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Objectives. This study was designed to examine whether over-
sized implantation of the new, less shortening Wallstent provides
a more favorable long-term clinical and angiographic outcome in
chronic total occlusions than does conventional coronary balloon
angioplasty.

Background. Restenosis and reocclusion remain major limita-
tions of balloon angioplasty for chronic total occlusions. Enforced
mechanical remodeling by implantation of the oversized Wallstent
may prevent elastic recoil and improve accommodation of intimal
hyperplasia.

Methods. Lumen dimension was measured by a computer-
based quantitative coronary angiography system (CAAS II). These
measurements (before and after intervention and at 6-month
follow-up) were compared between the groups with Wallstent
implantation (20 lesions, 20 patients) and conventional balloon
angioplasty (266 lesions, 249 patients) for treatment of chronic
total occlusion. Acute gain (minimal lumen diameter after inter-
vention minus that before intervention), late loss (minimal lumen
diameter after intervention minus that at follow-up) and net gain
(acute gain minus late loss) were examined.

Results. Wallstent deployment was successful in all patients.
High pressure intra-Wallstent balloon inflation (mean * SD 14 +
3 atm) was performed in all lesions. Although vessel size did not
differ between the Wallstent and balloon angioplasty groups, acute
gain was significantly greater in the Wallstent group (2.96 * 0.55
vs, 1.61 = 0.34 mm, p < 0.0001). Although late loss was also
significantly larger in the Wallstent group (0.81 % 0.95 vs, 0.43 *
0.68 mm, p < 0.05), net gain was still significantly greater in this
group (2.27 = 1.00 vs. 1.18 = 0.69 mm, p < 0.0001). Angiographic
restenosis (=50% diameter stenosis) occurred at 6 months in 29%
of lesions in the Wallstent group and in 45% of those in the
balloon angioplasty group (p = 0.5150).

Conclusions. Implantation of the oversized Wallstent, with full
coverage of the lesion length, ensures resetting of the vessel size to
its original caliber before disease and allows greater accommoda-
tion of intimal hyperplasia and chronic vessel recoil. Wallstent
implantation provides a more favorable short- and long-term
clinical and angiographic outcome than does conventional balloon
angioplasty for chronic total occlusions.

(] Am Coll Cardiol 1996;28:354~60)

The rate of restenosis is significantly higher after successful
dilation of total coronary occlusions than after successful
dilation of nonoccluded stenoses (1-3). We (3) recently dem-
onstrated, using both a categoric and a continuous approach,
that this higher restenosis rate is mainly due to an increased
rate of occlusion at follow-up angiography. Multivariate anal-
ysis suggested that this increased rate is specifically related to
total inflation time and vessel reference diameter after inter-
vention. For several reasons the acute lumen diameter ob-
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tained after successful balloon angioplasty is significantly
smaller for chronic total occlusions than for nonoccluded
stenoses (3). The new less shortening self-expanding Wallstent
is characterized by longitudinal flexibility, a protective mem-
brane, a low profile and a customized range of diameters and
lengths (4~6). The recent modification in braiding angle and
stent strut have resulted in a new device with less shortening on
expansion and a concomitant reduction in radial force and
improvement in radiopacity (4-6). These modifications may
convey a lower restenosis rate because of lower metallic
surface per segment and increased feasibility of stent delivery
because of higher visibility and less shortening when the stent
expands.

We hypothesized that enforced mechanical remodeling by
oversized stent implantation after coronary angioplasty may
lead to improved local flow dynamics, with a resulting low
incidence of acute and subacute occlusion as well as prevention
of chronic elastic recoil and improved accommodation of
reactive intimal hyperplasia. The new, less shortening Wall-
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stent is ideal for this situation because it is self-expanding,
comes in a customized range of long lengths (up to 42 mm) and
large diameters (up to 6.0 mm). We examined this strategy of
oversized Wallstent deployment in 20 patients after successful
laser or balloon angioplasty. Quantitative coronary angio-
graphic analysis was performed before intervention, after
balloon angioplasty, after high pressure balloon angioplasty
after oversized Wallstent deployment (“Swiss kiss”) and at
6-month follow-up. The results were compared with those in
patients with total occlusions undergoing successful balloon
angioplasty and quantitative angiographic follow-up at 6
months in the same angiographic core laboratory.

Methods

Study patients. Wallstent implantation group. To deter-
mine the feasibility and efficacy of deployment of the new, less
shortening Wallstent in patients with chronic total occlusion,
we deployed 25 Wallstents in 20 native coronary artery lesions
in 20 patients who had coronary balloon or laser angioplasty of
chronic total occlusion >3 months old.

Balloon angioplasty group. To provide further insight into
the potential short- and long-term mechanisms involved in
implantations of the grossly oversized Wallstent, we compared
our serial angiographic measurements with those of 266 arter-
ies with total occlusion in 249 patients undergoing successful
balloon angioplasty. This study group was selected from 3,582
patients with significant native coronary artery stenosis who
were prospectively enrolled in four major restenosis studies
and underwent successful coronary angioplasty (7-10). Quan-
titative angiographic assessment before and after balloon
angioplasty and at 6-month follow up was performed with use
of the same methodology and at the same angiographic core
laboratory (3) for all 266 lesions in 249 patients.

Laser and balloon angioplasty. Coronary angioplasty was
performed according to standard clinical practice by the fem-
oral approach at the Thoraxcenter (Rotterdam, The Nether-
lands). Laser angioplasty was applied in patients who had had
previously unsuccessful balloon angioplasty. Primary laser an-
gioplasty using a laser wire and catheter was carried out in six
patients. Laser wire (0.018-in. [0.046-cm] diameter, Spectra-
netics) was used to pass into and beyond a lesion with chronic
total occlusion when a flexible guide wire (0.014 in. [0.036 cm])
failed to cross the lesion (11,12). Excimer laser system (Spec-
tranetics CVX 300) produced laser fluency with an energy level
of 60 mJ/mm* and a pulse repetition frequency of 25 Hz. The
laser wire was advanced ~1 mm/s. After the wire successfully
crossed the lesion, a laser catheter (1.4- or 1.7-mm diameter,
Spectranetics) was passed over the wire to enlarge the coro-
nary lumen (11,12). After the successful laser procedure,
adjunctive balloon angioplasty was carried out. In the remain-
ing 14 patients balloon angioplasty was performed after suc-
cessful crossing with 0.014-in. guide wire. During the primary
balloon angioplasty the balloon diameter was 2.67 = 0.66 mm
and the maximal inflation pressure was 10.3 = 3.0 atm.
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Figure 1. Left panel, Angiogram showing total occlusion of a mid-right
coronary artery and a maximal vessel diameter of 2.90 mm in the
proximal segment. A Wallstent (diameter 4.5 mm, length 35 mm)
1.60 mm larger than the maximal vessel diameter was deployed (right
panel). Minimal lumen diameter increased from 0 to 2.61 mm, and
Thrombolysis in Myocardial Infarction (TIMI) grade 3 flow was
restored.

Wallstent implantation. Intracoronary ultrasound studies
(13-16) have reported that atherosclerotic plaque is commonly
observed in angiographically normal proximal reference seg-
ments in patients with significant coronary stenosis. We there-
fore used the maximal vessel diameter, which may be closer to
the original vessel diameter in the nondiseased condition than
is the interpolated reference diameter traditionally used for
stent sizing. After determination of the maximal vessel diam-
eter on the diameter function of the on-line quantitative
Coronary Angiographic Analysis System (CAAS II), a Wall-
stent with a nominal diameter 1.5 mm greater than the
maximal vessel diameter and nominal length 5 to 10 mm longer
than the lesion length was selected (Fig. 1). Of the 25 stents
used in 20 lesions, 1 had a diameter of 4 mm, 2 of 4.5 mm, 6 of
5 mm, 9 of 5.5 mm and 7 of 6 mm. Eleven of the 25 stents had
a length of 23 to 28 mm, 8 of 35 mm and 6 of 42 mm. Fifteen
patients received one Wallstent and the remaining five patients
received two Wallstents. After delivery of the stent, high
pressure inflations (“Swiss kiss”, 14.0 = 3.3 atm) using balloon
diameters of 3.9 = 0.7 mm to optimize stent expansion were
performed in all 20 patients.

Anticoagulant therapy. Patients were given an intravenous
bolus dose of 10,000 TU of heparin, and subsequently 5,000
IU at the beginning of the intervention, as required to
maintain the activated clotting time >300 s throughout the
procedure. In this early experience a standardized postint-
ervention anticoagulant regimen was used (17,18): One hour
after removal of the femoral sheath, a heparin intravenous
infusion was begun to maintain activated partial thrombo-
plastin time between 70 and 90 s until oral anticoagulant
therapy (warfarin sodium [Coumadin]) had achieved a
prothrombin time international normalized ratio of 2.5 to
3.5. Coumadin was prescribed for 3 months after stent
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implantation and aspirin indefinitely (17,18). Ticlopidine
was not used.

Study end points and definitions. Procedural success was
defined as technically successful deployment of the stent in the
absence of any adverse cardiac events, defined as acute or
subacute stent thrombosis, repeat intervention, coronary artery
bypass surgery, myocardial infarction or death. Angiographic
success was defined as a <30% residual diameter stenosis
after final deployment of the stent. The primary clinical end
point of the study was the occurrence of any adverse cardiac
event. Subacute thrombosis was defined as a clinical event
leading to cardiac catheterization that identified stent
thrombosis within 14 days of stent deployment. Angio-
graphic restenosis was defined as lumen narrowing =50%
diameter stenosis at follow-up. Long-term clinical outcome
included all cardiovascular events occurring within 6 months
of stent deployment.

Quantitative coronary angiographic analysis. The new
version of the computer-based CAAS II system (19) was used
to perform on-line quantitative analysis (for immediate guid-
ance of stent sizing in the catheterization laboratory) and the
subsequent off-line cine film analysis. In the CAAS analysis,
which has previously been described elsewhere (20-25), the
entire 18- X 24-mm cine frame is digitized at a resolution of
1,329 X 1,772 pixels. Correction for pincushion distortion is
performed before analysis. Boundaries of a selected coronary
segment are detected automatically. The absolute diameter of
the stenosis (in mm) is determined by using the guiding
catheter as a scaling device (26). To standardize the method of
analysis of the initial and follow-up angiograms, the following
measures were taken: All study frames selected for analysis
were end-diastolic to minimize motion artifact; arterial
segments were measured between the same identifiable
branch points after administration of isosorbide dinitrate
(27-30).

Quantitative angiographic variables. Acute gain and late
loss represent the improvement in minimal lumen diameter
achieved at intervention (minimal lumen diameter after stent-
ing minus that before stenting) and the changes at follow-up
(minimal lumen diameter after stenting minus that at follow-
up), respectively. Net gain (gain minus loss) was examined.
Vessel size was defined as a interpolated reference diameter
after balloon angioplasty (31). Because the algorithm cannot
measure total occlusions, a value of 0 mm was imputed for the
muinimal lumen diameter, and the reference diameter after
balloon angioplasty was substituted for that before interven-
tion. Net gain index (net gain divided by the reference diam-
eter before angioplasty), relative loss (loss divided by the
reference diameter before intervention) and loss index (loss
divided by gain) were studied.

Statistical analysis. Data were analyzed by using the SAS
statistical software package. Categoric variables are presented
as absolute numbers (%). Continuous variables are expressed
as mean value *= 1 SD. Differences between groups were
evaluated by using adjusted chi-square tests for categoric
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Table 1. Clinical and Angiographic Characteristics of the Patients

Wallstent Balloon
Implantation Angioplasty
Group Group p
(n = 20 patients) (n = 249 patients) Value
Male 95.0% 85.1% 0.3765
Age (yr) 55993 544 +96 0.5011
Prior myocardial infarction 50.0% 54.2% 0.8958
Prior successful balloon 5.0% 3.6% 0.5445
angioplasty
Prior coronary bypass surgery 10.0% 1.6% 0.0971
Coronary risk factors
Hypercholesterolemia 30.0% 333% 0.9538
Systemic hypertension 30.0% 30.1% 0.8087
Cigarettes (ever smoked) 65.0% 73.1% 0.6034
Diabetes 10.0% 10.8% 0.7966
CCS angina class
None 5.0% 6.0% 0.7603
I 10.0% 10.0% 0.7032
Il 35.0% 33.7% 0.8961
m 30.0% 28.9% 0.4736
v 200% 21.3% 0.8815
No. of diseased vessels
1 60.0% 61.0% 0.8838
2 30.0% 34.5% 0.8676
3 10.0% 3.6% 0.4233
Lesion location
RCA 70.0% 33.7% 0.0026
LAD 30.0% 39.4% 0.5564
LCx 0 26.9% 0.0160
TIMI flow before intervention
TIMI 0 75.0% 41.0% 0.0063
TIMI 1 25.0% 59.0% 0.0063

Data presented are percent of patients or mean value = SD. CCS =
Canadian Cardiovascular Society; TIMI = Thrombolysis in Myocardial Infarc-
tion grade flow (32).

variables and Student ¢ tests for continuous variables. A p
value < (.05 was considered significant.

Results

Baseline clinical and angiographic characteristics in the
Wallstent and balloon angioplasty groups (Table 1). No dif-
ference was found between the Wallstent implantation and
balloon angioplasty groups in gender, age, previous myocardial
infarction, previous successful balloon angioplasty, previous
coronary bypass surgery, coronary risk factors, angina class
or number of diseased vessels. The incidence of absolute
total occlusions (Thrombolysis in Myocardial Infarction
[TIMI] grade 0 [32]) was significantly higher in the Wall-
stent group than in the balloon angioplasty group. The
Wallstent was predominantly deployed in the right coronary
artery, which has few significant side branches at risk of
occlusion by full coverage of a long lesion using the Wall-
stent (4).

Clinical outcome. Delivery of all 25 Wallstents was possi-
ble, and no cardiac event occurred during the procedure.
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Figure 2. Changes in minimal lumen diameter (MLD) and reference
diameter (RD) in 20 lesions from before (pre) intervention through
the periods after balloon angioplasty (post BA) and after stent
implantation (post stent) to follow-up. Minimal lumen diameter
improved markedly after Wallstent implantation and the performance
of a Swiss Kiss.

Angiographic success (<30% diameter stenosis) was achieved
in all patients with Wallstent implantation. One patient sus-
tained a subacute occlusion on day 1 associated with a
non-Q wave myocardial infarction (creatine kinase 228
IU/liter) and was immediately treated by balloon angioplasty,
which promptly restored TIMI grade 3 flow. Of the 19 patients
in the Wallstent group eligible for 6-month angiographic
follow-up, 2 asymptomatic patients declined restudy. Thus, the
angiographic follow-up rate of the Wallstent group was 89%, a
rate comparable to the 86% rate in the control balioon
angioplasty group (3). Angiographic restenosis (=50% diam-
eter stenosis) at 6 months occurred in 5 (29%) of 17 lesions in
the Wallstent group and in 119 (45%) of 266 lesions in the
balloon angioplasty group. The overall event-free survival rate
at 6-month follow-up was 75% (15 of 20 patients) in the
Wallstent group and 71% (195 of 249 patients) in the balloon
angioplasty group.

Quantitative angiographic analysis in the Wallstent group.
The average nominal diameter of the Wallstents used was
1.82 * 0.83 mm greater than the maximal vessel diameter and
11.0 £ 7.3 mm longer than the lesion length. Minimal lumen
diameter increased from 0 mm before intervention to 1.10 *
(.28 mm after balloon angioplasty (Fig. 2). After stent implan-
tation, high pressure balloon dilation of 14.0 = 3.3 atm (“Swiss

Figure 3. Coronary angiograms of the right cor-
onary artery in a patient with total occlusion
before balloon angioplasty (A). After balloon
angioplasty a Wallstent (nominal diameter
6.0 mm, length 42 mm) was deployed. The ra-
diopaque stent delivery system and the markers
can be seen during deployment (B). After Wall-
stent deployment, minimal lumen diameter was
3.06 mm in association with a 15% residual
diameter stenosis (C). Follow-up angiography at
6 months revealed a minimal lumen diameter of
2.16 mm in association with a 35% diameter
stenosis (D).
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Figure 4. Changes in percent diameter stenosis (% DS) in 20 lesions
from before intervention (pre) through after balloon angioplasty (post
BA) and after stent implantation (post stent) to follow-up. There was
a marked decrease in residual stenosis after Wallstent implantation
and the performance of a “Swiss kiss”.

kiss”) using balloons of 3.9 * 0.7-mm diameter was performed
in all lesions. Implantation of the Wallstent further increased
the minimal lumen diameter to 2.96 *+ 0.55 mm (Fig. 2). At
6-month follow-up, minimal lumen diameter decreased to
2.06 = 0.92 mm. Figure 3 provides an example of the serial
angiographic outcome in an individual patient. Figure 4 shows
percent diameter changes from the period before intervention
through the period after stent implantation to 6-month follow-
up.

Quantitative angiographic comparison with the group un-
dergoing balloon angioplasty (Table 2). No difference was
found in vessel size (interpolated reference diameter before
intervention) between the Wallstent and balloon angioplasty
groups. There was a significantly greater reference diameter
after intervention in the Wallstent group, and this difference
remained at follow-up. The minimal lumen diameter increased
substantially more after Wallstent implantation, as reflected in
the substantially lower percent residual stenosis. At follow-up,
although the absolute loss was significantly higher in the
Wallstent group, the greater initial gain allowed improved
accommodation of the intimal hyperplasia, and both the
minimal lumen diameter and percent diameter stenosis at
follow-up were significantly lower in the Wallstent group.
Although the restenosis rate using the categoric approach
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Table 2. Quantitative Angiographic Analysis Results in the
Wallstent and Balloon Angioplasty Groups

Wallstent Balloon
Implantation Angioplasty
Group Group

{n = 20 lesions) (n = 266 lesions) p Value

Reference diameter (mm)

Before stent implantation 249 £ 0.67 246 £ 049 0.7976
After intervention 351 £ 055 246 £ 049 < 0.0001
At follow-up 324072 260 £ 055 < 0.0001
Minimal lumen diameter (mm)
Before intervention 0 0 —
After intervention 296 = 0.55 161 £034 < 0.0001
At follow-up 206 092 118 +0.69 < 0.0001
Differences in minimal lumen
diameter (mm)
Absolute gain 296 £ 055 161 £034 < 0.0001
Relative gain 1.19£0.30 0.66 =009 < 0.0001
Absolute loss 0.81 £ 095 0.43 = 0.68 0.0201
Relative loss 033 +0.39 0.17 £ 0.28 0.0175
Absolute net gain 2271+ 1.00 118 20,69 < 0.0001
Net gain index (.92 = 0.40 048 +0.28 <0.0001
Loss index 027 £ 031 026 £ 043 0.9189
Percent diameter stenosis (% DS)
Before intervention 100 100 —
After intervention 15.85 £ 6.33 34.16 = 846 < 0.0001
At follow-up 3638 £ 2478 54.08 = 25.67 0.0031
% DS at follow-up =50% 29.41% 44.74% 0.5150

Data presented are mean value = SD or percent of lesions.

tended to be lower in the Wallstent group, this difference did
not achieve statistical significance.

Discussion

Our study showed that implantation of the grossly oversized
Wallstent can be safely and successfully performed in patients
with total coronary occlusion. Furthermore, after successful
delivery of the stent, angiographic success, as defined by <30%
residual diameter stenosis, can be achieved in all cases. Despite
the propensity to reocclusion of lesions in this group, Wallstent
deployment resulted in a low risk of acute or subacute stent
thrombosis and a low rate of restenosis and reocclusion at
6-month follow-up. Thus, our policy of oversized Wallstent
implantation resulted in a resetting of vessel size and a
tendency toward a lower restenosis rate than that of occlusions
undergoing standard balloon angioplasty.

Reasons for high delivery success rate and safety. The high
delivery success rate may be explained by the low profile
(1.57 mm) and longitudinal flexibility of the Wallstent, which
allow successful negotiation of tortuous vessels. Furthermore,
the protective rolling membrane of the Wallstent prevents
migration of the stent during negotiation of the target lesion,
and the fine mesh structure of the device may prevent distal
embolization of friable tissue from the recanalized total occlu-
sion after successful laser or balloon angioplasty. Although a
previous study (33) of angioplasty with deliberately oversized

JACC Vol. 28, No. 2
August 1996:354-60

balloons in coronary stenoses suggested that that procedure
may result in a higher rate of acute complications, the self-
expanding nature of the Wallstent and its fine mesh structure
are probably also responsible (by providing support and scaf-
folding for the vessel wall) for the safe deployment of such
grossly oversized stents in total occlusions.

Comparison with balloon angioplasty group. By compar-
ing our results with those of a group of total occlusions
undergoing coronary balloon angioplasty and 6-month quanti-
tative angiographic follow-up in the same angiographic core
laboratory, we were able to demonstrate that our policy of
gross oversizing does indeed result in resetting of the vessel
size to what is assumed to be its original state before disease.
Furthermore, this oversizing results in a minimal lumen diam-
eter after implantation that is significantly larger than the
balloon angioplasty group reference diameter. Thus, despite
the greater absolute and relative loss during follow-up of the
Wallstent, the minimal lumen diameter at follow-up was
significantly higher and the percent stenosis lower in this
group. Although the resulting reduction in the categoric
restenosis rate did not achieve statistical significance, this may
have been due to the small number of lesions in our Wallstent
group. The loss index was almost identical in both groups,
~{.26 compared to a reported loss index of 0.50 for nonoc-
cluded stenoses (34,35), suggesting that although the vessel
reaction is similar after either balloon dilation or grossly
oversized stent implantation, the relative fibroproliferative
response in total occlusions is only half that seen in nonoc-
cluded stenoses (34). This observation may represent signifi-
cant differences in the underlying pathologic substrate, with
total occlusions having less normal vessel wall and vessel media
with which to mount a substantial fibroproliferative response
(36,37). Alternatively, differences in elastin content may result
in less chronic recoil and vessel remodeling in successfully
dilated occlusions (36,37).

Comparison with other stents for the treatment of total
occlusions. Previous studies (38—41) have also examined stent
implantation for the treatment of total coronary occlusions as
elective therapy or as therapy for suboptimal results or for
acute or threatened vessel closure. Depending on the indica-
tion and type of stent used, follow-up angiographic restenosis
rates have varied from 24% to 57%; the highest rate was
obtained with the Gianturco-Roubin stent used in bailout
situations. Our results compare favorably with these previously
published data, and we believe that the Wallstent has some
additional advantages over other stent designs in total coro-
nary occlusions. These include the customized length of up to
42 mm, which enables full coverage of the totally occluded
lesion and avoids multiple stenting, which is more time-
consuming and is also more likely to result in subacute
thrombosis (42). The larger expanded diameter of up to
6.0 mm also allows implantation of the grossly oversized
Wallstent and resetting of the previously occluded vessel to its
original condition before disease. Additionally, the high flexi-
bility of the Wallstent allows more natural bending and
tortuosity, factors that may be more favorable to dynamic
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coronary flow. The self-expanding characteristics of the stent
may play a role in preserving the large initial gain during
follow-up by exerting a persisting strong radial force.

Limitations of study. Our study has several limitations:
1) Because our study numbers are small, the data need to be
confirmed by larger multicenter studies. 2) We used an un-
matched control group of lesions undergoing successful bal-
loon angioplasty and quantitative angiographic follow-up for
comparison. Differences in study patients and procedural
characteristics between the Wallstent and balloon angioplasty
groups may have exerted some influence on clinical and
angiographic outcome. For example, there are significant
differences between the left anterior descending and right
coronary arteries in local flow dynamics, vessel geometry,
external compressive forces (43) and propensity to restenosis
(44). The predominance of right coronary artery lesions in our
stent group may have had a substantial influence on the
subsequent risk of occlusion and restenosis. Although there
was a greater incidence of TIMI grade 0 lesions in the stent
group, there is no evidence to suggest that these lesions are
either more or less prone to restenosis than TIMI grade 1
lesions (3). Similarly, although patients in the Wallstent group
received anticoagulant therapy for 3 months after intervention,
there is no evidence to suggest that this treatment may have led
to a reduction in restenosis (45).

Clinical implications. Recanalization of total occlusions
remains limited by a higher restenosis rate than that seen after
successful dilation of nonocclusive stenoses. Our study sug-
gests not only that implantation of the grossly oversized new
Wallstent is feasible and safe but that the resulting mechanical
remodeling of the vessel can improve local flow dynamics with
a resulting low incidence of subacute occlusion and prevention
of late elastic recoil enabling increased accommodation of late
lumen loss during follow-up. Our results need to be confirmed
in larger, multicenter, randomized studies but suggest that a
policy of implantation of the grossly oversized Wallstent in
patients with total occlusion will result in a lower angiographic
restenosis rate and improved clinical outcome. Adoption of a
policy of gross oversizing with more rigid, balloon-expandable
stents, such as the Palmaz-Schatz stent, may be entircly
inappropriate and unsafe. Thus, the implications of our study
should be limited to the new self-expanding, less shortening
Walistent. Finally, because the Wallstent is a fine mesh stent,
performing angioplasty to a side branch through it is techni-
cally very difficult. Furthermore, even if angioplasty were
performed for disease in a side branch before stent deploy-
ment in the main vessel, difficulties would be encountered if
restenosis occurred. Additionally, a certain amount of intimal
hyperplasia is anticipated inside the Wallstent; thus, if a side
branch has a significant untreated narrowing at its origin
before stent implantation in the main vessel, there is a
significant risk of disease progression during follow-up. Be-
cause of these considerations the Wallstent was used predom-
inantly in the right coronary artery in this and previous studies
(4), and its use will be more limited in the left coronary system.
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Conclusions. The safety and feasibility of implantation of
the oversized Wallstent for the treatment of chronic total
coronary occlusions were demonstrated. Oversized Wallstent
implantation, with full coverage of the lesion length, ensures
resetting of the vessel size to its original caliber before disease
in patients with chronic total occlusion and allows greater
accommodation of intimal hyperplasia and chronic vessel
recoil. In comparison with conventional balloon angioplasty,
oversized Wallstent implantation conveys a more favorable
short- and long-term clinical and angiographic outcome.

References

1. Bell MR, Berger PB, Bresnahan JF, Reeder GS, Bailey KR, Holmes DR Jr.
Initial and long-term outcome of 354 patients after coronary balloon
angioplasty of total coronary artery occlusions. Circulation 1992;85:1003-11.

2. Ivanhoe RJ, Weintraub WS, Douglas JS Jr, et al. Percutaneous transluminal
coronary angioplasty of chronic total occlusions. Primary success, restenosis,
and long-term clinical follow-up. Circulation 1992;85:106-15.

3. Violaris AG, Melkert R, Serruys PW. Long-term luminal renarrowing after
successful elective coronary angioplasty of total occlusion; a quantitative
angiographic analysis. Circulation 1995;91:2140-50.

4. Ozaki Y, Keane D, Ruygrok P, van der Giessen WJ, de Feyter PJ, Serruys
PW. Six-month clinical and angiographic outcome of the new less shortening
Wallstent in native coronary arteries. Circulation 1996;93:2114-20.

5. Keane D, Buis B, Reifart N, et al. Clinical and angiographic outcome
following implantation of the new Less Shortening Wallstent in aorto-
coronary vein grafts: introduction of a second generation stent in the clinical
arena. J Intervent Cardiol 1994;7:557-64.

6. Keane D, de Jaegere P, Serruys PW. Structural design, clinical experience
and current indications of the coronary Wallstent. Cardiol Clin 1994;12:689-
97.

7. Serruys PW, Rutch W, Heyndrickx GR, et al. Prevention of restenosis after
percutaneous transluminal coronary angioplasty with thromboxane A2-
receptor blockade: a randomized, double-blind, placebo-controlled trial:
Coronary Artery Restenosis Prevention on Repeated Thromboxane-
Antagonism Study (CARPORT). Circulation 1991;84:1568-80.

8. MERCATOR Study Group. Does the new angiotensin converting enzyme
inhibitor cilazapril prevent restenosis after percutaneous transluminal coro-
nary angioplasty? Result of the MERCATOR study: a multicenter, random-
ized, double-blind, placebo-controlled trial. Circulation 1992;86:100~10.

9. Faxon DP, for the MARCATOR Study Group. Effect of high dose
angiotensin-converting enzyme inhibition on restenosis: final results of the
MARCATOR study, a multicenter, double-blind, placebo-controlled trial of
cilazapril. J Am Coll Cardiol 1995;25:362-9.

10. Serruys PW, Klein W, Tijssen JGP, et al. Evaluation of ketanserin in the
prevention of restenosis after percutaneous transluminal coronary angio-
plasty: a multicenter, randomized, double-blind, placebo-controlled trial: the
Post-Angioplasty Restenosis Ketanserin (PARK) trial. Circulation 1993;88:
1588-601.

11. Hamburger JN, Serruys PW. Recanalization of chronic total occlusions using
a laser guide wire. In: Sigwart U, Bertrand ME, Serruys PW, editors,
Handbook of Cardiovascular Interventions. New York: Churchill Living-
stone, 1996. In press.

12. Serruys PW, Hamburger JN, de Feyter PJ, vd Brand MJ. Recanalization of
chronic total occlusions using a laser guidewire: a preliminary experience
[abstract]. Circulation 1994;90 Suppl L:1-331.

13. St. Goar FG, Pinto FJ, Alderman EL, Fitzgerald PJ, Stadius ML, Popp RL.
Intravascular imaging of angiographically normal coronary arteries: an in
vivo comparison with quantitative angiography. J Am Coll Cardiol 1991;18:
952-8.

14. St. Goar FG, Pinto FJ, Alderman EL, et al. Intravascular imaging of
angiographically normal coronary arteries: detection of coronary atheroscle-
rosis in young adult hearts using intravascular ultrasound. Circulation
1992;86:756-63.

15. Leung WH, Alderman EL, Lee TC, Stadius ML. Quantitative arteriography
of apparently normal coronary segments with nearby or distant disease



360

16.

17.

18.

19.

20.

21.

22.

23,

24,

25.

26.

27.

28.

29

OZAKI ET AL.
WALLSTENT IMPLANTATION FOR TOTAL OCCLUSION

suggests presence of occult nonvisualized atherosclerosis. J Am Coll Cardiol
1995;25:311-7.

Mintz GS, Painter JA, Pichard AD, et al. Atherosclerosis in angiographically
“normal” coronary artery reference segments: an intravascular ultrasound
study with clinical correlations. J Am Coll Cardiol 1995;25:1479-85.
Serruys PW, delaegere P, Kiemeneij F, et al., on behalf of the Benestent
study group. A comparison of balloon-expandable-stent implantation with
balloon angioplasty in patients with coronary artery disease. N Engl ] Med
1994;331:489-95.

Ozaki Y, Keane D, Ruykrok P, de Feyter PJ, Stertzer S, Serruys PW. Acute
clinical and angiographic results with the new AVE micro coronary stent in
bailout management. Am J Cardiol 1995;76:112-6.

Haase J, Escaned J, van Swijndregt EM, et al. Experimental validation of
geometric and densitometric coronary measurements on the new generation
Cardiovascular Angiography Analysis System (CAAS II). Cathet Cardiovasc
Diagn 1993;30:104-14.

Serruys PW, Booman F, Troost GJ, et al. Computerized quantitative
coronary angiography applied to percutaneous transluminal coronary angio-
plasty: advantages and limitations. In: Kaltenbach M, Gruentzig A, Rentrop
K, Bussmann WD, editors. Transluminal Coronary Angiography and Intra-
coronary Thrombolysis. Coronary Heart Disease IV. Berlin: Springer-
Verlag, 1982:110-24.

Serruys PW, Foley DP, de Feyter PJ, editors. Quantitative Angiography in
Clinical Practice. Dordrecht, The Netherlands: Kluwer Academic, 1994.
Ozaki Y, Keane D, Herrman JP, et al. Coronary arteriography for quanti-
tative analysis: an experimental and clinical comparison of cinefilm and video
recordings. Am Heart J 1995;129:471-5.

Keane D, Haase J, Slager CJ, et al. Comparative validation of quantitative
coronary angiographic systems. Results and implications from a multicenter
study. Circulation 1995;91:2174-83.

Ozaki Y, Keane D, Serruys PW. Progression and regression of coronary
stenosis in the long-term follow-up of vasospastic angina: a quantitative
angiographic study. Circulation 1995;92:2446-56.

Ozaki Y, Keane D, Nobuyoshi M, Hamasaki N, Popma JJ, Serruys PW.
Coronary lumen at 6 month follow-up of the new radiopaque Cordis
tantalum stent using quantitative angiography and intracoronary ultrasound.
Am ] Cardiol 1995;76:1135-43,

Herrmann JP, Keane D, Ozaki Y, den Boer A, Serruys PW. Radiological
quality of coronary guiding catheters: a quantitative analysis. Cathet Cardio-
vasc Diagn 1994;33:55-60.

Keane D, Serruys PW. Quantitative coronary angiography: an integral
component of interventional cardiology. In: Topol EJ, Serruys PW, editors.
Current Review of Interventional Cardiology. 2nd ed. Philadelphia: Current
Medicine, 1995:205-33.

Ozaki Y, Keane D, Serruys PW. Fluctuation of spastic location: a quantita-
tive angiographic study. J Am Coll Cardiol 1995;26:1606-14.

Hermans WRM, Rensing BI, Pameyer J, Serruys PW. Experiences of a
quantitative coronary angiographic core laboratory in restenosis prevention
trials. In: Reiber JHC, Serruys PW, editors. Advances in Quantitative Coronary
Arteriography. Dordrecht, The Netherlands: Kluwer Academic, 1993:177-92.

30.

31

32

33.

34.

3.

36.

37

38.

39.

40.

41.

42.

43.

44.

45.

JACC Vol. 28, No. 2
August 1996:354-60

Ozaki Y, Keane D, Serruys PW. Relationship of basal coronary tone and
vasospastic activity in patients with variant angina: a quantitative angio-
graphic study. Br Heart J 1996,75:267-73.

Strikwerda S, van Swijndregt EM, Melkert R, Serruys PW. Quantitative
angiographic comparison of elastic recoil after coronary excimer laser-
assisted balloon angioplasty and balloon angioplasty alone. J Am Coll
Cardiol 1995;25:378-86.

The TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI)
trial. N Engl J Med 1985;312:932-6.

Roubin GS, Douglas JS Jr, King SB, et al. Influence of balloon size on initial
success, acute complications, and restenosis after percutaneous transluminal
coronary angioplasty: a prospective randomized study. Circulation 1988;78:
557-65.

Kuntz RE, Safian RD, Carrozza JP, Fishman RF, Mansour M, Baim DS. The
importance of acute luminal diameter in determining restenosis after
coronary atherectomy or stenting. Circulation 1992;86:1827-35.

Kuntz RE, Baim DS. Defining coronary restenosis: newer clinical and
angiographic paradigms. Circulation 1993;88:1310-23.

Katsuragawa M, Fujiwara H, Miyamae M, Sasayama S. Histologic studies in
percutaneous transluminal coronary angioplasty for chronic total occlusion:
comparison of tapering and abrupt types of occlusion and short and long
occluded segments. J Am Coll Cardiol 1993;21:604-11.

Sanborn TA. Recanalization of arterial occlusions: pathologic basis and
contributing factors. J Am Coll Cardiol 1989;13:1558-60.

Medina A, Melian F, de Lezo J$, et al. Effectiveness of coronary stenting for
treatment of chronic total occlusion in angina pectoris. Am J Cardiol
1994;73:1222-4.

Goldberg SL, Colombo A, Maiello L, Borrione M, Finci L, Almagor Y.
Intracoronary stent insertion after balloon angioplasty of chronic total
occlusions. J Am Coll Cardiol 1995;26:713-9.

Almagor Y, Borrione M, Maiello L, Khlat B, Finci L, Colombo A. Coronary
stenting after recanalisation of chronic total coronary occlusions [abstract].
Circulation 1993;88 Supp! L:1-504.

Bilodeau L, Iyer SS, Cannon AD, et al. Stenting as an adjunct to balloon
angioplasty for recanalisation of totally occluded coronary arteties: clinical
and angiographic follow-up [abstract]. J Am Coll Cardiol 1993;21 Suppl
A292A.

Asai T, Tsuchikane E, Katoh O, et al. Efficacy of coronary stent in chronic
total occlusions [abstract]. Eur Heart J 1995;16 Suppl:180.

Serruys PW, Di Mario C, Kern MI. Intracoronary Doppler. In: Topol EJ,
editor. Textbook of Interventional Cardiology. 2nd ed. Philadelphia: Saun-
ders, 1994:1069-121.

Foley DP, Melkert R, Serruys PW, on behalf of the CARPORT, MERCA-
TOR, MARCATOR and PARK investigators. Influence of coronary vessel
size on renarrowing process and late angiographic outcome after successful
balloon angioplasty. Circulation 1994;90:1239~51.

Urban P, Buller N, Fox K, Shapiro L, Bayliss J, Rickards A. Lack of effect of
warfarin on the restenosis rate or on clinical outcome after balloon coronary
angioplasty. Br Heart J 1988;60:485-8.





