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Measurement of portal blood flow in healthy individuals:
a comparison between magnetic resonance imaging and
Doppler ultrasound*
Quantificação do fluxo portal em indivíduos sadios: comparação entre ressonância
magnética e ultra-som Doppler
Juliana Dantas da Costa1, Alberto Ribeiro de Souza Leão2, José Eduardo Mourão Santos2,
Danilo Sales Moulin2, Patrícia Moreno Sebastianes1, Giuseppe D’Ippolito3

Abstract OBJECTIVE: To evaluate the inter-observer agreement between Doppler ultrasonography and magnetic
resonance imaging in the quantification of portal blood flow in healthy individuals, as well as evaluating the
reproducibility of both methods. MATERIALS AND METHODS: A prospective, transverse, observational and
self-paired study was developed evaluating 20 healthy volunteers whose portal blood flow was measured
by means of Doppler ultrasonography and magnetic resonance imaging performed by two independent
observers. Interobserver and intermethod agreements were calculated using the intraclass and Pearson’s
correlation coefficients. RESULTS: The agreement between Doppler ultrasonography and magnetic resonance
imaging was low (intraclass coefficient: 1.9%–18.2%; Pearson’s coefficient: 0.1%–13.7%; p=0.565).
Mean values for the portal blood flow measured by Doppler ultrasonography and magnetic resonance
imaging were respectively 0.768 l/min and 0.742 l/min. Interobserver agreement for quantification of the
portal blood flow by Doppler ultrasonography and magnetic resonance imaging was respectively reasonable
(intraclass coefficient: 43.3%; Pearson’s coefficient: 43.0%) and excellent (intraclass coefficient: 91.4%;
Pearson’s coefficient: 93.4%). CONCLUSION: In the present study, magnetic resonance imaging demonstrated
to be a reliable method for quantifying the portal blood flow, with a higher interobserver agreement than
Doppler ultrasonography. The intermethod agreement was low.
Keywords: Portal blood flow; Magnetic resonance imaging; Ultrasonography.

Resumo OBJETIVO: Avaliar a concordância entre a ultra-sonografia com Doppler e a ressonância magnética na quantificação do fluxo portal em indivíduos sadios, e avaliar a reprodutibilidade destes métodos diagnósticos.
MATERIAIS E MÉTODOS: Foi realizado estudo prospectivo, transversal, observacional e autopareado, avaliando 20 voluntários sadios submetidos a mensuração do fluxo portal por meio de ultra-sonografia com Doppler
e por ressonância magnética, executada por dois observadores independentes. Foram calculadas as concordâncias entre os métodos e entre os observadores utilizando-se o coeficiente de correlação intraclasses e o
coeficiente de Pearson. RESULTADOS: A concordância entre os exames de ultra-sonografia com Doppler e
de ressonância magnética foi baixa (coeficiente intraclasses: 1,9%–18,2%; coeficiente de Pearson: 0,1%–
13,7%; p=0,565). Os valores da média de fluxo portal medido pela ultra-sonografia e pela ressonância
magnética foram, respectivamente, de 0,768 l/min e 0,742 l/min. A quantificação do fluxo portal medida
pela ultra-sonografia e pela ressonância magnética demonstrou, respectivamente, concordância interobservador regular (coeficiente intraclasses: 43,3%; coeficiente de Pearson: 43,0%) e concordância excelente
(coeficiente intraclasses: 91,4%; coeficiente de Pearson: 93,4%). CONCLUSÃO: A ressonância magnética
é um método confiável para quantificar o fluxo portal, mostrando melhor concordância interobservador do
que a ultra-sonografia com Doppler. Os dois métodos apresentam baixa concordância entre si na quantificação do fluxo portal.
Unitermos: Fluxo portal; Imagem por ressonância magnética; Ultra-sonografia.
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Portal hypertension is a hemodynamic
disorder characterized by persistent increase in the venous pressure in the portal
system, clinically translated into collateral
circulation and ascites. This is a frequent
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and severe complication of several chronic
hepatopathies(1).
Portal hypertension is a result from a
relative or absolute obstruction of the
splanchnic blood flow or, most rarely, from
an increase in the portal blood flow, and is
defined when the pressure measured in the
hepatic vein or directly in the portal vein
is > 5 mmHg than the inferior vena cava
(i.e., a portosystemic gradient > 5 mmHg)
or the pressure in the splenic vein is higher
than 15 mmHg. However, direct measurement or reference standard determination
can only be performed by means of invasive methods(2–4).
Ultrasonography (US) in association
with color-Doppler represents the primary
method for evaluating the portal system
and portal hypertension(5–8). Among the
several measurable parameters, the portal
blood flow measured by Doppler-US has
been utilized for predicting the response to
treatment in patients with portal hypertension(9). The evaluation of the portal vein
caliber, its alteration with the inspiration
and expiration, flow velocity and direction,
as well as volume measured in the portal
vein and presence of collateral circulation
are other parameters considered in the characterization of portal hypertension(7,10,11).
Ready availability, relatively short procedure time and low cost may be mentioned as the main advantages of DopplerUS(2). However, this method is susceptible
to errors, presenting variations in the measurements in the region of the portal vein,
determination of the mean blood flow velocity and insonation angle utilized in the
portal vein evaluation, besides technical
limitations related to obesity, intestinal
meteorism, non-collaborative patients, ascites and decrease in the liver volume(6,7,12–
16)
. These limitations may lead to the utilization of other more accurate diagnostic
methods, such as magnetic resonance imaging (MRI).
MRI angiography, for example, allows
the evaluation of the blood flow within the
vessel without the Doppler-US inconveniences(2); however it is highly expensive
and is not widely available.
Several studies have demonstrated that
the mapping of the blood flow velocity by
PCA MRI is a non-invasive method with
good reproducibility in the quantitative
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measurement of the portal venous system
blood flow of both healthy individuals and
patients with portal hypertension(14,17–20)
during normal respiration which would be
considered as the most physiological situation for this study(16,17,21). However, these
studies have been developed with obsolete
equipment in low magnetic field and with
outdated techniques, besides not evaluating the MRI reproducibility (interobserver
agreement).
The reproducibility of a diagnostic
method measures its accuracy and is essential for validating the usefulness of this
method in the clinical practice. Notwithstanding the wealthy of studies demonstrating the Doppler US reproducibility in the
evaluation of the portal blood flow(2,10,
12,13,17–19)
, there is a lack of studies utilizing
MRI for the same purpose and comparing
both methods in a same group of healthy
individuals, with current techniques and
equipment.
The present study is aimed at evaluating the intermethod (Doppler US and MRI)
agreement in the measurement of the portal blood flow in healthy individuals, as
well as the reproducibility of these diagnostic methods.
MATERIALS AND METHODS
A prospective, transverse, observational, double-blinded and self-paired
study was developed with 20 healthy volunteers submitted to color Doppler US and
MRI in the Department of Imaging Diagnosis at Universidade Federal de São
Paulo/Escola Paulista de Medicina (Unifesp/EPM), São Paulo, SP, Brazil, in the
period between August 2006 and June
2007.
The study was approved by the Committee for Ethics in Research of the institution and all of the volunteers signed a
term of free and informed consent.
Individuals selection
Twenty volunteers — 15 men and five
women, in the age range between 25 and
39 years (mean = 29.1 years) — participated in the present study. They were considered as healthy for being asymptomatic,
denying previous history of alcoholism (ingestion of more than 160 g of ethanol per

week), with negative serology for hepatitis B and C viruses, and no previous history of proved autoimmune disease that
might course with autoimmune hepatitis,
denying use of hepatotoxic drugs, and
originating from areas endemic for schistosomiasis. Additionally, all of them denied
possible contraindications for MRI such as
cardiac pacemaker, cochlear implant or
claustrophobia.
US and MRI examinations were performed at up to 15-day intervals and preferably at the same day. All of the patients
were examined after four to six-hour fasting.
Doppler US studies
US examinations were blindly and independently performed by two observers in
an EnVisor™ equipment (Philips Medical
Systems; Washington, USA) with a multifrequency, convex transducer, utilizing
slices/planes in compliance with the World
Health Organization standards for sonographic evaluation of the liver, spleen and
splenic vascular system.
The portal vein Doppler study was performed with the patient in dorsal decubitus, after a short rest period, with subcostal and oblique intercostal views of the
portal vein trunk at a half-distance from the
bifurcation, in the same respiratory phase,
and with an insonation angle ranging between 45° and 60°. Caliber and area of the
portal vein were measured on the same topography of the dopplerfluxometric sampling for the flow calculation. Following
the spectral curve acquisition, a sample of
at least four seconds was obtained for measurement of the portal vein diameter which
was utilized by the software package of the
US equipment for calculating the vessel
section area. The value for mean flow velocity was measured by the equipment itself in the selected interval, finally providing the mean flow in the segment evaluated
during this period.
MRI angiography studies
MRI angiography studies were performed in a Magnetom Symphony™ (Siemens; Erlangen, Germany) equipment operating in a high magnetic field (1.5 tesla),
with a phased-array body coil. Portal vein
localization was determined by coronal true
Radiol Bras. 2008 Jul/Ago;41(4):219–224
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fast imaging with steady precession
(TRUFI) sequences. The imaging plane for
blood flow mapping was adjusted perpendicularly to the portal vein (Figure 1) and
the phase-contrast technique was utilized
for images acquisition. The parameters utilized are shown on Table 1.
Two independent observers with more
than three years of experience in Doppler
US and abdominal MRI after completing
medical residency in imaging diagnosis and
specific training for portal blood flow measurement by both methods performed and
evaluated all the US Doppler and MRI
studies.
Interobserver agreement for each of the
methods was evaluated by calculating the
intraclass correlation coefficient and respective confidence interval at 95% (IC
95%). The classification proposed by
Fleiss(22) was utilized for interpreting the
results, as shown on Table 2. Also, the
Pearson’s correlation coefficient was utilized for calculating the linearity degree

Figure 1. MRI, coronal TRUFI sequence showing the portal vein. Lines indicate the imaging plane for
mapping of the blood flow perpendicularly adjusted to the portal vein.

Table 1 Technical parameters utilized in study sequences for measurement of the portal blood flow.
2D cine phase-contrast
Sequence
TR (ms)
TE (ms)
Inclination angle (°)
Number of excitations
2D/3D
Thickness (mm)
Interval
Field of view
Number of slices
Orientation
Acquisition time (s)
Phase/frequency
Rectangular field of view
Fat saturation
Pre-saturation
Partial Fourier
Coil
Number of measurements/repetitions
ECG trigger circuit
Respiratory compensation
Order (K space coverage)
Shot
Echo train length
Bandwidth (Hz/pixel – frequency)
Apnea
Velocity (cm/s)
Flow direction

TRUFI

Magnetization

Blood flow quantification

3.76
1.88
74
1
2D
5
0.5
350
30
Coronal
16
200/256
No
No
No
No
Dorsal phase array
1
No
No
Standard
Multiple
Fast
501
Yes

42
12
30
1
2D
6
1.2
350
1
Oblique
105
192/256
No
No
No
No
Dorsal phase array
1
Yes
No
Standard
Multiple
Fast
105
No

40
9.7
30
1
2D
5
0.5
28
1
Oblique
233
256/256
No
No
No
No
Dorsal phase array
1
Yes
No
Standard
Multiple
Fast
105
No
40
Trough plane

TRUFI, true FISP (true fast imaging with steady precession).
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Table 2 Interobserver agreement rating according intraclass correlation coefficient.

< 0.40

Poor

0.40–0.75

Regular

0.75–1.00

Excellent

US

RESULTS
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Observer 1
Figure 2. Dispersion graphic demonstrating the portal blood flow as measured at US by observers 1
and 2.

MRI

Observer 1

The US reproducibility in the evaluation
of the portal blood flow demonstrated a
merely regular interobserver agreement
(intraclass correlation coefficient: 43.3%;
Pearson’s correlation coefficient: 43.0%).
Figure 2 presents a dispersion graphic with
values for portal flow obtained by these
two observers, where data seem not approximating a straight line.
As regards the MRI reproducibility in
the evaluation of the portal blood flow, a
good interobserver agreement was observed (intraclass correlation coefficient:
91.4%; Pearson’s correlation coefficient:
93.4%). Figure 3 presents a dispersion
graphic with values for portal flow obtained by these two observers, where data
seem to approximate a straight line, i.e.,
data regarding the portal blood flow obtained by the two observers are positively
correlated (p < 0.001).
A low intermethod agreement was observed in the evaluation of MRI and US
results (depending on the observers, the
intraclass correlation coefficient ranged
between 1.9% and 18.2%, and the Pearson’s
correlation coefficient, between 0.1% and
13.7%; p = 0.565).
Notwithstanding, mean values for portal blood flow found a US and MRI were
similar, respectively corresponding to

Agreement level

Intraclass correlation coefficient (r)

Observer 2

between measurements obtained by the two
observers.
The same patients had their portal blood
flow evaluated at US by two independent
observers (observer 1 and observer 2).
These same portal blood flows at MRI were
also evaluated by other two observers, one
of them being the same who had performed
the US examinations (observer 1 and observer 3). The analysis of agreement between US Doppler and MRI measurements
performed by the observer 1 was ruled out
to avoid any bias.
Also, the mean value for the portal
blood flow measured by the observers was
calculated for each study.
The significance level of 5% (α = 0.05)
was adopted for the whole statistical analysis, that is to say that results corresponding
to a p value lower than 5% ( p < 0.05) were
considered as statistically significant.

Observer 3
Figure 3. Dispersion graphic demonstrating the portal blood flow as measured at MRI by observers 1
and 3.

0.768 l/min (IC 95%: 0.401;1.270) and
0.742 l/min (IC 95%: 0.326;1.355).
DISCUSSION
Morphological and hemodynamic studies in cases of portal hypertension play a

significant role in the attempt to better understand a clinical condition that frequently
leads to severe complications, for example,
high digestive hemorrhage(23). For this reason, the imaging evaluation of the portal
system for quantifying the portal venous
flow and analyzing the hemodynamics of
Radiol Bras. 2008 Jul/Ago;41(4):219–224
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this venous system in patients with chronic
hepatopathy is aimed at the early diagnosis of portal hypertension in a poorly symptomatic phase of the disease(23,24) and identifying cirrhotic or schistosomal patients
with a higher risk for hemorrhage from
esophageal varices(11,12,24).
US is the method of choice in the evaluation of patients with portal hypertension
because of its ready availability, excellent
cost/benefit ratio and non-invasiveness.
However, this method is susceptible to errors related to interobserver variability and
the clinical conditions of the patient(6,7,12–
16)
. The diagnostic accuracy of a method is
an essential parameter for definition of it
usefulness and can be determined by the
evaluation of its reproducibility (or
interobserver agreement). The present
study demonstrated that the Doppler US
reproducibility in the evaluation of the
portal blood flow was merely regular and
lower than the MRI reproducibility, coherently with the method limitations. Similar
results have been found in previous studies approaching the role of Doppler US in
the evaluation of patients with portal hypertension(25).
The measurement of the blood flow by
MRI is an objective technique for evaluating the portal blood flow. This method presents the advantages of providing spatial
and temporal information on the blood
flow in different phases of the cardiac
cycle(18) and not requiring breath-hold acquisition, which could affect the hemodynamic parameters(13,14,21). Major MRI disadvantage is related to the cost of this
method, besides the lesser availability and
higher complexity for evaluating the images acquired.
In the present study, a good interobserver agreement was found in the evaluation of the portal blood flow by MRI. However, no other study has been found in the
literature about the reproducibility of this
method in the evaluation of the portal
blood flow in healthy individuals.
It is important to note the poor intermethod agreement observed in the quantification of the portal blood flow by Doppler US and MRI. The higher MRI accuracy, and the fact of this method being considered as a reference standard in the evaluation of the blood flow lead to a tendency
Radiol Bras. 2008 Jul/Ago;41(4):219–224

towards considering the results of this
method as the closest to the actual values(2,13,14,16,26). Further studies with larger
samples and utilizing specific phantoms are
necessary to validate the results of the
present study.
Similarly to the results of the present
study, mean values for the portal blood
flow in healthy individuals at MRI in previous studies have presented a high variability, ranging from 0.5 l/min to 1.3 l/
min(14,17,18). On the other hand, few studies
were found in the literature with mean values for portal blood flow measured by
Doppler US in healthy individuals. Differently from the present study, Kashitani et
al.(6) have found and average of 1.25 l/min.
Lycklama à Nijeholt et al.(18) have also reported mean values for the blood flow in
the portal branches at Doppler US ranging
from 0.578 l/min to 0.606 l/min, which
approximate the measurements found in
the present study in the portal vein trunk.
It is important to note, in the present study,
the high variability in normal values of
measurements by US (0.41 l/min to 1.27 l/
min) and MRI (0.32 l/min to 1.32 l/min) in
asymptomatic patients, suggesting a high
variability in the standard portal flow or,
otherwise, poor reliability of measurements.
The results of the present study were
based on the evaluation of a limited population of asymptomatic volunteers, with a
limited presumed variability. Notwithstanding, a high variation was observed in
normal values, which does not allow an
approach in terms of normality interval.
Further studies with larger samples will be
necessary for determining a narrower range
of normality values.
CONCLUSION
The present study demonstrated that
phase-contrast MRI presents an excellent
reproducibility and is superior to Doppler
US in the measurement of the portal blood
flow.
On the other hand, the intermethod
agreement is low, and the authors could not
determine a reliable interval corresponding
to normality values for the portal blood
flow. Further studies will be necessary for
determining the value of these methods.
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