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Abstract

AIM  To evaluate a new balloon-expandable
stainless steel stent (Cordis stent) in a
transjugular intrahepatic portosystemic shunt
(TIPS) porcine model and compared with
Wallstent.
METHODS  TIPS was performed in 26 normal
domestic pigs weighing 20 kg-30 kg using a
Cordis stent or Wallstent (13 pigs in each stent).
All pigs were sacrificed at the 14 th day after
TIPS. The stent deployment delivery system,
stent patency, and stent recoil after placement
were evaluated.Proliferative response in
representative histological sections from the
center,hepatic and portal regions of the two
stent designs were quantified.
RESULTS  The shunt was widely patent in 4 pigs
in the Cordis stent group (4/12, premature
dead in 1 pig), and in 5 pigs in the Wallstent
group (5/13). All remaining stents of both
designs were occluded or stenotic. The mean
quantified proliferation including thickness of
the proliferation and the ratio of proliferation:
total area in three assayed regions in Cordis
stent and Wallstent was 2.18 mm2  2:00 mm,
and 59.18 mm2. 51.66 mm2, respectively (P<0.
05). The delivery system and mechanical
properties of the Cordis stent fuctioned well.
CONCLUSION  The new Cordis stent is
appropriate for TIPS procedure.

INTRODUCTION
The high incidence of stenosis following transjugular
intrahepatic portosystemic shunt (TIPS) remains the
major barrier in this relatively new technique which is
effective in controlling variceal hemorrhage secondary
to portal hypertension and utilized in refractory ascites[1,

2]. The exact mechanism for TIPS restenosis is not well
understood and seems multifactorial. One relevant factor
may be stent design. Wallstent is the most common stent
currently used for TIPS procedures, but various stent
designs may be effective. To evaluate a new balloon-
expandable stent (Cordis stent) in TIPS, a comparative
study of the Cordis stent and Wallstent was performed
in a TIPS porcine model.

MATERIALS AND METHODS
TIPS was performed in 26 domestic swine weighing 20
kg-30 kg, with two stent designs: balloon-expandable
stainless steel stents (Cordis Co., Miami, FL)  in 13 pigs
and Wallstents (Schneider, Minneapolis, MN) in 13 pigs,
respectively. The Cordis stent is made up of one stainless
steel wire, which is formed into a sinusoidal wave pattern,
wrapped in a tubular helical fashion and held in place by
a series of welded joints (Figure 1). Either Cordis stent
or Wallstent  with an diameter of 8 mm and 4 cm in
length was used in each pig.
       TIPS was performed with a 22 G, 80 cm long
puncture needle with a 5-F,70 cm long coaxial Teflon
catheter (AngioDynamic, Queenshury, NY), a 9 F sheath
set and a 14 G metal cannula with a curved tip (Cook,
Bloomington, IN).
        The animals in this study had normal livers and did
not have portal hypertension. All protocols were approved
by the Dartmouth Animal Care and Use Committee.
Animals were sedated with intramuscular Ketamine (20
mg/kg) injection, intubated and maintained with 1%-3%
halothane and oxygen.
       The sheath was assembled with a 9-F Teflon
catheter with a tapered tip and was introduced into the
IVC by a standard percutaneous Seldinger method from
the right jugular vein. A 7-F NIH catheter was advanced
into the right lateral hepatic vein. The sheath was then
placed into the hepatic vein and followed by the metal
cannula containing the coaxial puncture needle. Through
the metal cannula, the puncture needle together with the
coaxial catheter was advanced into the hepatic
parenchyma in an anterior direction targeted toward
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the right branch of portal vein. Following confirmation
of suitable portal vein puncture by contrast injection,
a 0.035 inch steerable guidewire (Cordis Co., Miami,
FL) was advanced  into the portal vein and followed
by the 5-F catheter. Following portography, the floppy-
tip guide wire was exchanged for an Amplatz super
stiff guide wire, and a hepatic parenchymal tract was
dilated using an 8 mm balloon catheter. The Cordis
balloon catheter-stent delivery system was introduced
into the sheath by advancing the insertion tool over
the wire through the hemostasis valve, until a hand
stop was reached. A stent mounted balloon was
introduced through the insertion tool and advanced
over the guidewire until the stent was in the desired
location for deployment. The stent was deployed by
inflating the balloon with a 50% saline and 50%
Renografin76 solution using a standard manual
technique (Le Veen balloon inflator). A 10 mm
diameter balloon catheter was used with 6 atm
pressure for 2 minutes with 3 repetitions. The
Wallstent was deployed in a standard fashion and
inflated using equivalent inflation pressures and
technique for Cordis stent deployment.
        Since the coagulation process is much faster in pigs
than in humans based on our previous experience, 500U/
kg heparin was routinely administered in each procedure.
No anticoagulants or other medicines were used after
the procedure.
        A numerical rating system was developed in the
evaluation of the following deployment factors at
implantation: stent insertion through the sheath, insertion
tool function, stent tracking,  balloon inflation and
deflation,  stent expansion,  ease of positioning,  balloon
catheter removal, and stent architecture and visibility
under fluoroscopy. The rating system was scored as
follows:  excellent = 1;  satisfactory = 2;  poor = 3; and
not achieved = 4.
        Portal venography was performed following TIPS
placement and prior to sacrifice. Plain radiography was
taken and the following factors were assessed: stent
migration,  distortion of stent architecture and  changes
of diameter and length of the stent.
       Animals were euthanized 2 weeks after TIPS
placement by intravenous injection of 15 mL saturated
KCL. All of the shunts were examined by portography
via transjugular i mmediately prior to euthanasia.
        Necropsy was performed i mmediately following
euthanasia. The TIPS shunt and involved adjacent
tissues were evaluated by gross examination at
necropsy and preserved for histologic assessment.
Representative crossections from the central, hepatic
and portal vein regions of the stent were cut after
fixation in buffered 4% formalin for at least 24 hours.
The metal of Wallstent was removed before embedding
while the metal of Cordis stent had to be removed using a
hand saw after embedding and then reembedded in JB-4. The
tissues were then cut at 5 microns and stained with

modified Giemsa and basic fuchsin.
        At least 3 sections in each region of stent were
prepared and reviewed. Histologic quantification including
thickness, the area of the proliferative response and the
ratio of the proliferative area/total area of the stent was
achieved using standard planimetry techniques and Nikon
microscopy and Camera Lucita with Micro-Plan II Image
Analysis (Laboratory Computer Systems, INC).
         All quantitated data were expressed as the mean
value ± SD. Stent patency and quantified proliferative
reaction within the stent were compared using Chi-
Square test and Student’s t test, respectively. Statistical
significance was defined as P<0.05.

RESULTS
TIPS was successfully performed in all pigs with both
stent designs (100%). No difficulties were encountered
in delivering and deploying the Cordis stents. All pigs
remained healthy until the scheduled date of euthanasia
except one. This pig died 2 days following Cordis stent
placement from introgenic hemorrhage secondary to
inadvertent gastric puncture during the TIPS procedure.
This early death was excluded from the numerical
results.

Patency
Stent patency was determined by venography and
pathohistological examinations, 33.3% (4/12) of the
Cordis stent group and 38.5% (5/13) of the Wallstent
group were patent at 2 weeks post-deployment (Figure
2). This difference did not reach a statistical significance
(P>0.05, Chi-Square test). One pig had an occluded
Cordis stent because its proximal end wedged into the
liver parenchyma due to its stiff property (Figure 3).
Likewise, one pig had an occluded Wallstent due to
longitudinal recoiling of the stent causing the distal end
to withdraw from the portal vein into the liver
parenchyma.

Stent deployment factors
The mean score for stent deployment factors are listed
in Table 1. Stent insertion through the sheath and stent
expansion  were scored excellent in all procedures
performed with both Cordis stent and Wallstent. Cordis
stent had a higher score than Wallstent in stent tracking,
positioning, and visibility by fluoroscopy. The factors of
tool function, balloon in/de-flation and catheter removal
which are unique to Cordis stent, were scored excellent
for all procedures.

Recoiling of stents
No stent migration or stent distort ion was
demonstrated in either Cordis stent or Wallstent
groups. Stent diameter and length i mmediately after
TIPS placement and 2 weeks after TIPS are shown
in Tables 2 and 3. The interval change in the
Wallstent group at 2 weeks after TIPS is larger than
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in  the Cordis stent group. The Wallstent demonstrated
an average shortening of 5.18% as compared with 0.
69% with Cordis stent.

Histopathologic characteristics
Pseudointimal proliferation (PIH) formed within the shunt
with both stent designs, and histology was similar in all
three assayed areas. PIH was primarily composed of
myofibroblasts (Figures 2,4), organized thrombus, and
collagen. Infla mmatory cells were mainly lymphocytes
and mononuclear cells co mmonly located around the stent
wires. Organized thrombus was characterized by
palisading and herringbone deposition of the fibrin and the
invasion of blood vessels (neovascularization). A single-
cell lining of endothelial-like cells covering the lumen was
observed only in specimens with a patent shunt. The liver
tissue adjacent to the stent showed minimal injury
characterized by sinusoidal dilatation, hemorrhage, focal
necrosis, mononuclear infla mmation and fibrosis. There
was no major difference in histological characteristics
between the two groups with the different stent designs.
        In 10 specimens (5 in each stent group), bile leak
was identified by bile staining of thrombus.
Histologic sections demonstrated extensive neo-bile
duct proliferation within the PIH or on the surface
of the lumen in some specimens with bile leak
(Figure 4). This partially contributed to occlusion

of the stent.

Quantified histological results
PIH thickness and the ratio of proliferative area/total
area within both stent designs are shown in Table 4. The
portal vein aspect of the stents had the highest
proliferative response, the hepatic region the second
highest and the middle region of the stents the least
proliferative. There was no statistically significant
difference among the three assayed regions between
Cordis stent and Wallstent specimens (P>0.05).

DISCUSSION
Various stent designs including Palmaz stent, Gianturco-
Rosch Z stent, Strecker stent and Memotherm stent have
been utilized in TIPS procedures[3-6]. Wallstent is the most
co mmon stent used for TIPS currently within the United
States due to its flexibility which allows easy negotiation of
the angles bridging a hepatic vein and a portal vein[7].
Unfortunately, TIPS stent stenosis rates are high with all
stent designs, although PTFE covered stent seems to decrease
the stenosis of TIPS shunt in pigs[8,9]. The mechanism and
process of restenosis in TIPS remains poorly understood.
However, it is well accepted that stent design including
mechanical properties are important factors influencing stent
patency.

Table 1  Scores of deployment factors

Stent types              Insert thru                       Tool                               Stent                    Balloon                               Stent                         Position                 Catheter                   Architecture
                                       sheath                        function                         tracking            in/de flation                  expansion                                                      removal                    & visibility

Cordis 1 ± 0.0 1 ± 0.0 1.07 ± 0.27 1 ± 0.0 1.14 ± .53 1.29 ± .61 1 ± 0.0 1.86 ± .54
Wallstent 1 ± 0.0      * 2.17 ± .84      * 1.00 ± 0.00           * 1.75 ± .87 2.42 ± .52

*Not applicable to the device.

Table 2  Recoil data in Cordis stent

                                                                                          Diameter (mm)
Interval                                                                                                                                                                              Length (CM)
                                      Proximal                         Middle                           Distal                           Overall

I mm post-TIPS 7.46 ± .80 7.32 ± .70 7.43 ± .73 7.40 ± .73 4.35 ± .33
2 weeks 7.51 ± .79 7.25 ± .73 7.50 ± .74 7.42 ± .74 4.32 ± .32
Change (%)    +0.67     -0.96    +0.94    +0.27     -0.69

I mm: I mmediately

Table 3  Recoil data in Wallstent

                                                                                         Diameter ( mm)
Interval                                                                                                                                                                              Length (CM)
                                      Proximal                         Middle                          Distal                            Overall

I mm post-TIPS 9.17 ± .94 7.42 ± .60 7.72 ± .71 7.98 ± 1.05 4.83 ± .42
2 weeks 9.28 ± .83 7.67 ± .53 7.94 ± .52 8.22 ± 0.90 4.58 ± .48
Change (%)      +1.2    +3.37    +2.77     +3.01     -5.18

I mm: I mmediately

Table 4  Quantified histological proliferation in specimens with Cordis stent vs. Wallstent

                                                          Thickness ( mm)                                                           Proliferation area/ total area (%)
Region
                        Cordis stent                   Wallstent                    P value*              Cordis stent                    Wallstent                P value*

Hepatic 2.04 ± 1.28 1.85 ± .96 0.66 57.49 ± 23.60 51.43 ± 24.61 0.74
Middle 1.42 ± 0.82 1.31 ± .87 0.63 49.89 ± 17.31 47.91 ± 20.12 0.60
Portal 2.46 ± 0.98 2.38 ± .23 0.61 71.88 ± 21.18 69.97 ± 29.45 0.57
Average 2.18 ± 1.07 2.00 ± .02 0.73 59.18 ± 23.06 51.66 ± 25.11 0.78

*Two-tail t test.
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Figure 1  The Cordis balloon-expandable stent, which is constructed as a sinusoidal wave pattern by one stainless steel wire, with high
rigidity.
Figure 2 a.  The portal venography obtained i mmediately shows that the TIPS shunt (arrows) is well created between the hepatic vein (H)
and the portal vein (P). b. The shunt remains patent in the portography taken i mmediately before the euthanasia at 2 weeks after stent
placement. c. The gross examination of the specimen shows that the surface of the stent (straight arrows) is covered by a smooth and thin
layer endothelia-like tissue (curved arrows) which does not extend to the ends of the stent at the IVC and the portal vein (P). d. Low
magnification photomicrography of the TIPS reaction shows a mild myofibroblastic cell proliferation (M) under stent meshes (S) (Modified
Giemsa and basic Fuchsin stain, ×3.12 ). e. The myofibroblastic cells are primarily composed of smooth muscle cells. (Anti-SMCα actin
stain, ×125).
Figure 3 a.  An occluded TIPS shunt from a pig using a Cordis stent. The i mmediate portal venography after TIPS shows a patent TIPS
shunt (arrows). b. The occluded shunt was confirmed by the portography obtained i mmediately before the euthanasia in two weeks after
the stent placement. The gross examination of the specimen demonstrates that the hepatic end of the stent wedges into the liver parenchyma
and the proximal end of the shunt is totally occluded by the healed hepatic vein (arrows), while the portal end (P) of the stent keeps patent.
Figure 4  Photomicrography from an occluded TIPS shunt using a Wallstent shows that a massive pseudointimal proliferative tissue
under the stent (S), which primarily composed of myofibroblastic cells (M). Neo-bile duct proliferation within the proliferation is also noted
(arrows). Modified Giemsa and basic Fuchsin stain, ×125
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     Since multiple interdependent mechanical
characteristics of stents may play a role in stent restenosis
[10-19], the ideal stent appears to be non-existent. To
produce a satisfactory stent, the following factors should
be considered: stent wire material and diameter,
longitudinal flexibility,  hoop strength (circumferential
strength), stent texture and stent surface area.
         A layer of metal oxide provides the ultimate interface
between stent and host following stent implantation.
This is independent of metal content[10]. Similar
thrombogenicity and patency rate have been observed
in stented arteries using different stent metals[16,20].
Hehrlein et al[18] evaluated stent biocompatibility as
related to surface texture and charge. Palmaz-Schatz
stents were coated either by electrochemical metal
deposition (platinum, gold, copper) or coated with a
metallic film implanted onto the stent surface by argon
ion bombardment. These stents were implanted and
evaluated in a rabbit iliac arterial model. The results
demonstrated that the most electropositive coating
(platinum or gold) induced markedly less neointima
formation than the least electropositive (copper). The
authors therefore concluded that stent surface texture
was the most important factor determining
biocompatibility of the stent while the charge on stents
appeared to be less important[18].  Strength, elasticity,
and plasticity of various stents co mmonly used were
recently investigated in an in vitro model[12,13]. The
results suggested that the Palmaz stent is appropriate
for insertion into highly resistant obstructions due to its
superior resistance to deformation. Strecker stents and
Wallstents required good wall contact to achieve
adequate strength and Wallstent may not function well
if implanted into eccentric stenoses of tough
consistency due to its unique deformation. The
Gianturco stent showed the lowest resistance and
deformed more readily. We did not evaluate such
criteria regarding the Cordis stent in this study.
However, the higher longitudinal rigidity and hoop
strength of this new stent may have merit for placement
within tough and highly resistant cirrhotic liver tissue.
Strong mechanical support by a stent is important to
prevent proliferation as demonstrated by Ikari et al[17].
They demonstrated significantly higher proliferation at
the articulation of Palmaz-Schats stents in stented
conorary arteries and partially attributed this to lack of
mechanical support in the articulation area of the stent.
Surface area occupied by the metal stent mesh also
influences restenosis.
        A predominant difference between Cordis stent and
Wallstent evaluated in this study is the rigid
characteristic of Cordis stent and the flexible
characteristic of Wallstent. The benefits of the Palmaz
stent and Wallstent in TIPS were compared in a
prospective randomized study[21]. The authors
illustrated that early shunt thrombosis was more
frequent with Wallstent (4/45 vs 0/45). Palmaz

suggests that the relatively more rigid Palmaz stent could
provide a stable, nonshifting surface for endothelial
growth, whereas dimensional change in a prosthetic
surface causes increased endothelial slough and platelet
proliferation[10].  However, late observation in the same
study[21] showed more frequent shunt insufficiency with
Palmaz stent than Wallstent (6/45 vs 2/45). This
indicates that the process of TIPS stenosis should be
multifactorial.
       Wallstent is frequently associated with unpredictable
shortening in TIPS at follow-up due to the self-
expanding force from elasticity[6,22]. Wallstent shortened
5.18% in our study at 2 weeks as compared with 0.
69% shortening of the Cordis stent. Stent flexibility is
required to negotiate curves when delivering the stent
by catheter through tortuous vessels leading to the
target area. Is it possible to compromise flexibility and
rigidity without the drawback of shortening like a
Wallstent in TIPS Several other stent designs have been
utilized in TIPS. Gianturco-Rosch stent was the first
stent designed  in experimental TIPS, but it seems to
be unco mmonly used. Strecker stent is highly
radiopaque, flexible and shortens minimally but tends
to dislodge and is difficult to be recatheterized[23].
Preliminary experience in TIPS using the Memotherm
stent (Angiomed, Germany) showed promising results,
but the number of samples was small[6]. The new Cordis
stent used in this study is relatively more flexible than
the Palmaz stent, and has the added advantage of being
highly radiopaque with minimal shortening. From a
technical perspective, the Cordis stent deployment
system consistently works well and is easy to use,
compared with Wallstent. In our opinion, the Cordis
stent is an appropriated compromise between the rigid
Palmaz and the flexible but foreshortening Wallstent.
          The similar histologic characteristics of proliferative
response were observed in the two groups using different
designs of stent, which is also very similar to the findings
described previously by us and other authors[24-26].
       To date, there are few experimental studies or
clinical trials available to compare different stent
designs in TIPS. It is difficult to directly compare
different stent designs following deployment. For
instance, although equal stent diameters and
balloons with equal inflation pressures were used
in our study, TIPS stent length was not equivalent
following deployment. Stent diameter following
TIPS completion in the Wallstent group was larger
than the Cordis stent group ( 7.98 mm vs 7.40
mm).  This  unexpected s ize  var ia t ion may
contribute to the relative rigidity of Cordis stents
compared with the relative flexibility of Wallstents
and the stronger circumferential strength of Cordis
stents compared with the relatively decreased hoop
strength of Wallstents. Perhaps the difference in
luminal diameter contributed to the increased PIH
in the pigs with Cordis stents (not statistically

      78        ISSN 1007 - 9327   CN 14 - 1219/ R      World J Gastroentero    February  2001   Volume 7   Number 1



significant). Such an explanation is favored by our
recent study (unpublished data, 1996) which
demonstrated significantly thicker pseduointimal
formation within the lumen (2.07 mm vs 1.25 mm, P =
0.006) when comparing a smaller diameter Wallstent
(6.50 mm) to larger Wallstent (7.25 mm) in a TIPS
porcine model. Nevertheless, the short-term patency
rate using the Cordis balloon-expandable stainless steel
stent in a TIPS porcine model in this study is comparable
to that found using Wallstent.
        There were interesting findings in two occluded
stents in this study: one stent probably occluded
because of Cordis stent rigidity, and the other
probably occluded because of Wallstent longitudinal
recoil. This probably reflects the inherent drawbacks
of Cordis stent and Wallstent respectively. However,
Cordis stent rigidity may be an advantage when
deployed in stiff cirrhotic liver parenchyma in TIPS
rather than in healthy, compliant normal pig livers,
although Cordis stent should not be deployed where
sharp curves are required to bridge the portal and
hepatic veins. Use of a longer Wallstent than the exact
length of the tract required in TIPS may overcome
the shortening disavantage of Wallstent[22]. However,
it is  important to accurately place the stent  in the
hepatic vein to ensure patency and not to compromise
future opportunity for liver transplantation[27]. The easy
to use, reliable Cordis deployment system and
increased radiopacity allow for accurate manipulation
and precise positioning under fluoroscopy.
        Therefore, our study suggests that the Cordis stent
merits further investigation for potential use in TIPS
patients.
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