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INTRODUCTION

Since the first implantation of a Palmaz Schatz coronary stent in our department, in Junuary
1990, we were confronted with both the beneficial and detremental properties of the device.
We experienced that this stent was of great value in stabilizing patients with an occlusive dis-
section after balloon angioplasty (PTCA) [chapter 2.1 and 2.2] and we shared the opinion that
the stent had the potential to reduce restenosis after balloon angioplasty, as was demonstrated
later in the Benestent-I (1) and the STRESS (2)- studies. Because of its thrombogenicity, we
adhered to the stringent anticoagulation regimern, which was advised to prevent stent throm-
bosis (3). Despite this strategy, stent (hrombosis could not be prevented in the bailout situ-
ation (chapter 2.2) and, to a lesser extent, in the ideal study population, such as defined in the
Benestent-T study (chapter 2.3 and 3.1), The combination of antiplatelet and anticoaguiant
therapy also resulted in a high incidence of entry-site related bleeding complications (chapter
2.2, 2.3 and 3.1).

In the course of 5 years, optimalization of clinical cutcome after coronary stenting was explo-

red in 5 directions:

[1] 1991-1992: Tmprovement of stent implantation technique by intravascular vltrasonic
guidance

[2] 1991-1992: Improvement of anticoagulation monitoring by prothrombin fragment FI+2
assessment.

[31 1991-1992; Iimprovement of local hemostasis and anticoagulation by application of colla-
gen plugs.

[4] 1992-1995; Selection of a safer entrysite.

[5] 1994-1995: Implantation of non-thrombogenic stents.

{11 Improvement of stent implanfation technique by intravascular ultrasonic guidance.
The risk for subacute stent thrombosis is reduced when larger final stent diameters are obtain-
ed {(4,5,6). Although the angiographic uppearance after slenting may be acceptable, stent
expansion can be incomplete, when assessed with infravascular ultrasound (IVUS).

Stent dilatation with larger balloons at high inflation pressures does result in improved stent
expansion (7). Since the Palmaz Schatz stent, incorporated in the prefabricated Stent Delivery
System {SDS}, is mounted on a compliant low pressure- balloon, we postutated that the stent
could not be properly expanded after initial deployment with this SDS.

In the early years of stent experience, we compared stent expansion with IVUS after delivery
with the SDS and after high pressure inflations with less compliant batloon material (chapter
4.1).

[2] Improvement of monitoring of anticoagulation by assessment of prothrombin frag-
ment F1+42,

Af the same time attention was focused on the importance of optimal anticoagulation to pre-
vent stent thrombosis. From Swars et al. (8) and Hather et al. (9) came promising news on the
assessment of prothrombin fragment F1+2, as specific markers for impending stent thrombo-
sis. In refrospective studies a rise of F1+2 was detectable in patients who developed stent
thrombosis, By giving additional heparin if a rise in F142 was detected, stent thrombosis
could be prevented {9).

However, administration of extra heparin, also in patients with Activated Partial
Thromboplastin Times (APTT) within the therapeutic range, may further increase the risk of
bleeding complications. Therefore, we pertormed a prospective study, to explore the practical
value of this assessment by establishing the relation between prathrombin fragment F142-
levels and the occurence of subacute thrombosis (chapter 4.2},
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[3] Improvement of local hemostasis and anticoagulation by application of collagen
plugs at the puncturesite.

Ernst et al. ([0) and Sanborn et al. (11) reported on the value of collagen plugs, percutaneous-
ly inserted at the puncturesite after coronary angiography and PTCA,

These promising results, stimulated us to explore the value of this hemostatic device in the
prevention of bleeding complications at full heparinization afler coronary stenting (chapter
4.3).

[4] Selection of a safer entrysite,

In 1992, 6 French (B) gniding catheters became commercially available on a larger scale. By
combining these guiding catheters with miniaturized balloon catheters, having a low profile
even at larger balloon diameters, PTCA could be performied for a wide range of coronary arte-
ry sizes. As a prerequisite for PTCA through 6F guiding catheters, we considered the preser-
vation of the possibility to offer the patient the same standard bailout techniques (perfusion
balloons and stents), in case of a PTCA complication. We performed a study on the elective
use and on emergency use of perfusion balloons as well as slents through 6F guiding catheters
{chapter 4.4.1 and 4.4,2),

Based on work of Campeau, who reported in 1989 on the feasibility of transradial artery coro-
nary angiography with SF catheters (11), we decided to explore the feasibitity of transradial
PTCA and stenting using 6F guiding catheters. We finalized a feasibility study in 100 patients
who underwent transradial PTCA (chapter 4.5.1), THgh successrates and absence of major
bleeding complications, made us decide to compare the transradial 6F PTCA technique with
6F PTCA via the femoral or brachial arteries. A randomized trial in 900 patients is currently
conducted in our department; the ACCESS- study, We performed an interim analysis at inchi-
sion of 450 patients (chapter 4.5.2).

In the mean time another feasibility study was completed in 100 patients who were selected
tor transradial coronary stent implantation (chapters 4.6.1, 4.6.2 and 4,6.3),

Since the role of IVUS, guiding coronary stenting, may remain an important issue, we explo-
red the feasibility of ultrasound guided transradial coronary stenting, during stent implanta-
tion, with a miniaturized ultrasound transducer {chapter 4.6.4).

Immediate mobilization of the patient after effective hemostasis following a transradial stent
implantation, will be associated with considerable cosl-savings.

We performed a retrospective comparison of patients who underwent traditional 8F, transfe-
morg, sheath-protected, stent implantation, derived from the Benestent population, included
in our center and transradial stenting. Costs associated with material con-

sumption, diagnosis and treatment of bleeding complications and hospital stay were compared
(chapter 4.6.5). To push cost-savings a little further, we conducted a pilot study to the feasibi-
lity of coronary stenting on an outpatient basis in a carefully selected group of patients, since
an optimal transradial stent resull protects the patient against acute stent occlusion and a
major bleeding (chapter 4.6.6).

[5] Implantation of non-thrombogenic stents,

Finally Van der Giessen et al. (12) directed attention towards the use of non-thrombogenic
heparin-coaled Palmaz Schatz coronary stents, with the potential to prevent stent thrombosis,
tocal bleeding complications and to further reduce restenosis. In the pilot-study of the
Benestent-1l trial, heparin-coated stents were implanted in human coronary arteries, In 4
groups of patients, systemic heparinization was gradually delayed to 36 hours after sheath
removal. In the fourth group, no heparin was administered atter the procedure and patients
were treated with Aspirin and Ticlopidine, instead of antivitamin-K. Results of this pilot-study
are given in this thesis (chapter 4.7),

Thus this thesis provides an overview of our 5 years of experience with Palmaz Schatz coro-
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nary stenting und of the backgrounds and results of 5 strategies, aimed at an improvement of
the clinical ontcome of this technique.
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CHAPTER 2.1

TWO MAJOR CLINICAL APPLICATIONS OF PALMAYZ SCHATZ CORONARY
STENTS

SUBOPTIMAL PTCA RESULTS
FIRST DUTCH EXPERIENCE WITH PALMAZ SCHATZ CORONARY STENTS IN
TREATMENT OQF ACUTE OCCLUSION AFTER PTCA
F. Kiemeneij, G.J. Laarman, L.R. van der Wieken, J.S.M. Suwarganda

Neth T Cardiol 1990:6:190-96
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First Dutch
experience with
Palmaz-Schatz stent
intreatment of acute
occlusion after PTCA

Acute occlusion after PTCA is an emer-
gency situation, oflen necessitaling emer-
gency coronury bypuss grafting (CABG).
Restoration of blood flow in the occluded
vessel after failed PFCA can favourably
influence the prognosis. Until recently, on-
Iy emergency CABG seemed Lo sichieve this
goal; implantation of an intravascular
prosthesis (stent) however, can also oblain
vessel patency, thereby obyiating the need
for emergency CABG, and possibly for
elective CABG as well. Tn six conseculive
patients with acute ischacmin caused by
coronary artery disscetion during PTCA,
a ballovn-expandable Palmaz-Schatz stent
was used, In one patient the stent could not
he implanted, probably because of guiding
catheter instability. In the other five
patienis stent delivery was successful in
the absence of cardinc comphications dur-
ing hospitalization. Neither emergency
CABG, nor elective CABG, was decmed
necessary. Local bleeding complications
occurred frequently, due to a rigid anti-
thrembotic regime, In this article the tech-
nique of stent implantation is described in
a representative patient, followed by the
initial resulis of this small serics,

Key words: PTCA, steat

Introduction
Acute coronary occlusion after percuta-
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neous coronary angioplasty (PTCA) oc-
curs in 2 - 12 percent of procedures and
may be due to dissection, thrombus,
spasm or i combination ol these fuctors, !
In the first years of the PTCA-era, pa-
ticits with acute ischacmia after PTCA
would have undergone emurgency coro-
nary bypass surpery (CABG). However,
compared to elective CABG, mortality
and morbidity in emergency CABG in
these cases is high,>* This is presumably
due to deterioration of cardiae perfor-
mance because of acute ischaemia, or
fresh infarction of the myocardium,

Timely restoration of the btood flow to
the jeopardized myocardium after failed
PTCA should influence the occurrence of
ischacmia, infarction, and the outeoms of
surgery. Ideally it should be able to post-
pone. or even obviate, the necessity of
surgery. One way to restore the blood
flow is the use of perfusion catheters.

Another, newer mcthod to achiceve this
poal is the implantition of an endovaseu-
tur prosthesis (stent), supporting the dis-
sected urteriaf wall and safcguarding pu-
teney, possibly even inthe long run rende-
ring emergency — and elective CABG un-
necessary. In this article we deseribe this
treatment in one typical paticnt, followed
by the initial resulls for six patients with
acute occlusion after PTCA.

Materiat and methods

Fhe Palmuz-Schulz stent is o balloon-
expandible articulated stent, consisting of
a stainfess steel mesh of 0.015 mm fita-
ments, 15 mny in length and measuring 1.5
mnt in diameter in collapsed state. The
stend is mounted on a LPS dilatation ca-
theter (USCI-Division, CR Bard Inc.,
Billerica, MA). This catheter is selected
for its compliunt material (polyvinyl chlo-
ride}, the balloon length (25 mm} and the
presenee of a proximal and distal halloon
marker, facilitating  stent-positioning,
Compared to the coronary diameter the
halloon catheter must be slightly over-
sized, to compensate for some inevitable
decrease in diameter after stet delivery
due to recoil and endothelial covering of
the stent.

if veclusion vecurs during PTCA the
guide wire should be left in place, across
the acclusion, in order 1o safegoard distal
access. Over the extended guide wire
(USCI) the deflated balloon. without
stent, is first advanced towards the occlu-
sion in order 1o test the ability of the
haHoon catheter to cross the stenosis.

After this is confirmed the bulloon ca-
theter is withdrawn, loaded with the stent
and situated in the stenotic area. Then the
stent-loaded balloon is inflated up 1o 10
atmospheres during 1 - 30 seconds there-
by compressing the stenosis and deliver-
ing the blown-up sted Lo the dilated arte-

rial wall, Following this the balloon is
deflated and withdrawn. Then the resultis
seratinized angiographically.

In case of insutficient stenosis reduction
the same., or a larger, balloon catheter is
advanced into the stented segmend and
several redilittations can be performed in
arder to inereuse the vessel diameter, Fur-
ther pharmacologie treatnient is aimed at
the prevention of throembosis and spasm
and consists of the Tollowing:

— Rheomucrodex 4 100 mlfhour 1o & 1o-
tal of one litre, started at the beginning of
the pracedure.

— Heparin 10,000 1U jv, followed by 2500
It} per hour up to four hours after the
procedure and adjusted  to maintain
APTT (activited partial thrombo-plastin
time) between 80 and 100 seconds, The
arterial sheath is removed after the hepa-
rin had been discontinueed for more than
three hours, This is lollowed after three
hours by heparin 2300 U iv and a [separin
infusion of 1000 TU per hour unatil the
patient is on Full oral unticoagulation,

~ Acenocoumaral (Sintrom) during six
months: & mg the first day, 4 mg the
second day, 2 mg the third disy followed by
A dosage adjusted to maintain a T (trom-
botest *Ouick’} of approximately fifteen
percent.

- Dipyridamole 225 mg/day during six
months.

— Aspirin 300 mg/day during six months,
- Diltinzem 180 myfday.

Immediately before and after stent im-
plantation 200 microgram nitroglycerin is
administered intracoronary,

Case hislory

A T0-yeur-old man, with severe angina
(NYHA TiTy and a positive stress {ost,
underwent eardize cathetertzation in No-
vember 1989, Thiy showed a normal Tefi
ventricular function in the presence of a
proximally oceluded right coronary arte-
ry, retrogressively filled by collaterals
from the left anterior descending (LAD)
artery. as well us an eighty percent steno-
sis i the LAD (fig, 1). It was decided to
perform PTCA of the LAD, which was
attempted in Febroary 1990, Through a
USCT IFL 3.5 8F large Tumen goiding ca-
theter and over an USCI 0.014 inch very
flexible puide wire. a Schneider 3.0 mono-
rail bulloon catheter was advanced into
the sterosis without preblems. After
three dilatations  {maximally eight at-
maospheres, 190 seconds), the LAD ocetu-
ded, Another dilatation restored the How
temporarily, but {finally the vessel reocclu-
ded, showing poor antegrade filling in the
presence of o disseetion (fig. 2). Several
intracoronary injections of nitroglycerin
were of noavail,

By this lime there was conslunt chest
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{. Bufore
PICA: feftcorohary
artery inleft anterior
ohbligue projection
shenwing a significant
proximal LA -s1e-
nesis farrenw).

Fig. 2. After PTCA:
tentul neclusion of the
LAD.
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Fig. 3, Afterstent
implantiaticn: paent
LAD. Note oversi-
ing af thie sternred
segment {urrons).

pain as well as ST elevations in the precor-
dial leads. Tt was decided to implant a
Palimaz-Schatz stent, which was mounted
on an USCI 3.4 LPS balloon catheter.
Over the extended guide wire the balloon
catheter was advanced towards the lesion
without problems. Atter one dilatation
{ten atmospheres during ten seconds) the
battoon was deffated and withdrawn over
the puide wire.

The pain subsided and the £CG retur-
ned to normal, Angiographic controf sho-
wed no residual stenosis and normal ante-
rograde How. Diameter in the stend region
was about 1260 percent of the vessel diame-
ter just proximal and just distal to the
stent, due to the fact that the balloon, at
ten atmospheres, was oversized, compa-
red to the diameter of the LAD (fig. 3).

The clinical course was complicated by

Table |

bleeding from the right grein, some hours
after removal of the arterial sheath. The
bleeding could be stopped by firm and
protonged compression, Blood transfusi-
on was not pecessary, There was no elec-
trocardiographic or enzymatic evidence of
myocardial infarction. Angiographic con-
trod of the LCA, five days later, showed
no residual stenosis al the implantation
site. The situation was similar o the
angiogram immediately after stent im-
plantation.

The patient was free of symptoms at
discharge, ten duys after stent implanta-
tion.

Results

In six patients, two women and four
nten, with acute ischaemia after PTCA,
caused by dissection of the dilated corona-

Patient data and results of angiography hefore and afler attempted PTCA

nr. SeX ape NYHA vessel before PTCA after PTCA
Yor TEM] % TiME
1 f 72 11 LAD S0 3 o0 3
2 m 46 v RCA 9 3 P 3
3 m kit i LEAD S0 3 L0g 1
4 m ol 1E] LAD 80 3 )] 3
3 m (8] v LAD 80 3 90 3
] f ) 111 LAD 70 3 S0 3

% = minimal internal vessel dismeter in stenotic arca compared to immediately wdjscertt normal arca of the
same vessed (divided by 1000; TIMT = see Chescbro e.a,”

Netherlamds fournal of Cardiotogy Vol. 3, Novenber 1990 B 193




Fin, 4. canteed after
Sive days: nochuin-
yes comparcd io e
innmnedinte pust-stent
Ieft coronar y ungio-
wran.

ry artery, 4 Palmaz-Schatz stent was inser-
ted (table 1), In patient ar. 2 the right
coronary artery (RCA) was involved, in
all other patients the LAD.

Severity of the stenosis is expressed by
percent-diameter stenosis and by the
Thrombolysis in Myocardial Enfarction
(TIMI) grading system” before and after
the lust bulloon inflation, prior to stent
implantation (table 1}.

In paticnt ar. 5, whose LAD showed a
large dissecton after PTCA — although
without total acclusion - the stent could
nat be defivered. The ostium of the left
coranary artery could only be reached
with an USCI FLS YF guiding catheter.
The naked bailoan, though in an unstabie
position, passed the occlusion without
problems, but stent-loaded this proved to
be impassible despite several attempts,
presumably mainly due to the instability
of the guiding catheter in the coronary

astium. The balloon catheter with stent,
the guide wire and the guiding catheter
were withdrawn and the vessel dil not
occhude. The patient then had successtul
and uncomplicited bypass surgery on the
same duy.

In our other patients stent delivery was
performed within thirty minutes from the
starl of the initial preparations. No com-
plications were encountered during the
procedure, the immediate angiopgraphic
results were excellent and no residual ste-
nosis wus seen {table 2),

In patient nr. 3, a previously normal
first diagonal branch, at the site of the
implanted stent, showed only slow antero-
grade filling after stent placement. This
did not result in ungina or in myocardial
infarction. At recatheterization five days
latek, the lilling of this branch was normal.

Angiographic contrel was performed
four to twelve days after stent implanta-

Table 2

Results of anglopgraphy fmmedintely after stent implantation and al time of repeat angiography

or. post-stent % TIMI recath. % TINE
| t 3 12 0 3

2 0 3 8 0 3

3 0 3 4 0 3

4 0 3 4 0 3

5 stent impl, net possible Kb 3 . - -

[ [}] 3 4 0 3

recath, = time of repeat angiography in days after stent implantation; % = see table [ TIMI = see table |
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Tahle 3

Complications of stent implantation

INT:

. hacmatoma: purclure sile suction

20 o

3.0 heematomi punetare site: censervative treat-
ment

4o haematoma punciure site: consenvative treal-
nent

A

imphintation of steat not possible
6. hucmatoma puacture site: conservative treat-
ment

tion (tuble 23, Ta all patients the stented
sepment showed no signs of stenosis,
thrambus, dissection or spusm. All pa-
tients with a successful stent placement
had a stable and uncomplicated clinical
course. However, in four patients Jocal
bleeding wits i major complication; i one
patient neeessitating percutuneots ste-
tion of the haematoma {table 3).

No blood transfusions or surgical inter-
ventions were needed. The short Tollow-
up pericd (2-5 weeks) revealed no stent-
related complications. Patient nr. 1 skilk
hitd anginal complaints due to asignificand
stenosis in a large first diagonal branch,
atrcady present at the time of PTCA, She
had a successtul PTCA of this branch
when re-angiography control was perfor-
med twelbve days afler stent implantation,
Allother puticnts were free of angini.

Discussion

Since their introduction by Dotter, a
variety of endovascutar prostheses are un-
der experimental and clinical evalua-
tion.”® Emergency coronary stentin acute
occlusion after PTCA was dirst described
by Sigwart et al.” In their series of nine
paticnts implantation of u self-expanding
wallstent was technicully successful and
there were no deaths, myocardial infare-
ttons nor was there need for emergency
bypass surgery. Puel et ul., however, re-
ported early stent occlusion in twelve of 33
patients treated with the same device. ™"
Early acute thrombotic reecelusions have
also been deseribed by Bertrand et al. in
four of fourteen patients with o wall-
stent. !

The most extensive clinical expericence
with bulloon-cxpundabte stents is obtain-
ed with the Palmaz-Schatz stent. Schaiz
reported on 355 clective Palmaz-Schatz
balloon-expandable stent implantations
in midive coronary arteries in 203 pa-
tients. " Patients with successtul stent deti-
very {n = 183) were divided in two groups.
Forty-Tive paticnts were treated with aspi-
rin and dipyridamole, while 138 others
were treated additionally with coumarine
derivatives during three months. No acute
reocelusions oceurred in the first 48 hours,
but in the ensuing four to ten days closure
was noted in seven paticats (16 percent) of
the first group, but in only five patients

(3.6 pereent) of the second group.

The pracess of slend restienosis is very
complex.® Subacute occlusion is frequuent-
Iy cansed by thrombus, Leon ¢.a, found a
higher platelet count and a smaller stent
size 10 be predictors of subacute thrombo-
tic events after placement of the Palmaz-
Sehatz coronary stent, ! Other suggestive
predictors seem to be the absence of anti-
congufunts, mulliple overlapping stents
and presence of thrombos immediately
Before and after stent placement,

During the short follow-up period in
our series no clinical or angiographic signs
of restenesis or reecclusion were seen. In
tour puticnts sigmificant bleeding occurred
on the site of arterial puncture. In one
cuse, lecal suction of the haematoma was
deenied necessiry, in alb athers focal pres-
sure sufficed. No blood transfusions were
needed. Thus, in our small series, implan-
tation of a stenl in an acutely dissecting
coranary artery appeired to be feasible,
and in most cases helpful, in aveiding
cmergency bypass surgery. Short term pis-
teney was excellent. thereby at least tem-
porarily obviating the need for surgery.

Patmaz-Scltz stents have proved to he
useful in postponing emergency CABG in
failed PTCA. The capacity of entirely ob-
viading the necessity of coronary surgery
of the PTCA-deteriorated vessel needs to
be clucidated by long-term results in lar-
£er series.
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CHAPTER 2.2

TWO MAJOR CLINICAL APPLICATIONS OF PALMAZ SCHATZ CORONARY
STENTS

SUBOPTIMAL PTCA RESULTS
EMERGENCY CORONARY STENTING WITH THE PALMAYZ SCHATZ STENT FOR
FAILED TRANSLUMINAL CORONARY ANGIOPLASTY: RESULTS OF A LEARNING
PHASE
F. Kiemeneij, G.J. Laarman, L.R. van der Wieken, J.S.M. Suwarganda
Am Heart Journal 1993;126:23-31
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Emergency coronary stenting with the
Palmaz-Schatz stent for failed transluminal
coronary angioplasty: Results of a learning

phase

This study desctibes initial results of Palmaz-Schatz stent implanlalion in our department to
restore and maintain vessel patency in 52 patients wilth obslructive dissection, defined as an
intraluminal filling delect with coronary flow impairment after percitaneous transluminal coronary
angioplasty (PTCA}. The majorily of palienls (62%) underwent PTCA for unstable angina {n — 28),
defined as angina at rest with documented ST segmenl changes resistanl 1o nilrates, or acule
myacardial infarction {n -- 4). tn six patients (11%) the stent could not be delivered. Seven of the
remaining 46 patients {15%) had coronary artery bypass surgery periormed because of
increased risk for subacule stent acclusien, residual thrombosis, residual obstruclien near the
stent, coronary artery diameter less than 3.0 mm, or multiple and overlapping stents. One patienl
(3%) died in hospital [rom intracranial hleeding. Nine palients {23%) had subacute stent
acclusion, retrospectively unprediclable in four patients. Nine of 29 patients {29%}) with an
vacomplicated clinical course after stenting had angiographic restenosis at a mean follow-up of
6.0 + 1.4 menths (range 12 days lo 8.3 monihs). Two palients {7%) died 3 menths afler
successiul stenting: one patient because of slent thrombosis alter slepping wartarin belore an
abdaminal operation and one patient after acute vascular surgery for late traumatic groin
bleeding. Cf the 3% medically treated patients with a slent, three (8%) had major bleeding
complications. It is concluded Lhal stenl implantation is feasible in mosl patients with obstruclive
dissecton alter PTCA. After successful stent delivery, coronary flow is temporarily restorad.
However, during this early experience with emergency stenting, it was shown fhat non-surgical
treatment of these patienls resulted in substantial subacule stent occlusion rates. Accordingly,
stabilized patienls should be considered as a high-risk populalion for subacute stent tlhrombosis,
needing careful monitoring of anticoagulanl treatment and ambulation. Semielective bypass
surgery after emergency stenting may be the treaiment of choice. With a combination of an
optimal angiographic result and an optimal clinical infraslructure and palient management, a
more conservalive lreatment aiter emergency sient implantation may be advocated. (Am Heart J

1993;128:23-31))

Ferdinand Kiemeneii, b1, Gert Jan Laarman, MDD, Ron van der Wieken, MD, and

Jo Suwarganda, MD Amsterdam, The Netherlands

The early National Heart, Lung, and Blood [nstitute
(NHLBI} percutaneous transluminal coronary angi-
oplasty (PTCA) registry (1979 to 1983) reported on
the PTCA experience in the United States. With a
primary success tate ol 877, , myocardial infarctions
nceurred in 5.5 of patients, urgent bypass surgery
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was necessary in 6,8, and death occurred in 0,9¢, !
In the later registry (1985 to 1986), the success rate
was 88% ;4.3 of the patients suffered from nonfa-
tal myacardial infarction, 347 needed emergency
bypass surgery, and the death rate was 1.0, .7 De-
spite advances in technology in PT'CA equipment
and despite increased operator skill, PTCA still ear-
ries the risk of acute postprocedural coronary artery
aeclusion, which oceurs in 3°¢ (0 7.3 of patients*"
Several mechanisms contribute alone or in combina-
tion to abrupt closure: disruption of the plague with
intimal dissection, subintimal hematoma, coronary
thrombesis, and spasm. Emergency hypass surgery
af'ter failed PTCA has eonsiderable risk for periaper-
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ative myocardial infarction, with mortality rates of
3% to 18% of patients.f1 Ongoing ischemia espe-
cially contribules to perioperative mortality and
morbidity. Therefore stabilization of the patient
with acute veclusion after PTCA may improve the
outcome of surgery. Stabilization of a number of pa-
tients can be obtained with repeat PTCA if the pro-
cedure can be accomplished immediately and the le-
sion can be crossed. Coexistent intracoronary throm-
hosismay be treated with intracoronary thrombolytic
agents, Hemedynamic suppoerti by intraaortic balloon
pumping may be mandatory.!!

After provisional recanalization, different strate-
gles have been described to maintain vessel patency;
balloon inflations of long duration'? or newer treat-
ment modalities such as laser bhalloous,!* various
atherectomy devices,!! and intracoronary endovas-
cular supporting prostheses or stends'™19 have heen
mentioned as “hail-out” devices. Implantation of in-
tracoronary stents by skilled operators and in expe-
rienced centers is a promising lechnique to seal oft
intimal flaps after PI'CA, fo improve vessel geome-
try and flow, and to prevent elastic recoil, In the
present report our experience during alearning phase
is deseribed with the Palmaz-Schatz stent, used in
the treatment of ohstructive dissection after PTCA.

METHODS

Perculaneous transiuminat coronary angioplasly. The
x-ray imaging equipment used was the Philips Poly Diag-
nost CI (Philips Medical Systems International BV, DA
Best, The Netherlands), powered by an Optimus M 200
generator (Philips Medical Systems International BY) and
equipped with a Digital Cardiac Limtaging system (DCI).
This system gives on-line video digitized images for opti-
mal angiographic assessment of coronary artery anatomy.
PTCA was performed in all patients by means of a femoral
approach, with the use of an over-the-wire techaigue. In
the persistence of a »50%, stenosis and coronary fow im-
pairment, caused by intimal dissection despite application
of intracorenary nitroglycerin and prolonged ditatations
with conventionat or perfusion catheters, it was decided to
fmplant a Palmaz-Schatz stent. Contraindications for cor-
enary stening were considered to be: excessive tortuesity
of the segment proximal Lo the occlusion; vessel diameter
less than 3.0 mm; evident intracoronary thrombus; con-
traindications for anticoagulalion; and diffusely diseased
coronary arteries with multiple significant lesions.

Stentimplantation. The Palmaz-Schatz articulated stent
consists of a balloon-expandabhle stainless steet meshwork,
16 mm in unexpanded tength and 1.6 mm in diameter in the
collapsed state. The stent has two 7 mm segments con-
nected by a 1 mm bridging strut. The stent filaments are
0.016 mm in thickness, The stent is crimped onto a stan-
dard PTCA haltoon catheter. This stent-loaded balloon
catheter is advanced over the guide wire to the obstructing
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lesion. After careful positioning, the stenl is delivered, fol-
iowed by deflation and withdrawal of the PICA catheter
and then by control angiography. Compared with the cor-
onary artery diameter, the stented segment is slightly
overditated hy repeat dilatations with higher inflation
pressures or with a larger balloon {o compensate for de-
erease of the stent diameter after delivery, Stenting was
performed by four operators having different levels of ex-
perience with this technigue, with ene operator coaching
the others initially.

Medicat treatment. Immediately before and after stent
deployment 200 pg of nitreglycerin was given via the intra-
coronary route, Further pharmacologic treatment was
zimed at the prevention of thrombosis and spasm and con-
sisted of the following. {1} Dextran {0, administered in
doses of 100 em*/hour to a total of 1 liter, started {from the
moment the decision was made to implant a stent. (2)
Heparin, 10,640 10, was administered through the femoral
artery sheath afier its insertion, followed by 5,000 TU for
each hour the procedure lasied. A second 10,080 IU bolus
of heparin was given after stent implantation. A heparin
infusion was continued for 24 hours and was adjusted to
maititain activated partial thromhoplastin time (APTT}
hetween 80 and 100 seconds. The arterizl sheath was re-
moved after the heparin had been discontinued for more
than 3 hours at an APTT less than twice normal, This was
followed after T hour hy a holus of 5,000 [U of intravenous
heparin and a heparin infusion titrated according to the
APTT, measured at 8-hour intervals.

(3} Acenocoumarel (Sintrom, Ciba-Geigy BV, Arnhem,
The Netherlands) was given for 3 sonihs: 6 mg the first
day, 4 mg the second day, 2 mg the third day, followed
by a dosage adjusted to maintain a T'T' (thrombetest
“QUICK”, Pharmachemie, Haarlem, ‘I'he Netherlands) of
5% to 10%.. Hepatin was centinued for a minimum of 5
days and was stopped when the patient had a TT in the
therapeutic range, (£} Dipyridamole was given in a dose of
226 mg/day for & months, (6) Acetylsalicylic acid, 300
mg/day, was given for 6 months. (8} Diltiazem, 180 mg/day,
was given for 3 months. This protacal was readjusted sev-
eral times during the study according to new experience
and insights.

Postpracedural care. After the procedure, each patient
was taken to the coronary care unit or 1o the cardiac ward,
with the arterinl sheath left in situ. Initially, the sheath was
removed afler at least 24 heurs of hoparinization, with
hepatin temporarily being discentinued to obtain adequate
local hemostasis, In a later phase of the study, heparin was
discontinued immediately after the procedure, When the
APTT was less than twice normal, the sheath was with-
drawn, followed by heparinization after 1 heur, After
sheath removal the groin was compressed manually, until
hemostasis was achieved, followed by a compression ban-
dage for 8 hours and a 24-hour immebilization period.

Data collection. Clinical, procedural, and postproce-
ch.n'ai da.ta were prospelctively collected in a data base file.
Cineangiograms were judged for diameter stenosis using
electronic calipers, Thrombolysis In Myocardial Infarction
(TIMI) grade fow, and for the presence of thrombus and
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dissection before and after PTCA and after stent implan-
tation, Values are expressed as mean + standard devia-
tion,

Detinitlons. Failed PTCA = unresolved or recurrent
stenosis = 60 during or immediately after the procedare,
caused by an obstructive intimal dissection. Obstructive
intimal dissections = intraluminal linear filling defect or a
luminal filling defect with irregular horders, causing coro-
nary flow impairment. Intracoronary thrombus = discrete
intraluminal filling defect surrounded by contrast material,
visible in two orthegonal projectiens. Unstable anging
= recurrent episodes of chest pain with documented 8T
segment changes, resistant to nitrates. Acute myocardial
infarction =two or more of the following eriteria; (1)
development of new Q waves; (2) a total creatine kinase
(myocardial band) elevation of more than twice the normal
apper value; and (3) prolonged chest pain. Stent ocelusion
= angiographically proven stent occlusion with loss of 1
grade of TIMI flow (acute: within 24 hours after delivery;
subacute: bevond 24 hours after delivery during the initial
hospitalization; late: after discharge). Lafe restenosis =
diameter stenosis = 50%% more than I month after sient
implantation, Prephylactic coronary bypass surgery = biy-
pass surgery involving the previously stented vessel, with
the vessel being patent and the patient in a nonischemic
state, Inadequate (under)anticoagulation = more than
two consecutive APTT values under 80 seconds with TT
vilues over 10%., Major bleeding = hleeding leading to
death, needing surgery or requiring blood transfusion. Afi-
neor bleeding = bleeding without need for surgery or blood
transfusion.

RESULTS

From January 1890 to June 1991, PTCA was per-
formed on 961 patients at our institution. Seventy-
five patients received an intracoronary Palmaz-
Schatz stenk for varying indications (Fig. 1). In 52
patients stent implandation was attempted for failed
PTCA {64 % of PTCA; 69% of stent implantations}
{Fig. 2.). Clinical baseline characteristics are sum-
marized in ‘Fable I. ‘Tabte II provides more detailed
patient data, Patient numbers in the text are refer-
enced to Table I, Of 29 conservatively treated
patients having successful stent implantation and an
uncomplicated hospitalization phase, 29 patients
were angiographically examined 6 months after dis-
charge (mean 8.0 + 1.4;range 12 days to 8,3 months).

Hospital course .

Failed stent delivery, A Palmaz-Schatz stent could
be successfully delivered in 46 patients. In five
patients (9.6%) inability to deliver the stent was
caused by inability to reach or cross the stenosis. One
female patient (No. 22), had a total left anterior de-
scending (L.AD} artery ccelusion after PTCA. After
the guide wire had recrossed the oeclusion, stent de-
livery was attempted. After stent implantation no
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Fig. 1. Indications for stent implaniation from January
1990 to June 1991 in 75 patients.

distal flow was visible from the stent. An effort was
made to restore flow by multiple difatations hefore
subintimal delivery of the stent, advanced over a
subintimally positioned guide wire, was considered.
Beeause the distal LAD was damaged by these sub-
intimal dilatations, the vessel was considered unsuit-
able for bypass grafting, She had minor chest pain, no
electrocardiographic (ECG) changes, and a maximai
creatine kinase {myocardial band} of 25 IU/L. Two
patients (Nos. 12 and 41) were successfully managed
with prolonged inffations with an oversized reperfu-
sion catheter. One patient (No. 43) unsuitable for
coronary hypass surgery with a residual significant
stenosis, was treated medically, and two patiends
{Nos. 16 and 29} had uncomplicated elective coro-
nary hypass surgery.

Bridge to coronary artery bypass surgery. Of the
remaining 46 patients (88% of total attempts) with
successiul stent implantation, seven patients (15%)
were sent for coronary bypass surgery in a stable
condition and without signs of ischemia. In four pa-
tients (Nos. 8, 20, 46, and 52) surgery was indicated
because of a persisting intraluminal filling defeet
caused by thrombus or dissection at the stent tm-
plantation site. Two patients (Nos. 21 and 38) had
bypass surgery because of multiple and overlapping
stents, which was considered a high risk for subacute
thrombosis. One patient (No. 36) was operated upon
because of an allergic reaction té aspirin,

Stent ocelusion, Acute stent occlusion was not en-
countered in this group of 39 medically treated
patients after successful stent delivery, Nine patients
(23%) had subacute stent oeclusion, Six patients
(Nos. 7,9, 17, 34, 50, and 61) were operated upon di-
recily after successful reeanalization by means of re-
peat PTCA of the occluded stent, Two patients had
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Fig. 2. A, Vessel pre-PTCA. Significant stenosis in anterolateral branch (errow}. B, After PTCA. Dissec-
tion atter repeated dilatations {arrow). C, After stent implantation. Optimal angiographic result farrows).

a successful repeat PTCA, but were considered
unsuitable for coronary bypass surgery because of
malignant disease (No. 13) or previous infarction in
the stent-related myocardial region (No. 27). Re-
crossing an oceluded LAD stent failed in une patient
(No. 33), resulting In an extension of a previous an-
terior infarction. Retrospectively, two patients had
inadequate anticeagulation (Nos. 13 and 33), three
(Nos. 27, 34, and 61) had a persisting obstruection near
the stent, and one patient {No. 27} had both. kn four
patients (Nos, 7,9, 17, and 50) no detectable cause for
stent thrombosis was found,

Bleeding complications. Minor bleeding compli-
calions (214) were puncture site-refated {76%%) in
the majorily of cases. Major bleeding complications
were seen in three (8%.) patients, one (No. 45} with
vaginal bleeding requiring bleod transfusions and
one {No. 21} with a false aneurysm in both groins re-
quiring surgery, The third patient (No. 14), whose
condition was inoperable because of severe left ven-
tricular dysfunction, left the catheterization labora-
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tory with residual thrombus in the stent that was
treated with intracoronary and intravenous strep-
tokinase. One day later, this patient had fatal intra-
cranial bleeding,

Follow-up

Late restenasis, Of the 29 patients without cardiac
complications after successful stent implantation at
discharge, 22 (76%) had control angiography 6
months (mean 8.0 + 1.4; range 12 daysto 8.3 months)
after stent implantation. One patient (No, 10) was
readmitted 12 days after stent implantation in a right
coronary arfery (RCA), with an extension of a previ-
ous inferior myocardial infarction. Recatheterization
revealed total stent ecclusion, successfully recana-
lized by repeat PTCA. His T'T was 4%/ on {he day of
stent occlusion. Bight patients (28 %) had signiﬁcﬁnt
restenosis. Four patients (Nos, 19, 26, 37, and 39) had
elective coronazy artery hypass grafting (CABG).
One patient (No. 42) had successful PTCA: however
his condition was complicated by restenosis within 2,
months, This patient underwent uncomplicated
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CABQ electively. Two patients (Nos, 26 and 31) had
successful PTCA 6 months after stent implantation,
and one patient (No. 48) was treated conservatively
hecause of absence of angina pectoris.

Late mortality, Two patients (Nos. 10 and 45) died
3 months after stent implanlation {7%:), One patient
(No. 10) with traumatic bleeding in the groin after
atechol abuse was admitted in hypovolemic shock.
After surgical repair, the clinical course was compli-
cated by preumonia and a fatal cerebrovascular ac-
cident. Tthe other patient (No. 45) died following an
abdominal operation 3 months after suceassful stent
implantation in the LAD. Warfarin was stopped pre-
operatively. Postoperatively, this patient died in
cardiogenic shock caused by an evolving anterior
myocardial infarction. Al postmortem examination,
the stent was found restenosed and a fresh thrombus
was visible within the stent.

DISCUSSION

Bredlau et al.?” reported on 35600 patients under-
going elective PTCA, Major ischemic complications
were seen in 12%,: 10.4% showed angiographic signs
of intimal dissection, compared with 1.6 % of patients
without evidence of dissection. By implantation of a
coronary stent the intimal dissection can be sealed
off, offering a solution lor abrupt closure after PTCA.
If it has been well delivered, a stent maintains vessel
patency and ischemia is alleviated, ohviating the
need for high-risk emergency bypass surgery in a pa-
tient with acute myocardial ischemia. However, pa-
lients with acute or impending ischemia after subop-
timat PTCA also form a difficult population for
emergency coronary stenting, Decisions have to be
made ad hoe because of {he emergency nature of the
intervention, Patients with complex coronary anat-
omy and pathology may be subjected to this tech-
nique in the hope of restoring flow for at least some
time, Steatl implantation itself has to be performed
rapidly in a patient withoul proper medical prepara-
tion,

Emergency coronarystentingisreported hy Roubin
el al,, !5 using the Gianturco-Roubin stent (Cook Inc.,
Bloomington, Ind.); by Sigwart et al,'® and De Feyter
et al.'? with the Medinvent seli-expanding wall stent
(Medinvent Inc., Englewood, N.J.) by Vrolix et al, 18
using the balloon-expandable Medtronic Wiktor cor-
onary stent (Medtronie, Inc,, Minneapolis, Minn.};
and by Sehatz et al.'® with the Johnson & Johnson
halloon-expandable Palmaz-Schatz stent (Johnson
& Johnson Interventional Systems, Warren, N.J.).
The present study reports on the early experience in
our depariment with the Palmaz-Schatz coronary
stent in the treatment of {ailed PTCA. Several clin-
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Tabfe |, Baseline characieristics of patient population

No. Percent

No. of patients %4
Male gender 42 814
Age 27-T4 yr {68 = 10.5)
Presentation

NYHA 1 3 64

NYHA Il 0 (308

NYHA HI 17 324

NYHA IV 28 514

Acute MI 4 8%
Vessel of stented coronary artery

LAD 32 g24n

LOX 4 8%

AL 2 440

RCA Ik 26¢0
Fype of coronary lesion

Type A 17 33

Type B 13 264

I'ype C 22 424
Single-vessel discase 32 625
Tywo-vessel disease 13 2050
Three-vessel disease 7 184
Prior myocardinl infarction a0 58¢;
Priur bypass surgery 1 24
Hypertension it 1%
Diabetes mellitus 2 440
Cholestercl =6.5 mmol/L 12 2340
Current cigarette smoker 19 e
Family coronary artery disense L] 174

AL, Antervlateral branch; Acwte A, acute myucardial infarction; LAD, left
anterior descending artery; LOX, {eft circamitlex arlery; NYHA, New Yurk
Heart Association; RCA, right coronary artery,

ical and technical problems were encountered during
this learning phase, and several solutions were intro-
duced over the course of time,

Tn the present study, the stend could not be deliv-
ered in six patients (11%). Schatz et al.*! analyzed
failed delivery in their report on the initial results of
clinical experience in a multicenter study with the
Palmaz-Schatz coronary stent. Successful delivery
with the articulated stent was more likely in the RCA
and LAD coronary arteries compared with the cir-
cumflex artery, in proximal versus distal lesions, and
when there was no evidence of dissection after P'I'CA.
The Stent Delivery System (SDS) (Johnson and
Johnson Interventional Systems) was developed to
improve the safety and success rates of stent implan-
tation, with less chance of proximal deployment and
stent embolization.?? This system consists of a fac-
tory preassembled unit, with an articulated stent
crimped onto a balleon catheter of varying diameter
between two radicopaque markers, covered by a 5¥%
protecting sheath. In our initinl experience, however,
the SDS was not available or in common use in
emergency situations. This is partially explained by
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Table 1, Patient population: Clinical characteristics and outcome

Patient PTCA
Na. Sex Age ind. Vessel Suceess Event-free Bleeding SAC rePTCA CABG AMI  Restenosis  Death
1 M 46 UAP LAD  Yes No Na No No Yes No Ne No
2 M 65 SAPI LOX Yes Yes No No No No No No No
3 M 72 SAPI RCA Yes Yes No No No Ne No Ne No
4 M B4 UAP AL Yes No Minor  No No No No Ne No
5 M 69 AMI LAD Yes Yes Na No No No No No No
6 M 85 SAPIII RCA  Yes No Minor No No No  No No No
7 M 68 SAPIH  RCA Yes No No Yes Yes Yes  Yes Ne No
8 M 72 SAPIIHL LAD Yes No No No No Yes No Ne No
9 F 68  UAP RCA Yes No No Yes Yes Yes No Ne No
10 M 68  AMI RCA Yes Ne Minor Yes Yes Ne Yes Ne Yes
11 M43 AMI RCA Yes Yes No No No No No Ne No
12 M 48 UAP RCA No Yes No — No No Na — No
13 F g{ UAP LAD Yes No No Yes Yes No Yes No No
14 M 69 SAPI LAD Yes No Major No No No No Ne Yes
15 M 72 UAP LAD Yes No Minor No Na No No No No
16 M 50 SAPIII  LAD No No No — No Yes Nao — Na
17 M 62 SAPIN  LAD Yes No No Yes Yes Yes No Ne No
18 M 46 UAP RCA Yes Yes No No No No Na Ne No
19 ¥ 1 UAP LAD Yes No No No No Yes No Yes No
20 M 37 SAPOI LCX Yes No No No No Yes No No No
21 F 84 UAP LAD Yes No Major No Mo Yes No No No
22 F 81 UAP LAD No No No — No No Yes — No
23 M 83 SAPHI LAD Yes Yes No No No No No No No
24 M 44 SAPII OM Yes Yes No o No Ne No No No
25 M 59 TUAP LAD Yes No No No No Yes No Yes No
26 F 52 BSAPIII LAD Yes No Minor No Yes No No Yes No
27 M 69 TUAP 1L.AD Yes No No Yes Yes No Yes Ne No
28 M bh  UAP LAD Yes Yes No No No Na No No No
29 M 63 UAP LAD Neo No No — Na Yes Na — Ne
30 M 66 SAPIII RCA Yes Yes No No No No No Ne No
31 M 72 UAP LAD Yes Yes No No Yes No No Yes No
32 M 27 UAP RCA Yes No Minor No No No No No Neo
33 ¥ 61 AMI LAD Yes No No Yes Yes No Yes No No
34 M 54 SAPILE RCA Yes No No Yes Yes Yes No No Ne
35 E 72 SAPTIIE RCA Yes No Minor No No No No No No
36 M 45 UAP LAD Yes Yes No Ne No Yes No No Ne
a7 A 50 SAPI  LAD Yes No No No No Yes No Yes Neo
38 M 57 UAP RCA Yes Ne No No No Yes No — No
30 M 10 SAPIII  LAD Yes Ne Minor No No Yes No Yes No
40 M 54 UAP LAD Yes Yes No No No No Mo No Ne
411 M 56 UAP LAD Nao Yes No — No No No — No
42 M 46 UAP LAD Yes No Ne No Yes Yes No Yes No
43 M 52 SAPIH LCX No Yes No — No No — — No
44 M 55 UAP LAD Yes No Minoer Ne No No No No No
46 F 69 UAP LAD Yes No Major Ne No No Yes Yes Yes
46 M 63 UAP LAD Yes No No Ne No Yes No No No
47 F 74 UAP LAD Yes Yes No No No No No No No
48 M 62 SAPUI LAD Yes No No No No No No Yes Na
49 M 43 UAP RCA Yes No No No No No No Na No
50 M 65 UAP LAD Yes No No Yes Yes Yes No No No
51 M 68  UAP LAD Yes No No Yes Yes Yes No Nao No
52 M 8f SAPII AL Yes No No — No Yes No — No

AMI, Acute myocardial infarction; CARG, coronary artery hypass grafting; F, femate; Af, mate; OM, obtuse marginal branch; PTCA ird., PTCA indicstion;
SAC, subacute stent closure; SAP, stable angina pectoris; VAP, unstable angina pectoris; other abbreviations as in Table 1.

a reluctance to change the guiding catheter for one  of distal access of a damaged coronary artery. Start-
with a larger inner lumen diameter, necessary toen-  ing PTCA with a large lumen guiding catheter (at
sure passage and adequate positioning of the SDS.  least 0.82 inch inner luminal diameter} may have
This exchange procedure may be complicated by loss  prevented this problem,
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All patients with successful stent implantation had
a patent vessel, with reliel of myccardial ischemia.
Thus the immediate success rate was high (88%).
However, 21 patients (45%.) needed bypass surgery
either because of an anticipated high risk for sub-
acute stend occlusion (159} or for subacute stent
thrombosis or lale restenosis (304%), Only 0.6% of
anticoagulated patients suftered from subacute stent
occlusion in the multicenter study of elective cases
reported by Schatz et al.?! This complieation rate
compares favorably with the results achieved with
the self-expanding wall stent reported hy Sigwart et
al..2? Puel et al,,*! and Serruys et al.2® The vesults in
favor of the Palmaz-Schatz stent may be a result of
the high concentration of metal in the self-expanding
stent, making the stent more thrombogenic, as the
open area of the expanded Palmaz-Schatz stent is
80%.. The subacute stent thrombosis rates after sub-
optimal angioplasty, as reported by Schatz et al*®
(5.3%), Kimura et al.?? (9.8%.), Haude et al.2% (124%),
and Fajadet et al.?® (20,4¢7.), are substantially higher
compared with this complication rate in the elee-
tively stented patient group receiving war{arin
(4.6%), aeccording to the mullicenter experience.?!
The subacute occlusion rate in our group of medically
treated patients with emergency implanted stents is
also high (23%),

Several factors may eontribute to the difference in
subacute ocelusion rates in electively stented coro-
nary arteries. Fischman et al.*® reported on angio-
graphic predictors of subacute stent thrombosis in a
group of 726 patients with a Palmaz-Schatz coronary
stent. Intraprocedural thrombus and persistent dis-
section as well as suboptimal results after P'T'CA were
associated with an increased risk for subacute throm-
bosis, Thrombus formation just. befove, during, or af-
ter stent implantation may have played an important
role in our patient population, since a majority of our
patients underwent P'T'CA for unstable ischemic
heart disease, thus having a higher tendency of
intracoronary {thrembosis than those having elective
PTCA for stable angina pectoris, 1% 3

I active thromhosis is suspected, stent. implanta-
tion had better be avoided, prolonged local adminis-
tration of thrombolytic agents being preferable. If
this treatment fails to restore vessel patency, a stent
may be implanted as a bridge to immediate coronary
artery bypass surgery. A second possible cause may
be suhoptimal medical preparation for emergency
stenting, the patients not having received anticoag-
ulants and aspirin and lacking premedication with
dextran hefore stent implantation. Atthough the role
of dextran in the prevention of stent thrombosis is a
matter of debate,*® we now administer dextran to
patients at the start of an elective PTCA. If a patient
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had not used aspirin, its intravenous form {Aspegice,
Searle Farmaca, Weesp, The Netherlands) could he
administered at the time of stent implantation,

Finally, the treatment of dissections with multipte
dilatations of oversized balloon catheters may in-
creasingly damage the vessel, crealing a larger throm-
bogenic surface and thus enhancing the chance of
subacute elosure. Dissection extension beyond the
stent may contribute to inflow or outflow obstruction,
with increased risk for subacute occlusion.?® If the
PTCA is complicated by an veelusive dissection, im-
plantation of a stent should not be postponed to the
very last moment, Extension of the dissection beyond
the stent must be treated with one or more, not over-
lapping, stents,

Monitoring of APTT and T'F may be insuflicient to
prevent subacute stent thrombosis even after train-
ing of medical, nursing, and lahoratory statf. Erbel et
al.* reported on the determination of F1 + 2 pro-
thrombin fragments for monitoring of heparin {ther-
apeutie level <0.56 nmol/L) and of factor I for mon-
itoring warfarin treatment. (therapeutic level <424 ).
In a group of 25 patients, no subacute thrombosis oc-
curred, compared with 16.9%. in a historical group of
54 patients without monitaring of these markers. In-
troduction of monitoring of these parameters may im-
prove the outcome of patients with emergency im-
planted stents. In the multicenier study of Schaty, et
al.,” 8.5% of patients receiving anticoagulation had
hleeding complications. In our group, 8¢ of patients
developed major bleeding complications, The major-
ity of minor bleecing complications (21 %) were punc-
ture site-related. This may be related to an overshoot
of heparin after stent implantation and to sheath
removal under some degree of anticoagulation.

New vascular devices (VasoSeal, Datascope Corp.,
Montvale, N.1.) containing collagen for supraarterial
application to enhance hemaostasis, even under full
heparinization, show promise in reducing this eom-
plication. In an international regisiry reported hy
Ernst et at.,* 100 fully anticoagulated patients had
an 8F sheath removed and 180 mg of bovine collagen
applied through an over-the-wire vascular hemosta-
sis device. Hemostasis was obtained in 94 % within 5
minutes, without device-related complications. An-
other advantage of these devices may be the possi-
bility of continuing heparin infusion immediately af-
ter stent implantation, obvialing the necessity to
withdraw heparin before sheath removal, with a pos-
sible reduction of subacute stent closures,

In conclusion, implantation of a Palmag-Schatz
coronary stent on an emergency basis after subopti-
mal PTCA proved to be feasible, with high primary
success rates. However, during this early experience,
nonsurgical treatment of patients with successfully



30 Kiemeneij et al.

implanted stents resulted in substantial subacute
stent oeclusion and bleeding complication rates,
Therefore patients with emergency implanted stents
should be considered a high-risk population for sub-
acute stent occlusion and shoutd be monitored eare-
fully during aggressive anticoagulant treatment and
careful ambulation. Keeping in mind the excellent
results of CABG in a patienl without ongoing cardiac
ischemia, patients should be referred for CABG
within 24 hours after emergency stent implantation
if additional risks for stent occlusion are present.
"This applies especially for less experienced centers,
With improving patient selection, medical prepara-
tion, stent implantation techniques, and hemostatic
management, in combination with an optimal ckini-
cal infrastructure, a more conservative treatment af-
ter emergency stent implantation may be advocated.

We thank Professor P. W. Serruys of Erasmus University, Rot-
terdam, The Netherlands, for his thoughtful and valuable review
of the manusecript,

REFERENCES

. Dorros G, Cowley MJ, Simpson J, Bentivoglio LG, Block PC,
Rourassa M, Detre K, Gosselin AJ, Gruentzig AR, Kelsey AF,
Kent KM, Mock MB, Mullin SM, Myler RK, Passamani ER,
Stertzer SH, Williams D(), Percutaneous transluminal coro-
nary angioplasty; report of complications from the National
Heart, Lung, and Bloed Institute PTCA Registry. Circulation
1983;67:723-30.

. Detre KM, Holmes DR, Hulubkov R, Cowley MJ, Bourassa
M(3, Faxon DP, Dozzos GP, Bentivoglio LB, Kent XM, Myler
RK, and coinvestigators of the NHL.BI PTCA Registry, Inci-
dence and consequences of periprocedural occlusion: the
1085-1886 NHLBI PTCA Registry. Circulation 1990,82:739-
50,

. Cowley M, Dorros A, Kelsey SF, van Raden M, Botro KM,
Acute coronary complications associated with percutanecus
transluminal angioplasty, Am J Cardio} 198453:12C-8C.

. Ellis 8G, Roubin GS, King SB 111, Beuglas JR, Shaw RE,
Stertzer SH, Myler RK. In-hospital cardiae mortality after
acule closure after coronary angioplasty: analysis from risk
facters from 8.027 procedures. J Am Coll Cardiol 1988;11:214-6,

. Ellis 8G, Roubin (38, King SB, Pouglas JS, Weintraum WS,

Thomas RG, Cox WR. Angiogzaphic and ¢linical predictors of

acute closure after native vessel coronary angioplasty. Circu-

lation 1988;77:372-9,

de Feyier PJ, van den Brand M, Laarman GJ, van Domburg

R, Serruys PW, Suryapranata H. Acute coronary artery

occlusion during and after percutaneous transluminal coro-

nary angioplasty, Frequency, prediction, clinical course, man-
zgemen? and follow-up. Circulation 1991;83:927-37.

. Reul Gd, Cooley DA, Hallman GA, Duncan JM, Livesay JJ,
Frazier OH, Ott DA, Angellini P, Massumi A, Mathur VS,
Coronary artery bypass surgery for unsuccessful percutanenus
transluming! coronary angioplasty. J Thorae Cardiovase Surg
1984,88:685.04,

, Cowley M, Dorros G, Kelsey SH, Raden MV, Detre KL
Emergency coronary bypass surgery after coronary angio-
plasty: the NHLBE Instifute’s Percutaneous Transluminal
Coronary Angioplasty Regisiry's experience. Am J Cardiol
1984:63:22C-6C.

. Golding LAR, Leop FD, Hollman H, France I, Barsch J,
Stewart RW, Lytle BW. Early results of emergency surgery
after coronary angioplasty. Circulation 1986;74(suppl 11):111-
26-9,

—

[=3

e

ot

g

-1

34

11.

12,

14,

16.

21,

22,

23

24

b
&

26.

27,

July 1993
Ametlcan Heart Joumnal

. Talley J1, Weintzauh WS, Roubin S, Douglas JS, Anderson

HY, Jones EL, Morris DC, Liberman HA, Craver JM, Guyton
RA, King 8B HI. Failed elective percutaneous transluminal
coronary angioplasty requiring coronary artery hypass sur-
gery. In-hospital and late elinical outcome al & years, Circula-
tion 1980;82:1203-13.

Murphey DA, Craver JM, Jones EL, Curling PE, Guyton BA,
King 8B, Gruenteig AR, Hatcher CR. Surgical management of
acute myocardial ischemia following perculaneous translumi-
nal coronary angioplasty: role of the inira-aertic balloon
pump. J Thorae Cardiovase Surg 1984;87:332-0.

Sundram P, Harvey JR, Johnson RG, Schwartz MJ, Baim DS,
Benefit of the perfusion catheter for emergency coronary ar-
tery grafting after failed percutaneous coronary angioplasty.
Am J Cardiol 1989;63:282-5,

. Safinn RD, Reis 0, Jenkins RD, King SB, Douglas J3, Plok-

ker HW'T, Rickards A, Ferguson J§J, Leatherman LL, Dear
WE, Sinclai I, Rayes VP, Sigwart U, [Yorros (3, Morice MC,
Spears R. Failed PTCA: salvage by laser balleon anginplasty
[Abstract]. Circulation 1990;82(supp! N1):111-673,

Lee TC, Hartzler GO, Rutherford BD, McConahay DR.
Removal of an ocelusive coronary dissection Hap using an
atherectomy catheter, Cathet Cardiovase [iagn $290;20:185-8.
Roubin G8, Douglas JS, Lemba NJ, Black AJ, King 8B III.
Intracoronary stenting for acute closure following percutane-
ous transluminal coronary angioplasty (PTCA) [Abstract].
Cireulation 198%;78(suppl 1):11-407.

. Sigwart U, Urban P, Golf §, Kaufmana U, Imbert C, Fischer

A, Kappenherger L. Emergency stenting for acute ocelusion
after coronary halleon angloplasty. Circulation 1988;78:1121-1.

. de Feyter PJ, De Scheerder 1, van den Brand M, Laarman GJ,

Suryapranatn H, Serruys PW, Emergency coronary stenting
for refractory acute coronary ceclusion during angioplasty. Am
J Cardiol 19%0,66:1147-50.

. Vreolix M, Plessens JH, de Scheerder IK, Rutsch W, Kober

G, Buzger W, Serruys PW. First clinical implants of a balloon
expandable tantalum stent for the acute closure indication
[Abstract]. Circulation 1991:84{suppl I1):11-198,

. Schatz RA, Goldherg S, Leao MB, Fish D, Hirshfield JW,

Walket CAL Coronary stenting following “suboptimal” coro-
nary angioplasty resulls [Abstract]. Circulation 199052 (sup-
p! IL:H1-540,

. Bredlau CE, Roubin GS, Leimgruber PP. In-hospital morbid-

ity and mortality in patients undergoing elective coronary an-
gioplasty, Circulation 1985,72:1044-52.

Schalz RA, Baim DS, Leon M, Ellis S0, Goldberg 8, Hirshfeld
JW, Cleman MW, Cabin HS8, Walker C, Stagg 3, Buchbinder
M, Teirstein PS, Topol EJ, Savage M, Perez JA, Curry RC,
Whitworth H, Seusa JE, Tio F, Almagor Y, Pender R, Penn
M, Leonard B, Levine SL, Fish D, Palmeaz JC, Clinical expe-
rience with the Palmaz-Schatz coronary stent. Initia} results
of a multicenter study, Circulation 1991;83:148-61.

Baim DS, Bailey 8, Curzy C, Walker C, Schatz RA. Improved
success and safely of Palmaz-Schatz coronary stenting with &
new delivery system [Abstract], Circulation 1990;82¢suppl 11-
11111657,

Sigwart U, Golf 8, Kaufmann U, Kappenberger L. Analysis of
complications asseciated with coranary stenting [Abstract]. J
Am Coll Cardiol 1988;11:664A.

PuelJ, Rousseau H, Jolfre F, Hatem S, Fauvel JM, Bounhoure
JP, Intravascular stents to prevent restenosis after translurni-
nal eoronary angioplasty [Abstract]. Circulation 1987;76(sup-
pl IVEIV.27,

. Serruys PW, Strauss BH, Beatt I(J, ot al. Angiographic

follow-up after placement of a self-expanding coranary artery
stent. N Engl J Med 1991;324:13.7.

Schatz RA, Palmaz JC, Tio F, Garcia 0. Report of a new ar-
ticulated halloon espandable intravascular stent {ABEIS)
[Abstzact]. Circulation 1988;78(supp] ID:11-449,

Kitnura T, Nosaka H, Yokoi H, Hamazaki N, Noboyushi K.
Emergency coronary stenting for abrubt clusure after balloon
angioplasty [Abstract]. J Am Coll Cardiol 1991:15: 1084,



Volume 126, Number 1
American Heart Journat

28.

a0,

31.

Haude M, Ectbel R, Issa H, Straub U, Swars H, Dietz U, Meyer
J. Analysis of risk factors for the occurrence of subacute
thromhbotic events after intracoronary implantation of Pal-
maz-Schatz stents [Abstract], J Am Coll Cardiol 1991;19;77A.

. Fajadet J, Jenny 13, Guablioni G, Cassagnean B, Rebert G,

Jordan C, Flores M, Marco J. hnmediate and late autcome of
hailout coronary stenling {Abstract]. J Am Coll Cardiol 1991;
19:100A.

Fischman DL, Savage MP, Leon MB, Elirshfeld JW Jr,
Cleman MW, Teirstein P, Goldberg 8, Angiographic predic-
{o1s of subacute thromhosis following coronary artery stenting
[Abstract]. Circulation 1991;8H{supp] T1):11-588.

Tuster V, Badimnon L, Cohen M, Ambroze JA, Badimon J1,
Chesebro JH. Insights into the pathogenesis of acute ischemie
syndromes. Circulation 1888;78:1213-20.

35

a2

43,

Feld ef al,

Simon R, Hermann €, Zahorsky R, Wille B, Nelleszen U, Ould
G, Coronary stenting: are dextran and dipyridamole really
needed? (Abstract). J Aw Coll Cardiol 1981;19:110A,

Erhel R, Swars H, Rafner (5, Haude M, Meyer J. Reduction of
subacute thrombotic stent ocelusion by improved anticeagu-
lation monitoring fAbstract}. Circulation 1991584 (suppl H):II-
6883,

. Ernst J, Kloos R, Schrader R, Kaltenbach M, Sigwart U, San-

horn TA. Immediate sealing of arierial puncture sites after
catheterization and PT'CA using a vascular hemostasis device
with collagen: an internalional registry [Abstract], Circulation
199184 (suppl 113:01-68.






CHAPTER 2.3

TWO MAJOR CLINICAL APPLICATIONS OF PALMAZ SCHATZ CORONARY
STENTS
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A COMPARISON OF BALLOON-EXPANDABLE-STENT IMPLANTATION WITH BALLOON
ANGIOPLASTY IN PATIENTS WITH CORONARY ARTERY DISEASE

Patrick W, Serruvs, M.D,, PETER DE Jarcerrn, M.D., Feromvano Kiemexer, MDD,

Cartos Macavas, M. D, Worrsaxe Rutsen, MDD, Guy Hevaprierx, M.D,, Hixax Exanoresson, M.D,,
Jean Marco, M.D., Vicror LEcraxp, MDD, Pierre Mareung, M.D,, Joree BeLarpr M.D.,
Urricrt Stewart, M.D., Antonto Cocomso, M.D.; Jeax Jacgues Gov, M.D,, Pavr vas oEx Heover, MDD,
Juan Dercan, MLD., anp Marie-axciie Morer, M.Sc., ror Ty BenesTENT STUDY GROUP?

Abstract Background. Balloon-expandable coronary-
artery stenis were developed to prevent coronary reste-
nosis afler coronary angloplasty. These devices hold cor-
onary vessels open at siles that have been dilated.
However, it is unknown whether stenling improves long-
term angiographic and clinical outcomes as compared
with standard balloon angioplasty.

Methods. A lotal of 520 patients with stable angina
and a single coronary-artery lesion were randomly as-
signed 1o either stent implantation (262 palients) or
standard batloon angioplasty (258 patients). The primary
clinical end points were death, the occurrence of a cer-
ebrovascular accident, myocardial infarclion, the need
for coronary-artery bypass surgery, or a second per-
culaneous Iintervention involving the praviously treated
lesion, either at the time of the iniliaf procedure or dur-
ing the subseguent seven months. The primary anglo-
graphic end point was the minimal luminal diameter at
follow-up, as delermined by quantitative coronary angiog-
raphy.

Results.  After exclusions, 52 patients in lhe stent
group (20 percent) and 76 patients in the angioplasty
group (30 percent} reached a primary elinical end point
{relative risk, 0.68; 95 percent confidence interval, 0.50 to

MPLANTATION of an intracoronary stent in
conjunction with balloon angioplasty is not only
highly eflective in treating acute vessel closure due to
balloon-induced dissection, but it may also reduce the
rate of restenosis,"* Unfortunately, all stents currently
available are metallic and thus thrombogenic, a prob-
lem that necessitates anticoagulation therapy.®” This
therapy exposes the patient to an increased risk of

Frem 1ke University Hospital Rotterdam Dijkzigt, Thorax Center, Rottendam,
the Netherlands (P.W.S., P.1., MLAM.); Onze Licve Vioowe Gasthuis, Amster-
dam, the Netherlamds (F.K.}; University Hospital San Catlos, Madrid, Spain
(C.ALY, Universitatsklinfkum Rudelf Virchow, Charlottenbusg, Berlin, Germany
(W.R.); Onzz Lieve Vrouwe Klinick, Aalst, Belgiom {G.11.); Sahlgrenska Hospi-
tal, Goteborg., Sweden (H.E.); Clinique Pasteur, Toulouse, France (F.AM.), Sant-
Tilman Centre Hospitatier Universitaire, Liege, Belgiom (V.L.); Hopital de Ia
Citadelle, Liege, Belgium (P.M.); Institito Cardiovasqutar de Huenos Aires,
Buenos Aires, Argentina (1,B.); Royal Brompton National Heart and Lung Insti-
lute, London {U.8.); Centro Cuere Celumbus, Milan, [taly {A C.); Centre Hespi-

0.92; P = 0.02). The difference in clinical-event rates was
explained mainly by a reduced need for a second coronary
angioplasty in the stent group (relative risk, 0.58; 95 per-
cent confidence interval, 0.40 to 0.85; P = 0.005). The
maan {+8D) minimal luminal diameters immediately after
the procedure were 2.48+0.39 mm in the slent group
and 2.05+0.33 mm In the angioplasty group; at follow-
up, the diameters were 1.82x0.64 mm in the stent group
and 1.73::0.55 mm in the angiopfasty group (P = 0.09),
which correspend to rates of restenosis (diameter of ste-
nosis, =50 percent) of 22 and 32 percent, respectively
(P = 0.02). Peripheral vascular complications necessitat-
ing surgery, blood transfusion, or bolh were more frequent
after stenting than after balfoon angioplasty (3.5 vs. 3.1
percent, P<0,G01). The mean hospital stay was signifi-
canlly longer in the stent group than in the angioplasty
group (8.5 vs. 3.1 days, P<0.001).

Conclusions, Over seven months of {cllow-up, the
clinical and anglographic outcomes were better in patients
whao received a stent than in those who received slandard
coronary angioptasty. However, this benefit was achieved
al the cost of a significantly higher risk of vascular com-
plications at the access site and a longer hospital stay.
(N Engl J Med 1994;331:489-95.)

major bleeding and vascular complications, which
may prolong the hospital stay.” Despite these draw-
hacks and although the superiority of stent implanta-
tion over standard ballcon angioplasty has not yet
been proved, stenting has been used increasingly.
Therefore, we conducted a multicenter, randomized
study comparing stent implantation and balloon an-
gioplasty with respect to their safety and cfficacy

talier Universitaire Yaodois, Lausanne, Switzedand (1.F.G.), Middelheim Zie-
kenhuis, Antwerp, Belgium (P.H.); and Gregorio Marznon, Madrid, Spain
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dam, the Netherlands.,
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#The remaining investigalors o the Benestenl Study Group are listed {n the
Appendis.
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in paticats with stable angina pectoris and a sin-
ule new lesion in a coronary artery.

MerHoDS
Selection of Patlents

Paticats scheduled to undergo curonary angioplasty because of
slable angina duv to a single new lesion in a coronary artery were
cligible for the study it they had no contraindication o amicoagu-
Lt or antiplatelet therapy and if they were also spitable candiduages
for coronary bypass susgery, The target leston needed to be less than
15 mm long and to be located in a vessel mere than 3 mm in
diameter that supplicd sermally lunctioning myecardiom. Patients
with wn ostial lesion, a lesion at a bifureation, or a lesion in a pre-
viously grafted vessel were excluded from the study, as were patients
in whom an intracoronary thrombus was suspected.

The study was carried out according to the principles of the
Breclaration of Helsinki. Oral o written informed consent accord-
ing o locad practive was obtained for ¢very paticnt.

Randomization

Paticnts were randamly asstgned by telephone from a central
office to either implantatien of & Palmaz—Schate stent or hadtoon
angioplasty. To ensure an equal distnibution ef treatments in each
center, we developed the randomization sequenve on a site hasis in
blocks of six treatment assignments.

Balfoon Angloplasty and Stent Impfantation

Balloen angioplasty and stent implantation were performed ac-
cording to stanctand clinieal practive by the femoral approach. The
stent was deployed by inflating a balloom over which the vollapsed
stent was fitted. Inflation of the balloon expanded the stent, After
the implantation of the stent, the stented area was often dilisted
furthier by standard balleon angioplasty. All pitients received 250 to
SOy ol aspicin claily asd 75 mg of dipyridsmole three times a
<y this treatment was started the day before the procedure and
was continied Tor six months, Thiring the procedure, patients 1e-
velving & stent were treated with a4 continnons iafusien of dextran
(LOB0 md) and o bolus dose of 10800 U of hepanin, repeated i0
necessary, tullowed 3y a combination of heparin and oral anticoag-
ulation therapy (with warlarin) after the removad of the sheath and
titested by measuring the prothrombin time and eidier the activated
partiad-thromboplastio time or the avtivated denting tine. ‘Fhe dose
of heparin was decreased progressively after the prothrombin tme
hiad been in the therapeatic range (international narmatized catio,
2.5t 3.9) for atleast 3 hours, Warfurin thezapy was continted for
thiee months, The patients who underwent balloon angioplissty re-
ceived only RO U of heparin during that procedure, followed by
ancudckitional bolus duse or s continuous intusion i’ deemed neces-
sary. b addition, bl peatment groups received catcium antage-
nists until dischurge from the hospiral,

Clinlcal and Angiographic Follow-up

Patients were seen in the outpatient clinic after one, three, and six
manths for an interview, physical examination, and elecizocardio-
wram. Exercise testing was performed before the second candiae
catlieterization and coronary angiography at six months, 1 a revas-
cilarization procedute involving the treated segment had heen per-
formed helore the six-montly angiography, the most recent angio-
erant abtnned before $his intepyvention, i available, was used as the
tolleny-up angiogram, regardless of the tdming af e second ines-
veution, 1 the dme 1o follow-np angiography was fess than three
months and no secend intervendon was performed, the patient was
ashed e undergo angiography again at six menths, In the absence
uf wsecoml angiogram at six momths, the angiogram obtained most
recently within the previons three months was used, i available,
provided that no end point had eccuered,

Thiee augiograms were obtained or each patient — one just
e fore the ingerveation, one immedintely after, snd one at follow-up.
Al the angiegrams were anadyzed by the Cardiovasvular Angiogra-
phy Analysis Systennand senl o the core laboratory (Cardialysis,
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Rotterdanm, the Netherlands). To standardize the method of data
avquisition and to ensure the exact repraducibility of the angio-
grams performed afier the intervention and at tollow-up, measuze-
ments were made as described carlier?

End Points

The primary clinical end points were whichever of the following
oceurred first: death, a cerebrovascular accident, myocardial infare-
tion, hypass surgery, or a second percutanecus intervengion involv-
ing the previously neated lesion between the time ot the initisl
procedure and the angiography perforoed a1 6 months {4 weeks)
{or ut 7 menths if no angiography was performied st 6 wonths). The
indication Tor a second intervention ot for bypass surgery had to e
substantiuted by symptoms or by electrocardiographic or scnti-
graphic evidenve of myocardial ischemia at rest or during exercise,
All events were reviewred by the critical-cvent committee, which was
unaware of the treatment assignments,

Breath was defined to include all deaths, regasdless of cause.
Cerebrovascular accidents occurdng in patients receiving anticeag-
ulant therapy were considered to be intracranial hemorzrhages un-
less unequivacally demonsirated otherwise, Myocardial infarction
was diagnosed il there were new pathologic Q waves according to
the Minnesota Code? or if there was an increase in scrum creatine
kinase to more than twice the normal vahite, together with a patho-
logic inctease in myocardial isoenzymes. Bypass surgery was de-
fined to inclide emcergency or elective bypass surgery involving the
previously treated segment. Emergency bypass surgery was defined
as fnvolving an immediate transler from the angioplasty suite to the
operating room during the initial phase of treatnent. "Bailout”
stent implantation was defined as the placement of a stent in the
event of Thrombolysis in Myocardial Infarction {TITMT) grede O or
§ How after angioplasty o in the case of worsening of the hase-line
FIMI fow by one grile.™ In all instances, prolonged balloon an-
gioplasty had to be witempted before baitout sienting was consid-
eredd, By design, stent implaptation as a bailour procedure was con-
sidered equivalent to emergency bypass surgery but was removed
retroactively from the analysis of primary end peints, since it is
currently perecived as an integral part of an angioplisty strategy,
Only the untoward clinical vvents associated with such stenting
were counted as end points, Second interventions were those involy-
ing a previously treated lesion that Tollowed the initial procedure,
which was considered complete when the guiding catheter was re-
moved from the arterial sheath. Revascutarization (surgical or per-
cutanvous) invalving other carenary arteries <id not constilute an
end point,

The primary angiographic end point was the minimal liminal
diameter at follow-up, For cach weated segment, this vidue was
valculated frem the mean values obtained in muliiple matehed pra-
Jjections,

Secondary end points included {13 the anglographic success rate,
defined as the rate of achievement of less than 50 peccent steansis
on visual assessment; (2) the procedural success rate, defined as the
rate of achievement of less than 30 percent stenosis on guaanitative
assessment, withest the occurreace ol dinical events during the
Tiospital stay; (3 the functional dass according 1o the classifia-
tion of the Canadian Cardiovascular Society atsix months o at the
time of intercurrent angiography and second intervention; (4) the
resulls of exercise testing at six months or earlier, if clinically indi-
vated; (5) the rate of restennsis {stenosis 250 percent at follow-up)
at six months.

Power Calculations and Stallstical Analysis

At the outset of the study, the size of the required sample (128
patients} was bised on an asswoed rate of dinical events of 30
prreent in the angioplasty group and a reduction of that rate by 30
percentin the stent group (hy a two-sided test with an alpha ersor of
0433 and a power of BBU).To compensate for unsuceessiol interven-
tions and losses 1o follow-up, the sample was enlarged by HEpercent
(10 470 patients). Tnaddition, o adiust for s oss of power due taa
planned intering analysis, the sample was increased by another [0
percent, reaching a final size of 520 puticnts."!

The muin clinical analvsis consisted ol a single comparison be-
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tween the two sty groaps sith respect to the prinvay Jinical e
point, regardless of it time of avcnrzence; this analy sis involved il
randumized patients with the excepiions of three patients found
afler cantlomization net e be cigihle and of one patient who with-
dres informed consent for furiher treawtment and follow-op aceord-
ing to the intention-to-treat principle. The elinical vveats were
ranked according to the highest category of severity on the following
seader death, cerebrovascular accident, myocsrdial infarction, emer-
geney bypass surgery, elective hypass surgery, and repeat percuta-
neaus iwtervention,

‘The main angiographic analysis consisted of a single compirison
between the two study groups with tespect o mingmal luminal di-
ameter and wis perlornied aceonding o the intention-ro-treat prin-
ciple.

Continuaus variables are espressed as means 28D und wers
compared by the unpaired Student’s t-test. The chi-squite test with
Yates” correction was used to compare proportions, Discrete vari-
ables are expressed as counts and percentuges and are compared in
terms of relative dsks (for stenting as compared with angioplasiy),
with 95 percent confidence intervals catculated by the formula of
Greenland and Robins.'2 All statistical tests were twa-tailed,

REesurts

Characterlstics of the Patlents

Between June 1991 und March 1993, 520 patients
were randomly assigned to stent implantation (262
patients} or balloon ungioplasty (238 patients} at 28
pirticipating centers, Of these 520 patients, 4 were
excluded from further analysis, 3 in the stent group
und 1 in the angioplasty group. One patient withdrew
his informed consent and left the hospital without re-
ceiving treatment, two other patients did not under-
go coronary revascularization beeause their lesions
proved to be unimportant during on-line quantitative
coronary angiography at the time of the imtended in-
tervention, and one patient participated in another
study with an investigational drug, There were no dif-
ferences in hase-line characteristics between the two
study groups (Tables 1 and 2).

In-Hospital Cllnical Quicomes

Of the remaining 259 patients randomly assigned to
receive stents, 14 (3.4 percent) did not receive a stent
but were treated successtully with balloon angio-
plasty. The reasons for this crossover were the with-
drawal of informed consent in five, the physician’s
preference because of the patient’s unfavorable anato-
my (e.g., small vessel size) or angiographic evidence of
thrombus in three, and failure to cross the lesion with
the stent in six. In addition, stent implantation wus
unsuccesslul in 10 patients: 6 heeause the lesion was
not dilated beforchand and 4 because the stent could
not be deployed, Of these 10 patients, 8 underwent
bypass surgery that was urgent in 3 and elective in 5.
The remaining two patients, who unexpectedly had
totally oceluded coronary arteries that could not he
recanalized, were treated medically,

Of the 257 remaining patients randomly assigned to
balloon angioplasty, 13 (3.} percent) received stents
for the [ollowing reasons: acute vessel closure in I,
fow-limiting dissection in 1, and a suboptimal angio-
graphic result in 1. Of these 13 patients, 2 were re-
ferred for urgent bypass surgery and | had a non—
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Table 1. Basg-Line Clinical Characterislics of the 516 Palienis
Included in the Intention-to-Treat Analysis.*

CHARACTLRISTH AnGioiLas i N X5 Sy N 15y

Age (y1) Se+ g A7xy
Weight thy) T} TRl
Height (cm) 1714 1718
£ £8) he {4
Male sex 212 (82) 207 {80
Ever smoked 124 {45y 114 {46}
Cugrent snoker &0 (23) a2 (2
Diabetes mellits 16 (6) 1747
Previous conditions
Myocardial infarction A8 {149y 52020
Coronary-sriery bypass grafting 542 0
Angioplasty B3 5¢2)
Hypertension 89 (15) s00(30)
Hypercholesterolemia 935 (37) L RRET]
Stroke f(2) 6(2)
Peripheral vascular disease 53 10 (4)
Excriional angina (CCS classyt
i 94 Y
n 5029 5232y
m 130 (51) 125 (4%)
% 2001(%) 16 ()
Nonz 239 2700y
Mined 89 (35) K9 (3)

*Plus- miras valtds IT means £ 50,

tAcens Jizn Cantun siulbar Sweicty (CCS)

o the classification systen of the Ce

O-wave myocardial infarction, In addition, three oth-
er patients whe had complicated balleon angioplasty
and in whom no bailout stent implantation was at-
tempted underwent urgent bypass surgery. Thercfore,
the angiographic success rate was 96.9 percent in the
stent group and 98.1 percent in the angioplasty group,
whereas the procedural success rates were 92,7 and
91.1 pereent, respectively,

The ranking and the total number of chinical events
occurring in the hospital are shown in Tuble 3. The
composite rate for all in-hospital events was similar in
both groups (l6 events or 6.2 percent in the angio-
plasty group vs. 18 events or 6.9 percent in the stent
group; relative risk, 1.12; 95 percent confidence inter-
val, 0.58 to 2.14). There were no in-hospital deaths in
cither group; one patient treated with balloon ungio-
plasty had an intracranial hemorrhage, There was no
difference between groups in the incidence of Q-wave
and non~Q-wave infarction (3.1 percent in the angio-
plasty group vs, 3.4 percent in the stent group; relative
risk, 1.12; 95 percent confidence interval, (.44 10 2.85)
or in the need {or urgent or elective cardiac surgery or
second angioplasty durinyg the hospital stay {2.7 per-
cent in the angioplasty group vs, 3.5 percent in the
stent group; relative risk, 1.28; 95 percent confidence
interval, (.48 to 3.37).

Angiographically documented stent thrombosis
during the hospital stay occurred in 3.5 percent of
patients, an incidence similar to that of subacute ves-
sel closure alter balloon angioplasty (2.7 percent), 1t is
noteworthy that no stent thrombosis occurred in the
13 patients treated with a bailowt stent. However, the
incidence of Meeding and vascular complications was
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significantly higher after stent implantation than after
bulloon angioplasty {13.5 vs. 3.1 perceny; relative risk,
4.34; 95 percent confidence interval, 2.05 to 9.18;
P<(LO0E),

The mean hospital stay was 8.3 days in the stent
group and 3.1 days in the angioplasty group (P<0.001).

Clinical Qutcomes at Seven Monlhs

The numbers of various types of clinical events at
seven months among all 516 patients are shown in
Table 3. A primary clinical end point was reached
by 76 of the 257 paticnts randomly assigned to bal-
loon angioplasty (30 percent), as compared with 52
of the 259 patients randomly assigned to stent im-
plantation (20 percent) (relative risk, 0.68; 95 per-
cent confidence interval, 0.30 to 0.92; P = (L02).
This difterence in long-term clinical outcome is shown
in the cumulative distribution curves for the pri-
mary clinical end point in both treatment groups (Fig.
1D). The favorable long-term outcome in the stent
group was also partly reflected in the difference be-
tween the two groups in functional class at the time
of the second angiography (Table 4). The most
striking difference in clinical outcomes was the signifi-

Table 2. Angiographlic Characteristics of the 516 Palisnis Includ-
ed in the Infention-to-Treat Analysis and Characteristics of the
Procedures They Underwent, *

THARACTERSTIC ANGIOFLASEY (N = 257)  STENT (W = 259)
number (percent)
Artery ditated
Right corenary 72 {(28) &0 (23
[.eft anterior descending 159 (62) 165 (64)
Left ciumiter 26 (1@ (1
Type of lesiont
Cogcenlric 118 (16) 130 (50)
Eccentric
1A 33013 34413
1B 62 (24) 57(22)
1A 10 (4) 10(4)
118 1359 10 (4)
Tandem ] 1 (0.4}
Multiple irmegularities 21 (%) 16 (&)
Oceluded {TIME G or 1)E 5 943
Cakificd 27411 29410
Length (mm} 6.96+2 57 7.06+2 56
Thrumbus after procedurc 10 (4) Al
Dissection§
Ne 145 (56) 215 (31
Type A 43173 21 ¢8)
Type B 572 16 (6)
Type C 94} 5¢2)
Type E 1(0.4) 1(0.4)
Type F 2 LRy 0
Nominal size, steat or ballewn (mm) 3204038 M0
Baltoon’stent artery ratio 14220015 1122015
Largest balloon size {mm) | 3302038 340040

Matimal pressure (atmospheres) 9=x3 [REX]
Tota! inflation time (sec) 393+ 359 150+1378

Ve interohserver and mmobierer variahilty of these morphologic meassvs bas pre-
viusly been repocted by the core biboratory.)? Plus—mines valies we mesms £5D.

Faceondag Lo the classificasinn systern of Ambrine et at '

Frocording to e TOMT Stedy Grrap 12

$Aonding o the definition of Filis et al "

SAccotding to the clasifcation system of Lvitos €t 4.

|:Nominal size.

p it
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cantly reduced need for an elective second revas-
cularization by means of percutancous intervention
involving the target lesion, There was a 42 percent
reduction favoring stent implantation.

Daring the study, three patients died, one in the

Table 3. Frequency of Primary Clinica! End Points in the Hospital

and at Seven Months in Descending Crder of Severity, Tolal

Number of Even's, and Quantilative Comparison of Immediate
and Long-Term Anglographic Hesulis. *

ANGIGPLASTY STENT Retame Risg
EVENT N = 257) (N o= 259) W% Ch
rumber (percent)

Death

In hospizal 0 0 e

At 7 mo 1(0.4) 2(0.8) 1.98 {0.18-21.75)

All eveats 1(0.4) 24{0.9) 1.98 {0.18-21.75)
Cerebiovascular accident

In hospital 1(0.4) 0 —

At 7T mo 2 (0.8) ¢ —

All events 2(0.8) 0 —
2-wave Ml

In hospital 2 (0.8) 5.9 248 (0.49-12.67)

At 7 mo 4 (1.6} 7Q.7 1.74 (1-51-5.86)

All events 5(1.9) T2 1.39 (0.45-4.32)
Non—Q-wave MI

In hospital 6(2.3) 4(1.5) 0.66 ((.19-2.32)

At7 mo 64{2.3) 4(1.5) 0.66 (0.19-2.32)

All events 7.7 4(LS) 0.57 (0.17-1.91)
Urgent CABG

In hospital 41{1.6) 5(1.9) 1.24 (0.14-4.57}

At mo {6 5¢1.9) 1.24 (0.34-4.57)

All cvents 5{1.9) 5(2.9 L9 (0.37-3.85)
Elecrive CABG

In hosgpital ¢ 3L —

At7 mo 6(2.3) (3.9 1.32 (0.47-2.76)

All events 6(2.5) 10 (3.9 1.65 (0.61-4.48)
Repeat PICA

[n hospitat Iy 1(0.4) (.33 (0.03-3.16)

A7 mo 83 (20.6) 26 (10.G)  0.49 (0.32-0.75)

All events 60 (23.3) 3A5(13.5)  0.58 (0.40-0.85)
Any event

In haspial 16 (6.2) 18 (6.9} 1.12 (0.58-2.14)

At 7 mo 76 (29.6) 52(20.1)  0.68 (0.50-0.52)

ANGIGHLASTY STENT
Vaneref (N = 24) N=2n VAL
mean 50

Reference diameter (mim)

Before 3.01+0.46 2.93+0.45 NS

After 3.09+0.4 3.16:0.43 0.045

Fullow-up 1.65+0.49 2.96+0.48 04
Minimal tuminal diameter (mm)

Before 1.03+0.31 1.07£0.33 NS

Afer 2.05+0.33 2.48x0.39 <0.00%

Fallow-up 1.7340.55 1.8220.64 009
Stenosis ()

Before 63210 64210 NS

After 3ixg 21+8 <0.001

Follow-up 4316 EEESE) 0.003
Restenosis rute (%) 2 22 0.02
Gatn (mm} 0.97£0.39 140044 <0.001
Loss (mm) 0.32£0.47 N.65x0.57 <0.001
Net pain (mm} 0651059 0752066 .09

£ Ak everts” refers tn the bl count of events at seven months i ¢, if a patient rquicd
repeal anginplasiy aml Later corvmary-artery hypass grafiing, the total count 4l seven months
would refiect both events, cot just the first thar ocqerred). € denodes conbdesce interval, MT
myoardiad efarction, CABG corvmny-antery bypass graft, PTCA peroutaneciss transtuminal
COToRary argioptasty, a1d NS ool sipnificant

1Referenee walues are the ixterpolated drametons of mormmal sessely, galn, ke
mizal dianeter after the procediure mizus e value obtaleed before the procedurs;
minirmal nal dismeter after he procedute suinss the fnflow.up valae; and net gain, the
minimat lemingl drameter et ftlos-up mirus the value obtsied before the provedure.

$P = 003 2nd P = 0.03 for the difference in minimal sl diameter between the tho
study grocps @ fellos wp when the pre-imterveation lumen and vessel sive, respoctively, wore
used a8 covariares,
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with Clinical End Polints.
Sigmificant differences were apparent that consistently favored the stent group over the angloplasty group with respect to the Increased
minimal lurninal diameler at intervention (Panel A) and follow-up (Pansf B), the percentage of stenosls at fotlow-up {Panset C), ard the
Incidence of major clinical events (Pangl D). The vertical dashed ling in Panel D ingdicates the end ¢f the study.

angioplasty group and (wo in the stent group. One
patient treated with balloon angioplasty committed
suicide four months after the intervention. Two other
patients died two and three weeks after suceessful
stent implantations, In the first of these patients,
death was preceded by chest pain associated with $T-
segment elevation and was therefore thought to he
related to a subacute occlusion. In the second patient,
the cause of death was hypovolemic shock during sar-
gical repair of an arteriovenous fistuls, Although the
stent was patent at the time ol the pathological exami-
nation, the death was considered to be related to the
stent.

Angiographic Analysis

Angiographic follow-up data were obtained for 03
pereent of the eligible patients (Tabte 3). The mini-
nial luminal diameter at follow-up was greater after
stent implamtation than after ballvon angioplasty
(1.8220.64 vs. 1.73%0.55 mm, P = 0.09; median dii-
ference, 0.17 mm). The cumulbative distribution of the
minimal luminal diameter and percentage of stenosis
are shown in Figure 1A, B, and C. The incidence of

restenosis (the criterion for which was 250 percent
stenosis) was 22 percent after stent implantation as
compared with 32 percent afier balloon angioplasty
(P = 0.02).

Discussion

We found that implantation of coronary stents in
patients with stable angina and a singlc new coronary-
artery lesion was associated with a rate of immediate
chnical success similar to that of standard balloon
angioplasty, but a significantly lower rate of resteno-
sis, This translated into a superior long-term clinical
outcome, mainly due to a reduced need for additional
percutaneous intervention, at least according to the
composite analysis of clinical end points. The advan-
tage of this combined clinical end point is that it leads
to a simple estimate of the effect of treatment., How-
ever, this analysis ignores the relative eflect of various
events (i.c., it considers death, a cerchrovascular acci-
dent, myocardial infarction, and the like to be equally
harmful 1o the patient) and does not reflect the multi-
plicity of events that may oceur (e.g., in a patient
undergeing second angioplasty and surgery and uolti-
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Table 4. Functional Class at Seven Months of Fal-

{ow-up or at the Time of the Intercurrent intervention

for the 516 Patients Included in the Intention-to-
Treat Analysis.*

Tusemonar Craast Asopb wrr BN = 187y Snap N = 259

ianiber fpesognty

1 (Asymptemalic) 170 (66) 190173)
i—4 ¥ (32) 67 (26)
I 10 ¢ 12 (5)

2 A {1
3 818 15 {6)

4 125 12 (5)
Unkoown 41 208

P = 007 (o the comparionn of functional (latses agording i treats
ment gesap (Rrgioplasty vi. azn)

TThe classes shown ate those earablished by the Canadiag Cardiovasem.
lar Socieny.

mately dying}. To address this shertcoming, a count
of all events is included in ‘l'able 3.

One of the major drawbacks ol studies on the pre-
vention of coronary restenosis is that at follow-up the
angiographic knowledge of coronary anatemy may in-
fluence the physician’s therapeutic decision and artifi-
cially increase the number of second interventions,
This is especially true when the investigator is not kept
uitaware of the treatment assignments, as when a new
device is tested. To circumvent this possible source of
hias, a second intervention was considered an end
point in this study only when it was substantiated on
the basis of anginal symptoms or objective evidence of
ischemia {Table 5). Only two second interventions in
the angioplasty group and wone in the stent group
might not have been justified. Moreover, the fact that
the cumulative curves for the composite clinical end
points (Fig, 1D) diverged between day 75 and day 150
indicates that the difference in clinical outcome was
not artificially driven by the angiographic findings at
the time of the second catheterization,

Not unexpectedly, the incidence of major bleeding
complications was significantly higher in the stent
group (13,5 percent) than in the angioplasty group
{3.1 percert). The overall incidence reported in the
literature, expressed us a weighted average of groin

Table 5. Presence cf Clinical Symptems, Ischemic
Signs, and Degree of Stenosis in Pattents Who Un-
derwent a Second Intervention at Follow-up.

ANCIOFLASLY RITEN|
VARILBLE® {N = 2573 {N = 259)
No. of patients 59 ¥
No. with angina 54 3
N, with ECG changes at rest or 14 8
during evercise
No. with neither angina nor 2 i
ECG changes
Nes. with EVT performed 24 14
Percent stenosis — mean +31 59+14 Gox21}

GG derntes electracardiographic, and ETT exersise-tolerance teut
e retative rish as compared with the angioplisty group was 057 {95
[erceat confidene interval, 009 tn 0 &4; P = 0008),

P = 0.0 for the comparison of groups by unpaiced Student’s rest,
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hemtomas and pseudoancurysms, was 7.5 percent
(range, 2.7 to 206 percent) and 1.2 pereeat {range, O 1o
10.8 percent), respectively.'?

Another significant dilference between the two
treatment groups was in the duration of hospitahiza-
tion, However, Cohen et al. recently showed that
length of stay, consumption of resources, and total
costs were still substuntially greater for bypass surgery
than for stenting and that the initially higher in-hospi-
tal costs of stent implantation as compared with bal-
loon angioplasty arc compensated for by the reduction
in subsequent interventions during follow-up.'*"* The
prictitioner and the patient must, however, weigh a
long hospital stay and a 13.5 percent risk of bleeding
and vascular complications against the potential hene-
fit of a reduction in the likelihood of clinical events
from 30 percent to 20 percent,

It may be argued that the difference in drug therapy
between the two study groups accounts for the ob-
served differences in angiographic outcome and rate
of restenosis, However, a nember of clinical studics
collectively rule out any beneficial effect of anticoagu-
lant therapy on restenosis in humans,”®* Moreover,
the degree of angiegraphically decumented luminal
loss was significantly higher after stent implantation
than after badloon angioplasty (‘I'able 3). Therefore,
the heneficial angiographic and clinical effects of stenl
implantation arc cxplained by the propensity of the
stent to achieve a consistently greater increase in ha-
minal diameter immediately after the procedure than
is the case with balloun angiopkasty, which is inherent-
[y limited by the well-described phenomenon of elastic
recoil.*®*

It should be emphasized that in interpreting the
fuvarable results observed in this trial, the restrictive
nature of the criteria for inclusion and exclusion must
be kept in mind, and thus the results may not be gen-
eralizable to other patients, indications, and types of
stents. Finally, bleeding and vascular complications
and the prolonged hospitalization remain major draw-
lracks of stent implantation and continue to hamper
its acceptance in clinical practice.

APPENDIX

‘1he following institutions and investigators participated in the
Benestent study. The number of patients enrolled at each center is
given in parentheses.

University Hospital San Carles, Madrd, Spain (76): F. Alfonse,
J. Guicotea, R, Hernander, and A, Iniguez; University Hospital
Rotterdam Dijkzigt, Therax Center, Rotterdam, the Netherlands
(57): . de Feyter and M, van den Brand; Onze Lieve Viouwe
Gasthuis, Amsterdam, the Netherlands (50): G,]. Laarman and
R. vander Wieken; Universitatsklinikum Rudolf Virchow, Charlot-
tenburg, Berlin, Germany (39): W. Rutsch; Onze Livve Viouwe
Ziekenhuis, Aalst, Belgium (38): B. de Bruyne; Sahlgrenska Hospi-
tal, Goteborg, Sweden (36): P, Atbertsson; Clinique Pasteur, Tou-
louse, France {32): J. Fajadet, 8. Doucet, and O, Bar; Sart-Tilman
Cenure Hospitalier Universitaire, Liege, Belgivm (32): V. Legrand;
Hapital de la Citadelle, Liege, Belgium (19): J. Boland; Tnstitute
Cardinvascular de Buenos Alres, Buenos Aires, Argentina (19):
J. Berrocal and R. Piraine; Roysl Brompion National Heart and
Lung Institute, Eondon (12): N, Buller and K. Priestley; Centro
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Cuore Columbus, Milan, Italy (11): L, Maiello; Centre Hospital-
fer Universitaire Vacdois, Lausanne, Switzerland {11}: E. Eeck-
hout; Middelheim Zickenhuis, Antwerp, Belgium (10): F. van den
Brande; Gregoria Maranon, Madrid, Spain (10): E. Garcia; Zieken-
hinis de Weezentanden, Zwolle, the Netherlands (8): H. Suryapran-
ata and J. Hoorntje; St Antonius Zickenhuis, Nienwegein, the
Netherlands (#): T. Plokker and G. Mast; Hospital Maggiore,
Trieste, Taly (8): S, Klugmann, F. Della Grazia, and A. Salvi;
Hapital Cantonal Universitaire, Geneva, Switzerland (7): P. Ur-
han and E. Camenzind; Acadenisch Zickeahuis Groningen, Gre-
ningen, the Netherlands {6): P. dea Heijer and R, van Dijk; Aca-
demic Medical Center, Amsterdam, the Netherlands {G): J. Pick
and K. Koch; Christian Albrechts University, Kiel, Germany (6):
K. Simon and G. Herrmann; Centre Cardiologique du Nord, Paris
{5): M.C. Morice and 'F. Royer; 5t. James Hospital, Dublin, Ere-
land {5): P. Crean; Catharina Zickenhuis, Findheven, the Nether-
lands (3); H. Bounier, J. Koolen, and T, Bracke; Cliniques Uni-
versitaires 51, Lug, Université Catholique de Louvain, Brussels,
Belgium {2): W, Wijns; Centre Hospitalier Régional ot Universi-
taire, Nancy, France (23 N. Banchin and Y. Juilliére; and the
Polyclinique Velney, Rennes, France (2): C. Bowrdennec.

Ethics and Safety Committee: F. Verhieugt, Free University Am-
sterdam, Amsterdam, the Netherlands; J. Tijssen, Academic Medi-
cal Center, Amsterdam, the Netherlands; and G. de Backer, State
University Ghent, Ghent, Relgium.

Steering Committee: P.W. Berruys (chairman), H. Emanuelsson,
G.R. Heyndrickx, P.P.T, de Jacgere, T, Kiemeneij {co-chairman),
C. Macaya, j, Marco, and P, Materne,

Critical Event Commitiee: T. Kiemenelj (chainan), P.W. Ser-
ruys, P.PVT, de Jaegere, P.J. de Feyter, and P, van Jden Heuvel.

Angingraphic Assessment Committee: P.PT, de Jaegere (chair-
man), P.W. Serruys, W, Rutsch, B, de Bruyne, and V. Legrand,

Exercise Testing Commitice; V. Legrand (chairman}, G. Laar-
man, and N, Danchin,

Data Coordinating and Aralysis Center and Quantitative Angio-
graphic Core Laboratory: Gardialysis, Rotterdam, the Netherlands:
M. Morel, A.G. Azar, G.A. van Es, |.P. Herrman, R, Melkert,
L Pameyer, and L.M. Rodenbury,
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CHAPTER 3.1
TWO MAJOR CLINICAL PROBLEMS
SUBACUTE STENT THROMBOSIS AND BLEEDING COMPLICATIONS

MULTIVARIATE ANALYSIS FOR PREDICTORS FOR SUBACUTE STENT THROMBO-
SIS AND BLEEDING COMPLICATIONS IN THE BENESTENT-1 STUDY

F. Kiemenelj, AJ. Azay, M.A. Movel, P, Serruys, on behalf
of the Benestent - Study Group
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Mulfivariate analysis for predictors for subacute stent thrombosis and bleeding compli-
cations in the BENESTENT-1 study.

Ferdinand KIEH]CHCEJ MD Aida J. Azar, MPH, phD™ ", Marie-angle Morel, B. §¢™ ", Patrick
Seuuys MD, PhD" ", on behfllf of the BENESTENT- Stu(ly Group
Onze Lieve Vlouw&, Gasthuis, Amsterdam, the Netherlands
" University Hospitai Rotterdam Dijkzigt, Thorax Cenler, Rotlerdam, the Netherlands

ABSTRACT

Backgrounds, In the BENESTENT-I study, a Palmuz Schatz stent was implanted in 227
patients with stable angina and a de novo lesion in a native coronary artery and results were
compared with balloon angioplasty in a randomized fashion. To determine the risk for stent
thrombosis and bleeding complications, a multivariate analysis was performed on the stented
population using the per-protocol analysis.

Methods. A multivariale regression analysis was performed controlling for age, gender, dia-
betes, smoker, hypertension, angina, prior myocardial infarction, left anterior descending arte-
ry disease, minimal Tumen diameter and reference diameter (pre- and post procedure), lesion
length, balloon diameter, inflation pressure, a post procedural dissection and a post procedural
bleeding complication.

Results, Subacute thrombosis was encountered in 8 patients (3.5%). Vascular surgery and/or
blood transfusion was required in 31 patients {13.7%). Multivariate analysis revealed that
female patients had a 3 times higher risk of vascular bleeding complications than males (95%
confidence interval: 1.2-7.7). Controlling tor the same variables, a patient's probability of
experiencing stent thrombosis was lowered when the patient had a large reference diameter
pre-pracedure, {he probability is increased when the patient had a prior myocardial infarction
and il the patient had a postprocedural bleeding complication.

Conclusion, Subacute stent thrombosis and bleeding complications form the achillesheel of
implantation of metallic coronary stents. The chance for stent thrombosis lowers at large ves-
sel diameters and absence of a previous myocardial infarction and of postprocedural bleeding
complications. Female patients are more prone to bleeding complications than male patients,

INTRODUCTION

The purpose of the multicenter randomized BENESTENT I- trial, was to compare safety and
efficacy of coronary balloon angioplasty and Palmaz Schatz coronary stenting in putients with
stable angina pectoris and a lesion in a native coronary artery (1). Although overall results in
terms of restenosis and uneventful follow-up were more favourable in the stented putients,
thrombotic stent occlusion (3.5%) and major bleeding complications under intense anticoagu-
lation (13.7%) still remain the achillesheel of this promising new technigue (). In the
STRESS- trial, aiso exploring the differences of outcome of Palmaz Schatz stent impiantation
and balloon angioplasty, stent thrombosis was encountered in 3.4% and bleeding complica-
tions in 7,.3% (2}. Since no multivariate analysis on these stent refated complications has been
carried out so far, a multivariate analysis was performed on the patient population in the
BENESTENT-I study undergoing a stent implantation. This was done in order to evaluale fac-
tors possibly associated with these two conplications.
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METHODS

Patient population

Subjects who took part in the BENESTENT-I trial, and who were randomized to stent implan-
lalion, comprised the study group. The study design has been described in detail elsewhere
(1). In short, BENESTENT-I wus a multicenter, prospective, randomized, controlled trial,
which compared stent placement to balloon angioplasty on immediate angiographic results,
incidence of re-stenosis and long-term clinical outcome. Afler randomization, angioplasty was
performed according to the routine of the participating physician, Palmaz Schatz stent implan-
tation was performed with either the Stent Delivery System (3) or with bare stents, after pre-
dilatation of the stenosis, in patients with stable angina pectoris and a single de novo lesion in
a native coronary artery. It necessary, implantation was followed by secondary stent dilata-
tions in order to improve stent deployment and angiographical results. All patients received
the "classical" regimen: heparin, dextran, 250-500 mg daily acetylsalicylic acid, dipyridamole
75 mg tid and anticoagulants. Between June 1991 and March 1993, 259 patients were rando-
mized to stent implantation and 257 to balloon angioplasty.

Coronary angiography

Patients were seen at the owtpatient clinic at 1, 3 and 6 months for an interview, physical exa-
mination and electrocardiography. Qualitative and quantitative coronary analysis was perfor-
med on pre- and post-procedural angiograms, and those obtained at 6 months, by the automa-
ted Cardiovascular Angiography Analysis System (4) under standardized circumstances. H a
revascularization procedure involving the (reated segment had been performed before the 6
month repeat angiography, the last angiogram obtained before this intervention, if available,
was used as (he follow-up anglogram, irrespective of the timing of repeat intervention (hours,
days, weeks), If the time to follow-up angiography was less than 3 months and no repeat
intervention was performed, the patient was asked to undergo another angiography at 6
mounths. In the absence of a 6 month repeat angiogram, the fast angiogram obtained within the
previous 3 months, if available, was used provided that no end point had occurred.

Definition of clinical events

1. Bleeding complications
All patients were considered to have a major bleeding complication in the event of
blood trunsfusion and/or vascular surgery.

2, Thrombotic stent occlusion
Was defined to occur when a patient experienced a stent thronsbosis within the

hospital stay.

3. Angiographic endpoints
The angiographic end point included 1) the minimal lumen diameter at follow-up as
determined by quantitative angiography. For each dilated or stented segment, the mini-
mal lomen diameter was calculated from the mean values of multiple projections which
had been identically matched pre and post intervention and at follow-up; 2) percent dia-
meler stenosis (after device) is the ratio of the minimal lumen diameter and reference
diameter.

Statistical analysis

Patients in the trial randomized to balloon angioplasty were not included in this analysis for
obvious reasons; patients randomized to the stent group received anticongulants and therefore
were more prone to bleeding complications than the balloon angioplasty group who received
no anticoagulants.
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Analysis included patients who actually received a stent implantation, i.e. using the "per pro-
tocol™ analysis. Continuous variables were expressed as means and standard deviations.
Discrete variables were expressed as counts and percentages.

Multivariate analysis

A multivariate logistic regression analysis was used to estimate the relative risks (RR) and
95% confidence intervals (Cl). The incidence rates obtained from the model maybe viewed as
relative risks, e, the risk of event relative to the reference risk factor category controlling for
the other risk factors. The precision of the relative risks were described by means of 95% con-
tidence intervals.

RESULTS

Study population

From the 259 patients who were randomized (o stent implantation, !4 patients did not receive
a stent for several reasons (withdrawal of consent, physician's preference, evidence of throm-
buts or inabilaty to cross the lesion with a stent). In another [0 patients, stent implantation fail-
ed. Eight patients refused a 6-months angiographic follow-up. In total 227 patients were sten-
ted according to the allocation,

The baseline clinical characterisitics are given in Table 1, and the angiographical characteris-
tics are submitted in Table 2.

Table 1. Baseline characteristics of 227 patients randomized to stent implantation

n P

Age (years £ sd)” 579
Male gender 189 83
Current simoker 54 24
Diabetes Mellitus 15 7
Hypertension 70 31
Hypercholesterolemia 80 36
Prior myocardial infarction 43 19
Prior CABG 0 0
Prior PTCA 4 2
Prior stroke 6 3
History of peripheral vascular disease 8 4
Exierional angina

CCS1 7 4

Cesn 66 33

CCs I 112 56

CCS IV I6 8
Non exertional angina 904

" Means and standard deviations ure indicated
CABG, Coronary Artery Bypass Gratt; CCS, Canadian Cardiovascular Socicty angina classification; PTCA,
Percutancous Transluminal Corenary Angiography

Clinical endpoints

Table 3 shows the primary clinical end-points. Bleeding complications requiring blood trans-
tusions or vascular surgery were encountered in 31 patients (13.7%). Subacule stent thrombo-
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sis wus angiographically demonstrated in 8 patients (3.5%).

Results of multivariate anabysis of predictors for bleeding complications is represented in
Table 4. Controlling for all other extraneous variables, female patients had at least a 3 times
higher risk of bleeding complications than male. The large confidence interval (1.2-7.7) is
explained by the small number of events involved in the analysis.

In Table 5 the prediction of stent thrombosis is given. Controlling for all other extraneous
variables, patients who had a post procedural bleeding complication were at 28 times higher
risk tor developing of stent thrombosis, Patients with a prior myocardial infarction have more
than 250 times a higher risk of stent thrombosis than patients with no history of myocardial
infarction. However, although the risk is statistically significant, the large confidence interval
(4.4;>1000) indicates the small number of patients with subacute stent thronibosis.
Furthermore, the data indicate for every unit decrease in reference diameter pre procedure, the
risk for stent thrombosis increases by 8.8%10°7 i.e., the larger the pre-procedural reference
diameter, the smaller is the probability for a stent thrombosis.

Table 2. Angiographic and procedural characteristics of 227 stented patients

n %
LAD 48 65
Lesion length 7.0+ 2.0
TIMI flow
Oorl 7 3
2or3 220 97
Dissectlion
No 195 86
Type Aor B 29 13
Type CorDorEor F 3 1
Nominal stent and balloon size (mm # sd) 3,41+ 0,40
Balloon/stent artery ratio (* sd) [12+0.15
Maximal pressure (atm £ sd) 10.1+7.8
Total inflation {secs £ sd) 1634 144
Reference vessel digmeter (mm + sd)
Pre-procedure 3004 0.44
After device 317+ 042
Angiographic follow-up 297+ 048
MLD (mm * sd)
Pre-procedure 1.07+ 0,33
After device 2.51+0.36
Angiographic follow-up [.85+0.04
DS (% + sd)
Pre-procedure 64 10
After device 21+7
Angtographic follow-up 38+ 18

138, iameter stenosis; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; MLD,
minimal luminal diameter; RCA, rght coromuy artery; — see reference 5, see reference 6
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Table 3. Bleeding complications and thrombotic stent ocelusion

n %o
Bleeding Complications 3l 13.7
Vascular surgery
Pseudoaneurysm 1
Arteriovenous fistula 1
Major haematoma 7
Gastro-intestinal bleeding 0

Blood transfusion

Pseudoaneurysm I
Arteriovenous fistula |
Major hacmatoma 6
Gastro-intestinal bleeding |

Thrombotic stent occlusion 8 35

Table 4. Prediction of bleeding complications

Coéflicient SEcoff. Rate Ratio  95%, C.L.
Intercept -2.1 -- -- -
Female 1.1 0.5 3.1 1.2-7.7

SE, standard error; colf, cobfficient; C.1., confidence interval; M, myocardial infarction; ref, reference.

Table 5, Prediction of stent thrombosis

Coéfficient SEcoff. Rate Ratio  95%, C.1L.
Intercept 13.70 -- -- --
Bleeding complications 3.33 1.35 28 2.0;394
Prior MI 5.58 2.09 265 4.4;>1000
Ref. diameter (pre) -1.1 3.15 42x 104 88«x l()'7;().2()

SE, standard error; coff, coétficient; C.1., confidence interva; MI, myocardiad infarction; ref, reference.
DISCUSSION

Implantation of coronary stents for coronary artery disease aims at improvement and optimali-
zation of coronary geometry in order to reduce the incidence of restenosis of de novo lesions
in native coronary arteries (1,2}, in venous bypass grafts (7), refractory restenosis (8), and to
treat dissections and suboptimal results after balloon angioplasty (9,10,11).

The problems encountered after implantation of metallic stents are two-fold; risk for stent
thrombosis requiring aggressive anticoagulation and the associated risk for access site related
bleeding complications.

Only 0,6% of anlicoagutated patients suffered from subacute stent- occlusion in the mullicen-
ter study in elective cases reported by Schatz et al. (12), The highest subacute stent acchusion
rates are reporied in early literature after stenting for suboptimal angio-plasty, as reported by
Schatz et al. (5.3%) [13], Kimura et al. (9.3%( [14], Haude et al, (12%) [11], Kiemeneij et al.
(23%) [7] and by Fajadet et al. (29,4%0 [15].
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The occlusion rates in the electively stented patient groups according to the BENESTENT-1
(3.5%)| 1] and STRESS trials (3.49%)[2], takes an intermediate position between these two
extremes, probably because during the course of this study, achievement of an optimal post
procedural result was recognized to be associated with less thrombotic acclusions,

Except for bailout situations, in recenl literature the following risk factors for stent thrombosis
were recognized. Fischman ct al. reported on angiographic predictors of subacute stent throm-
bosis in a group of 726 patients with a Palinaz Schatz coronacy stent (16). Intraprocedural
thrombus and persistent dissection as well as suboptimal results after PTCA were associated
with an increased risk for subacute thrombosis. Since presence of intracoronary thrombus was
considered to be a contraindication for participation in the BENESTENT trial, this risk factor
could not be studied in our trial.

We found that small pre-procedural reference diameters (< 3.0 mm) are associated with incre-
ased risk for stent thrombosis. Optimal stent expansion, under intravascular ultrasonic guidan-
ce, may further decrease the risk for stent thrombosis (17).

Erbel et al. (18) considered suboplimal monitoring of anticoagulation as a risk for stent
thrombosis. By introducing monotoring of prothrombin factors F1+2, the incidence of stent
thrombosis reduced in their experience. In the multivariate analysis of the BENESTENT
study, the intensity of anticoagulation as risk factor for the thrombotic occlusions and blee-
ding complications could not be assessed, since there was a considerable difference in the
[aboratory tests used to monitor treatiment antong institutions, Consequently, the thromboplas-
tin used to measure the prothrombin time were prepared by ditferent methods and therefore
their effect on the reduction of the vitamin K clotting fuctors varied significantly. [n order to
circumvent the problem of variability in the sensitivity of thromboplastin, the International
Nomalized Ratio (INR) should be introduced in subsequent trials (19),

An infarcted area supplied by the target vessel formed a contraindication to participate in this
study. However, the presence of a previous myocardial infarction (19%]} in other regions was
associated with a higher risk for stent occlusion. Mechanisms such as deminished coronary
perfusion caused by poor left ventricular function, irrespective the localization of the infarcted
region, may have played a role. It should be emphasized however, that only 8 patient had sub-
acute stent thrombosis and that therefore the 95% confidence intervals are very wide.

Of the 8 patients with stent thrombosis, 3 had a bleeding complication, before the stent occlu-
ded. Since a bleeding complication forces the clinician towards less aggressive anticoagula-
tion or even (o a strategy to reverse anticoagulation, a bleeding may be considered as a risk
factor for stent occlusion.

The incidence of puncture site related complications, has been reported 1o vary between 7.9%
of 226 patients in the initial multicenter experience with the Palmaz Schatz stent {12) and
169 of 220 palients in large single center experience (20). In the study of Piana et al., repor-
ling ont Palmaz Schatz stenting in vein grafts, vascular repair was necessary in 8.5% and
transfusions in an additional [4% (7). Bleeding complications requiring vascular surgery or
transfusions was reported in [3.5% of patients after stent implintation in the BENESTENT
study (1) and in 8.8% in the STRESS- study (2).

Especially females were at risk for entry site related complications, Despite introduetion of
new hemostasis techniques (21,22,23,24), the occurence of vascular complications after coro-
nary stenting remains one of the major hazards of this technique. However, groin problems
can be circumvented by performing stent implantation via the radial artery, as demonstrated
by Kiemeneij et al.. (25,26). In u series of 100 patients, who had a fransradial stent procedure
atteinpted, one patient developed a major radial artery related bleeding complication, requi-
ring vascular surgery. Another method to reduce the risk for bleeding complications is (he
simplification of the anticoagulation regimen after an optimal stent implantation result (17),
by combining subcutaneous heparin with oral administration of ticlopidin and acetosalicylic
acid (27,28). Although promising resulls have been reported, this approach requires careful
patient selection, since suboptimal stent results, not always appreciated wilh angiography,
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may turther increase the risk for stent thrombosis if no adequate anticoagulation is administe-
red. Finally, the unplantation of hepatin coated stents, by reducing the thrombogenicity of the
device, has the potential for a save reduction in systemic anticoagulation, without posing the
patient at risk for stent thrombosis (29).
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Mode of deployntent of corenary Palmaz Schatz stents after implantation with the Stent
Delivery System; An intravascular ultrasound study.

Ferdinand Kiemeneij, MD, Gertlan Laarman, MD, PhD, Ton Slaghoom, MD,
ADIC - OLVG, Amsterdam, the Nederlands

ABSTRACT

Rationale: The Stent Delivery System (SDS) is a sheath covered, Pulmaz Schatz stent, moun-
ted on a 3.0, 3.5 or 4.0 mm compliant polyethylene balloon catheter, resisting maximal infla-
tion pressures of 5.7, 6.2 and 6.0 atmospheres respectively, 1t is postulated that these pres-
suies are too low o obtain optimal stent deployment, Since optimal stent deployment is a pre-
reqquisite for optimal short- and longterm outcome, we perforimed an intravascular ultrasound
study to the made of stent deployment after delivery with the SDS and after high pressure
dilatations with low compliant, oversized baltoon catheters,

Methods: In 23 patients an intravascular ultrasound study (30 MHz, 4.3 French transducer)
was performed to the geometry of 29 stents immediately after delivery with the SDS and after
successive high pressure inflations with low compliant balloons.

Results: After detivery with the SDS (3.3 £ 0.4 mm), stent diameter was 3.0 + 0.4 mm. After
high pressure dilatations (12.4 + |.4 atm), with low comptiant balloons (3.9 £ 0.5 mm), stent
diameter increased to 3.4 £ 0.4 mm) {p<0.001 }.

Only § stents (28%) were completely and synunetrically expanded to the corresponding refe-
rence diameter, with good appuosition, after delivery with the SDS,

Dimmeter of incomplete deployed stents (n=16) was 2.8 + (.3 mm. After high pressure ditata-
tions with [ow compliant balloons (3.9 £ 0.5 mm)}, diameter increased to 3.4 £ 0.4 mm
(p<0.001). Now 20 stents (69%) {p=0.004} became completely and synunetrically expanded
to a diameter corresponding to the reference diameter,

Conclusion: Mosl stents are suboptimally deployed after delivery with the stent delivery sys-
tem. Stent expansion and geometry can be improved by dilatations with low compliant, high
pressure, oversized balloons.

INTRODUCTION

In order to increase safety of Palmaz Schatz stent implantation, by reducing the risk for stent
loss and stent embolization during attemipts to reach and to cross the target lesion, a stent deli-
very systen (SDS) has been developed (Johnson & Johnson Interventional Systems Co,
Wartren, New Jersy). This system is a preassembled unit, containing & 5F sheath covered, 15
mm Palimaz Schatz stent, mounted on a polyethyiene, compliant balloon catheter, The SDS
comes in 3 balloon sizes; 3.0, 3.5 and 4.0 nun, all 20 mm in length. Recommended maximal
inflation pressures are 5.7, 6.2 and 6.0 atmospheres, respectively, We postulated that these
pressures with compliant balloons are too low to obtain optimal stent deployment and geo-
metry, despite satisfactory angiographical results. An example is given in Figure 1.
Angiographical appearance improved markedly after stenting with the SDS, for this venous
bypass graft stenosis. During intravascutlar ultrasound, however, the stent appeared to be oval
shaped and incompletely deployed. After inflations with a low compliant, high pressure bal-
loon, stent geometry clearly improved ultrasontically, but angiography showed only a subtle
change, The Palmaz Schatz stent has a poor radioopacity, so detailed information on the
quality of stent deployment cannot be obtained by fluoroscopy and conventional angiography.
Since intravascular ultrasound may provide complementary information to angiography,
several techniques became guided by intravascular ultrasound; balloon angioplasty (1,2,3),
directional (4,5,6) and rotational atherectomy (7) and coronary stent implantation
(8,9,10,11,12). Since optimal short- and longterm results of coronary stenting may be depen-
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Fipure 1b. Angiographically mrkedly improved afier stent implantation by the SDS
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Figure e, Oval shaped, incompletely deployed steat, with puor cantact against the vessel wall (3.7x2.7 mm)

Figure i, Circular shaped stent after high pressure dilutation; stitl poor vessel wall contact at stent diameter of 4.4
min (no larger batloon uvailable)
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Figure le. Slight improvement angiographicatly

dent on optimal stent delivery and thus maximal acute gain in vessel lumen (7), we performed
an intravascular ultrasound study to monitor stent deployment and geometry, after delivery
with the SDS and after high pressure dilatations with low compliant balloon cathelers.

METHODS

Study population

This study was performed between september 1991 and november 1992, In 27 patients
assessment of stenr diameters, by intravascular ultrasound, after delivery by the sheath protec-
ted system and after post stent dilatations was attempted. In 3 patients the uitrasound transdu-
cer could not cross the stent. From one patient {1 stent), ultrasound data were not available [or
aalysis due to technical problems with the imaging device as was the case in another patient,
where data were lost from one of the 2 implanted stents, Thus from 23 patients, 29 stents
were anatysed. Intravascular ultrasound studies were performed after stent implantation in
venous coronary bypass grilts (n=9, 39%), the lett anterior descending coronary artery (n=0,
2690), the left circumflex coronary artery (n=6, 26%) and in the right coronary artery (n=2,
9%). Baseline characteristics are given in Table L.

Angiography and percutaneous transluminal coronary angioplasty

The x-ray imaging equipment used at our catheterization laboratory is the Philips Poly
Diagnost C2, powered by an Optimus M200 generator and equipped with a Digital Cardiac
Imaging system (DCI). PTCA and stent implantation were performed in patients receiving
acetylsalicylic acid 300 mg daily, nifedipine 30 mg daily , Dextran 50 ml/Dr iv to a total of 1
liter. After introducing the arterial sheath 10,000 1U heparin was administered intraarterially,
tollowed by 5.000 TU each hour during the procedure. Intracoronary nitroglycerin 100 micro-
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gram was given before the first coronary contrast injection and repeated afler stent implanta-
tion and before ultrasound analysis.

PTCA was performed in all patients by means of the femoral approach. Super flow guiding
catheters with an infernal diameter of at least (,.079 inch, were used, in combination with a
monorail dilatation system and a 0.014 inch goidewire,

Stent-implantation

Stent implantation in elective cases was preceded by dilatation with an undersized balloon.
The stent-loaded ballooncatheter was advanced over the guidewire to the obstructing lesion.
After careful positioning the protective sheath was withdrawn, followed by stent delivery with
the recommended inflation pressures and control angiography. Compared to the coronary arte-
ry diameter, the stent was stightly oversized by high pressure dilatations with lurger low com-
pliant balloons to compensate for some decrease of the stent-diameter after delivery.

Intravascular ultrasound

A 30-MHz ultrasound transducer, honsed in the tip of a 4.3F, 135 cm long rapid exchange
catheter was used (Cardiovascular Imaging Systems). An angulated mirror (45 ) in the ultra-
sound transducer was connected 1o a motor-driven unit, rotating at 1.800 rpm.

The reflected ultrasound beam creates a 360 degrees ¢ross-sectional image, perpendicular to
the vessel wall at 4 rate of 30 frames per second. No ultrasound studies were performed befo-
re the initiul dilatation, because of expected catheter occlusion of the lumen. Ultrasonic stu-
dies were repeated after the last ditatation following stent implantation. The transducer was
positioned under Huoroscopy during injections of contrast medium. Ultrasound gain and com-
pression settings were adjusted for oplimal visualization of the stent filament reflections in
relation to the arterial wall-lumen interface. Images were selected in end-diastole, with opti-
mal coaxial alignment of the ultrasound catheter, to prevent misinterpretation of stentgeo-
nietry. The calipers were diametrically placed central from two oppaosile leading edges of the
vessel wall or at the inner swrface of the stent filaments. Luminal diameters were recorded as
minimal and maximal values. lmages were obtained from different sites of the stented seg-
menl and from the immediate area from the stent in order to select the optimal balloon size,
derived from manufacturer provided tables, plotting balloondiameter against inflation pres-
sures, The reference diameter was defined as the largest vessel diameter adjacent to the steno-
tic coronary segment. Reference- and stent diameters were determined on-line because it was
felt critical to obtain dafa {rom real-time images, during careful manipulation of the transdu-
cer. Consensus-reading on relerence- and stent diameters was performed by at feast 2 investi-
gators. The [ast passage of the ultrasonic catheter was followed by angiographic control of
the vessel, to detect possible catheter induced damage,

Definitions

The stent was considered to be symmetrically deployed at a ralio of minimal and maximal
stent diameters = 0.9. Atter delivery with the SDS, complete stent deployment was defined as
a stent diameter >90%% of the reference diameter or >90% of the nominal SDS batloon diame-
ter. After post stent dilatation a completely deployed stent was defined at a stent diameter
>90% of reference diameler or >90% of the {inat balloondiameter

The stent was considered to be well apposed if no tree space between the stenttitaments and
the vessel wall was delectable.

Statistics

Vahies are expressed by mean £ SD. Differences in stent diameter before and atter high pres-
sure bulloon inflations were calcutated with the t-test. A Chi-square analysis was performed
on differences in mode of stent expansion before and after post- stent dilatation. A p- value <
0.05 was considered to be statistically significant.
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RESULTS

I all 23 pts good quality images from the stent could be obtained before and after post stent
dilatations, Diameters of larget segments, ballooncatheters and stents are given in Table II.

Table 1. Baseline characteristics (N=23)

Male i4 61%
Age 61 £ 9.1 yewrs (median 62; range 44-76)
Functional class

-Stable angina 18 78%
-Unstable angina 4 8%
-Acute myocardial infarction 1 4%
Indication for coronary stenting

-Venous bypass grafl stenosis 9 39%
-Restenosis 5 22%
-Bailout 7 30%
-De novo, native 2 9%

Diameter analysis for the total study population

Reference diameter of stented segments was 3.6 £ 0.5 mm (median 3.5; range 2.8 - 5.2). The
diameter (manufacturer specified) of the selected stent delivery systems (balloon length: 20
mm) was 3.3 £ 0.4 mm (median 3.5; range 3.0 - 4.0) which came close to the reference dia-
meter, After deployment with the SDS, stent diameter was 3.0 2 0.4 mm (median 2.9; range
2,2 - 3.9). All stenls were successively dilated with 20 mm long, high pressure ballooss of
lower compliance. At inflation pressures of 12.4 1.4 atmospheres (median 12; range 8 - 14},
manufacturer specified balloon diameter was 3.9 .5 mm (median 3.8; range 3.2 - 4.4). Stent
diameter increased to 3.4 + (0.4 mm (median 3.1; range 2.9 - 4.3) {p<0.001}.

Diameter analysis for improper deployed stents.

Of 29 stents, 16 (55%) stents were smaller in diameter compared to the diameter of the stent
delivery system (3.3 £ 0.4 nun {median 3.3; range 3.0 - 4.0}). For this subgroup, stent diame-
ter increased from 2.8 + (0.3 mm (median 2.8; range 2.2 - 3.5) to 3.4 £ 0.4 nun (median 3.3;
range 3 - 4.3) {p<0.001} after post stent dilatations (balloon diameter 3,9 & (0,5 mm {median
3.8; range 3.2 - 4.4}), '

Mode of stent deployiment.

Six modes of stent deployment were encountered immediately after deployment with the deli-
very system (Table TD). Ten stents (35%) were incompletely, but symmetrically deployed with
poor vessel wall contact (group 1). In group 2, 2 stents (7%) had the same mode of deploy-
ment, but were well apposed. Symmetric and complete deployment was seen in 13 stents
(45%}). Three out of 5 completely deployed stents with poor apposition (group 3) were deli-
vered with an SDS <90% of the reference diameter. Only 8 stents (28%) showed initial com-
plete and symmetric expansion to the corresponding reference diameter (group 4).
Asymmetric and incomplete deployment with and without apposition (groups 5 and 6) was
encountered in 3 (10%) and 1 (3%) instances, respectively.

High pressure dilatalions were perfornied in the 8 well deployed stents (group 4) in order to
obtain maximal stent deployment. However, these stents did not change significantly in dia-
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meter (3.1 £ 0.4 and 3.2 + (.4 mm respectively; p=0.5). After high pressure dilatations 20
stents (69%) {p=0.004} were symmetrically expanded to a diameter corresponding to the
reference diameter, However, 8 stents (28%) were still smaller than the reference diameter,
but in 2 cases this could be contributed to an undersized ballooncatheter {diameter <90% of
reference diameter). One stent (3%) remained oval shaped,

Table IT. Initial and final stent diameters (SD) in relation to reference diameter (RD), SDS-
and post-stent balloon (PSB} diameter.

RD SDS Initial SB  PSB Final SD

Group T (n=10}. Initicd symmetric, but incomplete deplovment, with poor apposition
Mean 3.61+04 32102 274103 3.7+£05 32403

Median 3.5 3.0 2.7 35 3.1

Range  3.0-45 3.0-335 22-31 33-44 3.0-38

Group 2 (n=2). Initial symmetric, but incomplete deployment, with good apposition
Mean 3.5+07 35+07 3100 38+£09 36209
Median 3.5 35 3.1 3.8 3.6

Range 3.0-4.0 30-40 2.7-3.5 32-44 3.0-42

Group 3 {(n=5). Initial synmetric, complete deployment, with poor apposition
Mean 36204 33103 3203 4.0£0.0 35106
Median 3.9 3.5 3.2 38 306

Range  3.1-4.0 30-35 2.8-3.5 34 -44 2.7-4.1

Group 4 (n=8). Initial symmetric, complete deployment, with good apposition
Mean 32304 33204 3.1+04 38405 3.2+£04
Median 3.0 33 3.0 38 3.1

Range 2.8-3.9 3.0-40 2.8-39 33-44 29-39
Group 5 (n=3). Initial asymmetric, incomplete deployment, with poor apposition

Mean 44108 381063 3.2 42+04 394£04

Median 4.3 4.0 3.2 4.4 3.9

Range  3.7-52 3.5-40 32 38-44 3.6-43

Group 0 (n=1} hiitial asymmetric, incomplete deployment, with good apposition
3.5 3.5 2.8 4.4 33

Complications

Control angiography following the final ultrasound examination revealed no visible damage
to vessel wall or stent and no complications such as distal embolization or spasim could be
contributed to the use of the ulirasound transducer.

Follow-up

Subacute stent thrombosis was encountered in 2 patients (99%?}). One patient had a residual ste-
nosis between two stents, placed for a dissection in the LAD afier PTCA, Stent occlusion
accured 7 days after the procedure. The other patient had a residual + 40% stenosis distal
from the stent. This patient developed stent occlusion 3 days later, Both patients had success-
ful recanalization by repeat PTCA, followed by bypass surgery. Another patient had coronary
bypass surgery the day of successful bailout stent implantation tollowing PTCA of the right
coronary ariery complicated by an obstructive dissection, This patient required acute thoraco-
tomy for tamponade, caused by perforation of the right ventricle by a temporary pacing elec-
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trode. In order to prevent post-operative bleeding complications, the decision was made to
bypass the stent in the RCA, allowing a lower level of postoperative anticoagulation. Another
patient died 2 weeks after a bailout stent implantation following PTCA of the LAD, This pro-
cedure was complicated by a severe groin bleeding, necessitating vascular surgery. In the
postl-operative phase this patient developed fatal multi-organ fauilure. Angiographical follow-
up at 6.9 + 4.0 months (range 0.5 to 13.5; median 7.5) after stent implantation, was obtained
from 3 of 19 patients (68%) who had an uneventful clinical course. Stent restenosis was
encountered in 1 patient (8%), followed by successtul repeat PTCA. From 5 out of 6 patients
who did not have control- angiography, one year clinical follow-up was obtained from the
referring physicians. All these patients were alive and were free of myocardiat infarction,
coronary bypass surgery, repeat PTCA, and angina. One patient was lost from follow-up,

DISCUSSION

Coronary Palmaz Schatz stent implantation has been shown to reduce restenosis in a selected
group of patients with a de novo lesion in native coronary arteries (13,14) and to improve
suboptimal results afler balloon angioplasty (15,16,17,18,19). The underlying mechanisms
may be improved vessel geometry and elimination of intimal flaps. In order to optimize pro-
cedural success and safety of the impiantation technique, by reducing the risk for stent loss
and embotization duoring attenipts to reach the coronary target lesion, a stent delivery system
has been introduced. This system, containing a compliant polyethylene ballooncatheter, comes
in 3 balloon sizes; 3.0, 3.5 and 4,0 mm, The recommended maximal inflation pressures (5.7,
6.2 and 6.0 atmospheres, respectively) are expected to be too low, to achieve optimal stent
deployment. Since optimal stent deployment or the maginitude of actite lumen gain may lead
to improved short- and longterm success of this technique (7) additional batloon angioplasty
after stent implantation with high pressure oversized balloons has been advocaled, Based on
careful quantitative coronary analysis (edge detection), de Jaegere et al (20) demonstrated
improved stent deployment in patients who had post stent dilatations, when compared to
patients who did not have additional balloon angioplasty. However, optimal angiographical
restelts of stent linplantation have been reported, where intravascular ultrasound demonstrated
sthoptimal results (8,9,10,11,12).

In the study of Laskey et al, angiographic quantitative analysis in 12 pis undergoing stent
implantation revealed an increase of minimal stenosis diameter of 1.8 £ 0.6 mm after balloon
angioptasty to 2.8 L (.3 mm after Palmaz Schatz stent implantation, Determined by IVUS,
fractional plaque area remained unchanged (30 + 2% and 32 * 11% respectively). The aut-
hors conclude that considerably less improvement was found by IVUS compared to substan-
tial improvement if the residual luminal obstraction was assessed angiographically. Improved
acute stent implantation results after oversized balloon angioplasty was demonstrated by intra-
vascular ultrasound in several studies (10,11,12). Tn the study of Nakamura et.al. {11) the fol-
lowing criteria for optimal stent expansion were defined: 1. Full apposition of the stent
against the vessel wall; 2. Lumen symmetry index (minimal diameter/maximal diameter) >
(.7; 3. Stented humen cross sectional area (CSA) = 60% of the reference vessel CSA. With
these 3 criteria applied, optimal stent expansion was obtained in 21% afier initial delivery and
in 73% after post stent difatations. In our study, criteria for optimal stent deployment were
more rigid. Only 8 stents (28%) were completely and symmetrically expanded with good
apposition against the vessel wall, after low pressure delivery with the SDS.

The diameter of incompletely deployed stents increased from 2.8 £ 0.3 mm to 3.4 + 0.4 mm
(p<0.001}) after post sient dilatations. Complete and symmetric stent expansion, corresponding
to the target segment reference diameter increased to 20 stents (69%) {p=0.004 when compa-
red to initial expansion}. It remains uncertain if this optimal sterd deployment has contributed
to the low incidence of restenosis in those patients who had an unconiplicated clinical counrse
(one of 13 patients {8%1}) with angiographical follow-up and 1o clinical signs for restenosis
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at 1 year in 5 other patients), since the study population was too small to allow such a conclu-
sion, Several other limitations of this study should be mentioned. Although information on
cross-sectional area and plaque area is more relevant than information on diameters, we did
not perform area measurements since on-line and off-line automated digitized border tracing
was not available. Instead, diameters were assessed on-line by electronic calipers. Also, no
analysis was made on plague- morphology and composition. Differences in plaque compo-
nents may have been present in patients in which optimal and suboptimal stent deployment.
Ancther limitation of this study is the comparison between actual ultrasonically assessed ves-
sel diameters and stent diameters on the one hand and manufacturer given balloon diameters
on the other hand. Manufacturer specified batloon diameters are determined under in vitro
conditions. Under circumstlances, where vessel wall and obstructing plaque, as well as the
stent itself, may considerably influence the extent of balloon expansion under given inflation
pressures, real balloon diameters probably are significantly different from nominal diameters,
However, the discrepancy between ullrasonically assessed stent diameter and reference dia-
meter after SDS delivery and the suboplimal mode of stent deployment could reliably be
demonstrated in our study, as well as the improvement after additional balloon angioplasty.
These findings are noteworthy for several reasons. Based on this experience, we now routine-
ly perform additional balleon angioplasty after stent implantation with the SDS, because we
expect initial sient deployment to be suboptimal, For clinical practice, this policy can be follo-
wed, even without ultrasound control, becanse of the anticipaled improvement in stent
deployment and geometry. However, a third balloon is required, when the under-over princip-
le is foHowed: one undersized balloon for predilatation to allow easy passage of the second,
stent- [oaded and sheath protected, balloon and the third balloon to obtain an optimal final
result. By replacing the current balloon, contained in the stent delivery system, by a non-com-
pliant, high pressure, adequately sized balloon, procedural costs and time can be reduced.
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ABSTRACT

Objectives, We conducted a prospective study of the relation between prothrembin fragment
F142 and the clinical course in patients under infense anticoagutation after Palmaz Schatz
coronary stenting,

Backgrounds, Monitoring of prothrombin fragment F142 (0.55-1.1 nmol/l) has been recom-
mended to detect atent coagulation states and to prevent stent thrombosis by increasing
heparin infusion at F1+2 values over (.8 nmol/l, However, this strategy also also may increa-
se the risk of bleeding complications.

Methods, To avoid the clinical course being influenced by information of the Fi+2 results,
daily F1+2 samples were deep frozen and analyzed after discharge, In 38 consecutive
patients, 276 F1+2 samples (7.3 + 2. ; range 4-10/patient) were analyzed.

Results, Mean F1+2 values under 0.55 nmol/l were not encountered. However, from stent
implantation wiil discharge patients had therapeutic anticoagulation as determined by APTT
and TT- measurements. One or more (3.4 £ 2.5; range 1-10, median 3) Fl+2-values 21,1
nmol/l were found in 26 palients (68%). One of these patieats (4%), with residual dissection
between 2 stents, had stent thrombosis at day 9 (F1+2=1.3 nmo¥l, APTT=90 seconds and
TT=23%). Patients will a bleeding (n=11, samples=88, mean F1+2=1.10 + 0.39 nmol/[} had
higher mean F14+2- values, compared (o patients without & bleeding (n=27, samples=188,
mean FI+2=0.86 % {).37 nmol/i){ p<0.0001}.

Conclusion. Since the incidence of stent thrombosis was low even at elevated F1+2- levels
(4%}, we do not recommend additional F1+2 monitoring after coronary stenting,

INTRODUCTION

Coronary stenting may play an important role in the prevention of restenosis after balloon
angioplasty (PTCA) in native coronary arteries (1,2} or in venous bypass grafts (3) and in the
treatment of suboptimal PTCA results (4,5,6). Part of the management after implantation of
melallic stents consists of the treatment with a complex anticoagulant regimen, traditionally a
combination of dextran, heparin, coumadin, acetosalicylic acid and dipyridamole, in order to
prevent stent thrombosis (7,8}, During adjustment on coumadin, patients are treated with
heparin, titrated on Acitivated Partinl Thromboplastin Times (APTT). Monitoring of pro-
thrombin fragments FI+2 {normal range 0.55-1.1 nmo¥/1), released at the conversion of inacti-
ve prothrombin into aclive thrombin, has been recommended to detect impending subacute
stent occlusion (9). Elevated Fi+2- levels can be encountered, even in the presence of
Activated Partiaf Thromboplastin Times (APTT) in a therapeutic range (10). In order to pre-
vent subacute stent thrombosis, avoidance of dose reduction of heparin, even at therapeutic
prothrombin time ratios {9) and additional heparinization at Fi+2 levels > 0.8 amol/t (11) or
1,2 microgt/l (12), has been advocated. Since puncture site related bleeding complications
after coronary stenting in heparinized patients are frequentty encountered, administration of
extra heparin at therapeutic APTT's carries additionat risk for bleeding complications. In this
prospective study, the practical value of F1+2- assessments after coronary stenting is esta-
blished by the relation between Fi+2, APTT- and TT- values and the clinical course.

F1+2 sumples were stored at -20°C and were analysed afier discharge of the patient, in order
to prevent the clinical course being influenced by knowledge of FI2- values.
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METHODS

Stent- implantation

All stent implantations were performed via the right femoral artery. The Palmaz Schatz stent
was delivered with the stent delivery system, a preassembled unit, containinrg an articulated
{5 mm, two segment stent, crimped on a specified diamelter balloon and preloaded into a
transparant sheath (13). Compared to the coronary attery diameter, the stented segment was
stightly overdilated by repeat dilatations with a larger, non-compliant balloon.

Medical treatment
Pharmacologic treatinent during the course of this study was aimed at the prevention of
thrombosis and coronary spasm and consisted of the following:

Dextran 40, 100 cc/hour to a total of 1000 cc, starting 3 hours before stent implantation, or,
in case of emergency stent implantation, from the moment the decision was made to implant a
stent.

Heparin [0.000 TU was administered through the femoral artery sheath after its insertion, fol-
lowed by 5.000 IU if the procedure lasted longer then 1 hour, Heparin infusion was disconti-
nued immediately after stent implantation. The arterial sheath was removed when the
Acticated Partial Tromboplastin Time (APTT) reached twice normal values {60-80 seconds).
Two hours after hemostasis was achieved, a bolus of 5000 TU heparin was administered intra-
venously and heparin infusion was monitored with APTT measurements. When a vascular
hemostasis device was applied, the arlerial sheath was removed inunediately afler stent
implantation and heparin was titrated to therapeutic APTT's, without discontinuation,
Heparin infusion was gradually decreased over 24 hours when therapeutic adjustment on
commadin was obtained,

Acenocoumarol during 3 months: 6 mg the first day, 4 mg the second day, 2 mg the third day
followed by a dosage adjusted to maintain a TT (Thrombotest [Nycomed, Pharmachemie,
Haarlem, the Netherlands]) of 5 to 109. Heparin was stopped when 3 consecutive TT's were
in the therapeutic range. Additional medication consisted of dipyridameole 225 mg/day during
3 months, acetylsalieylic acid 300 mg/day during 6 months and dilfiazem 180 mg/day for !
month.

Monitoring of anticoagulation

Activated Partial Thromboplastin Time (APTT; normal 30-40 seconds)

APTT's were assessed every two hours afler stent implaniation to establish the optimal
moment to remove the arterial introducer sheath (APTT=60-80 seconds), After readjustment
on heparin, APTT was sampled 3 times a day, titrating heparin to APTT- values of 100
seconds. The mean of APTT- values from multiple samples in the course of one day during 10
days were calculated, to obtain an optimal reflection of the level of systemic heparinization,

Thrombotest [Nycomed] (TT, normal > 409}
TT's were assessed once a day until patient discharge, when a stable adjustment on coumadin
wis eslablished (TT < 10%) during at least three consecutive measurements,

Prothrombin fragments F1+2 "Enzygnost® F142" (Behringwerke AG, Marburg, FRG)
(F14+2; normal (.55 - 1.1 nmol/1). Prothrombin fragment F1+2 samples were collected daily
until patient discharge. Blood was drawn directly from a venous puncture and not from in-
dwelling venous catheters, Plasma samples were obtained by centrifugation and stored deep
frozen (minus 209 Celcius} until analysis. Measurements were performed by enzyme immu-
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noassay technique, according (o the sandwich principle (14). F1+2 samples were tested at
roonr-temperature according to the instructions accompanying the assessment kits.

Post procedural care
After sheath removal and manval compression or implantation of an vascular hemostasis
device, a pressure dressing was applied overnight followed by 24 hours bed rest,

Statistical analysis

Mean values of APTT were calculated from all available samples of one day. Mean vaiuves of
TT and FI1+2 were calculated from single daily samples. Values were expressed as mean
standard deviation. Means of F142 from patients with and without a bleeding complication
were compared by Student's t-test. A probability value <0.05 was considered to be statistically
significant.

RESULTS

Between april 1991 and november 1992, F1+2 monitoring was performed in 38 patients after
successful implantation of Palmaz Schatz coronary stents.

Study population

¥ pog

Baseline clinical characteristics of the study population and indications for coronary stenting
are summarized in Tables 1 and 11, respectively. Distribution of stented vessels is illustrated in

figure 1.

Table I, Baseline clinical characteristics.

Male 28 (74%)
Mean age (years) 60+ 8 (42 -76)
Risk factors

Familiar 13 (34%)
Hypercholesterofaemia 13 (34%)
Smoking 1E (29%)
Hypertension 10 (26%)
Diabetes mellitus 6 (16%)
History

Prior myocardial infarction 15 (39%)
Prior bypass surgery 12 (32%)
Prior PTCA 10 (26%)

PTCA= Percutaneuvus Transtuminal Coronary Angioplasty

Table 1. Indications for coronary stent implantation

De novo lesions in native coronary arteries 12 (32%)
Saphenous vein bypass graft stenosis 11 (29%)
Failed PTCA 10 (26%)
Restenosis 5(13%)

PTCA= Percutangous Transluminal Corenary Angioplasty
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Figure 1. Distribution of stented target vessels

Clinical course

One patient (3%) developed subacute stent thrombosis, Bleeding complications, both access
site related and systemic, were common in this population (n=11; 29%) {Table 111}.
Anticoagulation was not reversed in these patients. Four patients needed blood transfusions
and 2 of them, alse underwent vascular repair under anticoagulation (major bleeding; 11%).

Table TIL Bleeding complications

COMPLICATION TRANSFUSION SURGICAL REPAIR
t Vaginal bleeding No Neo
2 Groin hematoma, No No
AV- figtula No
3 Groin hematoma No - No
4 Brachial hematoma No No
5 Groin hematoma Yes Yes
6 Hematuria Yes No
7 Retroperitoneal bleeding, Yes No
Nose bleeding No
8 Brachial hematoma No No
9 Femoral pseudo anearysm No No
16 Femoral pseudo aneurysm, No No
Hematuria
11 Groin hematoma Yes Yes

Activated Partial Thromboplastin Times

In figure 2, the course of mean APTT- values per day are given. The mean of all APTT- valu-
es was 124 + 20 seconds. The maximum value was encountered at the day of stent implanta-
tion, reflecting therapeutic heparinization during the procedure and readjustment on heparin
after removal of the arterial sheath, In the first week, APTT values could successfully be sta-
_ bilized near a level of 100 seconds.

Thrombotests
The course of TT- values is shown in figure 3. At the fifth day following stent implantation,
the mean TT reached therapeutic values.

Prothrombin fragment [F1+2
A total of 276 FI+2 samples were analyzed (7.3 £ 2.1 samples per patient; range 4-10).
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Mean APTT values per day
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An overview of FI1+2 values in the total study population is summarized in Table IV and the
course of mean F1+2- values in the first 10 days is illustrated in figure 4.

Table TV. F1+2 values (nmol/t} for the total study population.

Day N Mean Median Range 8D
| 38 1.03 91 A5-2.20 .52
2 38 81 A4 .35-1.70 .35
3 37 .88 84 34-2.65 43
4 38 93 85 35-1.71 .34
5 34 98 97 .54-1.52 .30
6 3 .97 93 .56-1.63 .33
7 23 106 95 47-2.00 47
8 15 91 .85 A42-1.65 .35
9 12 92 93 42-1.95 .43
1o 10 7 T3 30-1.30 .32

Mean F1+2 values per day
Bieeders versus non-bleeders
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—e—- |Non-blesders 0.970.75]|0.85|0.88|0.86|0.86|1.04|0.73]0.64[0.69 |
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Figure 4. Mean Fi+2 values for the totat study population wul For patients with and without a bleeding complication.

Mean FI+2 concentrations under 0.55 nimol/l were not found, In addition, one or more (3.4 +
2.9; range [-10, median 3) Fl+2-vatues 21.1 nmol/l were found in 26 patients (68%). One of
these patients, with a residual dissection between two stents, sustained subacute stent occla-
sion at day 10, Al day 9, heparin infusion was decreased at a TT of 8%. The TT at day 10
however was 23%, but the APTT was still within the therapeulic range (90 seconds). FI+2
rose {rom 0.65 to 1.3 nmol/l. When specified for patients with (n=11; #samples=88) and wilh-
out (n=27; #samples= [88) a bleeding complication, the mean value of F142 was significantly
higher in the first group (1.10 £ 0.39 nmol/l and 0.86 H).37 nmol/l respectively; p<0.0001)
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(Table V and figure 4). In 5 of 11 patients with a bleeding complication (55%), the mean
F142 values exceeded the upper normal value (1,1 nmol/l), whereas values in patients without
a bleeding complication were within the normal range. In this group however, mean values
did not fall under the fower normal value (0.55 mmol/l).

Table V. FI1+2 values (nmol/[) for patients with and without bleeding complications.

BLEEDING COMPLICATION NO BLEEDING COMPLICATION

Day N Mean Median Range SD N Mean Median Range SD

[ 1119 95 42220 66 27 97 90 15-1.90 40
2 97 85 35171 44 27 75 A3 35-132 29
3 11 .94 95 35-1.30 32 26 85 73 34265 47
4 i1 1.06. 110 52-171 .33 27 88 .82 A5-172 33
5 I 121 128 J0-152 27 23 86 .81 S4-145 25
6 9 127 130 69-1.60 31 22 86 78 S56-1.63 .26
7 7 L0810 69-1.50 31 16 104 83 472,00 .53
8 6 117" L08 77-160 32 9 3070 42-1.10 24
9 6 1200 99 90-1.95 41 6 .64 65 42-1.00 21
5 8 75 68-127 24 5 69 70 30-130 40
" p <005

DISCUSSION

Although suboptimal anticoagutation may be associated with increased risk for subacute stent
thrombosis, optimal anticoagulation as measured by the APTT and TT, were not associated
with a statisticallly significant reduced risk of stent thrombosis (15).

Daily measurements of prothrombin fragment Fi+2 and coagulation factor I and subsequent
adjustments of heparin infusion, has been advocated to reduce the incidence of subacute stent
thrombosis, Haude et al demonstrated that monitoring of prothrombin fragment F1+2 could
detect latent coagulation states atter hnplantation of Palmaz Schatz stents (11). FI+2 levels
over 0.8 nmol/l were associated with increased risk of subaciie stent thrombosis, By giving
extra heparin at elevated F142 values, even when APTT's were within the therapeutic range,
stent thrombosis was retrospectlively prevented in 39 patients of a consecutive group of 4(
patients with F1+2 monitoring. Tn 33 patients without mositoring of Fi+2, 9 subacute stent
occlusions were reported.

Gulba et al reported that 8 of 34 patients showed increased F142 values, which normalized
after extra heparinization (£2), None of these patients suffered from stent occlusions.

Hafner et al. reported on 19 patients with FI+2 monitoring after Palmaz Schatz stent implan-
tation (16), Fi+2 levels were low (0,35 nmol/t) immediately after stenting and a rise was seen
to 0.44 nmol/l in the first and second day. After a second peuk to (.44 nmol/l at day 6, a con-
tinous decrease was observed (o 0.29 nmol/l. None of the patients developed stent thrombosis,
By analyzing daily collected F1+2 samples after discharge of patients with coronary stents
and thus by refraining from intervention in the anticeagulation regimen, we were able to cor-
relate the clinical outcome with FI+2 concentrations. Only one patient from the 26 patients
with F1+2 levels above the normal value, who had a suboptimal stent result, developed suba-
cute stent occlusion, In a study of Strumpf et al, F1+2 was measured in 37 consecutive
patients after elective stent imptantation (17). Five of these patieats developed stent thrombo-
sis. F142 levels for patients with thrombosis did not significantly differ from patients without
this complication; 1.046 +0.156 ugr/l and 1.009 £ 0,217 ugr/t respectively. The natural course
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of palients with increased FI42- levels remained unknown in the studies of Hande (11),
Gulba (12) and Hafner (16), because these patients received extra heparin.

Surprisingly, in our study mean F]+2 values werte higher then the recommended 0.8 nmol/l.
This discrepancy in Fi+2 levels can not be explained by a difference in anticoagulant therapy,
although in the study of Hafner et at (16) heparin is continued atter angioplasty at an infusion
rate ol 1000-1800 TU/M, According to our protocol heparin is disconfinued uatill the introdu-
cer sheath can be removed after at an APTT at 60 seconds, 2 hours later followed by readjust-
ment on heparin. Before and during readjustment, episodes of suboptimal anticoagulation
were observed in individual patients. However, during heparinization, our patients were under
adequate anticoagulation us indicated by the APTT- values. Blood sampling and laboratory
assessment were performed strictly according to instructions from the manufacurer
(Enzygnost F142, Behring, Marburg, France), A theoretical explanation for the elevated
Fi+2- levels may be in vitro generation of F142 in stored plasma samples al low temperatu-
res. Since we did nol perform control analyses of F1+2 from fresh plasma and stored plasima
from the same paiient, this question wiil remain unresolved in this patient group,

Tire higher Fi1+2 levels in patients with clinical evidence of bleeding, can be explained by the
fact that any bleeding will be assaciated with activation of hemostatic processes.

This hypothesis also explains the paradox of effective anticoagulation (therapeutic APTT
from day |-10 and TT from day 5-10) and bleeding complications on one hand, and hyperco-
agulability, represented by increased F1+2 levels on the other hand.

Since activation of hemostatic processes by bleeding cannot be differentiated by means of
Fi+2- monitoring from impending stent occlusion, we do not perform F1+2-monitoring as a
routine after Palmaz Schatz stent implantation and we consider APTT and TT- values ade-
quate parameters to monitor anticoagulant therapy following this intervention,
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Improved Anticoagulation
Management After Palmaz
Schatz Coronary Stent
implantation by Sealing the
Arterial Puncture Site With a

Vascular Hemostasis Device

Ferdinand Klemenelj, Mo, and
Gert Jan Laarman, Mb, PhD

Seallng the arterfal puncture site with a vascular hemoslasls
device has lhe potenllal to malnlain optimal anticoagulation af-
ter stent implantation. The level of heparinization during the
first 3 days after successful stent implantation was relrospec-
tively compared between 2 groups of medicaliy ireated patients
with {group A; n = 18) and without {group B; n = 17} a Vaso-
seal™ after shealh removal. The number of APTTs sampled in
aroup A and B was 233 and 168, respeclively, Respective mean
values of APTT (seconds} In group A and B were 180 = 79 and
172 = 91 at day 1 {p = NS), 132 £ 43 and 1256 = 61 at day 2 (p
= NS}and 123 £ 36 and 116 * 46 at day 3{p — NS}). More APTTs
were suboptimal {< 80 secs) In growp B (34/168; 20%) compared
to group A {17/233; 7%) [p < 0.001]. More patienls in group B
compared to group A had T or more (14/17; 82% vs. 8/18; 44%;
p = 0.04), 2 or more {10/17; 6% versus 318; 17%; p = 0.02)and
3 or more (817; 47% vs, 2/18; 11%; p = 0.03) suboptimal APTTs,
Bleeding compllcations were seen in 4 patients without and in 3
pallents wilh a Vasoseal™. Thus applicallon of a vascular he-
mosltasls device results in a less varlable anticoagulallon after
coronary stenting, but it dees not abolish entry site-relaled
bleeding complications. ¢ 1993 Wiley-Liss, Inc.

Key words: coronary stent, blodegradable collagen hemo-
slasls device

INTRODUCTION

After removal of the arterial introducer sheath in pa-
tients undergoing implantation of a metallic coronary
stent, a careful bulance between anticoagulation and he-
mostasis has to be maintained. Usually, immediately af-
ter stent implantation, heparin is temporarily discontin-
wed. When Activated Partial Thromboplastin Times
(APTT) reaches twice the normal value (80 secs), the
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sheath is withdrawn, Readjustment on heparine is started
several hours after local hemostasis is achieved by giving
a bolus intravenously resulting in a peak in the APTT
curve, followed by continuous heparin infusion. APTTs
are maintained at a stable fevel near 100 sees, until ef-
fective adjusiment on coumarin is established (Fig. 1). In
i clinical selting, however, monitoring and adjustment of
anticoagulation can be fess optimal. Episodes of subther-
apeutic anficoagulation can occur not only during the
initial discontinumtion of heparin, but also during the
readjustment phase, as there are inevitible time lapses
between blood sampling, laboratory assessment, and the
final announcement of the APTT result.

These episodes of suboptimal anticeagufation may
subject the patient {0 an increased risk of stent thrambo-
sis. Recently, local application of a collagen containing
vascular hemostasis device (Vasoscal™) has been pro-
posed for a selected group of patients, as an alternutive to
prolenged Femoral compression after sheath removal [1].
After insertion of such a device, heparin can be smoothly
titrated to APTT levels near 100 secs, obviating carly
suboptimal heparinization and a fluctuating heparin rc-
adjustment-phase. In this retrospective study we report
on our experience with this new device in refation to the
quality of Reparinization.

METHODS
Study Population

The study group was derived from medically treated
patients after successful stent implantation during the
same pericd of stent experience, and after either success-
ful Implantation of a vascular hemostasis device (group
A) or after conventional sheath removal with prolonged
tocal pressure application (group B).

Stent Implantation

The stent delivery system was used: a sheath protected
unit, containing the articuluted Palmaz Schatz stent,
crimped on a specified diameter balloon catheter. Com-
pared to the coronary artery diameter, the stented seg-
ment was sligitly overdilated by repeat dilatations with a
farger, noncompliant balloon.,

Insertion of a Vascular Hemostasis Device

Percutaneous entry of the femoral artery was al-
tempted under un angle of 45-60°, With the appearince
of pulsatile blood from the needle, a champ was placed at
the needle at skin level to mark the distance between the
skin and arterial wall, The ncedle was withdrawn and
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Fig. 1. [Ideal Aclivaled Partial Thromboplastin Time (APTT) and
Thrombotest (TT)} curves followlng arterlal shealth removak
APTT falls under 8¢ secs (arrow) before the sheath is removed
from the femoral artery. After 2 hr the patient Is heparinized,
giving rise to a peak in the APTT curve, followed by stabillzation
argund 100 secs,

placed on the Vasoseal®™ color card. The color at the
needle tip corresponds 10 a Vasoseal™ kit of the same
color, containing 2 collagen plugs of a length determined
by the arterial depth measurcment.

The arterial sheath was removed over a guidewire un-
der oeclusive compression 3—4 cm above the puncture
site. A blunt tissue dilator was advanced to a black
martker line or untill resistance is felt. The Vasoseal™
shieath was advanced over this dilator until the proximal
opening was afigned with the colored band on the dilator.
Tissue dilator and guidewire were removed and the first
collagen cartridge was inserted followed by delivery of
the plug by advancing the plunger. After waiting 33
secs, the plunger was removed and a second plug was
inserfed, Tollowed by withdrawal of the sheath, Local
pressure was applied for 5 min after collagen insertion,
followed by application of a pressure dressing,.

Exclusion criteria for Vasoseal™ application were ab-
sence or abundance of subcutaneous tissie, presence of a
hematoma, no previous arlerial depth measurement, un-
coniroled hypertension end known allergy to collsgen or
beef products. Both investigators had applied this tech-
nique routinely in patients after coronary artery balloon
angioplasty, before using this device in patients after
coronary stenting.

Medical Treatment

Pharmacologic trestmeni was aimed al the prevention
of thrombosis and spasm and coasists of the following:
Rhcomacrodex 40, 100 co/br to a total of | litre, started
2 hr before the procedure or from the moment the deci-
sion was made to implant a stent after failed PTCA.

Heparin 10,000 TU was administered through the femoral
artery sheath after its insertion, followed by 5,000 LU for
each hr during the procedure, When no Vasoseal™ was
applied, the arterial sheath was removed when the Acti-
cated Partiat Tromboplastin Time (APTT) reached twice
normal valees {80 secs). Two hr after obtaining local
hemostasis, a bolus of 5,000 TJ heparin was adminis-
tered intravenously and a heparin infusion was titrated to
APT1s near 100 secs, measured with 8hr intervals or
more frequent if necessary. When a vascubar hemostasis
device was applied, the arterial sheath was removed im-
mediatefy after stent implantation and heparin was ti-
trated to APTTs of 100 secs, without discontinuation.
Acenocountarol during 3 mos: 6 mg the first day, 4 mg
the second day, 2 mg the third day followed by a dosage
adjusted to maintain ¢ TT (thrombo-test “‘QUICK™'} of
5-10%. Heparin was stopped when 3 consecutive TTs
were in the therapeutic range. Additional medication
consisted of dipyridamole 225 mg/day during 3 mos,
acetylsalicylic acid 300 mg/day during 3 mos, and dilt-
iazem 180 mp/day for 3 mos.

Postprocedural Care

After sheath removal and manual compression of the
groin or implantation of an vascular hemostasis device, a
pressure dressing was applied overnight followed by an
24-hr immobilization period.

Statistical Analysis

Statistical analysis was performed with a commer-
¢ialy available software program. Results are reported
as mean value * [x standard deviation (SD).

The number of total APTTs and suboptinial APTTs in
group A and B were compared by the Chi-square test.
Baseline clinical characteristics and patients with more
then t, 2, and 3 suboptimal APTTs in both groups was
compared by the Fisher’s exact test. Differences in mean
APTTs were compared by the Student’s t-test. A p value
< 0.05 was considercd significant,

RESULTS
Baseline Clinical Characteristics

Between May 1991 and May 1992, 36 consecutive
patients were medicaully teeated after successful coropary
stent implantation,

One patient with a Vasoseal had an ischemic cerebro-
vascular accident the day of stent implantation. She de-
veloped & major puncture-site bleeding, caused by con-
fusion and extreme restlessness. Because heparin had to
be discontinued for a profonged period of time until a
hemorrhagic stroke was excluded by computerized to-
mography, analysis of anticoagulation could not be in-
cluded in this study. Consequently, 35 patienis were
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Mean values of APTT
Group A (18 patients)
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Flg. 2. A.Level of APTTs in group A duiing the flist 72 hr after stent implantation {mean £ 1
SD). B. Level of APTTs In group B during the first 72 hr afier slent implanlation (mean x 1 SD).

compared, 18 patients with (group A) and |7 patients
without (group B) a Vasaseal™,

Bascline clinical characteristies are summarized in Ta-
bie 1. ‘

I group A, more patients underwent elective stent
implantation (61%)} and venous bypass graft stenting
(33%) compared to group B (47% and 6%, respectively).

This dilference is explained by the fuct that skin-femoral
artery distance measurements for determination of the
plug length were routinely performed prior to sheath in-
sertion in ult elective and saphenous vene graft sienting
procedures but not in alt PFCA procedures leading to
emergency slenting. Ignorunce of plug length was con-
sidered to be a contraindication for aderial sealing.
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TABLE . Baseline Clinical Characterislics of Patients
Treated Wilth (group A) and Without a Yascular Hemostasls
Device {group B)

Group A Group B
n = 18) (n =17 I
Mate 14 15 NS§
Age (yr) 59+ 8 578 NS
Procedure
Elective 11 6l% LIS Yasd NS
Baileut 7 9% 9 33 NS
Vewsel”
LAD 6 337 53¢ NS
LCX 5 28 1% NS
RCA 1 6% 5 294 NS
VBG 6 33% 1 6% NS

‘[.AD-left anteder descending coronary artery; LCX-left cirewmnflex cor-
onary artery; RCA-right coronary artery; VBG-venous bypass gralt,
*Fisher exact test.

Levet of Anticoagulation

A suboptimal APTT was defined as a value under 80
secs, twice the upper value of the normal range. In the
first 72 hr after stent implantation, the number of APTTs
sampled in group A and B was 233 and 168, respectively
(Table 1), Mean values of APTTs (secs) in group A and
B are illustrited in Figure 2a,b. Although the level of
APTTs at day 1,2, and 3 was higher in group A com-
pared to group B, the differences were not statistically
signiticant. More APTTs were suboptimal (< 80 sec-
onds) in group B (34/168; 20%) compared to group A
(17/233; 79) [p << 0.001]. More patients in group B
compared to group A had I or more (14/17; 82% vs.
8/18; 449%), 2 or more (1017, 59% vs. 3/18; 1'756) and
3 or more (8/F7, 47% vs. 2/18; 115} suboptimal APTTxs.

Complications

Four paticnts without a hemostasis device hd bleed-
ing complications, three related to the puncture site. All
punetore-site-refated complications in this group were
arteriovenous fistulas. One putient also had macroscopic
hematuriu in the presence of a renal cysi. Another patient
had macroscopic hematuria requiring blood transfusion.
Surgical correction was necessary for one patient with an
AV fistula,

One patient with a Vasoseal underwent vascular sar-
gery for a femoral artery pseudomneurysm after a groin
bleeding tollowing an ischemic cerebrovascular accident
as outlined above. Another patient developed puncture-
site bleeding immediately following insertion of 4 Vaso-
scal. This patient required bleod transfusions and acute
vascular surgery,

The third complication after arterial sealing was en-
countered in a patient who developed a spontancous
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TABLE Il Level of Antlcoagulation In Patients With {group A}
and Without {group B) a Vascular Hemostasis Dovice

Group A Group B
= 18) (n = 17) P

233 168

APTT? duy 0-3

APTT (=<8l sec) 17/233 (7%) 347168 (20%) <0.001*
=1 APTT (<80 sec) 818 (4% 1417 (R2%) .04+
=2 APTT (<80 sec) B (47 10147 (59%) 0.02%%
=3 APTT (<80 sev) 218 (1150) 87 (4756) G.0%%¢

*Activated partial thromboplastin time,
*Chi-square test.
**Fisher exact test.

groin bleeding 2 days after stent implantation. Two mos
luter, the organized hematoma was surgicaily removed,
because of femoral nerve compression. Subacute stent
thrombosis occurred in one patient without a hemostasis
device, at the third day after stent implantation, success-
fully recanalized by rePTCA and subsequent coronary
bypass surgery, This patient had 2 subtherapeutic APTT
values before stent ocelusion occurred.

DISCUSSION

Coronary stent implantation has been proposed as a
possible solution for 2 major limitations of conventivnal
balloon angioplasty; abrupt closure during or late after
the procedure [2-7] and late restenosis in native coronary
adleries £8,9] and saphenous vein grafts [10]. However,
subacute stent thrombosis after implantation of 4 Palimaz
Schatz balloon expanduble coronary stent has been re-
ported to occur in 0.4% of 220 pts after both elective and
baitout stent implantation [11] to 25% of patients after
emergency steat implantation for failed PTCA during
carly experience [7}. Risk factors for subacute stent
thrombosis include: stenting for suboptimal PTCA, ves-
sel size smalter than 3.25 mm, multiple stent implanta-
tion, poor LVEF {12], residual dissection [ 3], intracor-
onary thrombus [14}, and suboptimal anticougutation
[8].

Implantation of metallic coronary steats requires in-
tense anticoagulation, which usually consists of a com-
biration of Dextran, dipyridamele, acetosalicylic acid,
and heparin [15). Of 39 patients in the multicenter study
from Schatz et ab. [8], anticoagulated without coumarin,
7 patients suffered from stent thrombosis, Subacute
thrombosis decreased significantly from 18% to 0.6% in
thase patients who ulso received coumarin,

This aggressive anticoagulation regimen is associated
with u high incidence of puncture-site-reluted bleeding
complications, reported to vary between 7.9% of 226
patients in the initial multicenter experience with the Pal-
maz Schatz stent (8] and 16% of 220 paticnts in the



Vascular Hemostasis Device After Coronary Stenting

single center experience of Carrozzaetal. [11]. A bleed-
ing complication after steat implantation is a serious
event, because this disturbes the anticoagulation regimen
and subsequent risk for stent thrombosis, In order to
prevent local bteeding complications, the arterial sheath
is removed within 24 hr after stent implantation under a
low level of heparinization and preferably not during
continved anticoagulation with heparin and coumarin,
When the patient is subsequently readjusted on heparin,
severil short episodes of undercoagulation may still oc-
cur. These episodes of suboptimal heparinization can be
prevented by immediate postprocedural sealing of the
arterial puncture site, obviating the need for early dis-
contineation of heparin and allowing litration of APTTs
to values near 100 secs. This study was performed to
evaluate the quality of heparinization in patients treated
with a vascular hemostasis device afler coronary stent
implantation. The device used in our study was the bio-
degradable, collagen-containing, supraarterial plug (Va-
soseal™), recommended as an alternative for prolonged
local pressure application [1,16].

Although the level of heparinization, as determined by
the mean of APTT- values in the first 72 hr, did not differ
significantly in both groups, less APTTs were in the
subtherapeutic range in patients with a Yasoseal, signi-
fying an optimized adjustment on heparin. The clinical
relevance of adequate heparinization immediately after
arterial sealing, however, remains theoreticat at this
time. Although stent occiusion within the first 24 hris a
rare phenomenon [12], eurly episodes of suboptimal he-
partinization may theorctically form the nidus for future
subacute stent thrombosis. in contrast, postponing reud-
justment on heparin for 6 hr after removal of the arteriat
sheath has presently been recommended in order te pre-
vent vasculur complications. Since no studies are per-
formed, evaluating the optimal heparinization regimen
postcoronary steating, cur policy to strive for therupeutic
heparinization us soon as possible alter stent implanta-
tion and local hemostasis is legitimate.

The role of vascular hemostasis devices in preventing
local bleeding complications also remains a matter of
debute, The small nwmber of patients and the nonran-
domized character of this study, where no corrections for
baseline factors such as body size, hypertension, elective
vs. emergency stenting, were made, does not alfow any
conclusion concerning the differences in clipical end-
points such as Meeding and cardiac complications. Only
a difference in laboratory values was found. In our ex-
perience, despite carcful patient selection and optimal
insertion and immobilization techniques, serious groin
bleeding could not be abolished in 3 patients after appli-
cation of & Vasoseal. In a randomized study compiring
sheath removal and manuat compression vs. insertion of
& Vasoseal in 60 patients after PTCA, Camenzind ¢.a.
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did not find a significant reduction in bleeding compli-
cations [17].

However, techiniques of coronary stenting and post-
procedural policies are dynamically evolving. Efforts are
directed toward the development of nenthrembogenic
stents, downsizing of PTCA equipment, allowing
smaller vascular puncture holes [18], alternative entry
sites such as the radial artery [£9] for stent implantation,
improvement of lacal femorul pressure application by an
inflatuble compression device [20], and several vascular
l:emostasis devices [21].

In order to determine the optimal strategy after im-
plantation of the current Palmaz Schatz stent, aiming at
a reduction of subacute stent thrombosis and of puneture-
site bleeding complications, several studies need to be
designed comparing these and future strategies in a ran-
domized fashion.
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CATHETERS
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First Clinical Experience With a New Low
Profile Coronary Perfusion Balloon
Catheter Combined With 6 French Guiding

Catheters

Ferdinand Kiemeneij, MD and Gert Jan Laarman, MD, PhD

ABSTRACT: At present, the use of 6 French (¥} guiding catheters is limited by the inability to
accommodate large catheter systems, such as perfusion balloons, stent delivery systems and
catheters for intravascular ultrasound. In this study the performance of a new, low profile perfu-
sion balloon catheter, in combination with 6F guiding catheters, was evaluated in 12 consecutive
patients undergoing coronary angioplasty (PTCA), In all patients the ACS® Flowtrack™40 perfu-
sion catheter, used as a primary device, was successfully advanced towards and retrieved from
the coranary artery. However, repositioning of the perfusion catheter was not possible in all
cases, In 10 patients (83%) the catheter could be positioned across the coronary artery stenosis,
Distal contrast opacification during balloon inflation was present in all these instances. Severe
anginal complaints, necessitaiing extra antianginal treahiment or cessation of balloen inflation
and hemodynamic deterioration did not eceur during inflations of 270 + 136 seconds (range 105-
480; median 300). PTCA was successful in all patients, Diameter slenosis was reduced from 67 +
10% (range 42-79%) to 23 + 12% (range 2-40%} and minimal luminal diameter increased from 0.8
1 0.3 mm (range 0.4-1.4 mm) to 2.2 £ 0.6 mm (range 1.4-3.0 ;mn}. The clinical course was unevent-
ful in all patients. These results demonstrate that this promising perfusion catheter further
reduces the Himitations of 6F guiding catheters. However, there is stilt need for iniprovement in
the performance of this device.
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New 6 French (F) guiding catheters for coronary
angioplasty can accommodate low profile, rapid
exchange balloon catheters.!? Advantages of small
sized guiding catheters are the ability to perform
procedures with smaller arterial puncture holes,
with the potential of less bleeding complications
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Table 1. Crossing profiles for different balloon sizes

Balloon size (mum) 2.0 25 3.0 3.5 40
Crossing profile

-inch .048 049 050 051 0.52
-mim 1.22 1.24 1.27 1.30 1.32

and early ambulation, the use of smaller arterial
entry sites, such as the brachial? and radial
arteries? and less pressure damping by the guiding
catheter in the coronary ostium, Performance of 6F
guiding catheters with regard to contrast delivery,
pressure monitoring and backup support is similar
to 8 F guiding catheters. However, a potential lim-
itation of the use of 6F guiding catheters is the
inability to accommodate large catheter systems,
such as perfusion balloons, atherectomy catheters,
stent delivery systems and catheters for intravas-
cudar ultrasound. To evaluate the performance of a
new, low profile, perfusion balloon catheter in
combination with 6F guiding catheters, we select-
ed this catheter as a primary device in 12 consecu-
tive patients undergoing coronary angioplasty

(PTCA).
MATERIALS AND METHODS

Patient selection. Twelve consecutive
patients, undergoing elective coronary balloon
angioplasty were included after having given
informed consent.

Guiding catheter, For this study, Scimed® 6F
Triguide-Elite™ guiding catheters were used,
These catheters are 100 cm long and have an
inner diameter of 0.060 inch (1.53 numn).

Perfusion balloon catheter. The perfusion bal-
loon catheter used was the ACS® RX Flowtrack™40

i} E b

20 cm peel-away imfl

Asgintica Prep

Proalma| miaken / MRt

(Figure 1). Flow rate of this perfusion balloon is
40 cc/min. This rapid exchange (20 cm
“peel-away”) catheter consists of a 135 cm long
Dynacross™ shaft (proximal 2.3F and distal 3.5F).
The shaft has 14 perfusion holes, 0.014 inch in
diameter, 10 proximal and 4 distal from the bal-
loon, The balloon is made of PE-600. Rated burst
pressure is 8 atmospheres, The distal 30 cm of this
device is coated with Microglide™, Crossing pro-
files for different balloon sizes are summarized in
Table 1.

Medical treatment. Through the arterial intro-
ducer sheath, 10,000 IU heparin was adminis-
teved. Prior to contrast injection (Hexabrix® 320),
nitroglycerin 100-200 micrograms was given
intracoronary. For severe angina, intracoronary
administration of nitroglycerin was repeated or
nifedipine 10 mg was administered sublingually.
A combination of fentanyt 0.05 mg and droperidol
0.25 mg (Thalamonal®) 1-2 ml intravenously was
given for refractory anginal comiplaints.

Angioplasty, After crossing the abstructing
coronary lesion, the balloon was inflated to 6-8
atmospheres. Presence of distal flow, defined as
distal contrast opacification of the coronary artery
during balloon inflation and the contrast agent
disappearing after a few cardiac cycles, was
angiographically assessed. The guiding catheter
and guidewire were subsequently withdrawn
towards the shaft marker in order to maximize

ET!

PE-600™ Dltooa Materiad

4 dista] perfusioa boles
014"}

Redingeque murker @

o

23F shah Quldewlre exlt port aed markee

--------- SS9
\ . \
10 proakmal perfusion bolcs £ L
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MICROGLIDES Cosilzg dlya) 30 an

Figure 1. Schenatic representation of the ACS® Flowtrack™40 perfusion balloon catheter.
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Table 2. Baseline clinical characteristics (N=12)

Table 3. Angiographical data

N N
Male 11 (92%) Vessels 12
Age (mean 5D) 583 % 8.6 years
Angina Culprit lesion 13
Exertional 11 (92%) LAD 4 (31%)
CCS1 0 RCA 7 (53%)
CCs1I 2 {17%) RCX 1 (8%)
CCs I 7 {58%) AL 1 (8%}
CCS 1V 2 (17%)
Nen Exertional 2 {17%) FIO:;V {TIMD) 12 (100%
Mixed 1 (8%) (106%)
. o Type
PrevTous MiI 7 (5§ Vo) N 5 (39%)
Previous CABG 1 (8%} B 6 (46%)
i 4 (33% N
Previous PTCA {33%) p 2 (15%)
Diabetes mellitus 1 (8%) e .
Hypertension 3 (25%) Quantitative angiography
Hypercholesterolemia 1 (8%) Mean + 5D Range
il 2 (17%
gz:g;i:r g 575%5 Reference diameter 26£08mm  1.3-39mm
Minimal luminal
CCS = Canadian Cardiovascular Society; diameter 0.8+ 0.3 mm 0.4 -1.4 mm
M I= myecardial infarction; ‘ s ' '
CABG = coronary artery bypass grafting; Diameter stenosis 67 + 10% 42 - 79%

PTCA = percuianeous transluminal coronary angioplasty

perfusion.

Recording of events and performance of
angioplasty equipment. Onset and severity of
chest pain, hemodynamic deterioration (drop of
blood pressure 2 20 mmHg) and EXG changes
were recorded, as well as the treatment required.
Performance of the guiding catheter {backup sup-
port and opacification) and of the perfusion
catheter {crossability and retrievability} were
semiquantitatively scored in 3 categories; good,
moderate (sufficient; no need to change guiding
or balloon catheter) and poor (suboptimal; need
to change guiding or balloon catheter), Pre— and
post-PTCA angiographic studies were performed
with a computerized quantitative coronary analy-
sis system (DI, Philips Medical Systems).

RESULTS

Study population (Table 2). Twelve patients
underwent PTCA with a Flowtrack 40 perfusion
balloon as the primary device. Baseline clinical
characteristics and demographics are summa-
rized in Table 2.

Angiographical data (Table 3). Thirteen
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LAD = Left anterior descending coronary artery
RCA = Right coronary artery

LCX = Left circumflex coronary artery

AL = Anterolateral branich

lesions were attempted in 12 coronary arteries.

Entry sites and guiding catheter selection.
Entry sites for PTCA were the femoral (n=8; 67%),
radial (n=3; 25%) and brachial {n=1; 8%} arteries,
Guiding catheter curves selected were FR4 (n=5),
FL4 (n=4}, FR 3.5 {n=1}, El Gamal (n=1} and Veda
{n=1). Cannulation of the coronary artery was
successful in all patients. Opacification of the
coronary artery and pressure monitoring was
good in all patients. Backup support was good in
10 patients and moderate in 2 patients.

Dilatation catheters

Number: Fourteen Flowtrack 40 catheters
were used (2.5 mm; n=5: 3.0 mm; n=6: 3.5 mm;
n=3). A second (3 patients) or third (2 patients)
balioon catheter was required to further opti-
mize the result.

Crossing, retrieval and repositioning: {Patients;
n=12, Flowtrack 40; n=14) Ability of the
Flowtrack 4 to cross the stenosis was considered
good in 8 (58%), moderate in 2 (21%) and poor in
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2 (21%) instances. Inn one patient a Flowtrack 40
2,5 mm could not cross a small anterolateral
branch stenosis (RD 1.3, MLD 0.4 mm). The other
patient had a 20 mm long stenosis in the right
coronary artery (RD 2.2, MLD 0.8 mm), which
could not be crossed by a 2.5 mm perfusion bal-
loon, These patients had successful PTCA with a
Scimed® Express™ balloon catheter. Eleven per-
fusion balloon catheters could be retrieved from
the guiding catheter without noticeable friction
(79%), while some friction was felt in 3 patients
(21%). In 5 patients repositioning of the balloon
was attempted, to optimize the angioplasty
result. In 3 patients it was impossible to recross
the shaft of the guiding catheter after complete
retrieval. All failed attempts were due to Jack of
stiffness of the distal shaft at the site of the
peel-away slit. The lesions were successfully
recrossed with Scimed Express balloon catheters.
In the remaining 2 patients, repositioning the bal-
loon in the coronary artery was successful, after
partial retrieval of the perfusion balloon to just
proximal of the dilated segment.

Balloon inflationr and clinical folerance: (Patierds;
n=10, Flowtrack 40; n=12) Mean duration of perfu-
sion balloon inflation was 270 & 136 seconds
(range 105-480; median 300). Distal perfusion dur-
ing balloon inflation could angiographically be
demonstrated in all these patients. One patient
(10%) had clear, but acceptable, anginal com-
plaints. Seven patients (70%) had mild angina dur-
ing inflation. Of the patients with angina, two had
associated I mm ST-segment elevation and three
had 1 mm ST-segment depression. Extra
anti-anginal treatment was not given. No signifi-
cant blood pressure drop during balloon inflation
was recorded.

Angiographical and clinical results. (Patients;
n=12) PTCA was successful in all patients.
Diameter stenosis was reduced from 67 = 10%
(range 42-79%) to 23 + 12% (range 2-40%); RD
from 2.6 + 0.8 {range 1.3-3.9 mm} to 2.8 & 0.7 mm
(range 1.7-4.2 mm); MLD from 0.8 £ (.3 mm
(range 0.4-1.4 mm) to 2.2 & 0.6 mm (range 1.4-3.0
mm). In three patients (25%) a small dissection
(staining of some contrast medium parallel to the
vessel wall, vanishing after a few cardiac cycles)
was noted. No other angiographic complications
were encountered. Clinical course was uneventful
in all patients.
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DISCUSSION

Since the introduction of PTCA for treatment
of coronary artery disease, angioplasty equip-
ment has been miniaturized. Low profile balloon
catheters can now be used in association with 6F
guiding catheters.12 and in selected cases even
with 4F diagnostic catheters.® The major advan-
tage is the smaller arterial puncture hole, a key
factor in preventing post procedural vascular
complications. Another advantage is the possibil-
ity of selecting smaller arteries as entry sites,
such as the brachial artery? and radial artery,? in
order to reduce incidence and severity of vascu-
tar complications. Backup support and vessel
opacification of 6F guiding catheters are compa-
rable with 8F guiding catheters.* However, one
of the limitations of 6F guiding catheters is that
they do not allow larger catheter systems, such
as perfusion balloons, stent delivery systems,
atherectomy catheters and catheters for intravas-
cular ultrasound.

Perfusion balloons may be useful as primary
taols If myocardial protection during inflation is
required 5 for example, if the patient does not tol-
erate inflations of normal duration because of
severe angina or if hemodynamically dependent
on the angioplasty vessel? Prolonged dilatations
may be required to improve acute suboptimal
PTCA results® or to stabilize the patient before
emergency coronary bypass surgery after failed
PTCA, if stent implantation is impossible or con-
traindicated.? The currently available perfusion
balloons can enly be used in combination with
large bore guiding catheters.

As demonstrated in this study, the low profile
ACS Flowtrack 40 perfusion balloon catheter can
be used in combination with 6F guiding catheters,
allowing distal perfusion during balloon inflation
(Figures 2A, B and C). Only recrossing the perfu-
sion catheter after complete retrieval from the
guiding catheter turned out to be cumbersome or
sometimes even impossible in some instances, To
overcome friction between the perfusion catheter,
now with a larger profile after initial inflations,
and the guiding catheter, a consicderable forward
pushing force is applied at the proximal hypo-
tube catheter shaft. The flexible and relative weak
part of the distal shaft, containing the peel away
slit, easily kinks under these circumstances,
resulting in prolapse of the guidewire through
this slit. To overcome friction between the guid-
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Low Profile Perfusion Balloon Catheter Cembined With 6F Guiding Catheters

Figure 2A. Right coronary arfery restenosis,

Figure 2B, Distal perfusion during balloon inflation
at 6 atwiospheres.

ing catheter and the balloon, more stiffness of the
distal part of the shaft is required, to propel for-
ward impulse towards the distal end of the bal-
loon catheter. By eliminating the 20 em long
peel-away slit and by increasing shaft stiffness by
extra brading, this problem may be overcome.
With the current device, control angiography is
better performed with the perfusion balloon
retrieved to just proximal to the dilated segment,
to allow recrossing and repeat dilatations if nec-
essary. In all but 2 cases the catheter could be
advanced toward the obstructing lesion. In one
patient, mismatch of the diameter of the coronary
artery reference diameter, minimal luminal diam-
eter and catheter profile (1.3 mm, 0.4 mm and
1.24 mun respectively) was responsible for failure.
In the other patient, a 2.5 mm perfusion balloon
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Figure 2C, Final result,

(profile 1.24 mm) got obstructed in the center of a
narrow lesion (0.8 mm}) of excessive length (20
mmy}, despite goed backup support of the guiding
catheter. In both instances conventional, large
profile perfusion ballaon catheters, probably aiso
would have failed. Distal perfusion was demon-
strated to be present by contrast injection.
Inflations swere well tolerated and associated with
no or minor EKG changes, absent or tolerable
anginal complaints during prolonged inflations
and absence of hemodynamic deterioration.

These results demonstrate that this promising
perfusion catheter further reduces the limitations
of 6F guiding catheters. However, the perfor-
mance of this device can still be improved
through advances in technology.

SUMMARY AND CONCLUSIONS

A new low profile perfusion balloon catheter
was used as a primary device in combination with
6F guiding catheters in 12 patients. Tt was demon-
strated that these small sized guiding catheters do
accommodate the ACS Flowtrack 40 well and that
distal coronary artery perfusion was present in all
patients during balloon inflation. Although per-
formance of this device can still be improved, use
of 6F guiding catheter no longer precludes the use
of a perfusion balloon catheter.

RETERENCES

1. Peldman R, Glemser E, Kaiser ], Standley M. Coronary
angioplasty using new 6 French guiding catheters. Catliet
Cardiovase Diagn 1991,23,93-99.

223



KIEMENEI] and LAARMAN

2,

Kiemeneij F, Laarman GJ, de Metker E, Percutaneous radial

artery entry for coronary angioplasty (Abstract).
Subrnitted to XVth Congress of the European Society of
Cardiology 1993,

. Laarman G, Kiemeneij F, van der Wieken LR, et al. Low

risk coronary angioplasty in an outpatient model (Abstr).
Circulation 1992;86:1-444.

. Urban P, Moles VP, Pande AK, et al. Percutaneous coro-

nary angloplasty through six French guiding catheters. |
Invas Cardio} 1992;4:335-338,

. Moles VP, Meier B, Urban P, et al, Percutaneous translumi-

nal coronary angioplasty through 4 Freach guiding
catheters. Cathet Cardiomasc Diagn 1992;25:98-100.

. Quigley Pj, Hinohara T, Philips HR, et al. Myocardial pro-

tection during angioplasty with an autoperfusion balloon
in humans. Circulation 1988;78:1128-1134.

. Simonton CA, Kowalchuk GJ, Austin WK. Preservation of

regional myocardial function during corenary angicplasty
with an autoperfusion balloen catheter: A case report.
Cathet Cardigpase Diagn 1991;22:28-34.

. Leitschuh ML, Mills RM, Jacdbs AK, et al. Cutcome after

majer dissection during coronary angioplasty using the
perfusion balloon catheter. Am | Cardio! 1991;67:1056-1060.

. Sundram P, Harvey JR, Johnson RG, et al. Benefit of the

perfusion catheter for emergency coronary artery grafting
after failed percutaneous transtuminal coronary angioplas-
ty. Am [ Cardiol 1989,63:282-285.

224

The Journal of Invasive Cardiology



CHAPTER 4.4.2
POTENTIAL SOLUTIONS
RADIAL ARTERY AS ENTRY SITE
Feasibility of bailout techniques with 6 French guiding catheters

BAILOUT TECHNIQUES FOR FAILED CORONARY ANGIOPLASTY USING
6 FRENCH GUIDING CATHETERS
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Bailout Technigues for Failed
Coronary Angioplasty Using 6
French Guiding Catheters

Ferdinand Kiemeneij, Mp, and
Gert Jan Laarman, M0, PhD

Coronary angloplasty (PTCA) through 6 French {F} gulding
catheters is feaslble, although acute or threatened closure fol-
lowing coronary artery dissectlons may occur. This report de-
scribes our experienco with the treatment of subopllimal results
I 13 pallents from & population of 144 patients whe had PTCA
through 6F guiding catheters. Patlents were treated with a new
low profite autoperfusion catheter {ACS@&, Flowlrackd0™) or
with Palmaz Schatz stents, advanced through 6F gulding cath-
eters, PTCA was performed via the radial artery In 11 pts (85%)
oF vla the femoral arlery In two patienls {16%). I iwo patlents,
{15%} PTCA was complicated by an dissection associated wilh
complete loss of flow (TIMI 0) and a disseclion was considered
tc lead {o abrupt closure in the remalning 11 pallenis {85%},
despite the presenco of normat flow. A Flow-lrack40™ perfusion
catheler was successlully applled In three of four pallents. In
one patlent a persisling dissection after restoration of flow by a
perfusion catheler was treated with three Palmaz Schatz sfents.
Implantation of Palmaz Schatz stents was attempted as primary
technique In nine patlents. In one patient the stent could nof
cross a dissection fn the proximal LAD via the radial artery. With
an 8F system via the femoral artery, two sfents could success-
fully be deployed with the stent dellvery system. fn another
patient the slent could not ba advanced asross a sublofal re-
sldual stenosls In a tortuous left anterlor descending coronary
artery. Despite normal antegrade flow and emergency bypass
surgery, this patlent developed a non-Q-myecardial Infarction.
in the remalning pallents, the clinical course was uncompli-
caled. With ihe limllalions of the bare stent lechnique kKept in
mind, applying baliout techniques such as perfusion ballocons
and implantation of bare Palmaz Schatz corenary stents should
be censldered for improvement of suboptimal angleplasty re-
sults In & selecled group of patienls after PTCA with 6F gulding
catheters,  © 1994 Wiley-Liss, tne.

Key words: PTCA, dissecllon, ballout, stenting, perfusion
balloons
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INTRODUCTION

Since the introduction of percutancous transiuminal
coronary angioplasty (PTCA), a trend toward downsiz-
ing of balloon catheters was associated with considerable
mtiniaturization of guiding catheters. PTCA through ¢
French guiding cathelers can safely be performed [{-3].
However, despiie improvement of material, PTCA still
carries a risk for dissection and acute coronary artery
occlusion {4,5].

The use of 6F guiding catheters was supposed to ex-
clude techniques such as perfusion balloon catheters and
coronary stent implantation to improve suboptimal
PTCA resulis. This report describes our experience in the
management of suboptimal PTCA results and impending
acute occlusion after PTCA through 6F guiding cathe-
ters.,

MATERIALS AND METHODS
Definitions

A PTCA was considered to be suboptimal if the re-
sidual diameter stenosis exceeded 40% or if dissections
were visible with established or impending loss of flow.
From the geometry of the corenary segment, reference
diameter, minimal luminal diameter, and diameter ste-
nosis were derived (Quantitative Coronary Analysis by
Philips DCI, Philips Medical Systems, Best, The Neth-
erlands).

Dissections were classified according to the defini-
tions described by Dorros et al. [4]. The perfusion status
of the targel vessel was classified according to the grad-
ing system of the Thrombolysis In Myocardial Infarciion
(TIMI) study [6]. Lesion morphology was classified ac-
cording to the definitions established by an American
College of Cardiology/American Heart Association task
force (7).

Study Populatlon

The study population was retrieved from [44 patients
who underwent balloon angioplasty through 6F guiding
catheters in our department between August 1992 and
August 1993, This group comprised I3 subjects (9%),
aged 64 £ 12 years, with a suboptimal PTCA result. A
majority of patients (92%) were in CCS class HI or IV,
and ong patient (8%) had nonexertional angina. Three
patients had prior PTCA (23%) and one patient had prior
coronary bypass surgery (8%).
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Medical Treatment After Stent Implantation

All patients received Heparin 5,000 TU after insertion
of the arterial introducer sheath. This dose was repeated
if the procedure lasted > [ hr. Nifedipin 10 mg was
administered sublingually. Before angiography and fol-
lowing PTCA, nitroglycerin 100-300 mgr intracoronary
was administered and repeated if indicated.

At the moment the decision of stent imiplantation was
made, an additional bolus of Heparin 5,000 IU was given
and Dexiran 40 was administered, the first 500 ml af a
rate of 100 ml/hr, the second 50¢ ml at a rate of 50 mithr,
After stent implantation, dipirydamole 225 mg/d and ac-
etosalicylic acid 300 mg/d was started, The introducer
sheath was removed immediately after the transradial
procedure. After transfemoral stent implantation, the
sheath was withdrawn at an Activated Partial Thrombo-
plastin Time (APTT) under 60 sec.

At 3 hr after hemostasis was achieved, 3,000 IU hep-
arin was administered intravenously. Heparin was ti-
trated to APTTs of 80100 sec until stable adjustment on
oral anticoagulant drug therapy (3 consecutive therapeu-
tic Thrombotests) was obtained. Coumadin was given for
3 mo and acetosalicylic acid and dipyridamole were
given for 6 mo.

Materials

PTCA Catheters, For this study, Scimed® 6F Tri-
guide-Elite™ guiding catheters were used. These cathe-
ters are 100 cm long and have an inner diameter of
0.060" (1.53 mm). We used compliant rapid exchange
halloon catheters (Scimed® Express@}, the size being
determined by the reference diameter of the target seg-
ment and the inflation pressure applied.

Perfusion balloon catheters, The perfusion balloon
catheter used was the ACS® RX Flowtrack®40. Flow
rate is 40 co/min, This rapid exchange (20 cm “peela-
way'') catheter consists of a I35-cm-Tong Dynacross®™
shaft {proximal 2.3F and distal 3.5F), The shaft has 14
perlusion holes, 0.014" in diameter, 10 proximal and 4
distal from the balloon. The balloon is made of PE-600,
Rated burst pressure is eight atmospheres.

The balloon was inflated up to cight atmospheres.
Presence of distal flow, defined as distal contrast opaci-
fication of the coronary anery during balloon inflation
and the conirast agent disappearing after a few cardiac
cycles, was angiographically assessed. The guiding cath-
eter and guidewire were subsequen'ly withdrawn proxi-
mal to the shaft marker in order to maximize perfusion.
Baltoon inflations of at feast 300 sec were attempted.

Stents. A 15.mm Palmaz Schatz coronary stent
(Johnson & Johnson Interventional Systems, Warren,
NI} was manually crimped on the balloon catheter, so
that the balloon marker was positioned in the middle of

the stent and no free movement from the stent over the
balloon was noted. The primary used balloon catheter
was used as stent carrier, because its increased profile
after the first inflations will altow better fixation for the
stent, compared to a balloon, tightly wrapped on the
catheter shaft. The balloon was cleaned with saline 1o
remove contrast agent, possible blood clols, and lubri-
cating coating. The stent loaded balloon catheter was
advanced over the guidewire toward the stenosis, under
concomitant contrast medium delivery. After delivery,
the stent diameter was optimized by successive dilata-
tions with higher inflation pressures or with larger bal-
loon catheters.

Strategles for iImprovement of PTCA-Results

Conventional means {0 obtain improvement of subop-
timal results comprised administration of nitrates, cal-
cium antagonists, additional heparin, or prolonged infla-
tion with the dilatation catheter. Stenting as first choice
bailout technique was performed if the perfusion balloon
was too short to cover the dissection, if the dissection
persisted or extended under prolonged dilatations with
the dilatation catheter, or in the initial phase of this study
when no low profile perfusion balloons were available.
Treatment with a perfusion balloon was attempted first if
the vessel was not suitable for stenting or if contraindi-
cations for anticoagulation preciuded stent implantation.
Stent implantation following the use of a perfusion bal-
loon was performed if the result of prolonged dilatations
was considered suboptimal.

RESULTS

In 11 patients (85%), PTCA was performed via the
radial attery after confirmation of collateral, ulnar blood
supply to the hand, by performing the Allen test.

PTCA was performed via the femoral artery in two
patients (15%). Baseline quantitative coronary data and
details on lesion severity and morphology before and
after PTCA and after repair are shown in Table I. Com-
plex lesion morphology (Types B and C) was seen in 10
patients (77%}. In all patients, major dissections formed
the reason to to apply a bailout technique; 11 patients had
normal coronary perfusion but a residual stenosis = 45%
(85%}) and 2 patients had an occlusive dissection (15%).

Bailout Technigues

The Flowtrack 40 perfusion catheter was used as pri-
mary device in four patients. The catheter could be po-
sitioned and retrieved without problems.

Mean duration of balioon infiations (1-3 inflations per
patient) was 450 sec (range 300900 sec). During bal-
loon inflation, coronary flow distal to the balloon could
angiographically be demonstrated in all patients. Al-
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TABLE I, Lesion Characteristics Before and After PTCA and After Intervention*

Pre-PTCA Post-PTCA Final result
No. CA %DSTIMLLesion® G DSITIMUiss® Stratepy S%DSTIMUDiss
1 LAD 76 3 A 106G 1] E PSS (1) 22 3 —
2 LAD T2 3 C 55 3 B PS5 {1) 22 3 B
3 LAD 60 3 A 45 3 A BSS (1) 20 3 _
4 LAD 60 3 C 66 3 B FT 900 sec 35 3 B
5 LCX 3 k) B 50 3 A PSS () 19 3 A
[ LAD 70 3 B 63 3 A PSSIUCABG 63 3 A
ki LAD 64 3 B 50 3 c PSS (2) 21 3 —
8 LAD 75 3 B 45 3 B PSS (1) 5 k] —
9 LAD 57 3 C 30 3 B PSS (2) bl 3 B
10 LCX 65 3 B 60 3 B PSS (2) 27 3 —
11 RCA 72 3 C 100 Q C FT/P5S (3) 29 3 B
t2 LAD 9 3 A 50 3 A FT 300 see 7 3 —
13 LAD 50 3 B 45 3 B FT 300 sec 21 3 —
Mean+ 18D 67 £ 9% 60 = 19% 4+ 15%
Median % M3 2%

*Abbreviations: CA = coronary adery; DS = percent diameler stenosis; TIMI = Thrembolysis In Myocardial Infarction flow grading; LAD = feft
anterior descending coronary artery; PSS = Palmaz Schatz stent: (n} number implanted; FT = Flowtrack perfusion catheter; UCABG = urgen{ coronary
artery bypass grafting; LCX = lefi cicumflex coronary artery; RCA = right coronary artery.

*See 1ef. [7] for lesion morphology classificztion.
"See ref. [4] for dissection classification.

though these patients had chest pain of moderate sever-
ity, no major EKG-changes and no hemodynamic dete-
rioration were recorded.

Angiographical results were satisfactory in three pa-
tients (Table 1), Clinical course was uvneventful, and
these patients were discharged the next day.

In one patient with a total occlusion of the right cor-
onary artery, [ hr after PTCA, flow could be restored
with a Flowtrack catheter (Fig. [). After balloon defla-
tion, a large dissection persisted. Three 15-mm stents
were successfully implanted to cover the dissection. Car-
diac enzymes remained normat and no electrocardio-
graphical signs of myocardial infarction were present,

In nine patients implantation of a Palmaz Schatz stent
was attempted as primary technique; in four patients, no
Flowtrack was available, and in four patients the dissec-
tion was considered too long or foc complex. In one
patient, a stent was selected because no major change in
morphology of a short dissection in the LAD was ob-
served despite two high pressure dilatations of 1 min
duration with an adequate-size balloon {Fig. 2). In this
patient, the stent-loaded balloon catheter could not be
advanced across the lesion. During attempts to reach the
stenosis, the stent partially slipped from the balloon, In-
stead of retrieving the stent from the LAD, with the risk
of stent loss and embolization, the operator was forced to
deploy the stent proximal from the lesion. Since attempts
to recross the stenosis with other balloons also failed, the
patient was referred for bypass surgery in a stable con-
dition. Postoperative course was complicated by a non-
Q-myccardial infarction (CKMB 79 [U/1).

Transradial artery stent implantation faifed in another
patient with a significant residual stenosis and type B
dissection after PTCA for a proximal LAD restenosis
(Fig. 3). Six guiding catheters were used before enough
support was obtained to allow passage of the balloon
catheter across the stenosis. Three attempts to cross the
dissection with a stent-loaded balloon failed, due to in-
sufficient guiding catheter support and poor coaxial
alignment of the guiding catheter. Through an 8F FL4
guiding catheter via the right femoral arlery, two stents
were successfully implanted, with use of the sheath pro-
tected Stent Delivery System (Johnson & Johnson). In
this patient, the clinical course was complicated by groin
bleeding, necessitating a blood transfusion. Transradial
artery stent implantation was successful in the remaining
seven patients and clinical course was free of death,
myocardial infarction, bypass surgery, rePTCA, and
bleeding complications,

DISCUSSION

Since the introduction of PTCA for treatment of cor-
onary artery discase, angioplasty equipment has been
miniaturized. Low profile balloon catheters can now be
used in association with 6F guiding catheters [1-3] and
in selected cases even with 4F diagnostic catheters [8].
The major advantage is the smaller arterial puncture
hole, a key factor in preventing postprocedural vascular
complications. Another advantage is the possibility to
select smaller arteries as entry sile, sich as the brachial
artery (9] and radial artery {31.
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Fig. 2. A, Type B lesion in a tertuous left anterior descending coronary artery. B. After balloon
dilatalion, a sigalfigant residual stenosis and type A dlssection (arrow). C. Deployment of a
15-mm Palmaz Schalz stent proximal from the stenosis, D, Final resuli after attempts to recross
the stenosls formed indicatlon for bypass surgery.

The radial approach is especially atiractive because the
superficial course of this artery, together with the ab-
sence of major nerves and veins near the distal radial
Fig. 1. A. Type B teslon in the right coronary artery {arrow). B.  arlery, allows effective hemostasis and is associated with
After PTCA, a dissecllon type B was visible (arrow). C. RCAwas  Jow risk for punciure site-related complications, such as
oo it Ao s s 3 Dlecing, areriovenous istula, and nerve damage, and
residual stenoslg and dissection l'ype C were appreclated. ’Fa. with ear‘iy patient ambulation, In 100 pa.(lenis n whar.n ?

transradial PTCA was atlempted, no major puncture site-

Result followlng implantation 3 Palmaz Schaiz slents was opti- . indl
mal (arrows). related bleeding complications were encountered {3}
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Fig. 3. A. Dissection In the proximal LAD {arrow). 8. Doployment of the distal stent with the
stent delivery system. C. Deployment of the proximal stent with the atent delivery system. D.
Final resuit.

Early asymptomatic radial artery occlusion was present
in 10 patients (10%), but in five patients (50%) sponta-
neous recanalization of this artery was encouniered. Pro-
cedural success was 98% (92/94 pts via the radial artery
and 6/6 pts via the femoral or brachial artery). However,
the inner diameter of 6F puiding catheters may compro-
mise the use of large catheter systems, such as perfusion
balloons, stent delivery systems, atherectomy catheters,
and the current catheters for intravascular ultrasound.

Prolonged dilatations with perfusion baHoons may be
required to improve acute suboptimat PTCA results [10]
or to stabilize the patient before emergency coronary
bypass surgery after failed PTCA [I1], if stent implan-
tation is impossible or contraindicated.

We recently reported on the successful use of the
Flowtrack 40 perfusion catheter as a primary device
through 6F guiding catheters [[2]. The present study
illustrates that the use of a low profile ACS®

108



FLowTrack®40 perfusion balloon catheter can be at-
tempted to restore coronary geometry in the treatment of
dissections after PTCA, with adequate distal perfusion
during balloon inflation, Thus, 6 French guiding cathe-
ters no longer preclude the use of this bailout technique.

Implantation of Palmaz Schatz stents is an effective
technique to stabilize patients after suboptimal PTCA
results despite a reported higher incidence of subacute
stent thrombosis, compared to elective stenting [13-17].
At suitable coronary anatomy, stenting may be the strat-
egy of choice if results of prolonged inflations are sub-
optimal, if these inflations are poorly tolerated by the
patient or if the dissection is to long to be covered by the
perfusion bailoon. Stent implantation through 6F guiding
catheters has been reported by Urban et al. [18] and by
our group [19], which has the potential for a reduction of
bleeding complications, compared 1o stent implantation
via 8F guiding catheters. We recently described 20 pa-
tients who underwent successful stentimplantation via
the radial artery with 6F guiding catheters {ms. ac-
cepted). No subacute stent thrombosis and major local
bleeding complications were encountered in this small
series.

During continued experience by our group (50 pa-
tients), 63 stents were successfully implanted (proce-
dural success; 96%}) and no stent thrombosis or major
entrysite bleeding complications were noted {unpub-
lished data). The procedural success of the transradial
technique is comparable with procedural results in the
multicenter Benestent study where all patients received a
stent via the femoral artery. Bare stents as well as sheath-
protected systems were used in this study. Of 251 pa-
tients in whom stent implantation was attempted, proce-
dural success was 92.3%. Inability to cross the lesion
with a stent occurred in 16 patients, and in 1 patient a
significant stenosis persisted [20]. The femoral, sheath-
protected steni technique as applied in the multicenter
STRESS trial had a procedural success of 96.1% [21].

However, two limitations of the transradial, bare stent
technique are illustrated in the current report. Preshaped
catheters {e.g., Amplatz, Judkins curves) are designed
for the femoral approach, whereas the approach from the
right arm often compromises the properties of these cath-
eters, such as adequate support for passage of unpro-
tected stent-loaded balloons over the target coronary le-
sion, This problem was encountered in one patient where
6F Judkins Left and other catheters did nol provide
enough support and coaxial alignment. Via the femoral
artery, enough support of an 8F Judkins Left-curved
catheter obtained to slow passage of a stent delivery
system. In the other patient where the stent failed to cross
a mid-LAD dissection, an attempt with the SDS also
would have failed since balloon catheters of lower profile
could not be advanced over the dissecled segment.
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A limitation of both the bare stent lechnique as the
sheath-protected technique is the inability to cross tortu-
ous coronary segments and tight lesions. Since only the
bare stent technique can cumrently be applied in combi-
nation with 6F guiding catheters, stent displacement and
embolization remain serious hazards during attempts to
advance the system over curves and severe obstructions
and during retrieval of the stent-loaded balloon in the
guiding catheter, as was the case in one patient. In such
a situation, both the stent-loaded balloon catheter and the
guiding catheter need to be withdrawn, preferrably over
the intracoronary guidewire. This mancuver carries con-
siderable risk for losing distal access by inadvertent loss
of guidewire position, To circumvent this problem, the
stent can be deployed proximal from the target lesion,
provided that coronary anatomy is suitable for stenting,

With these limitations in mind, applying bailout tech-
niques such as perfusion balloons and implantation of
bare Palmaz Schatz coronary stents should be considered
for improvement of suboptimal angioplasty results in a
selected group of patients after PTCA with 6F guiding
catheters.
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CHAPTER 4.5.1
POTENTIAL SOLUTIONS
RADIAL ARTERY AS ENTRY SITE
Transradial coronary angioplasty
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CLINICAL INVESTIGATIONS

Transradial artery coronary angioplasty

This study explored the feasibility and safely of percutanecus corenary balloon angioplasty
{PTCA) with minlaturized PTCA equipment vie the radial artery. Coronary angloplasty (PTCA) via
the femoral or brachial arteries may be associated with rare vascular complications such as
bleeding and damage to the artery and adjacent structures. it was postulated that PTCA via the
radial artery with miniaturized angioplasty equipment is feasible and that no major punciure
slte-related complications otcur because hemostasis is obtalned easily and because no major
siructures are near the radlal artery, With double bleod supply to the hand, radial artery
occluslon is well tolerated. In 100 patients with collaterat bicod supply te the right hand, PTCA
was attempled with 6F gulding catheters and rapid-exchange balloon catheters for exerlionat
angina (87 patients) or nonexertional angina (13 patients). Angioplasty was attempted in 122
lesions (type A n = 67 [55%], Type B n — 37 [30%], and type C n = 18 {15%]). Pre- and
post-PTCA computerized quantitative coronary analysis was performed. Radial artery function
and struclure were assessed clinically and with Doppler-and iwo-dimensional ultrasound on the
day of discharge, Coronary catheterizaticn vla the radial arery was successful in 94 patients
(94%6). The 6 remaining patients had successful PTCA via the femoral artery (n = 5) or the
brachial artery (n = 1}, Procedural success (+20 of 122 lesions) was achieved In 92 palients
{98%) via the radial artery and In 98 palients of the total study population. Minimal luminal
diameter increased from 0.9 + 0.3 {0 to 1.8} 10 2.0 x 0.5 {0.6 + 3.6) mm, and dlameter stenosis
was reduced from 74% + 11% to 24% + 11%. in 3 pallents a coronary stent was Implanted via
the radial arlery because PTCA results were suboptimal, Of 98 patients with a successful PTCA,
four (4%} had acute myocardial iIschemia 1 to 24 hours after the procedure. In these patients an
emergency second PTCA procedure via the femoral artery was performed successfully, butin 2
palients a myocardial infarction could not be prevented. No other major cardiac complications
were encountered. No major eatry site-related complications were seen, and no patfent required
vascular surgery or blood transfusions, In 10 patients radial artery pulsations were absent at
discharge, and ali 10 were asymptomalic. Of these 10 patients, late recanalization was evident in
5, and in 3 patients pulsations remained absent. PTCA via the radial artery is et{eclive and safe
and minimizes major punclure site-related complications, (Am Heart J 1895;128:1-7.)

Ferdinand Kiemeneij, MD, Gert Jan Laarman MD, PhD, and Edwin de Melker, MD
Amsterdam, The Netherlands

The external diameter of the guiding catheter used
during the first pereutaneous transluminal coronary
angioplasty {PTCA) was 9.4F.! At present PTCA is
most commenly performed with 8F F guiding cathe-
ters, The use of these large-bore guiding catheters in
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conjunction with aggressive anticoagulation may con-
tribute to uncommon but severe entry site-related
eomplications such as bleeding, pseudoaneurysms,
arteriovenous fistula, nerve damage, and arterial oc-
clusion,

Low-profile rapid-exchange balloon catheters per-
mit use of miniaturized guiding catheters while
maintaining the advantages of over-the-wire sys-
tems: free guide wire movement and the ability to
exchange balloons of different diameters with main-
tenance of distal access. The performance of 6F
guiding catheters with regard to contrast delivery,
pressure monitoring, and backup support is ade-
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Tabte |. Baseline characteristics

n (%)
Patients 100
Gender
Male ki
Female 23
Age (yr) 62 + 10 (34-82)

172 + 8 (164-190)
78 + 10 (54-100)

Height (em}
Weight (kg)
Qral anticoagulation*

Acetylsalicylic acid 80

Dipyridamol 4

Coumadin 10
Angina {CCS class}

Ezxertional 87

I 1

IF 5

III 671

v 14

Nonexertional 13

* Previous myocardial infarction 46

Previous bypass surgery 14

Hypertension 37

Diabetes mellitus 11

Cholesterol =8.5 mmol/L 33

Cigarette smoking 58

Family history 43

CCS, Canadian Cardiovascular Society.
*Not mutually exclusive.

quate,? and pressure damping by the guiding cathe-
ter is encountered less frequently than with 8F guid-
ing catheters. With these smailer guiding catheters,
arterial puncture holes also become smaller, making
possible fewer bleeding complications, shortened he-
mostasis time, and early ambulation. Another poten-
tial advantage of 6F guiding catheters is the possibil-
ity to select smaller arteries, such as the brachial or
radial artery, as the entry site for PTCA. The safety
of transradial coronary angioplasty is determined
mainly by the favorable anatomic relations of the ra-
dial artery to ils surrcunding structures, No major
veins or nerves are located near the radial artery,
minimizing the chance of related injury to these
structures, Because of the superficial course of the
artery, hemostasis can be obtained easily by local
compression. Thrombotic or traumatic artery occlu-
sion does not endanger the viability of the hand, if
adequate collateral blood supply by the ulnar artery
is present, The purpose of this study was to explore
the feasibility and safety of transradial artery PTCA
with 6F guiding catheters and low-profile rapid-
exchange baHoon catheters in 100 patients.

METHCDS
Patient selection. From six interventional practitioners
in our group, first one and in a later phase two investiga-
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American Hearl Journal

tors performed this feasibility study. Suitability to partic-
ipate in this study with regard to local vascular and cardiac
status was assessed at the arrival of the patient in the
catheterization laboratory. The radial and ulnar artery
pulsations were examined and the Allen test performed.
The result of the Allen test was considered normal when
after compression of both ulnar and radial arteries the
normal color of the hand returned within 10 seconds after
release of the ulnar artery. Because neither investigator was
experienced with the transradial approach, a greater num-
ber of ideal candidates were selected in the early phase of
this study. In a later phase, however, unstable angina,
multivessel PTCA, complex lesion structure, and venous
bypass graft stenosis formed no reason to exclude patients
from this approach. Exclusion criteria were evident heart
failure requiring right heart catheterization, expected he-
modynamic deterioration during balleon infiation, the
nieed for intraacrtic balloon pumping (for example, during
PTCA of the "“last remaining vessel”}, and PTCA for
chronic total occlusions.

Medical preparation. Before the procedure diazepam, b
mg was administered orally, Inmediately after insertion of
the arterial introducer sheath, heparin, 5000 I1U was
administered. The same dosa was given for each hour dur-
ing the procedure. Activated partial thromboplastin time
(APTT} was not monitored during the procedure. One to
2 hours after immediate sheath removal and local hemo-
stasis, heparin infusion was begun and continued over-
night, titrated to APTT values of 80 to 80 seconds {normal
30 to 40 seconds) in case of evidence of intracoronary
thrombesis or dissection. Before initial and final angiogra-
phy (Hexabrix 320) intracoronary nitroglycerin, 100-300 pg
was administered and repeated on indication during the
procedure. Nifedipin, 10 mg was given sublinguaily in case
of redial or brachial artery spasm,

Catheterization and angloplasty

Radial artery catheterization, The right arm, supported
by a sideward extension of the catheterization table, was
abducted to 70 degrees, and the wrist was hyperextended,
After tocal anesthesia with Hdocaine 2%, the anterior wall
of the radial artery was punctured with an arterial intro-
ducer needle or with a 22-gauge radial astery catheteriza-
tion needle (Arrow International, Reading, Pa.) set at 45
degrees 1 ¢m proximal from the styloid process. After ap.
pearance of pulsatile flow from the Arrow needle, a 0.025-
inch, 260 ¢m straight guide wire (Angiomed, Karlsruhe,
Germany) was introduced; this set does not allow passage
of a larger wire, An Angiomed 0.035-inch, J-tipped guide
wire was advanced if an arterial introducer needle was used.
A small skin incision was made with a number 11 surgical
blade, followed by insertion of a 6F 10 cm arterial intro-
ducer (Hemaquet II, Bard, Billerica, Mass.),

Coronary artery cannulation. The position of the oper-
ator at the catheterization table was similar to that during
the femoral approach, A guiding catheter {Scimed Life
Systems, Maple Grove, Minn,; inner dismeter 0.060 inch,
shaitlength 100 cm) was selected with an appropriate curve
to provide maximal backup support during angioplasty.
The guiding catheter was advanced over a long (260 cm)
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0,025-inch guide wire positioned in the aortic root. 'The
right coronary artery was cannulated with Judkins Right
catheters and with multipurpose or El Gamal catheters,
Cannulation of the left coronary artery with a Judkins Left
catheter requires special manipulation: over the guide wire,
the catheter tip must be advanced and turned toward the
coronary ostium. When the primary curve of the catheter
reaches the aortic valve, withdrawal of the guide wire
results in angulation of the secondary curve, which causes
the tip of the catheter to be lifted toward the coronary os-
tium. We used the Judkins Left catheter as a first choice,
followed hy multipurpese and Amplatz catheters.

Angiography. Computerized quantitative coronary anal-
ysis was performed with the DCI Polydiagnest C2 x-ray
imaging system (Philips Medical Systems, Best, The Neth-
erlands), Pre- and post-PTCA single-plane digital coro-
nary angiography was performed under standard condi-
tions to permit quantitative analysis. We used avtomated
edge-detection software to analyze digital radiographic
images, with the guiding catheter as the calibration stan-
dard, From the shape of the coronary segment, the refer-
ence diameter, minimal luminal diameter, and diameter
stenosis were derived. The perfusion status of the target
vessel was elassified according to the grading system of the
Thrombolysis in Myocardial Infarction (TIMI) trial.® The
morphologic types of the lesions were determined accord-
ing 1o the definitions established by an American College
of Cardiclogy—American Heart Association Task Force
Coronary artery dissections were defined according to the
classifications deseribed by Dorros et al®

Angioplasty. After angiography a 0.014-inch guide wire
(High Torque Floppy, Advanced Cardiovascular Systems,
Santa Clara, Calif.) was advanced across the lesion, Qver
this guide wire a rapid-ezchange, low-profile, compliant
baltoon catheter (Scimed Express) was positioned al the
stenosis. Inflation pressures were adjusted sccording fo
balloon diameters given by the manufacturer and the ref-
erence diameters of the target segments, Performance of
the guiding catheter (back-up support, opacification of the
target vessel, and pressurs monitoring) and of the balloon
catheter {crossability and retrievability} were semiquanti-
tatively scored as good, moderate (no need to change guid-
ing or balloon catheter), or poor (need to change guiding or
ballcon catheter).

Introducer sheath removal and hemostasis. The arterial
sheath was removed directly after withdrawal of the guid-
ing catheter, followed by application of & tourniquet at the
radial puncture site, The tourniquet was released gradually
over a 15- to 30-minute period. After hemostasis had been
achieved, a pressure bandage was applied over the pune-
tured artery for 6 hours. Patients were not restricted to bed
rest but were advised {o refrain from movements of the
wrist joint.

Predischarge examinations. The radial artery was eval-
uated for the presence of pulsations, The Allen test was re-
peated, The reversed Allen test, the result of which is nor-
mal when after compression of ulnar and radial arteries the
hand becomes normally colored <10 seconds after release
of the radial artery, also was performed. Claudication of the
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Table it. Angiographic data

i %
Distzibution of lesions {n = 122)
LAD 51 41
RCA 24 20
LCX 22 18
OM 16 13
Dingonal [ 5
VBG 2 2
RDP 1 1
TIMI grade
1] 3 2
1 1 1
2 5 4
3 113 93
Type of leslon (s = 122)
A 67 &5
B 37 30
C 18 16
Calicified lesion 8 7
Thrombus at lesion 2 2
Disseetion 1 1

LAl Left anterior descending cotonary artery; ECX, left circumBex coro-
naty arfery; OM, obtuse marginal branch; RCA, right coronary artery; RDP,
right descending posterior branch; TIAfT, Thrombolysis in Myocardial In-
{arction trial; VBG, venous bypass graft.

hand was tested by asking the patient to open and close the
hand 50 times. A two-dimensional and Doppler ultrasound
study was performed just before discharge. If radial artery
pulsatiens or flow were absent, an ultrasound study was
repeated after 1 te 3 months.

Definitions of success. Procedural suceess was defined
as <50% residual stenosis and normal flow without proce-
dural major cardiac complications such as death, acute
myocardial infarction, or coronary bypass surgery. Clinical
sirceess was defined as procederal success, absence of car-
diae complications, and no need for second PTCA from the
moment the guiding catheter was withdrawn from the pa-
tient.

RESULTS

Study population. Between August 1992 and April
1993, 660 patients underwent PTCA in our depart-
ment. From the 430 patients assigned to the two in-
vestigators, 100 patients were selected for transradial
artery balloon angioplasty. Clinical baseline charac-
teristics are summarized in Table I,

Angiographic data Distribution of angioplasty le-
sions, TIMI grade flow, and morphologic types of le-
sions are presented in Table II, Reference dizmeter
of target segmenis was 2.5 £ 0.5 (1.4 to 4.2) mm,
minimal luminal diameter 0.9 £ 0.3 {0 fo 1.8) mm,
and diameter stenosis 4% + 11% (30% to 100%).

Procedure

Radial artery cannulation. The radial artery was
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Tabie lll. Balloon catheter selection and inflation char-
acteristics

n %
Total 104
Balloon diameter (mm)
2.0 14 13
2.5 53 61
3.0 34 33
3.5 3 3
No. of inflations 29 £ 1.1 (17

0.6 + 1.9 (6-15)
3.0 £ 0.5 (1.9-4.1)

Pressure (atm)
Balloen size during inflation (mm)

successfully punctured and cannulated in 96 patients
(86% within 5 minutes), In 3 patients radial artery
puncture failed, and in 1 patient the guide wire could
not be advanced, leading to temporary staining of
contrast medium in.the radial artery vesse! wall,
Three of these patients had successful PTCA via the
femoral artery and 1 via the brachial artery. No pro-
cedural complications leading to functional disability
of the hand or requiring vascular surgery were
encountered.

Guiding catheter selection and performance.
Coronary artery cannulation with 6F guiding cathe-
ters was successful in 94 (98% ) of 96 iransradial ar.
tery procedures (89 % within 5 minutes), In 1 patient
the procedure had to be discontinued because of se-
vere spasm of the radial artery. In another patient the
guiding catheter could not be advanced beyond a
tortuous subelavian artery. Both patients had suc-
cessful PTCA via the femoral artery. One hundred
forty-seven guiding catheters {1.47 catheters per
procedure) were selected before the coronary artery
was cannulated. For the left coronary artery
161 + 1.6% and for the right coronary artery
1.2 + 0,65 guiding catheters were used (p not signif-
icant). Inability to engage the ostium of the coronary
artery and kinking of the shaft after excessive ma-
nipulations of the guiding catheter were the major
reasons for failure, For PT'CA 103 catheters were fi-
nally used. The left coronary artery was cannulated
with the Judkins Left {49%), multipurpose (36%),
Amplatz (11%), and El Gamal (6%} catheters and
the right coronary artery with Judkins Right (40%),
multipurpose (30%), and El Gamal (30%} catheters,
For these catheters, contrast opacification and pres-
sure monitoring were rated good in 97% and 99% of
instances, respectively. Backup support was good in
80% and moderate in 20% of cases.

Balloon catheter selection and performance, For
100 patients, 104 balloon catheters (1.04 balloons per
patient} were used, Details on balloon size and infla-
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tions are given in Table IIL Only 2 (3%) balloon
catheters with a diameter of 3.6 mm were used
because the compliant 3.0 mm dilatation cathelers
reach a diameter >3.5 mm at inflation pressures >11
atm. Larger vessels were not encountered frequently
in this study, Difficulty in vessel opacification and
balloon retrieval did not play a role in selection of the
smaller balloon catheters. Passage of the dilatation
catheter through the guiding catheter and crossabil-
ity at the stenosis was rated good in 8% and mod-
erate in 9% of cases, All balleon catheters were suc-
cessfully retrieved, but 3 balloons were pulled back
with noticeable friction,

Angiographic results. Procedural success was ob-
tained in 92 (98%) of 94 transradial artery PTCAs
and in the 6 PTCAs performed via the femoral or
brachial arteries, Two (1.6%) lesions (reference di-
ameter }.9and 1.8 mm, minimal luminal diameter 0.8
and 0.9 mm) could not be crossed with the dilatation
catheter. In both patients a second attempt via the
femoral artery with 8F guiding catheters and lower-
profile balloon catheters also failed. Of 122 lesions,
120 (98.4%) were successfully erossed and dilated.
Minimal luminal diameter increased to 2.0 x 0.5 (0.6
to 3.6}, mm and diameter stenosis was reduced to
24% + 11% (0% to68%). Inthree (3% ) patients the
final result was considered suboptimal because of an
obstructive dissection at the angioplasty site; in these
cases a Palmaz-Sehatz stent {(Johnson & Johnson In-
terventional Systems, Warren, N, J.) manually
crimped on the same type balloon catheter was
implanted, also via the radial artery, with an optimal
result. At 10 (8%) angioplasty sites a type A® dissec-
tion and at 20 (16%) sites a type B dissection was
visible, At 3 sites (2%}, a minor side branch was oc-
cluded without clinical or electrocardiographic signs
of ischemia. No other procedural complications were
encountered. The procedure lasted 15 to 120 {(mean
35 + 17) minutes,

Hemostasis. Hemostasis was obtained 29 + 15 (16
to 120) minutes after sheath removal. In one patient,
collagen (Vasoseal) was applied subeutaneously near
the puncture opening to stop prolonged leakage of
blood.

Clinical course. The 2 patients in whom the attempt
to cross the stenosis had failed had an uncomplicated
clinical course, Of 98 patients with a successful
PTCA, 4 (4%) patients had acute myocardial ische-
mia, One patient had chest pain and electrocardio-
graphic changes 1 hour after PTCA of the left
circumflex coronary artery (LCX) (11% residual
stenosis, no dissection). At acute angiography the di-
lated segment showed no abnormalities, but a signif-
tcant lesion was now visible more distally in the ves-
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gel, The patient had an wncomplicated course after
suecessful PT'CA of that lesion. One patient had un-
stable angina pectoris 1.5 hour after successful PTCA
of the LCX (30% residual stenosis, type B dissec-
tion). During acute angiography, a significant steno-
sis caused by dissection and thrombus was visible;
subsequent PTCA was successful. A small (creatine
kinase MB iscenzyme [CK-MB] 36 IJ/L) non-Q-
wave myocardial infarction developed in this patient.
Another patient had a total occlusion 12 hours after
PTCA of the left anterior descending coronary artery
(LAD} (24% residual stenosis, type B dissection).
Despite successful emergent second PTCA, the pa-
tient had a Q-wave anteroseptal infarction with a
maximal CK-MB of 119 TU/L. One patient had three
episodes of unstable angina, the first episode 24 hours
after successful PTCA of the LAD for postinfarction
angina pectoris (47% residual stencsis, type B dis-
section). This patient had three successful recanali-
zations for receclusions of the LAD, None of these
repeat PTCAs was followed by increases in CK-MB
or development of new Q waves. All second PTCAs
were performed via the right femoral artery. No
emergent coronary artery bypass surgery was needed.
No bleeding complications from the puncture site
were recorded. Vascular surgery or blood transfu-
sions were not required, Patients were discharged
1.6 + 2.0 (0 to 14) days after angioplasty.

Radial artery assessments. Two-dimensional and
Doppler vlirasound examination of the radial artery
was performed in 97 patients (97%). An intimal le-
sion was seen in 11 {11% ) patients. ‘T'wo patients had
a pseudoaneurysm at the puncture site. At follow-up
one pseudoaneurysm spontaneously disappeared,
and the other remained stable, In 10 (10%} patients
the radial artery pulsations were absent at discharge,
and the result of the reversed Allen test was negative
{abnormal}, These patients alsc had absent (n = 8) or
diminished (n = 2) Doppler flow patterns. None of
these patients had claudication or functional disabil-
ity of the hand. Late recanalization at follow-up was
clinically evident in § patients, In 3 patients, radial
artery pulsations remained absent, Two patients
with early radial artery deficit were not available for
late follow-up.

DISCUSSION

At present there is a trend toward the downsizing
of PTCA guiding catheters, from the 9.4F catheter in
early experience with PTCA to the commonly used
8F catheters and the newer 7F,% 6F,7 5F 2 and even
4F?® guiding catheters. This evelution toward minia-
ture equipment makes a small artery, such as the ra-
dial artery, suitable as an aceess site for PT'CA.

Kiemeneij, Luarman, and de Melker 5

Campeau!? performed transradial diagnestic heart
catheterization in 100 patients with 5F catheters. In
this series the coronary arteries were successfully
reached in 88 patients; in 10 patients puncture or
cannulation failed; and in 2 patients the coronary
catheterization failed. Early and late pulse deficit
occurred in 22 and 6 patients, respectively. Signifi-
cant complications were arterial dissection In 1
patient and radial artery oectusion in another, both
without signs of ischemia in the hand,

Our study was performed with 6F introducer
sheaths and with a new 6F guiding catheter (Seimed
Triguide). For the total study population, procedural
success was 98% (98 of 100) and clinical success 34 %
{94 of 100). In patients in whom transradial artery
angioplasty was completed, procedural success was
989% (92 of 94) and clinical success 25% (89 of 94),
These results compare favorably with the literature
on the conventional femoral approach.t In this early
experience, we used only 0.025- or 0.035-inch An-
giomed® guide wires for guiding catheter advance-
ment, Although the (.035-inch guide wire allowed
more support, friction between this wire and the ra-
dial artery is felt by the operator more commonly.
Ideally a more slippery guide wire of appropriate
stiffness should be used. Because guiding catheters
are changed more frequently, the use of 260 ¢cm ex-
change wires also facilitates the procedure, The per-
formance of guiding catheters with regard to backup
support, passage of dilatation catheters, and visual-
ization of coronary anatomy was satisfactory.

A large number (147} of guiding catheters were
used because several catheters had to be replaced
because prolonged manipulation caused kinking of
the thin shaft, Preshaped catheters (e.g., Amplatz
and Judkins) are designed for the femoral approach,
whereas the appreach from the right arm may com-
promise the properties of these catheters. A reason
for not using the left radial artery to cope with this
problem is a change of the position of the operator
toward the left side of the catheterization table. This
change requires major rearrangement of the cathe-
terization table and laboratory especially if the mon-
itors cannot be moved toward the right side of the
table. The number of balloon catheters per procedure
(1.04) was low as a result of the inflation pressure—
dependent diameter of this compliant balloon, so
that the final result could be obtained by a single
balloon catheter. The High Torque Floppy guide wire
performed well with regard to support for the balloon
catheters and with regard to ability to cross the
lesion. However, recanalization of chronic total oc-
clusions was not attempted in this study. Stiffer
guide wires may be more appropriate for this indica-
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tion, The use of 6F guiding catheters has been ques-
tioned for inappropriateness for use with bailout de-
vices such as coronary stents and perfusion balloon
catheters,

In the present study, no stent was primarily
implanted in patients with a type B dissection
because residual stenosis was <50% and flow was not
impaired. However, in three of these patients a post-
procedure coronary artery occlusion developed.
Three other patients in whom PTCA results were
suboptimal because of an occlusive dissection were
successfully treated by transradial artery implanta-
tion of & Palmaz-Schatz stent. The stent was manu-
ally erimped on the balloon catheter used. Palmaz-
Schatz stent implantation via 6F guiding catheters
has been reported by Urban et al.! The transradial
artery approach for stent implantation through 6F
guiding catheters has recently been studied by our
group'? in a series of 20 patients. No attempt to op-
timize suboptimal results with long inflations by us-
ing a perfusion balloon was made because during this
study no low-profile perfusion balloon catheters were
available. In another recent report, however, we!®
described satisfactory resulis of angioplasty through
6F guiding catheters with a new perfusion balloon
(ACS Flowtrack 40) as primary device in 14 patients.

An important finding in the present study is the
absence of major vascutar complications such as sig-
nificant bleeding, need for vascular surgery, and
functional disability of the hand. Radial artery oc-
clusion after the procedure (10 patients) and at fol-
low-up (3 patients) was higher than would be ex-
pected at the femoral or brachial artery sites but was
surprisingly low when compared with the 30% and
38% incidences of radial artery occlusion reported hy
Davis and Stewart!'* and by Bedfort and Wallman,®
respectively after prolonged cannulations of the
radial artery for blood pressure monitoring, Early
withdrawal of the sheath, immediately after angio-
plasty, may be an important factor in the prevention
of radial artery thrombosis. However, an 2% inci-
dence of pseudoaneurysm formation may be related
to sheath removal during anticoagulation,

Symptoms of radial artery oeclusion were ahsentin
our study because only patients with colateral bleod
supply to the hand were selected. In the series by
Bedfort and Wallman?® 105 radial artery cannula-
tions were prospectively studied in 100 patients,
Forty (38%) radial arteries were cccluded, No major
ischemic complications were detected in these pa-
tients, but 4 patients had signs of distal vascular in-
sufficiency in the form of a pale, cold thenar emi-
nence. Mandel and Dauchot!® reviewed 10600 radial
artery cannulations, The cannulas were removed af-
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ter & hours to 5 days. Distal ischemia requiring em-
bolectomy or vascular reconstruction was encoun-
tered in only 2 (0.2% ) patients. Slogoff et al.1 exam-
ined 1699 patients who had prolonged radial artery
cannulation for monitoring purposes after cardiac
surgery. Although flow was diminished or absent in
25% of patients during Doppler examination, no is-
chemic damage or disability of the hand occurred.
Based on our experience and on these reports, we
consider radial artery cannulation as a low-risk entry
site even if postprocedural radial artery patency is
absent. The absence of puncture-related complice-
tions reduces the costs of coronary interventions by
reducing the need for diagnostic procedures, the need
for vascular surgery, and hospital stay (1.6 days in
this study).

The high procedural and clinical success rate, the
possibility of using bailout techniques such as perfu-
sion balloons and coronary stents for treatment of
suboptimal PTCA results, and the absence of major
puncture site-related complications makes the radiat
artery an promising entry site for coronary angio-
plasty, To compare the safety and efficacy of this ap-
proach with those of the percutanecus femoral and
brachial approach a randomized study is being per-
formed in our department.
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A randomized comparison of coronary angioplasty by the transradial, transbhrachial and
transfemoral approsch: Interim analysis of the ACCESS- study

Ferdinand Kiemeneij, Gert Jan Laarman, Diego Odekerken, Rein Schuilenburg, Ton
Slagboom, Jo Suwarganda, Ron van der Wieken
ADIC - OLVG, Amsterdam, the Nederlands

ABSTRACT

B'tckgl ound, Miniaturization of angioplasty 111'1&611&1 has made coronary angioplasty (PTCA)
via the radial artery feasible, -

No randomized data are available on procedural and clinical ouicome of PTCA with 6F gui-
ding catheters, introduced via the radial, brachial or femoral arteries,

Methods. To compare the mutual relation belween access-fatlure rates and vascular complica-
tions, under the assumption that PTCA- results are equal, a randomized comparison is perfor-
med in our center between elective transradial, transbrachial and transfemoral PTCA with 6
French guiding catheters in 900 pts, Primary endpoints are enlrysife related (necessity to
puncture 2nd access-sife, Hb-loss>2 mmol/l, transfusions, vascular interventions) and angio-
plasty related (death, CABG, rePTCA, MI, unstable angina, residual stenosis>50%).
Secondary endpoints are QCA- pre and postPTCA, vascular ultrasound findings, procedural
and fluoroscopy time and hospitalization. An interim analysis at 450 pts was performed.
Baseline characteristics were balanced in all groups,

Results. A successful coronary cannulation was achieved in 140 (92.1%), 141 (96.6%) and in
152 {100%) of patients, randomized to the radial, brachial and femoral artery respectively. In
this order a successtul PTCA procedure (with or without stenling) was achieved in 93.4%,
95.1% and 96.0% of patients {p=ns).

Procedural time (and as a consequence fluoroscopy time) of transradial PTCA was longer
(43.7 £ 26.4; median 37 minutes) compared to transbrachial PTCA (40.6 £ 26.9; median 33)
[p=ns] and transfemoral PTCA (36.6 + 24.3; median 30) {p[radial-femoral}=0,02], Cardiac
events during hospital stay showed no significant differences in the three groups.

No ischeniic complications of the hand were recorded following transradial PTCA, even in
patients with absent radial artery pulsations (n=12; 7.8%) at discharge. No major entrysile
related bleeding complications were encoumtered in this group, whereas 2 patients (1.3%)
{p=ns} in the femoral group and 6 patients (4.1%) in the brachial group (p=0.03) had an
access complication, requiring intervention. The mean hospital stay in the radial group was
[.5 £ 1.8 days (median 1; range 0-15) in the brachial group 1.6 £ [.8 (median |; range 1-12)
and in the femoral group 1.7 & 3.4 (imedian 1; range 0-39) [p=NS§].

Conclusion: Procedural and clinical ourtcome of PTCA with 6F guiding catheters are favora-
ble and similar for the three subgroups, but access- fatlure is more comimon during transradial
PTCA. Bleeding complications are more frequently encountered after transbrachial angiopla-
sty. The ACCESS-study will be continued to an enreliment of 900 patients.

INTRODUCTION

Safety of transradial coronary catheterization is mainly determined by the favourable anatomi-
cal relations of the radial artery to its surrounding structures. No major veins or nerves are
located near the radial artery, excluding the chance of relevant injury of these strictures.
Because of the superficial course of the artery, hemostasis easily can be obtained by local
compression, Thrombotic or traumatic artery occlusion does not endanger the viabiiity of the
hand, if adequate collateral blood supply from the uinar artery is present. We modified the
technigue of {ransradial coronary catheterization as described by Campeau in 1989 (1), to per-
form transradial coronary angioplasty (PTCA), with 6 French (F) guiding catheters and minia-
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turized ballooncatheters. In 1992, when these catheters became commercially available, we
initiated a feasibility study towards transradial artery coronary angioplasty (PTCA). In a
series of 100 patients, PTCA could be performed via the radial artery in 94 patients; procedur-
al success in this group was 98% (2). No major bleeding complications were encountered.
Since little is known about the incidence of access failure and vascular complications after
insertion of 6F guiding catheters in the femoral and brachial artery and since no randomized
data are available comparing these three approaches, we designed the ACCESS-study: (A ran-
domized Comparison of perCutaneous Entry SiteS for coronary angioplasty}. This is an open,
randomized, single center study, to establish the mutual relation of access-faiture rates and
vascular complications of transradial, transbrachial and transfemnoral PTCA with miniaturized
(6F) PTCA equipment under the assumplion that PTCA results are equal in the three treat-
ment groups. The total study will include 900 patients.

We describe the results of the interim analysis of procedural and clinical outcome, performed
after enrollment of 450 patients.

METHODS

Patient selection

Patients were included with both stable and unstable angina, selected for single or multivessel
PTCA of lesions in native coronary arteries and venous bypass grafts.

Suitability to participate in this study, concerning cardiac status, was assessed by one of the
investigators, At arrival of the patient in the catheterization laboratory, femoral, brachial,
radial and ulnar artery pulsations were examined and the Allen- test was performed. Informed
consent of the patient to participate in this study was obtained if the patient fullfilled the
enrollment criteria, Exclusion criteria are represented in Table 1.

If no exclusion criteria were encountered, the patients were randomized to the radial, brachial
or femoral artery approach.

Medical preparation

At the start of the procedure patients received Diazepam 5 mg orally and Aspegic 900 mg
intravenously. The puncture sile was infiltrated with Xylocaine 2%, 2-10cc. Heparin 5.000 [U
was administered via the introducer sheath at the start of the procedure.

After sheath removal and local hemostasis, heparin infusion was continued "overnight" in
case of angiographical evidence of intracoronary thrombosis or dissection.

Nitroglycerin 100-300 microgram was administered before the first coronary angiogram and
before the final angiogram and repeated if necessary.

Femoral and brachial cannulation

In all patients the percutaneous transluminal technique was used. After appearance of pulsatile
blood from the arterial needle, an 0.035 inch guidewire was advanced, followed by insertion
of a 6F arterial introducer, 10 cm in length.

Radial artery cannulation

The right arm, supported by an extension of the catheterization table is abducted (approxima-
tely 459) and the wrist is hyperextended.

After local anesthesia with Xylocaine 2%, the radial artery is punctured with an Arrow®, 22
GA Radial artery catheterization set or with an [8G arterial needle at | em proximal from the
styloid process. After appearance of pulsatile flow from the needle an Angiomed® 0.025 inch,
260 cm long guidewire is intreduced through this system, followed by insertion of a 6 French,
23 cm long arterial introducer, after having made a small skin incision with a #1 | surgical
blade.
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Table [. Exclusion criteria

A, Vascular status,
Absence of pulsating femoral, brachial or radial arteries
Absence of collaterals between radial and ulnar arteries (Negative Allen-test)
Previous surgery at a potential entry site
Failed previous attempts

B. Cardtac status
Chronic total occlusion
Acute myocardial infarction
Expected severe hemodynamic delerioration during balloon inflation or after
PTCA- failure, leading to intraaortic balloon pumping or right heart
catheterization for haemodynamic monitoring.
Expected need for insertion of a temporary pacemaker

C. Procedural
Ad-hoc PTCA, lollowing diagnoslic coronary angiography
Indwelling sheath from previous arterial punction
Planned stent implantation
Planned rotational or directional coronary atherectomy

C. General
No consent

Corenary artery cannulation

Six French guiding cathelers were available from Scimed® (Inner diameter (.060 inch),
Schneider® (ID 0.061 inch) and from Cordis® (ID (0.062 inch). A 6 French goiding catheter
was selected with an appropriate curve, providing maximal backup support during angiopla-
sty. In all patients compliant rapid exchange balloon catheters were used (Scimed Express )
in combination with an ACS® 0.014 inch High Torque Floppy guidewire,

Access failure

After a failed attempt to cannulate the coronary artery, because of an access- site refated pro-
blem, the operator was free to select any other entry- site. This could be the same artery at the
contralateral side or any other artery. Selection of a second entry site to achieve a successfull
angioplasty was considered to be a primary endpoint (Table 2).

Sheath removal, immobilization and discharge

In all instances, the arterial sheath was removed, directly after withdrawal of the guiding
catheter, followed by application of a tourniquet at the radial puncture site or by manual com-
pression of the brachial and femoral punture sites. A pressure bandage over the punctured
artery was applied for 4 hours. After femoral entry, patients had bed rest for 6 hours.
Following brachial and radial entry patients were not restricted to bed rest, but the patients
were advised to restrict movements of elbow and wrist joint respectively, If no complications
were encountered, the patient was discharged the day following PTCA.

Qualitative coronary analysis

Preprocedural lesion morphology was classified according to the definitions established by an
American College of Cardiclogy/American Heart Association task force (3). Post- procedural
coronary artery dissections were described according to the classification described by Dorros
et. al.{4).
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Quantitative coronary analysis

The x-ray imaging equipment used was the Philips Poly Diagnost C2, equipped with a Digital
Cardiac Imaging system (DCI) (Philips Medical Systems, Eindhoven, the Nethertands), This
system gives on-line video digitized images, for optimal angiographic assessment of coronary
artery anatomy,

Quantitative analysis of coronary segments was performed with this system before and angio-
plasty and after the final balloon inflation under standardized conditions.

Assessments and examinations

An ECG was made before and alter the procedure and at 1 month follow-up.

Laboratory assessments were hemoglobin and hematocrit before PTCA and at discharge and
creatine phosphokinase (included MB- fraction) prior to discharge.

At discharge physical examination of the punclure site was performed on the presence of a
complication {occlusion, hematoma, arteriovenous fisula, pseudoaneurysm) followed by a 2D
and Doppler ultrasound examination,

IFoliow-up evaluation
One month after the procedure patients were examined at the outpatient clinic and screened

for the presence of any access-site related and cardiac complication.

Endpoints

Primary access- site and PTCA related endpoints and secondwry endpoints are shown in
Table 2.

Table 2. Primary and secundary endpoints

A, PRIMARY ENDPOINTS

I Access-site failure defined as either one of the following:

1. Neeessity to puncture second access-site for any failure,

2. Access- site complication with: hemoglobin-loss 2 2 points and/or
blood transfusions and/or
vascular repair

11, PTCA- failure

L. Residual stenosis > 50% after (perfusion-) balloon angioplasty or stent implantation
2. Death

3. Myocardial infarction

4. Unstable angina pectoris

5. Need for coronary artery bypass grafting

6. Need for repeat PTCA

B. SECONDARY ENDPOINTS

1. Change in Minimal Lumen Diameter (and %diameter stenosis) pre- and post PTCA
2. Ultrasound findings: pseudoaneurysm, arteriovenous- fistula, occlusion, hematoma
3. Duration of the procedure

4, Fluoroscopy time

5. Consumption of angioplasty material

6. Hospital stay

Statistical analysis
Randomization was performed by opening of a closed envelope, containing a code for either
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transradial (R), transbrachial (B) or transfemoral (F) angioplasty, These envelopes were orde-
red at random and provided of a registration number, running from 1 to 900,

Comtinuous variables are expressed as means + SD and were compared by the unpaired two-
tailed Student's ¢ test. Proportions were compared with the Chi square test.

Statistical signifance was defined as p < 0.05. An interim analysis on an intention to treat
basis was made after envollment of 450 patients.

DEFINITIONS

Allen- test
Positive (normal) when after compression of both radial and ulnar arteries, a return of the nor-
mal colour of the hand occurs within [0 seconds after release of pressure over the ulnar arte-

ry.
Reversed Allen- fest

Posilive (normal) when after compression of both radial and ulnar arteries, a return of the nor-
mal colour of the hand occurs within 10 seconds after release of pressure over the radial arte-

Iy.

Canadian Cardiovascular Society Classification

Class 0= Free of exertional angina

Class [= No angina at ordinary physical activity

Class 2= Slight limitation of ordinary activity

Class 3= Murked limitation of ordinary activity

Class 4= Enability to carry on any physical activity without discomfort
Successful PTCA

Residual diameter stenosis postPTCA less than 509%, as assessed by QCA, irrespective the
technique or device used after a having obtained a suboptimal result with conventional bal-
loon angioplasty.

Major blecding/catheter site complication
Any bleeding associated with a Hb- loss of 2 mmol/! or leading to blood transfusion, vascular
repair or any complication leading to functional disability

Myocardial infarction

The presence of at least two of the following: 1. Occlusion of a previously patent coronary
artery; 2, prolonged chest pain; 3. serial enzyme pattern typical for myocardial infarction,
with at least one enzyme raised to more than twice the upper limit of normal; 4. the develop-
ment of new Q- waves.

Repeat PTCA
PTCA after the guiding catheter has been removed out of the arterial sheath.

Bypass surgery
Emergency or elective coronary bypass surgery involving the previously dilated segment,

Cardiac death
All deaths are considered cardiac unless an unequivocal non-cardiac cause can be estublished.
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RESULTS

Study group

Between November 1993 and September 1994, 45() patients were included at our department;
Radial artery group (R): n=152, Brachial artery group (B): n=146 and Femoral artery group
(F): n=152, One patient included in the brachial and one in the femorat artery group was
excluded from furher analysis, since at the time of the procedure, no significant lesion was
present. Baseline clinical characteristics are displayed in Table 3. Angiographical and QCA-
data are given in Tables 4 and 5. No significant differences were encountered between prepro-
cedural variables in the three study subgroups.

Table 3. Baseline clinical characteristics

RADIAL BRACHIAL FEMORAL P

n (%) n (%) I (%0}
Male 114 (750) 105 (71.9) 115 (757y NS
Age (year) 599+ 109 60.8 194 617111 NS
Height (cm) 174 £8 170 +38 173+£9 NS
Weight (kg) 79+ 11 77 + 11 79+ 13 NS
CCS1 2 (1.3) 3 2.4 4 {2.6) NS
CCS I 25 (164) 16 (11.0y 18 (12.0) NS
CCS III 71 (46.7) 66 (45.2) 68 (44.7) NS
CCS 1V 40 (26.3) 46 (31.5) 49 (322) NS
MI 60 (39.5) 63 @32y 70 (46.0) NS
CABG 3 85 7 48 3 (33 NS
PTCA 40 (263) 36 (24.7) 35 (23.0) NS
Aspirin 129 (84.9y 110 (75.3) 119 (783) NS
Coumadin 4 (2.6) 4 (2.7) 8 (5.3) NS
Persantin 1 0.7} 0 (0} 2 (1.3) NS
Hypertension 46 (30.3) 51 (34.9) 45 (30.2) NS
Diabetes [0 (6.0) 12 (8.2) 21 (13.8) NS
Cholesterol 45 (29.6) 46 (3Lsy S0 (329) NS
Smoking 104 (68.4) 89 (61.0) 104 (68.4) NS
Family 51 (33.6) 55 (37.7) 42 (27.6) NS
CCS Canadian Cardiovascular Seciety- angina pectoris classification
MI Myocardial infarction
CABG Coronary Artery Bypass Grafting
PTCA Percutaneous Transluminal Coronary Angiography
NS Not Significant
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Table 4. Angiographical characteristics

RADIAL BRACHIAL FEMORAL r

n (%) n (%) n (96)
No, Vessels 170 {100y 155 {100} 181 {(100) NS
LAD 76 (44.7) 73 {(47.1) 74 {40.8) NS
LCX 44 (25.9) 35 (22.6) 57 (31.5) NS
RCA 45 (26.5) 42 (Z1.1) 46 (25.4) NS
Other 5 2.9 5 (3.2} 4 (2.2) NS
No. lesions 192 (I100) 176 (100) 193 (100} NS

¥

Type
A 86 (44.8) 749 {44.9) 82 (42.5) NS
B 76 (36.4) 55 (31.3) 64 (32.2) NS
C 36 (18.8) 42 (23.8) 47 (24.3) NS
LAD Lefl anterior descending coronary artery “Reference #3
LCX Left circumtlex coronary arery
RCA Right coronary artery
Table 5. Quantitative and qualitative coronary analysis

RADIAL BRACHIAL FEMORAL P
QCA- pre
RD (mm) 2.66 +().65 2,73 +£0.67 2.66 +0.64 NS
MLD (nun} 0.80+£0.38 0.82 £ 0.45 0.77 £ 0.36 NS
DS (%) 69.8 £ 12.8 694+ 5.5 T 127 NS
QCA- post
RD {mmm) 2,76 £0.62 2.80 £ .58 2771058 NS
MLD {mm) 2.09 £ 0.63 2,15+ 0.69 2.12 1 0.69 NS
DS (%) 240+ 18.5 23.0x 160 239+ 180 NS
Dissection
Type¢ N {%) N (%) N (%)
A 19 (12.5) it (7.6) 28 (18.5)  0.009™"
B 24 (15.8) 30 207 29 (19.2) NS
C 4 (2.6) 3 2.0 3 (2.0) NS
D 0 M 0 ()] 3 (2.0) NS
E 0 () G (% | {0.7) NS
F 4 (2.6) 1 (0.7) | (0.7 NS s
Total 51 (33.5) 45 GLYD) 65 (43.0) 6.047
QCA (uantitative coronary anulysis %Rcfcrence #d
RD Reference diameter " Femorat-Brachial
MLD Minimal luminal diameter
DS Diameter stenusis
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Procedural results

Coronary cannulation

A successtul coronary cannulation was achieved in 140 (92.1%), 141 {96,6%) and in 152
{L00%) of patients, randomized (o the radial, brachial and femoral artery respectively. In 12
patients from the radial group coronary cannulation failed versus none of the patients in the
femoral group (p=0.001), In 5 pts from the brachial group, the coronary artery could not be
reached (p=ns) because of a puncture failure (n=2), inability to advance the guidewire (n=1)
or the guiding catheter (n=1}, Most failures in the radial group were due to a puncture failure,
whereas in | patient the sheath and in another the guidewire could not be advanced. During
the same session, 11 patients crossed over (o the femoral artery and 1 to the left radial artery,
followed by a successful procedure. In the brachial artery group, 4 patients crossed over to the
femoral artery and 1 to the radial artery, also with successful ouicome,

Material consumption

In the radial and the brachial group, more guiding catheters (1.4 + 1.0 and 1.3 1 0.8 respecti-
vely) were used, compared to the femoral group (.2 £ 0.5) [p=0.007 and p=0.03 respective-
ly]. No differences were found in the number of guidewires and batlooncatheters consumed
{Table 6),

Table 6. Material consumption

RADIAL BRACHIAL FEMORAL r
mean & SD mean = SD mean x SD
Guiding catheters 1.4 + 1.0™ 1.3+08" 2405 * 70007
Guidewires [1.3+0.7 {1.2+006 1.3+09 NSO‘03
Ballooncatheters 1.2+0.6 1.2+£06 1.2 £0.5 NS

Coronary angioplasty

In the radial group 5 patients (3.3%) received a stent during the procedure to improve subop-
timal balloonangioplasty results, in the brachial group 6 patients (4.3%) and in the femoral
group 2 patients (1.3%) [p=ns|. A successtul PTCA procedure (with or without stenting) was
achieved in 93.4%, 95,1% and 96.0% of patients randomized to the radial, brachial and
femoral approach, respectively (p=ns). Reasons for failed PTCA's (radial n=10 [6.6%];
brachial n=7 [4.9%] and femorat n=6 [4.0%]) and ensuing strategy are shown in Table 7.
Results of final quantitative and gualitative coronary analysis post PTCA are given in Table 5.
Compared to the palients in the brachial group, more dissections were seen in the femoral
group, Thus 33.5%, 31.0% and 43.0% of patients in the radial, brachial and femoral groups
were treated with a heparin infusion untill the next day.

Procedural time

Procedural time (moment from first attempt to puncture the artery to moment of sheath withd-
rawal) of transradial PTCA was longer (43.7 £ 26,4; median 37 minutes) compared fo trans-
brachial PTCA (40,6 + 26.9; median 33) [p=ns] and transfemoral PTCA (36.6 £ 24.3; median
30) |p{radial-femoral }=0.02].

Also, fluoroscopy time was fonger; 13.7 + 10.5: median 9.6, 13.0 4 11.3: median 8.9 and 11.0
+ [0.2: median 6.9 minutes in the 3 groups respectively (p{radial-femoral}=().02)
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Table 7. Procedural outcome (intention to treat)

RADIAL BRACHIAL FEMORAL P
n (%) 1 (%) n (%)
Unable to cross with
-guidewire 5 3.3 4 2.8) 3 (2.0) NS
-balloon 3 (2.0} 0 {0) 1 (0.7} NS
Final DS >50% 2 (1.3) 2 (1.4) 2 {1.3) NS
Total 10 (6.6) 6 (4.2) 6 4.0 NS
Treatment
-medically 6 3.9 3 2.1) 3, (2.0} NS
-1ePTCA 2 (1.3) 0] {0 [ 0.7 NS
-glective CABG i (0.7 2 (1.4) 1 0.7 NS
-emergent CABG 0 (0} 1 D 1 0.1 NS
Procedural Success 142 (93.4) 138 (95.1) 145 (96.0) NS

" Successful LASER procedure for o total occlusion

DS Diameter stenosis

MI Myocardial infarction

CABG Coronary artery bypass grafting

PTCA Pereutaneous teanslaminal coronary angioplusty

Compression-time

Since no manual compression was applied over the radial artery, no man-power time was
required to obtain hemostasis, No differences were recorded in manual compression time in
the brachial artery (I4.1 * 8.3; median 12.2; range 3-55 minutes) and femoral artery group
(12.8 £+ 8.6; median 10.0; range 5-60 minutes).

Clinical course

Cardiac events

Cardiac events during hospital stay are shown in Table 8. No significant differences in the
three groups were found, One patient died (Brachial group) from a intracerebral hemorrhage,
during anticoagulation after bailout stent implantation. In the radial artery group, 2 patients
underwent a second attempt via the femoral artery after u failure to cross the lesion; these
were counted as a cardiac event.

Entrysite complications

No ischemic complications of the hand were recorded following transradial PTCA, even in
patients with absent radial artery pulsations (n=12; 7.8%) at discharge. Spontaneous recanali-
sation was found in 4 of these patients, at 1 month follow-up. No major entrysite related
bleeding complications were encountered in this group, whereas 6 patients (4.1%}) in the
brachial group (p=0.03) had an access complication, requiring intervention. Surgery was
required in 3 patients (2 pseuancurysms, | bleeding), One patient required bloodtranstusion.
In one patient a pseudoaneurysm could successinlly be obliterated by prolonged compression
under ultrasonic guidance. One patient required local infiltration of analgetics for the treat-
ment of nerve compression by a hematoma. In the femorat group, 2 patients (1.3%) required
vascuiar surgery, one for a major bleeding and one for a pseudoaneurysm (p=ns).
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Table 8. Cardiac events during hospital stay

RADIAL BRACHIAL FEMORAL P

n (%) il (%) n (%) NS
Death 0 (@ I 0.7 0 (0} NS
Q-wave MI I 0.7 G (0 0 {4)) NS
Non-Q wave Mi 2 (1.3) I (1)) 13 (0.7 NS
Emergent CABG 2 (1.3) 1 (0.7 2 (1.3) NS
Elective CABG 1 (0.7) 4 2.8) 1 0.7) NS
Repeat PTCA 5 (3.3) 2 (i.d) 3 2.0 NS
Total il {7.2) 9 6.4 7 .7 NS

" In the first collum, ail events are taken into account, also multipte events in | patient (e.g. repeat PTCA, followed
by emergent coronary bypass surgery and a non-Q wave myocurdial infarction are counted as 3 separate events).

WYl Myoecardial infarction
CABG Coronary artery bypass grufting
PTCA Percutancous transluminal coronary angioplusty

Hospitalization
The mean hospital stay in the radial group was 1.5 £ 1.8 days (median 1; range 0-15) in the
brachial group 1.6 £ 1.8 (median 1; range 1-12) and in the femoral group 1.7 + 3.4 (median 1;

range (1-39) [p=NS].
DISCUSSION

in this first hall of the study, success rate of coronary cannulation via the radial artery was
acceptable (92.1%). Most failures (n=1{; 83,2%) were due to inability to puncture the radial
arlery. With beller equipment selection and with improved experience, a better success rate
can be achieved. Coronary cannulation was successful in 100% of the patients in the femoral
group. This favorable owtcome does not only reflect the operator's experience. Since patients
with a previous failed catheterization, due to an entry-site problem, were excluded and since
almost ali patients had their diagnostic catheterization via the femoral artery, a bias towards a
successful transfemoral catheterization was present. Once the radial artery was punctured,
coronary catheterization was successful in 98.6%. More guiding catheters were used in the
radial group and to & lesser exient in the brachial group, when compared to the femoral
approach. This is explained by the fact that most guiding catheters are designed for the femor-
al approach; via the right arm the curves may have less adequate properties. Caused by a
more difficult radial artery cannulation procedure und by problems with proper catheterselec-
tion and coronary cannulation, median procedural time and fluoroscopy time were longer
compared to the femoral approach (7 and 2.7 minutes respectively; p=0.02). On the other
hand, with the hemostasis techniques applied, no personel was involved to compress the
radial artery, while manual compression of the brachial and femoral artery lasted 14.1 and
12.2 minutes, respectively.

No differences in procedural and clinical outcome of PTCA were present between the three
groups. Procedural success rates with 6F guiding catheters were high; 93.4%, 95.1% and
96.0% for transradial, -brachial and -femoral PTCA, respectively. Only in 2 cases (0.4%) an
attempt with 8F systems had to be undertaken, becanse tack of guiding catheter support was
considered to be the main reason for failure; in 1 patient success was achieved. Since corona-
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ry stenting has become an essential part of the PTCA- technique to improve suboptimal
PTCA results (in this study 13 patients; 2.9%), il is important to notice 6F guiding catheters
do not preclude the use of Palimaz Schatz coronary stents. The applicability of stents through
OF catheters has recently been reported (5,6,7,8,9). We also reported on the feasibility of
applying perfusionballoons through 6F catheters in elective and in bailout situations (7,10).
The main reason to start the percutaneous transradial PTCA program (2} was to abolish entry-
site complications. Indeed, no major bleeding complications were encountered after transra-
dial PTCA.

Early radial arfery occlusion was encoundered in 12 (7.8%) patients; spontancous recanalisa-
tion was found in 4 patients. In the feasibility studies on transradial PTCA (100 pts} and on
transradial stenting (100 pts), incidence of radial artery occlusion was also low (2,11) when
compared to a 30% and 38% incidence of radial artery occlusion reported by Davis et al (12)
and by Bedfort et al. (13), respectively, after prolonged cannulations of the radial artery for
blood pressure monitoring. Symptoms and signs of radial artery occlusion were absent. In the
series of Bedfort e.a. 105 radial artery cannulations were prospectively studied in 100
patients. Radial artery (hrombuosis was found in 40 patients (38%). No major ischemic compli-
cations were detected in these patients, but 4 patients had signs of distal vascular insufficien-
cy, in the form of a pale, cold thenar eminence. Mandel e.a. reviewed [.000 radial artery can-
nulations (14). The cannulas were removed after 5 hours to 5 days. Distal ischemia, requiring
embolectomy or vascular reconstruction was encountered in only 2 patients {(0.2%). Slogolf
et.al. analysed [.699 patients who had prolonged radial astery cannulation for monitoring pur-
poses after cardiac surgery (15). Although 25% of patients had deminished or absent flow
during Doppler examination, no ischemic damage or disability of the hand ocewrred in any
patient. Thus the radial artery can be considered as a low risk entry site, even {f post proced-
vral radial artery patency is absent. Most complications were seen after transbrachial angio-
plasty. This may be due to the overlying tendon of the biceps muscle and to the relation of the
brachial artery to its surrounding structures, Artery, vein and nerve are located near eachother.
Thus arteriovenous fistula and nerve damage can result during attempts to puncture the artery.
The brachial artery is more difficult to compress, especially if the upper arm is very muscular
or obese. Finally, the elbow is more difficult to immobilize.

Study limitations, The bias towards a more favorable transfemoral catheterization success
has been mentioned: exclusion of previous failures and the use of catheters, designed for the
femoral approach. This partially explains the longer procedural and fluoroscopy times for the
transradial- and brachial approaches. By using the left radial or brachial artery, the guiding
catheler problem is solved, However, working from the left side of the patien(, may be cum-
bersome. We have only limited experience with left radial procedures, performed at the right
side of the patient. A suituble guiding catheter, specifically designed for the right radial appro-
ach may offer a solution.

The study will be continued (o an inclusion of 900 patients,
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CHAPTER 4.6.1
POTENTIAL SOLUTIONS
RADIAL ARTERY AS ENTRY SITE
Transradial artery coronary stent implantation

PERCUTANEOUS TRANSRADIAL ARTERY APPROACH FOR CORONARY STENT
IMPLANTATION
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Percutaneous Transradial
Artery Approach for Coronary

Stent Implantation

Ferdinand Klemeneij, M, and
Gert Jan Laarman, MD, PhD

A new approach for Implantallon of Palmaz Sc¢halz coronary
stents Is reported. We describe the technique and ratlonaie of
coronary slenling with minlalurized angloplasty equipment via
the radial artery,

This technlque is Hfustrated in three patienls. One patlent
underwent Palmaz Schatz stent implantation for a saphenous
vene coronary bypass graft stenosks, the second patlent for a
restenosls in the anterlor descending coronary arlery alter ath-
erectomy, and the third palient for a second restenosis alter
balioon angfoplasty in the ¢clrecumiiex coronary artery,
£ 1983 Witey-Liss, Ing,

Koy words: Percutaneous transluminal coronary angloplasty,
coronary stent

INFRODUCTION

Coronary stenting has been developed to overcome
two major limitations of coronary balloen angioplasty
(PTCA); abrupt closure and late restenosis. Agressive
anticoagulant therapy is mandatory to prevent thrombotic
acclusion of the stent.

Coronary stenting by the femoral artery approach
carries a substantial risk for bleeding complications, es-
pecially il large-bore guiding catheters and arterfal intro-
duces sheaths are used. A possible solution for prevent-
ing severe puncture site-related events may be found in
the combination of a smaller puncture opening with se-
lection of another entry site. With the intreduction of 6
French guiding catheters allowing passage of low-profile
monorail balloon catheters, PTCA via the radial adery
became possible. In an ongoing study exploring the fea-
sibility of transradial artery coronary angioplasty, PTCA
success via the radial artery was 909 in 5O patients (sub-
mitted). No vascular complications vrged to bloodirans-
fusion or vascular surgery. Even in case of Doppler-
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proven radial artery occlusion {6%), no functional
disabikity of the hand was reported. Encouraged by these
results, we performed transradial artery Palmaz Schatz
coronary stent implantation through 6F guiding cathe-
ters, This report describes the technique in three patients.

TECHNIQUE
Patient Selection

In an ongoing study, paticnts undergoing stent implan-
tation and having a good puilsating radial adery and a
posilive Allen test were selected for the transeadiat artery
approach, irrespective of sex, weight, and size. The
Allen test was considercd positive when, afiter compres-
ston of both vlpar and radial arleries, a return of the
normal colour of the hand occwred within 10 sec after
release of the ulnar artery.

Medical Treatment

Patients are treated with Dextran 40, the first 500 ml at
a rate of 100 mbhr, the second 500 ml at a rate of 50
mb/hr, The infusion is started 2 hir before elective stent
implantation or from the moment the decision is made to
implant a stent in acute situations.

At the day of stent implantation, dipirydamole 225
mg/day and acetosalicylic acid 300 mg/d are started. Af-
ter sheath insertion, 10.000 IU heparin is administered
intra-arterinlly, followed by 5.000 IU for each hr the
procedure lasts. Three hr after hemostasis is achieved,
3.000 IU heparin is administered intravenously. Heparin
is titrated to Activated Partiat Thromboplastin Times
(APTTSs) of 80—100 secs until stable adjustment on oral
anticoagulant drug therapy (3 consccutive therapeutic
Thrombotests). Coumadin is given for 3 mo and accto-
saticylic acid and dipyridamole arc given for 6 mos.

In order to prevent radial and coronary artery spasm,
10 mg nifedipine are administered sublingually.

Ractal Artery Catheterization

The right arm is abducted o an angle of 70°, and the
wrist is hyperextended.

After local anaesthesia with lidocaine 2%, the radial
artery is punciured with an Amrow®, 22 GA Radial ar-
tery catheterization set at an angle of 45° at 1 cm prox-
imal from the styloid process. After appearance of pul-
satite Flow [rom the needle an Angiomed® 0.025", 260-
cm-long guidewire iz introduced through this system,
followed by insertion of a Bard® Hemaguet 11, 6 French
10-cm arierial intreducer, after having made a small skin
incision with a #11 surgical blade.
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Coronary Artery Cannulation

A Scimed® 6 French guiding catheter (inner diameter
0.060", shaft length 100 cm) is selected with an appro-
priate curve, providing maximal backup support during
angioplasty and stent implantation.

Angioplasty

After angiography an ACS® High Torque Floppy
0.014" guidewire is advanced across the lesion. Over this
guidewire a rapid exchange, low profile, compliant bal-
loon catheter (Seimed® Express) is positioned at the
stenosis. This dilatation catheter can easily be advanced
tirough 6 French guiding catheters, is easy to exchange,
and has variable diameters, dependent on inflation pres-
sures,

This inflation pressure-dependent variation of balicon
diameter makes a single balloon approach for the com-
plete procedure possible. The balloon size during predi-
latation corresponds to the reference diameter of the cor-
onary artery. The stenosis is predilated in order to reduce
friction between stent and lesion.

Stent Preparation

The preditating balloon catheter is used as stent car-
rier, because its increased profile afier the first inflations
will aHlow better support for the stent, compared to a
balloon, tightly wrapped on the catheter shaft. The bal-
loon is cleaned with saline to remove contrast agent,
possible blood clots, and lubricating coating. A 7.3 mm
(prefabricated) or 15 mm Palmaz Schatz coronary stent
(Johnson and Johnson) is manually crimped on the bul-
loon catheter, such that the ballvon marker is positioned
at the atticulation sitc from the stent (15 mm) or in the
middle of the stent (7 mm). No {free movement from the
stent over the balloon is allowed to persist.

Stent Delivery

The steat-loaded balloon catheter is advanced over the
guidewire toward the stenosis, under concomitant con-
trast delivery. The articulation site of the Palmaz Schatz
stent, the weakest portion of the stent, is positioned just
eccentric from the narrowest part of the stenosis. After
delivery, the stent diameter is optimized by successive
dilatations with larger balloon catheters or higher infla-
tion pressures,

Introducer Sheath Removal, Hemostasls,
and Heparinization

The arterial sheath is removed immediately after the
procedure. Hemostasis is achieved by progressively de-
creasing compression with a tourniquet over the puncttre
site during 30—45 mins. This is followed by application

of a pressure dressing during 6 hr. The patient is free to
mobilize,

RESULTS
Patient t

A 7l-year-old male with a history of coronary artery
bypass surgery in [988 for stable angina pectoris and
triple coronary artery disease was admitted to our depart-
ment for recent onset anginal attacks. Cardiac catheter-
ization revealed severe triple vessel disease and a signif-
fcant stenosis proximal in a saphenous vene jump graft,
with anastomoses on the first diagonal, obtuse marginal,
and on the posterolateral and descending posterior
branches of the right coronary ardery (Fig. 1A}. This
culprit lesion was considered suitable for angioplasty and
primary implantation of a Palmaz Schatz coronary stent.
The presence of collaterals between a well-developed
right radial artery and ulnar artery, as demonstrated by
the Alen test, allowed a transradial artery approach.
Over the guidewire a Scimed® 6 French multipurpose 11
guidingcatheter was advanced to the ostivm of the
venous bypass graft, followed by visualization of the
lesion. Quantitalive coronary analysis (Philips Digital
Coronary Imaging; Philips Medical Systems, Best, The
Netherlands) revealed a stenosis > 8 mm in length, ex-
tending from the ostium of the bypass gralt {minimal
luminal diameter [MLD] 1.04 mm, reference diameter
[RD] 3.05 mun, diameter stenosis {DS] 66%}). Predilata-
tion with 2 inflations at 6 atmospheres during 120 sec
with & Scimed® Express 2.5 mm balloon catheter re-
duced the stenosis to < 50%. Alter adequate positioning,
a [5 mm long stent was delivered with the same dilata-
tion catheter being inflated with 12 wimospheres during
30 sec (Fig. 1B).

The result was optimized by repeat dilatations with 3.0
and 3.5 mm Scimed® Express balloons, resulting in an
17% residual stenosis (MLD 2.7 mm, RD 3.26 mm)
(Fig. 1C). The clinical course was uncomplicated. Phys-
ical, 2-dimensional and Dwoppler ultrasound examina-
tions of the right radial arfery were normal, Patient was
discharged 6 days after stent implantation,

Patient 2

A 48-year-old man was admitted for unstable angina
pectoris and ST-segment elevation in the precordiat
teads, Cardiac enzymes did not rise and a diagnostic
catheterization, t d after admission, showed a normal
left ventricular function and a significant stenosis prox-
imal in the left anterior descending coronary artery
(LAD) (Fig. 2A). One wk later we performed a success-
ful directional atherectomy with a 7 French Simpson
Coronary Atheterocath (DVI) (Fig. 2B,C). Two mo
later, the patient was readmitted with unstable angina, A
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significant restenosis in the proximat LAD (Fig. 2D) was
considered suitable for Palmaz Schatz stent implantation.
A patent radial artery and collateral blood supply of the
hand allowed a transradial artery approach. A Scimed®
Amplatz Left H 6 French guiding catheter provided op-
timal support for angtoplasty. With quantitative coronary
angiography the lesion showed to be 10 mm in length
(MLD 0.58 mm, RD 2,79 mm, DS 71%). Predilatation
with a 3.0 mm balloon at 4 atmospheres during 45 secs
significantly reduced the stenosis. The stent was crimped
on the same balloon and successfully delivered at [0
atmospheres during 40 sec (Fig. 2E). The angiographical
result was optimized with one dilatation at 2 aimo-
spheres. Quantitative angiography revealed an 11% ste-
nosis at the articulation site (MLD 2,98 mm, RD 3.34
mum} (Fig. 2B}

The sheath was removed directly after the last contrast
injection, and hemostasis was obtained after 45 mins.
Physical, 2-dimensional, and Doppler ultrasound exam-
ination of the radial artery revealed no abnormalities.
The subsequent clinical course was uneventful, and pa-
tient was discharged 7 d after stent implantation,

Patlent 3

A 63-year-old man with previous successful PTCA of
the LAD (1989} and first diagonal branch of the LAD
(1991} was admilted in October 1992 with unstable an-
gina., Coronary angiography showed good long-term
PTCA result of the LAD and first diagonal branch and a
significant stenosis in the proximal segment of the ramus
circamflexus (RCX), which was successfully reduced by
balloon angioplasty. Because of progressive anginal
complaints, patient underwent repeat PTCA of a signif-
icant restenosis in the RCX 3 mwos later. After { mo, the
patient was readmitted for unstable angina, Because a
second restenosis in the RCX was suspected to be re-
sponsible for the patient’s complaints, stent implantation
was planned directly after diagnostic angiography.

After medical preparation for coronary stenting, cor-
onary angiography was performed via the right radial
artery with & 6 French Scimed® Amplatz Left I guiding
catheter. This indeed revealed a2 77% restenosis in the
RCX (MLD 0,74 mm, RD 3.17 mm) (Fig. 3A). The
lesion was predilated with a Scimed® Express 2.5 mm
balloon catheter at {2 aimospheres during 120 secs. On
a 3.0 mm balloon catheter, a 15 mm Palmaz Schatz stent
was manuvally {ixed. The stent was delivered with [3
atmospheres. Despite one more dilatation with a 3.5 mm

Flg. 1. A. Proximal stenosis (arrow) extending from estium of
the venous bypass graft. B. Stent dellvery wlth a Sclmed® Ex-
press 2,6 mm balloon catheter at 12 aimospheros. C. Final re-
sult.




s

Fig. 2. A. Proximal stenosls (arrow) in the feft anlerlor descending coronary artery. B. Direc-
tional athereclomy with a 7 French Simpson Coronary AtheroCath, C. lmmediate result after
directional alherectomy. D. Proximaf restenosis In the LAD, E. Stent delivery with Scimed&
Express 3.0 mm balloon calheter at 10 almospheres. F. Final result,
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balleon at 10 atmosphercs (Fig. 3B), a 33% stenosis
persisted (MLD 2.47 mm, RD 3.65 mm) (Fig, 3C). The
sheath was removed immediately after the procedure,
and hemostasis was obtained after 30 minutes.

The hospital course was uneventful and patient was
discharged 1 wk after the procedure.

DISCUSSION

The main concern after implantation of metallic cor-
onary sients is to find an optimal balance between he-
mostasis and anticoagulation, The incidence of puacture
site-related bleeding complications alter coronary stent-
ing has been reported to vary between 7.9% of 226 pa-
tients in the initial multicenter experience with the Pal-
maz Schatz stent [1] and 16% of 220 patients in single
center experience with the Gianturco-Roubin stent [2]. A
hleeding complication does not only have serious local
sequelae, but it may also force this balance toward sub-
optimal heparinization, with increased risk of stent oc-
clusion.

A possible solution for preventing severe puncture
site-related events may be found in the combination of a
smaller puncture opening with selection of another entry
site. In recent years development of miniaturized PTCA
equipment allowed the use of 7 French (3), 6 French
[4,5], and even 4 French [6] guiding catheters for coro-
nary angioplasty.

Translemoral artery stent implantation through 6
French guiding catheters has been reported in 3 patients
by Urban et al. [7L

Dorros et al. [8] described an alternative route for
performing percutaneous (ranslominal coronary angio-
plasty by performing arteriotomy of the brachial artery,
At present there is extensive experience with percutane-
ous transbrachial coronary catheterization and angio-
plasty, showing to be an effective and safe alternative to
the Sones- technique and the Seldinger- technique of the
femoral artery {911}

Complications after brachial artery punclure are rare,
but if present, they often require surgical repair [12].
Complications described are arteriovencus fistulae,
nerve injury, thrombotic artery obstruction, dissection,
and false aneurysm,

Campeau [12} reported on perculancous entry of the
radial artery for cardiac catheterization in 100 pts with a
collateral blood supply to the hand. An arterial sheath,
with an internal diameter of 5 French was used [12].
Only 2 symptomless, vascular complications were ob-

Fig. 3. A. Proximal restenosis (arrow) in the lelt circumflex
coronary arfery. B. Slent dllatalion with Scimed® Express 3.5
mm balloon catheter al 10 aimospheres. C. Final result. Note
resldual stenosls {arrow).
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served. Safety of transradial artery coronary catheteriza-
tion is mainly determined by the favourable anatomical
refations of the radial arlery to its surrounding structures
and the double blood supply to the hand. The sequelae of
radial artery obstruction are frequently mild even in pa-
tients not selected for good collateral circulation, Slogoff
et al, [13] reported on a series of 1,609 patients under-
going heart surgery, with perioperative radial artery can-
aulation. No ischemic damage to the hand was observed,
even in 25% of patients with abnormal Doppler flow
patterns, compatible with partial or complete radial ar-
tery occlusion {13]. No major veins or nerves are lecated
near the radial artery, excluding relevant injury of these
structures. Because of the superficial course of the ar-
tery, haemostasis easily can be obtained by local com-
pression, which is of major importance. An additional
advantage is the immediate ambulation of the patient,
increasing comfort of the procedure, We recemtly ex-
plored the feasibility of transradial artery coronary an-
gioplasty (submitted), PTCA success via the radial artery
was 90% in 50 patients and no vascular complications
urged to bloodtransfusion or vascular surgery. Radial
artery occlusion {3 patients; 6%) was not associated with
functional disability of the hand.

As illustrated in these cases, transradial artery stent
implantation is feasible through 6 French guiding cathe-
ters. However, several theoretical limitations of this ap-
proach should be emphasized. As prefabricated, sheath-
protected stent delivery systems cannot be advanced
through 6 French guiding catheters, some risk for stent
distodgement and embolization exists, when the stent-
loaded balloon passes the catheter lumen. Friction may
shear the bare stent from the balloon, possibly leading to
stent embolization, Therefore it is advised to crimp the
stent on a balloon after it has been inflated several times
in order to increase baltoon profile, attowing better sup-
port to carry the stent, Removing the lubricating coating
from the balloon may also help to keep the stent fixed to
the balloon.

Small goiding catheters may provide less support than
large ones. Adequate backup support is needed to allow
passage of a metaliic stent on an unlubricated balicon
catheter beyond a coronary stenosis. For this reason, a
guiding catheter curve has to be selected, which gives
optimal support. We recommend to predilale a tight ste-
nosis, because this will allow easier passage of the steat.

Visualization by contrast injection was satisfactory in
these patients, allowing precise positioning of the stent
in refation to the vascular segment of interest. However,
in those situstions requiring additional visualization
techniques, such as angioscopy or intravascular ultra-
sound, large bore catheters are preferred.
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Despite these limitations, when appropriate precau-
tions are taken, transradial artery stent implantation may
be a promising approach for a careful selected group of
patients.

To explore the feasibility, safety, and efficacy of elec-
tive percutaneous transradial coronary Palmaz Schatz
stent implantation with miniature angioplasty equipment
in patients with symptomatic coropary artery disease, a
prospective study is presently performed in our depart-
ment.
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Percutaneous transradial ariery approach for
coronary Palmaz-Schatz stent implantation

Ferdinand Kiemeneij, MD, and Gert Jan Laarman MD, PhD

Amsterdam, The Netherlonds

The first metatlic coronary stents were implanted in
human beings in 1986 to overcome twe major Hmita-
tions of percutaneocus transhuminal coronary balloon
angioplasty (PTCA): abrupt closure and late rest-
enosis.! Rigorous anticoagulant therapy is manda-
tory to prevent thrombotic occlusion of metallic
stents.? Coronary stenting by the femoral artery ap-
proach carries a substantial risk of bleeding compli-
cations, espeeially if large-bore guiding catheters are
used. A possible prevention of severe puncture site—
related events is the combination of a smaller pune-
ture opening with selection of another entry site,
With the introduction of 6F guiding catheters that
atlow passage of low-profile balloon catheters, percu-
taneous balloon angioplasty via the radial artery be-
came possible as demonstrated by our group in 100
consecutive patients,? This report describes the tech-
nigue, procedural results, and clinical course in 20
consecutive patients who underwent Palmaz Schatz
coronary stent implantation via the radial artery.

METHODOLOGY

Patient selectlion. In an ongoing study, patients se-
lected for coromary stent implantation who had a
good pulsating right or left radial artery and a posi-
tive Allen test result were selected for transradial ar-
tery approach, irrespective of the patient’s sex,
weight, and size. The Allen test result was considered
normal when, after compression of both ulnar and
radial arteries, hand color returned to normal within
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10 seconds after release of the ulnar artery, Patients
were included in our study after giving informed
consent.

Medical treatment. Patients were treated with Dex-
tran 40, the first 500 ml at a rate of 100 ml/hr and the
second 500 ml at 50 ml/hr, The infusion was started
2 hours before elective stent implantation or from the
moment the decision was made fo implant a stent in
acute situations. At the day of stent implantation,
dipyridamole 226 mg/day and acetesalicylic acid 300
mg/day was started. Aftersheath insertion, 10,000 14
of heparin was administered intraarterially, followed
by 5,000 1U for each hour the procedure lasted. Three
hours after hemostasis was achieved, 2,000 1U hepa-
rin was administered intravenously, Heparin was ti-
trated to Activated Partial Thromboplastin Times
(AP'I"I's) of 80 to 100 seconds until stable adjustment
on oral anticcagulant drug therapy (three consecu-
tive therapeutic Thrombotests). Coumadin was given
for 3 months and acetosalicylic acid and dipyrida-
mole were given for 6 months, To prevent radial and
coronary artery spasm, 10 mg nifedipine was admin-
istered sublingually before radial artery puncture.

Radial artery catheterization. The right arm was ab-
ducted to an angle of 70 degrees, and the wrist was
hyperextended. After local anesthesia with lidocaine
2%, the tadial artery was punctured with an Arrow
(Arrow International, Reading, Pa.} 22-gauge radial
artery catheterization set or an 18 gauge introducer
needle at a 45-degree angle 1 ¢cm proximal from the
styloid process. After appearance of pulsatile flow
from the needle, and Angiomed (Angiomed, Karl-
sruhe, Germany) 0.025-inch, 260 cm long guide wire
was introduced through this system, followed by in-
sertion of a Bard Hemaquet (Bard, Billerica, Mass.,}
I 6F 10 em arterial introducer after a small skin in-
cision was made with a No, 11 surgical blade,

Coronary artery cannufation, A Scimed Triguide
(Seimed Life Systems, Maple Grove, Minn.) 6F
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guiding catheter (inner diameter 0.060 inch, shaft
length 100 em) was selected with an appropriate
eurve, providing maximal back-up suppert during
angioplasty and stent implantation.

Angioplasty, After angiography an ACS (Advanced
Cardiovascular Systems, Santa Clara, Calif.) High-
Torque Floppy 0.014-inch guide wire was advanced
‘across the lesion. Over this guide wire a rapid-
exchange, low-profile, compliant balloon catheter
(Scimed Express) was positioned at the stenosis. This
dilatation catheler can easily be advanced through
6F guiding catheters, is easy to exchange, and has
variable diameters depending on inflation pressures.
This inflation pressure-dependent variation of bal-
loon diameter makes a single-halloon approach pos-
sible for the complete procedure. The stenosis was
predilated to facilitate positioning of the stent-
loaded balloon at the lesion. Performance of the
guiding catheter (back-up support, opacification,
and pressure monitoring) and of the balloon catheter
(crossability and retrievability) were semiquantita-
tively scored in three categories; goovd, moderate
(sufficient; no need to change guiding eor balloen
catheter), and poor (suboptimal; need to change
guiding or balloon catheter).

Stent preparation. The predilating balloon catheter
was preferably used as stent carrier, because its
increased profile after the first inflations allow better
fixation for the stent compared to a balloon tightly
wiapped on the catheter shaft. The balloon was
cleaned with saline solution to remove contrast agent,
possible blood clots, and lubricating coating, A 7.3
mmor 16 mm Palimaz-Schatz coronary stent (Johnson
and Johnson Interventional Systems, Warren, N, 4.}
was manually crimped on the balloon catheter so that
the balloon marker was positioned in the middle of
the stent and no free movement from the stent over
the balloon was noted.

Stent delivery. 'The stent-loaded balloon catheter
was advanced over the guide wire toward the steno-
gis under concomitant cenirast medium delivery.
The articulation site of the 15 mm Palmaz-Schatz
stent, the weakest portion of the stent, was posi-
tioned just eccentric from the site with the minimal
luminat diameter. After delivery the stent diameter
was optimized by successive dilatations with higher
inflation pressures or larger balloon catheters,

Introducer sheath removal and hemostasis. In all in-
stances the arterial sheath was removed immediately
after withdrawal of the guiding catheter, followed by
application of an occlusive tourniquet at the radial
puncture site for a minimum of 30 minutes, Pressure
was gradually released until hemostasis was ob-
tained. A pressure bandage over the punctured artery
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was applied for 6 hours. Patients were not restricted
{o bed rest and were advised to restrict movement of
the wrist joint.

Quantitative coronary analysis. The x-ray imaging
equipment used was the Philips Poly Diagnost C2,
equipped with a digital cardiac imaging (DCI) system
(Philips Medical Systems, Eindhoven, The Nether-
lands). This system gives on-line video digitized
images, for optimal angiographic assessment of cor-
onary artery anatomy. Quantitative analysis of coro-
nary segments was performed with this system before
angioplasty and after the stent implantation or after
the last balloon inflation within the coronary stent.

Predischarge examinalions. The radial artery was
controlled for the presence of pulsations, and the
Allen test and reversed Allen test were repeated.
Claudication of the hand was tested by having the
patients open and close their hand 50 times. A two-
dimensional and Deppler ultrasound study was per-
formed before discharge.

Statistics. All values are expressed as mean + SD.

OBSERVATIONS

Study population. Between March and June 1993 in
20 conseculive patients transradial artery implanta-
tion of a Palmaz Schatz stent was attempted for
saphenous vein coronary bypass stenosis {(n =9,
45 %), native coronary artery restenosis after previ-
ous angioplasty (n =7, 36%) and for suboptimal
PTCA results (n = 4, 20%). Twenty-five stents were
implanted for 24 lesions in 20 vessels. During this
episode two patients underwent coronary stent im-
plantation via the femoral artery because this ap-
proach was required to participate in a multicenter
randomized study in which stent implantation and
balloon angioplasty (Benestent study} were com-
pared, One patient had a transfemoral stent implan-
tation immediately after transfemoral artery PTCA
complicated by a coronary dissection, Patient base-
line clinical characteristics are shown in Table I,

Anglographic data, Vessel distribution, TIMI grade
flow, and type of lesion are summarized in Table I1.
Quantitative coronary angiographic data are listed in
Table HI.

Procedure

Radial artery cannulation. The radial artery was
suceessfully punctured and cannulated within 15
minutes in all patients (86% within 5 minutes), No
complications were encountered.

Guiding-catheter selection and performance. Cor-
onary artery cannulation with 6F guiding catheters
was successful within 15 minutes in 86% of the pro-
cedures (65% within 56 minutes). Thirty-nine guiding
catheters were used (1.95 catheters/procedure). An
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Table |. Baseline characteristics
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Table 1. Cont’d

Ne. of patients 20
Gender
Malo 16 (80%)
Female 4 (20%
Age {y1)
Mean + SD 43 + 12
Range 40.82
Height (cm)
Mean + SD 176 + 7
Range 165-187
Weight (kg)
Mean + 8D 86+ 11
Range 70-106

Oral anticongulation
Acetyl salicylic acid

No. 19
%o 95
Dipyridameol
No. &
4 25
Ceumadin
No. 11
b it
Exertional angina
CCS 11
No. [}
b1 45
CES 1V
No. 8
5 40
Nonexertional angina
No, 3
% 15
Mixed angina
No. 8
e 40

overview of guiding catheters used for stent implan-
tation is given in Table IV, For these catheters, con-
trast opacification and pressure monitoring were
rated as being good in all instances, Back-up support
was moderatein 6 (30% ) cases, Seven patients (35%)
had discomfort in the arm during catheter manipu-
lation. Additional application of nifedipin and local
warm compresses was necessary in 4 (20%) patients,

Balloon-catheter selection and performance.
Thirty-eight balloon eatheters were used for 20
patients (1.9 balloons per patient). Details on predi-
latation, stent delivery, and oversizing are summa-
rized in Table V.

Predilatation. In all but one elective procedure the
lesions were predilated. Crossability through the
guiding catheter and the target vessel was rated as
being good in 89% and moderate in 11% of cases, but
all balloons could be successfully positioned across
the stenocsis, All balloon catheters were easy to
retract, After predilatation of a stenosis in the LAD,
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Prior myocardial infarction

Na, 9
Ce 45
Prior bypass surgery
No. jii]
% 50
Hypertension
No. [}
% 30
Dizhetes melitus
No. 1
% ]
Cholesterel =86.56 mmol/L
No. 3
% 15
Cigarette smoker
No. 7
23 35
Family history
No. ki
% b
Disense
Single-veszel
No. 10
o 50
Two-vessel
Na. 1
1 &

Three-vessel
No.

I
6]

g
o o

a major diagonal branch oceluded in one patient; it
remained occluded during the procedure and after
stent implantation and resulted in a non-Q myocar-
dial infarction {creatine phosphokinase-MB 64
mmol/L).

Stent delivery. Twenty-five stents (4 stents of 7.3
mm and 2] stents of 15 mm in length} were success-
fully implanted (1.25 stents per patient). Crossabil-
ity through the guiding catheter and coronary artery
was good during 21 implantations. Noticeable fric-
tion between the stent and the tip of Amplatz-shaped
(left and right) guiding catheters was noticed in two
patients, but the friction did not lead to stent
dislodgement.

In one patient the guiding catheter {Judkins Left
4) did not provide enough support to advance a 7.3
mm stent at the target lesion in the LAD. In our at-
tempt to withdraw the stent within the guiding cath-
eter, we noticed displacement of the stent toward the
distal end of the balloon. This stent was partially de-
ploved in the LAD proximal from the target lesion
and could not be crossed by the same stent delivery
catheter. With a 2.0 mm balloon catheter, this stent
could he expanded, followed by optimal deployment
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Table 1), Angiographic data.
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Table Il Quantitative coronary angiography

Ne, of stents placed (n = 26)

LAD
No. 10
o 40
RCA
No. 3
53 12
LCX
No, 2
% 8
VBG
No. 1%
G 40
TIM1 grade (20 vessels)
]
No. 1
4 b
1
No. 1
% 5
2
No. 1
& 5
3
No. 17
% 85
Type (24 lesions)
A
No. 13
b 54
B
No. 3}
$é 25
c
Nao. [}
@ 21

LAD, Left anterior descending coronary artery; LOX, left circomilex coro-
nary artery; RCA, 1ight ¢oronary artery; TIMY, thrombolysis In Myocardial
Infarction study; VBG, venous hypass graft,

with a 3.5 mm balloon catheter, With the use of an
Amplatz Left II guiding catheter, the target lesions
were suceessfully stented. In another patient friction
was noticed between the stent and the target lesion
{LAD dissection), However, two stents were success-
fully implanted to cover the entire lesion. All ather
procedures were uncomplicated.

Opacification of the vessel containing the deflated,
stent-loaded balloon easily allowed adequate posi-
tioning of the stent in refation to the culprit lesion,
In eight patients no additional dilatations were
applied after stent delivery because the angiographic
result was considered optimal.

Quersizing, In four patients the stent was dilated
at higher inflation pressures with the same baloon
catheter to optimize the angiographie result. In eight
patients stent deployment was improved by dilata-
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Baseline After stenting

Mean + 8D HRange Mean + 8D Range

Reference digmeter 3.2 £ 0.5 22-4.2 3405 2340
{mm)
Minimal lumen 0.9 +04 0-17 31+ 04 2441

diameter {mm)
Diameter stenosis

(%)

7112 52-100 13 +10 0-32

Table IV, Selected guiding catheters (n = 20}

Curve n %
Judkins left B 26
El gamal ] 26
Multipurpose 5 26
Amplatz left 3 15
Amplatz right 1 5
Judkins right 1 5

tions with a larger balloon, In one patient undergo-
ing stent implantation for an obstructive dissection
of the circumflex coronary artery after PTCA, three
balloon catheters coutd not cross a well-deployed
stent in the LCX to improve a residual dissection
distal from the stent. With aggressive anticoagula-
tion, this patient had an uncomplicated clinical
course. Oversizing the stented segment with a larger
ballocn catheter was associated with the appearance
of a dissection distal from a tandem stent in the LAD
in the patient described earlier, In this segment a
fourth stent was successfully implanted.

Anglographic resulls. All stents were angiographi-
cally well deployed (stent/coronary artery reference
diameter =1 and no filling defects within the stent).
Quantitative analysis data are summarized in Fable
V. In 2 (10%) patients some contast medium re-
mained visible paraltel to the vesse] outside the stent.
The patient with a small illing defect in the LCX just
beyond the stent and the patient with sidebranch
occlusion were deseribed earlier,

Hemostasis. The arterial sheath was removed im-
mediately after the last control angiogram. Hemo-
stasis was obtained after 32 + 11 minutes {range 20
to 60}. In one patient some collagen {Vasoseal} was
successfully applied subcutaneously near the punc-
ture opening to stop prolonged hleeding.

Cinical course. All patients were free from acute or
subacute stent thrombosis, Except for the patient
with a non-Q myocardial infarction cavsed by occlu-
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Table V. Inflation characteristics during predilatation,
stent delivery, and oversizing

Stent
Predilatation delivery Oversizing
n 19 26 18
Balloon diameter (mm)
2.0
No. 1 — —
% 5
2.6
No, 3 2 —
T 16 8
3.0
No. 9 13 [}
& 47 52 a3
35
No. 5] 10 7
% 32 40 47
4.0
Na, —_ — 3
73 20
Inflations {No,)
Mean & 8D 16+ .8 1.1+.3 L2+ .6
Range 14 B2 1-3
Pressure (atm}
Mean + SD 84 £ 3.1 112+17 102+ 14
Range 4.13 8-14 8-12
Duration {sec}
Mean + 5D 89 + 6O 60 & 29 62 = 30
Range 30-240 16-14¢ 15-130
Size (mm)*
Mean + SD 32+ 4 36+ .3 37+ 3
Range 2341 3.0-4.1 3242

*Manufacturer-specified balloon diameters at variable inflation pressures.

ston of a diagonal branch, no cardiae events were re-
corded. No bleeding complications leading to pro-
longed hospitalization, blood transfusion, vascular
surgery, or functional disability were encountered. In
five patients removal of the pressure dressing was
followed by prolonged ocozing of blood from the
purcture site. When a new pressure dressing was ap-
plied bleeding could be stopped. Blocd loss was min-
imal and did not require transfusion or surgical
intervention,

No other clinical catheter site-related complica-
tions were encountered. One patient had temporary
macroscopic hematuria during heparinization and
adjustment on coumadin, No underlying cause could
be detected, and blood transfusion was not required.
Hospitalization was prolonged by 1 month in one pa-
tient requiring intravencus antibiotic treatment of a
fever and Staphylococcus aureus bacteremia related
to a contaminated intravenous cannula, The other
patients were hospitalized for 6.1 + 2.3 days {range
1 to 10, median 6 days) after stent implantation.
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Doppler and physical radial artery studies. In all pa-
tients the radial artery was palpable at discharge.
The reversed Allen test results were normal (after
compression of both radial and ulnar arteries, hand
color returned to normal within 10 seconds after re-
lease of the radial artery} in all patients. Claudication
of the hand could not he provoked. Doppler ultra-
sound examination proved the presence of flow at the
puncture site in all patients. In one patient a small
hematoma and intima defect was visible on two-
dimensional echography.

COMMENTS

Coronary stent implantation is currently used as a
modality to improve results of percutaneous transiu-
minal coronary balloon angioplasty (PTCA). The
main concern after implantation of metallic coronary
stents is prevention of stent thrombosis. The inci-
dence of stent thrombesis is high, especially after
stent implantation for abrupt coronary closure after
P'TCA.*" A poststenting regimen of a combination of
coumadin, heparin, dextran, acetosalycilic acid, and
dipyridamole is usually advised to prevent stent
thrombosis, Monitoring of prothrombin fragments
1 + 28 and application of vascular hemostasis devices
after coronary stenting® are reported as possible
means of optimizing heparin therapy during adjust-
ment on coumadin, i is nol surprising that entry
site-related bleeding complications are frequently
encountered in the days after stent implantation.
The ineidence of puncture site-related complications
has been reported to vary between 7.9% of 226 pa-
tients in the initial multicenter experience with the
Palmaz-Schatz stent? and 16% of 220 patients in a
large single-center experience.1? A bleeding comphi-
cation has serious local sequelae and may force
the clinician toward suboptimal heparinization and
increased risk of stent occlusion, One possible solu-
tion for prevention of severe puncture site-related
events may be found in the combination of a smalter
puneture opening with selection of another entry
site,

Stent implantation throegh 6F guiding catheters, In
recent years development of miniaturized PTCA
equipment allowed the use of 7F 6F,%1%1 gnd
even AFM guiding catheters lor coronary angioplasty.
Transfemoral artery stent implantation through 6F
guiding catheters has been reported in three patients
by Urban et al.!® Qur results also show that 8F guid-
ing catheters accomodate stent-loaded, low-profile
balloon catheters well.

Adequate back-up support allows passage of a me-
tallic stent on an unlubricated balloon catheter
across a coronary stenosis. For this reason a guiding
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catheter curve that provides optimal support has to
be selected. Pressure damping in the coronary ostia
by these guiding catheters was not encountered, Ac-
curate positioning of the stent in relation to the
stenosis was feasible as a result of adequate opacifi-
cation of the vessel with contrast medium, Balloon
retrieval after stent delivery and balloon exchange
for stent oversizing were also easily accomplished.
However, a hazardous limitation of this approach
should be emphasized. Because prefabricated sheath-
protected stent delivery systems eannot be advanced
through 6F guiding catheters, friction between the
stent and the guiding catheter tip (friction was
noticed in two of four patients in whom an Amplatz-
shaped catheter was used) or vessel wall may shear
the bare stent from the balloen, potentially leading to
stent embolization, Te minimize this risk, optimal
coaxial alignment between the guiding catheter and
eoronary artery should be obtained before stent im-
plantation is attempted. We crimp the stent on the
balloon after it has been inflated several times to in-
crease balloon profile and allow better fixation to
carry the stent, Removal of the lubricating coating
from the balloon also helps to keep the stent fixed to
the balloon. We recommend predilating a tight
stenosis because this will fascilitate stent passage.
Despite these precautions, displacement of the stent
from the balloon catheter oceurred in one patient
during an attempt to retrieve the stent-loaded bal-
loon within the guiding catheter. Another limitation
at present is the inability to use intravaseular ulfra-
sound or angioscopy to assess obstructions distal to
astent or suspected suboptimal stent deployment, In
these instances large bore catheters are preferred.
Because 6F guiding catheters accomodate fow-profile
ACS Flowtrack 40 M perfusion balloon catheters,
prolonged dilatations with preservation of distal flow
are no longer precluded after a 6F guiding catheter is
selected.’®

Stent kmplantation vla tie radial artery. Dorros et al.??
described an alternative route for PTCA by perform-
ing arteriotomy of the brachial artery, At present ex-
tensive experience with percutaneous transbrachial
coronary catheterization and angioplasty shows them
te be effective and safe alternatives fo the Sones
technique and the percutanecus technique of the
femoral artery, 182 Complications after brachial ar-
tery puncture are rare, but if present they often re-
quire surgical repair. Complications are arterio-
venous fistulae, nerve injury, thrombotie artery ob-
struction, dissection, and false aneurysm.?!

Campeau?! reported percutaneous entry of the ra-
dial artery for cardiac catheterization in 1060 patients
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with a collaterat blood supply to the hand. An arte-
rial sheath with an internal diameter of 6F was used,
Only two symptomless vascular complications were
observed, Safety of transradial artery coronary cath-
eterization is mainly determined by the favorable
anatomic relations of the radial artery to its sur-
rounding structures and the double blood supply to
the hand, The sequelae of radial artery obstruction
are frequently mild even in patients not selected for
good collateral eirculation, Slogoff et al,?? reported a
series of 1699 patients who underwent heart surgery
with perioperative radial artery eannulation. No
ischemic damage to the hand was observed, even in
25% of patients with abnormal Doppler flow pat-
terns, compatible with partial or complete radial ar-
tery ocelusion. No major veins or nerves are located
near the radial artery excluding injury of these
siructures, Because of the superficial course of the
artery, hemostasis can be easily obtained with local
compression. Feasibility and safety of transradial ar-
tery PTCA was demonstrated by our group in 100
consecutive patients, with a procedural success rate
of 98% (92% wia the radial artery) and absence of
major puncture site-related complications, leading
to functional disability of the hand, vascular surgery,
or need for blood transfusions.?

We attempted a transradial artery stent implanta-
tion irrespective of gender, age, body weight, and
height of patient. All patients selected for stenting
had successful radial artery puncture and cannula-
tion. Our results indicate that transradial artery
catheterization with 6F guiding catheters can be
performed within acceptable time limits and without
major discomfort for the patient, Immediate ambu-
lation of the patient after stenting is associated with
increased patient comfort. The sheath was removed
immedtately after the procedure to reduce the risk of
radial artery thromhosis,?® Even in heparinized pa-
tients, hemostasis was obtained at 8 mean interval of
31 minutes,

No clinical puncture site-related complications
were encountered that required blood transfusions or
vascular surgery. The absence of posiprocedural ra-
dial artery occlusion compares favorably with ze-
ported incidences of 6% in the series of Campeau,?!
30% of 333 radial artery cannulations in the series of
Davis and Stewart,? and 38% described by Bedfort
and Wallman.?? Early sheath removal and combined
anticoagulation may have contributed to this favor-
able outcome,

Potential benefit. By using one dilatation catheter
for predilatation, stent delivery, and oversizing and
by using a bare sient, considerable reduction in ma-
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terial cost can be achieved. We used 1.9 dilatation
catheters per procedure including bail-out proce-
dures where multiple balloon catheters were used
before stent implantation, Reduction of vascular
complications and subsequent treatments also con-
tribute to reduced cost. A potential advantage of the
transradial artery approach is early discharge of the
patient after stent implantation. The mean duration
of hospitai stay after stent implantation in this study
was 6 days. However, if the elective stent candidate
is adjusted on coumadin before hospital admission,
there is no other argument for prolonged hospital-
ization if the stent result is optimal.

Conclusions. When appropriate precautions are
taken, transradial artery coronary stent implantation
with miniaturized angioplasty equipment is feasible
and safe, although the limitations of the “bare-stent
technigue” remain a concern, A major benefit of this
approach is a reduction in elinical puncture site-re-
lated complications and patient comfort, To estab-
Hsh the potential superiority of this approach over
the transfemoral approach, a larger sample size

> should be studied, ideally in a prospective random-
ized fashion,

SUMMARY

The purpose of this study was to evaluate feasibil-
ity, safety, and efficacy of implantation of unsheathed
Palmaz-Schatz coronary stents via the radial artery,
Anticoagulation after coronary stenting has the haz-
ard of vascular complications If large-bore guiding
catheters are introduced via the femoral artery. Such
complications have serious local sequelae, are associ-
ated with suboptimal anticoagulation, and prolong
hospitalization, By combining 6F guiding catheters
and low-profile dilatation catheters with bare Pal.
maz-Schatz stents, smaller vessels such as the radial
artery can be selected as the entry site. It is postu-
lated that no majer puncture site-related complica-
tions oceur because hemostasis is easily achieved and
no veins and nerves are near the radial artery. With
double blood supply to the hand, radial artery occlu-
sion is well tolerated, Twenty-five bare Palmaz-
Schatz stents were implanted via the radial artery
through 6F guiding catheters in 20 consecutive pa-
tients for venous bypass graft stenosis (n = 9; 45%),
native coronary artery restenosis (n = 7; 356%) and
suboptimal transradial artery PTCA (n = 4; 20%).
Immediately after stent implantation and assess-
ment of the result by means of computerized quan-
titative coronary analysis, the arterial sheath was
withdrawn followed by intense anticoagulation and
free ambulation of the patient. Radial artery function
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and anatomy were assessed by two-dimensicnal and
Doppler ultrasound examination. Lesions (n = 24)
wereof type A{n =13;54%), B(n =6; 2%} and C
{n = b; 21%). The reference diameter of the stented
segments was 3,2 + 0.5 mm (2.2 to 4.2 mm), Proce-
dural success via the radial artery was 100%. How-
ever, one patient had a non-@ myocardial infaretion
as a result of oeelusion of a disgonal branch after
predilatation of & stenosis in the left anterior de-
scending coronary artery, In the same patient, over-
sizing the distal of three stents resulted in a distal
antegrade dissection, for which a fourth stent was
successfully implanted. Minimal luminal diameter
increased from 0.9 + 0.4 mm (0 to 1,7 mm) to 3.1
+ 0.4 mm (2.4 to 4,1 mm}, and diameter stenosis was
reduced from 7I% x 12% (52% te 100%) to
13% = 10% (0% to 32%). Hemostasis was ebtained
within 32 + 11 minutes (20 to 60 minutes} after the
procedure. No puncture site-related complications
were encountered. One patient had macroscopic he-
maturia, which subsided spontaneously. No blood
transfusions were required. No patient suffered from
stent ocelusion. In all patients the radial artery was
patent at discharge. Coronary stenting via the radial
artery is feasible and safe, excludes major entry site—
related complications, and facilitates postprocedural
patient management.

We thank Dr. Richard A. Schatz, Research Direclor, Cardiovas-
cular Interventions, Scripps Clinie, La Jolla, Califl, for his critical
review of this paper,
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ABSTRACT

Objectives. The purpose of this study was to evaluate feasibility and safety of implantation of
unsheathed Palmaz Schatz coronary stents via the radial artery.

Backgrounds. Anticoagulation after coronary stenting carries the risk of vascular complica-
tions if large bore guiding catheters are introduced via the femoral artery, Such a complication
has serious local sequelae and feads to suboptimal anticoagulation and prolonged hospitaliza-
tion. By combining 6 French (F) guiding cathelers and [ow profiie dilatation catheters, moun-
ted with Palmaz Schatz stents, smaller vessels such as the radial artery, can be selected as
entry site. It is postulated that major puncture site related complications rarely occur because
hemostasis is easily achieved and no veins and nerves are near this artery. With double blood
supply to the hand, radial artery occiusion is well tolerated.

Methaods. In 100 consecutive patients, stent implantation was attempted for 122 lesions, dis-
tributed in 104 vessels., Immediately after stent implantation and final angiography, the intro-
ducer sheath was withdrawn, followed by intense anticoagulation and mobilization. The radial
arfery puncture site was studied by two-dimensional and Doppler ultrasound.

Results. Successiul stent implantation via the radial artery was achieved in 96 patients, In 2
patients, arterial puncture failed, followed by successtul stenting via another entry site. Tn !
patient, stent implantation was achieved with a stent delivery system via the femoral artery,
after a failed attempt to cross the lesion with a bare stent via the radial approach, complicated
by & groin bleeding requiring transfusions and vascular surgery. One patient was referred for
coronary bypass surgery, because the stent could not reach a dissection in a tortuous LAD.
Lesions were of type A (n=43 [35%]), B (n=30 [25%]) and C (n=49 [40%1). Reference dia-
ineter of the stented segments was 3.3 = 0.5 mm (1.2 - 5.0 ). Minimal luminal diameter
increased from LI+ 0.4 mm (0 - 2.1 mm) to 3.1 + 0.5 mm (1.0 - 4.2 mm), Diameter stenosis
was reduced from 67 L 11% (37 - 100%) to 13 + 10% (0 - 68%). Procedural success and an
uncomplicated clinical course was achieved in 93 patients (93%). One patient (1%) had sub-
acute stent thrombosis, [ollowed by successful PTCA and coronary bypass surgery, Another
patient died 2 days atter stenting for unstable angina and a poor left ventricular function, wit-
hout signs of stent occlusion. One patient developed a radial artery bleeding, requiring surgi-
cal repair. None of the 4 pts with a post procedural radial urtery occlusion showed signs of
ischemiu of the hand. Hospital stay was 5.2 + 4.1 days. Patients (n=64) using coumadin at
admission, were hospitalized for 4,1 + 4.2 days. Of this population, 22 patients (34%) were
discharged within 24 hours after stenting.

Counclusion, Transradial arlery Palmaz Schatz coronary stenting is feasible and safe. Under
intense anticoaguilation carly major entry site related complications are rarely encountered.

INTRODUCTION

Implantation of metallic coronary stents via the femoral arlery, under complex anticoagulation
regimens (1), carries a substantial risk for bleeding complications, especially if large bore gui-
ding catheters are used (2,3,4,5). A possible sohution to prevent severe puncture site related
events may be found in the combination of a smaller puncture opening with selection of an
other entry site. With the introduction of 6 French guiding catheters that atlow passage of low
profile balloon catheters, percutaneous balloon angioplasty via the radial artery became possi-
ble, as demonstrated by our group in 100 consecutive patients (0).
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This report describes the technique, procedural results and clinical course in 100 consecutive
patients who underwent Palmaz Schalz coronary stent implantation via the radial artery.

METHODS

Patient selection

From March 1993 to May 1994, 100 patients were selected for coronary stent implantation
via the radial artery. Excluded for this approach were patients with absence of collaterals from
the ulnar artery, as assessed by the Allen- test. The Allen- test was considered normal when
afler compression of both ulnar and radial arteries, a return of the normal colour of the hand
occurred within [0 seconds after release of occlusion of the ulnar artery, Included were also
patients with a suboptimal result after transradial artery PTCA.

Medical treatment

Medical treatment has been described previously by our group (7,8). In the course of this
study, however, more elective patients were pretreated with commadin, in order to reduce the
hospitalization time. The INR was assessed just prior to the procedure, At an INR > 2.7, the
patient received 10.000 TU heparin afler sheath insertion, together with Dextran 40 (a total of
I liter) and Acetylsalicylic acid 500 mg intravenously, No heparin was given after the proce-
dure, At an INR < 2.7, heparin was titrated to an APTT of 80 seconds after a 3.000 IU bolus,
three hours after hemostasis was achieved. Heparin was gradually stopped at an adequate INR
> 2.7,

Transradial PTCA technigue

The technique for radial artery catheterizalion, coronary cannulation, angioplasty, stent
implantation and quantitative coronary analysis, has been described previously (7,8).

In brief; The right arm was abducted and the wrist hyperextended. After local anaesthesia, the
radial artery was punctured with an Arrow®, 22 gauge radial artery catheterization set or with
a Kimmal® needle. After appearance of pulsatile flow from the needle an 0.025 inch, 260 cm
long, J shaped guidewire (Schneider®) was introduced through this system, followed by
inseriion of a 6 French arterial introducer, During ongoing experience, we preferrably used 23
cm, inslead of 10 cm long Terumo® 6F introducer sheaths, to prevent radial avtery spasm and
to facilitate guiding catheter manipulations,

Meticulous care was directed towards optimal selection of the guiding catheter, with respect
to backup support and coaxial alignment. The Cordis® Petite GF puiding catheter was pre-
ferrably selected because of its large inner diameter (0.062 inch). For lefl coronary artery pro-
cedures, the Scimed® Tliguide " 6F Voda- curve was selected because of optimal support and
alignment, despite a smaller inner diameter (0. 060 inch). Lafer in the study, this curve also
became available from Cordis® (Extra Bdckup ) We selected Scimed® Express  balloon
catheters for predilatation and stent delivery, because of it's Jow profile, ease of advancement
over the guidewire and through the pguiding catheler and because of the proper fixation of the
stent, once crimped on the bafloon,

One or more 7 mm, 10 mm or 15 nim Palmaz Schatz coronary stents (Johnson and Johnson
Interventional Systems, Warren, NJ) were used. After delivery, the stent diameter was optimi-
zed by successive dilatations with higher inflation pressures or with larger balloon catheters
of intermediate compliance (Schueider®@ Magical Speedy ).

Prevention of stent embolization

After a failed attempt to advance the stent into the coronary artery or across the target lesion,
two strategies were applied to prevent stent loss or embolization. If intracoronary withdrawal
of the stent loaded balloon, back into the guiding catheter, was considered to result in dislod-
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gement of the stent, the stent was deployed proximal from the target lesion, if that coronary
segntent was suituble for stent implantation. In other instances, the stent loaded balloon was
retrieved to a position just outside the guiding catheter. Preferrably over the intracoronary
guide wire, the entire system was withdrawn into the brachial or radial artery, without a chan-
ge of the mutual position of guiding catheter and balloon catheter, Only in the brachial or
radial artery, an attempt was made to withdraw the balloon catheter into the goiding catheter.
If the stent became detached from the balloon, the balloon and guiding catheter were removed
and a looped snare, made of an intracoronary guidewire, was advanced through the sheath and
over the guide wire towards the lost stent. After capture of the stent, the loop was closed allo-
wing stent retrieval into introducer sheath.

Introducer sheath removal and hemostasis

The arterial sheath was removed, inunediately after withdrawal of the gniding catheter, folio-
wed by application of an occlusive tourniquet at the radial puncture site for a minkmum of 30
minmtes. Pressure was gradually released until hemostasis was obtained. A pressure dressing

over the punctured artery was applied for 6 hours, Patients were encouraged to mobilize, and
advised to restrict movements of the wrist joint.

Predischarge examinations

The radial artery was controlled for the presence of pulsations, the Allen test and the reversed
Allen test. Claudication of the hand was tested by opening and closing the hand 50 times. A
two-dimensional and Doppler ultrasound study was petformed prior to discharge.

Statistical Methods
All values are expressed as mean & standard deviation,

RESULTS

Study population

Between March 1993 and May 1994, in 100 consecutive patients transradial artery implanta-
tion of a Palinaz Schatz stent was attempted for native coronary artery reslenosis after pre-
vious angioplasty (n=33, 33%), saphenous vein coronary bypass stenosis (n=31, 31%], for de
novo native coronary artery lesions (n=27, 27%) and for a suboptimal PTCA result (n=9, 9%).
For 122 lesions, 146 stents were implanted in 104 vessels. During the course of this study,
stent implantation via the femoral or brachial artery was only attempted in those patients, par-
ticipating in other stent- studies or undergoing emergency stenting after failed PTCA via the
femoral or brachial route. Table 1 displays baseline clinical characterislics.

Anglographical data
Vessel distribution anc 1esion morphology are displayed in Tabie II.
Quantitative coronary angiographical data are listed in Table 1.

Procedure

Overall, a successtul stent hmplantation via the radial artery was achieved in 96 patients
(96%). A successful transradial stent implantation, together with an uncomplicated clinical
course (no death, coronary artery bypass surgery, Q- wave myocardial infarction, stent occlu-
sion, repeat PTCA, vascular surgery or blood transfusions) was achieved in 93 patients
(93%).



Table 1. Baseline characteristics

N
No. patients 100
Male gender 82
Age (years) 64+ 11 (range 35 - 89)
Height {(cm) i74+38 (range 149 - 193)
Weight (kg) 8110 (range 58 - 112}
Oral anticoagulation
Acetyl salicylic acid 75
Dipyriclamol 6
Coumadin 64
Exertional angina; CCS1 1
CCS T It
CCS 111 45
CCS 1V 38
Non exertional angina 43
Mixed angina 38
Prior myocardial infarction 35
Prior bypass surgery 49
Hypertension 24
Diabetes mellitus 27
Cholesterol = 6.5 mmol/l 30
Smoking history 48
Family history 16
Table I1. Angiographical data.
N (%)
Stented vessels (n=104)
LM 2 (2%)
LAD 34 (34%)
LCX 14 (13%)
RCA 23 (24%)
VBG 31 (27%)
Lesion morphology (n=122) i
Type A 43 (35%)
Type B 30 {25%)
Type C 49 {40%)
LAD left anterior descending coronary arlery
LCX Left circumilex coronary artery
LM Left mainstem
RCA Right coronury arlery

VBG
¥ Reference 28,

Yenous bypass graft
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Table HI. Quantitative coronary angiography

Baseline Post stenting

Mean £ SD  Range Mean £ SD  Range
Reference digmeter (mm) 33105 1.2%-50 35205 2.2-51
Minimal Tumen diagmeter {(mm) 1.1 04 0 -2.1 3.1£05 1.O0-4.2
Diameter stenosis (%) 67 + fl 37 - 100 1310 0-08

¥ Inadvertent deployment of a stent, distal from an LAD- dissection after PTCA

Radial artery cannulation

The radial artery was successfully punctured and cannulated in 98 patients (98%).

In one 89 year old patient the radial arlery, weak at palpation, could not be punctured, follo-
wed by successful transfemoral stent implantation via 6F guiding catheters of the mainstem
(LM) of the teft coronary artery (LLCA) and of the ostium of the right coronary artery (RCA).
The other patient underwent stenting via the brachial artery of a venous bypass graft (VBG)
and of a restenosis in the left circumflex coronary artery (LCX), immediately following a Fail-
ed attempt to puncture the radial artery.

Guiding catheter selection and performance

For 104 vessels, 170 guiding cathelers were used (1.7 catheter per procedure}. Venous bypass
grafis and the RCA were usually cammulated with El Gamal or Multipurpose- type guiding
catheters (81% and 65%, respectively). The most frequently used catheter for the LCA had a
Voda-left curve {52%). An overview of guiding catheters used for stent implantation is given
in Table TV, For these catheters, contrast opacification and pressure monitoring were rated
good in all instances. Good back-up support was obtained during stent implantation in 83 can-
nulated vessels (85%). Backup support was moderate to poor in 16 instances (15% of cannu-
lated vessels), but with these catheters, the procedure could be successfully completed in 13
patients. T { patient the procedure had to be continued via the femoral artery with an 8F gui-
ding catheter to allow passage of a sheath protected stent delivery system across a proxinal
LAD dissection. In another patient, a stent could not cross g proximal insignificant stenosis in
a venous bypass graft, due to poor coaxial alignment, With another guiding catheter, the pro-
cedure could successfully be continued. In a third patient the guiding catheter did not provide
enough support to advance a 7 mm stent at the target lesion in the LAD. In an attempt to
withdraw the slent within the guiding catheter, dispiacement of the stert towards the distal
end of the balloon was noticed. This stent was incompletely deployed in the LAD, proximal
from the target lesion, and could not be crossed by the same balioon catheter. With a 2.0 mm
balloon catheter, this stent could be expanded, followed by optimal deployment with a 3.5
mm balloon catheter. With the use of another guiding catheter, the target lesions were succes-
sfully steated,

Balloon catheter selection and performance
A total of 156 balloon catheters were used (1.6 balloon per patient and 1,0 balfoon per stent).

Predilatation

During elective procedures the lesions were predilated, except in 2 patients. Predilatation was
performed at low inflation pressures with adequately sized balloons, also suitable for stent
delivery and secondary dilatations if necessary. After selection of the optimal guiding cathe-
ter, the balloons could successfully be positioned and retrieved across the stenosis. However,
in one patient the balloon could not cross u tigh( stenosis in the LAD. After several passes
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with a rotablator (burr-size 1.25 mm) the procedure could be continued successfully.
Following predilatation of a stenosis in the LAD, a major diagonal branch occluded in one
patient. This branch remained occluded during the procedure and after stent implantation and
resulted in a non-Q myocardial infarction (CPK-MB 64 mmol/). Tn one patient selected for
elective stenting of a restenosis in the RCA, predilatation resulted in a local dissection and
subtotal occlusion, well managed after implantation of one stent. In another patient, predilata-
tion of 4 restenosis in the LAD, was complicated by a distally progressing dissection, succes-
stully stabilized after implantation of 4 stents.

Predilatation did not result in comptlications in the other patients, although one palient with a
membrane-like stenosis in the LAD did not show any improvement after predilatation with an
adequately sized balloon,

Stent delivery

Opacification of the vessel containing the deflated, stent loaded balloon, easily allowed ade-
quate positioning of the stent in relation to the culpril lesion.

For 122 lesions, 146 steats (15 mm: n=121; 7 mm: n=20; 10 nun: n= 5) were successfully
implanted (1.5 stent per patient {range 1-5}). Multiple stents were implanted for muitiple
lesions (15 patients) or to cover residual obstructions or dissections near the stent (10
patients). In two of these 10 patients a stent was inadvertently deployed too distally. In one
patient a second stent was deployed at the proper site in patient, In the other patien( a third
stent had to be implanted distal from the misplaced stent, in order to correct an acute transi-
tion in diameter between the stent and the small distal segment (RD 1.2 mm). Outcome of
these patients was uneventful. In one patient it was not possible to stent a dissection hall-way
in a torfuous LAD, despite adequate backup support from the gniding catheter, because the
stent loaded balloon could not reach the lesion. This stent was deployed proximally from the
target lesion in order to prevent stent loss or embolization during attempts to refrieve the bal-
loon. This patient was referred for emergent coronary bypass surgery in a stable condition.
The post-operative course was complicated by a non-Q- wave myocardial infarction {CKMB
79 TUAM).

[nn one patient the stent, mounted on a 3.5 nun balloon catheter used for predilatation, could
not enter a venous bypass graft. A successful attenipt was performed with a 3.0 balloon
catheter as stent carrier, In another patient, a stent, crimped on a 3.5 mm balloon catheter,
could not cross a proximal stenl, implanted in the RCA. With a new balloon catheter the pro-
cedure could be completed. [n these patients the dispatched stents were retrieved successtully
from the radial artery, No stents were lost.

Secondary stent dilatations

In 29 patients the result was considered to be optimal after stent delivery. [n the remaining 70
patients the stents were dilated at higher inflation pressures with the same balloon catheter or
with semi-compliant balloon catheters, to optimize stent deployment,

Tn one patient, undergoing stent implantation for an obstructive dissection of the circumflex
coronary arlery after PTCA, three balloon catheters could not cross a well deployed stent in
the LCX, in order lo improve a residual dissection distal from the stent. With aggressive anti-
coagulation, this patient had an uncomplicated clinical course.

High pressure dilatation of the slented segment with a larger balloon catheter was associated
with the appearance of a dissection near the stent in 3 patients, requiring additional stent
tmplantation.

Angiographical results

All stents were angiographically well deployed. Quuntitative analysis data are summarized in
Table 3. A small filling defect within the stent was visible in 5 stents (3,4%).

At 11 stented siles (7,4%) some contrast medium remained visible parallel to the vessel, outs-
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ide the stent.

Hemostasis

The arterial sheath was removed immediately after the last control angiogram, except in the
patient who had bypass surgery after a thiled attempt to implant a stent in a dissected LAD-
segment after PTCA, The tourniquet was replaced by a pressure dressing after 33 & 17 minu-
tes (range 0 - 120). In two palients some collagen (Vasoseal®) was successfully applied sub-
cutancously near the puncture opening (o stop prolonged bleeding,

Clinical course

Cardiac complications

One patient developed subacute stent thrombosis, 5 days after a double stent implantation,
following PTCA of the LAD, which resulted in a long dissection,

Allthough a small residual dissection remained visible in between both stents, this result was
considered acceptable. The patient was adequately adjusted on coumnadin at the time of stent
occlusion. After successtul recanalization by immediate PTCA, this patient was referred for
emergent coronary bypass surgery. The patient developed a non-Q myocardial intarction,
One 73 year old male patient died in cardiogenic shock, the day after stent implantion proxi-
mal in & subtotally occluded LCX, for unstable angina pectoris. This patient had a poor left
ventricular function caused by an old anterior infarction. An optimal result was obtained
during an uncomplicated stent procedure. At autopsy, the stent was patent without signs of
thrombus, The left ventricle showed extensive fibrosis by old myocardial infarction, with evi-
dence of more recent necrosis. Another patient had temporary anginal complaints witheut
EKG- changes, 2 hours after successtul stent implantation of u lesion in the LCX. Because of
a rise in the cardiac enzymes (CKMB 42 TU/1}, a controt angiogram was made the foltowing
day. Normal flow was visible, with a dissection in the LCX, extending from the distal pait of
the stent into a marginal branch. No other stent related cardiac complications were registred.

Bleeding complications

One patient developed a subcutaneous bleeding of the hand and forearm 2 hours after the pro-
cedure, requiring acute vascular repair and decompression of the hematoma. During hospitali-
zation, no other vascular surgery or blood transfusions in refation to the radial approach were
indicated, Four patients had transient hematuria, without need for addilional treatment.
Another patient had temporary oculomotoric dysfunction due to a transient ischemic attuck. A
C1- scan of the brain was normal.

Haspitalization

Hospitalization was prolonged lo 29 days in one patient requiring intravenous antibiotic treat-
ment for fever caused by a Staphylococeus aureus bacteremiu, related to a contaminated intra-
venous cannuia, Patients were discharged 5.2 + 4.1 days (range 0-29) after stent implantation.
From: the 64 patients, using coumadin on admission, 22 patients (34%) with an INR > 2.7,
could be discharged the day following stent implantation. Mean duration of hospital stay of
all patients using commadin was 4.1 + 4.2 days (0-29).

Doppler and pirysical radial artery studies

In 96 pattents normal radial artery pulsations were palpable at discharge. Doppler ultrasound
examinalion proved the presence of tlow at the puncture site in these patients. None of the 4
patients with absent pulsations had symptoms or complaints of ischemia of the foreaym and
hand. During follow-up, a pseudoaneurysm was encountered in 3 patients. In [ of these
patients the pseudoaneurysm disappeared spontaneously. Because of associated discomfort,
the 2 other patients underwent elective local surgical repair one and 3 months fotlowing stent
implantation and after discontinuation of conmadin.
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Table IV. Guiding catheters used for stent implantation (n=104)

RCA LM LAD LCX VBG Total

El Gamal 8 0 5 0 21 34
Multipurpose 7 it b 0 4 11
Voda Left 0 2 14 1€ 2 28
Judkins Left ¥ 0 13 2 0 5
Judkins Right 5 0 0 0 0 5
Amplatz Left 0 0 2 2 3 7
Amplatz Right 3 0 0 G I 4
Total 23 2 34 14 31 104
LAD Left anterior descending coronury urlery

LCX Left circumtlex corenary artery

LM Mainstem feft coronary artery

RCA Right coronary artery
VBG Venous bypass grafl

DISCUSSION

Impluntation of coronary stents for coronary artery disease aims at improvement and optimali-
zation of coronary geometry in order to reduce the incidence of restenosis of de novo lesions
in native coronary arteries (2,3), in venous bypass grafts (5), refractory restenosis (9), aad to
treat dissections and suboptimal results after baltoon angioplasty (10,11,12). The problems
encountered after implaatation of metallic stents are two-fold; risk of stent thrombosis requi-
ring aggressive anticoagulation und as a consequence the risk of access site related bleeding
complications, Althowgh new insights may have resulfed in a lower incidence of stent thron-
bosis, bleeding complications still remains a4 matter of concern, not only because of associated
morbidity and mortality, but also because of patient comfort, prolonged hospitalization and
cost effectiveness,

Several strategies have been developed in order to reduce the incidence of bleeding complica-
tions. A mnnber of hemostasis devices have been recommended in order to obtain fast, stable
and save hemostasis after coronary catheterization or angioplasty, such as collagen plugs
(13,14), the Kensey device (15) and mechanical compression devices (16). The role of these
devices still remains a matter of debate, since safety and efficacy are not convincingly repor-
ted and since its application increuses the costs of the technique.

Reduction of the anticoagulation regimen may be associated with less bleeding complication.
This may be only be possible after introduction of heparin coated stents ([7) or after optimal
deployment of the stent as assessed by intravascular ultrasound (18,19,20,21).

Af this moment there are promising reports on the treatment with only platelet aggregation
imhibitors together with subcutaneous heparin (22,23} after an optimal stent result.

Another modalily is the use of less traumatic, 6F guiding catheters tor transfemoral stent
implantation. Although the sheath protecled stent (echnique has to be abandoned for this
approach, Palmaz Schatz stents can be implanted successtully (24).
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Miniaturization of angioplasty equipment made selection of smaller arteries as entry siles
such as the radial artery, possible. Campeau reported on transradial coronary angiography
with SF calheters (25). Major advantages of this approach are the superficial course of the
radial artery, the absence of major veins and nerves ctose to the radial artery and the presence
of collaterals between the radial and ulnar arteries. As a consequence, hemostasis can be
obtained easily and safely, nerve damage and arteriovenous fistula occur rarely and ischemia
of the hand is prevented, in case the radial artery becomes cccluded. In a previous study from
our institution, of 100 patients who had PTCA via the radial artery, a procedural success was
obtained in 92% of patients and no major vascular complications, requiring vascular surgery
ot blood transfusions were encountered (6).

Batlout techniques such as the use of perfusion balloons (26,27) and stents (27) can success-
fully be applied after PTCA by the 6 French transradial approach, increasing safety of this
technique.

In the current study, success rate of stent implantation via the radial artery was 96%, which
compares favorably with results of stenting via 8F guiding calheters. Procedural success in
the Benestent study was 93.2% (stent implantation failed in ['7 of 251 attempts; 6.8%) (2).
Procedural success in the STRESS- study was 92.3% (3). The high successrate and a low
incidence of stent occlusion (%) contributed to the favorable clinical outcome in 93% of the
carrent study population, despite the fact that patients were included with more complex coro-
nary anatomy such as ostial lesions and type C lesions (28), saphenous vein graft disease, res-
tenosis and suboptimal PTCA- results.

The incidence of puncture site related complications, has been reported to vary between 7.9%
of 226 patients in the inilial multicenter experience with the Palmaz Schatz stent (1) and 16%
of 220 patients in large single center experience (4). n the study of Piana et al, reporting on
Palmaz Schatz stenting in vein grafls, vascular repair was necessary in 8.5% and transtusions
in an additional 14% (5). Bleeding complications requiring vascular surgery or transfusions
was reported i 13.7% of patients after stent implantation in the Benestent study (2) and in
6.8% in the STRESS- study (3).

The major udvantage of the transradial approach for coronary stenting is illustrated by the low
incidence of radial artery related early bleeding complications (1 %). The promise of this tech-
nigue in prevention of local bleeding complications is even more pronounced, since the
sheath was withdrawn immediately after the procedure in fully heparinized patients, most of
them under a partial or complete preprocedural level of oral anticoagulation. The indidence of
chronic radial artery occlusion was 3 to 5% in our PTCA experience (6) and 4% in our stent
experience, This is in confrast with high radial artery occlusion rates after perioperative
intraarterial monitoring; 30% and 38% as reported by Davis et al, (29) and by Bedfont et al.
(30) respectively, lschemic symptoms after radial artery occlusion were absent in our study,
because only patients with collateral blood supply to the hand were selected. In the series of
Bedfort et al. 105 radial artery cannulations were prospectively studied in 100 patients. Rudial
artery thrombosis was found in 40 patients (38%) without major ischemic complications.
Mandel e.a. reviewed 1.000 radial artery cannulations (31). The cannulas were removed afier
5 hours to 5 days. Distal ischemia, requiring embolectonty or vascular reconstruction was
necessary in 2 patients (0.2%). Slogoff et al. analysed {.699 patients who had prolonged
radial artery cannulation for monitoring purposes after cardiac surpery (32). Although 25% of
patients had deminished or absent flow during Doppler examination, no ischemic damage or
disability of the hand occurred in any patient. Based on our experience and on these reports,
we consider radial artery cannulation as a low risk entry site, even if post procedural radial
artery patency is absent. Immediate withdrawal of the sheath uader anticoagulation may have
condributed to both this tow occlusion rate, as well as the 3% incidence of late pseudoaneu-
rysim formation.

Early mobitization of the patient, a fow incidence of bleeding complications, and preprocedur-
al adjustment on oral anticoagulation, resulted in a hospital stay of 5.2 £ 4.1 days for the total
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population and of 4.1 + 4.2 days for patients using coumadin before admission. From these 64
patients receiving coumadin before the procedure, only 22 patients (34%) had an INR > 2.7
and these patients could be discharged the day following stent implantation, This shorter hos-
pitalization time may reduce cost of this technique, since Cohen et al. found hospital charges
after sterting 35-45% higher than for other interventions, due to @ longer hospital stay and
more expensive utilization of resources (33). Costs may further be reduced by a reduced use
of angioplasty material (1 balloon per stent), despite the higher consumption of guiding cathe-
ters, and by less costs for diagnosis and therapy tor bleeding complications.

Certain limitations of this approach should be mentioned. Although most patients have a col-
lateral connection with the ulnar artery, some patients have (o be excluded if the radial artery
is the only artery supplying the hand. In that case a transradial procedure via the left arm can
be considered if the Allen- test is normal at that site, Protected angioplasty by intraaortic bal-
loon pumping also is evidently incompatible with the transradiat approach. Should this sup-
port be necessary during a transradial PTCA, the bailoon has to be inserted via the femoral
artery. For this reason and for & potential failed transradial attempt, we routinely prepare one
of the groins for a transfemoral continuation of the procedure.

Stent implantation through 6F guiding catheters, requires optimal back-up and coaxial align-
ment in order to fucilitate advancement of the stent foaded balloon and to prevent stent loss
and embolization. Since most guiding catheters are produced for application via the femoral
artery, optimal cannulation via the right radial artery may be difficult to achieve, resulting in a
high number of guiding catheters used. Frequent guiding catheter exchanges, may induce
spasm of the radial artery. Therefore, we recommend the use of fong (23 cm) sheaths and of
exchunge wires. Although no serious sequelae of stenf embolization has been described, the
potential for life-threatening complication remains, such as stent embolization to the cerebro-
vascular circulation. After a failed attempt to cross a stenosis with a stent, retrieval of the
stent into the guiding catheter should not be attempted in the ascending aorta, but in the bra-
chial or radial artery. If the stent detaches from the balloon, the stent can be captured by the
technique initiatly described by Pan et al.(34) and modified for the radial artery approach, as
described in the "Methods"- section.

Despite these limitations we consider the transradial stent implantation technique as a safe
approach with high success rates and a low incidence of bleeding complications, even undey
aggressive anticoagulation. It is associated with increased patient comfort and this approach
has the potential for short hospitalization times and for significant cost reduction.
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CHAPTER 4.6.4
POTENTIAL SOLUTIONS
RADIAL ARTERY AS ENTRY SITE
Transradial artery coronary stent implantation

PERCUTANEQUS TRANSRADIAL CORONARY PALMAZ SCHATZ STENT
IMPLANTATION, GUIDED BY INTRAVASCULAR ULTRASOUND

F. Kiemeneij, G.J. Laarman, T. Slagboom
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Percutaneous Transradial Coronary Palmaz-Schatz Stent
Implantation, Guided by Intravascular Ultrasound

Ferdinand Kiemeneij, mp, Gert Jan Laarman,-MD, PhD, and Ton Slagboom, MD

Intravasecular ultrasound (IVUS) alfows accurate assessment of stent deployment, ts use
belng confined to the use of 8 French {F) gulding calheters, We evaluated the feasibility
of combining transradlal artery Palmaz-Schatz stent Implantation through 6F gulding
catheters with IYUS for assessment of stent diameter after dellvery at moderate Enflalion
pressures (10—12 atmospheres [alm]) with compllant balicons and after high pressure
dilatations with balloons of intermedizte compllance. In 8 consecutive patienls, 12 stents
wete dellvered with Scimed® Express™ balloon calheters at 10-12 alm followed by IVUS
{EndoSonles® CalhScanner; Vislons® FX 3.5F 20 MHz transducer). An ultrasound study
was repealed after high pressure diatatlens {16-20 alm) with Schneider® Magical
Speedy™ balloon catheters. The kalloon diameters were derived from manufaclurer pro-
vided specifications. In all palients the transducer could easily be advanced through the
gulding catheters. Reference dlameter of Lhe stented segment was 3.7 £ 0.5 mm (2.74.5)
and the dlameler of Sclmed® Express™ balloons during inflation was 4.0 £ 0.3 mm
(3.6-4.7}). Stent dlameter was 3.0 = 0.1 mm (2.8-3.2) (P < 0.001% compared (o the reference
and the balloen diameter). The diameter of the Schnelder® Magical Speedy™ balloons at
secondary dlialations wilh 16 x 3 atm (14-20) was 4.1 + 0.4 mm (3.3-4.6) {P = 0.50
compared to the initlal balioon dlameter), Final stent dlameter was 3.3 £ 0.4 min (2.9-4.1}
{P = 0.02 compared {o the inlllal stenl diameter). All stenis were symmelrically deployed
and well apposed, No damage (o vessel or stents was detected after passage of the
transducer. Thus ullrasound gulded stenling via 6F gulding catheters is feasible, and
high pressure difalations with balloons of Inlermediate comptlance resulls in belter stent

expansion than after 10-12 atm Inflations with compliant balfoon cathaters.

£ 1995 Wilay-Liss, tnc.

Key words: Iransradlal angloplasty, stents, inlravascular ullrasound

INTRODUCTION

Intravascular ultrasound (IVUS}) plays an important
role inn optimizing coronary stent techniques. Compared
ta coromary angiography, IVUS provides superior assess-
memnt of stent deployment and geometry {1-6]. The ap-
plication of IVUS has been limited to the use of 8 French
(F) or larger guiding catheters. However, 6F guiding
catheters are of value in reducing the incidence of bleed-
ing complications after coronary stenting by creation of
smaller puncture holes 7] or by selection of a safer entry
site, such as the radial artery {8,9]. This feasibility study
was performed to evaluate the possibility of combining
transradial stent implantation through 6F guiding cathe-
ters and 1VUS with a low profile uftrasound transducer,

For stent delivery via 6F guiding catheters, we use the
compliant Scimed® Express™ balloon catheter. During
ongoing experience we noticed that this stent loaded bal-
loon can be maximally inflated to 1012 atmospheres
(atm), before the balloon ruptures, Therefore, we were
interested in the stent diameter and apposition after de-
ployment at these inflation pressures with compliant ad-

@ 1985 Wiley-Liss, Inc.

equately sized balloons. Additionally, we looked for a
possible improvement after secondary high pressure di-
latations (14 -20 atm) with stronger balloon catheters of
inferimediate compliance.

METHODS
Patient Selection

In an ongoing study, patients are selected for elective
coronary stent implantation via the right or left radial
artery, irrespective of patient’s sex, weight, and size or
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clinical status. An abnormal AHen-test was considered to
be a contraindication. The Allen-test is considered nor-
mal when after compression of both ulnar and radial
arteries, a return of the normal colour of the hand o¢-
curred within 10 sec after release of the ulnar artery.

Medical Treatment

Patients were treated with Dextran 40, the first 500 ml
at a rate of 100 mVr, the second 500 ml at a rate of 50
mbhr, The infusion was started 2 hr before elective stent
implantation or from the moment the decision was made
to implant a steat in acute situations. At the day of stent
implantation, dipirydamole 225 mg/day and acetosali-
cylic acid 300 mg/day was started. After sheath inser-
tion, 10.000 TU heparin was administered intra-arteri-
ally, followed by 5.000 TU for each hour the procedure
lasts. Three houss after hemostasis is achieved, 3.000 TU
heparin was administered intravenously. Heparin was
tittated to Activated Partial Thromboplastin Times
(APTTs) of 80—100 sec until stable adjustment on oral
anticoagulant drug therapy (3 consecutive therapeutic
Thrombotests). Coumadin was given for 3 months and
acetosalicylic acid and dipyridamole were given for 6
months. In order to prevent radial and coronary arlery
spasm, 10 mg nifedipine was administered sublingually,
prior to radial artery puncture.

Quantitative Coronary Analysis

The X-ray imaging equipment used was the Philips
Poly Diagrost C2, equipped with a Digital Cardiac Tm-
aging system (DCI) (Philips Medical Systems, Eind-
hoven, The Netherlands). Quantitative analysis of coro-
nary segments was performed with this system before
angioplasty and after the final ultrasound examination
following stent implantation or after the last balloon in-
flation within the coronary stent.

Transradial Artery Stent Implantation

The technique of transradial artery stent implantation
and the medical treatment has been previously described
in detail by our group [8]. For the purpose of this study,
Cordis® Pelite™ 6F guiding catheters were used (inner
diameter 0.062 inch, shaft length 160 cmy). In all patients
the lesions were predilated in order to reduce friction
between the stent and the lesion, followed by stent im-
plantation and secondary dilatations.

Palmaz-Schaiz stents (fohnson and Johnson Interven-
tional Systems, Warren, NJ) were manually crimped on
the balloon catheter. The stents were delivered with
Scimed® Express™ compliant rapid exchange balloon
catheters, Balloons were sclected with a manufacturer
specitied diameter (at 1012 atm) at [east corresponding
to the angiographically assessed reference diameter of
the target segment. After delivery, the stent diameter was

optimized by secondary dilatations at higher inflation
pressures with batloon catheters of intermediate compli-
ance (Schneider® Magical Speedy™),

{ntravascular Ultrasound

For this study the EndoSonics CatihScanner™ Intracor-
onary Ultrasonic Imaging System was used, combined
with the Visions® FX™ 3,5F, 20 MHz monorail ultra-
sound transducer, containing 64 Piezoelectric ultrasonic
elements, circumferentially mounted in the proximal
neck of the catiieter, The transducer was positioned un-
der fluoroscopy during injections of contrast mediom,
Ultrasound studies were performed after stent implanta-
tion and after successive post stent dilatations to assess
any difference in stent diameters, No ultrasound studies
were performed before the initial dilatation, because of
anticipated catheter ccclusion of the fumen. Reference
and stent diameters were delermined on-line from real
time images, selected in end-diastole, The calipers were
diametrically placed at two opposite leading edges of the
vessel wall or at the inner surface of the stent filaments,
Luminat diameters were recorded as minimal and maxi-
mal values, Consensus reading on reference and stent
diameters was performed by at least 2 investigators, The
last passage of the ultrasonic catheter was followed by
angiographic control of the vessel, to detect possible
catheter induced damage.

Definitions

The stent was considered to be symmetrically de-
ployed at a ratio of minimal and maximal stent diameters
= 0.9. After secondary dilatations a completely de-
ployed stent was defined at a stent diameter >90% of
reference diameter or >90% of the final balloon diame-
ter. The stent was considered to be well apposed if no
free space between the stent filaments and the vessel wall
was detectable,

Statistical Methods

All values are expressed as mean *+ standard devia-
tion. Reference and stent diameters were calculated from
the mean of minimal and maximat diameters. Differ-
ences In diameters were calculated with the t-test. A P
value << 0,05 was considered to be statistically signifi-
cant,

RESULTS

Between October and November 1993 12 stents were
implanted in 8 consecutive male patients (6} £ 13 years)
who underwent transradial artery ultrasound guided cor-
onary stent implantation for venous bypass graft stenosis
(n = 3), native vessel restenosis (n = 3), and native
vessel de novo lesions (n = 2). Angiographical and
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TABLE i, Anglographical Data’

N ()

No. stents placed {n = 12)

LAD l 8)

RCA 2 (7

LCX 2 (17

VBG 7 (58)
TiMi-grade (8 vessels)

2 i (%))

3 7 (87
Type (12 lesions)

A 6 {50)

B 3 (25)

C 3 25

*LAD, left anterior descending coronary artery;
LCX, left circumflex corenary artery; RCA, rdght
coronary artery; TIME, thrombolysis in myocardial
infarction: VBG, venous bypass graft.

quantitative coronary analysis data are given in Tables |
and H, respectively.

Procedure

Radial artery cannulation, coronary angioplasty, stent
positioning, and stent delivery were successful in all pa-
tients. In all patients, the uftrasound transducer could
easily be advanced through the puiding catheter. No
problems were encountered during advancement of the
transducer towards the stented segment. The position of
the transducer-marker in relation to the region of interest
was well visualized by contrast agent injections. Marked
pressure damping and flow impairment were not ercoun-
tered. Angiography following ultrasound examinations
revealed no signs of transducer caused damage to the
stents or vessel wall,

Quantitative Uitrasound Assessments

The manufacturer specified diamecters of (he Scimed®
balloon catheters at 12 atm exceeded refercnce diameters
during 10 of 11 stent implantations. Tn 1 patient the
baloon ruptured during a 10-sec inflation up to 10 atm,
resulting in ap undersized balloon during stent delivery,
Reference diameter of the stented segments was 3.7 &
0.5 mm {2.7-4.5 mm) and the balloon diameter was 4.0
+ (.3 mm (3.6-4.7) (P = 0.09). Stent diameter how-
ever was 3.0 £ 0.1 mm (2.8-3.2) (£ < 0.001 compared
o the reference diameter and balloon diameter). The
diameter of balloons used for secondary stent dilatations
at 16 = 3 atmospheres (14-20) was 4.1 + 0.4 mm
(3.3-4.3) (P = 0.50 when compared to stent delivery
balloon diameter), Although this difference is not signif-
icant, stent diameter increased significantly to 3.3 + 0.4
mm (2.9-4.1) (P = 0.02 when compared to initial stent
diameter). All stents were symmetrically deployed and
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TABLE Ii. Quantitative Coronary Anglograpny

Baseline Poststenting
Mean = 8D Range  Mean = 8D Range

Reference diameter

(mm} 32x06 24-45 3508 24-46
Minimal lumen

diameter (mm) i1*x02 08-15 3204 27-4.2
Diameler stenosis

(%) 60+ 9 39-71 12+9 0-26

well apposed against the vessel wall, although the final
stent diameter was smaller than the reference diameter
(P = 0.04).

DISCUSSION

The transradial artery approach for coronary stenting
through 6F guiding catheters is an allractive technique
since it is associated with high procedural success rates,
a very low incidence of access-site related bleeding com-
plications, and increased patient comfort, as patients are
not restricied to prolonged immobilization [8,9]). Most
ultrasound transducers are not compatible with 6F guid-
ing catheters and no studies have been reported of the use
of IVUS combined with miniaturized angioplasty equip-
ment, In the present study we could demonstrate the
feasibility of ultrasound guided stent implantation
through 6F guiding catheters, wvsing the EndoSonics
CathScanner™ Intraceronary Ultrasonic maging System
combined with the Visions® FX™ 3,5F, 20 MHz mono-
rail ultrasound transducer, Transducer manipulations,
conirast agent delivery, and pressure monitoring were
not compromised by guiding catheters with an inner di-
ameter of 0.062 inches.

The low profile of the stent loaded Scimed® Express™
balloon catheter, makes this combination suitable for
passage through 6F guiding catheters. However, this
stent foaded compliant balloon, does not resist inflation
pressures over 1012 atm. We previously demonstrated
that low pressure inflations of compliant stent delivery
balloons, results in improperly deployed stents [10].
Therefore, we performed secondary high pressure infla-
tions with a less comptiant balloon in order to improve
stent geometry. It was a surprising finding that the stent
diameter improved after secondary dilatations despite the
fact that manufacturer specified balloon diameters did
not differ significantly from the initial stent delivering
compliant balloon. Therefore, the ideal balloon catheter
to predilate the lesion and to deliver and to deploy stents
should have a low profile, be of intermediate compli-
ance, since some inflation pressure dependent increase in
diameter is useful in order to oversize the stent, and
siould resist high inflation pressures. Such a balloon
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makes a single-baltoon stent procedure possible and will
further reduce costs of coronary stenting.

Except for the small number of stents studied, another
limitation of this study is the comparison between ultra-
sonically assessed reference and stent diameters on the
one hand and manufaciurer specified batloon diameters
on the other hand, since manufacturer specified balloon
diameters are determined under in vitro conditions. Un-
der in vivo circumstances, where vessel wall and ob-
struciing plaque, as well as the stent itself, may influence
balloon expansion ueder given inflation pressures, real
balloon diameters probably are significantly different
from the specificd diameters.

However, these limitations do not alter the practical
consequences of the findings of this study: ultrasound
guided stent implantation via 6F guiding catheters is fea-
sible, and high pressure dilatations with balloons of in-
termediate compliance result in better stent expansion
than after inflations to bugst-pressure with compliant bal-
toon catheters.
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ABSTRACT

Rationale. Coronary Palmaz Schatz stent implantation is usually performed by using the
sheath protected stent delivery systen (SDS) via the percutancous transfemoral route.
However, downsizing of PTCA equipment made transradial coronary stenting feasible, Bare
stent implaqtation, 6F technique, increased patient mobility, reduced vascular complications
and reduced hospital stay may increase cost effectiveness of this novel technique.

Methaods. Two well documented patient groups selected for elective single vessel und single
lesion Palmaz Schatz stent implantation were retrospectively compared. Group A (transradial
stenting; n=35) was compared to Group B (transfemoral stenting; n=25) derived from the
Benestent population, included in our hospital. A comparison was made for 3 areas of interest:
I. Procedural consumption of materiad (the number of guidingeatheters, guidewires, balloon-
catheters and stents); IT. Postprocedural need for diagnostic and therapeutic procedures for
stent related complications; 1. Duration of hospital stay. Differences between these subjects
in Group A and B were translated to hospital costs.

Results. Although more guidingeatheters were used in group A (1.69 + (.87 versus L.O8 &
0.28; p=0.001}, the use of the SDS contributed importantly to higher material costs in group
B (cost reduction in group A; 13%). Less palients in group A required diagnostic (2 versus 7;
p=0.027) and therapeutic (0 versus 5; p=0.01) procedures for bleeding complications (cost
reduction; 93%). Hospitalization in Group A was shorter (6.4 £ 4.7 versus 11.6 + 9.9 days;
p=0.005), caused by early and safe mobilization, less vascular complications and preproce-
dural adjustiment on coumadin (cost reduction; 45%). Overall, the mean cost per patient in
group A was 67% of these costs in group B.

Conclusion, Significant savings were realized with the (ransradial bare stent fechnique, by
reduction of costs for angioplasty material, diagnostic and therapeutic procedures for stent
rejated complications and hospital stay.

INTRODUCTION

Transfenoral artery coronary stent implantation with a sheath protected stent delivery system
(Johnson & Johnsen Interventional Systems, Watren, NJ) requires the use of large bore (8 or
9 French) guiding catheters. In combination with intense anticoagulation regimens this
approach is associated with a high incidence of access-site related bleeding complications,
often requiring additional diagnostic and therapeutic procedures and prolonged hospitalization
(1,2,3,4). Miniaturization of balloon catheters made coronary angioplasty (PTCA) possible
through 6 French (F) guiding catheters, with maintenance of means to improve suboptimal
PTCA- results with perfusion balloons (5,6) and with coronary stents (6,7). Additionally,
smaller arteries became suitable as entrysite for coronary angioplasty, Successful coronary
angiography via the radial artery has been reported by Campeau in 1989 (8). More recently
we described techniques for percutaneous transradial coronary angioplasty (9,10) and corona-
ry bare stent implantation (11,12,13), with high procedural success rates and low vascular
complication rates. The major advantages of the 6F transradial artery approach for stent
implantation are the superficial course of the radial artery, allowing easy hemostasis and the
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absence of major veins and nerves, excluding damage to these structures. These factors con-
tribute to a low incidence of major entrysite complications and to increased patient comfort
by immediate postprocedural mobilization. Additionally, the "under-over” principle can be
applied with the bare stent technique by using one to two balloons; the first one serving for
predilatation, stent delivery and secondary dilatations, and if necessary, a second one to opti-
mize deployment. The traditional sheath protected technique usually requires three balloons:
one for predifatation making passage of the delivery system possible, one for stent delivery
(incorporated in the delivery unit) and an additional one for secondary dilatations, These basic
differences in the two approuches should translate in a reduction of cost, in favor of the trans-
radial technique, This study compares the procedural und inhospital costs of the generally
applied (ransfemoral sheath protected stent technique and the transradial bare stent technique,
in patients selected for eleclive single vessel, single lesion steating.

Both study populations arve compared in a non-randomized fashion. However, the study
groups are derived from two prospectively studied and well documented populations: the
transfemoral treated patients are derived from the Benestent study population (4}, randomized
to stent implantation in our center and the transradial treated patients from a prospective feasi-
bility study to transradial coronary slenting.

METHODS

Study population

From March to November 1993, 35 consecutive patients underwent elective single stent
implantation via the radial artery (Group A). These patients were compared with 25 patients
who were randomized (o stent implantation for the Benestent study in our departiment from
June 1991 to May 1993 (Group B). Data concerning areus of interest were prospectively col-
lected in both groups. Comparison between the groups however, was made retrospectively.

Aveas of interest

A comparison was made for 3 areas of interest: (1) Procedural consumption of material (the
number of guidingcatheters, guidewires, ballooncatheters and stents). (I1I) Postprocedural need
for diagnostic and therapeutic procedures for stent related complications. (1H) Hospitalization-
time for both groups. Differences between these areas were translated to hospital costs in
Dutch guilders (¢ DFE 0.6 US $). Cost of any procedure, includes material costs and utili-
zation charges for personnel and equipment. The total cost for the procedure was determined
by adding these costs to the charges for each hospital-day. No data on procedural time were
avaitable of the Benestent population, thus a comparison of catheterization laboratory resour-
ce utilization could not be made. Also, laboratory assessments after the procedure were not
taken into account, because protocols for both groups showed marked differences; a less
extensive pre- and postprocedural analysis was performed in group A,

Stent implantation
A, Transradial artery protocol

Catheterization, angioplasty and stent implantation

After local anesthesia of the skin with Xylocaine 2%, the radial avtery was punctured with an
Arrow® (Arrow International Inc. Reading, PA), 22 gauge radial artery catheterization set or
with an I8 gauge arterial puncture needle. An 0.025 inch, 260 cm long guidewire was intro-
duced through this system, folfowed by insertion of a 6 French, 10 cm long arterial introdu-
cer, A 6 French guiding catheler with an inner diameter of (,060" (‘Sulned@ Triguide
Scimed Life Systems, Inc., Mineapolis, MN} or of 0.062" (Cordis® Petite ; Cordis Corp.,
Miwmi, FL} was selected wuh an appropriate curve, providing maximal baclxup support and
coaxiality during angioplasty and stent implantation. Over a 0.014 inch intracoronary guide-
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wire, a rapid exchange, low profile, compliant balloon catheter (Scimed® Expa‘essm; Scimed
Life Systems, Inc., Mineapolis, MN) was positioned at the stenosis. The inflation pressure
dependent variation of balloon diameter made a single balloon approach for predilatation and
stent delivery possible. The stenosis was predilated in order (o facilitate positioning of the
stent toaded balloon at the lesion. The predilating balloon catheter was preferably used as
stent carrier, A 7.3 mm or 15 mm Palmaz Schatz coronary stent was manually crimped on the
balloon catheter. After delivery, the stent diameter was optimized by successive dilatations
with higher inflation pressures or with larger balloon catheters.

Introducer sheath removal and hemostasis

In all instances, the artertal sheath was removed, immediately after withdrawal of the guiding
catheter, followed by application of un occlusive tourniquel at the radial artery puncture site
for a mininmm of 30 minutes. Pressure was gradually released until hemostasis was obtained.
A pressure bandage over the punctured attery was applied for 6 howrs. Patients were not res-
tricted to bed rest.

B. Transfemoral artery protocol

Catheterization, angioplasty and stent implantation

PTCA was performed via an 8F, 20 cm long introducer sheath. Super flow guiding catheters
with an internal diameter of at least 0.079", were used in combination with a rapid exchange
dilatation system and 4 0.014" intracoronary guidewire. The lesion was predilated with an
undersized balloon to {acilitate passage of the stent delivery systein. This system is a preas-
sembied unil, containing a 5F sheath covered, [5 mm Palmaz Schatz slent, mounted on a
polyethylene, compliant balloon catheter (balloon sizes; 3.0, 3.5 or 4.0 mum). The recommen-
ded maximal inflation pressures are 5.7, 6.2 and 6.0 atmospheres, respectively. The system
was advanced over the extended puidewire to the obstructing lesion followed by stent deli-
very. Compared to the corenary artery diameter, the stent was slightly oversized by high pres-
stre dilatations with larger balloons to optimize stent deployment,

Introducer sheath removal and hemostasis

After the procedure the arterial sheath was left in situ until the Activated Partial
Thromboplastin Tite (APTT) was less than 60 seconds. After sheath removal the groin was
compressed manually, until hemostasis was achieved, followed by an compression bandage
for 8 hours and an 24 hour immabilization period. In some patients hemostasis was achieved
by insertion of collagen plugs (Vasoseal®},

Medical treatment

Immediately before and after stent deployment 200 microgram nitroglycerin was given inira-
coronary. Additional pharmacologic treatment was aimed at the prevention of thrombosis and
spasm, Rheomacrodex 40, 100 cc/hour to a total of 1 litre, was started two hours before the
procedure, Heparin 10.000 TU was administered through the arterial sheath after its insertion,
followed by 5.000 IU for cach hour the procedure lasts. According to the protocol, a second
10.000 TU bolus of heparin was given after stent- implantation in group B. In this group the
heparin infusion was discontinued untill the APTT was under 60 seconds, before the sheath
was removed. After 2 hours, heparinization was restarted by an intravenous loading dose of
5000 1Y, tollowed by a heparin infusion, titrated to APTT's of 80-100 seconds, measured al 8
hours intervals. Tn group A the sheath wus removed immediately after the procedure. A hepar-
in infusion was started 3 hours following hemostasis after a loading dose of 3.000 IU,
Acenocoumarol (Sintrom) was administered during 3 months, the dosage adjusted to maintain
a TT {Thrombotest "QUICK") of 3 to 10% (INR = 2.7). Heparin was stopped when the
patient had 3 consecutive TT's in the therapeutic range. In group A, 5 patients (14%) were
adjusted on coumadin, prior to admission. Additional treatment consisted of Dipyridamole
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225 myg/day during 6 months, Acetosalicylic acid 300 mg/day during 6 menths and Diltiazem
180 mg/day for 3 months.

Statistical methods

Values are expressed as mean * standard deviation, Mean vatues in both groups were compa-
red by the unpaired, two-tailed t- test, Incidence of complications, as well as the need for
diagnostic and therapeutic procedures were compared by the Fisher's exact test, Differences
with p-value less then 0.035 were considered to be significant.

RESULTS

Baseline clinical characteristics and vessel distribution are given in Table 1,

In group A significantty more patients received a stent for venous bypass graft stenosis, which
was considered to be an exclusion- criterium for group B.

In Group B, 2 patients did not receive a stent. In one patient it was not possible to predilate
the stenosis. In another patient, cannulation of the right coronary artery resulled in an extensi-
ve dissection, which was treated conservatively. Both patients underwent elective coronary
bypass surgery, several months after discharge. Two additional patients in group B developed
subacute stent thrombosis, treated by acute repeat PTCA, followed by coronary bypass surge-
ry, In group B, bleeding complications, requiring additional diagnostic or therapeutic procedu-
res was encountered in 9 patients (36%) {vascular;, n=7, hematuria; n=2} versus one patient
with hematuria (3%) in group A (p=0.001). In this group however, | patient underwent a CT-
scan of the brain for a transient ischemic attack, Another patient was treated for fever of
unknown origin, prolonging hospital stay to 29 days. No patients in group A had an access-
site related complication. Tn Tuble 1I the use of angioplasty equipment, need of additional
diagnostic and therapeutic procedures for stent related complications and hospital stay per
patient are displayed. These differences are (ranslated to mean costs per patient in Table 111,

Table 1. Baseline clinical characteristics of patients with transradial bare stent implantation
(group A} and with transfemoral sheath protected stent implantation {group B).

Group A (1=35) Group B (n=25) P

Age 62410 (44-83) 5719 (38-69) NS
Male 30 (86%) 21 (84%) NS
CCS- class
I (0 (%) (O (0%) NS
I 2 (6%) 0 (24%) NS
11t 16 {46%) 13 (52%) NS
|AY 14 (40%) 4 (16%) NS
Non-exertional 3 (8%) 2 (8%) NS
Vessel
VBG L (31%) 0 (0%) 0.002
LAD 11 (31%) T (449%) NS
CX 4 (129 9 (36%) 0.03
RCA 9 (26%) 5 (209%) NS
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Table I, continued

Left Anterior descending coronary artery

LAD

CX Circunflex coronary arery
RCA Right coronary artery
VBG

Saphenous vein coronary bypass graft

Table 11 Use of angioplasty equipment, incidence of complications, diagnostic and therapeu-
tic procedures and hospital stay after transradial (group A) and transfemoral (group B) coro-

nary stenting,

Material

- Guiding catheters
- Guidewires

- Bxtensionwires

- Ballooncatheters
- Bare stents

- SDS

Cardiac complications
- Patients

rePTCA

CABG

Bieeding complications
- Patients

Other complications
- Patients

TIA

Fever

Group A (n=35)

59 (1.694.87; range 1-4)
43 (1.23+.69; range t-4)
0 (0.00)
62 (1.77£.65; range 1-2)
37 (1,06+.34; range 1-3}
0 (0.00)

2
|
1

Group B (n=25)

27 (1.08+.28; range 1-2)
26 (1.04220; range 1-2)
23 (0.924.28; range 0-1)
48 (1.92+.49; range 0-3)
0 (0.00)

24 (0.961.35; range 0-2)

2
2 (1L.08+0.28; range 0-1)
2 (0.0840.28; range 0-1)

0
0
0

Diagnostic procedures for non- cardiac complications

- Patients

- Total procedures
Ultrasound
Venous DSA
IVP
Cystoscopy
CT- brain

Therapeuntic procedures

- Patients

- Total
Surgery
Collagen
Compression

2

4 (0.11+0.53; range 0-3)
I (0.03£0.17; range 0-1)
0

[ €0.0340.17; range 0-1)
1 {0.03+0.17; range 0-1)
I {(0.0330.17; range 0-1)

0
0
0
0
0

Blood transfusions for bleeding complications

- Patients
- Units

0
0
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21 (0.88%1.72; range 0-6)
14 (0.5611.04; range 0-4)
3 (0.161£0.47; range 0-2)
2 (0.0840.28; range 0-1})
2 (0.0810.28; range 0-1)
0

5

7 (0.28+0.61; range 0-2)
5 (0.2020.58; range 0-2)
1 (0.0430.2 ; range 0-1)
1 (0.04+0.2 ; range 0-1)

4
17 (0.68x1.84; range (-8)

0.001
NS
<(.001
NS
<(.001
<{.001

NS
NS

(.001

NS
NS
NS

0.027
0.015
0.005 -
(.049

NS

NS

NS

0.01
G.009
0.045
NS
NS

0.026
0.032




Table IL, continued

Hospitalization

- Bays 223 (6.444.7; range 1-29) 291 (11.649.0; range 2-43) 0.005
- Median 6.0 8.0

CABG Coronary Artery Bypass Gratting

CT Computerized Tomography

DSA Digital Subtraction Angiography

VP Intravenous Pyelography

PTCA Percutancous Transluminal Coronary Angioplasty

SDS Stent Delivery System

TIA Trunsient Ischeric Attack

Area of inferest I1 Consumption of angioplasty equipment,

In group A more guidingcatheters were used (1.69 + 0.87; range 1-4) compared to group B
(1.08 £ 0.28; range 1-2) {p=0.001}, which reflects the difficulty to engage the coronary arte-
ries in a stable and coaxial fashion with Judkins-lype catheters via the right radial artery.
Since in group A rapid exchange balloon catheters were used, no extension wires were requi-
red, versus 0,92  0.28 in group B (p<0.001}. The number of ballooncatheters (1.77 £ 0.63
and 1.92 £ 0.49) and stents (1.06 £ 0.34 and 0,96 £ 0.35) did not differ signilicantly.
However, in group A only bare stents were used, whereas the more expensive stent delivery
system in proup B was used, which can be considered as a stent with an additional balloon,
If the SDS is considered in this way, in group B 2,88 + 0.67 balloons were used (p<0.001).
Material costs in group A were reduced by 13% of the costs made in group B.

Area of interest II: Diagnosis and therapy for stent related complications,

In group B, 2 patients needed emergency repeat PTCA followed by coronary bypass surgery
for subacute stent thrombosis, whereas no patients had a cardiac complication in group A
(p=NS}. More patients in group B (n=7) required a diagnostic procedure (total number of pro-
cedures 21; 0.88 + 1.72; range 0-8) compared to group A (n=2) (total procedures 4; 0.1t &
0.53; range 0-3) {p=0.027}. More patients in group B required bloodtransfusions (17 units)
compared to group A (4 versus () patients; p=0.026). In group B, 7 vascular interventions were
required versus none in group A (p=0.009). In the former group, 2 patients required 2 vascular
operations and one patient a single operation, Another patient underwent percutaneous (reat-
ntent of a pseudoaneurysm by transcatheter application of collagen and one patient underwent
successful ultrasound guided closure of a pseudoaneurysm by prolonged compression. With
respect to periprocedural diagnostic and therapeutic inlerventions for complications, cost
reduction in group A was 93%, when repeat PTCA and coronary bypass surgery are not {aken
into account.

Avea of inferest II1: Hopsitalization,

Patients in group A were discharged earlier (6.4 + 4.7; range 1-29) compared to group B
(11.6 £ 9.0; range 2-45) {p=0.005}. Cost reduction in group A by shorter hospitalization was
45%. In group A more patients were on coumadin before admission (n=5) and could be dis-
charged after | or 2 days. In group B no patients were adjusted on coumadin prior {o admis-
sion (N§),

Overall, the savings achieved (DF! 4.636,72) by the transradial bare stent technigue was 33%
of the total costs for the transfemoral sheath protected stent lechnique, If costs for repeat
PTCA and emergent bypass surgery in group B are not laken into account, mean cost per
patient in group A was still DIl 2.631,54 less than in group B (cost reduction; 22%).
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Table H1. Meuan hospital costs per patient of transradial (Group A) versus transfemoral (Group

B) coronary stenting,

Group A (n=35)

Price Mean price per patient

Material Mean +S5I

- Guidingcatheters Dft 323,00 545,87 281,01

- Guidewires Dl 335,00 412,05 231,15

- Extensionwires Dl 46,00 0,00 0,00

- Ballooncatheters Dyt 1809,50 3202,82 1176,18

- Bare stents D 2780,00 2946,00 945,20

- SDS Dt 435000 0,00 0,00
7106,74  2633,54

PTCA utility costs Df 117,36 111736 0,00
8224,10  2633,54

Treatment for cardiac complications

- rePTCA Dyl 5064,81 0,00 0,00

- CABG (same pls) Dfi 20000,- 0,00 0,00
8224,10  2633,54

Diagnostic procedurces for complications

- Ultrasound Dfi 122,50 3,68 19,13

- Venous DSA Dt 286,29 0,00 0,00

-IVP DfT 286,29 8,59 48,67

- Cystoscopy Dft 250,00 7,50 42,50

- CT- brain Dft 444,00 13,32 75,48
8257,19 281932

Therapeutic procedures

- Surgery Dft 1106,- 0,00 0,00

- Collagen Dft 785,- 6,00 0,00

- Compression Dfl 122,50 0,00 0,00
8257,19  2819,32

Blood transfusions for bleeding complieations

- Units D 47,00 0,00 0,00
8257,19  2819,32

Hospitalization

- Days Dft 180,00 1152,00 846,00

Total 9409.19  3665,32

Group B (n=25)

Mean price per patient

Mean 18D
348,84 90,44
348,40 67,00
42,32 12,88
3474,24 886,66
0,00 0,00
4176,00 1401,60
8389,80 2518,58
117,36 0,00
Y507,16 2518,38
405,18 1418,14
1600,00 5600,00
11512,34 9536,72
68,60 127,40
45,81 134,56
22,90 80,16
20,00 0,00
0,00 .00
11669,65 9948,84
220,00 638,00
31,40 157,00
4,90 24,50

1957,91

2088,004

1404591 2498,31
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Table I, continued

CABG Coronary Artery Bypass Grafting

CT Computerized Tomography

DSA Digital Subtraction Angiography

IVP Intravenous Pyelogruphy

PTCA Percutaneous Transluminal Coronary Angioplasty
SDS Stent Delivery System

TIA ‘Transient Ischemic Atack

DISCUSSION

In previous studies costs of inhospital stay have been analyzed for patients who underwent
elective angioplasty, directional angioplasty and corenary Palmaz Schatz stent implantation.
Cost of coronary stenting turned out to be 103% higher when compared to conventional
angioplasty (14). Caused by a longer hospitul stay and increased utilization of resources,
Cohen et. al, found total hospital charges 35-45% higher than for other interventional proce-
dures (15). In this study costs for stenting were higher than for atherectomy due

to the more frequent adjunctive use of conventional balloons. Additionally, the device itself
was the largest single component of procedural cost. However, the stent technique applied
was the conventional transfentoral, sheath protected approach, where large bore guiding
catheters were used, No cost comparison has currently been made befween this approach and
the transradial stent technique. During a properly applied conventional technique, Lhe target
lesion is predilated, before the stent is delivered with the stent delivery system. In order to
maximize the stent diameter, a secondary dilatation with high pressure oversized balloons is
usually performed. By the transradial approach, only the bare stent technique can be applied,
because the sheath protected stent delivery system and 6F guidingeatheters are not compati-
ble. By using the predilatation balloon as the stent carrier, one batloon is saved. Oversizing
can be performed by the same balloon or by a larger balloon if necessary.

More guidingcatheters were used in the patients treated via the radial artery. This is explained
by the fact that most commonly used catheters are preshaped for the femoral approach. Since
optimal backup support and coaxial alignment is required in order to achieve a successful
stent implantation, meticulous care wus addressed towards proper guiding catheter selection,
Also, sharp primary and secondary angles in the guidingcatheter, may cause excessive friction
hetween (he stent-loaded balloon and the inner surface of the guidingeatheter, Allthough this
has not resulted in stent dislodgement in our experience, sharp angled guidingeatheters (e.g.
Amplatz- shapes) are avoided. For the right coronary artery and lor venous bypass grafts,
multipurpose shaped guiding catheters were most frequently used and for the left coronary
artery the Voda- shape was selected.

At present it is known that coronary stenting by the conventional approach is associated with
an important incidence of access-site reluted bleeding complications (1,2,3,4). In the
Benestent study, a randomized trial comparing safety and efficacy of coronary stenting versus
balloon angioplasty, the incidence of bleeding and vascular complications was [3.5%. In the
patient population randomized to stenting in our department, a 209 incidence of major blee-
ding complications, requiring surgery or bloodlransfusions, was encountered. These complica-
tions, prolonged immobilization of the patient and the time it takes to adjust patients on
coumadin, contribute signilicantly to a longer admission time.

The (ransradial technique on the other hand was not associated with major bleeding complica-
tions and immediate mobilization of the patient, together with preprocedural adjustment on
coumadin made earlier hospital discharge possible.

The present study compares both technigues in two well documented patient populations. We
demonstrated an important reduction in costs of angioplasty material (13%) in favor of the
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transradial technique, despite the high number of guiding catheters used in this group. As
expected, postprocedural cost reduction (93%) was established i the transradially stented
patients, due to less diagnosic and therapeutic procedures for bleeding complications. A shor-
ter hospital stay in group A resulted in an additional 45% cost reduction, Overall, the costs for
transradial bare stent implantation were 67% of the costs for the conventional transfemoral
technique. When eliminating exira costs associated with repeat PTCA and emergent bypass
surgery (2 patients in group B), the transradial technique was still 22% cheaper than the she-
ath protected, transfemoral technique.

Study limitations,

The two study populations were compared in a non-randomized fashion, however, the study
groups are derived from two prospectively studied and carefully documented populations: the
transfemoral treated patients are derived from the Benestent study population (4}, randomized
{o stent implantation in our center and the transradial treated patients from a prospective feasi-
bility study to transradial coronary stenting,

This retrospective study shows differences in some baseline characteristics hetween the two
different populations. The "ideal" character of the Benestent patients {de novo lesions in nati-
ve coronary arteries in patients with stable angina) is in contrast with the more unfavorable
baseline characteristics of the transradial group (unstable anging, venous bypass graft steno-
sis). Procedural suceess however was not significantly difterent in both groups. With 2 failed
stent procedres, 2 subacute occlusions requiring repeat PTCA und bypass surgery and with §
bleeding complications {5 major complications) out of 25 Benestent patients, we had a higher
incidence of compiications compared to the total Benestent study population, This means that
for larger stady populations the differences in costs between both techniques may be less out-
spoken. The lower incidence of complications in group A is not only deterimined by the radial
artery approach. The transradial stent experience is {rom u later date, when more details on
the pitfalls of coronary stenting were recognized and more attention was focused on optimaii-
zation of the final results and on the optimal timing of heparinization after sheath removal.
Also, a reduction of costs, associated with the transtemoral approach, can be expected if bare
stents would have been implanted via OF transfemoral guiding catheters and if patients would
have been adjusted on coumadin prior to the procedure. It can also be expected that stenting
via the femoral artery, on minimized anticoagulation regimens with the conventional stent
(16,17,18) or with heparin-coated stents (19) will also be associated with less bleeding com-
plications. The impact of different hemostasis devices on the safety of transfemoral stenting,
remains unclear. In our experience, we could not prevent bleeding complications with the
Vasoseal, after coronary stenting (20). Carere et al. reported on a 18-33% of complications,
associated with the use of this device after transfemoral coronury angiography and PTCA,
including stents (21). These devices, and others such as pneumatic compression devices (22)
and percutaneous suture devices (23), are having their price and will also add to the costs of
coronary stenting. However, it was not the purpose of this study to compare costs of stenting
via two different entry sites, bt to compare two strategies; the traditional transfemoral sheath
protected technique versus the novel transradial, bare stent approach. Another limitation is the
incompiete analysis of true costs. Not all elements were taken into account such as laboratory
costs, pharmacological costs, intensity of nursing care and physician charges. However, by
analyzing the most important items with expecled largest difterences (angioplasty equipment,
diagnostic and therapeutic procedures for complications and hospital stay) we were able to
establish a realistic comparison between the techniques. Finally, we did not perform an analy-
sis of costs for postdischarge complications, but no major differences are expected between
both groups after successful stenting, Despite these short-comings, it can be concluded that,
compared to the traditional stent technique, transradial coronary bare stent implantation redu-
ces cosis by a lower consumption of balloon catheters, a reduced incidence of entry site rela-
ted complications and by a shorter hospitalization,
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Transradial Palmaz—Schatz Coronary
Stenting on an Outpatient Basis: Results of
a Prospective Pilot Study

Ferdinand Kiemeneij, MD, Gert Jan Laarman, MD, PhD,
Ton Slaghoom, MD), Pieter Stella, MD

ABSTRACT: Background; The applicability of Palmaz Schatz coronary stent implantation is lim-
ited by bleeding complications and prolonged hospitalization. Corenary stenting on an outpa-
tient basis, may be the ultimate means to reduce costs of this treatment, Since bleeding and stent
occlusion were infrequent complications in a group of 100 ambulatory patients who underwent
stent implantation via the radial artery in our department, we performed a pilel study to deter-
mine the feasibility of using coronary stenting on an outpatient basis,
Methods: Patients selected for Palmaz Schalz stent implantation, were adequately adjusted on
coumadin Af an INR > 2.5, stenting was performed via the radial approach. Based on pre-, post-
and procedural criteria, considering clinical status, procedural course and outcome, absence of
predictors for stent occlusion and of events during 4 to 6 hours observalion, patients were con-
sidered candidates for same—day discharge, Heparin was administered only during the proce-
dure, Immediately after the precedeure, the arterial sheath was removed. Patienis were mobilized
and were discharged with a pressure dressing over the puncture sile, Follow-up was performed
on the next day, at 2 weeks and at one moenth,
Results: Belween May and September 1994, 47 patients underwent Palmaz Schalz stent implan-
tation via the radial artery. Of these, 27 remained hospitalized for reasons, considered {o be
incompatible with outpatient treatment, Twenty patients (CCS-class TII and [V; n=17 {85%])
received 29 stenis for 23 lesions, distributed in 21 vessels and were discharged the day of treat-
ment, No cardiac or bieeding events were encountered within 24 hours, At 2 weeks follow-up,
one patient was readmitted (day 4} because of a bleeding abdominal aortic aneurysm, requiring
surgery, At 1 month follow-up, no bleeding, entry-site and cardiac complications were noted.
Conclusion; Since no complications were encountered {(95% confidence interval; 0-17%) in the
first 2d hours after optimal coronary stent implantation In patients with an adequate preprocedur-
al level of anticoagulation, a larger feasibility study of outpatient coronary stenting will be under-
taken.
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Elective implantation of Palmaz—Schatz coro-
nary stents is very rarely associated with acute (<
24 hours) coronary incidents provided the stent is
optimally expanded and is not placed in the pres-
ence of angiographic predictors of stent occlu-
sion, This phenomenon may allow coronary
stenting to be performed on an outpatient basis if
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the patient can be mobilized immediately after
the procedure and if the risk for bleeding compli-
cations from anticoagulation is minimized.

Transfemoral artery implantation of metaltic
coronary stents has the hazard of bleeding com-
plications during the postoperative course when
the patient is receiving intense anticoagulation!-3,
even during prolonged bed-rest.

Stent implantation through 6 French guiding
catheters via the radial artery has been demon-
strated to be an effective means of reducing the
risk of major bleeding complications®® in
patients who are not restricted to prolonged
immobilization.

No ischemic complications of the hand were
encountered, even in 3 patients (3%) with a
post-procedural radial artery occlusion. Buring a
feasibility study on transradial stenting, conduct-
ed it our department, hospital stay was limited to
one day in 22 patients who were on a therapeutic
level of anticoagulation. None of these patients
developed major complications following the
procedure and carly after discharge. Thus with
the transradial artery approach it is possible to
implant a Palmaz—Schatz stent on an outpatient
basis, which reduces costs and which increases
patient comfort. We conducted a non-random-
ized, prospective, single center pilot study to
explore the feasibility of transradial Palmaz-
Schatz coronary stenting on an outpatient basis.

METHODS

Study population. Patients referred for elec-
tive stent implantation were pretreated on
Coumadin® prior to admission. Most of these
patients came directly from home or, in some
instances, from the referring hospital, to the
catheterization laboratory. At the start of the pro-
cedure, an INR was assessed. If an INR > 2.5 was
achieved, the patient was. asked to participate in
this study, Patients were excluded who under-
went stenting via the femoral artery.

Study population. In our department, stent
implantation is performed by the radial approach
if the Allen—test is normal in the right or left
hand. Reasons to implant stents via the femoral
artery are: requirement of 8F systems (Benestent
study), bailout stent procedure for a faited trans-
femoral PTCA or a failed (previous) transraclial
atternpt.
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Also, stenting as bail-out procedure and stent-
ing in patients who were in poor clinical condi-
tion were reasons to exclude patients from the
outpatient protocol.

Outpatient triage. Based on preprocedural,
procedural and post-procedural variables, a deci-
sions was made to keep the patient hospitalized
or to discharge the same day (Table 1).

Transradial stent implantation technique,
Technique of transradial angioplasty and stent
implantation®5 has been described in detail
before. In brief, the right arm was abducted and
the wrist hyperextended. After local anesthesia,
the radial artery was punctured with an Arrow?®
22-gauge radial artery catheterization set or with
a Kimmal® needle. After appearance of pulsatile
flow from the needle, an 0.025 inch, 260 cm long,
J-shaped guidewire (Schrneider®) was introduced
through this system, followed by insertion of a 6
French arterial introducer. During ongoing expe-

Table 1. Arguments for prolonged hospitalized
following stent implantation,

A, Preprocedural

1. Unstable angina (last attack and ECG-
changes within 24 hours despite in nitro-
glycerin)

2. Suboptimal adjustment on coumadin (INR <
2.5)

3. Poor clinical condition

4, Urgent non-PTCA related indications for
hospitalization, e.g., social circumstances.

B. Procedural
1. Transient closure
2. Resuscitation
3. Prolonged chest-pain
4, Persistent ECG—changes
5. Suboptimal result: distal stenosis or obstruct-
ing dissection, thrombus
6. Major side branch occlusion
7. Entry site complication
8. Failed transradial attempt

C. 6 hours observationai period
1. All cardiac evenis
2. Bleeding complications
3. Non stent-related complications

The Jowurnal of Invasive Cardiology



rience, we preferred using a 23 cm, instead of 10
em long Terumo® 6F infroducer sheaths, to pre-
vent radial artery spasm and to facilitate guiding
catheter manipulations.

Meticulous care was directed towards optimal
selection of the guiding catheter with respect to
backup support and coaxial alignment, The
Cordis® Petite™ 6F guiding catheter was pre-
ferred because of its large inner diameter {0.062
inch). For left coronary artery procedures, the
Scimed® Triguide'™ 6F Voda curve was frequently
selected because of optimal support and align-
ment, despite a smaller inner diameter {0.060
inch). Later in the shudy, this curve also became
available from Cordis® (Extra Backup™). We
selected Scimed® Express™ balloon catheters for
predilatation and stent delivery because of their
low profile, ease of advancement over the
guidewire and through the guiding catheter and
because of the proper fixation of the stert, once
crimped on the bafloon. One or more 7 mm, 10
mm or I5 mm Palmaz Schatz coronary stenis
(Johnson and Johnson Interventional Systems,
Warren, New Jersey)} were used. After delivery,
the stent diamefer was optimized by successive
dilatations with higher inflation pressures or with
larger balloon catheters of intertnediate compli-
ance [Schneider® Magical Speedy™ (20 mm) or
Chubby™ {10 mmy}]. Procedures were performed
by two operators (FK and GJL).

Medical treatment. Elective patients were pre-
treated with coumadin, at least one week before
the procedure. The INR was assessed just prior to
the procedure. At an INR > 2.5, the patient
received 10,000 IU heparin after sheath insertion
and Acetosalicylic acid 500 mg intravenously. No
heparin was given after the procedure.

Introducer sheath removal and hemestasis.
The arterial sheath was removed immediately
after withdrawal of the guiding catheter, fol-
lowed by application of an occlusive bourniguet
at the radial puncture site for a minimum of 30
minutes. Pressure was gradually released until
hemostasis was obtained. A pressure dressing
over the punctured artery was applied for 6
hours. Patients were encouraged to mobilize, and
advised to restrict movements of the wrist joint.

Predischarge examinations, The clinical status
of the patient was monitored by a physician and
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the radial artery was examined for adequate
hemostasis and the presence of pulsations.

A new pressure dressing was applied, fol-
lowed by application of a sling supporting the
forearm. Written instructions were given to the
patient, followed by oral explanations. The
patient was advised to remove the pressure ban-
dage the next day. Prior to discharge the patient
was instructed on the method for achieving
hemostasis by applying local pressure, in case of
a puncture site bleeding. In case of uncontrollable
bleeding or other emergency situations, patients
were instructed to contact the general practition-
er, the cardiolagist, the first aid department of
our hospital, the 24-hour service of our cardiclo-
gy department or one of the available alarm tele-
phone numbers,

Endpoints, A successful outpatient treatment
was defined as an uncomphcated course within
the first 24 hours after the stent procedure. A suc-
cessful short-term outcome after coronary stent-
ing was defined as an uncomplicated course in
the first month after discharge. Follow—up was
considered uncomplicated if none of the follow-
ing endpoints cceurred: death, acute myocardial
infarction, need for coronary artery bypass graft-
ing, need for PTCA of the stented coronary
artery, angina caused by stent restenosis er occlu-
sion and any bleeding requiring hospitalization.
Occlusion of the radial artery was considered to

Table 2. Baseline characteristics

N %
No. patients 20
Male gender 18 (90%)

Age (years} 63+9 (range 45-76)

Exertional angina;

CCs T 3 (15%)
CCs1in 10 (50%)
CCs5IV 7 (35%)
Prior myocardial infarction 11 (55%)
Prior bypass surgery 7 (35%)
Prior PTCA 8 (40%)
Hypertension 5 (25%)
Diabetes mellitus 3 (15%)
Cholesterol 2 6.5 mmol /1 3 (15%)
Smoking history 10 {50%)
Family history 9 (18%)
7A
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Table 3. Angiographical data

N %
Stented vessels (n=21)
LAD 4 (19%)
LCX 4 (19%)
RCA 7 (33%)
VBG 5 (24%)
Intermediate branch 1 (5%)
Lesion merphology N=23)7
Type A 5 (22%})
Type B 10 (43%)
Type C 8 {35%])

LA} = left anterior desceading coronary artery; LCX = Left
circumflex coronary artery; LM = Left mainstem; RCA =
Right coronary artery; VBG = Venous bypass graft,

be a major event if the forearm or hand showed
signs of ischemia {e.g., functional disability by
claudication, necrosis, surgical recanalization),

Follow-up. The day following discharge and
after 2 weeks, the patient was interviewed by
telephone. Patients were questioned about the
accurrence of any complications or discomfort.
Questions from the patient were addressed dur-
ing this same interview.

At one month follow-up, the patient was seen
and screened for entry—site—related complications
and cardiac complications. Radial pulse was also
examined by palpation.

Statistical analysis. Values were expressed as
mean + standard deviation.

RESULTS

Between May and September 1994, 47 patients
underwent Palmaz Schatz coronary stent implan-
tation via the radial artery, Of these, 27 patients

were considered to be unsuitable for treatment on
an outpatient basis because of one or more of the
following reasons: suboptimal adjustment on oral
anticoagulation (n = 16; 59%), prolonged angina
and/or persisting ECG changes during the proce-
dure {n = 3; 11%), stenting after failed PTCA (n =
3; 11%), residual dissection {n = 2; 7%), unstable
angina immediately prior to stent implantation {n
= 1; 4%). The remaining 20 patients, treated on an
outpatient basis underwent stenting for de novo
lesions in native coronary arteries (n = 10; 50%),
native coronaty artery restenosis after previous
PTCA (n = 5; 25%) and venous coronary bypass
graft stenosis (n = 5; 25%). Baseline clinical char-
acteristics, angiographical data and quantitative
angiographical data of this group are shown in
Tables 2, 3 and 4, respectively.

Procedurat results, Stent implantation was
successful in all patients. In 6 patients, multiple
stents were implanted for long lesions {n = 3),
multiple Jesions (n = 2) and for a dissection after
predilatation of the stenosis {n = 1), Diameter
stenosis improved from 70 + 16% to 9 +'7%. In
one patient a type B dissection, parallel to the
stent was visible. No residual obstructions could
be detected by digitized coronary angiography.

Clinical observation. Effective hemostasis
was obtained within 1 hour in all patients. All
patients were discharged before the evening of
the day of coronary stent implantation, after an
uneventful observation period. However, 4
patients coming directly from a referring hospital
were not discharged home, but to their clinics for
various reasons, For 3 of these patients,
same—day-discharge had not been arranged with
relatives. These patients remained for 1 night in
their referring clinic. One patient needed further
evaluation of mild renal failure. Since these
patients, according to our criteria were suitable
for outpatient freatment but were not admitted to
our clinic, they were included in this study.

Table 4, Quantitative coronary angiography

Baseline Post stenting
Mean £ 5D Range Mean + 5D Range
Reference diameter (mm} 34+04 2844 3705 2.9-48
Minimal lumen diameter {mm) 1.0+05 0.3-24 3.4 0.4 2944
Diameter stenosis (%) 70+16 32-92 97 0-20

BA
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24-Hour follow-up. None of the 20 patients
had bleeding from the radial artery puncture site.
No cardiac complications were encountered.

14-Day follow-up. Two patients were read-
mitted to our hospital. One patient had an
aneurysm of the abdominal aorta requiring vas-
cular surgery and was admitted 4 days after stent
implantation with signs of bleeding from this
ancurysm. This was successfully operated on the
same day. This patient underwent stent implanta-
Hon for severe anginal complaints caused by a
stenrosis in the circumflex coronary artery. Since
the right coronary artery was occluded and left
ventricular function {and anterior wall motion)
was severely compromised, the LCX was consid-
ered to be the last remaining vessel, Coronary
angioplasty was required before any operation
for the aortic aneurysm could be undertaken. The
patient was given Coumadin for 2 months. No
additional anticoagulants, except for dipyri-
damole, were added to his medication. Thevefore,
this condition was not considered to be related to
the stent implantation, The second readmitted
patient had anginal complaints on the 11th day
following stenting. Coronary angiography
revealed a patent stent and no significant stenosis
in other coronary arteries. The other patients
were free of bleeding and cardiac complications.

One-month follow-up. At one month fol-
low—up, no bleeding or cardiac complications
were noted. One patient with significant coronary
artery disease in non-treated and ineperable coro-
nary arleries stilf had angina, but was functionally
improved, None of the patients had complaints of
disability of the hand. No signs of ischemia were
noted. In al patients the radial artery was palpa-
ble at physical examination.

DISCUSSION

Coronary angioplasty is usually performed
based on clinical indications. A major reason to
keep the patient under clinical observation is the
risk for acute reocclusion of the treated coronary
vessel. The incidence for acute closure after bal-
loon angioplasty was 7.5% in the early NHLBI
PTCA registry (1977-1981)% and 6.8% in the sec-
ond NHLBI PTCA registry (1985-1986).° In a
more recent survey from Myler et al, the inci-
dence was 4.9%.10 This complication usually
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requires an immediate attempt to obtain restora-
tion of flow by repeat PTCA, coronary stenting or
emergency bypass surgery. The other major rea-
son to keep the patient hospitalized is to limit
mebility in order to reduce the risk for an access
site related bleeding complication,

Since the number of patients undergoing coro-
nary angioplasty is still increasing, there is a need
to reduce costs since resources are limited. In cen-
ters with high case loads, the restricted number of
available hospital beds may pose a problem.
Coronary angtoplasty on an outpatient basis may
offer a solution fo this problem. ! Early mob#iza-
tion after sheath removal may additionally be
associated with increased patient comfort.

The ideal combination of requirements for out-
patient coronary angioplasty should contain the
following elements: probability of high procedur-
al success rates, no risk for acute coronary artery
closure, minimal risk for access site related bleed-
ing complications and the ability to immediately
maobilize the patient.

Implantation of Palinaz Schatz corenary stents
is very rarely associated with acute stent ocelusion
(within 24 hours} if the stent is optimalty delivered
and if no predictors of stent thrombosis are pre-
sent. From several early single center and muiti-
center series, no acute stent thromboses were
reported. 11213 Acute stent occlusion was not
observed in an angiographic follow-up study of
Kimura et aLl¥ Stenosis diameter in the stent group
was slable in the interval between stent implanta-
tion and the following day. No acute stent ccclu-
sion was encountered in the more recent
Benestent? and the STRESS? studies, where
patients were randomized to either baltoon angio-
plasty or to stent implantation. However, subacuie
stent occlusion is a complication that usually
occurs in the first week after stenting. With
improved patient selection and by optimizing
stent implantation techniques, the complication
rate has falten from high rates in the early experi-
ence after bailout stenting!® to low rates in a later
series. In a recent report on Palmaz-Schaiz stent
implantation in venous bypass grafts!? no stent
thrombosis was encountered, Low incidences of
subacute stent thrombosis are reported after ultra-
sound controlled stent implantation (0%)!% and
even after stenting with subcutaneous heparin,
combined with platelet inhibitors (0%:).17.18

In our recent experience with 100 patients after
transradial stent implantation, no stent occlusion
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was encountered in electvely treated patients (in
press, American Heart Journal). Since an optimal
result after stent implantation may help minimize
the risk of acute vessel occlusion, a major prereq-
uisite for outpatient angioplasty is to place
patients on adequate levels of oral anticoagula-
tion prior to the procedure.

Access site-related bleeding complications are
the main hazard of coronary stenting in patients
receiving complex anticoagulation regimens. By
using smaller guiding catheters, we have demon-
strated the feasibility of coronary stenting via the
radial artery with downsized PTCA equipment,
In 100 patients, one patient developed subcuta-
neous bleeding of the radial artery requiring sur-
gical decompression of the hematoma. By immo-
bilizing the hand with a supporting sling, risk for
bieeding can further be reduced. With appropri-
ate instructions, most patients are able to address
a bleeding radial artery themselves, If after an
observation period of 6 hours, no access
site—related bleeding occurred, we consider
hemostasis to be safely established. Together with
the immediate mobilization of the patient after
the procedure, the second and third requirements
for outpatient coronary angioplasty are also met.

A careful patient selection, based on a triage,
was performed before the decision was made to
discharge the participating patients on the same
day. This triage contained general criteria, mak-
ing outpatient treatment after successful stent
implantation impossible {e.g., poor clinical status,
social circumstances, patient compliance, pro-
longed chest—pain with a good stent results, etc.)
and generally accepted risk factors for stent
thrombosis such as the presence of a distal
obstructing lesion!?, intracoronary thrombusi?
and suboptimal anticoagulation.!

If this triage resulted in no reason for hospital-
ization, we used any complication during a
post-procedural observation period as a final rea-
son to keep the patient under clinical observation.

In the case of same-day-discharge, extensive
information was given to the patient to optimize
the safety of this new approach. It should be
acknowledged that a minor bleeding in a hospital
may turn inte a major problem when the patient
is at home. Therefore, we have kept the pressure
dressing in place for 24 hours. No entry site
bleeding and no cardiac complications were
encountered early after discharge. Major concern
on a stent thrombosis is addressed beyond the
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first 24 hours. Although stent thrombosis is a seri-
ous event frequently leading to myocardial
infarction, the low incidence of this complication
in patients on an adequate level of anticoaguia-
ton after an optimal stent result does not justify
keeping ambutatory patients under prolonged
clinical observation.

Study limitations. Only a small number of
patients are described in this study. Of the 47
patients selected for transradial stenting, a minor-
ity were considered suitable for this outpatient
protocol. Since ne experience on outpatient stent-
ing is curently available, we carefully defined
exclusion criteria based on current literature on
increased risk for occurrence of stent thrombosis.
However, the most common reason to exclude
patients was an inadequate level of oral anticoag-
ulation. This policy may be changed in the near
future by treating patients with potent
antiplatelet medication only.

The small number of patients studied does not
allow outpatient stenting to be recommended on
a large scale. With a sample size of 20 patients
without a bleeding or cardiac complication with-
in the first 24 hours, the 95% confidence interval
for the absence of complications runs from 0 te
16.8%. By expanding this experience, we will be
able to report on the results of a larger study in
the near future.
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CHAPTER 4.7
POTENTIAL SOLUTIONS
HEPARIN COATED PALMAZ SCHATZ CORONARY STENTS
IMPLANTATION OF HEPARIN COATED PALMAZ SCHATZ STENTS IN HUMAN
CORONARY ARTERIES: PROCEDURAL AND CLINICAL RESULTS OF THE
BENESTENT-II PILOT STUDY

The Benestent-II study group
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Implantation of Heparin coated Palmaz Schatz stents in human coronary arteries:
Proceduoral and Clinical Results of the Benestent- II pilot study

The Benestent- II study group

INTRODUCTION

The Benestent-I trial, a multicenter randomized study comparing the safety and efficacy of
primary Palmaz Schatz stent impluntation with baltoon angiopasty (PTCA}) in patients with
stable angina and a de novo lesion in a native coronary arlery, demonstrated that eventfree
survival in patients who received a stent was higher compared to patients who underwent
PTCA (80% versus 70%)(1). This was largely due to a reduction in repeat revascularization in
patients who were treated with a stent by significantly reduced restenosis rates in this group
(22% versus 32%), However, the incidence of bleeding complications (13.5%) and subacute
thrombosis (3.5%) after stenting resulted in considerable longer hospitalization (8.5 days)
than following baltoon angioplasty (3.1 days).

A heparin coated stent has been developed, in order to improve the clinical results of coronary
stenfing by minimizing the risk for thromboltic stent occlusion and by reducing anticoagulant
therapy. ‘The Benestent-11 pilot study is an open, multicenter, non-randomized, prospective
registry, designed to evatuate the safety of elective implantation of a heparin-coated Palmaz
Schatz stent in a patient population comparable to that enrolled in the Benestent-I study.

METHODS

Study design

Following stent implantation, heparin was reinstituted in a step-wise fashion. The study con-
sisted of four phases in which a total of 202 patients were treated with a single stent (51, 50,
51 and 50 patients in each of the 4 phases). Heparin infusion was started 6, 12 and 36 hours
after sheath removal in the first 3 respective phases. In phase 4, no heparin or coumadin was
given, but patients were treated with aspirin and ticlopidine.

The decision to proceed with the study from the one phase to the next was made on the basis
of a predetermined incidence of (sub-yacute thrombotic stent occlusion. If there were 3 or
more incidents of subacute stent thrombosis in phase [ (based on a 3.5% angiographicaily
demonstrated subacute thrombosis rate in Benestent-I}, the study had to be abandoned. Were
there less then 3 subacute occlusions, phase IT was started, and so on to phase TV.

Objectives

Primary endpoints included incidence of (sub-)acute stent occlusion, location and severity of
bleeding complications during hospital stay and within 30 days of implantation. The occur-
rence of all cardiac and non-cardiac events during the same period (death of all causes, myo-
cardial infarction, repeat revascularization procedures) was recorded.

Secondary abjectives were the efficacy of the procedure (symptom-free and event-free survi-
val at 6 months, freedom of death, myocardial infarction or repeat interventions) and changes
in stenosis geometry, assessed by guantitative coronary angiography immediately after stent
implantation and at 6 months.

Patient selection

Patients with stable angina, caused by a de novo lesion in a native coronary arlery, were
recruited for this study if there were no contraindications for anlicoagulation or antiplatelet
therapy or coronary bypass surgery. The lesion had to be located in a vessel of al least 3 mm
in diameter and the lesion length was required to be less than 15 mm. Other anatomical con-
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traindications were lesions in or distal from a sharp bend, or at a bifurcation of an important
sidebranch (22.5 mm), ostiat lesions and the presence of intracoronary thrombus. Also a
lesion in a grafted coronary artery was an exclusion criterion.

The study was performed according to the principles of the Declaration of Helsinki. Oral or
written informed consent was obtained from all patients.

Stent implantation technique

Stent implantation was performed via the femoral approach. The stent was delivered by the
Stent Delivery System (SDS), a preassembled unit, containing a, SF sheath covered, 15 mm
heparin-couted Palmaz Schatz stent, mounted on a 3,0, 3.5 or 4.0 mum compliant polycthylene
balloon catheter.

Medical regimen

Commencing the day before the procedure, all patients recetved 250-500 mg of aspirin daily
and dipyridamole 75 mg 3 times a day. This medication was continued for 6 months.
Diltiazem 120 mg bid was continued undil hospital discharge. An infusion of Dextran (1000
mi) was given, the first 500 1l at 100 mlfhr, the second 500 mil at 50 mifhr,

In the first 3 phases, coumadin was given from the day of stent impantation for a period of 3
mionths, Heparin was administered as a bolus dose of 10,000 1U at the stast of the procedure
and reinstituted as continued infusion 6 h (phase 1), 12 h (phase 2) and 36 h (phase 3) after
removal of the arterial sheath. Sheath removal took place wien the aPTT had fallen (o below
twice the normal value (norimal range 30-40 secs). Heparinization was gradually decreased
when the INR (international normalized ratio) was within the therapeutic range (2.5 - 3.0) for
at least 36 hrs.

In phase 4, patients received ticlopine 250 mg bid for | month, starting the day before the
procedure. In this phase coumadin was not given and heparin 10.000 U was administered
only during the procedure.

Quantitative Coronary Analysis

The angiograms were analyzed at the core laboratory (Cardialysis, Rolterdam, the
Netherlands) by the Cardiovascular Angiography Analysis System. To standardize the method
of data acquisition and (o enswre reproducibility of the angiograms performed after the inter-
vention and at follow-up, measurements were made according to previously described
methods.

Statistical analysis
Continuous variubles are expressed by means + SD. A p-value of < 0.05 was considered signi-
ficant.

RESULTS

Between February and December 1994, 207 patients were included in the Benestent-I1 pilot
study. Fifty-one, 55, 51 and 50 patients were enrolled in phases I-IV respectively.

In phase 1, 2 patients received 2 stents in order to optimize the angiographical result, In phase
I1, 5 patients were excluded from further analysts, as they did not receive a stent. In 4 patients
the SDS could not cross the lesion. In one of these patients, the ostium of the right coronary
artery dissected, foliowed by acute surgery. This patient died postoperatively by intractable
arthythmias. In 2 other patients there was a problem with removal of the SDS- sheath. One
patient could not be stented and in the other, a "bare" heparin coated stent was implanied. In
phases HT and 1V, all allocated patients were evaluable. In phase 1V, however, one "bare"
heparin-coated steit was implanted, as the lesion was unuble to be crossed with the SDS.
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Fouwr patients received 2 stents, Baseline chinical characteristics and lesion characteristics are
displayed in Tables [ and 2 respectively. For comparison, data on stented patients, participa-
ting in the Benestent- | study, are displayed in both tables.

Table 1, Baseline characteristics

Benestent-I Phase 1 Phase 11 Phase IIT  Phase IV

{n=225) (n=51) (m=50) (n=51) (n=50}
Male 0% 88% 7% 82% 88%
Age (yrs) 5719 59+10 58410 59410 58+10

% % %o % %
CCS 1 4 4 9 6 5
CCSII 32 45 37 30 42
CCS I 48 33 41 9 23
CCS IV 6 2 0 4 11
Mixed 34 20 31 32 28
MI 20 10 23 34 23
CABG 0 6 2 4 2
PTCA 2 6 6 6 5
Diabetes 7 8 10 6 7
Hypertension 31 24 35 26 30
Cholesterol 35 31 46 34 30
Smoker
-previous 46 39 33 23 51
-current 24 20 29 38 26
CABG Coronary artery bypass grafting
CCS Canadian Curdiovascular Society
MI Myocardial infacction
PTCA Percutaneous transluminal coronary angioplasty

Procedural data

During the course of the study, on line quantitative coronary angiography (QCA) became
increasingly used, with 45%, 63%, 67% and 67% of cases dwming the 4 phases respectively, Tn
phases -1V, 10%, 8%, 20% and 8% of clinics respectively, used intravscular nltrasound to
guide the stent procedure, Post stent dilatation in order to optimize final results were applied
in 80%, 88%, 86% and 94% in the 4 phases respectively, Normal inflation pressure was used
in 37%, 12%, 22% and 22% whereas pressures over 12 atmospheres were applied in 43%,
76%, 65% and 78% (Figure 1}. In all groups, a mean of 2.8 devices (stent included) were
used in order to come to achieve an acceptable final result, Maximum balloon diameter incre-
ased from 3.45 £ 0.40 mm to 3.54 £ 0.37 mm, 3.62 + 0,43 mm and 3.64 1+ 0.42mm in the 4
respective phases. In Benestent- I, mean maximum balloon diameler was 3.40 + 0.40 mm,

Acute angiographic results
In table 3 data on pre- and postprocedural reference diameter (RD), minimal luminal diameter
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Table 2, Lesion characteristics

Benestent-I Phase I Phase 11 Phase IIl  Phase IV
(n=225) (n=51) (n=50) {(n=51) (n=50)
g Y % % %
Concentric 49 27 41 22 19
Eccentric 51 63 53 74 75
Tandem | 6 4 0 2
Multiple 7 4 2 4 4
irregularities
Calcified 11 8 2 11 It
LAD (%) 51 55 61 62
LCX 14 8 16 10 10
RCA 21 41 29 29 28
TIMI O 1 0 0 ( 0
TIMI I i 4 2 2 2
TIMIT 1T il 10 8 9 9
TIMI III 86 86 90 89 89
LAD Lelt anterior descending coronary urtery
LCX Left circumftlex coronary aretry
RCA Right coronary arlery
Tihil Thrombolysis in Myocardial Infarction

Benestent-li Pilot Study
Maximal pressure Post-stent balloon

B Phase 1 Phase 2 Phase 3 =] Phase 4

% pts

Figure 1, Distribution of masimal pressure during post stent dilatations.
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(MLD) and diameter stenosis (DS) are
towards selection of patients with a la

given, When compared to Benestent-1, a trend

rger RD was detectable (3.00, 3.17, 3.006, 3.22 and

3.17mm respectively) as well as an increase in MLID post- stenting {2.5t, 2.76, 2.75, 2.79 and
2.74num). From phases I-1V, RD increased from a preprocedural value of 3.16 = 0.41 mm to
3.38 £ 0.37 mm, (figure 2). A preprocedural RD less than 3.0 mm was encountered in 39%
of the 202 patients, and a RD<2.75 mm in 16% and a RIX<2.5 mm in 4%, A final RD of <
3.0 and < 2.75 mm was accepted in 12% and 5% of patients respectively,

In figure 3 and 4 cumulative frequency curves of MLID and RD are represented tfor Benestent-
I and the 4 phases of Benestent-1I, The final MLD was larger in Benestent-11 and an improved

final DS was obtained.

Table 3. Acute angiographic results

Benestent-1  Phase | Phase I1 Phase 111 Phase IV
(n=225) (n=51) (n=50) n=51) (n=50}
Pre Post Pre Post Pre Post Pre Post Pre Post
RD (mm} 3.00 317 317 340 306 332 322 342 317 336
MLD (mm) 1.07 2.51 LiL 276 1.09 275 113 2719 1,07 274
DS (%) 64 21 65 19 65 17 a5 18 66 18
DS Diameter Stenosis
MLD Minimal Luminal Diumeter
RD Reference Diameter

BENESTENT Il Pilot Study

Cumulative frequenc

y of Reference Diameter

%
100 |
3.16 = .41 3.38 +
60 -
ao | 39%
20 16%
4% / Benestent Il
o - Phase 1t/m4 (202)

2 225 25 275 3 3.25 35 3.75 4 425 45 475 5

RefDiam (mm)

Figure 2. Cunmulative frequency of RD in Benestent- II Pilot Study
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BENESTENT |+II
Cumulative frequency of MLD pre- and post
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Figure 3, Cumulative frequency of MLD in Benestent-1 and 11
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Cumulative frequency of DS pre- and post
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Figure 4, Cumudative frequency of DS in Benestent I and i}
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Clinical ontcome during the in-hospitat phase

Stent thrombosis was not encountered in (his pilot study. Table 4 summarizes clinical evenls
ranked in the following order; death, intracranial hemorrhage or CVA, Q- wave and non Q
wave myocardial infarction, urgent CABG, elective CABG and rePTCA. In phase 2, | patient
died after & failed attempt to deploy a stent, as mentioned above. A cardiac enzyme rise
(CPK:349 {n=25-190]) was detected in one phase T patient, without signs of myocardial ische-
mia. In phase [ and I, an additional bailout stent had to be implanted in 2 patients in order to
cover a distal dissection. Al patients were free of cardiac events during hospilalization,
except for 2% in phase . Major bleeding complications showed a trend to decrease in the
respective phases (figure 3). Bleeding complications requiring therapy fell from 13.6% in
Benestent- 1 to 7.9%, 4.1, 4.0% and 0% in the respective 4 phases of the pilot study.

Hospital stay was 8.5, 7,4, 6,1, 7.0 and 3.0 days in the different study groups.

Table 4. Ranking of clinical events for Benestent- T and il

Benestent-I Phase I Phase I Phase 111 Phase 1V

(n=225) (n=51) (n=50) (n=51) (n=50)

K4 % % % 9%
Death 0.0 0.0 1.8 (.0 0.0
ICH/CVA 0.0 0.0 0.0 0.0 0.0
Q MI 1.9 0.0 0.0 0.0 0.0
non Q M1 1.5 0.0 0.0 0.0 (.0
Urgent CABG 1.9 0.0 0.0 0.0 0.0
Elective CABG 1.2 0.0 0.0 0.0 0.0
Re-PTCA 0.4 0.0 0.0 0.0 0.0
None 93 00 98 100 100
Subacute occlusion 3.5 0.0 0.0 0.0 C.0
CABG Corenary actery bypass grafling
CVA Cerebrovascular accident
ICH Intracranial iemorrhage
PTCA Percutaneous transluminal coronary angiography
QMI Q- wuve myocirdial infarction

DISCUSSION

The most important problems associated with the use of metallic coronary stents are mechani-
cal.rigidity and thrombogenicity, requiring complex anticoagulant treatment (2,3). Multi-drug
anticoagulation is associated with unacceptable high access-site related rate of bleeding com-
plications, if the femoral approach is used (1,4).

From the Benestent-1 study it was learned that the positive effects, in terms of event-free sur-
vival were partially negated by costs of the stent itself, a prolonged hospital stay and addition-
al costs related to the bleeding complications.

In order to further improve the clinical results of coronary stenting, attention is directed to
coating the stent with material which would minimize the risk of abrupt steat closure and the-
reby allow a reduction in anticoagulant therapy. To that purpose a heparin-coated stent has
been developed.
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Benestent (1+11) (mutually exclusive)
Bleeding complications necessitating therapy
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Figure 8. Incidence of bleeding complications requicing therapy.

Principles of heparin-coating,

Blood compatibifity is a critical requirement for intravascular devices, since contact of blood
with a foreign surface will commanly result in deposition and activation of plasmaproteins,
plalelets and other cellular elements, leading to thrombus formation. Over the last decades.
there has been intensive rescarch in the area of blood-compatible materials for non-coronary
purposes {5). Instead of introducing a foreign mateial directly into a blood vessel, material
surface modifications with improved properties with regard to blood and tissue compatibiility
appears to be & promising approach. It has been shown that heparin-tike molecules with anti-
coagulant activity are synthesized on the luminal surface of endothelial cells (6,7). Indeed the
endothelium plays an important part in the activation of thrombin and possibly other coagula-
tion factors. Not unexpectedly therefore, heparin has been one of the most extensively explo-
red substances for adsorbtion or binding to the surfaces of biomaterials. Heparin-coated sur-
taces have been evaluated in various types of devices where thromboresistance might be of
particular clinical value, e.g. arteriovenous shunts, catheters, arterial filters, oxygenators, car-
diopulmonary bypass circuits and vascular endoprosteses (8-12).

The principal anticoagulant mechanism of heparin is its interaction with antithrombin-III,
accelarating the inactivation of thrombin and other coagulation factors, Tt has been shown that
the active sile of heparin contains a specific carbohydrate sequence (13-15). Obviously, when
the heparin molecule is modified by the process of surface coating, it is essential that the acti-
ve sequence responsible for anticoagulation remains unaltered. The simplest solution for bin-
ding heparin to a surface is adsorbing a heparin solution to the biomaterial surface {16). A
problem with this type of coating is the lack of control of the rate of release. The heparin
molecule contains a large number of negatively charged groups and may therefore be ionical-
Ly or electrostatically bound to surfaces with positive charges (17-19). Another principle is to
incorporate heparin molecules into a polymer, either to make heparin a permanent component
of the polymer, "surface-grafter" heparin (20), or to provide a controlled release of heparin
upon introdaction into the blood stream (21,22). Since heparin is a higly charged and hydrop-
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hillic polymer, the binding has to prepared by pretreatment of the surface to be couted with
reactive groups ("functionalising"). In the early development of heparin-coatings, a reduction
of heparin activity was frequently observed when the molecules were covalently attached to
the surface, probably due to alteration of the active carbohydrate sequence during the linking
process (23). This problem was circumvented if heparin was coupled by end-point attachment
(24,27). The first step in this procedure is partial degradation of heparin with nitrous acid,
creating reactive aldehyde groups in the reducing terminal residues, In 1983 it was shown by
Larm et al. that heparin fragments could be immobilized by end-point attachment on materials
coated with polyethylenimine (24), The aldehyde group was subsequently coupled to the ani-
mated surface by reductive animation. By this method, the active carbohydrate sequence of
the heparin molecule can be preserved functionally intact throughout the coupling reaction.
Inn addition to being compatible with the plasma coagulation system, a thromboresistant sur-
face should not promote adhesion and activation of platelets and leucocytes. Since heparin
has been reported to induce platelet activation (26), this consequence might be expected with
surface immobilized heparin as well. However, it has been shown that in comparison with
uncoated material the surface with end-point attached heparin on a high molecular weight
polyamine stabilized with glutaraldehyde, was highly compatible with platelets as well as gra-
nuiocytes and macrophages (27,28).

The principle of perpendicularly oriented, end-attached, covalently bound and immobilized
heparin molecules on a polymer surface (Carmeda Bioactive Surface, Carmeda AB,
Stockholm) was considered to be the best technique for coating of coronury stents. A new
"CHS" coating, a special form of the Carmeda Bioactive Surface, was used, allowing higher
heparin activity on the stent surface,

In an in vitro model, [ lindium labeled platelet attachment to uncoated and heparin-coated
stents was measuored, Platelet attachment to the coated stents was reduced by about 95%.

In an animal study, heparin-coated and uncoated Palmaz Schatz stents were implanted in the
left anterior descending coronary artery of 40 non-atherosclerotic pigs (29), In the 20 pigs
who received a coated stent, no thrombotic events were recorded at the time of sacrifice 4
weeks or 12 weeks after implantation. OFf the 19 pigs, with a non-coated stent, 7 thrombotic
events were recorded (p<0.01).

These in vitro and in vivo studies of thromboresistance of the heparin coated stent forimed the
basis for the imlantation in humans, in the Benestent-II pilot study, In this study, no subacute
thrombotic occlusion occurred in any of the patients. In phase I one patient received a bailout
stent and in phase IT one patient died. Neither event was related to the heparin coating of the
stent. In the respective four phases there was a trend to a decreasing incidence of bleeding
complications, resuiting in a shorter hospitalization time.

Factors other than the heparin-coating may also have contributed to this improved outcome
when compured to the Benestent-1 study. There muy have been betler patient selection (larger
RD and MLD), better stent implantation technique {more frequent use of on-ling QCA- on-
line, larger bulloon size and higher post stent dilatation inflation pressures) and achievement
of a better stent result (larger RD and MLD post stenting and reduced diameter stenosis). The
new antiplatelet treatment (Ticlopidine) may have contributed to improved outcome, when
compared to the Benestent-T study results.

It is thus concluded that postponement of heparin treatment, 6, 12 and 36 hrs after sheath
removal has not resulted in (sub-)acute occlusions in these patients treated with antivitamin
K. A trend towards less bleeding and peripheral vascutar complications is observed.
Subsltitution of heparin and coumadin with the antiplatelet agents, aspirin and ticlopidine, did
not result in stent thrombosis and bleeding complications. Heparin coated stents are well tole-
rated, as no thrombogenic, allergic, toxie or immunclogic side effects were encountered,
However, the profile of the SDS should be improved, since this was the factor, limiting pro-
cedural success.
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The absence of (sub)acute occlusion as well as the virtual disappearance of bleeding and
peripheral vascular complications in phase 1V (liclopidine and aspirin only), contirm the
feasibility of a randomized trial testing the clinical value of this new stent, as well as the
innocuous nature of the new post treatiment regimen.

Based on the data of the Benestent-11 pilot study, the Benestent-11 trial has been deigned. In
this muliticenter randomized study, the hypthesis is tested that the use of a heparin-coated
Palmaz Schalz stent in conjunction with acety! salicylic acid and ticlopidine in patients with
stable and classes I and 11 unstable angina wilk:

- teduce hospital stay, risk of bleeding and vascular complications resulting in similar rates to
that following ballloon angioplasty, without increasing the risk of (sub)acute stent thrombosis;
-further reduce the restenosis rate resulting in a further reduction in the need for repeat revas-
cularization when compared to PTCA.
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SUMMARY

Implantation of metallic coronary stents is a promising strategy {o obtain improvement of sub-
optimal results and for prevention of restenosis after percutaneous transluminal coronary bal-
loon angioplasty (PTCA). However, clinical studies revealed two major problems, associated
with this technique. Meltallic coronary stents are prone to thrombotic ccclusion, which is usu-
ally prevented by using complex anticoagulation regimens, Intense anticoagulation after a
transarterial coronary intervention in turn is associated with a high risk for access- site refated
bleeding complications. Both complications may affect the overall applicability of the techni-
que, since they are potentially life threatening and because they are assoctated with patient
discomfort, prolonged hospitalization times and increased costs,

This thesis gives an inventory of our efforts to overcome the problems associated with
implantation of Palimaz Schatz coronary stents, in order to optimize clinical outcome of this
intervention.

SUMMARY OF FINDINGS

First the results and problems associated with implantation of Pulmaz Schatz coronary slents
for two major indications arc discussed in chapters 2 and 3.

We described our results of Palmaz Schatz stenting for failed PTCA, during very early stent
experience (chapter 2.1 and 2.2). In the larger series, procedural success was achieved in
89%. However, 23% of 39 conservatively freated patients sustained subacute stent occlusion
and a major bleeding was encountered in 3 patients (8%).

Although Palmaz Schatz stent implantation was associated with a more favorable short and
long term outcome compared Lo balloon angioplasty in selected patients with stable angina
and a de novo lesion in native coronary arteries (Benestent-I study; chapter 2.3), the resuils
were partially offset by a 3.5% subacute stent occlusion rate and a 13.5% incidence of major
bleeding complications, requiring vascular surgery and/or bloodiransfusions.

In a multivariate analysis performed on patients randomized to stent intplantation in the
Benestent study (chapter 3.1), risk for subacute stent thrombosis appeared to be a small pre-
procedural vessel size, prior myocardial infarction and the occurrence of bleeding complica-
tions. Female patients were af higher risk for bleeding complications.

In chapter 4, solutions for stent thrombosis and bleeding complications are explored in 5
directions: [a] improvement of stent deployment, [b] improvement of anticoagulation monilo-
ring, {c] improvement of local hemostasis, fd] selection of safer entry siles and [e] decreased
thrombogenicity of the stent.

[a] Intravascular ultrasound plays an important role in the proper assessment of stent deploy-
ment (chapter 4. 1). It was found that 21 of 29 stents (72%) were suboptimally deployed after
implantation with the sheath protected stent delivery system. Improvement was achieved by
high pressure dilatations with less compliant balloon material. Since we expected that early
and long term outcome improves with improved sten{ deployment, we routinely petforin high
pressure stent dilatations with adequate sized balloons.

[b] A second prerequisite for a successful oulcome was considered to be optimal anticoagula-
tion, Since an optimal level of anticoagnlation depends on optimal monitoring, assessments of
prothrombin fragment (PTF) FI+2 was recominiended by several investigators. Despite con-
vincing repor{s, we were not able o demonstrate a relation between elevated levels of PTF
F142 and stent thrombosis in a prospective study (chapter 4.2), Blood sampling and analysis
have been performed correctly. The variability of luboratory results may be due Lo storage
techniques. However, in the patients with a bleeding complication, levels were higher, compa-
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red (o patients without a bleeding, which is not surprising, since formation of thrombin is the
natural answer on any bleeding und hemostasis process. Because of this variability in results

and since thrombus formation secondary to a bleeding can not be differentiated from throm-

bus formation due to impending sten( thrombosis, we decided not to perform this costly and

time-consuming monitoring of PTF F1+2 after Palmaz Schalz stent implantation,

fc} With enthousiasm, a new hemostasis device, a collagen plug (Vasoseal®} was wellcomed
in our department, with the expectation that safe and early mobilization of patients under full
heparinization would become feasible. hnmediate sheath removal followed by stable local
hemostasis, would allow the clinician to maintain heparinization on a high level, without
interruption of the heparin infusion. In u retrospective study, comparing patients with and wit-
how a Vasoseal® afer stenting, we were able to demonstrate a better level of heparinization,
with less suboptimal APTT- values in patients treated with a Vasoseal®; 7% of 233 APTT
samples, versus 20% of 168 samples in patients without a hemostasis device (chapter 4.3).
Early and late puncturesite bleeding complications, however, could not be prevented, Jimiting
the applicability of this costly device.

{d] Another possible means to obtain improved local hemostasis is the use of smaller guiding
cathelers and introducer sheaths, which became possible since miniaturized angioplasty mate-
rial became compatible with 6 French (F) guiding catheters.

Instead of using these catheters by the traditional transfemoral technique, we explored the
feasibilty of transradial coronary angioplasty, since several advantages of this approach are
evident; the superficial course allows safe and effective hemostasis, the absence of major ner-
ves and veins near the radial artery excludes damage to these structures, and collateral blood
supply from the ulnar artery prevents the hand from becoming ischemic if the radial artery
occludes.

Maintenance of the possibility lo treat suboptimal results such as occlusive coronary dissec-
tions with autoperfusion balloons or coronary stents, may currently be considered as a prere-
quisite for any new PTCA- technique. New low profile perfusion balloon catheters proved to
be compatible with 6F guiding catheters (inner diameter 0.060 inch) for primary use (chapter
4.4.1), aithough friction was noticed during introduction and removal of the batloon catheter
from the guiding catheter. Re-introduction after removal was impossible in 3 of 5 patients.
Applicability of perfusion balloons or coronary stents via OF guiding catheters for suboptimal
PTCA- results is reported in 13 patients (chapter 4,4.2). Thus 6F transradial coronary angio-
plasty can be performed, without losing the possibility to optimize poor immediate PTCA
results with the two most commonly applied techniques.

In order to study the feasibility of transradial balloon angioplasty, we performed an open pro-
spective study in 100 patients {chapter 4.5.1.). Coronary catheterization via the radial artery
was successful in 94 patients. Of these patients a procedural success was achieved in 92
patients (98%). Radial artery occlusion occured in 10% of patients. Spontaneous recanalisa-
tion was evident in 5%. No patient had signs of ischemia of the hand and forearm and no
major bleeding complications were encountered.

Encouraged by these promising results we designed a randomized study, the ACCESS- study,
to establish the mutual relation of access-failure rates and vascular complications of PTCA
with 6F guiding catheters via the percutancous femoral, brachial or radial artery.

The interim analysis (450 patients) is described in chapter 4.5.2,

During this first part of the study, coronary cannulation was successfully achieved in 92.1%
of patients, randomized to the transradial artery approach, versus 96.6% (p=0.03) and 100%
{(p=0.001) in the patients who underwent PTCA via the brachial and femoral artery, Failed
radial artery puncture was the main reason for inability to cannulate the coronary artery.
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Procedural PTCA succesrates were comparable in the three groups. After PTCA via the percu-
taneous brachial route, bleeding complications were more frequently encountered, 4.1%, ver-
sus 0% (p=0.03) in the radial group and [.3% (p=ns) in the femoral group,

The transradial approach is theoretically an ideal technique for coronary stenting since both
stent thrombosis and bleeding can be reduced by giving full anticoaguiation in an ambulant
patient, treated via a low risk entry site. By manual crimping of a bare Pahnaz Schatz stent on
low-profile balloon catheters, we were able to deliver these stents via the radial arlery, The
technique of transradial artery stenting is described in a case report (chapter 4.6.1.) and results
of this technique are described in 20 patients {chapter 4.6.2) und in 100 patients (chapter
4.6.3). In this final series, we were able fo demonstrate high procedural (96%) and clinical
success rates (93%j). Stent thrombosis was encountered in | patient (1%) and another patient
had a radial artery bleeding requiring vascular surgery (1%).

Because of the important role of intravascular ultrasound during coronary stenting, it was
necessary to demonstrate the feasibility of transradial ultrasound controlled stent implantation
via 6F guiding catheters. Feasibility of transradial ultrasound controlled stenting with miniato-
rized vascular ultrasound transducers, is demostrated in 8 patients (12 stents) (chapter 4.6.4).
We found improved stent expansion afier high pressure dilatations with balloons of interme-
diate compliance, compared to the results after delivery with equally sized compliant balloons
at 10-12 armospheres.

Transradial implantation of bare stents has the potential for significant cost savings, when
compared to the traditional transfemoral stent technique, using 8F guiding catheters and she-
ath protected stent delivery systems. Savings are potentially achieved by a reduction of costs
associated with use of material (less balloon catheters), with diagnosis and treatment of blee-
ding complications and by a shorter hospitalization time. We compared the costs of these
items in 35 patients after elective single stent implantation via the radial artery to those of 25
patients, participating in the Benestent study in our clinic, who received a stent via the femor-
al artery {chapter 4.6.5). Overall, the mean cost per patient in the first group was 67% of costs
in the second group,

The transradial approach for stenting atlows the patient to be mobilized immediately after the
procedure. Together with the high success rate and the low complication rate, hospital stay
was relatively short, compared (o historical series. Patients on a preprocedural adequate level
of oral anticoagulation could be discharged the day following stent implantation (n=22 in the
series of 100 patients), if no complications were observed. Since acute stent thrombosis is an
extremely rare event, there is no argument to keep patients inhospital, if adequate focal hemo-
stasis is obtained in an ambulant patient on a therapeutic level of anticoagulation. We conduc-
ted a pilot study (20 patients) to the feasibility of transradial outpatient coronary stenting
(chapter 4.6.6),

Since no complications were associated with this outpatient strategy, the 95% confidence
interval for an event-free outpatient procedure runs from 0-16.8%. A feasibility study in 100
patients is presently conducted in our department,

Thus the transradial approach can be considered as a mujor breakthrough in the optimalization
of coronary stenting, since this approach is effective, safe and is associated with increased
patient comfort (early mobilizalion) and cost effectiveness.

Another means to reduce the risk for stent thrombosis and local bleeding complications is the

use of non-thrombogenic, heparin coated corvonary stents, which allows withdrawal or at least
a reduction of anticoagulants. Results of a pilot study on the use of heparin coated stents in
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patients with stable angina and a de novo lesion in a native coronary artery (Benestent 1i-
pilot study; phase 1,2,3 and 4) are described in chapter 4.7.

In 4 patient groups, heparinization after sheath removal was gradually delayed to 36 hours. In
the fousth group, no heparin was administered after the procedure and the palients were tre-
ated with antiplatelet drugs instead of antivitamin K. The hepurin-coated stent was well tole-
rated. No stent thrombosis was encountered. A trend towards less access- related bleeding
complications was observed. This study contirms the feasibility of a randomized trial testing
this new stent,

CLINICAL CONSEQUENCES
What do ali these findings mean for day-lo-day care of patients, selected for coronary stent
implanfation?

Elective as well as emergent coronary stenting, for reduction of restenosis and for improve-
ment of suboptimal PTCA results, respectively, should be finalized by high-pressure dilata-
tions of the freshly implanted stent, 1o a diameter, at least corresponding to the reference dia-
meter of the stented segntent, in order to reduce the risk for stent- occlusion. An optimal stent
result provides a good safe-guard against thrombotic stent- occlusion. Variability of results of
prothrombin fragment Fl+2- monitoring in the week following stent implantation, limits the
value of this costly and time consuming tool, in the prevention of stent- thrombosis.

The main hazard of coronary stenting through 8F puiding catheters via the femoral artery
under full anticoagulation is a local bleeding complication, which can not be prevented by
percutaneous insertion of collagen plugs.

One effective strategy to prevent bleeding complications is the transradial artery stent techni-
que. This approach is technically more delicate and difficult than the transfemoral technigue,
since the radial artery is smaller and the guiding catheters are preshaped for the femoral
approach. Despite these limitations, we have shown that the transradial approach can safely
and effectively be applied in patients undergoing coronary balloon angioplasty and coronary
stenting, without losing the possibilty to apply bailout techniques and intravascular ullra-
sound. The dramatic reduction of bleeding complications is evident, resulting in reduction of
costs, since less diagnostic and therapeutic procedures are required for treatment of these
complications. No ischemic damage to the hand or forearm was observed. The combination of
effective and safe hemostasis and reliable stent results makes coronary stenting on an outpa-
tient basis possible, which will contribute 1o further cost- reduction.

Another promising technigue to reduce the risks for stent thrombosis as well as bleeding com-
plications, is the vse of non-thrombogenic heparin coated stents, These stents allow patients
to be treated with a simplified anticoagulation regimen. Its effect on restenosis and cost
savings will be explored in a randomized multicenter study.
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SAMENVATTING

Implantatic van roestvrij stalen coronaire stents is een veelbelovende techniek ter verbetering
van suboptimate resultaten na percutane transluminale coronaire ballon angioplastiek (PTCA)
en ter preventie van restenose ng PTCA,

Er zijn echter twee belangrijke beperkingen aan deze techniek verbonden. In de metalen
stents kan thrombose optreden. Om thrombotische occlusie van de stent te voorkomen worden
de patiénien na stent implantatie veelal nabehandeld met een complexe combinatie van stol-
lingsremmers. Intensieve ontstolling na een arteriéle catheterisatie procedure, kan gepaard
gaan met ernstige bloedingcomplicaties.

Beide, potentieel levensbedreigende, complicaties beperken de algemene toepasbaarheid van
de stent techniek, Ook gaan deze complicaties gaan gepaard met ongemak voor de patiént,
langdurig zickenhuis verblijf en met hoge koslen.

Dit proefschrift geeft een overzicht van onze inspanning om het klinische resultaat van coro-
naire Palmaz Schatz stent implantatie te optimaliseren,

SAMENVATTING VAN DE BEVINDINGEN
Ferst worden de resultaten en complicaties besproken van stent implantatie voor de twee
belangrijkste indicaties in onze kliniek.

De eerste ervaring met de Paltiaz Schatz stent werd in ons centrum oppgedaan gedurende de
behundeling van suboptimale PTCA resultaten als alternatief voor acute coronaire bypass
chirurgie (hoofdstuk 2,1 en 2,2), Procedureel succes van stent implantatie werd bereikt in
89% . Echter, 23% van de 39 niet-chirurgisch behandelde pati€nten, ontwikkelde stent throm-
bose en befangtijke biloedingscomplicaties werden gezien bij 3 patiénten (8%).

De klinische en angiografische resultaten na stent implantatie waren beter dan na conventio-
nele PTCA bij geselecteerde pati€nten met stabiele angina pectoris en een primaire luesie in
een kransstagader (Benestent-1 studie; hoofdstuk 2.3). Echter, de voordelen werden ten deie
teniet gedaan door stent thrombose (3.5%) en door bloedings- complicalies, waarvoor een
chirurgiscie ingreep of het tocdienen van bloediransfusies noodzakelijk was (13.5%).
Multivariate anatyse van de stent populatie (hoofdstuk 3.1) leerde dat de kans op stent throm-
bose groter is naarmate de preprocedurele kransslagader diaimeter kieiner is, als de patiént
vroeger een hartinfarct heeft doorgemaakt en als er na de procedure een bloeding optreedt.
Vrouwen hebben een grotere kans op een bloedingscomplicatie.

Oplossingen voor stent thrombose en bloedingscomplicaties werden gezocht in verbetering
[a] van de implantatie techniek, [b] van de controle op ontstolling, {¢] van lokale hemostase
en [dj in de selectie van een veiliger punctieplaats en [e] in de vermindering van de thrombo-
geniciteit van de stent (hoofdstuk 4),

ia} De toepassing van intravasculaire echografie speelt een belangrijke rof in de beoordeting
van de mate en kwaliteit van stent expansie in de kransslagader (hoofdstuk 4, 1),

Wi} constateerden met behulp van deze techniek dat 21 van de 29 stents (72%), na aflevering
niet fiet "Stent Delivery System" onvoldoende ontplooid waren. Verbetering werd verkregen
ng hoge inflatiedrukken met grotere bailonnen van geringere compliantic. Deze bevindingen
zijn in overeenstemming met observaties van andere onderzoekers en tegenwoordig wordt
routinematig het acule stent resultaat geoptimaliseerd middels nadilataties met hoge inflatie-
drukken.

[b] Optimale ontstolling vereist optimale monitoring hiervan. Door diverse onderzoekers wer-
den Prothrombine frugment F142 bepalingen aanbevolen. Wij konden echter geen relatie con-
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stateren lussen verhoogde prothrombine fragment F142- waarden en stent (hrombose in een
prospectieve studie (hoofdstuk 4.2). Bloedafname en -bepaling waren correct uitgevoerd, De
sterke variabiliteit van de vitkomsten kan eventucel samenhangen met het feit dat de plasma-
monsters eerst waren ingevroren, totdat bepaling plaatsvond.

Het bleek echter dat bij patiénten, die ook een bloeding hadden doorgemaakt, hogere waarden
werden gevonden. Dit is verklaarbaar uit het feit dat de vorming van thrombine een natuurlijk
antwoord is op iedere bloeding, Vanwege de vaiigbiliteit van de vilkomsten en vanwege het
feit dat thrombusvorming, secundair aan een bloeding niet kan worden gedifferentieerd van
thrombusvorning bij dreigende stentocclusie, hebben wij besloten prothrombine fragment
F1+2- monitoring niet als routine na stent implantatie in te voeren.

[¢] Met enthousiasme werd de collageen-plug (Vasoseal) geintroduceerd op onze afdeling.
Wij koesterden de verwachting dat deze noviteit veilige en vroege mobilisatie van de gehepa-
riniseerde patiént zou toelaten. Tevens zou het mogelijk zijn op hoog nivean te kunnen hepari-
niseren, onmiddellijk nadat hemostase middels de Vasoseal zou zijn verkregen. In een retro-
spectieve studie, waarbij patiénten met en zonder Vasoseal na stent implantatie met elkaar
werden vergeleken, bleek inderdaad dat er sprake was van een optimaler heparinisatie, Er
werden minder subtherapeutische APTTs gevonden in de patignten met een Vasoseal; 7% van
233 APTTs versus 20% van 168 APTTs (hoofdstuk 4.3). L.okale bloedingen konden echter
niet worden vermeden, hetgeen de toepasbaarheid van deze, ook kostbare, plug beperkt.

[d} Fen andere methode om tot verbeterde hemostase te komen, is het gebruik van de kleine-
re, 6 French (F), geleidecatheters. Wij hebben onderzock gedaan naar de haalbaarheid van de
arteria radialis, als port d'entrée. Er zijn immers cen aantal theoretische voordelen aan deze
methode verbonden; de oppervlakkige ligging van de arteria radialis maakt dit vat gemakke-
lijk afdrukbaar, er lopen geen belangrijke aders en zenuwen naast de polsslagader en de colla-
terale verbindingen met de arleria ulnaris beschermen de hand tegen ischemie in geval van
een postoperatieve arteria radialis afsluiting.

Wij hebben als voorwaarde voor de transradiale PTCA techniek met 6F geleidecatheters
gesteld dat de patignt met autoperfusieballonnen en met stents behandeld moeten kunnen wor-
den, indien de PTCA een onvoldoende resultaat geeft. In hoofdstuk 4.4.1. worden onze erva-
ringen beschreven met nieuwe perfusieballonnen, opgevoerd door 6F geleidecatheters.
Alhoewel er wel enige frictie voelbaar was, konden deze bullonnen wel ter plaatse van de ste-
nose worden gebracht. Re-introductie, nadat de ballon uit de catheter was teruggetrokken,
faalde bij 3 van de 3 pati#nten. De toepasbaarheid van perfusiebalionnen en stents ter verbete-
ring van suboptimale PTCA resultaten wordt beschreven bij 13 patiénten (hoofdstuk 4.4.2.).
Wij hebben hiermee dus aangetoond dat PTCA door 6F geleidecatheters de 2 cathetertechnie-
ken, om tot verbelering van PTCA resultaten te komen, niet uitsluit,

Vervolgens hebben wij een prospectieve siudie verricht naar de resultaten van transradiale
PTCA in een serie van 100 patiénten (hoofdstuk 4.5.1.). Bij Y4 patiénten kon de kransslagader
worden gecannuleerd. De procedure verliep succesvol bij 98%. Bij 10 patiénten bleek de arte-
ria radialis te zijn afgesloten voor ontslag uit het ziekenhuis, doch spontane rekanalisatie vond
plaats bij 5 patignten. Belangrijke bloedingscomplicaties of ischemie van de hand zijn niet
opgetreden,

Gestimuleerd door deze resultaten, hebben wij een gerandomiseerde studie opgezet (de
ACCESS- studie} naar cannuiatie- en catheterisatiesucces en bloedingscomplicaties, bij percu-
tane (ransradiale, -brachiale en -femorale ballon coronaire angioplastiek met 6F geleidecathe-
ters. Een interin-analyse werd verricht na inclusie van 450 patiénten (hoofdstuk 4,5.2.). Bij
92.1% van de patiénten uit de radialis- groep kon de kransslagader worden gecannuleerd,
tegen 96.6% (p=0.03) an [00% (p=0.001) van de pati¢aten uit respectievelifk de brachialis-
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en de femoralis- groep. Procedureel PTCA succes was vergelijkbaar in de 3 groepen, Meer
bloedingscomplicaties traden op na PTCA via de arteria brachialis (4.1%), versus 0% na
transradiale PTCA (p=0.03) en [.3% na transfemorale PTCA {p=N8), De ACCESS- studie
wordt gecontinueerd totdat 90 patiénten zijn geincludeerd.

De transradiale benadering is theoretisch ideaal voor patiénten, die een stent getmplanteerd
krijgen, omdat stent thrombose kan worden voorkomen, door optimaal te ontstollen, zonder
een belangrijk bloedingsrisico. De combinatie van manuveel gemonteerde stents op batlonca-
theters met een laag profiel, bleek goed compatibel met 6F geleidecatheters. De techniek van
transradiale coronaire Palmaz Schatz stent implantatie wordt beschreven in een casulstische
mededeling (hoofdstuk 4.6.1.) en de resullaten worden beschreven bij 20 patignten (hoofdstuk
4.6.2.) en bij 100 patiénten (hooldstuk 4.6.3.). In deze laatste serie vermeldden wij een 96%
procedureel succes en 93% klinisch succes, Stent thrombose werd bif 1 patiént (1%} gecon-
stateerd en | patiént (19%) had een belangrijke lokale bloeding.

Gezien de belangrijke rol van intravasculaire echografic gedurende stentimplantaties, hebben
wij een haalbaarheidsstudie gedaan naar transradiale ultrasoon geleide coronaire Patmaz
Schatz stent implantatie bij 8 patignten {12 stents} (hoofdstuk 4.6.4.).

Wi constateerden betere stent expansie na hoge druk- inflaties met semi-compliant batlonnen,
vergeleken met de expansic na atlevering met 10-12 atmosteer met compliant ballonmateri-
aal.

Transradiale stent- implantatie is goedkoper dan de traditionele transtemorale techniek, met
8F geleidecatheters en het Stent Delivery System. Wi vergeleken de kosten Ltussen 25 patign-
ten, die op deze wijze gestent zijn {Benestent- populatie OLVG) en 35 patiénten na electieve
stent implantatie via de polsslagader. Kosten werden hespaard op materiaal verbraik, dingnos-
tiek en behandeling van bloedingscomplicaties en op ziekenhuis- opnamedunr. De totale kos-
ten na cen transradiale stentinptantatie bedroegen 67% van de kosten van de lraditionele
methode (heofdstuk 4.6.5.).

Na een transradiale stent- behandeling is de patigént onmiddellijk mobiel. Daar hemostase
effectief kan worden verkregen en daar de kans op stent occlusie, na een optimaal acuut resul-
taal, gering is, resteren er weinig argumenten ont goed ontstolde patiénten klinisch te houden,
na een succesvolle ingreep.

Bij 20 patiénten hebben wij een pilot-studie verricht naar de mogelijkheid om op poliklinische
basis Palmaz Schatz coronaire stents te implanteren (hoofdstuk 4.6.6.).

Bij geen van deze zorgvuldig geselecteerde pati€nten hebben zich complicaties voorgedaan,
gereluteerd aan het poliklinisch protocol (belronwbanrheidsintervat voor een ongecompliceerd
beloop; 0-16.8%). Thans wordt de studie naar een grotere groep patiénten uitpebreid.

Dus de transradiale benadering voor Palmaz Schatz coronaire stent implantatie kan als een
doorbraak worden beschouwd, daar deze techniek effectief en veilig is. De patiént- en budget
vriendelijkheid zijn belangrijke additionele voordelen.

Een andere methode om zowel de kans op stent thrombose als op bloedingscomplicaties te
verkleinen, is het gebruik van niet-thrombogene, heparine- gecoate, stents in combinalie met
een sterk vercenvoudigd ontstollingsbeleid. Resultaten van de pitot- studie, betreffende hepa-
rine-gecoate stents bij patiénten met stabiele angina pectoris en een de novo sienose in een
kransslagader (Benestent-11I pilot study; fase [,2,3,en 4) worden beschreven in hoofdstuk 4.7.
In de eerste 3 fasen werd de heparinisatie na verwijderen van de shealh, uitgesteld van 6 naar
12 naar 36 uur, In de de fase werd geen heparine post-procedureel meer toegediend en werd
antivitamine K vervangen door plaatjesaggregatieremmenrs. Er werd geen stent thrombose
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waargenomen en er was een afname van het aantal lokale bloedingscomplicaties te constate-
ren. Deze studie bevestigt de haalbaarheid van een gerandomiseerde studie, waarbij resultaten
van PTCA zullen worden vergeleken mel resultaten na implantatie met deze stent.

KLINISCHE BETEKENIS
Wai betekent dit allemaal voor de dugelijkse praktijk?

Electief stenlen ter prevenlie van restenose en spoedimplantaties ter verbetering van subopti-
mate PTCA resultaten zijn 2 (klinisch) geaccepteerde indicaties voor Palimaz Schatz coronaire
stents. Gedurende de vroege ervaring werden stentimplantaties le vaak gecompliceerd door
thrombotische stentocclusie en door lokale bloedingen.

Een optimaal acuut stentresultaat is waarschijnlijk de beste beveiliging tegen het optreden van
stent thrombose en plaatst het ontstollingsbeleid in een ander perspectief.

De stents dienen te worden nagedilateerd met minder compliant ballon materiaal en met hoge
intlatiedrukken. Gestreefd moel worden naar een optimale verhouding tussen stent diameter
en diameter van de kransslagader (tenminste [:1).

De variabilileit van prothrombine Fl1+2- bepalingen in de weck na stent implantatie, beperk(
de waarde van deze kostbare en tijdrovende techniek en is als routine niet aan te bevelen.

Het subcutaan plaaisen van collageen-pluggen ter preventie van liesbloedingen na een 8F pro-
cedure onder volledige ontstolling, vind( geen grote navolging. In onze ervaring heeft dat
ondermeer te maken met het feit dat bloedingscomplicaties niet kunnen worden voorkomen
en dat deze zells dagen na de insertie kunnen optredes.

Een effectieve methode om bloedingscomplicaties le voorkomen is de transradiale stent tech-
niek. Deze benadering is technisch moeilijker dan de transfemorale echniek, daar de arteria
radialis kleiner is en daar de meeste geleidecatheters niet op deze benadering zijn ontworpen.
Deze beperkingen ten spijt, hebben wij aangetoond dat de radialis techniek effectief en veilig
kan worden toegepast voor PTCA en Palmaz Schatz coronaire stentimplantaties, Transradiale
coronair angioplastick sluit de toepassing van "bail-out" technieken en intravasculaire echo-
grafie niet uit.

De belangrijke reductie in bloedingscomplicaties heeft ook een kostenreductie tot gevolg,
daar minder diagnostische ¢n therapeutische verrichtingen noodzakelijk worden en daar de
opnameduur kan worden bekott. Ischemische complicaties aan de hand, bij patiénten met col-
laterale verbindingen met de artria ulnaris, zijn niet waargenomen.

De combinatie van effectieve en veilige hemostase met cen betrouwbaar stentresultaat, naakt
deze behandeling op poliklinische busis mogelijk, hetgeen zal bijdragen tot een verdere kos-
tenreductie,

Een andere veelbelovende techniek ter bestrijding van stent thrombose en locale bloedings-
complicaties is het gebruik van heparine-gecoate stents. Deze stents maken het mogelijk de
complexe ontstollingsregimes te vervangen door veiliger plaatiesaggregatieremmende regi-
mes. Hel effect op restenose en kosten-reductie wordt in een gerandomiseerd multicentrisch
onderzoek geévalueerd.
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