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Appropriateness of Percutaneous Transluminal Coronary
Angioplasty in Stable and Unstable Angina Pectoris. A review

Lars Grip

Coronary artery disease is the main cause of mortality lated mortality from the same registry is 0.03% and the
and morbidity in the Western world. In order to reduce need for emergency CABG approximately 0.4%. This
symptoms and also to improve survival, revasculariza- means that if patients with low risk are selected and with
tion measures are performed on a wide scale. Coronaryproper use of stents and adjunctive therapy with GP lIb/
artery bypass graft surgery (CABG) procedures have llla receptor antagonists, there is no longer a need for
escalated since the 70s, and for the past two decadespn-site surgery back-up. Certain lesion characteristics
percutaneous transluminal coronary angioplasty still remain a challenge. Thus, bifurcation lesions,
(PTCA) has been performed with increasing volumes stenoses in severely curved vessel segments, in ostial
and also progressive success. Approximately 100—200location and in small vessels (i.€2.5 mm in diameter)
PTCAs per 100000 inhabitants are performed annually are treated with lower success and higher complication
in different western European countries (1, 2). Whilst rates. For chronic total occlusions in particular, the
the numbers of PTCAs are constantly increasing, the success rates may be as low as 60%.
numbers of CABGs seem to be levelling off and today a  Injury to the vessel wall will produce a reaction
significant majority of revascularization procedures are causing smooth muscle cell proliferation and migration
done with PTCA. Recently presented results of, among as well as neointima hyperplasia, resulting in shrinking
others, the ARTS trial, suggest that PTCA with stent can of the vessel, (remodelling), as well as intimal thicken-
be safely done also in multivessel disease, with a long-ing. These processes will lead to a restenosis after
term outcome for survival and rate of myocardial balloon angioplasty in 30—-50% of cases. The process
infarction comparable to that of CABG. The results of can be partly compensated for by the use of stents with a
that study also indicate that PTCA can be an economic- reduction of restenosis to 15-25% (10, 11). Restenosis
ally attractive alternative in many cases. There is, still remains a problem, however, since in-stent rest-
however, most certainly grounds for considering enosis is difficult to treat and may impose a risk of
whether PTCA is appropriate in a number of situations. future cardiovascular events. The risk of restenosis
depends on clinical and lesion morphological charac-
teristics. Thus, after both balloon and stent angioplasty
SHORT AND LONG-TERM RESULTS AFTER restenosis rate is increased in diabetic patients, follow-

PTCA ing treatment of long lesions and chronic total occlu-

During the 20 years following the advent of PTCA sions. Furthermore, location in the proximal part of the
there has been a continuous improvement in device left anterior descending artery (LAD) is associated with

technology; stents have gained a wide usage, adjunctive'”creased risk of restenosis compared with other vessel
medical treatment has been optimized, especially with S€gments (12). Several targets of pharmacological
the introduction of glycoprotein (GP) lib/llla receptor therapy have been tested in order to reduce the problem
antagonists, and operators and centres have gaine@' restenosis. Today, compounds with anti-inflamma-
experience. All these factors contribute to high-quality 0", antioxidative or platelet-inhibiting properties seem
performance and good results (3-9). to _be the most promising. Currently, t_hree drugs are
Thus, today angioplastic procedures can, in stable orP€ing tested, tranilast, probucol and cilostazol, all of
unstable angina, be performed with an immediate Which have demonstrated very promising effects in
success rate of approximately 95% (SCAP; the Swedish€arly pilot studies (13—15). Radiation therapy, with both

Coronary Angioplasty Registry, 1998). Procedure-re- gamma and beta .radiation., has also been explored as a
mode of restenosis reduction (16). Fear of late adverse

effects have, to date, restricted its use to restenotic
Department of Cardiology, Sahlgrenska University HospitalieBorg, Sweden. IeSIOr.]S_ In Whl(?h a number of studies have shown very
Scand Cardiovasc J 34; 454-460, 2000 promising preliminary results (17).
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BENEFIT OF REVASCULARIZATION THERAPY

Resultsfrom threemajor trials performed20 yearsago
comparingmedicaltherapywith revascularizationvith
CABG constitute the basis for knowledge on the
benefitsderivedfrom revascularizatiotherapy.Revas-
cularization in patients with left main stenosisand
three-vessdaliseaseespeciallywhenaccompaniedavith
impairedleft ventricularfunction, substantiallyeduces
long-termmortality as comparedio medicaltreatment
(18-20).Therealso seemsto be somebenefitin two-
vesseldiseaséaf the proximal segmentof the LAD is
involved. In patients with normal left ventricular
function, beneficialeffectsare smaller,that is if there
is anybeneficialeffectatall. Medicaltherapieseemjn
thesecasesto do just aswell. When reviewing these
results, it is important to rememberthat they were
obtainedn anerabeforethe widespreadiseof aspirin,
beta-blockersas well as lipid-lowering and ACE-
inhibiting agents.

Althoughwidely used coronaryangioplastyhasbeen
comparedto medicaltreatmentin three minor studies
only. In the ACME trial, 212 patientswererandomized
(21). Resultsshowedthat PTCA offered earlier and
morecompleterelief from anginathanmedicaltherapy
but PTCAwasassociatedvith a high risk of complica-
tions. In the RITA 1l trial, 1018 patientswere ran-
domizedout of 70000 patientsscreenedor inclusion.
The numberof includedpatients whencomparedwith
the screenegopulation revealeda heavybiastowards
low-risk patients.Thus patientsin whom early myo-
cardial revascularizationwas deemed necessaryfor
symptomrelief of prognosticbenefitswere excluded.
Patientsundergoing®TCA hada higherrisk of cardiac
eventsj.e. acompositeof deathandmyocardialinfarc-
tion thatpredominantlyoccurredn theearlyphaseafter
randomizationand must be consideredto be more or
lessprocedure-relate?2). Quality of life wasassessed
3 months,1 yearand 3 yearslater. The resultsdemon-
stratedthat PTCA was substantiallymore effective in
improving quality of life aswell assymptomssuchas
breathlessnesand angina (23). In the AVERT trial,
PTCA was comparedwith a high doseof atorvastatin
(24).In this study,medicaltherapywasassociatedvith
a significantly lower risk of ischemiceventsafter ran-
domization(25). Theseeventsvere,howeverrelatedto
revascularizatioproceduregandworseningof angina.

All thesetrials sufferedfrom severdimitations since
they obviously haverecruitedlow-risk patients,where
neither the physicians nor the patients considered
revascularizatiornecessaryfrom pre-existing experi-
ence and knowledge. They were probably right.
Furthermorethe exactlocation of the coronaryartery
diseasehas not beendescribedand thus conclusions
concerningfor example pone-vessetliseasavith proxi-
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mal LAD stenosiscannotbe made.PTCA in low-risk

patientswill only resultin procedure-relatedomplica-
tion rates and needfor subsequentevascularization
procedures,which are higher than what should be

expectedrom the naturalcourseof the disease.

In patientswith clearly ischemic reactionsduring
daily life or during exercisetest, however,revascular-
ization measurehavebeenclearly demonstratedo be
beneficial. This hasnot beendescribedseparatelyfor
PTCA, but in the ACME trial 558 patients with
ischemiaunderwentitherrevascularizatioprocedures
or had medical therapy (26). More than half of the
revascularizeghatientsunderwentPTCA. In this study
therewas a clear benefitof revascularizatiorfor late
mortality and myocardial infarction. Similar experi-
encesare at handfor patientswith unstablecoronary
artery diseaseln the FRISCII trial, unstablepatients
with eitherreleaseof markersfor myocardialinjury or
ST-changesndicative of ischemiaderived significant
benefitfrom revascularizationPTCA or CABG (27).

THE OPEN(-ED?)ARTERY

Data from a number of thrombolytic trials provide
evidencethat an openinfarct-relatedarteryin the late
courseof an acutemyocardialinfarction is associated
with better long-term prognosesthan a closed and
occluded artery (28,29). This does not, however,
automatically translate into benefits from opening
occludedarteriesin the late courseafter acute myo-
cardial infarction, and certainly not in a more chronic
phaseof coronaryartery diseaseThereare numberof
unrandomizedbservationglemonstratingelationship
betweenrecanalizationwith PTCA and preservedor
improvedleft ventricularperformancen the long term
aftermyocardialinfarction (30—32).Thesetrials do not,
however,prove that recanalizationin itself is of any
benefitbut ratherthatlong-termvesselpatencyandleft
ventricularperformanceare associated.

In the chronic phase,more considerationshall be
focusedon whatwill happerto plaguesandstenosen
the long term and what are the risks of progression
associatedvith significantcardiacevents Fromangio-
graphicstudies,it hasbeendemonstratedhat critical
stenosigprogresseo occlusionmoreoftenthanmilder
stenosisand non-significantplaques(33,34). Thereis,
however,not necessarilyan associationbetweenpro-
gressionand cardiacevents.If progressiortakesplace
slowly, collateralsmaywell havetime to develop.Even
if this associationbetweenseverity of stenosisand
progressionexists, still the vast majority of casesof
progressionto occlusion,and a probable myocardial
infarction, take place in vesselsthat are non-signifi-
cantly stenosed35). The mostdangerousnomentfor
patientswith coronaryarterydiseasés probablywhena

ScandCardiovascJ 34
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plague in a non-hemodynanaally stenosedartery
rupturesand a severestenosisor occlusionsdevelop
within a short period of time. The result of such a
rupture is likely to result in a large myocardial
infarction or in suddendeath.Theseeventscannotbe
predicted from a coronary arteriogram. They will

subsequentlyot be preventecby anyform of coronary
angioplasty.On the contrary, coronary angioplasty,
evenif successfullyperformedwill havea low risk of
subacuteocclusions.Furthermore the restenoticpro-
cesswill leadto progressiorin the stenosisn at least
20-30%o0f all patients despitetreatmentwith intracor-
onarystents.

BALLOON ANGIOPLASTY VERSUSCABG

Balloon angioplastyhasbeencomparedwith coronary
artery bypasssurgery for multivessel diseasein six

major randomizedtrials (36—41).In the RITA-1 trial

single-vesseldiseasewas also included. A common
finding in all thesetrials was that concerningserious
coronaryeventsafteraproceduretreatmentvith PTCA

seemsto be on a par with CABG. The effects on

symptomrelief and the needfor subsequentepeated
revascularizatioproceduresvere,however poorerfor

PTCA ascomparedo CABG. Thereare somelimita-

tions to the studies; for example,only a very few

patients with impaired left ventricular performance
were included. Furthermore it hasnot beenstatedto

what extentpatientswith multivesseldiseasencluding

a proximal LAD stenosisvasrecruitedto the trials.

CORONARY ANGIOPLASTY WITH STENTAS
COMPAREDTO CABG FORMULTIVESSEL
DISEASE

The above-mentionedtudiescomparing PTCA with
CABG wereperformedbeforethe eraof stenting.Since
stentsimprove immediatesuccesgate by providing a
tool for treatmenbf threatene@bruptclosureaswell as
improving long-termresultsby reducingrestenosisit
canbe expectedhatthe useof stentsmayimprovelate
resultsafter PTCA, especiallyin multivesseldisease.
This concepthasbeentestedn threerecenttrials. In the
ARTS trial (presentedat the XXIth Congress of
EuropeanSocietyof Cardiology1999)it was demon-
stratedthatPTCAwith stenthadequalshort-andlong-
term resultswhencomparedwith CABG for two- and
three-vessetliseasdan both stableand unstableangina
pectoris. The needfor repeatedrevascularizatiorwas
higherin the stentgroup, but this was not associated
with a highrisk of cardiovasculaevents Furthermore,
therevascularizatiomeedwaslessthanin the previous
randomizedtrials, and an economicanalysisrevealed
thatPTCA with stentmight be costeffective. The other
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studiesthe SOStrial andthe ERACI Il trial, will soon
be presentingurther data.

INCOMPLETE REVASCULARIZATION?

Whendecidingthe treatmenimodality for patientswith
multivesseldiseaseit is importantto definewhetherall
lesionsshouldbe revascularizedr not. Early experi-
ences from the CASS registry demonstratedthat
patients undergoing coronary artery bypass surgery
hadbetterlong-termresultsif completerevasculariza-
tion wasperformed(i.e. with atleastthreegraftsto three
or more vessels)comparedwith patientswith incom-
pleterevascularizationThe benefitalsoconcernedate
mortality (42). Data from PTCA proceduresare less
compelling. Thus, report from the NHLBI PTCA
registry did not demonstrateany difference between
patients who underwent PTCA with complete or
incomplete revascularization (43). Data from the
BARI study revealedresultsin a similar direction.
However, incomplete revascularizationwith PTCA
clearly resulted in an increased need for further
revascularizationaswell aslessgoodresultsconcern-
ing anginapectorisin the long term afterthe procedure
(44,45). Althoughtherewasno significantdifferencein
mortality, there was a clear trend towards higher
mortality amongpatientswith angioplastywith incom-
pleterevascularizatiomtended Thusasof today,there
is evidencethat incompleterevascularizationis less
effective in improving symptomsand it may be that
incomplete revascularizatiormay be associatedwith
increasedate cardiacmortality. Concerninga concept
of culprit lesionrevascularizationn casesof unstable
angina pectoris, this has not been tested in any
randomizedrial.

THE LAD STENOSIS

Approximately 50% of all patientsundergoingPTCA
dosobecausef astenosisn theLAD (SCAP1998).0f

patientswith coronaryartery diseasethe presenceof

stenosign the LAD represents specialentity, sinceit

is clearly shownthatthesepatientssufferfrom aworse
prognosisin the long term than patientswith involve-
mentof otherepicardialarteries(46). Angioplastyof a
LAD stenosisis often performedwithout much con-
sideration for alternative strategies. It should be
rememberedhowever, that stenosislocation in the
proximal partof the LAD is, in comparisorwith other
vesselsegmentsassociatedvith an increasedrisk of

restenosisafter both balloon angioplasty and stent
implantation(12,47). Thealternativeof coronaryartery
bypasssurgeryshould be broughtforward, especially
since analysisof the previoustrials on CABG versus
medicaltherapy,demonstratethat muchof the benefit
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from surgerywasrevascularizationf the LAD with left
internalmammariaartery (LIMA) grafts(48). Material
recruitedearlyin theeraof coronaryangioplastyclearly
demonstrateda superior long-term effect of bypass
surgeryto the LAD either by vein graft or by LIMA
graftwhencomparedo PTCA (49). This is evenmore
obviousin materialswith surgical grafting solely by
LIMA grafts(50). Thelatter materialdemonstratethat
LIMA grafting resultednot only in a reducedneedfor
repeatedrevascularizationproceduresbut also for a
cleartendencytowardslower long-termmortality after
LIMA-LAD surgerywhencomparedwith PTCA.

A randomizedrial comparingP TCAwith CABG for
LAD stenosisdemonstratedhat both methodswere
goodatimprovingclinical statusbut that newrevascu-
larizations were neededmore frequently after PTCA
(51). Therewas an excessof non-Q-wavemyocardial
infarction during 5-yearfollow-up in the PTCA group.
Also in this study, there was a non-significanttrend
towards higher mortality after PTCA comparedwith
after CABG. Preliminary5-yeardatafrom a studyalso
comparing medical therapy with CABG and PTCA
cameto thesameconclusiong52). In this studymedical
therapyevencameout somewhabetterthan PTCA.

The few studiesperformedso far, addressingthe
treatmentof LAD stenosis,have comparedconven-
tional CABG with balloonangioplastyIn recentyears
the techniquefor CABG hasbeendevelopedo beless
invasive (MidCab) and, aboveall, operatingwithout a
heartandlung machine(“off-pump”). This may reduce
the risk of the operationand, it is hoped,with good
results preserved(53). At the sametime, stentshave
become acceptedas a general treatmentduring an
angioplasty procedure.While studiesbig enoughto
make a meaningfulcomparisonare awaited,prelimin-
ary reports of comparisonsbetween MidCab/“off-
pump” surgeryversusPTCA with stenthave yielded
resultsthat confirmthatboth methodscanbe usedwith
excellent clinical results, but with somewhatbetter
effects on anginaafter surgery(54). For treatmentof
complexlesionsin the LAD (B2- or C-typeof lesions),
it seemghatsurgerymay offer a superioralternativeto
PTCA with stent(55).

THE DIABETIC PATIENT

Althoughpatientswith diabetedare significantlyworse
thannon-diabeticsafter both PTCA and CABG, it has
now beenclearly demonstratedhat diabetic patients
seemnmo haveapoorerlong-termoutcomeaftercoronary
angioplastycomparedwith after CABG, especiallyif

suffering from multivessel disease(56,57). Further-
more, diabeticshave a lessfavourablelong-term out-
comein comparisonwith non-diabeticpatientsafter
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both coronaryangioplastyand stenting(47,58). There
maybeseveraimechanismsesponsibldor this finding.

Retrospectiveanalysedrom previoustrials (56,57)
haveindicatedthat the resultswere partly dueto more
incomplete revascularizationwith PTCA compared
with bypasssurgery.It hasfurthermorebeendemon-
stratedin severalrials thatprogressiorof the diseasés
more intensein diabeticsthan in non-diabetics(59).
Thusgrafting of all majorvesselsegmentsvith CABG
may providebetterprotectionagainstthe consequences
of future progressionn proximal vesselsegmentshan
treatmentwith PTCA.

Thereis somecontroversyaboutwhetherthe worse
outcome complies with both insulin-dependentand
non-insulin-depende patients (60). Insulin, being a
growth factor, may predisposdor later restenosigafter
an angioplasty procedure.On the other hand, one
interesting finding is that in patients with coronary
arterydiseasetheprognosisn diabeticds relatedto the
glucoselevels (61), and one possiblelink may be the
endotheliafunction. Thus,onepossiblevayto improve
outcomeafter PTCA in diabeticsmaybebetterglucose
controlwith insulin.

Platelets play a major role in acute thrombotic
complicationsin associationwith angioplasticproce-
dures,but may also have an impact on the long-term
resultsandrestenosisin recentyearsit hasbeenshown
that intense platelet inhibition using the GP lIb/llla
receptor antagonistsabciximab and integrilin both
reducescomplicationsandimproveslong-termresults,
especiallyin diabetics Thusin the EPISTENTtrial, the
6-month results in diabetic patients treated with
abciximabwere equalto thosein non-diabeticpatients
(62). If confirmedoverlongerobservatiorperiodsand
in othertrials, thismaypointto asolutionto thediabetic
problemin interventionalcardiology.

THE IMPORTANCE OF AGE

Coronaryartery diseases a life-long chronic disease.
Coronaryarterybypasssurgerymay be doneonceand,
wherethereare lessgood resultsandincreasingcom-
plications,asecondperationrmaybeoffered.Coronary
angioplastycan,on the otherhand,be performedfor, in
principle,anunlimitednumberof times.Thus,thereis a
widespreadbelief that it is preferableto wait for
coronaryartery bypasssurgeryfor aslong aspossible.
In young patients PTCA can be performed with
excellentshort- and long-termresults(63,64). In the
long term, however,new revascularizatiorprocedures
are usually neededbecauseof restenosisbut also
becauseof progressiorof the coronaryartery disease.
Although repeatedproceduresare often needed, it
seemsthat the restenosisprocessin itself is less
commonin patientsof youngagethanin older patients

ScandCardiovascJ 34
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(65). On the other hand,the long-termprognosisafter
coronaryartery bypasssurgeryin youngadultsis poor
and discouraging(66). This may be due to selection
bias, as young patientsreferred for coronary artery
bypasssurgeryareoftenatamoreadvancedtageof the
diseaseand suffer from diabetesand hypercholesterol-
emiamoreoftenthanpatientsreferredfor PTCA. These
experiencesalthoughnot basedon randomizedtrials,
may advocatethe choice of PTCA as the method of
choice for revascularizationin younger patients. In
doing so, however,someconsiderationsare in place.
Youngematientoftenhaveamoreaggressiveoronary
artery diseaseper definition. Thus, a more rapid pro-
gressiorthanin olderpatientscanbe expectedwhichis
why patients should be closely followed-up, with
repeatedexercisetests,to reveal occurrenceof ische-
mia. Furthermore,if a young patient suffers from
widespreadcoronaryartery diseasewhere experience
from previousrandomizedtrials betweenmedicaland
surgicaltreatmenthaveshownthatsurgerymayprolong
survival,thenbypasssurgeryshouldbe consideredcand
PTCAperformedonly if completerevascularisatiooan
be done.

Although high age is an independentpredictor of
mortality after coronaryangioplasty(67), both PTCA
andCABG canbeperformedwith goodshort-andlong-
termresultsin elderly patienty68,69). With advancing
age,PTCAmaybecomea moreattractivealternativeas
coronaryarterybypasssurgeryis conceivablyrelatedto
high-risk for cerebral renalaswell ascardiaccompli-
cations.At high agethe prognosticimportanceof the
procedureis of lesssignificance.Thus PTCA can be
performedasa palliative measurealsoin patientswith
advancednultivesseldisease.

AD HOC PROCEDURES

In orderto savetime and ultimately money, coronary
angioplastyactivities are, in many centers,organized
with the possibility of an ad hoc procedure,i.e. a
diagnosticcoronaryangiographymmediatelyfollowed

by coronary angioplasty.This approachseemsto be
attractivefrom logistic and economicpoints of view,

and when performedselectivelyit appearssafein the
short perspective(70). The strategy may, however,
imposea certainrisk — namelythat decisionsaremade
on the basisof impulse and feelingsratherthanon a
soundknowledgeof the expectedrisks and long-term
outcomeswith different treatmentmodalities. Taking
theseconsiderationgto accountpatientswith asingle-
vesseldiseasemay, in many instances preferablybe
treated pharmacologically. Only if symptoms are
severelyincapacitatingor if the patient presentswith

high-risk, unstable coronary disease,is it usually
necessaryto perform an angioplasty.On the other

ScandCardiovascJ 34

hand,lesionslocatedin the proximal part of the LAD
may be treatedwith coronaryarterybypasssurgeryfor
prognostic reasons. Other considerationsapply to
multivesseldiseasejncompleterevascularizationand
diabeticpatients.

For most patientswith coronaryartery diseasethe
decisionto carry outarevascularizatioprocedurenay
be one of the mostimportantdecisionsto be takenin
that particular patient'slife. It is thereforereasonable
that sucha decisionis madein compliancewith the
patient,who shouldbe well informedandin a stateof
alertness (not sedated). Furthermore, the decision
should, from the physician’sside, be safeguardedy
unbiasedconsiderationof all treatmentalternatives,
where risk during the procedureshould be weighted
againstthe expectedlong-term outcome. If ad hoc
proceduresare to be performed,which may well be
warrantedespeciallyin unstableangina,t requireshat
the patientis thoroughlyinformedbeforethe diagnostic
catheterizatiorandthat currentindicationsand contra-
indications for PTCA are carefully followed. If any
doubts arise after the coronary angiography, the
patient’'s case should be discussedin collaboration
with the interventionalcardiologist,a thoracicsurgeon
and the physicianwith primary responsibility for the
patient.

FUTURE DIRECTIONS

Rapidtechnicaldevelopments taking placein thefield
of coronary angioplasty. Development concerning
guide wires and balloons will allow more complex
lesions to become more accessible for coronary
angioplasty,and with the developmentof improved
stentsit is foreseenthat smaller vessels,lesions in
curvedvesselsegmentsas well as bifurcation lesions,
may be effectively treated.It can thereforebe antici-
patedthat the successate will improve evenmore,to
closeon 100%of attemptedoroceduresEstablishment
of treatmentwith GPIIb/llla receptorantagonistshas
providedanantithrombotidreatmenthatis effectivein
prohibitingthromboticcomplicationsFurthermorethis
type of therapymay havea greaterimpacton reducing
myocardial injury during angioplastyproceduresand
therebyimproving long-termresults.

The Achilles’ heel of coronaryangioplastyis still
restenosis.A few promising pharmacologicalcom-
poundsare currently being tested againstrestenosis
andit is hopedthatin the comingyearswe canexpect
the resultsof largerandomizedrials to revealwhether
any of thesedrugs are effective in the reduction of
restenosislIf the restenosisproblem can be reduced
substantiallythiswill haveagreatimpacton the useof
coronaryangioplastyasanalternativeto othertreatment
modalities in coronary artery disease. Technically,
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complicatedlesionsas well as lesionsin widespread
three-vessdliseaseanbetreated andif therestenosis

rate can be controlled, this will enhancecoronary
angioplastyasthe treatmentof choicefor the majority
of patientswith coronaryarterydisease.

CONCLUSIONS

Coronaryangioplastyis a safeand effective treatment
methodfor revascularizatiorof patientswith single-
andmultivessediseaseComplicationsarelow with the
use of stentsand effective antithrombotic treatment.
Restenosishowever still remainsa problem.

Single-vesseldiseasewithout severeischemiaon

exercisetestcanbetreatedwith medicaltherapyalone.
For patientswith ischemiaon an exercisetest or with

incapacitatingsymptoms,coronary angioplastyis the
treatmentof choice. An exceptionmay be a lesion
situatedin the proximal partof the LAD, wherebypass
surgerywith the use of LIMA graft may have better
resultsfor long-termsymptomrelief and prognosis.

Coronaryangioplastymay be consideredor multi-

vessel diseaseif lesion morphology is suitable for

angioplasty. Complete revascularizationshould be

aimedfor in either one or a stagedprocedure.Since
angioplastyis perhaps,in comparisonwith coronary
bypasssurgery, less effective in relieving symptoms,
the patient should have some say in the choice of

therapy.Thusa first attemptwith coronaryangioplasty
may be worthwhile,with alater coronaryarterybypass
surgery if the initial proceduredoes not result in

sufficientrelief of symptomsn the long term.

Diabeticsshould be consideredfor bypasssurgery,

especiallyif presentingvith multivesseldisease.

REFERENCES

1

2

w

o

o

~

.Unger F. Cardiac interventionsin Europe 1996: open heart surgery and

coronaryrevascularizabn. Coron Europaem 1998;7: 81-93.

. Windecler S, Maier-RudolphT, Bonzel G, et al., on behalf of the working

group Coronary Circulation of the European Society of Cardidogy.
Interventonal Cardidogy in Europe1995. Eur HeartJ 1999;20: 484—-495.

. SigwartU, PuelJ, Mirkovitch V, JoffreF, Kappenbergek. Intravascularstents

to preventocclusbn and restenos after translumiral angioplasy. N Engl J
Med 1987;316: 701-706

Roubin G, CannonA, Agrawal S, et al., Intracaonary stentingfor acuteand
threataed closure complicating percutaneoudransluminal coronay angio-
plasty.Circulation 1992; 85: 916-927.

The EPIC Investigators Use of monoclonal antibody directed againstthe
plateletglycoproteinlib/Illa receptorin high-risk coronaryangiopasty.N Eng
JMed 1994;330: 956-961.

The EPILOG InvestigatorsPlatektglycoproten Ilb/llla recepto blockadeand
low-dose heparinduring percutaneougoronary revasclarisation.N Engl J
Med 1997;336: 1689-1®6.

Topol E, Mark D, Lincoff A, CohenE, etal., Outcomesat 1 yearandeconomic
implications of plateletglycoprotein llb/llla blockack in patients undergoing
coronary stenting: results from a multicente randomisedtrial. EPISTENT
Investigabrs. Evaluaton of PlatektlIb/Illa Inhibitor or Stenting.Lancet1999;
354:2019-2@4.

8.

PTCAIn stableand unstableanginapectoris 459

HannanE, RaczM, RyanT, et al., Coronaryangiopasty volume-outome
relationsfip for hosptals and cardiologists JAMA 1997;277: 892—-898.

. Ellis ER, Ryan M, McCallister T, et al., Coronary angioplasy volume —

outcomerelationshipsfor hospitalsand cardiolagists. JAMA 1997;279: 892—
898.

10. Serruys P, De JaegereP, Kiemeneij F, et al., A comparisonof balloon-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

[y

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

expandabletent implantation with balloon angioplasty in patients with
coronaryarterydiseae.N Engl J Med 1994;331: 489-495.

FishmanD, Leon M, Baim D, et al., A randonized comparisonof coronary-
stentplacementand balloon angioplastyin the treatmentof coronay artery
diseaseN Engl J Med 1994;331: 496-501

Kurbaan A, Bowker T, lisley C, Rickards A, on behalf of the Coronary
Angioplasty versusBypassRevascularisatin Investigaton (CABRI) Investi-
gators. Impad of postangbplasty restemsis on comparsons of outcome
betweenangioplastyand bypassgrafting. Am J Cardid 1998;82: 272-276.
Holmes D, Fitzgemld P, Goldberg S, et al., The PRESTO (Prevenion of
Restenosisvith Tranilag andits Outcomes)protocol:a double-blird, placebo-
controlledtrial. Am HeartJ 2000;139: 23-31.

Tardif J, Cote G, Lesperance], et al., Probucol and multivitamins in the
prevention of restenosisafter coronary angiopasty. Multivitamins and
ProbucolStudy Group.N Engl J Med 1997;337: 365-372.

TsuchikaneE, FukuharaA, KobayashiT, Kirino M, YamasakiT. Impact of
cilostazol on restenosisafter percutaneouscoronay balloon angioplasy.
Circulation 1999;100: 21-26.

Williams D. Radiation vascular therapy: a novel appro@h to preventng
restenosisAm J Cardid 1998;81(7A): 18E-20E

Teirstein PM, JaniV, Popmas, et al., Three-year clinical and angiogaphic
follow-up after intracoronaryradiaton. Circulation 2000;101: 360—369.
VeteransCoronaryAfter BypassSurgeryCooperatve StudyGroup Eighteen-
year follow-up in the veterars’ affairs coopeative study of coronaryartery
bypasssurgeryfor stableangina.Circulation 1992;86: 121-130
VarnauskasE. The EuropeanCoronary Surgery Study Group. Twelve-year
follow-up of survivd in the randanized EuropeanCoronay Surgery Study.N
Engl J Med 1988;319: 332-337.

AldermanE, Bourasa M, CohenL, etal., Ten-year follow-up of survivaland
myocardial infarction in the randomized coronay artery surgery study.
Circulation 1990;82: 1629-1646.

. ParisiA, FollandE, HartiganPea.A comparson of angioplastywith medical

therapyin the treatmentof single-vessetoronaryartay diseaseN EngJ Med
1991;326:10-16.

RITA-2 Trial Participants.Coronaryangioplastyversusmedical therapyfor
angina: the secondrandamised intervention treatmentof angina (RITA-2).
Lancet1997;350: 461-468.

PocockS, HendersorR, Clayton T, Lyman G, ChamberlairD. Quality of life
after coronaryangioplasy or continuedmedical treatmentfor angina:three-
yearfollow-up in the RITA-2 trial. JACC 2000; 35: 907-914.

McCormick L, Black D, WatersD, Brown W, Pitt B. Rationale,designand
baselinecharateristics of a trial comparhg aggresivelipid lowering with
atorvastatinversusrevascularisatiomreatmentgAV ERT). Am J Cardiol 1997;
80: 1130-1133.

Pitt B, WatersD, Brown W, et al., The atorvastatinversusrevascularizabn
treatment investigators. Aggressive lipid-lowering therapy compared with
angioplastyin stablecoronaryarterydiseaseN EnglJ Med 1999;341:70-76.
DaviesR, GoldbergD, FormanS, et al., Asymptomaic cardiacischenia pilot
(ACIP) studytwo-yearfollow-up. Circulation 1997;95: 2037—-2043.
Wallentin L, Lagerqvst B, Husted S, Kontny F, Stéhle E, SwahnE for the
FRISCII Investigabrs. Outcomeat 1 year after an invasivecomparedwith a
non-invasive strategy in unstable coronary-artery disease:the FRISC Il
invasiverandomisedrial. Lancet2000;356: 9-16.

Califf R. The GUSTOtrial andthe openarterytheory. Eur HeartJ 1997;18
Suppl F: F2-F10.

White HBE. Applying the open artely theory: use of predictive survival
markers.Eur HeartJ 1998;19: 1132-1139.

Pizzetti G, Belotti G, MargonatoA, Cappellett A, Chierchia S. Coronary
recanalizabn by elective angioplasy prevents venticular dilation after
anteriormyocardialinfarction. JACC 1996; 28: 837—845.

GarotJ, Scherrer-@sbieM, Monin J-L, etal., Effect of delayedpercutaneous
translumiral coronay angiopasty of occludedcororary arteiies after acute
myocardialinfarction. Am J Cardiol 1996;77: 915-921.

MeneveawN, BassindJ-P,BautersC, etal., on behalfof the IRIS StudyGroup.
Influence of late reopenimy of the infarct-relatedartery in left ventricuar
remodellingafter myocardialinfarction. Eur HeartJ 1997;18: 1261-158.
Moise A, LespeanceJ, Théroux P, TaeymansY, Goulet C, Bourasa M.

ScandCardiovascJ 34



04: 23 8 Novenber 2009

Downl oaded At :

460 L. Grip

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Clinical and angiographicpredictors of new total coronary occlusion in

coronaryartery diseaseanalysisof 313 non-opeated patients.Am J Cardiol
1984;54:1176-1181.

PaurssonM, JonmundssorE, BrekkanA, HardsonT. Angiograghic predictas
of new coronaryocclusionsAm HeartJ 1995;129: 515-520.

Little W, Constantineac M, ApplegateR, et al., Can coronaryangiography
predict site of subsequenimyocardial infarction in patients with mild-to-

moderag coronaryartery diseaseTirculation 1988;78: 1157-1166

RITA Trail Participants.Coronaryangioplastyversuscoronaryartery bypass
surgery: the Randonised Interventon Treatmentof Angina (RITA) Trial.

Lancet1993;341:573-580.

RodriguezA, Boullon F, Perez-BalindNCP, Liprand M, Palaciod. Argentine
randomizedtrial of percutaneoudransluninal coronary angiogasty versus
coronary artery bypasssurgeryin multivesseldisease(ERACI): in-hosptal

resultsand 1-yearfollow-up. J Am Coll Cardiol 1993;22: 1060-1®7.

King SI, Lembo N, WeintraubW, et al., for the Emory Angioplasty versus
Surgery Trial (EAST). A randomizedtrial comparingcororary angioplasy

with coronay bypasssurgery.N Engl J Med 1994;331: 1044-1050.

Hamm C, Reimers J, IschingerT, RupprechtH-J, BergerJ, Bleifeld W. The
GermanAngioplasy Bypass Surgery Investigation: a randomizedstudy of

coronary angiopgasty compared with bypass surgery in patients with

symptomaic multivesselcoronay diseaseN Engl J Med 1994; 331: 1037—
1043.

The CABRI Trial Participans. First-year results of CABRI (coronary
angioplasy versusbypassrevasclarisationinvestigation).Lancet1995; 346:

1179-184.

The BypassAngioplasty Revascularisatin Investigation (BARI). Comparison
of coronay bypasssumgery with angioplastyin patients with multivessel
diseaseN Engl J Med 1996; 335: 217-225.

Bell M, GershB, SchaffH, etal., Investigaorsof the CoronaryArtery Surgery
Study (CASS). Effect of completenes of revasclarisation on long-term

outcomesof patiens with three-esseldiseaseunderging coronary artery
bypasssurgery.Circulation 1992; 86: 446—457.

Bourasa M, Yeh W, Holubkov R, Sopko G, Detre Kinvegigators of the
NHLBI PTCA Registry. Long-term outcomeof patientswith incompletevs

completerevascularisatioaftermultivesselPTCA. Eur HeartJ 1998;19: 103—
111.

Bourasa M, Kip K, JacobdA, etal., for theBARI Investigabrs.|s a strategyof

intendedincompletepercutaneougranslumiral coronaryangiopasty revascu-
larisation acceptablén nondiabeit patientswho are candidatedor coronary
artery bypassgraft surgery.JACC 1999; 33: 1627-1636.

Whitlow P, Dimas A, BashoreT, et al., BARI Investigaion. Relaionship of

extentof revascularisatin with anginaat one yearin the bypassangioplasy

revasculariséon investigation (BARI). J Am Coll Cardiol 1999; 34: 1750—
1759.

Klein L, WeintraubW, Agarwal J, et al., Prognatic significanceof severe
narrowing of the proximal portion of the left anterior descendig coronary
artery.Am J Cardiol 1986;58: 42—46.

Kastrati A, Schionig A, Elezi S, et al., Predicive factors of restenosisafter
coronarystentplacenent. JACC 1997; 30: 1428-1436.

CameronA, Davis K, Green G, Schaff H. Coronary bypasssurgery with

internatthoracic-arterygrafts — effectson survival over a 15-yearperiod. N

Engl J Med 1996; 334: 216-219

KramerJ, Prowndfit W, Loop F, GoormastioM, ZimmermanK, Simpfendafer

C, etal., Late follow-up of 781 patients underging peraitaneougransiuminal

coronary angiopasty or coronary artery bypass grafting for an isolated
obstructionin the left anteriordesceding coronaryartery. Am HeartJ 1989;

118:1144-18B3.

O’Keefe J, Kreamer T, JonesP, et al., Isolated left anterior desceding

coronaryarterydiseasePercutaneastranslumiral coronay angioplasy versus
stentingversudeft internalmammaryarterybypasggrafting. Circulation 1999;

100 Supplll: 114-118.

Goy J, EeckhoutE, Moret C, et al., Five-year outcomesin patiens with

isolatedproximal left anteriordescendig coronay artery stenosistreatedby

angioplagy or left internal mammary artery grafting. A prospectivetrial.

Circulation 1999; 99: 3255-3259.

ScandCardiovascJ 34

52.

53.

54.

55.

56.

57.

58.

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

HuebW, CardosdR, Soares, Belloti G, RamiresJ. The medicine,angioplasy
andsurgerystudy (MASS): a prospectie randomigd trial of medicaltherapy,
balloon angioplasy or bypass surgery for single proximal left anterior
descendingartery stenosis.Five years of follow-up. Circulation 1996; 98:
1119.Abstr.

DiegelerA, Spyrants N, Matin M, etal., Therevival of sumgical treatmentfor
isolated proximal high grade LAD lesionsby minimally invasive coronary
artery bypassgrafting. Eur J Cardio Thorac Surg2000;17: 501-504
SchulerG, Diegler A, SpyrantisN, Hambrech R, Lauer B, Mohr F. Minimal
invasivebypasssurgeryversusPTCA + stentin high gradeproximallesionsof
the LAD: a prospectie randomisedrial. Circulation 1996;98: 1121.Abstr.
BoonstraP, van Bowven A, Frandjean J, Drenth D, Ebels T. PTCA with
stentingcomparedo off-pump coronarysurgerywith aleft internalmammory
artery in patients with single vesseldiseaseof the left anterbr descendig
artery:6 monthsangiographidollow-up resultsof a preospedte clinical trial.
Circulation 1996;98: 1119. Abstr.

WeintraubW, SteinB, KosinskiA, etal., Outcomeof coronarybypasssurgery
versus coronary angioplastyin diabdic patients with multivessel coronary
arterydiseaseJ Am Coll Cardid 1998;31: 10-19.

Gum P, O'Keefe J, Borkon A, et al., Bypass surgery versus coronary
angioplastyfor revasculariséon of treated diabeticpatients. Circulation 1997;
96 Supplll: 7-10.

Elezi S, Kastrati A, PacheJ, et al., Diabetesmellitus and the clinical and
angiograpit outcomeafter coronarystentplacementJACC 1998;32: 1866—
1873.

RozenmanY, SapoznikovD, Mosseri M, et al., Long-tem angiogaphic
follow-up of coronaryballoonangioplastyin patientswith diabetesmellitus. J
Am Coll Cardiol 1997;30: 1420-1425.

Abizaid A, KornowskiR, Mintz G, etal., Theinfluenceof diabetesnellitus on
acuteand late clinical outcomesfollowing coronarystentimplantation.J Am
Coll Cardiol 1998; 32: 584-589.

. CoutinhoM, GersteinH, WangY, YusufS. Therelationslip betwee glucose

andincidert cardiovasulareventsia metaegressioranalysisof publisheddata
from 20 studiesof 95 783 individuals followed for 12.4 years.Diabees Care
1999;22: 233-240.

MarsoS, Lincoff A, Ellis S, etal., for the EPISTENTIinvestigatorsOptimizing
the percutineousintervertional outcomesfor patientswith diabees mellitus.
Resultsof the EPISTENT (evaluationof plateletllb/llla inhibitor for stentng
trial) diabett substudy Circulation 1999;100: 2477.

StoneG, Ligon R, RutherfordB, McConstay DGOH. Shat-term outcomeand
long-termfollow-up following coronay angioplasy in the young patient: An
8-yearexperienceAm HeartJ 1989;118: 873.

Webb J, Myler R, Shaw R, Anwar A, StertzerS. Coronary angioplastyin
young adults:initial resultsand late outcome.J Am Coll Cardiol 1990; 16:
1569-1574.

van't Hof A, de Boer M-J, Suryapranatad, Hoorrtje J, Ziljlstra F. Incidence
and predictas of restenosisafter successfuprimary cororary angiopasty for
acutemyocardialinfarction: the importanceof ageand procediral result. Am
HeartJ 1998;136: 518-527

Zehr K, Lee P, PostonR, GreeneP, CameronD. Two decadesf coronary
artery bypassgraft surgeryin youngadults.Circulation 1994;90: 133-139.
TaddeiC, WeintraubW, DouglasJ, et al., Influenceof ageon outcomeafter
percutaneoufransluninal coronaryangiogasty. Am J Cardiol 1999;84: 245—
251.

Jamin |, PourbaixS, ChevoletC, de Landshere C, Boland J, Materne P.
Immediate and long-term results of percutaneouscoronary angiopasty in
patientsaged70 yearsor older. Eur HeartJ 1993; 14: 398-402.

Lucas F, McGrath P, Malenka D, et al., for the Northern New England
Cardiovasalar DiseaseStudyGroup Long termsurvivalfollowing CABG and
PTCAIn theelderly: a studyof 4993patientsin NorthernNew England JACC
2000; 35: 219A. Abstr.

Shubrools SJJr, MalenkaDJ, PiperWD, etal., for the NorthernNew England
Cardiovasalar DiseaseStudy Group. Safety and efficacy of percutaneous
coronaryinterventionsperformedimmeditely after diagnosticcatheterization
in NorthernNew Englandand comparsonwith similar procedureperformed
later. Am J Cardiol 2000; 86: 41-45.



