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Objective — To compare the outcome of balloon PT-
CA with final coronary stenosis diameter (SD) £30%, with
elective coronary stenting.

Methods - We performed a comparative analysis of
the 6 month outcomes in patients treated with primary
stenting and those who obtained an optimal balloon PT-
CA result treated during the first 12 hours of AMI onset in-
cludedin the STENT PAMI randomized trial.

Results - The results were analysed into 3 groups: pri-
mary stenting (441 patients, SD=22+6%), optimal PTCA
(245 patients), and nonoptimal PTCA (182 patients, SD=
37+£5%). Atthe end of the 6 months primary stent group pre-
sented with the lowest restenosis(23 vs. 31 vs. 45%, p=0.001,
respectively). Ischemia-driven target vessel revascularization
rate (TVR) (7 vs. 15.5vs. 19%, p=0.001, respectively).

Conclusion - At the 6 month follow-up, primary sten-
ting offered the lowest restenosis and ischemia-driven TVR
rates. Compared to optimal balloon PTCA. Nonoptimal
primary balloon PTCA pts (SD=31-50%,), had the worst
late angiographic outcomes and should be treated more
actively with coronary stent implantation.
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A seriesof randomizedtrialswereperformedto obtain
acomparativeanaysisbetween two percutaneousrevascu-
larization methods, primary coronary stentimplantationand
primary balloon PTCA %3, available for the treatment of
acutemyocardial infarction (AMI) inthefirst 12 hoursof its
onset. TheSTENT PAM I tria randomized agreater number
of AMI patientsthan did the previoustrials(900) in 62 cen-
tersworldwide, concluding that primary heparin-coated Pal-
maz-Schatz stent impl antation offered greater final luminal
diameter, alower restenos srateand fewer ischemia-driven
target vessel revascularization (TVR) proceduresat theend
of thefirst 180 dayswhen compared with balloon PTCA “.

TheBENESTENT I trid ® compared thee ectivecoronary
stent implantation strategy with balloon PTCA in non-AMI
patients showing that 36% of patients randomized to the
balloon obtained afina procedurd stenosisdiameter lower
than 30%, and with reduced restenosisrates with fewer oc-
currencesof mgjor coronary eventsat thelong-termfollow-up,
benefits similar to those obtained with routine stenting.
Serruysetd referredtotheseoptimal balloon PTCA resultsas
astent-like procedure®’. Theclinica and cost-effectivenessim-
plicationsof thesefindingshavestimul ated thespecificdesign
of trialscapableof proving or disproving thisconclusions.

Inthefirst 12 hoursof AMI onset, thiscomparisonwas
not yet realized. The objectiveof thisstudy wasto perform
thecomparativeanalysisof theclinical and angiographicre-
sultsat the end of thefirst 6 months after AMI of patients
who had been submmited to aroutine coronary stent im-
plantation and thosewho obtained an optimal primary ballo-
on PTCA angiographic result, and were included in the
STENT PAMI trid.

Methods

Thisanalysisfollowsthe protocol determined for the
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main STENT PAMI trial. Weincluded patientsof both sexes,
above 18 years of age, within thefirst 12h of AMI (symp-
tionsand ST-T segment elevation >1mm in more than 2
contiguousECG leads). Clinica exclusion criteriaincluded
prior administration of thrombolyticsfor theindex infarc-
tion, current useof warfarin, strokewithin onemonth, renal
failure, cardiogenic shock, expected survival of <1year, wo-
men of childbearing potential unless a recent pregnancy
test wasnegative, or known contraindi cationsto aspirin, he-
parin, or ticlopidine.

The patients were medicated at the emergency room
with aspirin (325mg/PO), ticlopidine (500mg/PO, for 30
days), heparin (5,000t0 10,0001 U/IV), betablockers(1V) in
the absence of contraindications.

The coronary arteriography and left ventricul ography
wereperformedwiththe Judkinstechniquewithlow osmolar
ioniccontrast medium. Only theinfarct-rel ated artery wastrea-
ted. Onceflow was established (either spontaneoudly or after
initial ballooninflations), theoperator determined whether the
infarctlesion(s) qudifiedfor randomization. Therandomization
process was conducted with a central computerized system
(Amsterdam, TheNetherlands).

Thetechnicianssdectedonly nativearteries, 3.0-4.5mm
reference segment diameter (visua), andlesion(s) that could
be covered with one or two stents (15 mm length). Vessels
werealso excluded if the stent would protrudeinto theleft
main artery (ostial LAD or circumflex lesions), if large
branches (3 3.0mmindiameter) would be constricted by the
stent, or if tortuosity and cal cification madeit unlikely that
the stent could be delivered and expanded.

Patients randomized for routine coronary stent im-
plantation and received a15-mm Palmaz-Schatz heparin-
coated stent mounted on aballoon that incorporated asle-
eved stent delivery system. After stent deployment at 8 atm,
aseparatehigh pressureinflation of 3 16 atmwasrecommen-
ded. Theobjectivewasthe achievement of an optimal stent
implantation, with an SD £10% (visua assessment), without
edge dissections or severe adjacent nontreated stenosis.

In patientsrandomizedto ballon PTCA, thetechnique
already tested was used, with thegoal of afinal stenosisas
low aspossible. At theoperatorsdiscretion, coronary sten-
tscould beimplantedinthe presence of suboptimal results
(stenosisdiameter 3 50% or flow threatening dissections),
using other commercially availablestent.

All the procedureswere performed with full intrave-
nousheparinization (ACT3 350 seconds). Administration of
thrombolyticsor abciximab wasdiscouraged. Intracoronary
ultrasound was not mandatory, being performed at the
technician’ sdiscretion.

Clinical and angiographic analysis- Thecumulative
occurrenceof all mgjor clinica eventswasmonitored throu-
ghout theindex hospitalization, and at 1 and 6 months. Prior
to performanceof the protocol follow-up angiography at 6.5
months, investigators documented the angina class or
evidence of ischemiaat stresstesting.

Detailed casereport formswere completed by clinical
coordinatorsat each site. Independent monitorstraveled to
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thesitestoverify sourcedocumentationonal patients. All
acute and follow-up cineangiograms were obtained using
standard acquisition guidelinesand submitted to indepen-
dent Angiographic Core L aboratories (Washington Hospi-
tal Center, Washington D.C. and Cardialysis, Rotterdam,
TheNetherlands). Thequantitative coronary angiographic
(QCA) analysiswasperformed using the CAASII system
(PieMedica, TheNetherlands). Myocardia perfusionwas
graded using the Thrombolysisin Myocardial Infarction
(TIMI) classification. Themean referencediameter andthe
minimal lumen diameter wereused to cal culatethe percent
SD. AnMLD =0.0wasassumed in the presence of atotal
occlusion at baseline or fol low-up.

The primary objectivewasto assessthe combined cu-
mulative occurrenceof degth, reinfarction, stroke, or ische-
mia-driven TVR proceduresat theend of thefirst 6 months
after theindex AMI. Each component of the primary endpo-
int wasadjudicated by anindependent clinical eventscom-
mittee.

Secondary endpointswerethe6-month minimal lumen
diameter and SD, restenosisrate (>50% SD), andreocclusion
(TIMI 0-1flow inavessel that waspreviously patent) &.

Inthiscurrent analysis, the randomized patientswere
dividedinto 3different groupsaccordingtothefinal proce-
dural SD, after QCA analysis: routine stenting, optimal
PTCA (SD <30%), and nonoptimal PTCA (SD=31-50%).

Statistical analysis- Categorical variableswerepre-
sented asfrequency and percentual, and continuousvaria-
blesasmean an standard deviation.

Categorid variableswereanaysed with Bi-cauda Chi-
Sagure Test or Exact Fischer test, whichever fitted better.
Continuous variableswere analysed by linear regression
model taking the subset (stent, optimal PTCA and non-op-
timal PTCA) asindependent variable. A later analysewas
doneto compare pairs of subsets.

Results

Between December 1996 and December 1997, 900 pa-
tients were randomized. From these, the cinefilms of 868
(96%) wereanayzed by the Central Angiographiccorelabs,
withthecal culation of thefinal procedural stenosisdiameter
by QCA.

According to the prespecified criteria, patientswere
dividedinto 3 groups: routinestenting, 441 (51%) patients;
optima balloon PTCA, 245 (28%); and nonoptimal balloon
PTCA, 182 (21%) patients.

Theclinical profile of these groupsaredisplayedin
tablel. Theclinical variableswerewel | balancedamongall 3
groups, without any statistical significance. Themean age
was 60 years, morethan 70% of participantsweremenand
15% had diabetes. The mean time between pain onset and
emergency room admissionwas 160 minutes.

Theangiographic profileisshownintablell, alsowi-
thout any magjor differences among the3 groups. Themajo-
rity of thepatientshad anterior myocardial infarction related
to LAD occlusions, and more than 45% of the group
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Table I - Clinical characteristics of the 3 groups analyzed
% of patients Routine Optimal Nonoptimal
stenting PTCA PTCA
N=441 N=245 N=182
Mean age (years) 61+12 50+12 60+13
Men 75 74 7
Diabetics 15 16 14
Hypertensives 42 41 43
Previous events
AMI 10 13 9
CABG 1 2 2
p=NS.

exhibited multivessel coronary heart disease. The mean
global gection fraction prior to theintervention wasgreater
than 45%.

Theoptimal balloon PTCA patientsrequired bail-out
stent implantation in 23% of the group. On the contrary,
only 3% (p<0.05) of nonoptimal PTCA patients received
nonplanned stents. Regarding the number of stentsrequi-
red per artery, theaveragewassimilar between theroutine
stenting group and the optimal PTCA (1.4) group, but we
observed atrend toward ahigher number of stentsper arte-
ry inthenonoptimal PTCA group (2.2).

The acute procedural results are demonstrated in
tablelll. Thecoronary TIMI flow grade 3wasre-established
in90% of routine stent patients, 93.5% of theoptimal PTCA
group, and 92% of the nonoptimal PTCA patients(p=NYS),
assessed by core lab analysis.

Theacute procedural QCA resultsreveded differences
among thegroups. Themeanreferenceartery diameter was
lower for theoptimal balloon PTCA group. Thegrester ML-
D wasobtained in theroutine stent group and followsalo-
wer progressive sequence; for the optimal and nonoptimal
PTCA groups(2.6£0.4vs. 2.3£0.4vs. 1.9+0.4 mm, respecti-
vely, p<0.05). Thehigher acutegainwiththelower stenosis
diameter followedthat ssmesequencefor the3different groups,
all statistical differencesfavoring the routine stent patients
(teblelll).

Attheendof thefirst 6 monthsafter AMI, 669 (77%) of
the patients underwent anew protocol cineangiography,
withasimilar percentagefor al groups(77, 78, and 75%, res-
pectively, p= NS). The greater MLD at the follow-up was

Table II - Angiographic profile of the 3 groups

% of patients Routine Optimal Nonoptimal
stenting PTCA PTCA
N=441 N=245 N=182

Vessl treated

Left anterior descending 40 45 42

Left circumflex 14 12 16

Right coronary 45 43 42

Multivessel disease 46 43 46

Mean gjection fraction 49+12 48+11 48+11

# stents/vessel 1.4+0.6 1.4+0.6 2.2+0.8

p=NS.

Table III - Acute procedural results and quantitative angiographic
analysis of the 3 groups

% of patients Routine Optimal Nonoptimal p
stenting PTCA PTCA
N=441 N=245 N=182
TIMI flow -1 0.4 0.4 0
-2 9.6 6.1 8.2
-3 90 935 92 0.6
Nonplanned stents - 23 3 0.0001
Residual dissection 6 18 28 0.0001
Fina pressure (ATM) 15+4 9+4 9+3 0.001
Balloon/artery ratio 1.1+0.2 1.2+0.1 1.1+0,2 0.7
Final coronary DS 18+6 22+6 3715 0.0001
(mm)
Referencediameter  3.2+0.4 2.9+0.4 3.1+0.5 0.001
MLD preprocedure  0.4+0.5 0.4+0.5 0.4+0.5 0.7
Postprocedure 2.6+£0.4 2.3+0.4 1.9+0.4 0.001
Acute gain 2.2+0.6 1.9+0.7 15+0.6 0.001

MLD- minima lumen diameter; DS- diameter stenosis.

observedintheroutinestenting group, becoming lower for
theoptimal and nonoptimal balloon PTCA groups(1.8+0.7
vs. 1.7+0.7vs. 1.5+0.8mm, respectively, p<0.05). Lower ste-
nosiswas al so observed in the same sequence of groups
(40vs. 44 vs. 53%, respectively, p<0.05).

Therestenosis rate was lower for the patientsinclu-
dedintheroutinestenting group (tablelV), evenincluding
the comparison with the optimal balloon PTCA group (23
vs. 31vs. 45%, respectively, p= 0.001). Inrelation to the
occurrence of the reocclusion phenomenon, patients
included in the routine stenting group or with optimal
PTCA resultsdid not demonstratesignificant differences(5
vs. 6%, p=NS), showing abenefit when compared withto
nonoptimal PTCA patientswho had twicethat number (6 vs.
13%, p=0.0008).

The primary endpoint events was observed signifi-
cantly lessoften in theroutine stenting strategy group (ta-
bleV). Theoccurrenceof combined clinical eventswas12%
(routinestenting), 17.5% (optimal PTCA), and 22.5% (no-
noptimal PTCA), respectively. Theclinical benefit wasonly
detectedinthecomparison of routi nestenting patientswith
optimal balloon PTCA patients (p=0.001). Intheside-by-

Table IV- Quantitative coronary angiographic results at the end of
the first 6 months after percutaneous revascularization proce-
dures during AMI

(mm) Routine Optimal Nonoptimal p

Stenting PTCA PTCA

N=441 N=245 N=182

Reference
diameter 3.0+0.4 2.9+0.6 3.0+0.3 0.001
MLD 1.8+0.7 1.7+0.7 1.5+0.8 0.001
Late loss 0.8+0.6 0.6+0.6 0.5+0.7 0.001
Follow-up
coronary SD  40+20% 44+21% 53+22% 0.001
Restenosis 23% 31% 45% 0.001
Reocclusion 5% 6% 13% 0.008*

*p = 0.008 only for routine stent and optimal balloon PTCA groups vs.
nonoptimal PTCA group. MLD- minima lumen diameter; DS- diameter
stenosis.
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Table V - Clinical combined events at the end of the first 6 months
after AMI of the 3 different procedural results

% of patients Routine Optimal ~ Nonoptimal p
Stenting PTCA PTCA
N=441 N=245 N=182

Death 4 1.2 3.3 0.2
Reinfarction 2.4 2 2.7 0.9
Stroke 0.2 0.4 0 0.8
Ischemia-driven TVR 7 15.5 19 0.001*
Combined events 12 17.5 22.5 0.003*

p<0.05 only for routine stenting group vs. optima and nonoptimal bal-
loon PTCA groups. TVR- target vessel revascularization.

sidecomparison of theoccurrence of the primary endpoint
between optimal balloon and nonoptimal PTCA groups, we
didnot find significant differences.

Thereductionintheischemia-driven TV R rate(routi-
nestenting, 7 vs. optimal PTCA, 15.5%, p=0.001) wasthe
only clinical variableanalyzed that exhibited an expressive
benefit when patientsparticipatedinaroutinestenting stra-
tegy. However, thisbenefit wasnot observed inthecompa-
rison of optimal and non-optimal balloon PTCA groups
(15.5vs. 19%, respectively, p=NS). Thesignificant reduc-
tion observedinthisclinical variablehad amajor contribu-
tionfor alower rateof clinical combined events.

Themgor complicationsrd atedtoAMI occurrence(deeth,
reinfarction, and stoke) werenat different amongthe3groups. A
routinegtenting strategy did not modify their occurrence.

Discussion

Inthecurrent analysis, we compared the acute (30 da-
ys) and follow-up (6 months) of morethan 800 patientsran-
domizedinthe STENT PAM I trid 4, duringthefirst 12 hours
of AMI onset, according to thefinal procedural stenosis
diameter, assessed by QCA anaysis. Thegroup of patients
originally randomized to the balloon PTCA strategy were
divided according to the achievement of an optimal result
(dent-like), withangenod sdiame & £30%, and compared
withthose randomized to theroutine stenting strategy.

Theclinical and angiographicresultswereobtainedin
acumul ativefashion at theend of thefirst and sixth months
after AMI. Theacuteresultsdid not reveal significant diffe-
rencesin the successrate, the re-establishment of TIMI 3
flow rate, and the occurrence of major complications. We
only observed that patientswho underwent aroutine sten-
ting strategy had asignificantly lower procedural stenosis
diameter, greater lumen gain and, asaconsequence, ahig-
her ML D, when compared with other groups. The marked
differencesintheresultswere observed intheclinical and
angiographic analyses at the end of thefirst 6 months. So,
thegroup of patientswho had routine stenting exhibited a
significantly lower restenosisrate (23%) and, as a conse-
quence, alower need for new TV R ischemia-driven proce-
dures, reducedin morethan 50% of patients. Thegroupclas-
sified as having an optimal balloon PTCA result, despite

Mattos et al

Primary stenting and angioplasty in myocardial infarction. The stent PAMI trial

being favored by 23% over coronary stent implantation, did
not obtain similar clinical and angiographic benefits as
compared with those who participated in the routine
stenting strategy.

Thelatereocclusionratewassimilar for routinesten-
tingand optimal balloon PTCA groups, however 23% of pa-
tientsintheoptimal ballon PTCA group had stent implant
that may have protected them from thishazardous compli-
cation, compared with thenonoptimal balloon PTCA pati-
ents(5-6%vs. 13%, p<0.05).

Optimal Balloon PTCA or Routine Stenting Strategy
inAMI?- Sincethe subanalysisfromtheelectiverandomi-
zedtrial BENESTENT I (balloon PTCA vs. coronary sten-
ting), Serruyset a >"have madetheinteresting observation
that arange of 30to 40% of patientswho undergo only bal-
loon PTCA who had achieved afinal procedural stenosis
diameter £30%, had afavorablelong-term outcomesimilar to
that observed in patientsrandomized to stenting. Because
of this, the concept of astent-likeresult wascreated °.

Theability of coronary stentstoimproveballoon PT-
CA suboptimal resultseither by sealing dissection planesor
reducing the restenosisrate are unquestionable and very
well proven>’. However, the multiple morphological pre-
sentations of coronary heart disease may draw into ques-
tion routine stent application, which may not be suitablefor
all patientsfor exampl e, thosewith long and tandem coro-
nary stenosis, small vessels, bifurcations, and the present
and possible scenario of in-stent restenosis®.

In non-AMI patients, recent studies questioned the
concept of optimal balloon PTCA with astent-likeresult®.
All of the studies discussed in their methods sections ad-
junct assisted devices capable of monitoring on-linethe co-
ronary stent implantation procedure. These devices can
verify anatomicd (IVUSor QCA) or physiologicd (coronary
flow reserveby Doppler catheters) variables®. Theresults
of thestudiesDEBATE | *, DESTINI 2and DEBATE | 3
wereall very similar. When balloon catheterswereableto
obtainalower stenosisdiameter (<35% by QCA) associated
with anormalization of coronary flow reserve (>2.0), the
long-term clinical and angiographicresultsbecamevery si-
milar to those observed with routine stent application. Ho-
wever, avery wide range of patientswere ableto achieve
that optimal result, from 25to0 50%. Additionally, inthe DE-
BATE I trial, 25% of the patientsrequired bail-out coronary
stent implantation, and a surprising finding was that pa-
tientswho, after obtaining optimal resultsreceived astent
by protocol decision, showed even lower rates of new late
major clinical events(1%). Thesefindingsassociated with
the additional costs and longer procedures do not recom-
mend thesemethodsfor all patientstreated indaily practice.

Thereport of themost recent trial (OPUS*), applying
amorefriendly technology availableinall major invasive
cardiac|aboratories(visual assessment with assisted QCA)
hasbeenrel eased. Electivenon-AMI patients(n=500) with
reference vessals® 3.0mm and stenosislength <20mmwere
randomized into either the routine stenting strategy or to
the achievement of an optimal balloon PTCA (SD£30%). At
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theend of thefirst 6 months after theindex procedure, pa-
tientsincluded in the stent arm showed asignificant reduc-
tioninmajor combined clinica events(6vs. 15%, p<0.003)
andintheischemia-driven TV Rrates (4 vs. 11%, p<0.001).
Theseresultsobtained innon-AMI patientswere quitesi-
milar to those observed in our patientstreated during the
first hoursof AMI onset.

Theapplication of optimal balloon PTCA during AMI
- Until now, norandomized sub-anaysisof thesetwo Strate-
giesinthe setting of AMI has been performed. We proved
that patientswho underwent routine stenting during AMI
exhibited better lateclinical and angiographicresults. The
mechani smsof therestenosisprocessarecomplex and mul-
tifactorial, involving elastic recoil and excessiveintimal hy-
perplasia®®. The benefit of coronary stentimplantationin
thereduction of clinical and angiographicrestenosisrates
are strongly related to the acute procedural result (lower
stenosi sdiameter) mixed withthepositiveeffect of thechro-
nic elastic recoil phenomenon. Thesefactswerea so obser-
vedinthisAMI analysis.

Patientsincludedinthe optimal balloon PTCA group
did not achievethe sameclinical and angiographicresults
obtained in patientstreated with theroutine stenting strate-
gy. Despitea23% cross-over rate of stentinginthisgroup,
the only significant benefit was the avoidance of late in-
farct-related vessel reocclusion.

However, the percutaneous strategy of routine sten-
ting duringthefirst 12 hoursof AMI did not modify therates
of major complications(death, reinfarction, and stroke) %°.
The achievement of afinal procedural stenosis diameter
£50%, classified asnonoptimal balloon PTCA, wasenough
to equalizetheoccurrence of thesemajor clinical complica-
tions amongall 3groups.

Should wePerform Routine Stenting during AMI?- I
our goal during the AMI mechanical reperfusion treatment
isareduction in the rates of major clinical complications
(deathand reinfarction), routinestenting will not provideus
withtheseachievements®. Thefast re-acquisition of normal
TIMI 3coronary flowintheinfarct-related artery till persis-
ts as the main endpoint in the AMI setting, and that is
achieved evenwith an stenosi sdiameter £50%, either with
stent implantation or balloon PTCA 4%°,

However, if wewant to prevent late restenosisoccur-
rence, even after an optimal balloon PTCA result (SD
£30%), we should implant coronary stents. Itisimportant
to mention that these findings were observed in patients
withtotal nativecoronary stenosis, invessal s£3.0mm (visu-
al) andwith alesionlength £30mm, withgooddistal run-off,
without mgjor bifurcationsinto large side branches. Until
new evidenceisavailable, we cannot promote thisrecom-
mendationfor other angiographic scenarios.

Weal sodemonstrated that thecategorization of aprima:
ry PTCA procedure as nhonoptimal (stenosis diameter=31-
50%) impliesthat in 50% of patientsagreater chanceexistsof
ufferingalatevessd reocclusion. Thisundesirablephenome-
non occurredin 13% of these patients. The negative impact
on therecovery of left ventricular function hasaready been
well-documented %5, jugtifying amoreliberal stent approach
inthissituation.
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Study Limitations - The patients randomized to bal-
loon PTCA only received stentsin theface of asuboptimal
angiographicresult (stenosisdiameter >50% with or without
severe dissections) as arescue or bail-out procedure, but
not asaprovisiona stenting strategy.

Thellb/ll1ainhibitorswerenot widely usedinthistrial
(<5%), according to the protocol requirement. Recent rando-
mized studies!®'” have demonstrated an optimization of the
acuteand latefollow-up results, with theassociation of these
new pharmacological agents, either when balloon or stent
wereapplied. New ongoingtrials*#2 may clarify thisissue.

Conclusions - In aselected group of AMI patients
who underwent mechanical reperfusion techniques, the
routine stenting strategy promoted asignificant reduction
inthefinal procedural stenosisdiameter, witha50% reduc-
tioninthe6 monthrestenosisandischemia-driven TVRra-
tes, when compared with patientswho achieved an optimal
balloon PTCA result (stenosisdiameter £30% by QCA).

Thegroup of patientsclassified ashaving nonoptimal
balloon PTCA results(stenosisdiameter = 331-50%) obtai-
ned theworst clinical and angiographic resultswithtwice
thelatereocclusionrate, ascompared withtheother 2 grou-
ps. Coronary stent implantation was used in few patients
(3%), judtifyinginthefaceof afinal stenosisdiameter >30%,
amorelibera stent approach.
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