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Abstract. Bal loon -e xpa nda b l e ,  intraluminal  s tent ing 
o f  the iliac ar ter ies  with the Pa lmaz  stent was  the 
subject  o f  a mul t i cen te r  s tudy  for  4 years .  A total o f  
486 pat ients  u n d e r w e n t  587 p rocedures .  F o u r  hun-  
dred and five pa t ien ts  had unilateral  and 81 had bilat- 
eral iliac s tent  p l acemen t s .  Fo l low-up  ranged f rom 
1 to 48 m o n t h s  (mean  13.3 +- 1 l months) ,  Sus ta ined  
clinical benefi t  o f  the t rea ted  pat ients  was  obta ined  
in 90.9% at I year ,  84.1% at 2 years ,  and 68,6% 
at 43 months .  Ang iog raph i c  p a t e n c y  rate was  92%. 
Diabetes  mell i tus  and p o o r  runof f  had significant 
negat ive inf luence on  the clinical ou t come .  The  10% 
inc idence  o f  p r o c e d u r a l  compl ica t ions  was  not  al- 
tered by  o p e r a t o r  exper i ence .  

Key  words :  A t h e r o s c l e r o s i s - - I l i a c  a r t e r i e s - - P e r c u -  
t aneous  ba l loon  a n g i o p l a s t y - - I n t r a v a s c u l a r  s tents  

In  Augus t  1987 a trial was  inst i tuted to eva lua te  
a ba l l oon -expandab le  in t ra luminal  stent  in pat ients  
with iliac a r t e ry  d isease .  Pre l iminary  results  f rom 
this trial were  publ i shed  p r ev ious ly  [1-2].  Seven teen  
cen te rs  (see a c k n o w l e d g m e n t )  were  involved  in 
phase  II  o f  the trial. The  cr i ter ia  fo r  pat ient  select ion,  
the p rocedura l  guidel ines ,  and the me thod  o f  fol low- 
up eva lua t ion  w e r e  p e r f o r m e d  unde r  a p ro toco l  ap- 
p roved  by the Uni ted  Sta tes  F o o d  and Drug  Admin-  
is trat ion (FDA)  and  the Ins t i tu t ional  Rev iew Boards  
and  Eth ics  C o m m i t t e e s  o f  the insti tutions involved.  
A lmos t  5 yea r s  have  e lapsed  since the beginning o f  
this trial to the p re sen t  but  the pat ient  accrual  ra te  
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increased  d i sp ropo r t i ona t e ly  wi th  t ime. This c a u s e d  
an uneven  dis t r ibut ion o f  the pat ient  fo l low-up  
g roups ,  with mos t  o f  the pa t ien ts  hav ing  a re la t ively  
shor t  per iod o f  fo l low-up.  In o r d e r  to ob ta in  fu r the r  
da ta  about  safe ty  and e f f icacy  o f  this f o r m  o f  t reat-  
men t  in a significant n u m b e r  o f  pat ients ,  the eva lua-  
t ion will con t inue  into the fu ture .  H o w e v e r  l imited,  
impor tan t  in fo rmat ion  was  el ici ted f r o m  the avail-  
able data .  The  fo l lowing  is a s tat is t ical  analys is  o f  
such data.  

Material and Methods 

The device under evaluation is a balloon-expandable stent manu- 
factured by Johnson and Johnson Interventional Systems, War- 
ren, NJ. This device is currently approved for the clinical treat- 
ment of iliac artery disease in the United States and most other 
countries. The protocol, patient selecnon, indications, contrain- 
dications, and procedural gmdelines for the use of the device were 
previously described in detail [1-4]. The criteria for evaluation 
of the clinical results followed the guidelines proposed by Ruther- 
ford et al. [5]. 

P a t i e n t  P opu la t i on  

The trial group was composed of 486 patients who underwent a 
total of 587 procedures. The patients' mean age was 62.9 - 10 
years, with patients in their 60s being the largest group. The risk 
profile of the patient population, composed of 75% males and 
25% females, showed that 94.4% of the patients had a history of 
cigarette smoking, 22.9% suffered from diabetes mellitus, 50.4% 
had coronary artery disease, 18.2% had cerebrovascular disease, 
and 52% had high blood pressure (Fig. 1). 

We used the following ranking system for lower extremity 
ischemia: stage 0 asymptomatic; stage 1 mild intermittent claudi- 
cation (>-500 yards): stage 2 moderate intermittent claudication 
(500-50 yards); stage 3 severe claudication (<50 yards), stage 4 
lschemic rest pain; stage 5 nonhealing ulcer, minor tissue loss: 
stage 6 major tissue toss, foot not viable. Two patients (0.4%) 
were in stage 0, 0.7% were in stage 1, 20.8% were in stage 2, 46% 
were in stage 3, 21.1% were in stage 4, 10.4% were in stage 5, 
and 0.5% were in stage 6 (Fig. 2). The 2 patients in stage 0 were 
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Fig. 1. Atherosclerotic profile as defined by the mean incidence 
of risk factors. AODM: Adult onset diabetes meltitus. CAD: 
Coronary artery disease, CVD: Cerebrovascular disease, HTN: 
Hypertension. 

athletes, asymptomatic by stage grading but who had reduced 
exercise tolerance by a flow-limiting lesion m the lilac arteries. 

Lesion Characteristics 

In keeping with the trial goal to evaluate the device m relatively 
localized iliac artery disease, the average length of the ihac artery 
lesion treated was 3.2 • 3.1 cm and 62,6% of the patients had a 
lesion equal or shorter than 3 cm. Longer lesions were present m 
fewer pattens, with 1.6% (8 patientsl having lesions equal or 
longer than 15 cm (F~g, 3). The mean lesion stenosis was 82 -+ 
16%, and 13.5% of the lesions amounted to complete occlusion. 
The majority of the lestons (40.8%) were in the 80-99% range. 
Most of the patients with a less severe degree of stenosts were 
those with inflow and outflow disease in whom lilac revasculariza- 
tion was part of a combined treatment involving fliac stenting 
and lower extremity bypass surgery. Twenty-seven such patients 
accounted for 5,5% of the trial population. The mean mtraluminal 
pressure gradient across the area to be treated was 39.1 +- 24 mm 
Hg. 

Treatment and Follow-up Evaluation 

Four hundred and five patients received stenting of one lilac 
artery and 81 patients had bilateral placements. Of these, 59 had 
both iliac arteries treated with stents at the same sitting and the 
other 22 patients had iliac stenting on two separate occasions. 
The common lilac artery was the site of stent placement in 66.5% 
and the external iliac artery in 19% of the patients. Both common 
and external iliac arteries were treated in 13.1% of the patients, 
and 1.4% received stents m the distal aortic lumen. 

The patients were followed up clinically, hemodynarnicatty, 
and angiographically following a routine previously described 
[1-2]. The average clinical and hemodynamic follow-up was over 
1 year (13.3 - 11 months), with the largest group of patients 
followed up to 6 months. Sixty-nine (16.3%) of the patients had 
more than 24 months of follow-up evaluation. 

Two hundred and one patients had an angiographic follow- 
up study at an average of 8.7 -+ 5.7 months (range 1-35 months). 
For the purpose of establishing angiographic potency, a stented 
lumen equal to or smaller than 50% was considered stenotic. The 
clinical outcome of the procedure was evaluated by the Kaplan- 
Meier product-limit method (BMDP statistical software. Los 
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Fig. 2. Percent distribution of ischemic stages before treatment. 
Stage 0 = asymptomatic; stage 1 = todd intermittent claudication 
(->500 yards): stage 2 = moderate intermittent claudication 
(500-50 yards); stage 3 = severe claudication (<50 yards); stage 
4 = ischemic rest pain; stage 5 non-healing ulcer, minor tissue 
loss; stage 6 major tissue loss, foot not viable. 
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Fig. 3. Percent distribution of lesion length per patient. 

Angeles, CA). Validity of an observation was set at a standard 
error -<0.1. Statistical evaluation between categories was as- 
sessed by the Wilcoxon test and significance level was set at 
P --< 0.05. 

R e s u l t s  

A n  a v e r a g e  o f  1.9 -- 1.3 s t e n t s  w e r e  u s e d  p e r  p a t i e n t  

( r a n g e  I - 8 ) .  B e c a u s e  t h e  m o s t  f r e q u e n t  l e s i o n  l e n g t h  

w a s  s h o r t e r  t h a n  3 c m  ( F i g .  4) ,  m o s t  p a t i e n t s  
r e c e i v e d  j u s t  o n e  s t e n t  ( 5 2 . 4 %  = 1: 2 8 . 7 %  = 2: 

9 . 2 %  = 3; 4 . 6 %  = 4; 2 . 7 %  = 5: I %  = 6; a n d  

0 . 8 %  = 7 s t e n t s )  (F ig .  4). F o l l o w i n g  s t e n t i n g  t h e  
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Fig. 4. Percent  d~stribution o f  n u m b e r  of  s tents  per patient. 
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Fig. 5. Percent  dis t r ibut ion of  l schemic  s tages ~oon after treat- 
ment .  Stage 0 = a sympt oma t i c :  s tage 1 = mild intermittent  clau- 
dication (>-500 yards):  s tage 2 = modera te  intermittent  claudica- 
tion (500-50 yards):  s tage 3 = severe  claudication (<50 yards),  
stage 4 = ischemic rest  pain: s tage 5 non-heal ing ulcer, minor  
t issue loss:  s tage 6 major  t i ssue loss ,  foot not viable. 

mean pressure gradient across the treated area was 
reduced to t.3 +- 2.9 mm Hg. The clinical status at 
the time of hospital discharge following treatment 
of the iliac artery stenosis with stents as the only 
procedure or in combination with bypass surgery of 
the lower extremity was graded with the same rank- 
ing system as before treatment. Three hundred and 
fifty-seven (74.7%) patients were asymptomatic, 5% 
had stage 1, 13.4% stage 2, 2.9% stage 3, 1.9% stage 
4, and 2.1% had stage 5 lower extremity ischemia 
(Fig. 5). The patients were evaluated by clinical ex- 
amination and segmental, lower extremity cuff-pres- 
sure measurements at regular intervals [1-2]. The 
longest time of follow-up averaged 13.3 -+ 11 months 
(range t-39) (Fig. 6). At the latest follow-up, the 
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Fig. 6, Percent  dis t r ibut ion of  t ime intervals  at the latest follow- 
up examinat ion .  
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Fig. 7. Percent  dis t r ibut ion of  i schemlc s tages  at latest Follow-up 
examinat ion .  Stage 0 = a symptoma t i c :  s tage  1 = todd intermit- 
tent  claudicat ion (>-500 yards);  s tage 2 = moderate  intermit tent  
c l aud icauon  (500-50 yards/ :  stage 3 = severe  claudication (<50 
yards) ,  s tage 4 = i schemic  rest pain; s tage 5 non-heal ing ulcer,  
minor  t issue loss;  s tage 6 major  t issue loss,  foot not viable. 

clinical status of the lower extremity in 67.1% of the 
patients was asymptomatic, 7.1% were in stage 1, 
15% stage 2, 5% stage 3, 2.3% stage 4, 2.3% stage 
5, and 1.2% were in stage 6 (Fig. 7). The mean ankle- 
brachial index increased from 0.62 --+ 0.2 prior to the 
treatment to 0.8 -+ 0.2 soon after and it was 0.8 -+ 
0.2 at the latest follow-up examination. 

The evaluation of clinical success by the product 
limit method, as defined by the retention of at least 
one stage improvement in the ischemic ranking sys- 
tem, indicated a success rate of 99.2% immediately 
after treatment, 90.9% at 12 months, 84.1% at 24, 
and 68.6% at 43 months (Fig. 8). Comparison of 
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Fig. 8. Product  limit s ta t is t ics  on overall  success  of  the t reatment .  
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Fig. 10. Product  limit stat ist ics o f c h n l c a l  succe s s  in patient with 
and without  poor  runoff.  
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Fig. 9. Product  limit s ta t is t ics  o f  clinical success  in pauen ts  w~th 
and without d iabe tes  mell i tus.  (DM: diabetes  mellitus). 

survival curves between patients with and without 
diabetes mellitus indicated a statistical significant 
difference in retention of improvement at 3 years 
(Wilcoxon test P < 0.00001) (Fig. 9). Likewise, pa- 
tients with poor runoff vessels had poorer results 
(Wilcoxon test P = 0.0013) (Fig. I0). Patients with 
recanalized complete iliac artery occlusion did bet- 
ter than those with stenosis as 87.8% of the patients 
with stented occlusion were classified as successful 
compared with 66.6% of those with stenosis, at 40 
months. The statistical comparison did not, how- 
ever, achieve significance (Wilcoxon test P = 0.13) 
(Fig. 11). 

Evaluation Of the angiographic data available 
yielded an angiographic patency rate of 91.9%. In- 
cluding the complete occlusions, the mean loss of 
luminal diameter was 15 --+ 16%. Restenosis oc- 
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Fig. 11. Product  limit s tat is t ics of  clinical succe s s  in pat ient  with 
and without  iliac artery occlusion prior  to s tent ing.  

curred in 15 common lilac and one external iliac 
artery stents. In 2 patients, restenosis occurred in 
both common and external iliac artery stents. Reste- 
nosis was diagnosed at 1 month or sooner in 7 pa- 
tients (1.4%) and after 1 month in 8 patients (1.8%). 
Angiography detected progression of atheroscle- 
rotic disease at a site distant to the stent in 4.5% of 
the patients during the first year, in 5.5% of the 
patients during the second year, and in 5.8% during 
the third year after treatment. The overall limb loss 
was 1.9%. Five below-knee amputations occurred 
at 15 days and 1, 2, 4, and 4 months, respectively. 
Four additional above-knee amputations occurred 
at 1, 6, 15, and 16 months, respectively. No stent 
thrombosis was present in any of the amputees. 
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Table 1. Comphcation of stent placement for itiac artery 
disease m 486 patients (587 procedures) 

Procedure related Stent related 

Groin hematoma 8 
Distal embolization 6 
Groin pseudoaneurysm 4 
lliac artery pseudoaneurysm I 
Aortic extravasatmn 1 
Groin arteriovenous fistula 1 
Retroperitoneal hematoma 2 
Surgical arteriotomy bleed 1 
Puncture site thrombos~s 2 
Puncture site laceration 4 
Angioplasty site rupture 4 
Subintimal dissection 5 
Contrast-induced renal failure 4 
Death (contrast reaction) 2 

Acute 5 
thrombosis 
Pseudoaneurysm 2 
Dlslodgement 4 

Complications 

The overall complication rate was 9.9%. Eight per- 
cent of the complications were related to the stent 
delivery procedure and largely localized to the ves- 
sel entry site (Table 1). The remaining 1.9% were 
related to the stent itself. Acute thrombosis shortly 
after stent placement occurred in five instances. Two 
pseudoaneurysms adjacent to the stented site devel- 
oped in 2 patients who had laser recanalization of 
complete chronic occlusions followed by stent 
placement. One of them, small in size, was treated 
conservatively. The other one was treated by distal 
ligation of the iliac artery and femoro-femoral by- 
pass. Four stent thromboses were recanalized with 
thrombolysis and balloon angioplasty. One patient 
underwent aortofemoral bypass. 

Analysis of the incidence of complications by 
investigational site failed to indicate a relationship 
between number of complications and number of 
procedures performed at each site. Therefore, the 
incidence of complications was similar in all sites. 
Among the centers with the largest number of cases 
performed, the incidence of complications per year 
did not change significantly through the duration of 
the study. Nine patients (1.9%) died within 30 days 
and 27 patients (6.2%) died beyond 30 days of the 
treatment. One year after treatment, the overall mor- 
tality was 6.1%. Cardiovascular causes were respon- 
sible for 63% of deaths. Neoplasm was the reason 
for demise in 19.4%, infection in 8.3%, and miscella- 
neous causes in an additional 8.3% of the patients. 

Discussion 

During the past 6 years, a sizable clinical experience 
with the use of stents in the iliac arteries has been 

reported. In a randomized comparison between bal- 
loon-expandable stents and percutaneous balloon 
angioplasty of the iliac arteries, Richter et al. [6] 
demonstrated that stenting may improve upon the 
results of lilac angioplasty, but longer follow-up is 
needed to confirm this preliminary conclusion. 
Stents suitable for use in iliac artery disease such as 
the Cook ~'Z" stent (Bloomington, IN), the Schnei- 
der Wallstent (Minneapolis, MN), the Medi-tech, 
Strecker stent (Watertown, MA), and the Johnson 
and Johnson Palmaz stent (Warren, N J) are commer- 
cially available in Europe, Australia, Asia, and 
South America. The Palmaz stent is currently the 
only one approved for iliac artery stenting in the 
United States. As no clinical registry of the use of 
lilac stents is available, systematic information re- 
garding patients, devices, and treatment outcome is 
lacking. The lilac stent data published in the litera- 
ture probably represents a small fraction of the 
global experience in the use of lilac stents, and the 
reporting methods are not standardized for compara- 
tive analysis. In order to evaluate the safety and 
efficacy of an intravascular stent in any clinical appli- 
cation, minimal information must include acute oc- 
clusion rate, patency, and complications. Data on 
acute occlusion is important because of the inherent 
thrombogenicity of these devices and, in this re- 
spect, most investigators agree that a thrombotic 
event occurring within 3 weeks after stent placement 
should be considered acute. Stent patency may be 
expressed as minimal luminal diameter or mean per- 
centage stenosis, however, it is most commonly re- 
ported as percentage of stents with a lumen less than 
or equal to 50% of the immediate postplacement 
diameter. Sectional imaging may provide enough in- 
formation to evaluate patency but conventional or 
digital angiography provide additional information 
about the vessels proximal and distal to the stent 
that is essential for a complete evaluation. Six 
months after initial stent placement is the most com- 
monly reported period of time for establishing pat- 
ency or restenosis rate. Longer periods of time may 
be more meaningful, as would be serial angiographic 
evaluations. However, this is an unrealistic expecta- 
tion as asymptomatic patients tend to refuse even a 
single, scheduled follow-up arteriogram. 

Noncontrolled comparison between series of 
patients who received different stents is marred by 
biased patient selection. Examples of such selection 
biases are the operators' tendency to select patients 
with long iliac lesions to receive equally long stents 
or patients with disease-free common femoral arter- 
ies for those stents with large delivery systems. The 
first would influence negatively and the second posi- 
tively the procedure outcome. Considering all the 
timitations~ analysis of reports containing enough 
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Table 2. Clinical exper ience  in iliac artery stenting 

J.C~ Palmaz et al." Ihac Stents 

Stent No. patients Acute Patency Complicat ion 
occlusion % % % 

Palmaz 
US Multicenter  [7] 40 l I 94.1 11 
European mult icenter  [6] 159 1.3 93.1 3.1 
Henry  et al. [8] 56 0 97 3.5 
Average 616 a 1 94.1 8.5 

Wallstent 
Vorwerk and Guenter  [9] 68 3 93.3 12 
Guenter  et al. [10] 91 2.2 83.5 20 
Zollikofer et al. [11t 26 0 96 7.8 
Average 185" 2.2 88.6 9.2 

Gianturco "Z '"  
Kichikawa et al. [12] 10 ~ 0 100 0 

Stents and authors are listed by number  of  cases reported 
a Values represent ing total number  of  patients 

data for comparative analysis is detailed in Table 2. 
Acute thrombosis, patency, and complications are 
reasonably similar among the three devices under 
comparison, even taking into consideration possible 
bias in the patient selection and interpretation of the 
results [6-121. 

Analysis of the patient population of the present 
study yields valuable information about the nature 
of iliac artery disease and how it can be affected by 
intraluminal stent placement. This group of patients 
reflects that atherosclerotic disease of the iliac artery 
predominately affects male smokers in their 60s. 
Half of the patients have hypertension or coronary 
artery disease and about one-fifth have cerebrovas- 
cular disease or diabetes mellitus. Severe intermit- 
tent claudication at 50 yards or less is present in 
almost half of the patients. The most common lesion 
treated was a short (-<3 cm), high-grade (82 -2-_ 16%), 
common iliac artery stenosis causing a large intra- 
luminal pressure gradient f39 -+ 24 mm Hg). Recana- 
lization of such obstructions by stent placement was 
effective in relieving symptoms as 75% of the pa- 
tients were rendered asymptomatic after treatment. 
Survival statistics of clinical success showed a 
steady decline in the cumulative success, with only 
67% of the patients retaining benefit 43 months after 
treatment. This was shown to be related to progres- 
sion of atherosclerotic disease proximal or distal to 
the treated site which developed at an approximate 
rate of 5%/year. Clinical failure was caused by the 
development of these new lesions rather than reste- 
nosis of the treated site which remained patent in 
92% of the patients. The observation that all amputa- 
tions occurred in patients with patent stents also 
suggests that distal progression of the disease is the 
most common cause of failure. As expected, diabe- 

tes mellitus and poor runoff had a negative influence 
on the long-term outcome. 

The higher treatment success among patients 
with recanalized occlusions as opposed to those with 
stenoses is not conclusive until a larger number of 
patients allows for more accurate statistical evalua- 
tion. However, there is a trend to indicate that all 
clinical failures among recanalized occlusions oc- 
curred within 8 months, with no failures thereafter. 
This suggests that reendothelialization may take this 
long to be complete after stenting of occluded arter- 
ies, which are obviously devoid of endothelial lining 
immediately after treatment. A period of risk ofstent 
failure exists before endothelialization finally pro- 
tects the treated segment from low-flow thrombosis. 
The sustained clinical success beyond the first 8 
months confirms the notion that "protected"  vessels 
distal to iliac occlusions may be relatively free of 
disease and that these patients derive maximum ben- 
efit from proximal revascutarization. 

The iliac stent complication rate of 10% com- 
pares well with the complication rate ofiliac balloon 
angioplasty averaging 9% [ 13-16]. Most of the com- 
plications are related to the puncture site and the 
relatively large size of the delivery system (9 
French). It is expected that these complications will 
be reduced with the use of new balloon-expandable 
stents of smaller diameter, that may be crimped over 
5F angioplasty balloons and introduced through 7F 
sheaths. Serious complications directly related to 
the stent, such as pseudoaneurysm, should be 
avoided by refraining to place stents after recanaliza- 
tion of chronic iliac occlusion by any method that 
may cause wall perforation, such as laser or atherec- 
tomy. Stent placement in these circumstances may 
intensify bleeding by stretching open a defect in the 
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wall that may have been partially or completely 
closed by elastic recoil. The fact that the incidence 
of complications is not higher among investigators 
accruing a small number of cases indicates a short 
or absent specific "learning curve." The technique 
is closely related to percutaneous balloon angi- 
oplasty, and all testing sites involved in this trial had 
a large expertise in this procedure. Therefore, this 
may have reflected positively on the incidence of 
complications, which remained at a relatively low, 
constant level as the experience increased. 

As expected in this patient population, most 
deaths were related to myocardial infarction and 
stroke. This emphasizes the need for aggressive 
screening of the coronary and carotid vessels among 
patients with iliac artery disease. Longer follow-up 
and further analysis of this cohort is under way and 
may increase in the future our understanding of the 
natural history of the disease. 

In conclusion, the present study supports the 
use of balloon-expandable stenting as safe and effec- 
tive for the treatment of atherosclerotic iliac artery 
disease, 
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