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Transjugular intrahepatic portosystemic stent shunt
R. JALAN, D. N. REDHEAD, P. C. HAYES

ABSTRACT
The transjugular intrahepatic portosystemic stent shunt
(TIPSS) is essentially a side-to-side portocaval shunt
performed by interventional radiological methods which
connects the hepatic vein to the portal vein via the liver
parenchyma. It can be performed successfully in 85% to
95% patients. The procedure mortality is low (1% to 2%)
and is mainly from intraperitoneal bleeding. Major indica-
tions for TIPSS are in patients in whom sclerotherapy for
bleeding varices has failed, those who have recurrent
variceal haemorrhage after sclerotherapy or band ligation
and in patients with refractory ascites, hypersplenism and
portal gastropathy. It has also been used in some patients
with the Budo-Ohiarl syndrome, portal vein thrombosis
and cirrhotic hydrothorax. TIPSS is followed by variceal
rebleeding and encephalopathy in about 10% to 20% of
cases, deterioration in liver function in about 25% to 35%
and shunt dysfunction in 15% to 60%. Further research
should be directed at developing newer types of stents to
prevent shunt dysfunction.
Natl Med J India 1995;8:15-21

INTRODUCTION
The creation of an intrahepatic portosystemic stent shunt
involves the establishment of a fistulous connection between
branches of the hepatic and portal veins and involves the
passage sequentially of a needle, guide wire and catheter.
The parenchymatous tract between the veins is then dilated
.using an angioplasty balloon and the fistula supported by
an expandable metal stent.

The use of such a shunt was first described by Roscht-
in 1969 in animals whereby he placed a catheter in the portal
vein for guidance and a teflon catheter was used to stent
the parenchymal tract. However, the initial results were
disappointing because of shunt thrombosis. In retrospect
this might have been related to the absence of portal hyper-
tension and to the use of a shunt made of teflon which is
thrombogenic. Colapinto? performed the first intrahepatic
portosystemic shunt in man fourteen years later using a
transhepatically placed catheter in the portal vein to serve
as a guide for the needle inserted from the hepatic vein via
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the transjugular route. A Gruntzig balloon catheter was then
used repeatedly to dilate the fistulous tract and reduce the
portal pressure successfully. Unfortunately, thrombosis
occurred in all the cases.

In 1986, Palmaz4 devised an expandable metal stent and
used it in portal hypertensive dogs, and successful applica-
tion in man followed soon thereafter. 5 Since then the
enthusiasm for TIPSS has grown steadily and the purpose
of this article is to review the available literature and define
the place of TIPSS in the therapeutic armoury of the
hepatologist. •

TIPSS is essentially a side-to-side portosystemic shunt
performed percutaneously. It is interesting that the proce-
dure should have acquired such widespread appeal at a time
when surgical shunts have been losing popularity. Surgical
portosystemic shunts are associated with a mortality rate of
approximately 10% (range 1% to 20%), recurrent variceal
haemorrhage in 6% (range 0% to 16%), debilitating
encephalopathy in 30% (range 8% to 48%) and a 5-year
survival rate of about 50% (range 30% to 70%).6 Rates of
complications with selective shunts are similar although the
incidence of encephalopathy is initially lower. 7 It is against
these figures that the results of TIPSS should be compared.
However, it should be noted that in many cases TIPSS is
performed in very ill patients who would not be considered
for surgery.

TECHNIQUE

Operating environment and the operator
TIPSS is best performed in an angiography laboratory with
facilities for high resolution C-arm fluoroscopy, digital
subtraction angiography and Doppler ultrasonography. In
addition to resuscitative equipment, facilities for continuous
monitoring of the electrocardiogram, pulse rate, blood
pressure and oxygen saturation throughout the procedure
are essential. The radiologist who' performs the procedure
must be experienced in the techniques of guide wire mani-
pulation, angiography and stent deployment. Assistants in
the form of a trained nurse or a technician and a radiographer
are important to allow continuous patient monitoring and
to handle a range of radiographic facilities.

Preparation for TIPSS
The procedure is not without risk and informed consent is
essential. TIPSS is best performed in the morning after an
overnight fast as personnel will be available in the afternoon
in case complications occur. The prothrombin time should
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be corrected to within 6 seconds of the normal range and
the platelet count maintained above 50 000/1. We administer
cefotaxime and augmentin routinely starting 1 hour before
the procedure and continuing up to 48 hours afterwards. 8

Midazolam and pethidine are used for sedation and
analgesia. A general anaesthetic is not necessary in the
majority of patients and serves only to add to the cost and
morbidity of the procedure. It should be reserved for the
severely agitated, actively bleeding patients (to protect
against the risk of aspiration) and those who cannot tolerate
sedation. There is no objective support for the use of either
aspirin or heparin as prophylaxis against shunt thrombosis.

Pre-procedure imaging
Over the years our practice has evolved from the routine
transhepatic placement of a catheter into the portal vein to
serve as a guide, to a superior mesenteric and coeliac angio-
gram (venous phase) to visualize the portal venous anatomy,
to the use of duplex Doppler ultrasonography to mark the
site of portal vein bifurcation. At present, we perform
Doppler ultrasonography prior to TIPSS only to rule out
the possibility of portal vein thrombosis. Some units, how-
ever, still use Doppler ultrasound to mark the site of portal
vein bifurcation."

Types of stents
There are a number of stents available but the two in
common use are the Palmaz (Johnson and Johnson, Inter-
ventional Systems Co., New Jersey, USA) and the Wallstents
(Schneider, Ackerstrasse, Bulach, Switzerland). Both these
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stents have theoretical advantages and disadvantages. The
Palmaz stents are short, rigid and more than one stent may
be required to traverse the length necessary. They do have
the advantage of allowing graduated expansion to attain the
desired lowering of portal pressure. The Wallstent is longer,
more flexible, easier to deploy and more than one stent is
seldom required. However, the stent diameter is fixed. That
either stent can be used successfully has been confirmed in
two large studies.v'" In one small and rather short trial there
was no significant difference in the rate of complications
when the two stents were compared.'! In a retrospective
study comparing the two types of stents we concluded that
Wallstents of similar size produced a greater reduction in
the portal pressure gradient, require fewer stents for shunt
coverage (2.8 stents for the Palmaz and 1.3 stents for the
Wallstents) and were associated with significantly less
shunt related complications (83% for Palmaz and 33% for
Wallstentsj.F Although, the results favoured the Wallstents,
multivariate analysis showed that the type of shunt used did
not independently predict subsequent insufficiency. 13

The TlPSS procedure
The right internal jugular vein is the common site of entry
though both the left jugular and the femoral veins have been
used. After sterile draping and dressing, the site of entry is
infiltrated with 5-10 ml of lignocaine. The internal jugular
vein is punctured and a 41 cm (10F) sheath (William Cook,
Bjaeverskov, Denmark) is introduced over a guide wire into
the inferior vena cava. The right, middle or left hepatic vein
is selected (Fig. 1) using a stiff hydrophilic guide wire

SV
SMV

FIG 1. After selection of the middle hepatic vein using a guide wire the sheath has been advanced into the vein and contrast
injected to delineate its anatomy. HV hepatic vein PV portal vein SMV superior mesenteric vein SV splenic vein
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(Terumo Corporation, Hatagaya, Tokyo, Japan) and a
16-gauge, curved transjugular needle (William Cook) is
introduced over the wire into the hepatic vein and a fme
stylet pushed anteromedially towards a branch of the portal
vein. Several attempts to puncture the portal vein may be
required and this is generally the most time consuming part
of the procedure. Entry into the portal vein is associated
with a marked resistance followed by a characteristic 'give'
(Fig. 2). Aspiration of blood followed by delineation of
the portal system by injection of contrast medium indicates
satisfactory entry. The hydrophilic guide wire is exchanged
for an Amplatz wire (Medi-Tech, Boston Scientific
Corporation, Massachussetts, USA) and an angioplasty
balloon catheter is used to dilate the parenchymal tract to
accommodate the stent to be used. This is determined by
the age of the patient, the severity of portal hypertension,
the indication for TIPSS and the presence or absence of
encephalopathy. The portal pressure gradient should be
reduced to below 15 mmHg at which level variceal bleeding
is rare. The dilatation of the tract is associated with the
appearance of two characteristic waists representing the
hepatic and the portal veins (Fig. 3). This is usually the most
painful part of the procedure and we advocate extra
analgesia at this stage. The balloon is then removed and
either 1 or 2 Wallstents or 2 to 4 Palmaz stents are inserted
to keep the tract open (Fig. 4).

SMV

. Pressure measurements and portography are usually
performed at the time of portal vein catheterization and
after shunt creation to check that the diversion of portal
blood has been effective. Once the shunt has been estab-
lished, the varices can be embolised using either steel coils
or particulate matter. Whether this is necessary, after
an adequate shunt has been constructed, has not yet been
resolved-we use this additional technique only in patients
with uncontrolled variceal haemorrhage.

Follow up
The patients require close monitoring for bleeding and pain
following the TIPSS procedure, paying particular attention
to the site of entry in the neck. If, a thrombus is noticed
either in the portal vein or the shunt, a local infusion of low
dose streptokinase may be useful. Diuresis in patients with
ascites may be delayed but sometimes it is profuse and may
cause dehydration and encephalopathy if the patient is not
closely monitored. If there are no major complications,
the patient can usually be discharged within a week of the
procedure, after a Doppler ultrasound examination has con-
firmed shunt patency.

There is no consensus about when shunt function should
be assessed nor the best method currently available. Doppler
ultrasound has been used extensively and flow in the shunt
of less than 1000 ml/minute and a portal flow velocity of

FIG 2. A guide wire has been passed into the superior mesenteric vein after successful puncture of a portal vein branch. The
sheath assembly has been guided into the portal vein over this wire to facilitate dilation. HV hepatic vein PV portal
vein SMV superior mesenteric vein SV splenic vein
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FIG 3. Balloon angioplasty of the tract through the liver parenchyma. The arrows represent the hepatic and portal veins
respectively. HV hepatic vein PV portal vein SMV superior mesenteric vein SV splenic vein

FIG 4. A fully opened Wallstent extending from the hepatic to just beyond the portal vein bifurcation. HV hepatic vein
PV portal vein 'SMV superior mesenteric vein SV splenic vein
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less than 10 em/second has been suggested to indicate shunt
insufficiency." We have however found that this technique
has been unsatisfactory as the principal method of follow
up. Portography with direct pressure measurements remains
the gold standard for assessing shunt function. Since most
of the complications occur early and full endothelialisation
of the shunt takes 3 to 4 weeks, 14 we feel that, if no dysfunc-
tion is detected, these patients should have portography at
1, 3 and 6 months after TIPSS and yearly thereafter. Doppler
ultrasound should be performed prior to discharge from
hospital. Assessment of shunt function is particularly
important ifthere is rebleeding or re-accumulation of ascites.

INDICATIONS AND CONTRAINDICATIONS

Variceal bleeding
When first described, TIPSS was used primarily to control
acute or recurrent variceal haemorrhage and now consider-
able experience has been gained in this use. &-10,15 There was
control of bleeding in all patients in whom a successful shunt
was created. The presence of a Sengstaken-Blakemore tube,
haemodynamic instability, mechanical ventilation or even
sepsis did not affect completion of the procedure.

TIPSS has also been used to prevent recurrent
oesophageal variceal bleeding refractory to sclerotherapy.
In a retrospective study comparing TIPSS and oesophageal
transection for uncontrolled variceal haemorrhage patients
with TIPSS were shown to have significantly lower rates of
early mortality and variceal rebleeding.l" We believe there-
fore that TIPSS should be the treatment of choice for
controlling bleeding from gastric, rectal, duodenal and
stomal varices.

Refractory ascites
Coincident improvement in ascites usually accompanied the
insertion of TIPSS for variceal bleeding. This led to its use
in refractory ascites and a pilot study has confirmed its
effectiveness. Natriuresis seems to be due to alteration in
the hormonal profile I? although the changes in sodium
handling following TIPPS remain to be defined.

Other indications
TIPSS can be performed in most patients with portal hyper-
tension and has been used successfully in treating the
Budd-Chiari syndrome ,18 portal vein thrombosis ,19 to
embolise large spontaneous or surgical portosystemic shunts
causing disabling encephalopathy, in portal hypertensive
gastropathy and in hypersplenism.f

TABLEI. Patient characteristics and procedure complications

Although, TIPSS improves urine output and renal
function temporarily in the hepatorenal syndrome.s its role
in this condition needs further clarification. It may, however,
be used as a bridge to liver transplantation in these patients.
Indeed, since TIPSS decompresses the portal system and
reduces bleeding during surgery there are some who
advocate its routine use before transplantation. However,
inappropriate stent placement may cause difficulties during
operation and a detailed evaluation of this use is also
required.

Heart failure, coagulopathy, pre-existing encephalopathy
and active sepsis are relative contraindications to TIPSS
and progressive liver failure, hepatocellular carcinoma,
polycystic liver disease, organized portal vein thrombosis
and obstruction of the suprahepatic inferior vena cava are
considered to be absolute contraindications.

RESULTS AND COMPLICATIONS
These are briefly summarized in Table I.

Success rate, bleeding and shunt migration
The procedure can be performed successfully in 85% to
95% of patients. Failure is mainly due to anatomical factors
preventing satisfactory catheterization of the portal vein.
Because the puncture of the portal vein is a 'blind' procedure
the gall bladder, colon, bile duct or the hepatic artery may
be accidentally stabbed. However, this is rarely associated
with clinical sequelae. Intraperitoneal bleeding is more
common and potentially life threatening. Shunt dislocation
or migration into the pulmonary system has been reported,
usually without major problems because the stents are
fenestrated and can be removed using a loop snare. 9,20

Major problems are rare and the overall procedure-related
mortality is approximately 1%.

Haemodynamic changes
Reduction in the portal pressure gradient to less than
15 mmHg can be achieved with the use of both the Palmaz
and the Wallstents. Immediately following the insertion of
the shunt, decompression of the portal system results in an
increase in the right atrial pressure. There has been concern
over the adverse cardiac effects of TIPSS and a study by
Azoulay et al.21 showed a significant increase in cardiac
output following TIPSS which persisted for 1 month after
the procedure. In our experience, cardiac failure following
TIPSS has been very unusual.

Author n Type of Child Mean Success! Shunt Variceal PostTIPSS
stent used class duration procedure- dysfunct!on rebleeding encephalopathy'

AlBIC of follow up related (%) (%) (%)
(%) mortality

(%)
Lalserge'" 100 Wallstent 10/35/35 5 9610 15 11 18
Rossle? 100 Palmaz 27/51122 12 93/1 33 18 15
Jalan" 64 Wallstent32 22/33/44 6 88/3 64 22 17

Palmaz 24
Heltonl5 59 Wallstent 7/37/56 7 93/2 18 31 17

• these values reflect TIPSS induced encephalopathy
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Variceal rebleeding
Rebleeding following TIPSS occurs in about 10% to 20%
of patients and is almost always associated with shunt
insufficiency. Fifty per cent of rebleeding in our cases
occurred within the first week of the insertion of TIPSS.
A major advantage of TIPSS over surgical shunts is that
function can be readily assessed and shunt insufficiency
corrected by balloon angioplasty, extension of the shunt or
placement of another shunt.

Encephalopathy
Post-TIPSS encephalopathy develops in about 15% of
patients. The current reports are difficult to interpret
because of the differences in the duration of follow up,
methods of assessment and the prophylactic use of lactulose
and protein restriction. The encephalopathy is usually mild
and can be controlled with simple medical measures, though
a reduction in shunt diameter is occasionally required. The
development of encephalopathy is probably a function of
the severity of the underlying liver disease although age may
also be an important factor.

Mortality
Long term survival after TIPSS is determined by the severity
of the underlying liver disease. Thirty day mortality varies
from 3% to 20% depending upon the number of patients
with advanced liver disease included in the study, and I-year
survival rates vary from 50% to 83%. The effect of TIPSS
like surgical portosystemic shunts on overall survival is
unlikely to be substantial.

Liverfunctio1'}
There is an initial worsening of liver function in approxi-
mately one-third of the patients22,23 and in the severely ill
it may precipitate acute-on-chronic liver failure. In many
situations this may be, at least in part, explained by the
event, usually a variceal bleed that precipitated the TIPSS.
Two of our patients developed fulminant liver failure with
increase in their intracranial pressure. This is a cause for
concern and whether it is related to trauma to the liver
parenchyma during the procedure, hepatic arterial injury,
diversion of portal blood flow or to the hepatic ischaemia
from the effects of the variceal bleeding and associated
hypotension is not yet clear. Later, the Child-Pugh scores
do improve due to the reduction in the ascites and an increase
in the level of serum albumin.?

Shunt insufficiency
This is defined as an increase in the portal pressure gradient
to greater than 15 mmHg accompanied by portographic
evidence of shunt dysfunction. The major causes of shunt
insufficiency are stenosis, thrombosis or hepatic vein
constriction. Why they occur is not clear but intimal
hyperplasia in association with bile leak has been blamed
as a cause of shunt stenosis. 14 Our studies> have shown that
shunt thrombosis is related to the development of a transient
biliary venous fistula at the time of shunt implantation and
the degree of shunt stenosis is related to the size of the
bile duct transected. We have had higher rates of shunt
insufficiency than other investigators but this may be because
of the difference in the method of assessment which has
been Doppler ultrasonography and/or portography. The
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former method, we feel, by overestimating shunt patency
rates may have led to a false sense of complacency and a
delay in performing portography.

Perhaps the answer to the problem of shunt insufficiency
may lie in the development of covered stents which prevent
seepage of bile into the shunt.

Other complications
These include sepsis which may be manifested only by
fever or even by septicaemia.? This is usually amenable
to treatment with antibiotics but may occasionally be fatal."
Haemolysis occurs in about one-third of patients and is
clinically manifest in about 10%. This is usually early and
disappears after the shunt is covered with endothelium.P

CONCLUSION
TIPSS is a promising new technique but its place in the
treatment of patients with cirrhosis and portal hypertension
requires careful evaluation. Compared with the surgical
portosystemic shunts it has lower rates of procedure-related
mortality and encephalopathy but rebleeding is more
frequent.

At present, TIPSS is the treatment of choice in patients
with uncontrolled variceal haemorrhage despite sclero-
therapy," for treating recurrent bleeding after a full course
of sclerotherapy or band ligation and for ectopic variceal
haemorrhage (Fig. 5). Its use in refractory ascites requires
further evaluation and, at this stage, can be recommended
only in patients in whom conventional therapy has failed
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and the patient has good liver function. It is useful in the
treatment of portal hypertensive gastropathy unresponsive
to propranolol.

However, the final place of TIPSS, its long term efficacy,
rates of complications and its limitations will only be
decided by careful, controlled, long term clinical trials
many of which are in progress.
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