
Acetylsalicylic Acid in the Prevention of Early Stenosis and 
Occlusion of Transjugular Intrahepatic Portal-systemic Stent 

Shunts: A Controlled Study 

LORENZ THEILMANN,~ PETER SAUER,~ THOMAS ROEREN,~ GERD  OTTO,^ JOACHIM C. ARNOLD,' 
GERD NOELDGE,~ GOETZ RICHTER~ AND ADOLF STIEHL 

'Department of Internal Medicine, 'Department of Radiology and 3Department of Surgery, University of Heidelberg, 
D-69115 Heidelberg, Germany 

Stenosis or occlusion of the transjugular intrahe- 
patic portal-systemic stent shunt may be initiated by 
aggregation and activation of thrombocytes on the 
surface of the metallic stent material. To find effective 
prevention of this event, we conducted a controlled 
trial administering acetylsalicylic acid for 3 mo. 
Forty-four patients (8 women and 36 men) with portal 
hypertension were included in this study. The patients 
were randomized into a group receiving 100 mg ace- 
tylsalicylic acidday (n = 21) or into a control group 
(n = 23). Treatment was started immediately after 
transjugular intrahepatic portal-systemic stent shunt. 
Three months after transjugular intrahepatic portal- 
systemic stent shunt, 15 patients in the acetylsalicylic 
acid group and 19 patients in the control group under- 
went clinical reevaluation, gastroscopy and recath- 
eterization with determination of the portal-systemic 
pressure gradient. No variceal bleeding occurred in 
any patients. In four patients in the acetylsalicylic acid 
group, erosive gastritis was observed in gastroscopy in 
contrast to only one patient in the control group. 
Complete patency of the stent was noted in 10 of 15 
patients in the acetylsalicylic acid group and in 14 of 19 
patients in the control group. Transjugular intrahe- 
patic portal-systemic stent shunt restenosis associated 
with a significant increase of the portal-systemic gra- 
dient occurred in five patients in the acetylsalicylic 
acid group, which required redilation in all and addi- 
tional stent placement for expansion of the stented 
tract in two patients. In the control group, redilation 
was necessary in five patients with additional stent 
extension in two patients. Transjugular intrahepatic 
portal-systemic stent shunt effectively prevented re- 
currence of variceal bleeding in the first 3 mo de- 
spite significant stent restenosis. The latter could not 
be prevented by acetylsalicylic acid treatment. 
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Diseases. 

Severe variceal bleeding occurs in more than 30% of 
patients with portal hypertension and is characterized 
by a high mortality rate (1, 2). After the first episode of 
bleeding more than 70% of these patients experience 
recurrent bleeding, often within 1 wk (3). Various 
approaches have been made to prevent rebleeding (4). 
Most commonly, sclerotherapy or p-blocker therapy is 
used either alone or in combination (2, 5 ,  6) .  Alterna- 
tively, shunt surgery has been performed to decrease the 
elevated portal pressure. Success of all therapeutic 
procedures to prevent recurrent bleeding from esoph- 
ageal varices is either limited with respect to recurrent 
bleeding or, after surgical therapy, is associated with a 
considerable morbidity rate (7). 

In recent years, a new nonsurgical technique for 
decompression of the portal system has been inaugu- 
rated, TIPSS (8,9). With this technique an intrahepatic 
shunt is created by means of placing a metallic stent 
between hepatic veins and the portal circulation. This 
method has been shown to be associated with a low 
mortality rate and to be highly effective in the pre- 
vention of rebleeding from esophageal varices, whereas 
the risk of portal-systemic encephalopathy developing 
was moderate (10-17). Follow-up studies of patients 
after TIPSS, however, have shown that already in the 
first year after TIPSS, many patients had significant 
narrowing of the stent lumen, resulting in an increase of 
the portal-systemic pressure gradient that required 
reintervention (14,181. Further studies have shown that 
these stents can be partially occluded by a fibroprolif- 
erative response (19,201. It has been presumed that the 
initial step for this event is the aggregation of platelets. 
Because platelet aggregation can be inhibited by drugs 
(e.g., ASA) and because no information on the effect of 
ASA on blood coagulation in the portal venous system 
was available, we performed a randomized trial to 
investigate the efficacy of ASA in the prevention of 
stenosis of TIPSS. 

PATIENTS AND METHODS 
The study was designed to examine the influence of ASA 

treatment on the prevention of TIPSS occlusion or stenosis 
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TABLE 1. Data of patients undergoing TIPSS and entering 
the study 

Grouo 

TABLE 2. Outcome of the groups of patients 
undergoing TIPSS 

Data ASA Controls Outcome 

No. of patients 
Mean age (yr) 
Sex (M/F) 
Cause of cirrhosis 

Alcohol 
Hepatitis B 
Hepatitis C 

Group 

ASA Control 

21 
56.8 f 11 

1615 

23 
49 f 10 

20/3 

Entering study 
Causes of death 

TIPSS" 
Pneumonia 

21 23 

1 - 
1 - 

19 
0 
1 

18 
3 
2 

Primary sclerosing cholangitis 1 0 
Scores in Child-Pugh classification 7.5 f 1.8 8.6 5 1.7 
Platelet count ( x 103/mm3) 
Portosystemic gradient (mm Hg) 23.2 f 4.8 25.4 ? 5.3 
Indication for TIPSS 

Bleeding 20 19 
Ascites 1 4 

111.3 f 74.6 121.9 f 69.5 

within the first 3 mo after TIPSS, after which the patients 
were reevaluated. The series included 44 patients admitted 
between March 1992 and March 1993 to the Department of 
Internal Medicine, University of Heidelberg, for TIPSS 
placement for portal decompression. A total of 39 patients had 
a history of at least three recurrent variceal bleeding episodes 
despite endoscopic sclerotherapy; the other 5 patients had 
ascites refractory to conventional therapy. The characteristics 
and data of the patients and the indication to perform TIPSS 
are shown in Table 1. All patients underwent upper gas- 
trointestinal endoscopy. The extent of esophageal varices was 
graded according to Paquet (21). Ascites was detected by 
ultrasound scan. Presence of encephalopathy was investigated 
by the number-connection tests in all patients in whom it was 
not already evident on clinical examination (22). 

TIPSS was performed as described in detail previously (9, 
23) by insertion of as many metal Palmaz stents (Johnson & 
Johnson Interventional Systems, Warren, NJ) as needed to 
cover the shunt tract of a length between 4 cm and 6 cm. 
Expansion of the stent was performed from 8 mm to 12 mm in 
diameter to reduce the pressure gradient between the portal 
system and the right atrium to 10 to 15 mm Hg. Before 
discharge of the patients, usually 3 to 4 days after TIPSS, 
proper shunt flow was examined by color duplex sonography. 

All patients received heparin continuously for the first 3 
days in a dose that elevated partial prothrombin time to 2.5 
times the upper normal limit; they also received prophylactic 
broad-spectrum antibiotic therapy (mezlocillin and metro- 
nidazol). 

Before TIPSS all patients were randomized into two groups; 
one group received 100 mg ASA for 3 mo, and the other group 
was a control group. ASA treatment was started 4 hr after 
TIPSS. Informed consent was obtained from each patient, and 
the study protocol conformed to the ethical guidelines of the 
1975 Declaration of Helsinki and was approved by the ethical 
review committee of Heidelberg University. Only patients in 
whom gastric or duodenal ulcers had been excluded by 
gastroscopy and who had platelet counts above 45 x 103/mm3 
and normal kidney function were included in the study. 

After 3 mo, all patients were readmitted to the hospital and 
again evaluated as described above, including upper gas- 
trointestinal endoscopy, examination of the abdomen by 
ultrasonography and investigation of the shunt flow by color 
duplex sonography. Compliance to ASA medication by the 

- Pulmonary embolism 1 
Liver failure 1 

Orthotopic liver transplantation - 
before end of the study 

Drop-outsb 2 2 
Undergoing 3 mo evaluation 15 19 

- 
2 

"Thrombosis of the portal and mesenteric vein during the TIPSS 
procedure because of hepatocellular carcinoma infiltrating portal tract 
near the caudate lobe. 

bPatients refused to undergo portography. 

patients was ascertained by careful questioning. For detection 
of encephalopathy, the number-connection test was used. All 
patients underwent control portography by a transjugular 
approach to visualize the stent patency and to determine the 
pressure gradient. Doctors performing the reevaluation were 
blinded in respect to ASA treatment. If significant restenosis 
of the stent shunt had occurred as defined as loss of previous 
luminal diameter by 50% or more and if an increase of the 
portal-systemic gradient to more than 15 mm Hg was recorded, 
redilation was performed. If necessary, an additional stent was 
placed within the hepatic vein for adequate reduction of the 
portal-systemic gradient down to 10 to 15 mm Hg again. 

All values were expressed as mean ? S.D. Variables of 
interest were compared by the x 2  test or Student's t test. 

RESULTS 
The two groups of patients were comparable in respect 

to sex, age, cause of cirrhosis and indication for TIPSS 
(Table 1). No difference was seen either in respect to the 
extent of cirrhosis according to Child-Pugh classification 
or to the elevated portal-systemic gradient. 

In'the ASA group, 15 of 21 patients who entered the 
study completed the follow-up examination protocol 
after 3 mo (Table 2). At that time four patients had died. 
All deaths occurred within 2 wk after TIPSS placement 
and were unrelated to ASA treatment. One patient who 
was randomized into the M A  group did not receive the 
drug because he died immediately after TIPSS had been 
performed. Still, he was listed in the ASA group. In this 
patient previously unrecognized hepatocellular car- 
cinoma was present, and tumorous tissue infiltrating 
the portal vein led to thrombosis of the mesenteric vein 
during the TIPSS procedure. One patient died of 
pulmonary embolism 10 days after TIPSS, and another 
patient died after 2 wk because of pneumonia. In the 
fourth patient decompensation of liver function led to 
death after 2 wk. Two patients were not willing to 
undergo recatheterization after 3 mo and were therefore 
rated as drop-outs and excluded from final evaluation. In 
the control group, 19 of 23 patients completed the study 
after 3 mo. Two patients underwent orthotopic liver 
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TABLE 3. Evaluation of study groups 3 mo after TIPSS 
Group 

Evaluation ASA (n = 15) Control (n = 19) 

Control of bleeding 15 of 15 17 of 17 
Control of ascites - 1 o f 2  
Worsening of preexisting or de nouo 1 3 

encephalopathy 
Scores in Child-Pugh classification 7.4 t 1.6 8.4 ? 2.0 
Portosystemic gradient (mm Hg) 15.4 ? 3.8 15.6 ? 3.1 
TIPSS occlusion 

Complete 0 0 
Restenosis" 5 5 

~ 

"Loss of luminal diameter 2 50%. 

transplantation 5 and 6 wk after TIPSS. In one patient 
TIPSS had been performed because of ascites and in the 
other because of ascites and pleural effusion refractory 
to therapy. Although ascites and pleural effusions were 
controlled effectively after TIPSS, de novo encepha- 
lopathy developed in one patient that was so severe and 
resistant to therapy that liver transplantation became 
necessary. In the other patient orthotopic liver trans- 
plantation was required because of deteriorating liver 
function. As in the ASA group, two patients refused 
reevaluation by invasive techniques at the end of the 
study and were therefore regarded as dropouts. 

In none of the patients was recurrence of variceal 
bleeding observed within the observation period of 3 mo 
(Table 3). One patient in the control group experienced 
upper gastrointestinal bleeding 2 days after TIPSS; 
however, endoscopy clearly identified an esophageal 
ulcer from previous sclerotherapy as the bleeding 
source. Endoscopy after 3 mo revealed a reduction of the 
size of varices in most patients. Four patients in the ASA 
group and one patient in the control group showed the 
presence of gastritis with erosions when control gas- 
troscopy was performed after the 3 mo interval. These 
patients received H2-blockers and were free of 
symptoms immediately. 

Ascites was effectively controlled in three of four 
patients in the control group. Because two of these 
patients underwent orthotopic liver transplantation 
before the end of the study, they are not listed in Table 
3, which also does not include the patient of the ASA 
group who underwent TIPSS because of ascites but died 
after 2 wk. 

Three months after TIPSS, portal-systemic gradients 
were similar in both groups of patients (Table 3). In five 
patients in each group a significant increase of the 
gradient above 15 mm Hg was measured, and imaging of 
the stent shunt showed partial restenosis (250% of 
diameter) of the stent. In three patients in each group 
dilation of the stenosis reduced the portal-systemic 
gradient significantly (Table 4). In two patients in each 
group stenosis was observed not only within the stent 
but also mainly in the hepatic vein. These patients were 
therefore treated by the insertion of an additional stent 
for reextension of the tract. Table 4 clearly demonstrates 

that no difference existed between the ASA group and 
the controls in respect to the level of the portal-systemic 
gradient after 3 mo and in respect to stent restenosis 
that necessitated reintervention. Reintervention in both 
the ASA and the control group was independent of 
platelet count before TIPSS (Fig. 1) and did not reach 
statistical significance (p > 0.05) in respect to pro- 
thrombin time (Fig. 2). 

DISCUSSION 
Basic studies by Palmaz et al. (24,25) in animals with 

the use of expandable stents led to the application of 
TIPSS in human beings. Several studies have shown 
that TIPSS is a highly efficient method to control 
complications of portal hypertension (16). Control of 
variceal bleeding seems to be more successful than 
control of ascites. In most of our patients the decision to 
perform TIPSS was made because of recurrent bleeding 
from esophageal varices despite continuous sclero- 
therapy. Recurrence of bleeding from varices was not 
observed in any of the patients. Other studies have 
reported recurrence of hemorrhage from varices after 
TIPSS in up to 19% of patients (16, 26). The higher 
bleeding rate in these studies as compared to ours may 
be because of the maintenance of a higher portal- 
systemic gradient (26). In a review by Conn (16), a portal 
pressure of 24 2 6 mm Hg was maintained in the 
patients in a group from San Francisco, whereas a group 
from Freiburg reported a corrected portal pressure of 9.2 
mm Hg after TIPSS, which is more comparable to the 
pressure situation after TIPSS in our patients. In the 
Freiburg study the recurrence rate of variceal hemor- 
rhage was 10%. Perhaps we would have observed a 
similar rate with longer follow-up intervals and less 
reintervention. The 30 day mortality rate in our study 
was 9.1% and compares well with the data from the 
San Francisco (13%) and the Freiburg (6%) groups. The 
same holds true for either onset or worsening 
of encephalopathy after TIPSS, which was 11.1% in 
our study, 18% in the San Francisco study and 20% 
in the Freiburg study. Overall, TIPSS shows a high 
efficiency in the control of variceal hemorrhage in 
patients with portal hypertension and is associated 
with a low mortality rate and a low rate of new or 
aggravated encephalopathy . It therefore compares well 
with sclerotherapy and in respect to mortality seems 
even superior to surgical decompression of the portal 
system (7). 

However, during follow-up it became evident that 
stenosis or even occlusion of the stent may occur, leading 
to an increase of the portal-systemic gradient and 
recurrence of variceal bleeding. In the review by Conn 
(16) TIPSS stenosis was reported in 5% to 15% and 
occlusion in 5% to 10% of patients. Stenosis and 
occlusion of the stent thus far seem to be an unsolved 
problem and may contribute to morbidity and mortality 
of patients after TIPSS. Moreover, short-term follow-up 
of patients to detect stent tract or shunt stenosis early 
by color duplex sonography or even by phlebography, 
which we consider the most precise method, will increase 
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FIG. 1. Frequency of reintervention because of partial stent occlusion after TIPSS is related to platelet counts before TIPSS. No correlation 
is observed. 
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FIG. 2. Reintervention after TIPSS appears to correlate inversely with prothrombin time before TIPSS, although no statistical significance 
is reached. 

costs considerably but may be necessary to prevent 
complications. Therefore prevention of stent stenosis 
and occlusion, which most frequently occur within the 
first 3 mo after TIPSS placement, seems to be an urgent 
issue because this procedure is performed in an in- 
creasing number of patients at more and more institu- 
tions. 

It is crucial to identify and discuss possible underlying 
mechanisms to prevent or control restenosis of TIPSS. 
These mechanisms were thoroughly investigated by 
Palmaz (27) for the arterial system and were also 
observed in a case of TIPSS (19). After implantation, the 
metal surface of the stent usually within minutes is 
coated with fibrin to which thrombocytes and blood cells 
can adhere. Within several days, a mixed thrombus is 
formed and gradually is replaced by fibroproliferative 

tissue thereafter. These events have been described in 
detail (16). The risk for thrombosis of stents is inversely 
correlated with flow velocity and is increased by turbu- 
lence, resulting in focal shear stress for the endothelium 
in a way that intima hyperplasia is triggered (20). In the 
case of TIPSS, such hemodynamic effects seem to be 
important factors. Turbulence is mainly located within 
the stent and at the outflow. Although in the case of 
TIPSS part of the stent is placed through hepatic tissue 
without underlying endothelium, findings similar to 
those in the arterial system have been observed as far as 
stenosis is concerned (19). Because the risk of stent 
occlusion can be diminished by anticoagulants (28), all 
patients received heparin continuously for 3 days after 
TIPSS. In addition, all patients were randomized into a 
group receiving either ASA or no special anticoagulant 
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TABLE 4. Type of intervention 3 mo after TIPSS in patients with portal-systemic gradient of 15 mm Hg or more 
~~ ~~ ~~ ~ 

Portosystemic gradient (mm Hg) 
TIPSS dilation + additional 

Group TIPSS dilation only stent placement Before reintervention After reintervention 

ASA (5 of 15) 3 2 19.4 L 3.5 11.6 t 3.4 
Control (5 of 19) 3 2 19.2 2 1.1 12.0 i 1.2 

for 3 mo. ASA has been shown to be effective in the 
prevention of thrombosis in the arterial system, espe- 
cially in coronary heart disease after angioplasty (29). 
Although it is less effective in the prevention of 
thrombosis in the venous system, its effect in the 
portal-venous system was completely unknown. We 
therefore decided to test its efficacy in the prevention of 
TIPSS stenosis for two reasons. First, as mentioned 
above, similar effects are supposed to be responsible for 
stenosis of TIPSS, as has been observed for restenosis 
after coronary balloon angioplasty; second, because of 
the high flow rate in the intrahepatic stent, this system 
resembles the arterial system. As shown in Table 4, 
administration of ASA did not have any beneficial effects 
on the prevention of stent stenosis because both groups 
were comparable in respect to number and type of 
reintervention after 3 mo. Length of the stents and 
platelet counts, both of which inversely affect stent 
patency, were comparable in the ASA and the control 
group; in addition, no difference was observed in respect 
to  sites of stenosis (portal inflow, inside the stent, and 
portal outflow). Side effects associated with ASA 
treatment were gastritis with erosions in four patients, 
which was in contrast to only one patient in the control 
group. Although deaths in the ASA group clearly were 
unrelated to the drug and although no side effects of 
ASA except gastritis were observed in our patients, the 
data suggest that ASA is no suitable drug for the 
prevention of stenosis of TIPSS. It seems unlikely that 
a higher dose of ASA would exhibit any better effect; 
most likely, side effects (e.g., severe erosive gastritis) 
would be more pronounced (30). Thus the problem of 
TIPSS stenosis remains unsolved until more is learned 
about the underlying pathogenetic factors. It is still 
unclear whether agents effective in the prevention of 
smooth muscle cell growth (e.g., calcium blockers, 
heparin or even colchicine) would be of use. The latter 
also has been suggested as a drug to prevent liver fibrosis 
and cirrhosis (31). Long-term use of heparin (e.g., three 
times a day) would be very expensive. It remains to be 
seen whether vitamin K antagonists, which are widely 
used to  prevent thrombosis in the venous system, would 
exhibit any positive effect in patients with TIPSS, 
especially because maintenance of a constant elevated 
prothrombin time in these patients with severely im- 
paired liver function seems to be more difficult as 
compared with patients without cirrhosis. On the other 
hand, as shown in Figure 2, patients with extended 
prothrombin time, mostly Child class C patients, seemed 
to be at lower risk to experience stent stenosis. Although 
the correlation between prevention of stent stenosis and 
extended prothrombin time was not statistically sig- 

nificant, controlled studies with vitamin K antagonists 
for the prevention of TIPSS stenosis seem to be justified. 
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