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UTILIZATION OF SPLENIC IMPEDANCE INDICES IN THE EVALUATION
OF PORTAL HYPERTENSION*

Daniel Dutra Cancado’, Antonio Carlos Pires Carvalho?, Célia Maria Coelho Resende®

OBJECTIVE: The aim of the present study was to analyze splenic impedance indices — resistive index (Rl)
and pulsatility index (PI) — in patients with chronic liver disease. MATERIALS AND METHODS: Forty-two
patients with hepatic cirrhosis and 21 patients with chronic hepatitis were prospectively evaluated. RESULTS:
In patients with cirrhosis, both indices were higher (Rl = 0.63 + 0.08; Pl = 1.02 + 0.22) than those found
in patients with chronic hepatitis (Rl = 0.58 + 0.06; Pl = 0.89 = 0.15) and in the control group individuals
(Rl = 0.57 = 0.04; Pl = 0.87 + 0.11). However, cirrhotic patients with evidence of collateral circulation
at ultrasound presented lower resistive indices (RI = 0.60 + 0.08) compared with those without collateral
circulation (Rl = 0.65 + 0.07), possibly due to the portosystemic shunt caused by collateral vessels. There
was no significant difference of indices between patients with and without esophageal varices. CONCLU-
SION: The present study has demonstrated that splenic artery impedance indices may be useful in the evalu-
ation of patients affected by chronic liver disease and portal hypertension, contributing with additional data
at color Doppler ultrasound.
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O uso dos indices de impedéncia da artéria esplénica na avaliacdo da hipertensédo portal.

OBJETIVO: Estudar os indices de impedancia — indices de resisténcia (IR) e pulsatilidade (IP) — da artéria
esplénica em pacientes com hepatopatia crénica. MATERIAIS E METODOS: Foram estudados, prospectiva-
mente, 42 pacientes com cirrose hepatica e 21 pacientes com hepatite cronica. RESULTADOS: Foi observado
que, nos pacientes com cirrose, ambos os indices estiveram elevados (IR = 0,63 + 0,08 e IP = 1,02 +
0,22) em comparacdo com os pacientes com hepatite cronica (IR = 0,58 + 0,06 e IP = 0,89 + 0,15) e os
individuos do grupo controle (IR = 0,57 + 0,04 e IP = 0,87 + 0,11). Os cirr6ticos com evidéncia de cir-
culacéo colateral a ultra-sonografia apresentaram, no entanto, menores indices de resisténcia (IR = 0,60 =+
0,08) em comparacé@o com os cirréticos sem circulacdo colateral (IR = 0,65 + 0,07), possivelmente devido
ao shunt portossistémico provocado pelos vasos colaterais. Ndo houve diferenca significativa dos indices
entre pacientes com e sem varizes esofagianas. CONCLUSAO: O trabalho demonstrou que os indices de
impedancia da artéria esplénica podem ser Uteis na avaliacdo de pacientes com hepatopatia cronica e hiper-
tensdo portal, contribuindo com dados adicionais a ultra-sonografia com eco-Doppler colorido.

Unitermos: indices de impedancia; Artéria esplénica; Hipertensio portal; Radiologia.

INTRODUCTION

The development of dynamic imaging
methods, with higher definition and detail
of parenchymal and vascular structures, has
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allowed a sensitive improvement in the
evaluation of patientswith hepatic diseases
and its complications. Ultrasonography
(US), in experienced hands, has shown to
be a high-quality imaging method with a
well-defined role in the evaluation of the
liver, identifying from early cirrhotic alter-
ations to the presence of masses and other
findings which may suggest the presence
of hepatocarcinoma or other lesions asso-
ciated with hepatic parenchymal disease.
Maybe, the major impact of USisobserved
in the analysis of the portal circulation,
especially after the introduction of the
Doppler technology™. Intheeighties, with
the introduction and development of the
technique of transjugular intrahepatic
portosystemic shunt, the Doppler method
emerged as an useful toll for following up

patients who have been submitted to this
procedure®®), as well as those who have
undergone liver transplant®. More recent
studies start evaluating the useful ness of
magnetic resonance imaging in the evalu-
ation of the portal system, hepatic paren-
chyma and other solid viscera®®.

Portal hypertensionisanimportant con-
ditionfoundin cirrhotic patients, occurring
principally because of an increase in the
vascular resistanceto the portal blood flow.
Consequences of portal hypertension in-
clude ascites formation, hepatic encephal-
opathy and esophageal varices, the latest
onesat risk of bleeding, implying asignifi-
cant increase in mortality in this group of
patients’”.

USand echo-color Doppler have shown
to be effective methodsfor the diagnosis of
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portal hypertension, allowing detection of
the decreasein the flow velocity aswell as
the increase in diameter of the portal vein,
two characteristics of portal hyperten-
sion®9, Most recently, increase in splenic
and hepatic arteriesimpedance indices has
also been observed in the setting of portal
hypertension®12, Some studies have
shown that splenic impedance indices pre-
sented agood correlation with the measure
of theportal vascular resistance (one of the
determining factors of portal hyperten-
sion), and aso is one of the main predic-
tors of the presence of esophageal varices
at endoscopy %12,

The present study was aimed at analyz-
ing splenic impedance indices — resis-
tance index (RI) and pulsatility index (PI)
— in patients with chronic liver disease
(cirrhotic patients, and those with chronic
hepatitiswithout cirrhosis), and evaluating
their efficacy to detect the presence of
esophageal varices at digestive endoscopy.

MATERIALSAND METHODS

In the period between August/2003 and
August/2005, a prospective study was per-
formed in the Hospital Universitério Cle-
mentino Fraga Filho da Universidade Fe-
deral do Rio de Janeiro, with 63 patients,
42 of them with hepatic cirrhosis (25 men
and 17 women; mean age = 49.7 + 14.8
years), and 21 with chronic hepatitis (12
men and ninewomen; mean age51.4+ 8.8
years). The diagnosis of cirrhosis was
based on hepatic biopsy results or, in their
absence, on clinical-laboratory evaluation
or detection of esophageal varicesat endo-
scopy. The diagnosis of chronic hepatitis
was based on hepatic biopsy results.

Fifteen subjects (eight men and seven
women) with no evidence of hepatic, renal
or heart diseases, were considered asacon-
trol group, with mean age of 43.6 + 15.3
years. Exclusion criteriawere: patientssub-
mitted to previous treatment for varices
with elastic ligature or sclerotherapy, as
well as patients with conditions affecting
the portal hemodynamics, such as hepato-
cellular carcinoma, portal veinthrombosis,
or hepatofugal portal flow.

The 42 cirrhotic patients were submit-
ted to endoscopy for the relief of esoph-
ageal varices. During a period ranging be-
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tween one and four weeks after endoscopy,
the patients were submitted to echo-color
Doppler US after a minimum 8-hour fast-
ing period. Patients affected by chronic
hepatitis and patients of the control group
asowereevauated by US. The US systems
utilized in the present study were an
Acuson Aspen and a Sonoline G50 (Si-
emens®), with multifrequency 3.5 MHz
convex transducers. All the procedures
were performed by the authorsD.D.C. and/
or C.M.C.R., both without knowing the
endoscopies results. The transducer was
positioned on theleft intercostal space, and
the image of the splenic parenchyma was
amplified to allow abetter evaluation of the
splenic artery branches by echo-color Dop-
pler. The sample volumewas placed inside
deintraparenchymal arterial branches, dur-
ing the breath-holding, and the spectral
analysis of the blood flow was registered.
Splenic Pl and RI were calculated by the
software included in the equipment, con-
sidering the average of the values obtained
from at least three similar spectral curves
(Figure 1).

Thet-Student and Fisher-Snedecor tests
in Anova variance analysis and Bonfer-
roni’stest were utilized for statistical analy-
sis with significance level p < 0.05.

RESULTS

The most frequent etiology of cirrhosis
was by hepatitis C virusinfection, foundin
25 patients (60%). The other causes in-
cluded cryptogenic cirrhosis in seven pa-
tients (17%), hepatitis B virusinfection in
three (7%), autoimmune hepatitis in one
(2%), cholestatic disease in two (5%), al-
cohol abuse in one (2%), alcohol abuse +
hepatitis C virus in two (5%), and a cohol

abuse + hepatitis B virus in one patient
(2%). The 21 patients with chronic hepati-
tis presented C virus infection.

As regards the Child-Pugh score, 19
patients were class A (44%), 15 class B
(36%), four class C (10%), and four pa-
tients (10%) could not be scored because
of data absence.

As regards the presence of esophageal
varices, 31 patients (74%) presented with
varicesat endoscopy, and 11 patients (26%)
had a normal endoscopy.

Data regarding impedance indices are
shown in Table 1. Mean splenic Rl and PI
were higher in cirrhotic patients (Rl = 0.63
+ 0.08; Pl = 1.02 = 0.22) in comparison
with thosewith chronic hepatitis (Rl = 0.58
+ 0.06; Pl =0.89 £ 0.15), and the healthy
subjects (Rl = 0.57 + 0.04; Pl = 0.87
0.11), with asignificant difference between
cirrhotic patients and those with chronic
hepatitis, and between cirrhotic patients
and hesalthy subjects.

Cirrhotic patients without esophageal
varices presented higher indices (RI = 0.67
+0.07; Pl =1.10 + 0.21) as compared with
cirrhotic patients with esophageal varices
(R =0.62£0.08; Pl =0.99 £ 0.22), How-
ever, this difference was not significant.

Thecirrhotic group (n = 42) was subdi-
vided into cirrhotic without (n = 25) and
with (n = 17) collatera circulation evi-
denced at US, in order to evaluate possible
hemodynamic aterationsin the splenic ter-
ritory in patients who devel oped collateral
circulation. The indices were higher in the
cirrhotic patients without evidence of col-
lateral circulation (Rl = 0.65 = 0.07; Pl =
1.06 + 0.22) as compared with cirrhotic
with collateral circulation (Rl = 0.60 = 0.08
and Pl =0.97 £ 0.21), with asignificant dif-
ference only for RI.

Table 1 Splenic impedance indices in the groups of patients.

Cirrhotic with varices
Cirrhotic without varices

Cirrhotic with collateral circulation
Cirrhotic without collateral circulation

Groups RI Pl

Cirrhotics 0.63 = 0.08* 1.02 = 0.22*
Chronic hepatitis 0.58 = 0.06 0.89 = 0.15
Normal 0.57 = 0.04 0.87 = 0.11

0.62 = 0.08 (NS)
0.67 = 0.07 (NS)

0.60 = 0.08f
0.65 = 0.07

0.99 = 0.22 (NS)
1.10 £ 0.21 (NS)

0.97 = 0.21 (NS)
1.06 + 0.22 (NS)

*p = 0.004 (Rl) and p = 0.007 (Pl). T p = 0.038 (RI). NS, non-significant (p > 0.05).

Radiol Bras 2007;40(3):155-159



Utilization of splenic impedance indices in the evaluation of portal hypertension

DISCUSSION

Gray scale USand, most recently, echo-
color Doppler have played a relevant role
in the evaluation of portal hyperten-
sion®%1319 |t s a relatively low-cost
method besides being non-invasive and
widely available. However, the evaluation
of portal hypertension severity by US, as
well as its value as a predictor of esoph-
ageal varices still remains controversia in
the literature(®16-19),

Recently, the hemodynamic evaluation
of the splenic artery has been performed
with echo-color Doppler, demonstrating a
direct relation between splenic impedance
indices and portal vascular resistance*®-
1220 Thesplenicarteria and capillary beds
arerelated to the peripheral territory of the
portal system, reflecting the system hemo-
dynamic changes. A possible explanation
for this sensitivity of impedance indicesto
the portal hemodynamics would be the
peculiar splenic venous circulation. The
spleen presentsavenouscirculation differ-
ent from any other organ, characterized by
the presence of the red pulp. In case of
portal hypertension, there is an accumula-
tion of red cellsinthe sinusoidsand dilated
pulp cords. The splenic arterial hemody-
namics may be changed by the venous con-
gestion, causing a decrease in the arterial
diastolic velocity and aconsequent increase
in the impedance indices*®™ (Figure 2).

According to Bolognesi et al.*V, pa-
tientswith more severe portal hypertension
— those with portal vein thrombosis or
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Figure 1. Splenic RI and
Pl was automatically cal-
culated. The sample vol-
ume was positioned in the
center of an intraparen-
chymal arterial branch,
and the spectral curve was
registered, showing Rl =
0.59 and PI = 0.96.

hepatofugal portal flow — presented the
highest impedance indices, and therefore
theseindiceswere considered asan indica-
tive of the condition. In another study per-
formed by Bolognesi et a.®?, the utiliza-
tion of aformulafor estimating the portal
pressure — with the splenic Pl and the
measure of the portal flow — demonstrated
a significant correlation with the direct
measurement of the portal pressure and a
good accuracy in the prediction of mild (<
16 mmHg) or severe (> 16 mmHg) portal
hypertension.

In the present study, the impedance in-
dices were increased in cirrhotic patients
(RI'=0.63+0.08; PI =1.02 + 0.22) ascom-
pared with patients with chronic hepatitis
(Rl = 0.58 + 0.06; Pl =0.89 + 0.15) and
healthy subjects (RI = 0.57 £ 0.04; PI =
0.87 £ 0.11). These results are similar to
thosereported by Bolognesi et al.™, evalu-
ating 167 cirrhotic patients (RI = 0.64 £

Figure 2. Patient with cir-
rhosis and portal hyper-
tension. Spectral curve of
splenic artery showing a
high resistance pattern
with Rl = 0.80 and Pl =
1.45.

0.08 and PI = 1.03 + 0.24 in cirrhotic pa-
tients, and Rl = 0.51 + 0.05 and Pl = 0.72
+0.11in healthy subjects), and by Piscaglia
et a.?, who have found RI = 0.63 + 0.07
in cirrhotic patients, Rl = 0.53 £ 0.05 in
patients with chronic hepatitis, and RI =
0.55 + 0.05 in healthy subjects, in a study
with 124 patients with chronic hepatopathy.

Indicesin patients with chronic hepati-
tis were near those observed in healthy
subjects, probably because of the absence,
at that moment, of a significant vascular
resistance, likethe oneoccurring in patients
with an already established cirrhosis. The
utilization of impedance indices for pa-
tients with chronic hepatitis may contrib-
ute for a better follow-up of the chronic
hepatopathy progress, and the suspicion of
cirrhosis should be raised in case of in-
crease in these indices.

The group of cirrhotic patients without
esophageal varices presented higher indi-
ces(RI =0.67+0.07; Pl =110+ 0.21) as
compared with the group of cirrhotic pa-
tients with esophageal varices (Rl = 0.62
+ 0.08; Pl = 0.99 £ 0.22), however, this
result had no statistical significance in the
present study. In truth, theseresultsdiverge
from those reported in the literature where
cirrhotic patients with esophageal varices
tended to present higher impedance indi-
ces™12), Piscaglia et al.? also have ob-
served that RI between 0.61 and 0.63 pre-
sented higher accuracy for prediction of
esophageal varices (respectively 75% and
76%).

The present study demonstrated that, in
cirrhotic patients without evidence of col-
lateral circulation at US, impedance indi-
ceswerehigher (R =0.65+ 0.07; Pl =1.06
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+ 0.22) ascompared with cirrhotic patients
with collatera circulation (RI =0.60+ 0.08
and Pl = 0.97 + 0.21), the RI being the
parameter with statistical significance.

Parametric aterations of echo-color
Doppler, such as the measurement of the
portal vein and portal flow velocity in the
presence of umbilical vein recanalization,
have already been reported, such alterations
underestimating the presence of portal hy-
pertension®, This occurred because the
recanalized umbilical vein represented a
portosystemic shunt, tending, asaresult, to
normalize the portal vein velocity.

However, the effect of collateral circu-
lation on splenic impedanceindices had not
yet been reported in the literature.

It is known that, in patients submitted
to liver transplant and surgical correction
of portal hypertension, there is a decrease
in these indices caused by the reduction of
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the portal vascular resistance™?22_ | ike-
wise, there is some speculation if the pres-
ence of collateral circulation aso would
contribute for the effect of portal system
decompression, diverting the portal flow to
the systemic circulation, and, as a result,
causing adecreasein theindices (Figure 3).

The present study presents some limi-
tation such as the absence of an expressive
casuistic, which may have impaired the
evaluation of indices as indicators of
esophageal varices. Another possible lim-
iting factor is the lack of homogeneity in
the sampleof cirrhotic patients, sinceit has
included patients with more advanced
grades of hepatic dysfunction (Child-Pugh
B and C classes), besidesan array of causes
of hepatic cirrhosis. It is still to be known
if the physiopathological and hemody-
namic mechanisms of portal hypertension
are the same among the severd etiologies.

0.74.

Figure 3. Cirrhotic patient with perisplenic and retroperitoneal collateral cir-
culation (A), and umbilical vein recanalization (B). The spectral curve of the
splenic artery (C) shows a low resistance pattern, with Rl = 0.53 and PI =

Even considering the mentioned limita-
tions, splenicimpedanceindicesseemto be
useful for evaluation of patients with
chronic liver disease, and present increased
in patients with cirrhosis. New studies are
necessary to evaluate the collateral circu-
lation effects on these indices, as well as
their efficacy as indicators of esophageal
varices.
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