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Perkutane transluminale
Koronarangioplastie – Ergebnisse
des Deutschen PTCA-Registers

Zusammenfassung Die Behand-
lung hochgradiger symptomatischer
Hauptstammstenosen der linken Ko-
ronararterie ist die operative Revas-
kularisation. Bei geschu¨tztem
Hauptstamm durch vorangegangene
Bypass-Operation oder als Notfall-
Eingriff im akuten Myokardinfarkt
mit kardiogenem Schock wird die
perkutane transluminale Angioplas-
tie als Behandlungsalternative
durchgefu¨hrt. Die Durchsicht von
262 Interventionen ergab eine Mor-
talität der Intervention von 9,1%
(4/44) bei Patienten ohne Haupt-
stamm-Protektion, 4,8% (1/21) bei
Patienten mit Kollateralen und 0,5%
(1/197) bei Patienten mit offenem
Bypass-Gefa¨ß zu einem der Gefa¨ße
der linken Koronararterie. Die koro-
nare Agioplastie des ungeschu¨tzten
Hauptstamms hat ein nicht akzep-
tables Risiko und sollte daher auch
als Notfall-Eingriff nicht durchge-
führt werden. Das Risiko der Haupt-
stamm-PTCA kann durch die vorge-
schlagene Einteilung der Haupt-
stamm-Protektion durchgefu¨hrt wer-
den.

Schlüsselwörter PTCA –
linker Hauptstamm –
Angioplastie

Summary In cases with protected
left main stenosis by previous by-
pass surgery or as an emergency in-
tervention in patients presenting
with acute myocardial infarction and
cardiogenic shock, percutaneous
transluminal coronary angioplasty is
performed as an alternative treat-
ment strategy to bypass surgery.
A review of 262 left main angio-
plasties revealed a procedure-related
mortality in cases without protection
of the left main coronary artery of
9.1% (4/44), in cases with partially
protected left main stenosis by col-
laterals to either left coronary artery
of 4.8% (1/21) and 0.5% (1/187) in
cases with nonobstructed bypass
grafts to either left coronary artery.
Coronary angioplasty of an un-
protected left main coronary artery,
had an unacceptably high proce-
dure-related mortality rate and
should therefore not be performed
even in cases of emergency inter-
vention. The risk stratification of the
procedure can be evaluated by the
proposed grading of left main artery
protection.
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Introduction

Accordingto the AmericanHeartAssociation/American
College of Cardiology (AHA/ACC) Guidelinescoron-
ary angioplastyis absolutelycontraindicatedif “there is
a significantobstruction(>50%) in the left main coro-
nary arteryandthis main segmentis not protectedby at
leastone nonobstructedbypassgraft to the left anterior
descendingor left circumflex artery” (12). The long-
term experiencesof the CoronaryArtery Surgery Study
(CASS) Registry(12) and the CoronaryArtery Bypass
Graft Surgery Trialists Collaboration(17) showedthe
superiorityof surgical treatmentascomparedto medical
treatment concerning the overall mortality. Despite
theseguidelinesand study results,advancesin operator
experience,improvementsof angioplastytechniqueand
new angioplastydeviceshave extendedthe indication
of coronaryangioplasty even to left main coronaryar-
tery stenosis(7, 8). The aim of the currentinvestigation
wasto determinethe in-hospitaloutcomeof patientsun-
dergoing left main angioplastyin the PTCA registryof
the “Arbeitsgemeinschaft Leitender Kardiologischer
Krankenhausa¨rzte (ALKK)” studygroup.

Methods

The previously describedPTCA registry of German
communityhospitalsrepresentsapproximatelyone third
of all angioplastyproceduresperformed in Germany
(16). Each angioplasty procedurewas included on an
intention-to-treatbasis.The proceduresregisteredas left
main angioplastywerereviewedtogetherwith datacon-
cerningthe in-hospitaloutcomein a core laboratoryin
Detmold, Germany. The review of all angiogramswas
performedby two senior cardiologistsblinded to the
procedural and the in-hospital outcome unless the
courseof the patientcould be gatheredfrom the angio-
graphy.

Definitions

Left main protectionwas gradedas the following: un-
protectedleft main stenosiswithout collateral flow or
openbypassgrafts to the left anteriordescendingor to
the left circumflex artery, partially protectedleft main
stenosiswith collateralflow to the left anteriordescend-
ing or to the left circumflex artery, and protectedleft
main stenosiswith nonobstructedbypassvesselsto the
left anteriordescendingor left circumflexartery.

Left ventricular function was classified as normal
(ejection fraction >65%), middly impaired (ejection
fraction 45–65%),or severelyimpaired (ejection frac-
tion <45%). Classificationof causeof deathwas done

as an integratedassessmentof the coronaryangiogra-
phy, reportsof the procedureand the clinical course.
Procedure-related death was defined as normal blood
flow (thrombolysisin myocardialinfarction grade3) in
both left coronaryarterieswith normal ventricularex-
cursionsbeforethe start of the interventionor compro-
mised blood flow (thrombolysisin myocardial infarc-
tion grade<3) in either left coronaryartery with de-
pressedheart excursionsafter the intervention.Death
despitePTCA was definedas technically successfulin-
terventionand lethal outcome.Start of the intervention
was defined as passageof the left main stenosiswith
the guidewire.

Statistical methods

Data are reported as mean±standarddeviation (SD).
Continuousvariableswerecomparedby usingStudent’s
t-test for independentsymples.The Wilcoxon test was
used for categorical variables. A Chi-squaretest or
Fischer’s exacttest(for cells<5) wasusedto determine
the 2-tailed statisticalsignificanceof associationsin 2-
by-2 tables.Differentvariablesweretestedfor indepen-
dent correlationwith deathby multiple regressionanal-
ysis.P values<0.05wereconsideredto indicatestatisti-
cal significance.Data management and analysiswere
performedby the STATISTICA for Windows software
packagerelease5.0 (StatSoft,Inc. Tulsa).

Results

BetweenOctober1992 and September1997, 580 pro-
spectivelyannouncedangioplastyprocedureswere reg-
isteredasleft main angioplastiesin 68 Germancommu-
nity hospitals organized in the ALKK (Arbeitsge-
meinschaft Leitender Kardiologischer Krankenhaus-
ärzte)studygroup.

Angiography, procedural and clinical outcomeof all
580 procedureswere requestedfor evaluationin a core
laboratory in Detmold, Germany320 (55%) complete
procedureswere made available for evaluation. Of
these, 58 (18%) were interventionsof proximal left
anteriordescendingor proximal left circumflex arteries.
The remaining262 procedureswere either angioplasty
of protectedleft main stenosisor emergency left main
interventionsin patientswith an acute myocardial in-
farction or cardiogenicshock. The data of these262
procedureswerecomparedto 141454 non-leftmain an-
gioplastyprocedures.

Baseline data and angiographic characteristicsare
shownin Table1. Patientsin the left main PTCA group
were older and had more often three-vesseldiseaseas
comparedwith the non-left main patient cohort. The

509S. Miketić et al.
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distributionof the stenosistype accordingto the AHA/
ACC guidelineswassimilar in both groups.Left ventri-
cular function was more frequentlyimpairedin the left
main PTCA group. In 28.3%,left ventricularangiogra-
phy wasnot performedbecauseof cardiogenicshock.

Theoverallprocedure-relatedmortality is summarized
in Table2. Thedegreeof left mainprotectioninfluenced
clinicaloutcomeasfollows: theprocedure-relatedmortal-
ity in patientswithout any left mainprotectionwas9.1%
(Table3), in patientswith collaterals4.8%(Table4) and
0.5%(Table5) with openbypassgraftsto eitherleft cor-
onaryarterywhereastheproceduralmortalityof thenon-
left main angioplastycohortwas0.4%.

There was also a difference in procedure-related
mortality dependingon the indicationfor angioplasty of

the left main (Table6). Patientswho underwent left
main agioplastyfor stableanginahad a lower mortality
as comparedwith thosewith unstableangina(Table6).
The highestmortality was found in patientspresenting
with acutemyocardialinfarction (Table6). One patient
died becauseof fulminant pulmonary embolism two
weeksafter the procedure;one patientdied from a car-
cinomaof the pancreassix montshlater.

The multivariate regressionanalysis identified the
degreeof left main protection(p<0.001),indicationfor
angioplasty (p<0.001) and left ventricular function
(p=0.002) as independentpredictorsfor procedure-re-
latedmortality.
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Table 1 Baselinecharacteristics

PTCA registry
(n=141454)

Left-mainPTCA
(n=262)

Age [years± SD] 61.6±10 65.2± 9
Male sex 109061 (77.1%) 220 (84%)

Coronaryheartdisease:
one-vessel 66625 (47.1%) 0
two-vessel 48660 (34.4%) 64 (24.5%)
multivessel 26169 (18.5%) 198 (75.5%)

Left ventricularfunction:
normal 83741 (59.2%) 77 (29.4%)
mildly impaired 50640 (35.8%) 80 (30.5%)
severelyimpaired 7073 (5%) 31 (11.8%)

LV angiogrammnot available 0 74 (28.3%)

Indicationfor intervention:
stableangina 79497 (56.2%) 130 (49.5%)
unstableangina 33242 (23.5%) 70 (26.7%)
acutemyocardialinfarction 14570 (10.3%) 48 (18.3%)
other 14145 (10%) 14 (5.5%)

AHA/ACC stenosistype:
A 18955 (13.4%) 24 (9.2%)
B1 46680 (33%) 77 (29.4%)
B2 52479 (37.1% 103 (39.3%)
C1 14711 (10.4%) 33 (12.6%)
C2 8629 (6.1%) 25 (9.5%)

Table2 Clinical outcomeof all patients

Left-mainPTCA
(n=262)

PTCA registry
(n=141454)

p value

Myocardialinfarction* 6/218(2.8%) 2222(1.6%) 0.35
CK max 1334U/l (mean) 549 U/l (mean) –
UrgentCABG 2 (0.76%) 338 (0.24%) 0.08
Procedure-relateddeath 6 (2.3%) 571 (0.4%) <0.001
DeathdespitePTCA 27 (10.3%) 729 (0.52%) <0.001
Non-cardiacdeath 2 (0.79%) 57 (0.04%) <0.001

* Patientswith acutemyocardialinfarction at the time of PTCA are
excluded

Table3 Clinical outcomeof all patientswith unprotectedleft main

Unprotected
left-mainPTCA
(n=44)

PTCA registry
(n=141454)

p value

Myocardialinfarction* 4 (9.1%) 2222(1.6%) <0.001
CK max 3250U/l (mean) 549 U/l (mean) –
UrgentCABG 1 (2.3%) 338 (0.24%) 0.006
Procedure-relateddeath 4 (9.1%) 571 (0.4%) <0.001
DeathdespitePTCA 23 (52.3%) 729 (0.52%) <0.001
Non-cardiacdeath 1 (2.3%) 57 (0.04%) <0.001

* SeeTable2

Table4 Clinical outcome in patients with partially protected left
main

Partiallyprotect
left-mainPTCA
(n=21)

PTCA registry
(n=141454)

p value

Myocardialinfarction* 1 (4.8%) 2222(1.6%) 0.24
CK max 195 U/l (mean) 549 U/l (mean) –
UrgentCABG 1 (4.8%) 338 (0.24%) <0.001
Procedure-relateddeath 1 (4.8%) 571 (0.4%) 0.002
DeathdespitePTCA 3 (14.3%) 729 (0.52%) <0.001
Non-cardiacdeath 0 57 (0.04%) 0.89

* SeeTable2

Table5 Clinical outcomein patientswith protectedleft main

Protected
left-mainPTCA
(n=197)

PTCA registry
(n=141454)

p value

Myocardialinfarction* 1 (0.5%) 2222(1.6%) 0.23
CK max 438 U/l (mean) 549 U/l (mean) –
UrgentCABG 0 338 (0.24%) 0.49
Procedure-relateddeath 1 (0.5%) 571 (0.4%) 0.89
DeathdespitePTCA 1 (0.5%) 729 (0.52%) 0.99
Non-cardiacdeath 1 (0.5%) 57 (0.04%) <0.001

* SeeTable2



Discussion

An angiographicallyproven stenosisof the left main
coronaryartery without protectionby a nonobstructed
bypassgraft is considered to be a contraindicationfor
coronaryangioplasty (12). Coronaryartery bypasssur-
gery has been shown to improve survival of patients
with left main stenosis(1, 17), althoughthesepatients
respresentthe highest risk group for bypasssurgery
with an overall operativemortality of 3.5% (2). Techni-
cal improvement and the developmentof coronaryar-
tery stents(3, 6, 14, 15) enableinterventionalcardiolo-
gists to treatevencomplexcoronarylesions,so that in
specificconditionscoronaryangioplastyof protectedor
evenunprotectedleft mainstenosishasbeenperformed.

Laruelleet al. reportedin a smallseriesof electivean-
gioplastyin patientswith anunprotectedleft mainsteno-
sis a proceduralmortality of 7.7%anda rateof myocar-
dial infarction of 2.8% without stent implantation. Be-
causeof thehigh mortalityratethefollowing tenpatients
of this study underwentelectivestent implantationand
hadno seriousadverseeventsduring the hospitalphase
(7). Major in-hospitalcomplicationsalso did not occur
in the studyof Parket al. performingelectivestentim-
plantationin selectedpatients(11). The resultsof these
two single centerstudiescould not be confirmedeither
by the multicenterregistryanalysisby Ellis and cowor-
kers reporting a procedural mortality of 5.9% with
(n=51) andwithout (n=68) stenting(4) or by theresults
of the presentstudy reportinga proceduralmortality of
9.1% in unprotectedleft main stenosis.However, these
investigationshavelimited comparabilitybecausethepa-
tientsin the studiesof Laruelleet al. andParket al. are
highly selectedwith normal left ventricular function
whereasthe patientsin the multicenterregistryanalysis
of Ellis et al. werenot selectedandin the presentstudy
the patientswho had an unprotectedleft main stenosis
all presented with acutemyocardialinfarction. Despite
thesedifferencesin the studypopulationa 0% mortality
in interventionalcardiologycanonly be a problemof a
small studycohortanddoesnot seemrealistic.

Consideringthe patientcharacteristics,the poor out-
come of this highest risk group was not unexpected.
Even in casespresentingwith acutemyocardialinfarc-
tion andcardiogenicshockthe intervention seemsto be
problematic.Mortality is per se high in thesepatients
(52.3%)and is burdenedby an additionalprocedure-re-
lated mortality of 9.1%. The questionariseswhether
further lives could havebeensavedby avoidingcoron-
ary interventionsand by transferrin such patients to
emergencybypasssurgery.

Patientswith partially protectedleft main stenosis
who underwentcoronaryangioplasty had a lower mor-
tality comparedto thosewithout any left main protec-
tion, but had a significantly higher incidenceof major
in-hospital eventsas comparedwith the non-left main
angioplastycohort(Table4).

With our registry data it could be demonstratedthat
patientswith openbypassgrafts to either left coronary
artery undergoing left main angioplasty had a compar-
ableprocedure-relatedand in-hospitalmortality ascom-
pared to the non-left main angioplastycohort. These
findingsarein accordance with the largestpublishedse-
ries by O’Keefe et al. reporting a high survival rate
(90% at 3 years)after angioplastyof 127 protectedand
unprotectedleft main coronaryarteries(10).

Severalcriteriaareproposedto selectthesuitablepa-
tient for these interventional procedures(11) because
developmentof easily applicablestentmodelsand im-
provementin the sentimplantationtechnique(3) with a
modified anticoagulation regimen(13) led to a lack of
respectfor coronary angioplastyamong interventional
cardiologistsespecially in caseswith complex lesion
morphology (9). Mulitple regressionanalysis of our
dataidentifiedleft main protection,indicationfor angio-
plasty and left ventricularfunction as independentpre-
dictors for procedure-related mortality. The classifica-
tion of the degreeof left main protection combined
with left ventricularfunction representsan easilyappli-
cablegradingsystemfor risk stratificationof interven-
tions in patientswith symptomaticleft mainstenosis.

Study limitations

Nationalguidelinesprohibit coronaryintervention in pa-
tientswith unprotectedleft main stenosis(5, 12); there-
fore a randomizationbetweencoronaryangioplasty and
bypasssurgery is not feasible.The study populationin
the present multicenter registry analysis consists of
emergencypatientsand electivepatientswith protected
left main stenosis.

The analysisincludedonly 54.8% of all procedures
prospectively classifiedasinterventionsof left main ste-
nosis. It seemshighly unlikely that a protential selec-
tion bias led to a higher mortality rate than presentin
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Table6 Clinical outcomedependenton the indicationfor angioplas-
ty

Indication Procedure-
relateddeath

Deathdespite
PTCA

Non-cardiac
death

Stableangina 0 1/129(0.8%) 1/129(0.8%)
Unstableangina 2/70 (2.9%) 1/70 (1.4%) 0
Acutemyocardial
infarction

4/48 (8.3%) 31/48(64.6%) 1/48 (2.1%)

PrognosticiIndication 0/15 0/15 0/15

* SeeTable2



the whole cohort of left main angioplasties.The oppo-
site is probably true and would thereforeunderlinethe
conclusionsreached.

Conclusions and clinical implications

Patientswith symptomaticstenosisof the left main cor-
onary arteryand nonobstructedbypassvesselsto either
left coronaryartery may be treatedby coronaryinter-
vention with a procedure-relatedmortality and inci-
denceof myocardialapplicationcomparableto that of

the non-left main angioplastycohort. Patientswith un-
protectedsymptomaticleft main stenosisshouldprefer-
ably be transferredto emergency cardiacsurgery, be-
causethe high proceduralmortality discouragespercuta-
neous cardiac interventions.Even in casespresenting
with acutemyocardialinfarctioncharacterizedby a high
primary mortality, coronary interventions should be
avoided.

Furthermore,in our opinion treatment indications
that arenot in accordance with guidelinesof severalna-
tional committeesshouldnot be basedon single center
experiencesandsmall studycohorts.
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