to evaluate the differences of
parameters' values between age groups and ethnic groups.

RESULTS

In Table 1, mean blood velocity portal vein was significantly
increased from a baseline value of 21.17±8.15 cm/s to a
maximum value of 28.48±7.79 cm/s, 30 minutes after a meal
(p<0.05). Mean portal vein diameter was increased to a
maximum of 1.48±0.35 cm after 30 minutes compared with
baseline mean of 1.45±0.31cm. However this changes were
not statistically significant (p>0.05). The decrease in mean
pulsatility portal vein from 2.22±3.25 to 1.79±3.25 was not
significant either.
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Figure 3

Table 2: Response of IVC 30 minutes after meal ingestion.

In Table 2, both mean blood velocity and pulsatility index of
IVC were increased 30 minutes after the meal while the
mean diameter of IVC was increased. However, all these
changes were not statistically significant (p>0.05).

Figure 4

Table 3: Parameters of vessels measured during fasting and
supine position.

There was no significant difference in baselines of main
portal vein and IVC parameters among sex group except
pulsatility index appears slightly higher in male compared to
female (p<0.05). No significant differences were noted in
parameters of both vessels among the age group and ethnic
group (p>0.05) (Table 3, 4 & 5).

Figure 5

Table 4: Mean parameters for vessels according to age group
(during fasting and supine position).

Figure 6

Table 5: Mean parameters of vessels according to ethnic
group (during fasting and supine position).
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Figure 7

Table 6: Effects of posture change on vessels parameters
(during fasting).

In normal subjects, shifting from the supine position to the
sitting position decreased portal venous velocity from
baseline value of 21.17±8.15cm/s to 16.87±5.54cm/s
(p=0.01). No changes observed on other parameters for both
vessels (Table 6).

Figure 8

Table 7: Reported portal vein measurements in normal
subjects (± SE where available)

DISCUSSION

Findings in this study demonstrate a measurable increase in
portal vein velocity after a standard meal ingestion in normal
adults. Morphology changes in portal vein system after meal
ingestion have been investigated since 80's [14]. A lot studies

have shown that increment happen on diameter, velocity and
pulsatility index after meal ingestion. Gaiani et al [14] have

shown that mean calibre for portal vein is increased by
47.5% one hour after meal ingestion. However, this study
fails to shown any significant changes on portal vein
diameter. Gorlberg, et al. [15] have shown that there were

increment on total volume flow, velocity and diameter 15
minutes after meal ingestion. Differences on increment of
portal vein velocity after meal ingestion mainly are due to
dynamics variability of gastric emptying [15].

Ohnishi et al. [16] have shown that velocity, diameter and

blood flow are decreased after subjects shifting their position
from supine to sitting. However, these studies have only
proved that velocity only decrease when subject changed to
sitting. Variability of these results may due to differences in
measuring techniques; differences in body habitus and body
position (sit up or sit back).

No significant differences in parameters of vessels were
found between ethnic, age and gender groups, except
pulsatility index of main portal vein appeared slightly higher
in males compared to females. Bombelli et al [17] studied 22

normal subjects and have shown that no differences occur
among gender groups although study have shown that there
were increment on diameter and portal vein flow rate in
males. Fidela et al. [18, 21] have shown that there was no

correlation between diameter of IVC and age or sex.
Moriyasu et al [19, 22] studied 88 normal subjects and

discovered that there were significant differences between
genders (p<0.01) in portal vein cross-sectional area and
portal volume flow. No difference was observed in blood
flow velocity. However, the differences according to gender
disappeared when the portal flow was expressed either per
body weight or per body surface area.

There are some differences in this study in baseline values
for portal vein diameter, velocity and pulsatility index when
compared with other studies (Table 7). The largest source of
difference appears to be in the pulsatility index of portal
vein.

{image:8}

The variation in portal vein diameter could be a function of
respiration variation and/or the body habitus of the patient
population under study. Large differences in the portal
venous velocity and pulsatility of this study compared to
other studies may be due to inaccuracy of site of sampling
the vein, inconsistencies in the angle of insonation, phase of
suspended respiration, subject position, pressure from the
transducer and the compliance of upstream and down stream
vessels. The possibility of direct transmission of the
pulsation of the IVC to the portal vein has been addressed by
Wachsberg et al. [26].

In summary, this study found evidence of a prandial effect in
healthy subjects on Doppler measurements of portal venous
velocity, but not in other parameters. IVC shows no changes
in parameters after meal.



Color Doppler Ultrasound Examination Of The Main Portal Vein And Inferior Vena Cava In Normal
Malaysian Adult Population: A Fasting And Post Prandial Evaluation

5 of 6

ACKNOWLEDGMENT

We would like to give our appreciation as well as great
thanks to Kuala Lumpur Hospital to give use the opportunity
to conduct the present study.

References

1. Curry RA, & Tempkin BB. Ultrasonography: An
Introduction to Normal Structure and Functional Anatomy.
Philadephia: Saunders. 1995:18.
2. Foley, W.D. & Erikson, J.E. Color Doppler Flow
Imaging. AJR 1991;156:3-13.
3. Ohnisihi K, Saito M, Nakayama T, Iida S, Nomura F,
Koen H, and Okuda K. Portal Venous Hemodynamics in
Chronic Liver Disease: Effects of Posture Changes and
Exercise. Radiology 1985;27:239-48.
4. Zoli M, Marchesini G, Brunori A. Portal Venous in
Response to Acute ?-Blocker and Vasodilatory Treatment in
Patients with Liver Cirrhosis. Hepatology 1986;
6:1248-1251.
5. Gallavan RH, and Chou CC. Possible Mechanism for the
Initiation and Maintenance of Postprandial Intestinal
Hyperemia. AJP 1989;249(3):G301.
6. Goldberg RE, Rada C, Knelson M, Haaga J, Minkin S.
The Response of the Portal Vein to an Oral Glucose Load. J
Clin Ultrasound 1990;18:691-695.
7. Sabba C, Ferraioli G, Genecin P, Colombato L,
Buonamico P, Lerner E, Taylor KJ, Groszmann RJ.
Evaluation of Postprandial Hyperemia in Superior
Mesenteric Artery and Portal Vein in Healthy and Cirrhotic
Humans: An Operator-Blind Echo-Doppler Study.
Hepatology 1991;13:714-8.
8. Lafortune M, Dauzat M, Pomier-Layrargues G, Gianfelice
D, Lepanto L, Breton G, Marleau D, Dagenais M, and
Lapointe R. Hepatic Artery: Effect of Meal in Healthy
Persons and Transplant Recipients. Radiology
1993;187:391-4.
9. Paulson EK, Kliewer MA, Frederick MG, Keogan MT,
DeLong DM, and Nelson RC. Doppler US Measurement of
Portal Venous Flow: Variability in Healthy Fasting
Volunteers. Radiology. 1997;202:721-724
10. Bolondi L, Li Bassi S, Gaiani S, Zironi G, Benzi G,
Santi V, and Barbara L. Bolondi, L., et al. Liver Cirrhosis:
Changes of Doppler Waveform of Hepatic Veins. Radiology
1991;178:513-516.
11. Hosoki T, Kuroda C, Tokunaga K, Masuike M, and
Kozuka T. Hepatic Venous Outflow Obstruction: Evaluation
With Pulsed Duplex Sonography. Radiology
1989;170:733-737.
12. Sabba C, Ferraioli G, Genecin P, Colombato L,
Buonamico P, Lerner E, Taylor KJ, Groszmann RJ.
Evaluation of Post Prandial Hyperemia in the Superior
Mesentruc Artery and Portal Vein in Healthy and Cirrhotic

Humans: An Operator-Blind Echo-Doppler Study.
Hepatology 1991;13:714-718.
13. Gallix BP, Taourel P, Dauzat M, Bruel JM, and
Lafortune M. Flow Pulsatility in the Portal Venous System:
A Study of Doppler Sonography in Healthy Adults. AJR
1996;169:141-144.
14. Bellamy EA, Bossi MC, and Cosgrove DO. Ultrasound
Demonstration of Changes in the Normal Portal System
Following a Meal. BJR 1984;57:147-149.
15. Gallavan and Chou. Possible Mechanism for the
Initiation and Maintenance of Postprandial Intestinal
Hyperemia. AJP 1989;9:815-819.
16. Ohnishi, K, Saito M, Nakayama T, Iida S, Nomura F,
Koen F and Okuda K. Portal Venous Hemodynamics in
Chronic Liver Disease: Effects of Posture Changes and
Exercise. Radiology 1985;15:757-761.
17. Bombelli L, Genitoni V, Biasi S, Materazzo C, Bonfanti
G. Liver Hemodynamic Flow Balance by Image-Directed
Doppler Ultrasound Evaluation in Normal Subjects. Journal
of Clinical Ultrasound. Gut 1991;30:503-509.
18. Yoon, J.H. et al. Color Doppler Ultrasonography of a
Pancreatic Arteriovenous Malformation. J Ultrasound Med
2005; 24:113-117.
19. Tessler FN, Gehring BJ, Gomes AS, Perrella RR,
Ragavendra N, Busuttil RW, and Grant EG. Diagnosis of
Portal Vein Thrombosis: Value of Color Doppler Imaging.
Am J Roentgenol 2004;157: 293-296.
20. Wachsberg H, and Ronald MD. Doppler Ultrasound
Evaluation of Transjugular Intrahepatic Portosystemic Shunt
Function: Pitfalls and Artefacts. Ultrasound
2003;19:139-148.
21. Moreno FL, Hagan AD, Holmen JR, Pryor TA,
Strickland RD, Castle CH. Evaluation of Size and Dynamics
of the Inferior Vena Cava as An Index of Right-Sided
Cardiac Function. Am J Cardiol 1984;53:579-585.
22. Moriyasu F, Ban N, Nishida O, Nakamura T, Miyake T,
Uchino H, Kanematsu Y, Koizumi S. Clinical Application of
an Ultrasonic Duplex System in the Quantitative
Measurement of Portal Blood Flow. J Clin Ultrasound
1986;14:579-588.
23. Duerinkx AJ, Grant EG, Perrella RR, Szeto A, and
Tessler FN. The Pulsatile Portal Vein in Cases of Congestive
Heart Failure: Correlation of Duplex Doppler Findings with
Right Atrial Pressure. Radiology 1990;176:655-685.
24. Carlisle KM, Halliwell M, Read EA, and Wells PN.
Estimation of Total Hepatic Blood Flow by Duplex
Ultrasound. Gut 1992;33:92-97.
25. De Vries PJ, van Hattum J, Hoekstra JB, de Hooge P.
Duplex Doppler Measurement of Portal Venous Flow in
Normal Subjects. Inter-and Intra-Observer Variability. J
Hepatol 1991;13:358-63.
26. Wachsberg, R.M. Needleman L, Wilson DJ. Portal Vein
Pulsatility in Normal and Cirrhotic Adult Without Cardiac
Disease. J Clin Ultrasound 1996;23:3-15.



Color Doppler Ultrasound Examination Of The Main Portal Vein And Inferior Vena Cava In Normal
Malaysian Adult Population: A Fasting And Post Prandial Evaluation

6 of 6

Author Information

Lau Sieng Chuo, B.Sc.
Faculty of Medicine, Radiology Unit, University Putra Malaysia

Rozi Mahmud, Ph.D.
Faculty of Medicine, Radiology Unit, University Putra Malaysia

Qussay A. Salih, Ph.D.
Division of Computer Science & IT, The University of Nottingham Malaysia Campus


