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Abstract
AIM: To investigate recurrent variceal hemorrhage and 
long-term survival rates of patients treated with partial 
proximal splenorenal venous shunt.

METHODS: Patients with variceal hemorrhage who 
were treated with small-diameter proximal splenorenal 
venous shunt in Ruijin Hospital between 1996 and 2009 
were included in this study. Shunt diameter was deter-
mined before operation using Duplex Doppler ultraso-
nography. Peri-operative and long-term results in term 
of rehemorrhage, encephalopathy and mortality were 
followed up.

RESULTS: Ninety-eight patients with Child A and B 
variceal hemorrhage received small-diameter proximal 
splenorenal venous shunt with a diameter of 7-10 mm. 
After operation, the patients’ mean free portal pressure 
(P  < 0.01) and the flow rate of main portal vein (P  < 
0.01) decreased significantly compared with that before 
operation. The rates of rebleeding and mortality were 

6.12% (6 cases) and 2.04% (2 cases), respectively. 
Ninety-one patients were followed up for 7 mo-14 years 
(median, 48.57 mo). Long-term rates of rehemorrhage 
and encephalopathy were 4.40% (4 cases) and 3.30% 
(3 cases), respectively. Thirteen patients (14.29%) died 
mainly due to progressive hepatic dysfunction. Five- 
and ten-year survival rates were 82.12% and 71.24%, 
respectively.

CONCLUSION: Small-diameter proximal splenorenal 
venous shunt affords protection against variceal rehem-
orrhage with a low occurrence of encephalopathy in 
patients with normal liver function. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Total portacaval shunt provides an excellent therapeutic 
effect for hemorrhage due to esophageal and/or gastric 
varices as portal venous pressure decreases to a normal 
range. However, there is a deleterious effect on liver func-
tion due to the complete loss of  prograde portal flow 
which is accompanied with a high encephalopathy rate[1]. 
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To reduce the complications caused by total portacaval 
shunt, partial portacaval shunt has been developed since 
the 1980s in an attempt to effectively decompress the 
portal vein while maintaining prograde portal flow to the 
liver to diminish postoperative encephalopathy. Several 
centers have validated the hemodynamic advantage of  
partial portacaval shunts, which significantly reduced the 
episodes of  encephalopathy compared with the shunts 
that totally divert portal flow[2-5]. The theory of  the small-
diameter portacaval shunt is based on that variceal hem-
orrhage will not occur if  the pressure gradient between 
the portal system and the systemic caval system is about 
12 mmHg (about 16.3 cmH2O)[6,7]. The most popular 
small-diameter portacaval H-graft decompressive shunt 
proposed by Sarfeh et al[1] involves placement of  an 8-mm 
diameter polytetrafluoroethylene (Gore-Tex) graft be-
tween the portal vein and inferior vena cava.

The operation of  partial portosystemic shunt was ini-
tiated in the 1990s in our center. In 1991, we firstly inves-
tigated the relationship between portal venous diameter 
(PVD), free portal pressure (FPP) and collateral venous 
diameters in percutaneous transhepatic portography 
(PTP)[8], and found that FPP could decrease to 2.64 kPa 
(26.94 cmH2O) when the portosystemic shunt diameter 
(SD) was 67% of  PVD. In the studies of  Rousselot et al[9]  
and Burcharth et al[10], no bleeding episodes due to gas-
troesophageal varices occurred if  FPP was 2.64 kPa 
(26.94 cmH2O). This data outclasses the normal range 
of  PVP (1-5 mmHg, 6.79-13.58 cmH2O). According to 
the data from PTP, the suitable SD could be determined 
before operation. However, PTP is a kind of  traumatic 
examination and not suitable for every patient. Thus, 
Duplex Doppler ultrasonography was introduced to de-
termine SD before the shunting[11]. We had established 
an equation to calculate SD based on portal venous flow, 
superior mesenteric venous flow and PVD[11]. Since 1996, 
proximal splenorenal venous shunting with predicted 
portal SD has been carried out in 98 patients with hyper-
splenism and esophageal variceal hemorrhage. This is a 
retrospective analysis of  our experience with proximal 
splenorenal venous shunting with small stoma.

MATERIALS AND METHODS
Patients with hepatic cirrhosis and portal hypertension re-
ceived proximal splenorenal venous shunt in the Depart-
ment of  Surgery of  Ruijin Hospital, Shanghai Jiaotong 
University School of  Medicine. The study design was 
approved by the independent ethics committee of  Ruijin 
Hospital. Inclusion criteria consisted of  Child A or B 
(score less than 7 points)[12], prograde hepatic portal flow, 
splenomegaly and hypersplenism, absence of  refractory 
ascites, absence of  encephalopathy, absence of  portal 
thrombosis, and hemorrhage due to esophageal and/or 
gastric varices or portal gastropathy. 

Preoperational examinations for clinical conditions 
and laboratory tests including blood cell counts, hepatic 

function and blood coagulation, were made in all pa-
tients. Esophageal variceal hemorrhage was confirmed by 
endoscopic examination. Encephalopathy was assessed 
from stage 0 to 4 by West Haven classification system[13]. 
Ascites was classified as absent, moderate (clinically evi-
dent, but well-controlled with fluid restriction and oral 
diuretics), or severe (abdominal distention refractory to 
fluid restriction and maximal diuretic therapy). The diag-
nosis of  hypersplenism was established with the presence 
of  splenomegaly and significant reduction of  blood cell 
counts. The patients were staged by Child classification 
and preshunt model for end-stage liver disease (MELD) 
score. Hemodynamics of  portal venous system was doc-
umented by Duplex Doppler ultrasonography including 
portal vein, splenic vein and superior mesenteric vein. 

In our previous study[11], an equation was established 
to calculate the SD according to PVD, PVF and splenic 
venous flow (SVF) of  Duplex Doppler ultrasonography 
before operation, i.e. SD (mm) = PVD (mm) �� ���������  ×����������    [1 - SVF 
(mL/min)/PVF (mL/min)]1/4 × 67%. 

The procedure of  operation included splenectomy 
and small-diameter proximal splenorenal venous shunt-
ing. In brief, left Kocher incision at upper abdomen was 
undertaken in all patients. Splenectomy was performed 
and followed by the exposure of  splenic vein and left re-
nal vein. The diameter of  anastomosis was determined by 
the equation mentioned above. If  the diameter of  splenic 
veous stump was equal to pre-calculated SD, end-to-side 
anastomosis would be performed, otherwise, side-to-side 
anastomosis would be performed. Continuous suture was 
adopted using 5-0 Gore-Tex or 5-0 polypropolene. Free 
portal venous pressure was determined before splenec-
tomy, and before and after shunting.

Surgical complication, rehemorrhage, encephalopathy 
and operative mortality were recorded within 30 d after 
operation. Duplex Doppler ultrasonography was used 
to examine the portal venous system just before hospital 
discharge. After discharge, the following clinical manifes-
tations were monitored: rehemorrhage, encephalopathy, 
hepatic dysfunction or failure and the occurrence of  
hepatocellular carcinoma. Hematemesis and/or melana 
were considered as rehemorrhage. Encephalopathy was 
assessed as mentioned above.

Statistical analysis
SPSS 13.0 software for Windows was used for statisti-
cal analysis. Data were expressed as the mean ± SD and 
differences were considered significant at P < 0.05. Re-
peated measure analysis was performed to compare the 
change of  FPP before and after shunting. Statistical sig-
nificance of  hemodynamic changes of  portal vein before 
and after shunting was determined using paired t test. 
Survival probabilities of  patients and survival curves were 
determined by life table analysis using the Kaplan-Meier 
method. A comparison of  survival probabilities between 
Child A and Child B, or MELD (4-6) and MELD (7-10) 
was made using Wilcoxon (Gehan) statistics.
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RESULTS
From May 1996 through March 2009, 98 patients, aged 
19-73 years, received small-diameter proximal splenorenal 
venous shunt in our department. The preoperative clini-
cal data of  the patients and laboratory tests are shown in 
Table 1. As a result, 88.78% of  hepatic cirrhosis was due 
to hepatitis B infection, and the rest was due to various 
reasons including blood fluke (5), cryptogenic causes (3), 
alcohol intake (2) and hepatitis C (1). Splenomegaly and 
hypersplenism were observed in all patients while no as-
cites and encephalopathy were found before shunting.

Pre-calculated SD was 7 mm in 3 patients, 8 mm in 
54 patients, 9 mm in 23 patients and 10 mm in 18 pa-
tients, respectively. After splenectomy, reduction of  mean 
FPP was 14.97% (P < 0.01) (Table 2). After shunting, the 
mean of  free portal pressure decreased to 29.18 cmH2O 
(range, 21-39 cmH2O) with a rate of  31.53% (P < 0.01) 
(Table 2, Figure 1).

After operation, Duplex Doppler ultrasonography 
was undertaken in 50 patients. The diameter and flow 
rate of  main portal vein were decreased significantly after 
shunting compared with that before operation (P < 0.01) 
(Table 3). The flow velocity of  portal vein was also re-
duced but not significantly (P = 0.088).

Postoperative complications were observed in 13 
patients (13.54%) during hospitalization. Six patients 
(6.12%) had gastrointestinal bleeding after shunting, in-
cluding hematemesis in three and melana in three. The 
cause of  rehemorrhage was portal venous thrombosis 
in 4 patients. Rebleeding was controlled by conservative 
treatment or endoscopic sclerosing therapy, and venous 
thrombosis was treated by thrombolytic treatment. Ab-
dominal bleeding occurred in 5 patients (5.1%). Among 
them, one patient received surgical treatment while the 
others recovered after conservative treatment. Spontane-
ous hemothorax and severe ascites were observed each in 
one patient (1.02%), who was recovered after expectant 
therapy. 

Seven patients were lost to follow-up after discharge. 
The other 91 patients were followed up for a median pe-
riod of  48.57 mo (range, 7 mo to 14 years).

After discharge, 4 patients (4.40%) had rehemor-
rhage including hematemesis in two and melana in two. 
Encephalopathy was observed in three patients (3.30%), 
one of  them received liver transplantation and the others 
received conservative treatment. 

The 30-d perioperative mortality was 2.04% (2). One 
patient died of  hematemesis after 28 d and another one 
died of  abdominal bleeding and disseminated intravascular 
coagulopathy. Seven patients (7.27%) died 1 year after op-
eration. The 5-year and 10-year mortality rates increased 
to 16.57% (15) and 27.64% (25) respectively after opera-
tion (Table 4, Figure 2). Among the 13 deaths, 8 patients 
died of  progressive hepatic failure, and 5 died of  hepa-
tocellular carcinoma. One patient died of  uncontrolled 
gastrointestinal rehemorrhage, and one died of  unknown 
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Table 1  Patients’ demographics and laboratory tests (mean 
± SD)  n  (%)

Items Total No. of patients (98)

Age (yr) 45.1 ± 9.1 (19-73)
Sex
   Male    80 (71.43)
   Female    18 (18.37)
Cause of cirrhosis
   Hepatitis B    87 (88.78)
   Others    11 (11.22)
Esophageal and/or gastric variceal 
bleeding

98 (100)

White cell count (× 109/L)   2.7 ± 1.3
Red cell count (× 1012/L)   3.63 ± 0.68
Hemoglobin (g/L)   97.58 ± 22.55
Blood platelets count (× 109/L)   57.53 ± 26.28
Serum total bilirubin (mmol/L) 20.47 ± 8.05
Serum albumin (g/L) 36.23 ± 4.14
Child classification
   A    75 (76.53)
   B    23 (23.47)
MELD score   6.87 ± 1.25

MELD: Model for end-stage liver disease.

Table 2  Change of free portal pressure during shunt opera-
tion (n  = 98) (mean ± SD)

Before 
splenectomy

Before 
shunting

After 
shunting

FPP (cmH2O) 42.62 ± 5.90 36.24 ± 5.231 29.18 ± 3.692,3

1Before splenectomy vs before shunt, P = 0.000; 2Before splenectomy vs 
after shunting, P = 0.000; 3Before shunting vs after shunting, P = 0.000. 
FPP: Free portal pressure. 

Figure 1  Change of portal pressure during operation (n = 98). Time point 1: 
Before splenectomy; Time point 2: After splenectomy and before shunting; Time 
point 3: After shunting.
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Table 3  Hemodynamic changes of portal vein before and 
after shunting by Duplex Doppler ultrasonography (n  = 50) 
(mean ± SD)

Portal vein Before shunting After shunting

Diameter (mm) 13.91 ± 1.61  12.38 ± 1.82a

Flow velocity (cm/s) 17.79 ± 8.28 15.41 ± 7.55
Flow rate (mL/min) 1561.58 ± 582.64    965.27 ± 512.14a

aP = 0.000.
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cause. For patients with Child A variceal hemorrhage, the 
survival after shunting was similar to those with Child B 
variceal hemorrhage (P > 0.05) (Figure 3). The long-term 
survival rate in patients with variceal hemorrhage with 
MELD score 7-10 was similar to those with MELD score 
4-6 as well (Figure 4). 

DISCUSSION
Since liver transplantation becomes the most promising 
treatment for advanced hepatic diseases in terminal stage, 
surgical shunting has been much less practiced in treat-
ing cirrhotic patients with portal hypertension. However, 
not all cirrhotic patients, especially those with better 
liver function and variceal hemorrhage, have chance to 
receive liver transplantation in China. Therefore, surgical 
shunting is still the main treatment for controlling vari-
ceal hemorrhage. The present study was conducted to 
investigate the long-term effectiveness of  small-diameter 
proximal splenorenal venous shunt for patients with por-
tal hypertensive bleeding. 

The main etiology of  hepatic cirrhosis is hepatitis B in 
China. Splenomegaly and hypersplenism exist in almost all 
patients with portal hypertension simultaneously. Splenec-

tomy and proximal splenorenal venous shunt became the 
first modus operandi in our study. In addition, a high inci-
dence of  rebleeding and encephalopathy was observed in 
patients with Child C variceal hemorrhage who received 
small-diameter portacaval shunt[3]. There are also higher 
operative mortality and the lower long-term survival rate 
observed in patients with Child C variceal hemorrhage 
after partial portacaval shunting than those with Child A 
and B variceal hemorrhage[14]. So it has been suggested 
that the indication for partial portacaval shunting is Child 
A and some selected Child B variceal hemorrhage patients 
and the anticipated outcome of  shunting is at least equiva-
lent to that of  liver transplantation in these patients[14]. 
Thus only patients with Child A or B variceal hemorrhage 
were enrolled for shunting in our center and selective op-
eration was adopted instead of  urgent shunting. 

It was confirmed that small-diameter (mostly 8-10 mm)  
proximal splenorenal venous shunt could effectively pre-
vent variceal rehemorrhage in our study. Rebleeding rate 
in the peri-operative period (6.02%) was reasonable con-
sidering that the main cause of  bleeding was the thrombo-
sis. When compared with the results from other types of  
small-diameter portacaval shunt, the long-term rebleed-
ing rate was relatively low (4.04%). In H-graft portacaval 
shunting reported by Rosemurgy et al[15]. Collins et al[14],  
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Table 4  Actual cumulative survival and mortality after shunt-
ing (n  = 91)

Years after 
shunting

Cumulative 
survival (%)

Cumulative 
mortality (%)

Death (n)

0 95.43   4.57 4
1 92.81   7.19 2
2 88.21 11.79 3
3 86.45 13.55 1
4 84.44 15.56 1
5 82.12 17.88 1
6 79.29 20.71 1
7 75.69 24.31 1
8 71.24 28.76 1
9 71.24 28.76 0
10 71.24 28.76 0
11 71.24 28.76 0
12 71.24 28.76 0
13 71.24 28.76 0
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Figure 2  Survival curve for 91 patients undergoing small-diameter proxi-
mal splenorenal venous shunting.
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Figure 3  Comparison of survival curve for patients with Child A and Child 
B variceal hemorrhage undergoing small-diameter proximal splenorenal 
venous shunting.

P  = 0.679

Child A
Child B

Figure 4  Comparison of survival curve by model for end-stage liver dis-
ease scoring in patients undergoing small-diameter proximal splenorenal 
venous shunting. MELD: Model for end-stage liver disease.
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late rehemorrhage was 5.4% and 8%, respectively. In 
small-stoma (10-12 mm) side-to-side portacaval shunting 
by Johansen et al[16], 4 patients (8%) had rebleeding. The 
most important reason for the successful prevention of  
rehemorrhage is to maintain a relatively hypertensive por-
tal system (a higher FPP or portacaval pressure gradient). 
It was suggested that high portal pressures may reduce 
absorption of  potential neurotoxins from the gut[17]. We 
aimed to obtain 2.64 kPa (26.94 cmH2O) of  FPP after 
shunting. The FPP before and after shunting showed 
that this requirement is essential. The mean FPP after 
shunting was slightly higher than target value (29.18 cm vs 
26.94 cm) during the operation. The data by Sarfeh et al[18] 
showed that portal venous pressure would decrease after 
shunting. Although there is lack of  direct information 
concerning long-term portal hemodynamics of  shunting, 
our clinical observation suggested that higher FPP might 
have maintained in most cases.

As demonstrated by Bismuth et al[19], the small diameter 
side-to-side portacaval shunting was aimed to prevent 
hemorrhage by reducing variceal pressure while keeping 
considerable hepatic portal flow. However, the progres-
sive enlargement of  the stoma after shunting will even-
tually keep the total shunting of  blood away from the 
liver[2], which will consequently increase the incidence 
of  chronic encephalopathy. When compared with the 
results in a side-to-side portacaval anastomosis with small 
stomas, a low incidence of  encephalopathy was observed 
in our study. There are two potential reasons to explain 
the difference. First, one important intervention was 
that continuous suture using nonabsorbent stitches was 
adopted in our study instead of  using interrupted suture 
introduced by Capussotti et al[20] and Bismuth et al[19]. 
Although the underlying change of  anastomosis after 
shunting was not fully understood, we could hypothesize 
that the stoma might keep its original size for a long time 
after operation. The second important factor was that 
FPP reached a higher level after shunting. Prevention of  
encephalopathy depends on the preservation of  splanch-
nic venous pressure[17,21] and/or to preservation of  nutri-
ent hepatic blood flow[22]. However, it has been shown 
that long-term outcome after small-diameter H-graft por-
tacaval shunt was not determined by direction or reversal 
of  portal vein blood flow[23]. Johansen et al[16] suggested 
that portal vein pressure should not be reduced to nor-
mal range after portacaval shunting in order to prevent 
rehemorrhage and that maintenance of  a higher portal 
vein pressure could keep a prograde portal flow.

The long-term survival rate was considerable in our 
cohort of  patients. The 5-year and 10-year survival rates 
were 82% and 71% in patients with Child A and B vari-
ceal hemorrhage. After small-diameter H-graft portacaval 
shunting, a 7-year survival of  54% of  Child A and B risk 
was reported by Collins et al[14], and 5/10-year survival of  
67%/33% in Child A and 49%/16% in Child B reported 
by Rosemurgy et al[24]. Our long-term survival was higher 
than that of  the two studies. Two reasons might exist: 
first, primary hepatic disease was different. Most of  our 

patients suffered from hepatitis B compared with the pa-
tients with alcoholic cirrhosis in the Europe and United 
States. Second, some of  the reported cases were emer-
gent operations which might affect the long-term prog-
nosis. In our study, all of  the shunting was performed as 
selective operations. Progressive hepatic dysfunction was 
a major risk for late deaths. Eight of  13 patients died of  
hepatic dysfunction in this study. And there was no dif-
ference between Child A and Child B or between lower 
MELD scores in long-term survival. These results also 
suggested that there was a higher survival in patients with 
better liver function despite of  pre-shunting or post-
shunting. Although there are various prognostic factors 
such as age, occurrence of  hepatocellular carcinoma, 
cardiovascular diseases, etc., liver function is still a deter-
minant factor of  survival on the whole.

As a nonsurgical intervention, transjugular intrahe-
patic portosystemic shunt (TIPS) has been used to treat 
the complications of  portal hypertension. TIPS is ac-
cepted widely because of  its high rate of  decompressing 
the portal circulation, no requirement for anesthesia, 
very low procedure-related mortality and suitableness for 
severe cirrhotic patients. For control of  esophageal and 
gastric variceal bleeding, TIPS has an excellent hemo-
static effect (95%) with a low rebleeding rate (< 20%)[25]. 
However, encephalopathy and stent dysfunction are two 
major drawbacks[25]. Comparing with TIPS, small-diam-
eter proximal splenorenal venous shunt can also acquire 
a high rate of  bleeding control and low occurrence of  
encephalopathy. However, for patients with poor hepatic 
function, TIPS is more advantageous than partial porta-
caval venous shunt. As TIPS may not be the mainstream 
therapy in China, small-diameter proximal splenorenal 
venous shunting remains the first choice for the treat-
ment of  portal hypertension.

In conclusion, small-diameter proximal splenore-
nal venous shunting can be performed successfully in 
patients with better liver function. After shunting, the 
incidence of  variceal rehemorrhage can be controlled ef-
fectively and the incidence of  encephalopathy is reduced 
significantly as well. 

ACKNOWLEDGMENTS
The authors thank Dr. Yan-Yan Song for her help with 
statistical analysis and Dr. Lu Hui for his help in the revi-
sion of  the manuscript.

COMMENTS
Background
Total portacaval shunt provides an excellent effect of the treatment for hemor-
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liver function leading to a high encephalopathy rate. Partial portacaval shunt 
could effectively decompress portal vein while maintaining prograde portal flow 
to the liver to diminish postoperative encephalopathy. 
Research frontiers
This retrospective investigation analyzed the long-term outcome of proximal 
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prevented by this operation.
Innovations and breakthroughs
For patients with variceal hemorrhage, the suitable shunting diameter of anasto-
mosis could be calculated according to the hemodynamic data of portal venous 
system by Duplex Doppler ultrasonography before the operation of proximal 
splenorenal venous shunt.
Applications
Small-diameter proximal splenorenal venous shunt could be used to control 
the occurrence of variceal rehemorrhage effectively while the incidence of en-
cephalopathy can be reduced significantly.
Terminology
Small-diameter proximal splenorenal venous shunt: this is a surgical proce-
dure in which the proximal splenic vein is attached to the left renal vein with 
small-diameter anastomosis; Esophageal variceal hemorrhage: bleeding from 
esophageal varices due to portal hypertension.
Peer review
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management of these patients and the outcome. The authors did not mention 
the role of transjugular intrahepatic portasystemic shunting as an important part 
in the management of portal hypertension. 
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