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Purpose: To evaluate the efficacy of a paclitaxel-eluting nitinol stent on the inhibition
of pseudointimal hyperplasia in a transjugular intrahepatic portosystemic shunt.
Materials and Methods: Twelve pigs were used in this study. Two types of 10-mm di-
ameter and 60-mm long nitinol stents were made for a transjugular intrahepatic por-
tosystemic shunt by coating them with a polyurethane solution, with and without pa-
clitaxel.  Each transjugular intrahepatic portosystemic shunt was created successfully
in the 12 swine with 7 paclitaxel-eluting stents and 5 polyurethane stents. Five swine
in each group were followed-up for 14 days due to the death of 2 swine given the pacli-
taxel-eluting stents. The proliferation of the pseudointima was evaluated on both fol-
low-up portograms and histopathology examinations. The mean maximum pseudointi-
mal hyperplasia is expressed as the percentage of the stent radius.
Results: On the portograms, all the transjugular intrahepatic portosystemic shunts us-
ing the paclitaxel-eluting stents maintained patency despite there being a complete oc-
clusion of the polyurethane stents in all the animals. The histopathology analysis re-
vealed the mean maximum pseudointimal hyperplasia to be 25% and 76% in the pacli-
taxel-eluting and control stents, respectively.
Conclusion: A transjugular intrahepatic portosystemic shunt with a paclitaxel-eluting
nitinol stent appears to significantly inhibit the formation of pseudointimal hyperpla-
sia.
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A transjugular intrahepatic portosystemic shunt (TIPS)
is a safe, effective, and commonly used method for
treating the complications of portal hypertension in pa-
tients with cirrhosis of the liver. However, the follow-up
data on the patency of TIPS has been disappointing be-
cause of the high rate of stenosis. Previous studies have
reported the 1-year primary patency rates after the cre-
ation of a TIPS to range from 22% to 50% (1-4). In addi-
tion, it is often associated with the development of
pseudointimal hyperplasia within the lumen of the he-
patic parenchymal tract. 

Restenosis is one of the problems that can occur after
placing a stent in a vessel, and is mainly related to an in-
flammatory response to an injury from the procedure it-
self and a remodeling of the vessel wall that is caused by
the sustained force of the stent on the arterial wall (5, 6).
In Several drug-eluting stents with anti-inflammatory
and immunosuppressive effects have been developed to
overcome this problem, which have been applied clini-
cally in vessels such as the coronary arteries. Recently,
some studies have reported that a paclitaxel-eluting
stent (PES) is effective in reducing the level of myointi-
mal proliferation in vessels (7-9).

However, there are few reports on the implantation of
drug-eluting stents in local drug delivery in a TIPS and
no study using PES in the TIPS tract (10). We hypothe-
sized that the paclitaxel released from PES would inhibit
the pseudointimal hyperplasia in the TIPS tract and im-
prove the patency. The PES was manufactured and an
experimental study was performed using them in a
swine model. The aim of this study was to evaluate the
feasibility and efficacy of a paclitaxel-eluting nitinol
stent in reducing the level of pseudointimal hyperplasia
in the TIPS tract of a swine model with induced-portal
hypertension.

Materials and Methods

Stent Construction 

Self-expandable nitinol stents (Hercules vascular stentⓇ,
S&G Biotech Inc.; Seongnam, Korea) were used in these
experiments. When fully expanded, the stents were 60
mm long and 10 mm in diameter. A PES was created by
dipping an expanded bare stent into a solution contain-
ing paclitaxel and polyurethane (PU), followed by dry-
ing in a clean room. The paclitaxel concentration in the
solution was 12%. For the control study, a nitinol stent
was coated in a PU solution without paclitaxel using the
same method used with the PES. The PES and PU stents

were loaded again in their own introducer sets with an
outer diameter of size 8-F .

In-vitro Evaluation of Paclitaxel Released from Paclitaxel-

PU membrane

In order to determine the amount of paclitaxel re-
leased from the paclitaxel and PU mixture, a membrane
was made from the solution, and was soaked in a tube
containing a 0.1 M neutral phosphate buffer solution,
and placed in a shaking incubator. The tube was contin-
uously rotated in an incubator at 37℃. The buffer solu-
tion was exchanged every 24 hours, and the amount of
paclitaxel released in the buffer solution was measured
using high performance liquid chromatography (Rainin
Instrument Co.; Wolburn, MA, U.S.A.) for 2 weeks. The
wavelength required to detect paclitaxel was 235 nm,
which was the peak absorption point of paclitaxel on the
preliminary test.

Animal Experiments 

TIPS 

All the experimental procedures were performed un-
der the National Institutes of Health guidelines for the
humane handling of animals and the committee on ani-
mal research at our institution approved this study.

TIPS was performed in 12 domestic swine, each
weighing 20 to 25 kg, using 7 paclitaxel stents and 5 PU
stents as the control. The technique used for TIPS is de-
scribed elsewhere (11, 12). The swine were anesthetized
with an intramuscular injection of ketamine hydrochlo-
ride (Yuhan Corporation; Seoul, Korea), and was main-
tained with intermittent intravenous injections, when-
ever needed. Under fluoroscopic guidance, the right ex-
ternal jugular vein was cannulated while iodinated con-
trast material (UltravistⓇ, Schering Korea; Ansung,
Korea) was injected through a vein in the right ear, this
was followed by the insertion of a 0.035-inch guide wire
(RadiofocusⓇ, Terumo; Tokyo, Japan). The tract was
gradually dilated up to 9 Fr using a dilator, and a 9-F
Teflon sheath (Transjugular Liver Access SetⓇ; Cook,
Bloomington, IN., U.S.A.) was advanced caudally over
the guide wire into the inferior vena cava and hepatic
vein. The right hepatic vein was selected using a 5-F co-
bra catheter (Cook), and a hepatic venogram and wedge
portogram was performed to visualize the portal vein.
For the puncture, a sheathed 16-gauge Colapinto needle
set (Cook) was placed into the right hepatic vein, and the
portal vein was punctured via the intrahepatic route.
The puncture of the portal vein was confirmed by the
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aspiration of portal venous blood and the injection of
contrast media. A guide wire was then advanced into
the portal vein and the needle was removed. A cobra
catheter was advanced over the guide wire into the por-
tal vein, direct portography was performed, and the por-
tal pressure was measured (Fig. 1A). Portal hypotension
was induced using a technique described elsewhere
(10). A microcatheter (ProgreatⓇ, Terumo; Tokyo, Japan)
was inserted into the portal vein through the cobra
catheter, and an intraportal injection of N-butyl-2-cyano-
acrylate and lipiodol mixture (1:3) was completed in or-
der to induce portal hypertension. The mixture was in-
jected until the migration of the mixture from the
catheter tip to the peripheral portion of the portal vein
became sluggish. The total amount of the mixture
ranged from 1 to 2 ml. The portal vein was embolozed,

and the occluded portal perfusion on the second por-
togram and increased portal pressure were confirmed
(Fig. 1B). The parenchymal tract was dilated using a 10-
mm diameter, 4-cm long balloon catheter, and a nitinol
stent was placed in the tract. The final portogram was
taken, and the portal pressure was measured again (Fig.
1C). 

Follow-up and Sacrifice

After 2 weeks, the animals were anesthetized using
the method employed in the TIPS procedure. In order to
perform the follow-up shunt venogram, the portal vein
was selected using the same method employed in the
TIPS procedure for swine with a patent tract. On the
other hand, in those swine with completely occluded
TIPS tracts on the hepatic venograms, the portograms

J Korean Radiol Soc 2007;56:225-232

─ 227 ─

A B

C

Fig. 1. Portograms during stent placement.
A. Under fluoroscopic guidance, the portal vein was punctured
via the right jugular vein, and a portogram was obtained.
B. A portogram obtained after inducing portal hypertension by
injecting a N-butyl-2-cyanoacrylate and lipiodol mixture into the
portal vein confirmed the occlusion of the portal vein.
C. A portogram taken after placing a stent in the TIPS tract
demonstrates the improved flow to the hepatic vein.



were performed by puncturing a tributary of the superi-
or mesenteric vein after making an incision in the mid-
line of the anterior wall of the abdomen. Each animal
was euthanized with an intravenous pentobarbital sodi-
um injection (Hanlim Pharm. Co., Ltd.; Seoul, Korea) in
order to examine the histology of the tissue around the
TIPS. Cross-sections of the TIPS tracts were obtained at
the level of the hepatic parenchymal tract; and the speci-
mens were evaluated by staining them with hematoxin-
eosin and Masson-trichrome. The maximum distance
from the stent of pseudointimal hyperplasia in each ani-
mal was measured on the histopathology examination.
The level of maximum pseudointimal hyperplasia was
calculated by dividing the radius of the stent by the
thickness of the pseudointimal hyperplasia not includ-
ing the thrombus (10).

Results

In-vitro Evaluation of the Paclitaxel Released from the

Stent

The mean increase in stent weight, which was pro-
duced by the paclitaxel and PU coating , was 15.2 mil-
ligrams. The mean amount of paclitaxel in the PES,
which was calculated from the increase in stent weight
and the concentration of paclitaxel in the paclitaxel and
PU mixture, was 304 μg. 

The in-vitro examination showed that (ed note: this
should be moved to the methododlogy section.) the

amount of paclitaxel released from the membrane of the
paclitaxel and PU mixture during the first three days
was 4%, 6%, and 4% of the loading dosage, respectively.
The cumulative amounts of paclitaxel released during
the first and second weeks were 31% and 44%, respec-
tively.

Animal Experiments

TIPS

The TIPS procedures were technically successful in all
the swine, and all the stents were deployed accurately
without complications. After the stents had been placed,
the blood flow to the hepatic vein improved without any
disturbances being observed on the final portograms,
and the portal pressure was decreased to below the ini-
tial pressure. The mean pressure in the portal veins be-
fore and after the N-butyl-2-cyanoacrylate injection was
21.0 cmH2O and 33.9 cmH2O, respectively. The latter
pressure dropped immediately to 22.2 cmH2O after the
TIPS procedure.

Follow-up and Sacrifice

The results of the 2-week follow-up after the TIPS pro-
cedure were evaluated in 5 swine from each of the PES
and PU stent groups because two swine had died within
3 days of the procedure. On the follow-up portograms in
the 5 swine before sacrifice, all of the TIPS tracts that
used PES demonstrated luminal patency despite the nar-
rowing of the lumen in the intraparenchymal portion
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Fig. 2. Follow-up portograms taken 2 weeks after the TIPS procedure.
A. A portogram performed via the hepatic vein in the paclitaxel-eluting stent (PES) group demonstrates a patent TIPS tract, even
though a filling defect can be seen within the stent lumen.
B. Portograms in the control group demonstrate the complete occlusion of the TIPS tract.



(Fig. 2A). However, all 5 swine, in which the control
stent had been used, had completely occluded lumens
of the TIPS tracts (Fig. 2B).

Histopathology Examination

The gross specimens in the PES group showed partial
filling of the stent lumen by fibrotic tissue and throm-
bus, and the stents were easily separated from the tissue
of the TIPS tract. However, those in the PU stent group
showed the marked ingrowth of fibrotic tissue within
the TIPS tracts, which made separation of the stents
from the surrounding tissue difficult (Fig. 3A, B).

Histopathology analysis revealed the average maxi-
mum pseudointimal hyperplasia for the PES and PU
stents to be 25.1% and 73.8%, respectively. The micro-
scopic findings demonstrated relatively thin and uni-
form pseudointimal hyperplasia within the patent TIPS
tracts in the PES stents, and complete occlusion of the
TIPS tracts by pseudointimal hyperplasia in the PU
stents (Fig. 4). The psuedointimal hyperplasia consisted
of myofibroblasts, extracellular collagen matrix, and in-
flammatory cells infiltrating around the stent wires.

Discussion 

Although TIPS is an effective method for portal de-
compression in patients with variceal bleeding or in-
tractable ascites, it is complicated by portal hyperten-
sion, a high rate of restenosis of the tracts and the disap-
pointing long-term patency (1-4). The important mech-
anisms reported to be responsible for the formation of a
restenosis or occlusion of the TIPS tracts are chronic in-

flammatory reactions, inhibition of the endothelializa-
tion process, excessive proliferation of pseudointimal
granulation tissue, and the ingrowth of hepatocytes into
the stented lumens of the hepatic parenchymal tracts
(13, 14). The layers of pseudointimal granulation tissue
contain mesenchymal cells and collagen covered by a
layer of endothelial cells. 

Various methods and devices have been used to over-
come the problems of restenosis or occlusion, and the
low primary patency of the TIPS tract. Several studies of
TIPS, which used stent-grafts coated with various mate-
rials, have been performed using the swine model (12,
15-17). Although the placement of a stent-graft in a
TIPS tract significantly improved the patency after a
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Fig. 3. Gross specimen.
A. A stent in the PES group was separated easily from the surrounding tissue and demonstrates fibrotic tissue and thrombus within
the lumen. 
B. A stent in the control group could not be separated because of the marked ingrowth of fibrotic tissue within the TIPS tract.

Fig. 4. Microscopic specimen (×10) stained with H-E. A.
Microscopic section in the PES group demonstrates relatively
thin and uniform pseudointimal hyperplasia within the patent
TIPS tract.



short-term follow-up study, they caused a late shunt
malfunction in certain cases and did not improve the
long-term patency as a result of the increased occur-
rence of thrombogenecity and foreign-body reactions.
There have been experimental studies on swine models
that used intraluminal irradiation to prevent stenosis of
the TIPS tracts. The studies were carried out by apply-
ing intraluminal irradiation to the hepatic parenchyma
and venous outflow tracts at the time of TIPS place-
ment, which was followed by the use of a radionuclide-
filled balloon catheter. However, the results were incon-
clusive (11, 18, 19). Intraluminal irradiation has several
limitations that have to be overcome before it can be
used clinically. They include the complexity of the
preparation of the radionuclide solution, the difficulty in
maintaining the irradiation dose, and the lengthy infla-
tion time of the balloon catheter.

Restenosis after the implantation of a stent is a prob-
lem that occurs in treated vessels, and many studies
have been carried out to determine appropriate preven-
tative measures: a drug-eluting stent being one such
method. There have been many clinical applications of
several drug-eluting stents using various drugs, such as
paclitaxel, rapamycin, dexamethasone, and heparin,
some with extremely promising results in terms of sup-
pressing neointimal hyperplasia and dramatically reduc-
ing the rate of restenosis (7, 9, 20-23). In recent experi-
mental studies, the application of drug-eluting stents
was attempted in non-vascular organs, such as the bile
duct and trachea (24, 25). In the TIPS tract, one study
used a dexamethasone-eluting stent in a swine model
and demonstrated a tendency to inhibit the develop-
ment of pseudointimal hyperplasia (10).

Paclitaxel is a cytotoxic, anti-cancer drug that inhibits
tumor growth through its anti-proliferative and anti-an-
giogenic properties (26, 27). Paclitaxel also inhibits
neoinitimal hyperplasia in vessels through persistent fib-
rin deposition, inflammatory cell infiltration, and reduc-
ing the number of smooth muscle cells, which are asso-
ciated with a restenosis after placing the stents (28, 29).
The PES with a topical therapeutic drug within the tar-
get tissues is popular in percutaneous coronary interven-
tions. The nine-month follow-up results of a prospective
randomized study demonstrated that the lumen vol-
umes, which were evaluated using serial volumetric in-
travascular ultrasound examinations, were larger in the
PES group than in the bare-metal stent group, due to a
decrease in the neointimal volume (30). In non-vascular
organs, it was reported that paclitaxel has a potential an-

ti-proliferative effect in experimental studies using hu-
man epithelial gallbladder cells, human fibroblasts, and
bladder tissues (27, 31). Shin et al performed an experi-
mental application of the PES in non-vascular organs,
using a canine urethral model, and reported that is could
reduce the level of tissue hyperplasia after placing the
stent (32).

In this study, the pseudointima within the patent TIPS
tract in the PES group was relatively uniform and thin,
which was in contrast to the histopathology findings of
the complete occlusion of the TIPS tract in the control
stent group. It is believed that those results were the re-
sult of a similar mechanism of paclitaxel that is observed
in the arteries and other non-vascular organs. Because
the pseudointima in the TIPS tract was composed of my-
ofibroblasts and inflammatory cells, paclitaxel inhibited
the proliferation of fibroblasts and the infiltration of in-
flammatory cells, reduced the number of smooth mus-
cle cells, and inhibited the proliferation of the pseudoin-
tima. However, despite the inhibition of pseudointimal
hyperplasia by paclitaxel, the partial thrombosis within
the TIPS tract remained a problem, which might in-
crease the rate of occlusion of the TIPS tract and de-
crease its patency. It was surmised that bile leakage was
responsible for the thrombosis within the TIPS tract af-
ter placing the PES . Although there is still some contro-
versy regarding the issue, the transection of the major
bile ducts that occurred during the formation of the
TIPS tracts and the leakage of bile from the injured
ducts are related to the thrombosis in the TIPS tracts,
particularly rapid and early thrombosis (33-35). In this
study, a thrombosis within the TIPS tract that is caused
by bile leakage might not be suppressed because pacli-
taxel does not have an anti-thrombogenic effect.
Therefore, further studies will be needed to determine if
the combined use of an anti-thrombotic agent can re-
duce the frequency of thrombosis. In addition, an evalu-
ation of the relationship between thrombosis and the
materials for the PES, such as stent metal or PU, is war-
ranted.

There were several limitations in this study . First,
there were a small number of animals and the statistical
significance was not determined, even though the por-
tography and histopathology findings were similar in
each of the 5 animals in their respective group. This re-
sult was attributed to the effectiveness of paclitaxel.
Second, the concentration of paclitaxel in the blood,
which is a parameter for determining the amount of pa-
clitaxel released from the PES after its placement in the
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TIPS tract, was not evaluated. The release pattern of pa-
clitaxel from PES may be different in in vitro and in vivo
tests. Furthermore, the cause of the death of the two
swine that expired 3 days after PES placement is un-
known. This is despite a necropsy being performed. In
addition, the possible toxicity of paclitaxel was not de-
termined. 

In conclusion, the paclitaxel-eluting stent showed a
tendency to significantly inhibit the development of
pseudointimal hyperplasia in a TIPS tract of a swine
model with induced-portal hypertension. Although fur-
ther study will be needed, this method has potential to
improve the patency of the TIPS tract.
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경경정맥간내문맥정맥단락술 경로내의 가성내막증식 억제를 위한
파클리탁셀방출니티놀스텐트의 효과: 돼지모형에서의 실험연구1
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목적: 경경정맥간내문맥정맥단락술 경로 내의 가성내막증식 억제를 위한 파클리탁셀방출나이티놀스텐트의 효과를

평가하고자 하였다.

대상과 방법: 경경정맥간내문맥정맥단락술 경로에 삽입하기 위하여 직경 10 mm, 길이 60 mm의 나이티놀스텐트

를 제작하여 실험군으로 파클리탁셀을 함유한, 대조군으로 함유하지 않은 폴리우레탄용액의 두 가지 형태로 피복

하였다. 경경정맥간내문맥정맥단락술을 12마리의 돼지에서 시행하였고 파클리탁셀방출스텐트 7개, 폴리우레탄피복

스텐트 5개를 삽입하였다. 파클리탁셀방출스텐트를 삽입한 돼지 2마리가 추적과정에서 사망하여 두 가지 스텐트에

서 각각 5마리를 2주간 추적관찰하였다. 희생 전의 문맥조영술과 희생 후 조직병리검사로 가성내막의 증식을 평가

하였다.

결과: 희생 전 문맥조영상에서 파클리탁셀방출스텐트를 삽입한 경경정맥간내문맥정맥단락술 경로는 모두 개통되어

있었지만 폴리우레탄피복스텐트는 모두 폐쇄되어있었다. 조직병리검사에서 가성내막증식이 가장 심한 부위에서 스

텐트반경에 대한 조직두께의 비는 파클리탁셀스텐트가 25%, 폴리우레탄스텐트가 76%였다.

결론: 파클리탁셀방출스텐트는 경경정맥간내문맥정맥단락술 경로에서 가성내막증식을 유의하게 감소시키는 것으로

생각한다.


