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INTRODUCTION
Esophageal variceal bleeding is a serious and potentially 
life-threatening complication of  liver cirrhosis[1-4]. No 
simple noninvasive method which accurately predicts 
esophageal variceal bleeding is available so far and 
endoscopists have had to perform endoscopy every 3 
to 6 mo to evaluate patients with previously bleeding 
esophageal varices[5,6]. However, this approach is costly and 
not all patients with liver cirrhosis and esophageal varices 
are good candidates for such procedures[7].

Per rectal portal scintigraphy is a noninvasive method 
for evaluation of  portosystemic shunting using portal 
shunt index (SI) calculated from radioactivity curves of  the 
liver and the heart. In humans, such an SI shows a good 
correlation with portal pressure measured by percutaneous 
transhepatic portography or intraoperative method[8]. 
Portal scintigraphy is also clinically useful, especially in 
establishing prognosis of  cirrhotic patients with varying 
shunt indices[9]. Evaluating portal pressure using per rectal 
portal scintigraphy may be easily performed and might 
provide information on risk of  variceal bleeding.

The aim of  this study was to determine the benefit 
of  per rectal portal scintigraphy for evaluation of  
non-bleeding esophageal varices, bleeding esophageal 
varices and normal control subjects. We also compared 
different portal shunt indices, Child-Pugh grades and 
endoscopic appearances in various groups and examined 
the correlation between the portal SI and risk of  variceal 
bleeding. 

MATERIALS AND METHODS
Normal subjects and patients
Normal subjects: Normal adult volunteers of  both 
sexes, with a minimum age of  18 years, were recruited. An 
attempt was made to obtain subjects in well distributed 
age groups, and equal in number for both sexes. All of  
the subjects were in good health, with no history of  the 
liver and vascular diseases, or use of  medication, alcohol 
or any substances that might affect the liver. The liver 
function test was normal, and tests for viral hepatitis (B, 
C) were negative or revealed immunized status. Hepatic 
ultrasonography was also performed to rule out structural 
liver disease or hepatocellular carcinoma. 
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Abstract
AIM: To investigate potential roles of per rectal portal 
scintigraphy in diagnosis of esophageal varices and 
predicting the risk of bleeding.

METHODS: Fifteen normal subjects and fifty cirrhotic 
patients with endoscopically confirmed esophageal 
varices were included. Patients were categorized into 
bleeder and non-bleeder groups according to history 
of variceal bleeding. All had completed per rectal 
portal scintigraphy using 99mTechnetium pertechnetate. 
The shunt index was calculated from the ratio of 
99mTechnetium pertechnetate in the heart and the liver. 
Data were analyzed using Student’s t -test and receiver 
operating characteristics.

RESULTS: Cirrhotic patients showed a higher shunt 
index than normal subjects (63.80 ± 25.21 vs  13.54 ± 
6.46, P < 0.01). Patients with variceal bleeding showed a 
higher shunt index than those without bleeding (78.45 ± 
9.40 vs  49.35 ± 27.72, P  < 0.01). A shunt index of over 
20% indicated the presence of varices and that of over 
60% indicated the risk of variceal bleeding.

CONCLUSION: In cirrhotic patients, per rectal portal 
scintigraphy is a clinically useful test for identifying 
esophageal varices and risk of variceal bleeding. 
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Patients: Cirrhotic patients of  either alcoholic or viral 
in etiology who had signs of  portal hypertension, and a 
history or physical signs suggesting esophageal varices, or 
even esophageal variceal bleeding, were asked to participate 
in this study. Only patients with endoscopically confirmed 
esophageal varices were included. The esophageal varices 
were graded according to criteria developed by the 
Japanese Research Society for Portal Hypertension[10]. 
Thorough medical examination and interview for the 
history of  gastrointestinal bleeding were performed. Only 
cirrhotic patients with esophageal varices were included 
in this study. The initial laboratory tests performed in 
this study included complete blood count, liver function 
test, viral hepatitis (B, C) profile, and renal function 
test. All patients were graded according to Child-Pugh 
classification. The etiology of  bleeding was considered to 
be variceal if  either actively bleeding varices were observed 
by endoscopy or if  varices were endoscopically found 
without other sources of  bleeding.

Informed consent were obtained from all patients and 
the protocol was in conformity with the ethical guidelines 
of  the Declaration of  Helsinki and the Clinical Research 
Committee at Chiang Mai University Hospital.

Measurement of the portal shunt index
The procedure used for per rectal portal scintigraphy was 
the same for both normal subjects and cirrhotic patients[9]. 
After fasting overnight for at least 6 h, the rectum was 
emptied by administration of  laxatives (unison enema 100 
mL). A polyethylene device (Terumo® feeding tube Fr.8) 
was inserted deep into the rectum with the tip of  the tube 
being placed in the upper rectum, 20 cm above the anal 
verge, to avoid absorption into the systemic circulation via 
the inferior rectal vein in the lower rectum. To generate 
time-activity curves, a gammascinti camera with a large 
field of  view (Apex SP4, El-Scint Co., Israel), equipped 
with a low-energy, multipurpose, parallel-hold collimator 
was used. The collimator was positioned over the patient’s  
abdomen so that the field of  view would always include 
the heart, the liver, and the spleen. Ten millicuries (2 mL) 
of  99mTechnetium pertechnetate, followed by 15 mL of  
air, was infused into the rectum through the tube. The 
sequential images were generated from counts in their 
areas of  interest (AOI). For color display, the summed 
images were reconstructed by grouping of  20 s per image 
from the original 60 images. 99mTechnetium pertechnetate 
is commonly used in diagnostic scanning and imaging 
both in clinics and research. The procedure is safe and 
readily applicable because of  the amount and short half  
life of  radioactive substance used. Portal pressure increases 
shortly after an episode of  variceal bleeding[11] and is 
stable over 72 h after bleeding[12]. Therefore, per rectal 
portal scintigraphy in patients of  the bleeding group was 
performed 72 h after bleeding when the portal pressure 
returned to baseline level in order to determine the risk of  
that episode of  bleeding. 

Calculation of the portal shunt index
To calculate the amount of  blood that entered the portal 
system and went to the liver and the heart, we used the 

portal SI[8]. This index was derived from the ratio of  
99mTechnetium pertechnetate in the heart and the liver at 
the exact time as shown in the following equation. 
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n = time at which radionuclides appeared in the area of  
the liver (s).

n′ = time at which radionuclides appeared in the area 
of  the heart (s).

Xi (L) = the count per 5 s over the AOI of  the liver.
Xi (H) = the count per 5 s over the AOI of  the heart.
In normal portal circulation, the transit time of  blood 

circulation from the liver to the heart via hepatic veins and 
inferior vena cava was 18-26 s, and the scinti images were 
acquired in 5 s per image. The SI was calculated at the 
time of  n + 25 s. The results were shown as the pattern of  
time-activity curves and summed-images. 

Statistical analysis
Results were expressed as mean ± SD. The significance of  
difference between mean values was evaluated by Student’s  
t-test. Differences with probability values of  less than 
0.05 were considered to be significant. The selection 
of  an appropriate cutoff  point of  portosystemic shunt 
for the presence of  esophageal varices and the risk of  
variceal bleeding was analyzed by the receiver operating 
characteristic (ROC)[13]. 

RESULTS
The normal control group consisted of  eight male and 
seven female subjects (aged 28-59 years, mean 44.3 years). 
Fifty cirrhotic patients (45 males and 5 females), of  various 
etiologies, aged between 30 and 70 years (mean 46.9 years) 
were recruited in this study. The baseline characteristics of  
all study patients are shown in Table 1. The patients were 
categorized into two groups according to their history of  
variceal bleeding, namely a non-bleeding group including 
25 patients and a bleeding group with 25 patients. Bleeding 
was the first episode in all 25 patients in the bleeding 
group. All patients had received neither endoscopic variceal 
surveillance nor prophylactic treatment to prevent variceal 
bleeding. The two groups of  patients showed similar 
baseline characteristics with the exception of  alanine 
aminotransferase, total bilirubin, and prothrombin time. 
The severity of  liver disease in the bleeding group was 
higher than that of  the non-bleeding group. In the non-
bleeding group, etiologies of  liver disease were alcoholic in 
9, hepatitis viral B in 6, hepatitis viral C in 5, and alcoholic 
and virus in 5 cases. In the bleeding group, etiologies of  
liver disease were alcoholic in 20, hepatitis virus B in 3, 
and alcoholic and virus in 2 cases. The mean SI in normal 
subjects was 13.54% ± 6.46%. For the cirrhotic patients, 
the mean SI was 63.80% ± 25.21%. Normal subjects were 
found to have significantly lower average SI than cirrhotic 
patients with esophageal varices (P < 0.01). If  cirrhotic 
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patients were grouped as non-bleeding and bleeding, 
the mean SIs were 49.35% ± 27.72% and 78.45% ± 
9.40%, respectively. The average SI in bleeding group was 
significantly higher than in non-bleeding group (P < 0.01), 
as shown in Figure 1.

Analysis was done to discover any difference in 
SIs when the patients were sub-grouped according to 
etiologies (i.e. alcoholic, viral, or both), presence of  ascites, 
endoscopic appearances and Child-Pugh grade. Details are 
shown in Table 2. The mean SI was 78.87% ± 22.05% in 
cirrhosis from alcohol, 56.67% ± 24.08% in cirrhosis from 
virus, and 41.23% ± 23.47% in cirrhosis from alcohol plus 
viruses. The average SI in the etiology group of  alcohol 
significantly differed from that of  virus, and also that of  
alcohol plus virus (P < 0.05). The mean SI was 62.87% ± 
28.62% in cirrhotic patients without ascites and 65.92% 
± 23.64% in cirrhotic patients with ascites. The difference 
between both groups was not significant (P = 0.35). We 

used Child-Pugh classification to estimate the severity of  
liver disease in both bleeding and non-bleeding groups as a 
whole. The mean SI was 52.60% ± 25.31% in Child-Pugh 
grade A, 69.29% ± 22.34% in Child-Pugh grade B, and 
76.64% ± 22.01% in Child-Pugh grade C. The SI in Child-
Pugh grade A differed significantly (P < 0.05) from those 
in Child-Pugh grades B and C. Although the SI in Child-
Pugh grade B seemed to be lower than that in Child-Pugh 
grade C, the difference was not statistically significant (P = 
0.20).

Portal shunt index and endoscopic appearances of eso-
phageal varices
The esophageal varices were endoscopically graded 
according to the Japanese Research Society for Portal 
Hypertension by color, forms, location, diameters, and the 
red color sign (RCS). Variceal forms were classified into 
three types: straight (F1), enlarged tortuous (F2), and largest 
sized (F3). The mean SI was 57.03% ± 27.63% in F1 group, 
67.47% ± 24.99% in F2 group, and 72.65% ± 8.77% in F3 
group (Table 2). Mean SI in F3 group was higher than in 
F2 and F1 groups. The difference between the groups was 
statistically significant (P < 0.05). Mean SI in RCS-negative 
group was 52.94% ± 26.31% and in RCS-positive group 
was 68.16% ± 23.78%. The difference between both 
groups was not significant (P = 0.054). 

Portal shunt index and risk of esophageal variceal bleeding 
The receiver operating characteristic (ROC) showed the 
cutoff  point of  portal SI between normal subjects and 
cirrhotic patients at 20% with a 90.0% sensitivity and 
53.3% specificity. The cutoff  point of  portal SI between 
the cirrhotic patients with and without variceal bleeding 
was 60% with a 96.0% sensitivity and 72.0% specificity 
(Figure 2). Basically, the cirrhotic patients with esophageal 
varices who had a portal SI of  more than 60% might have 
high risk of  variceal bleeding, and the patients who had a 
portal SI more than 20% were likely to develop esophageal 
varices.

Table 1  Baseline characteristics of the study patients

 				    Control		  Non bleeder	    Bleeder
 				    (n  =15)		    (n  = 25)		   (n  = 25)

Age (yr)			                         44.27 ± 8.48	 49.32 ± 10.25	 44.25 ± 8.86
Sex (M/F)			                                 8/7		         20/5		       25/0
Presence of ascites (%)		                                  0		         10 (40)		         7 (28)
Hepatic encephalopathy (%)	                                 0		           0		         3 (12)
Serum albumin (g/dL)		                        4.55 ± 0.26	   3.16 ± 0.54	   2.76 ± 0.83
Alanine aminotransferase (U/L)	                      18.93 ± 4.03	 51.88 ± 45.9	 77.12 ± 61.41b

Serum bilirubin (mg/dL)	                        0.65 ± 0.19	   2.49 ± 1.16	   5.27 ± 6.55b

Prothrombin time (s)		                                  -		    2.67 ± 1.02	   3.27 ± 2.43b

Etiology of cirrhosis
	 Alcohol		                                  -		           9		         20
	 Hepatitis B virus	                                 -		           6		           3
	 Hepatitis C virus	                                 -		           5		           0
	 Alcohol and virus	                                 -		           5		           2
Child-Pugh  A		                                  -		         13		           8
	   B		                                  -		           9		           9
	   C		                                  -		           3		           8

bP < 0.01 vs bleeder and non bleeder group.
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Figure 1  Comparison of portal shunt index in normal subjects and cirrhotic 
patients, with and without variceal bleeding. Data shown as mean (horizontal bar) 
± SD (vertical bar).
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DISCUSSION
In this study, we used per rectal portal scintigraphy to 
detect and investigate portosystemic shunting in order to 
determine the difference among the bleeding, the non-
bleeding cirrhotic and the normal control groups. We 
found that the SI was higher in the bleeders compared 
with other groups. The SI correlated with the severity of  
liver disease and the size of  esophageal varices. Bleeding 
from the varices was a major complication of  portal 
hypertension that may vary according to the severity 
of  portal hypertension. The cumulative survival rate of  
patients with esophageal varices was significantly lower 
than that of  patients without varices[14]. The cumulative 
survival rate of  patients with portosystemic shunting seen 
by scintillation splenoportography was also significantly 
lower than that of  patients without such a shunt [15]. 
Many factors could potentially be used to predict variceal 
bleeding in cirrhotic patients with esophageal varices. 
These predictors include the following: (1) local factors 
such as variceal size, vessel radius, or red color sign; (2) 
hemodynamic factors: portal pressure > 12 mmHg, blood 
volume, and collateral blood flow; and (3) severity of  liver 
disease[10]. In general, the direct measurement of  portal 
pressure is performed invasively and not readily available 
in many clinical settings. In those circumstances, indirect 
measurement of  portal pressure, such as portosystemic 
shunt evaluation may be used instead. Recently, various 
methods of  measuring portosystemic shunt have been 
developed, and the relationships between the risk of  
variceal bleeding and the extent of  portosystemic shunt 
have been studied.

Per rectal portal approach in the measurement of  
portal circulation using various radionuclides has been 
described as a relatively non-invasive method by many 
researchers[9,16-19]. In our present study, we chose to 
perform non-invasive per rectal portal scintigraphy using 
99mTechnetium pertechnetate because this radionuclide 
is well absorbed by the rectum, has a short half  life and 

large doses could be used[20]; it also generates images useful 
for diagnosis and is economical. The SI from per rectal 
scintigraphy also correlated well with the degree of  portal 
pressure[9]. In this study, the mean SI in cirrhotic patients 
with esophageal varices was significantly higher than 
that in normal subjects. The cutoff  level of  SI indicating 
development of  esophageal varices derived from the ROC 
was 20%. All six cirrhotic patients with esophageal varices 
whose SIs were less than 20% belonged to Child-Pugh 
grade A and had less severe variceal forms without red 
color signs than patients with esophageal varices and an 
SI more than 20%. None of  these six patients with small 
varices bled.

We also studied the association between Child-Pugh 
class, etiology of  cirrhosis and portal scintigraphy in 
cirrhotic patients with esophageal varices. The mean SI 
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Figure 2  ROC curves of the portal shunt indices. A: Between normal subjects and 
cirrhotic patients with esophageal varices; B: Between cirrhotic patients with and 
without variceal bleeding (bleeder vs non-bleeder). +  Indicates a cutoff point with 
maximum discrimination.
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Table 2  Portal shunt index in cirrhotic patients according to 
the etiologies of cirrhosis, presence of ascites, Child-Pugh grade 
and endoscopic appearances

				              n        Portal shunt 
					         index (%)

Etiology of cirrhosis
         	 Alcohol			                29        78.87 ± 22.05
	 Virus1			                14        56.67 ± 24.08
	 Alcohol with virus1		                 7        41.23 ± 23.47
Ascites	 Absence			                33        62.87 ± 28.62
	 Presence			                17        65.92 ± 23.64
Severity of liver diseases	 Child A	              21        52.60 ± 25.31
			   Child B	              18        69.29 ± 22.34
			   Child C	              11        76.64 ± 22.01
Endoscopic appearances	 F1	              14        50.03 ± 27.63
			   F2	              20        67.47 ± 24.99	
 	   		  F3	              16        72.65 ± 8.77
			   RCS-positive           27        68.16 ± 23.78
			   RCS-negative          23        52.04 ± 26.31

1 Including hepatitis B virus and hepatitis C virus.



in Child-Pugh grade C was higher than that of  Child-
Pugh grade B and grade A, with a significant difference 
between grade C and A. The SI tended to be higher in 
patients with more severe liver disease. Because the Child-
Pugh classification correlated well with the severity of  liver 
disease, serial measurement of  portal circulation by SI 
might be helpful in investigating the progress of  cirrhosis. 
The SI in alcoholic cirrhosis was significantly higher than 
other etiologies because of  more severe liver disease in 
alcoholic group. The SI in patients with alcohol and virus 
cirrhosis was lower compared with cirrhosis induced by 
alcohol or virus alone. This might possibly result from the 
small number of  patients in alcohol with virus group. The 
SIs in cirrhotic patients with and without ascites were not 
significantly different. In comparison of  the SI in different 
variceal forms, there were significant differences among 
the size of  varices. Higher SIs were found in patients 
with higher variceal forms. There was a good relationship 
between SI and the size of  esophageal varices. 

The SI values in the present study were significantly 
different in cirrhotic patients with and without variceal 
bleeding. It was presumed that an increasing flow of  
blood through the collateral of  inferior mesenteric veins 
measured by portal scintigraphy reflected the increasing 
pressure in the portal system, the development and the 
size of  esophageal varices. This increasing pressure was at 
a certain level, adequately high for the varices to rupture. 
So the higher the SI, the higher was the risk of  bleeding. In 
this study, the SI was clearly demonstrated to be a useful 
predictor of  the risk of  bleeding. By ROC, an SI of  more 
than 60% correlated with esophageal variceal bleeding. We 
presumed that if  cirrhotic patients had an SI of  more than 
20%, they would have adequate portal pressure to develop 
the esophageal varices, and if  the SI was more than 60% 
they carried the risk of  variceal bleeding. However, further 
prospective, longitudinal studies are needed to confirm 
these results.

In conclusion, this study suggests that portosystemic 
shunt, represented by the SI and evaluated by per rectal 
portal scintigraphy, is higher in cirrhotic patients with 
esophageal varices. The magnitude of  blood shunting 
through these tributaries correlates well with the etiology 
and severity of  cirrhosis and the risk of  variceal bleeding. 
An SI of  more than 60% in cirrhotic patients with 
esophageal varices reflects a high risk of  variceal bleeding. 
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