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Abstract. Forty-three patients who were scheduled
to undergo a percutaneous liver biopsy were evalu-
ated with Doppler sonography to determine the he-
patic arterial resistive index (RI). The histologic
specimens were graded by a pathologist regarding
cirrhosis and inflammation. The specimens demon-
strated no cirrhosis in 12 of 43 (28%) patients, early
cirrhosis in 10 of 43 (23%), and established cirrhosis
in 21 of 43 (49%). Analysis also revealed that inflam-
mation was absent in three of 43 (7%) patients, mini-
mal in seven of 43 (16%), mild in 17 of 43 (40%),
moderate in 13 of 43 (30%), and severe in three of 43
(7%). Hepatic artery RIs (without correction for
heart rate) ranged from 0.64 = 0.06 in patients with
early cirrhosis to 0.68 = 0.09 in patients with severe
inflammation. There was no significant correlation
between the degree of cirrhosis and/or inflammation
and hepatic artery RI (with or without correction for
heart rate). We conclude that Doppler determination
of hepatic artery Rls is not a reliable method of pre-
dicting the severity of hepatic cirrhosis and/or in-
flammation.
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Hepatic cirrhosis is a relatively common clinical en-
tity worldwide and its incidence in Western coun-
tries is increasing. Although many of the clinical and
radiological findings are classical, percutaneous bi-
opsy is often necessary to establish the diagnosis
and severity of cirrhosis. Imaging studies are there-
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fore used to monitor progression and complications
of the disease process, as well as to determine the
feasibility of surgical intervention.

Duplex Doppler sonography has proved valuable
in the evaluation of vascular flow in many parts of
the body. Multiple studies have shown, in particular,
its usefulness in the assessment of both native and
transplanted abdominal organs [1-9]. Normally, the
arterial inflow to these organs, whether native or
transplanted, has low impedance with the Doppler
tracing demonstrating flow throughout diastole.
However, many pathologic entities, such as acute
vascular rejection (AVR) in a renal allograft, in-
crease vascular impedance resulting in a Doppler
tracing with high velocity spikes during systole and
diminished flow during diastole. Vascular impe-
dance can be quantified by calculating the resistive
index (RI). In a study examining duplex Doppler
ultrasound of the porta hepatis, Alpern et al. re-
ported that hepatic artery RI was specific for portal
hypertension when greater than 0.78, but it was not
sensitive [10]. We wondered if there was similar cor-
relation between the degree of cirrhosis and/or in-
flammation and hepatic arterial RI.

The purpose of this study was to determine the
ability of duplex Doppler sonography of the hepatic
artery to predict noninvasively the severity of cir-
rhosis. Because hepatic inflammation often accom-
panies cirrhosis, we also were interested in deter-
mining any relationship between the degree of
inflammation and the image findings.

Materials and Methods

In October 1989, we began routinely measuring hepatic arterial R
on all patients who presented for hepatic sonographic examina-
tion prior to percutaneous liver biopsy. Liver biopsy was deemed
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necessary in these patients because of abnormal historical, physi-
cal, or laboratory data indicating liver disease. By November
1990, 43 patients had undergone a prebiopsy hepatic sonogram,
including hepatic arterial Rl measurement. There were 23 men
and 20 women ranging in age from 15-77 years (mean 47 years).
The median time interval between the Doppler sonogram and
percutaneous biopsy was 1 day, with a range of 064 days. In 21
of 43 (49%) patients, the biopsy was performed on the same day
as the Doppler examination and in 35 of 43 (81%), it was per-
formed within 3 days.

Duplex Doppler sonography was performed on an Acuson-128
computed sonography unit (Mountain View, CA, USA) using ei-
ther a 2.5- or 3.5-MHz sector (phased-array) transducer. A high-
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Fig. 1. A Normal hepatic archi-
tecture. Orderly hepatocytic
plates lie between a normal
portal tract (straight arrow) and
a terminal hepatic vein (curved
arrow) (hematoxylin & eosin;
original magnification, x100).

B Early cirrhosis. Pale bands of
bridging fibrosis surround regen-
erative nodules (arrows) while
other areas remain architectur-
ally intact (periodic acid-Schiff;
original magnification, x80).

C Established cirrhosis. Small
nodules of dark staining hepato-
cytes are ringed by broad fibrotic
bands (periodic acid-Schiff;
original magnification, x100).

pass filter setting of 125 Hz was used to minimize arterial wall
motion. Three nonangle corrected Doppler tracings from the he-
patic artery were obtained at the level of the porta hepatis as the
vessel crosses the main portal vein anteriorly. A Doppler tracing
could be obtained from this region even when the hepatic artery
was not completely visualized. Because the hepatic artery was
not routinely visualized for diameter determination, arterial flow
measurements were not calculated. For each tracing, the trans-
ducer was positioned to optimize the Doppler measurement. The
RI was calculated using the following formula:

Resistive index (RI) = (Peak systolic frequency shift
— end-diastolic frequency shiff)| Peak systolic frequency shift
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Table 1. Comparison of hepatic artery RI with histology
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Cirrhosis
None Early Established
N =12) (N = 1) (N = 21}
RI 0.66 = 0.09 0.64 = 0.06 0.67 = 0.07
cRI 0.63 = 0.07 0.62 + 0.06 0.66 = 0.08
Inflammation
None Minimal Mild Moderate Severe
(N = 3) (N=T7) N = 17) (N = 13) (N = 3)
RI 0.65 = 0.10 0.67 = 0.06 0.66 = 0.08 0.65 007 0.68 = 0.09
¢RI 0.59 = 0.10 0.64 =003 0652009 064007 0.66x0.06
Score
0-1 1.5-2 2.5-3 3.5-4
(N =9) N=7 (N = 20) (N =7)
RI 0.69 = 0.08 0.60 = 0.05 0.66 = 0.08 0.65 = 0.07
¢RI 0.64 = 0.08 0.60 = 0.04 0.65 = 0.09 0.64 = 0.07
RI, resistive index; cRI corrected RI.
The mean RI was determined and adjusted for heart rate using the Results

following formula [11]:

Corrected RI (¢RI} = Observed RI — 0.0026 (80 — heart rate)

Percutaneous liver biopsies were performed in the sonography
department by a radiologist using an 18-gauge automated cutting
needle (Biopty instrument, distributed by Bard Urological Divi-
sion, Covington, GA, USA; manufactured by Radiplast, Uppsala,
Sweden) or at the bedside by a gastroenterologist using a 14-gauge
Tru-Cut needle (Baxter Healthcare Co., Malencia, CA, USA). A
right lateral abdominal wall approach was used in all patients.

Histologic sections of liver needle biopsy specimens were ex-
amined by a single pathologist who was blinded to the imaging
and laboratory findings. Specimens were categorized as showing
no cirrhosis, early cirrhosis, or established cirrhosis (Fig. 1). In
the absence of cirrhosis, biopsy tissue had maintained acinar ar-
chitecture throughout. Early cirrhosis was characterized by
bridging fibrosis and some regenerative nodules but preservation
of acinar structures in portions of the specimen. Established cir-
rhosis was defined as complete alteration of normal architecture
by bridging bands of mature collagen surrounding regenerative
hepatocytic nodules. The degree of inflammation was also re-
corded semiquantitatively as absent, minimal, mild, moderate, or
severe according to the density of leukocytic infiltration.

To assess the combined effect of cirrhosis and inflammation
on imaging resuits, a scoring system was devefoped by assigning
each grade of cirrhosis and each leve] of inflammation a numerical
value ranging from 0-2 (0, 1, 2) for ¢irrhosis and from 0-2 (0, 0.5,
1, 1.5, 2) for inflammation. By adding these two numbers, the
resultant score ranged from 0 (no cirrhosis, no inflammation) to 4
(established cirrhosis, severe inflammation).

The results from the liver biopsies were then compared with
the Doppler arterial RI. One-way analysis of variance with the
Turkey pairwise comparison were performed to determine signifi-
cance.

In all cases, the liver biopsy specimen was deemed
adequate for evaluation. Histologic analysis re-
vealed no evidence of cirrhosis in 12 of 43 (28%)
patients, early cirrhosis in 10 of 43 (23%), and estab-
lished cirrhosis in 21 of 43 (49%). Histologic analysis
reported no inflammation in three of 43 (7%), mini-
mal inflammation in seven of 43 (16%), mild inflam-
mation in 17 of 43 (40%), moderate inflammation in
13 of 43 (30%), and severe inflammation in three of
43 (7%) patients (Fig. 1A-C). The mean RI deter-
mined for each of these histologic groups (cirrhosis
and inflammation) is shown in Table 1. Statistical
analysis revealed no correlation between the degree
of cirrhosis and/or inflammation and hepatic artery
RI (with or without correction for heart rate) (p >
0.05). Tabulation of the histologic scores showed a
score of 0—1 in nine of 43 (21%) patients, 1.5-2 in
seven of 43 (16%), 2.5-3 in 20 of 43 (47%), and 3.5-4
in seven of 43 (16%). There was no significant corre-
lation between histologic score and RI (p > 0.05)
(Figs. 2-4).

Discussion

Cirrhosis is conventionally defined as a diffuse he-
patic process characterized by widespread fibrosis
and nodular parenchyma [12]. These changes are felt
by some to be due to abnormal reconstruction of
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Fig. 2. Hepatic arterial Rls for each histologic grade of cirrhosis.
The difference among the three groups was not statistically signifi-
cant.

preexisting lobular architecture [13]. As a result,
there is often alteration in hepatic circulation. Fur-
thermore, drainage from the liver may be impaired
leading to portal hypertension. Several factors con-
tribute to this outflow block including venous com-
pression by regenerative nodules, perisinusoidal fi-
brosis, arteriovenous anastomoses, and portal tract
scarring. Other hemodynamic changes include di-
version of antegrade flow from the liver by portosys-
temic collaterals, diversion of hepatic parenchymal
flow by anastomoses between hepatic artery and ei-
ther portal venous branches or hepatic venous tribu-
tories, and decreased efficiency of the microcircula-
tion [13]. Because of these numerous circulatory
abnormalities we postulated that the peripheral vas-
cular resistance of the liver may be affected in cir-
rhosis.

Inflammation is often found in cirrhosis and may
be (a) a reaction to hepatocyte injury, (b) an immu-
nologic process, and/or (c) stimulated by the offend-
ing agent [13]. The location of the inflammation de-
termines its prognosis. For example, portal triad
inflammation rarely progresses, whereas periportal
inflammation may lead to necrosis. Because of the
edema associated with inflammation, the peripheral
vascular resistance might be expected to rise.

Previous work has shown that the RI can be used
to estimate peripheral vascular resistance {2, 14].
Thus, we chose to compare the hepatic arterial RI as
measured by Doppler sonography with the degree of
cirrhosis and/or inflammation determined histologi-
cally. Although normal hepatic arterial RIs are low
(<0.70) but not strictly defined, we hoped to detect a
trend indicating elevated peripheral resistance with
worsening cirrhosis and/or inflammation.

In renal transplants, previous investigators have
demonstrated a correlation between high Rls in main
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Fig. 3. Hepatic arterial RIs for each histologic level of inflamma-
tion. Patients with no inflammation (N = 3) show RI values which
are slightly less than the other groups but the difference is not
statistically significant.

and interlobar arteries and acute vascular rejection.
This has been explained by an elevated peripheral
vascular resistance [2, 14]. Other work has shown
that the elevated Rl, although indicative of pathol-
ogy, is not specific for rejection and can be found in
acute tubular necrosis, cyclosporine toxicity, and
hydronephrosis [1, 3-5]. Even the weight of the
transducer can affect the RI [14]. In liver trans-
plants, attempts have also been made to correlate
hepatic arterial RI with rejection, although both pro-
spective and retrospective studies have shown no
such correlation [6, 7]. One explanation is that he-
patic transplant rejection is primarily a cell-mediated
event as opposed to the acute vascular rejection of-
ten documented in renal allografts. Thus, although
some evidence of vascular rejection can be found in
the medium-sized hilar portal vessels, the peripheral
portal branches are typically uninvolved.

- In this study we were unable to demonstrate any
correlation between the RI value and the degree of
hepatic pathology. Specifically, there was no evi-
dence of increasing peripheral vascular resistance
(high RI) with worsening cirrhosis and/or inflamma-
tion. This may reflect the presence of abundant col-
lateral channels which form in the septal tissue of
cirrhotic livers. These channels are sinusoids which
form out of necrotic hepatic tissue and communicate
with the intrahepatic portal veins, hepatic arteries,
and hepatic veins [13]. With time, the sinusoids di-
late shunting blood from the afferent to the efferent
system bypassing the capillary bed. In addition,
pathologic studies of cirrhotic livers have revealed a
striking proliferation of small arteries and an in-
crease in peripheral arterial beds [13]. Thus, one
might expect the peripheral resistance of the arterial
system to actually be decreased and arterial inflow
increased. Takahaski et al. studied the arterial circu-
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Fig. 4. Hepatic arterial RIs for patients grouped by score reflect-
ing combined effect of cirrhosis and inflammation. The RI values
for the patients with less disease {score 0-1) was not significantly
different from those with severe disease {score 3.5~4).

Jation in hepatic cirrhosis and demonstrated that the
main arterial flow in cirrhotic livers was significantly
greater than that in the normal liver [15]. It has also
been demonstrated with sonography, that the diame-
ter of the hepatic artery and its intrahepatic branches
increase in the setting of cirrhosis [8, 9]. However,
in our study, there was no evidence of either in-
creased or decreased RI values with worsening cir-
rhosis and/or inflammation.

In conclusion, although hepatic Doppler sonog-
raphy can provide qualitative information regarding
hepatic cirrhosis and inflammation, the guantitative
data derived from these studies does not aid in the
prediction of disease severity. Perhaps with further
refinement in abdominal Doppler imaging, these
techniques will become more useful and accurate in
the delivery of quantitative diagnostic information.
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