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Abstiract

AIM: To examine the correlation between the porto-systemic
hypertension evaluated by portal shunt index (PSI) and
life-threatening complications, including hepatocellular
carcinoma (HCC), liver failure (Child-Pugh stage progression),
and esophagogastric varices.

METHODS: Two hundred and twelve consecutive subjects
with HCV-related cirrhosis (LC-C) underwent per-rectal portal
scintigraphy. They were allocated into three groups according
to their PSI: group I, PSI<10%; group II, 10%<PSI<30%);
and group III, 30% <PSI. Of these, selected 122 Child-Pugh
stage A (Child A) subjects were included in analysis (a mean
follow-up period of 5.9+5.4 years, range 6 mo-21 years).

RESULTS: No significant correlation between PSI and
cumulative probability of HCC incidence was observed.
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group II (62% vs
34%, 62% vs 37%; P = 0.060, <0.01; respectively).
Cumulative probability of varices tended to be higher in
group III than in group I (31% vs 12%, P = 0.090). On
multivariate analyses, significant correlation between PSI
and Child A to B progression was observed, and no significant
correlation between PSI and HCC incidence or varices
progression was observed.

CONCL USION: Patients with LC-C of Child A will progress
to Child B rapidly after their PSI reaches 30% or higher.
PSI can be used to predict occult progressive porto-systemic

shunting and liver failure non-invasively. It indicates that
PSI may play an important role in follow-up of the porto-
systemic hypertension gradient for outpatients with LC
unlike hepatic venous catheterization.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) is the most common cause of chronic
liver disease in several countries, including Japan, and chronic
hepatitis due to HCV (CH-C), which exhibits a variable
natural course, is becoming a subject of worldwide interest.
CH-C progtesses to cirrhosis of the liver (LC), and may be
complicated by hepatocellular carcinoma (HCC), hepatic
decompensation, and esophagogastric varices!'?, although
its clinical course has not been fully defined. Despite treatment
such as injection of interferon plus oral ribavirin?!, many
patients with CH-C progress to cirrhosis', and develop portal
hypertension as CH-C advances to the eatly phase of LCP.,

Portal hypertension evaluated by “invasive” hepatic
venous pressure gradient (HVPG) is associated with
progtession of liver failure and death!™™. Using the method
described in this study, the extent of porto-systemic shunting
(PSS) can be evaluated with the portal shunt index (PSI)
using relatively “non-invasive” per-rectal portal scintigraphy
with ”™Tc pertechnetate, because PSI correlates strongly
with portal pressurel™'”. This study monitored three life-
threatening complications of LC, including the incidence
of HCC, Child-Pugh stage progression, and progression of
esophagogastric varices, and examined the correlation
between PSI and these three complications.

MATERIALS AND METHODS

Patients
A retrospective cohort study was performed on 212 subjects
with HCV-related cirrhosis (LC-C), who were admitted to
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our hospital during the 24 years between March 1979 and
June 2002, and who were evaluated with PSI obtained by
pet-rectal portal scintigraphy with *™Tc pertechnetate. These
subjects were diagnosed by examination of liver specimens
obtained by laparoscopy, or needle biopsy performed under
ultrasonic guidance. Exclusion criteria for this study were
as follows: other causes of citrhosis such as HBV, autoimmune
disease, any alcohol consumption; past treatment with
intetferon, endoscopic sclerotherapy or open surgery for
varices; and trans-arterial embolization or open surgery for
HCC. Within a week of hospitalization, all subjects underwent
abdominal ultrasonography for detection of ascites, Child-
Pugh staging as an index of liver failure and endoscopy for
detection of esophagogastric varices!'". Three Child-Pugh
stages were considered: stage A (score 5-0), stage B (7-9),
and stage C (10-15). The 212 subjects with cirrhosis were
distributed as follows: Child-Pugh stage A (Child A), 122;
Child B, 73; and Child C, 17. At entry, we used other possible
predictors of LC prognosis, including sex, age, serum albumin,
total bilirubin (T-bil), prothrombin time (PT), and platelets'.

Longitudinal study

We selected 122 Child A subjects for a longitudinal study;
these subjects gave their informed consent to participate,
and agreed to return after discharge to our outpatient clinic
for monitoring. The procedures wete approved by the Ethics
Committee of Graduate School of Medicine, Osaka City
University. A total of 122 subjects were monitored for a
mean period of 5.925.4 years (range 6 mo to 21 years).
Monitoring was maintained for each evaluation until
confirmation of HCC, or Child A to B progression, or
varices progression, or the end of the outcome observation
period (June 2002). Subjects wete excluded from the study
if they were followed by another hospital, or their monitoring
periods were less than 6 mo.

After excluding dropouts, we were able to monitor the
following subjects for at least 6 mo: for HCC incidence,
108 subjects; for Child A to B progression, 107; and for
varices progression, 109. A PSI value of 10% or higher is
considered to be abnormal, and a PSI of 30% or higher
has an especially poor prognosis for chronic liver diseases®.
We defined three groups according to their PSI: group 1,
PSI=<10%; group II, 10%<PSI1<30%; and group III, 30%
< PSI. The subjects were further divided as follows: for

HCC incidence, 108 subjects-group 1, 33; group 11, 41; and
group 111, 34; for Child A to B progression, 107 subjects-
group 1, 32; group 11, 41; and group 111, 34; for varices
progression, 109 subjects-group I, 33; group 11, 41; and
group 111, 35. These subjects underwent the following
examinations: laboratory studies and physical assessment
of the extent of hepatic encephalopathy for Child’s staging,
with a mean interval of 4.1£0.8 mo; abdominal ultrason-
ography or dynamic CT for assessment of the extent of
ascites ot the existence of HCC, with a mean interval of
2.1+0.6 mo; and endoscopy for varices, with a mean interval
of 8.1£2.1 mo. HCC was confirmed by histology obtained
by needle biopsy performed under ultrasonic guidance, or
confirmed by selective angiography. The extent of hepatic
encephalopathy was defined from detection of tremor
and/or disorientation by physicians. The extent of ascites
was confirmed by abdominal ultrasonography and/or
physical assessment. We defined progression (or incidence)
of each complication as the first confirmation of HCC, or
Child B or a new variceal factor. Figure 1 shows flow of
participants through monitoring.

Measurement of the portal shunt index

The subjects fasted after the evening meal on the day before
examination. In the morning, the rectum was emptied by
administration of a laxative. First, 370 MBq of *™Tc
pertechnetate (2 mL solution) was given per rectum through
a polyethylene tube (Nélaton’s catheter, French 106) into
the upper rectum, followed by 15 mL of air. Time—activity
curves for the heart and liver areas were obtained every 4 s
using a large-field scintillation camera (Vertex-Plus, ADAC
Laboratories, Silicon Valley, USA). It was equipped with a
low-energy, multipurpose, parallel-hole collimator and was
interfaced with a digital computer. The camera was positioned
ovet the patient’s abdomen so that the field of view included
the heatt, liver, and spleen. At the end of the 5-min examination,
a 5-min summed color image was recorded. To measure
the extent of PSS by PSI, we calculated the number of
counts for the heart as a percentage of the counts for the
heart and liver integrated for 24 s immediately after the
appearance of the liver time-activity curve..

Statistical analysis
Results were analyzed by SAS 8.12 statistical software (SAS

212 LC-C subjects screened
122 Child A
73 Child B
17 Child C

For a longitudinal study
122 Child A selected.
Follow period: 5.9+5.4 yr

\ For HCC incidence |

For Child A to B progression | \

For varices progression |

14 excluded 15 excluded 13 excluded
108 included in analysis. 107 included in analysis. 109 included in analysis.
33 group I 32 group I 33 group I
41 group II 41 group II 41 group II
34 group IIT 34 group IIL 35 group III
Intervals: 4.1£0.8 mo Intervals: 2.1£0.6 mo Intervals: 8.1£2.1 mo

Figure 1 Flow of monitoring, group I, PSI < 10%; group Il, 10%<PSI<30%;
group Ill, 30% < PSI. LC-C, HCV-related cirrhosis; Child A, Child-Pugh stage

A; PSI, portal shunt index.
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Institute Inc., Cary, NC)!I'*'*l. Data were expressed as
meantSD. Comparisons between PSI groups were made
by the Kruskal-Wallis test, the Mantel-Haenszel test, or
ANOVA. The cumulative progression rates were calculated
and plotted by the Kaplan-Meier method, and were compared
by the log-rank test. Any significant variable was considered
suitable for the multivariate analysis using Cox’s regression
model. P<0.05 was taken as statistically significant.

RESULTS

Patient characteristics at entry

Table 1 presents patient data at entry classified by PSI. The
differences between the PSI groups were significant for the
following parameters: age, albumin, T-bil, platelets (P<0.01,
<0.01, <0.05, and <0.01, respectively).

Cumulative progression

No significant correlation between PSI and cumulative
probability of HCC incidence was observed (Figure 2A).
Cumulative probability of Child A to B progression was
tended to be higher in group III than in group I, and
significantly higher in group III than in group 11 (62% vs 34%,
62% vs 37%; P = 0.060, <0.01; respectively) (Figure 2B).
Cumulative probability of esophagogastric varices tended
to be higher in group III than in group I (31% »s 12%,
P =0.090) (Figure 2C).

Morbidity
Table 2 presents the proportions of Child A to B progression
and relative risks as uni- and multivariates of possible

predictors, which were classified at the entry of the study.
The total proportion of each predictor, except PSI, was divided
into two between better (upper line) and worse (lower line)
at a cut-off value according to Child staging, or reports by
other authors: for instance, albumin, at 3.5 g/dLM!>19,

Group III had the highest rate of Child A to B progression
(21 of 34, 61.8%), followed by <3.5 albumin (50.0%), and
<100 PT (48.8%) (Table 2). A significant relationship was
found between group (I+1I) and group III (crude RR = 2.44,
95%CI = 1.33-4.48, P<0.01), and between group II and group
11T (2.95, 1.40-6.24, P<0.01), with a trend of significance
(P<0.05). No significant increase of other predictors was
revealed. PSI and the common useful predictors such as
albumin and platelets were included in multivariate analysis;
only group III remained significant (adjusted RR = 2.98,
95%CI = 1.29-6.87, P<0.05).

The group with <10 platelets had the highest incidence
of HCC and the highest progression of varices (30.3%,
47.1%, respectively). On multivariate analyses, no significant
associations were found between PSI and incidence of HCC
or progression of esophagogastric varices.

DISCUSSION

Even if physical symptoms and serum biochemical tests
indicate the eatly phase of LC-C, the patient may already have
occult advanced hepatic damage. PSI is a possible predictor
of occult progressive stages of LC-C for outcome patients.
While PSI obtained by per-rectal portal scintigraphy has its
own weaknesses (it emphasizes PSS via the inferior mesentetic
vein, rather than via the superior mesenteric vein, and

< A B c &
N c
~ 100 21/34 pts (62%) :15/41 pts (37%) .2 A
3 — 6/33 pts (18% o pts (62%) } p _
2100+ —_ Gl s /33 pts (18%) o Group IT i - 2 607 8l ns 11/35 pts (31%)
0] GII < 80 reeed ] 2ol —ans sopeaeeinte
2 g0 —GIws 2 [ SV . em_JP= o.oqu"OUp i}
g .. G Jall P:NS 55 6. 0) |Group I 54 —-GHVSJNS'T::G_mu_ %/ﬂLtS(ZZO/o)
g 60- -- g %%Ivsj Goupl 58 - 0 sl om b P
- > = — F
I 40 8/34 pts (24%)’ £840- T=SE 1 = - I__| 4133 pts (12%)
-—— — (1]
; 204 ==—====__ g @ 20+ —§ ﬁ{sjﬁe 0.060 ‘z>3 20 Group I
= Group TL ~ 6/41 pts (15%) & . oS P00l Z 107
E 0 T T T T T 0 T — I\I T E 0 T T T T T
g 0 5 10 15 20 25 0 5 10 15 20 25 8 0 5 10 15 20 25
Time (yr) Time (yr) 2 Time (yr)

Figure 2 The probability of each life-threatening complication. A: The cumulative
incidence rate of HCC (n = 108). B: The cumulative progression rate of Child A
to B (n = 107). C: The cumulative progression rate of esophagogastric varices
(n'=109). The continuous line shows group | (PSI < 10%); the large dotted line

Table 1 Characteristics by portal shunt index at entry

shows group Il (10%<PSI<30%); and the small dotted line shows group Il (30%
< PSI). Child A, Child-Pugh stage A; PSI, portal shunt index; pts, patients; GI,
group I; GlI, group II; GllI, group llI; NS, not significant.

Group | Group I Group Il
PSI<10% 10%<PSI<30% 30%=<PSI P
Sex (Male/Female), n 25/13 31/15 30/8 NS 2
Age, yr 48.4+11.7 54.3+13.0 54.949.9 <0.01 1
Albumin, g/dL 4.0+0.5 4.0+0.3 3.6£0.4 <0.01 3
Total bilirubin, mg/dL 0.8+0.3 0.9+0.4 1.1+04 <0.05 1
Prothrombin time, % 95.4+17.2 94.5+15.5 92.5+20.2 NS 1
Platelets, /mm? 16.4+5.7 14.746.9 10.6+5.0 <0.01 1

ANOVA: analysis of variance, PSI: portal shunt index, NS: not significant. Data are expressed as mean+SD. *Kruskal-Wallis test, 2Mantel-Haenszel test, ’ANOVA.
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Table 2 Relative risks of possible predictors for Child-Pugh stage A to B progression

Classification of Proportion of Child-Pugh !Relative risks
predictor at entry stage A to B progression, n/N (%) Crude RR (95%Cl) 2Adjusted RR (95%Cl)
Sex Female 16/34 (47.1) 1.00
Male 31/73 (42.5) 1.47 (0.76-2.84)
Age (per 1yr) 0.99 (0.96-1.01)
Albumin, g/dL 35+ 25/63 (39.7) 1.00 1.00
<35 22/44 (50.0) 1.49 (0.83-2.67) 0.98 (0.49-1.95)
Total bilirubin, mg/dL <1.0 32/69 (46.4) 1.00
1.0+ 15/38 (39.5) 1.27 (0.68-2.39)
Prothrombin time, % 100+ 27/66 (40.9) 1.00
<100 20/41 (48.8) 1.06 (0.59-1.91)
Platelets, /mm? 10+ 32/73 (43.8) 1.00 1.00
<10 13/32 (40.6) 1.60 (0.81-3.16) 1.40 (0.68-2.86)
Portal shunt index Group | 11/32 (34.4) 1.51 (0.65-3.51) 1.67 (0.70-3.99)
Group Il 15/41 (36.6) 1.00 1.00
Group Il 21/34 (61.8) 2.95 (1.40-6.24)" 2.98 (1.29-6.87)
(P trend <0.05) (P trend: NS)
Group (I+11) 26/73 (35.6) 1.00 1.00
Group lI 21/34 (61.8) 2.44 (1.33-4.48)¢ 2.36 (1.17-4.78)°

3P<0.05 vs Group |1 PSI, °P<0.01 vs Group II PSI, °P<0.05 vs Group (I+1) PSI, 9P<0.01 vs Group (I+1) PSI, NS: not significant. 'RR and their 95% CI were determined by a
Cox’s regression model. ?This model includes albumin, platelets, PSI. Group I, PSI<10%; Group II, 10%<PSI<30%; Group III, 30%<PSI; Group (I+11), PSI<30%. CI:
Confidence interval, RR: Relative risk, PSI: Portal shunt index, n; progression proportion, N; total proportion.

expresses the extent of PSS indirectly), it should be useful
for the observation of LC-C because it is a simple and non-
invasive technique unlike hepatic venous catheterization.

In this study, we used *™Tc pertechnetate for per-rectal
portal scintigraphy because of its short half-life and low
cost!'. Our study had three major findings.

First, there was no correlation between the porto-systemic
hypertension and HCC incidence. This finding suggests that
HCC occurs independently of the decrease in hepatic blood
flow due to the development of PSS.

Second, patients with LC-C of Child A will progress to
Child B rapidly after their PSI reaches 30% or higher. Shiomi
et alP), have reported that changes in the portal hemodynamics
of chronic liver disease subjects were not gradual. The
development of PSS causes hepatic functional reserve to
deteriorate rapidly. We propose that per-rectal portal
scintigraphy is useful to predict occult progressive portal
hypertension and liver failure in the eatly phase of LC-C,
on the basis of the strong relationship between PSI and the
Child-Pugh staging.

Third, the natural advance of PSS has relevance to
esophagogastric varices progression in patients with the eatly
phase of LC-C. Other authors have reported that the porto-
systemic pressure gradient is a strong predictor for varices
progression!"'”). But in this study, PSI showed no statistical
advantage over platelets, albumin, or T-bil for detecting the
progression of varices. The reason why PSI was worse than
these laboratory data is because esophagogastric varices
mainly reflect the flow of superior mesenteric vein.

Progressive viral hepatitis has been acknowledged as a
major indication for liver transplantation®**!l. Kiuchi ez 2/,
have emphasized the need to evaluate the recipients
preoperatively. One of the important recipient factors is
the presence of collateral circulation™!. Bruix ¢# /!, have
reported that LC patients with increased portal pressure
are at high risk of hepatic decompensation after resection
of HCC. We propose that preoperative per-rectal portal

scintigraphy would be useful for early detection of occult
portal hypertension, to assess graft size requirement to
prevent graft failure after liver transplantation, or to avoid
liver failure after hepatectomy.

In summary, physicians can monitor the porto-systemic
hypertension gradient in LC patient during the outcome
observation petiod by using “non-invasive” pet-rectal portal
scintigraphy; on the other hand, measurement of HVPG
needs hospitalization. In the eatly phase of LC-C, PSI can
be used to predict occult progressive PSS and liver failure.
Therefore, even for patients diagnosed as being in the early
phase of LC-C on the basis of other indicators, those with
an initial PST 230% should be observed by keeping eatly
liver transplantation, or liver failure after hepatectomy in
mind; HCC should be watched for, regardless of PSI.
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