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Abstract

Resumo

Portal blood flow volume measurement
in schistosomal patients: evaluation of Doppler
ultrasonography reproducibility*

Mensuracdo do volume de fluxo portal em pacientes esquistossomaoticos: avaliacdo
da reprodutibilidade do ultra-som Doppler

Alberto Ribeiro de Souza Ledo', José Eduardo Mourdo Santos?, Danilo Sales Moulin’,
David Carlos Shigueoka®, Ramiro Colleoni*, Giuseppe D’Ippolito®

OBJECTIVE: To evaluate the reproducibility of Doppler ultrasonography in the measurement of portal blood
flow volume in schistosomal patients. MIATERIALS AND METHODOS: Prospective, transversal, observational
and self-paired study evaluating 21 patients with hepatosplenic schistosomiasis submitted to Doppler
ultrasonography performed by three independent observers for measurement of portal blood flow. Pairwise
interobserver agreement was calculated by means of the intraclass correlation coefficient, paired t-test and
Pearson’s correlation coefficient. RESULTS: Interobserver agreement was excellent. Intraclass correlation
ranged from 80.6% to 93.0% (IC at 95% [65.3% ; 95.8%]), with the Pearson’s correlation coefficient ranging
between 81.6% and 92.7% with no statistically significant interobserver difference regarding the mean portal
blood flow volume measured by Doppler ultrasonography (p = 0.954 / 0.758 / 0.749). CONCLUSION: Doppler
ultrasonography has demonstrated to be a reliable method for measuring the portal blood flow volume in
patients with portal hypertension secondary to schistosomiasis, with a good interobserver agreement.
Keywords: Portal flow; Measurement; Doppler ultrasonography; Reproducibility; Portal hypertension.

OBJETIVO: Avaliar a reprodutibilidade do ultra-som Doppler na quantificacdo do volume de fluxo portal em
pacientes esquistossométicos. MATERIAIS E METODOS: Estudo prospectivo, transversal, observacional e
autopareado, avaliando 21 pacientes portadores de esquistossomose hepatoesplénica, submetidos a mensu-
racdo do fluxo portal pelo ultra-som Doppler por trés observadores, de forma independente, sendo calculada
a concordancia entre estes, dois a dois, pelo coeficiente de correlacéo intraclasse, teste t-pareado e grau de
linearidade de Pearson. RESULTADOS: A concordancia interobservador foi excelente. O coeficiente de corre-
lacdo intraclasse variou entre 80,6% e 93,0% (IC a 95% [65,3% ; 95,8%]), com coeficiente de correlacio
de Pearson variando entre 81,6% e 92,7% e sem diferenca estatisticamente significante entre os observa-
dores quanto a média do fluxo portal mensurado pelo ultra-som Doppler (p = 0,954 / 0,758 / 0,749). CON-
CLUSAO: O ultra-som Doppler é um método confiavel para quantificar o fluxo portal em pacientes portado-

res de hipertensdo porta de origem esquistossomética, apresentando boa concordancia interobservador.
Unitermos: Fluxo portal; Mensuracao; Ultra-sonografia Doppler; Reprodutibilidade; Hipertensao portal.
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INTRODUCTION

In healthy patients, the porto-hepatic
circulation compensates great variationsin
the blood flow with small variationsin the
portal pressure®. Pathological alterations
in the hemodynamics of this system are
characterized by a chronic increase in the
portal venous pressure defined as portal
hypertension secondary to an interference
with the splanchnic venous blood flow and
clinically trandated into collateral circula-
tion visible on the abdomina wall, ascites
and esophagogastric aterations, i.e., esoph-
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ageal varices, gastric varices and conges-
tive gastropathy ™.

Cirrhosis, the hepatosplenic form of
schistosomiasismansoni, liver, biliary tract
or pancreas neoplasms, portal vein throm-
boembolic phenomena and suprahepatic
diseases such asright heart failure and in-
ferior vena cava occlusion by thrombi or
tumors are particularly important amongst
diseasesthat may coursewith portal hyper-
tension®.

The diagnosis of portal hypertension
can be noninvasively performed through
correlation between semiological dataand
complementary methods, as well asinva-
sively, either by direct approach with sur-
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gical measurement of the portal venous
pressure or by indirect approach with the
measurement of the occluded and free he-
patic venous pressure aiming at obtaining
the hepatic venous pressure gradient® cor-
responding to the difference between both
pressures, that in healthy individuals
should be < 5 mmHg®. The direct mea-
surement of the portal venous pressure is
themost effective method for evaluating its
actual elevation. The measurement of the
portal venous pressure levelscan aidin the
differentia diagnosisof the causesfor por-
tal hypertension, in the evaluation of the
risk for bleeding due to gastroesophageal
varices rupture that is the main cause for
morbimortality in these patients, in the
evaluation of the medicamentous therapy
effectiveness, in the prophylaxisof gastroe-
sophageal varices bleeding, in the thera-
peutic decision making in cases of liver
resection, and in the evaluation o the pa-
tients' prognosis®®.

Notwithstanding the unquestionable ap-
plications of the hepatic venous pressure
gradient, high cost and operator depen-
dence have limited the availability of this
method. Additionally, despiteitslower ag-
gressiveness as compared with the other
techniques for direct measurement of the
portal venous pressure, this method is still
invasive. For these reasons, the identifica-
tion of anoninvasive marker for portal hy-
pertension still remains as a challenge.
Severa authors have suggested that some
Doppler ultrasound (US) parameters could
have a prognostic value and usefulness in
the evaluation of the risk for bleeding of
esophageal varices. However, this tech-
nique has been sub utilized for this purpose
and its clinical utility has been debated®.

Amongst hemodynamic parameters
measurable at Doppler US, peak portal
flow velocity is the most frequently
adopted, but itsutilization islimited by the
overlap between pathological and physi-
ological values®. Additionally, studies uti-
lizing pressure gradient monitoring have
demonstrated the absence of a direct rela-
tionship between variations in flow veloc-
ity and pressoric levels?”.

The noninvasive measurement of the
portal vein flow volume in patients with
portal hypertension has gained ground as
an alternative method for diagnostic anam-
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nesisand follow-up of these patients. Stud-
ies evaluating cirrhotic patients have dem-
onstrated a significant influence of the
portal venous flow on the functional activ-
ity of the liver®. The intraoperative mea-
surement of the portal venous flow in pe-
diatric patients submitted to liver transplan-
tation can predict which of them arelikely
to develop portal thrombosis®. Addition-
aly, results of preliminary studies suggest
that, among several variables, portal flow
volume seems to be agood marker for he-
patic function®. On the other hand, schis-
tosomal portal hypertension has been con-
sidered as an ideal model for the study of
portal flow physiology®.

Studiesin the literature focused on dif-
ferent aspects of the disease have aready
evaluated the reproducibility of noninva-
sive methods for evaluation of schistoso-
mal patients. Magnetic resonance imaging
(MRI) reproducibility in the evaluation of
morphological aterations of the liver and
spleen in these patients has been evaluated
with high levels of agreement?, demon-
strating high reliability in the quantification
of the portal flow in healthy patients, with
higher interobserver agreement as com-
pared with Doppler US™. Intermethod
agreement waslow inthe portal flow quan-
tification™. The samelevels of agreement
were observed in the eval uation of peripor-
tal fibrosis*?),

Despite the wide availability and wide-
spread use of the method, the literature
demonstrates controversial resultsin rela-
tion to the Doppler US reproducibility in
the measurement of several dopplerflux-
ometric parameters, among them the flow
volume, utilized in the evaluation of the
portal vein®14,

The present study is aimed at evaluat-
ing Doppler USreproducibility inthe mea-
surement of the portal flow in patientswith
schistosomal portal hypertension. The op-
tion for this model was based on the high
incidence of portal hypertension, consider-
ing that schistosomiasistill remainsasthe
main cause for this complication world-
wide®, with no other similar study being
found in the literature.

MATERIALSAND METHODS

A prospective, transversal, observa-
tional, double-blinded and self-paired

study was developed with 21 patients re-
ferred by the ambulatory of schistosomia-
sis of the Division of Gastroenterology —
Universidade Federal de S&o Paulo/Escola
Paulista de Medicina (Unifesp/EPM), and
submitted to US scans in the period be-
tween February 2005 and December 2006.
The study was previously approved by the
Committee for Ethics in Research of the
institution and all the patientssigned aterm
of free and informed consent.

The diagnosis of schistosomiasis man-
soni was based on the results of rectal bi-
opsy or astrong clinical/laboratory evidence
(signs of portal hypertension and/or posi-
tive proctoparasitological stool tests) and
epidemiological evidences (contact with
water of pondsand riversin endemic areas).

The patientswere evaluated after 6to 8-
hour fasting by Doppler US. Scanning and
interpretation of images were performed
and analyzed by threeindependent observ-
ers (observers 1, 2 and 3), al of them with
at least three years of experiencein abdomi-
nal Doppler US and having accomplished
medical residency in imaging diagnosis
with specific training for portal flow mea-
surement.

TheDoppler USstudieswere performed
inan EnVisor™ equipment (Philips Medi-
cal Systems; Bothell, USA), utilizing a
multi frequency convex array abdominal
transducer, following the standard imaging
views recommended by the World Health
Organization for sonographic eval uation of
the liver, spleen and splanchnic vascular
system. The three readings were sequen-
tially performed with a 10-minute interval
(time required for changing from one ob-
server to another). Doppler US examina-
tions of the portal vein were performed
with the patients in dorsal decubitus, after
a short rest period, with oblique subcostal
and intercostal views of the portal vein
trunk at a middle distance from the bifur-
cation, withinasamerespiratory phase, and
with an insonation angle ranging between
45-60° (Figure 1), and 20-30-minute ac-
quisition time. The inner diameter and the
cross-section area of the portal vein were
measured on the same topography utilized
for dopplerfluxometric analysis. The spec-
tral interval selected for analysis was of at
least four seconds. Once the parameters
required by the equipment software were
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Figure 1. Doppler ultrasonog-
raphy: spectral curve corre-
sponding to a sample acquired
with 60° insonation angle at
the middle point between the
portal vein origin and bifurca-
tion.

provided, the values of theflow volumefor
the respective sample were obtained.

Satistical analysis

Tests for numeric variables were uti-
lized for evaluating the agreement among
thedifferent readings. For dataanalysisthe
authors utilized the intraclass coefficient
calculation based on a 95% confidence

Table 1 — Rating of interobserver agreement ac-
cording to the intraclass correlation coefficient.
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interval (Cl at 95 presented ap-vaue< 5%
[p < 0.05]) and the t-paired test interpreted
according the classification proposed by
Fleiss (1981), as shown on Table 1. Also,
thelinearity degree between measurements
obtained by two observers through the
Pearson’'s linear correlation coefficient,
considering 1 (r = 1) asthe perfect positive
correlation between two variables.

Table 2 -
ity.

RESULTS

The paired analysis of the reproducibil-
ity of Doppler US studies performed by the
three observers demonstrated a good inter-
observer agreement. The intraclass corre-
lation coefficient ranged between 80.6%
and 93.0% (Cl at 95% [65.3%; 95.8%),
with the Pearson’s correlation coefficient
ranging between 81.6% and 92.7% (Table
2). Based on the t-paired test, one may ob-
servethat generally, on average, the evalu-
ation of US results demonstrated agree-
ment, considering that the statistical test
has not shown a significant difference in
the mean portal flow evaluated by the ob-
servers (p = 0.954/ 0.758 / 0.749).

According to the dispersion graphics
(Figures 2, 3and 4), ahigh correlation was
observed among measurements performed
by the observers.

Intraclass and Pearson’s correlation coefficients in the evaluation of interobserver reproducibil-

Intraclass correlation Interobserver Intraclass correlation Pearson’s correlation
coefficient (r) agreement Interobserver agreement coefficient (Cl at 95%) (ClI at 95%)
<40 Poor Observers 1 e 2 93.0% [87.1% ; 98.3%] 92.7% [82.6% ; 97.0%]
0.40-0.75 Moderate Observers 1 e 3 80.6% [65.3% ; 95.8%] 81.6% [59.3% ; 92.3%]
0.75-1.00 Excelent Observers 2 e 3 87.1% [76.6% ; 97.5%] 89.0% [74.4% ; 95.5%]
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DISCUSSION

The consolidation of aternative non-in-
vasive methods for measuring the portal
pressure for diagnosis purposes, aswell as
the endoscopic screening for gastroesoph-
ageal varicesin the prophylaxis of therisk
for high digestive bleeding, constitute a
permanent objective for aiding in the man-
agement of patients with portal hyperten-
sion®,

Recent studies advocate that non-inva
sive methods have shown to be effective as
adiagnostic aternative for measurement of
the mean portal venous flow volume in
patients with clinical suspicion of portal
hypertension, for evaluation of the degree
of impairment of the hepatic function and
risk for high digestive bleeding, besides
representing a measurable variable to be
taken into consideration in the approach of
patients submitted to liver transplantation,
predicting the graft feasibility and the risk
for portal venous thrombosis®9.

Presently, with itswide availability and
low cost, US has been considered as the
non-invasive diagnostic method of choice
for approaching patientswith portal hyper-
tension. Questions still remain, however,
asto errorsin the measurement of the area
of cross-section of the vessel, interob-
server variability, changes associated with
physiological eventsand patient’sbiotype,
besides the utilization of overlapping pa-
rameters such as velocity and flow
rates(6'14'16‘21).

Considering that the diagnostic accu-
racy of amethod is an essential parameter
for determining its usefulness that may be
defined by the evaluation of its reproduc-
ibility (interobserver agreement)®, it is
necessary to vaidate non-invasive methods
(US, for example) capable of evaluating
hemodynamic parameters in patients with
portal hypertension.

The present study was aimed at evalu-
ating the Doppler USreproducibility inthe
measurement of portal venous flow vol-
ume. Theoption for patientswith portal hy-
pertension secondary to schistosomiasis
was based on the wide range and variabil -
ity of flow volume rates observed in these
patients as atypical sign of their hemody-
namic pattern of portal hyperflow, repre-
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senting an ideal model for research and
evaluation of this method accuracy®.

The evaluation of Doppler US repro-
ducibility in the measurement of the mean
portal venousflow volumein these patients
demonstrated a good interobserver agree-
ment which has not been previously de-
scribed in the literature. Considering the
wideavailability and excellent cost/benefit
ratio of the method, besidesthe high preva-
lence (in the case of schistosomiasis) of the
disease in developing countries, evidences
of agood reproducibility reinforcetherole
of adiagnostic method in the anamnesis of
these patients.

The present study presented some limi-
tations such as the size of the sample (21
patients) and the observers awareness of
the patients' condition (schistosomiasis),
besidesthetechnical difficultiesinherentin
themorphological alterationsof the hepatic
and vascular systems typically found in
advanced stages of this disease.

Finally, the present study demonstrated
agood reproducibility of Doppler USinthe
measurement of the portal venous flow
volumein patientswith portal hypertension
secondary to schistosomiasis, adding value
tothiswidely diffused method in the evalu-
ation of thisvariable. Further studies estab-
lishing physiological and pathological val-
uesfor portal venousflow may consolidate
the role of Doppler US in the diagnostic
and prognostic approach to alterations in
the hemodynamics of this system.
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