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Clinical Significance of In-Hospital Reocclusion After
Mechanical Reperfusion and Percutaneous Transluminal
Coronary Angioplasty for Acute Myocardial Infarction

Eva Cantalejo Munhoz, Paulo Franco de Oliveira

Curitiba, PR - Brazil

Objective - To analyze the effects of in-hospital reoc-
clusionof reperfused AMI culprit coronary arteriesinmor-
tality and to identify the predictors.

Methods - The present study comprises a sample of
155 patientswith AMI who underwent successful mecha-
nical reperfusion by direct coronary angioplasty and an-
giographic control during hospitalization or before dis-
charge. Patientswere classified into group A: reoccluded
patients (n=30) and group B: non-reoccluded patients
(n=125).

Results - We identified in-hospital reocclusion pre-
dictors and found a greater significance in mortality
among reoccluded patients (23,3% x 1.6%; p=0.00004).
Slent reocclusion or typical angina at reocclusion had a
good prognosis. Theindependent predictorsof in-hospital
mortality were hypertension, multiarterial lesions, totally
occluded AMI culpritlesions, failed redilatation, failed re-
dilatation in comparison with no intention to redilate, no
redilatation in comparison with no atempt toredilate, and
reocclusionwithinthefirst 48to 72 hours. Thedecisionto
redilate, independently of theresult, led to a 50.0% reduc-
tionin hospital mortality (p=0.0366).

Conclusion - In-hospital AMI culprit coronary artery
reocclusion had an adver se effect-similar to that reported
in clinical studieswith high mortality rates (23.3% x
1.6%; p=0.00004). The major contribution of thisstudy is
to recommend the reopening of reoccluded AMI culprit
coronary arteriesasa meansfor the management of coro-
nary artery reocclusion.
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Reinfarction, or acutemyocardial infarction (AMI) ex-
tension, has been reported in many clinical studiesasale-
thal complicationintheoutcomeof AMI *-“withdiagnosis
criteriabasedonclinical data, myocardia enzymes®s, EKG?®°,
and also by angiographic data. Reinfarction can occur wi-
thout an angiographic registry of thetotal occlusion of the
culprit AMI artery *13, Theincidencewasreported between
8.0and 30.0%in non-reperfused patients, 17.0% at autopsy,
and5.0t0 15.0%inreperfused patients>**” and between 18.0
t025.5%forinferior AMI, and 6.0t0 12.8%for anterior AMI
1721 |t canbesilentin 42.0t050.0% of cases®%.

Because of the severe implications and because no
studiesinvolvingtheclinical significanceof thein-hospital
reocclusion after direct mechanical reperfusionand PTCA
have been published, we studi ed these phenomenato better
understand theeffectsand clinical significanceof reocclu-
sionandtothepredictors, andto especially pay attentionto
mortality related to thereoccl usion phenomenon.

Methods

Patientswith adiagnosisof AMI admittedto I rmanda-
dedaSantaCasadeMisericordia, Curitiba, Parang, Brazil
andthelnstituto M odelo de Cardiol ogia, Cordoba, Repibli-
caArgentinafrom January 1983 to March 1993 received
treatment with direct mechanical reperfusion and PTCA.
Each patient had AMI confirmed by clinical, hemodynamic,
and laboratory data. Patients were consecutive and in-
cluded thosewithrecovered cardiac arrest, shock, multives-
sel or associated left main lesions, previous CABG, pre-
vious AMI, and advanced age.

All patientswereclassified accordingto Killip-Kimbal
clinical classifications??, but agroup of patientswerecon-
sideredto haveno-classbecauseof cardiac arrest, complete
A-V block, or shock associated with ventricular tachy-
cardia. AMI sitesweredefined either by EK G, or hemodyna-
mic patterns, or both. Every patient received nitrates, seda-
tives, analgesics, and 10,000 units1V of heparin, and after
consent, they underwent diagnostic cardiac catheterization
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and interventional therapeutics as described in aprevious
study 52, After theprocedure, all patientswent tothe CCU
for continuous monitoring of their EKG, blood pressure,
and hemodynamics (temporary pacemaker or IABPin spe-
cificindications). All patientswereautocoagul ated with he-
parin (1000 unitsIV/hour) for thefirst 48 hoursor duringthe
entirehospital stay and received antiplatel et agents(ASA).
Beta-blockers, calcium antagonists, and other drugswere
selected by attending cardiol ogi sts. Reocclusion was defi-
ned astotal occlusion of theculprit AMI artery that had pre-
viously been reperfused. All patientshad to achieve TIMI
gradeflow 11 after PTCA, and only thosewho did werecon-
sidered to besuccessful. Thetotal population of successful
PTCAswas391 AMI patients, but only 155 had an angio-
gram performed prior to discharge. These 155 patientswere
then classified into the reocclusion group (group A) and
the nonreocclusion group (group B). Clinical dataon the
posterior analysiswererecorded with*“Hemopac”, aninsti-
tutional softwareprogram.

Student t test, the chi-square test, Fisher’s exact test,
themediantest, and the Kruskal -Wallistest were performed
for two independent samples, and the binomial test was
performedfor auniquesample. Multipleregressionanaysis
and Fisher’sdiscriminant analysis were performed with
SAEG software %%, The significance level adopted was
5.0%(p<0.05).

Results

A total sampleof 155 AMI patientsunderwent mecha
nical reperfusion with PTCA withinitial successand are-
peated angiogram before discharge. Agesranged from 29
to82years(57.5+11.4). After repeat cardiac catheterization,
patientswereclassified asgroup A (reoccluded, n=30) and
asgroup B (nonreoccluded, n=125).

Table | and 11 show the clinical and angiographic
baseline characteristics.

Discriminant analysisappliedto 155 patientsallowed
theidentificationor classification, or both of patientswho
previously could or could not beidentified ashaving reoc-
clusion (error probability=10.6%), the formulafor strong
significance being F_, =60.24; F_ =3.64; p<0.001. This
mode! identified thefollowing 18 variables: in-hospital mor-
tality, clinical class, age, sex, diabetes, hypertension, smo-
king, family history of CAD, hyperlipidemia, obesity,
number of damaged vessels, number of dilated vessels,
type of vessels (singlevessel or multivessel), AMI culprit
artery, typeof lesion, AMI site, flow grade, and reperfusion
timewithatotal possibility of correct classification of 79.0%
(60.0%for group A and 84.0%for group B).

Although the group A mean age was higher than that
of group B (60.6+11.2 x 56.8+11.4) and although when
correlated with sex, femal e patientswereol der (66.0£12.1 x
59.6+10.9for group A and 65.2+8.7x 55.2+11.2for group B),
theunivariate analysisdid not show significances.

Univariate analysisdemonstrated significancesfavo-
rabletoreocclusion (groupA) for thefollowing: femalesex,

Munhoz & Oliveira

Clinical significance of in-hospital reocclusion after myocardial infarction

hypertension, family history of CAD, hyperlipidemia(p<0.-
005), obesity (p<0.025), inferior and associationed AMI site,
reperfusiontimeupto 240min (p<0.005), alsoupto360min
(p<0.05), Killip! class(p<0.005), no-class(p<0.025), andthe
sumof 1 pluslV and no-classpatients(p<0.005), multives-

Table | - Baseline clinical characteristics

Variables All patients Reocclusion  No reocclusion
n=155 % n=30 % n=125 %

Sex

*Mae 131 84.5 25 833 106 84.8
*Femde 24 155 05 16.7 19 15.2
CAD Risk Factors

* None 40 25.8 07 233 33 264
* Diabetes 16 10.3 06 20.0 10 8.0
« Hipertension 55 355 11 36.7 44 352
* Smoking 73 47.1 14 46.7 59 47.2

» CAD family higory 31 20.0 07 233 24 19.2
* Dydlipidemia 44 28.4 11 36.7 33 264

* Obesity 40 258 12 40.0 28 224
Previous CABG 06 39 01 33 05 4.0
Previous AMI 17 11.0 02 6.7 15 120
AMI Site

* Anterior 60 38.7 09 300 51 408
* Inferior 52 33.6 12 40.0 40 320
* Associations 43 277 09 300 34 272
Clinical class

« Killip | 80 51.6 16 534 64 512
« Killip 11 35 22.6 05 16.7 30 240
« Killip 111 14 9.0 04 133 10 8.0
« Killip IV 07 4.5 01 33 06 4.8
* No-Class 19 12.3 04 133 15 120
Mortality

* Global 09 5.8 07 233 02 16
* Cardiac 08 5.2 07 233 01 0.8
* Non cardiac 01 0.6 - 01 0.8

Hospital discharge 146 94.2 23 767 123 984

Table Il - Baseline angiographic characteristics

Variables All patients Reocclusion  No reocclusion
n=155 % n=30 % n=125 %

Reperfusion

time (min)

* Up to 120 36 232 07 233 29 232
121 to 240 58 374 12 40.0 46  36.8
* 241 to 360 30 194 02 6.7 28 224
* Up to 360 30 194 09 300 21 16.8
» Unknown 01 0.6 - 01 0.8
Number of diseased vessels

* Single artery 77 497 14 46.7 63 50.4
* Multi vessel 76 490 16 533 60  48.0
o Leftmain 02 13 - 02 1.6
TIMI Flow

* Total (0) 130 839 25 833 105 84.0

« Critical (1 or I1) 25 161 05 16.7 20 16.0
AMI culprit artery

*LAD 69 44.5 12 40.0 57 45.6
*RCA 58 374 14 46.7 44 35.2
« Circumflex 14 9.1 04 133 10 8.0
« Secondary branches 09 5.8 - 09 7.2
» Sgphenous vein graft 05 32 - - 05 4.0
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sel lesions, right coronary artery asthe culprit AMI artery,
critical lesionsonfirst angioplasty (p<0.005), anda soglo-
bal mortality (p=0.0001) and cardiac mortality (p=0.00004).

Univariateanaysi spermitted identification of thefol-
lowing variablesfavorable to nonreocclusion (group B):
malesex; non-CAD risk factors, smoking, anterior M1, reper-
fusiontimefrom 241 to 360 minutes; Killip 11 and thesum of
Killip | plusKillip Il classes; single vessel lesions, LAD
culprit M| artery, andtotal lesion(TIMI flow 0) at first angio-
gramwithaprobability of p<0.005for all variables.

No significant conclusionswerereached about diabe-
tes, previousCABG, previousMI (late), damaged vessels/
patientsratio, dilated vessel/patient ratio, and circumflex
culprit M| artery.

Global in-hospital mortdity was5.8%, being5.2%from
cardiac causes. Group A mortality was 23.3% (all cardiac
causesand group B of 1.6%, with 0.8%from cardiac causes),
whichwasconsidered highly significant (p=0.00004). Also
group A mortality was4timestheglobal mortality (p=0.00-
01), 14.6timesthegroup B mortality (p<0.0001), and 29.1 ti-
mesthegroup B cardiac mortality (p=0.00004). Group B had
areductioninmortdlity 3.6 timesthat of theglobal mortality
(1.6%x5.8%0) (p<0.05).

Of the 30 reoccluded patients, 20.0% were asympto-
maticat reocclusion, and al of them survived (p<0.005). Of
symptomatic patients, 60.0% hadisolated clinical data, an-
ginaand complete A-V blockage being the most frequent.
Alsothosewithisolated clinical data had abetter prognosis
(p<0.025), better when it wasangina(p<0.01). Associated
clinical datawerefoundin40.0% of symptomatic patients,
andthosewith anginahad agood prognosis(p<0.025) al so.

Every patient who reoccluded while in shock died
(p=0.0483). All patientswhosereocclusionswere suspected
becauseof arrythmiasinfact werereoccluded, and they had
ahigher mortality rate (p=0.0002).

Out of the 30 reoccluded patients, 16 reoccluded within
72 hours post-PTCA, and this accounted for 85.7% of the
reoccludedin-hospital mortalities. Within 24 hours, 16.7%
of patientsreoccluded, and 57.1%died (p=0.0052). After 72
hourspost-PTCA, 46.7% of patientsreoccluded and 14.3%
died.

Five patientsreoccluded withinthefirst 24 hourspost-
PTCA and 3withinthefirst 6 hours. All these 3 patientsdied
(Tablelll). Sowetested the hypothesisthat earlier reocclu-
sionmeansincreased mortality (p=0.0262).

Themajority of patientswereinKillip class| at reoc-
clusion (56.7%), but 40.0% wereinKillipclasslll, 1V, or had
no dataon class, and had greated mortality (p<0.005).

Every patient whowerebetter clinical classat reocclu-
sion than on admission survived, but thosemaintaining the
same class had 15.8% mortality, and thosewho werein a
worseclasshad 50.0% mortality.

At reocclusion, 25 patients (83.3%) were redilated,;
64.0% of theseweresuccessfully dilated, and 5 patientswe-
renot redilated; 2 patientswent onto CABG electively be-
cause of associated lesions.

Redilated patients, despite the results, had a better
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prognosis(87.0% survive) (p<0.005); but nonredilated pa-
tientshad higher mortality rates(28.6%x 13.0%) (p<0.025),
andfailed redilation showed higher mortality also (71.4%x
17.4%) (p=0.0024).

When theintention to redilate versus not to redilate
werecompared, a50.0% reductioninmortality favorableto
redilation was seen (p=0.0366). Also when redilated pati-
entswerecomparedwithfailureor noredilation, no signifi-
cance(p=0.3671) wasobserved.

Patients who died had ahigher mean age (70.0+8.1 x
57.8+10.5yearsold) (p<0.01). Also, maepatientswereol der
(70.0+4.3x59.6+10.9yearsold) (p<0.01). Althoughfemale
sex had ahigher mortdity (42.9%x 8.7%) (p<0.005), female's
older agewasnot significant.

Of deceased patients, significances were reached for
hypertension, afamily history of CAD, AMI site associa-
tions(p<0.005),amajor number of damaged vessel (p<0.0-
25), thetotal occlusion of theculprit AMI artery (TIMI 0),
multivessel lesions (p<0.005), and asrelated previously,
reocclusionswith shock (p<0.0483), reocclusionwithinthe
first 24 hours (p<0.005), failed redilation(p=0.0024),
nonredilated (p<0.025), Killip 111 plus 1V, and no-class at
reocclusion (p<0.005), and no-class patientswith isolated
predictors(p<0.005).

Theanalysisof independent in-hospital mortality pre-
dictorsshowed hypertension (p=0.0366), dilated damaged
vesselsratio (p<0.0001), patients with multivessel disea-
se(p<0.0002), total occlusion of theculprit AMI artery (TI-
M1 Q) (p=0.0366), failedredilation (p=0.0366), falled redil ation
when compared with not trying to redilate (p=0.0366), not
tryingtoredilatecompared withtryingtoredilate (p=0.03-
66), and reocclusion time up to 48 hours (p=0.0366), and
greater significance upto 72 hourspost-PTCA (p<0.0001).

Atdischarge, only 23 reoccluded patientsexisted, but
87.0%wereinNY HA classl; 16 (69.6%) with patent cul prit
AMI arteries, and 7 withthe AMI cul prit artery totally occlu-
ded by unsuccessful redilation (4 patients), or noredilation
in3patients.

Discussion

Thesmall number of angiographic restudies(155/391)
and thefact that in al patients suspected of reocclusion a
restudy wasperformedwill not permit analysisof thereoc-
clusion rate. Discriminant analysis demonstrated amodel
with agood probability of identifying or classifying the

Table 11l - Reocclusion time after initial PTCA

Reocclusion Dead patients Survivours All patients
time N % n % n %

Up to 24 hours
24 - 48 hours
After 72 hours
Up to 72 hours
All patients

57.1 01 4.4 05 16.7
14.3 04 17.4 05 16.6
14.3 05 21.7 06 200
14.3 13 56.5 14 46.7
100.0 23 100.0 30 100.0
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patientsin group A or B with 79.0% accuracy, better for
group B (84.0%) than for group A (60.0%). Older patients
have been reported to havemorein-hospital complications,
but not more reocclusions specifically, and this study did
not differentiate between them.

Inferior M| have been reported in many studi es 8202830
asthereocclusion ratesincrease, and now we have found
associationstoo probably because ahigh number of these
associationswerewiththeright AMI, and theright corona-
ry artery hasthe greatest reocclusion rates. Those studies
generated controversy about reperfusioninthethe RCA or
AMI, but our study showed that if the RCA isthereocclu-
ded artery, the prognosisisvery favorable.

Shorter reperfusiontime(upto 240 minutes) wassignifi-
cantinaccordancewith Shirotami et al *, butwefoundasoa
later reperfusion time (up to 360 minutes) to be significant.
Thisfinding may beinfluenced by our small samplesize.

O Keefeet al *>* foundintimal dissecion, intraluminal
thrombus, total occlusion of thecul prit artery, and hemody-
namic-like variablesrelated to reocclusion, and this study
showed critical lesionsin placeof total occlusion. Ohman et
al 8inametanalysisof reperfused patientsfound subtotal
occlusionsmorefrequently related to reocclusion, but this
study had many patientstreated with different reperfusion
approaches, bothisolated or associated. Vogt et a * obser-
vedthataTIMI flow 2 postreperfusion showed anin-hospi-
tal outcomerelatedto mortality similar to that caused by an
occluded artery, but no patientsin our study was conside-
red successfully reperfused without TIMI 3flow. Many au-
thorshave considered the geometry of lesion, residual ste-
nosis, gradeand quality flow, excentrical lesions, and resi-
dual thrombusresidual to bestrongly related to reocclusion
phenomena 12153344 the thrombusresidual being the more
thrombogenically ground found on |aboratory testing, but
our study failed in analysis of the geomety of lesions be-
causeweanalyzed only theflow grade.

Higher risk patients(Killip 111, Killip IV, no-class) and
multivessel patientsreoccluded moreoften and had higher
mortality, probably becausetheir clinical and hemodynamic
performancedid not providethemwith good coronary per-
fusion pressure, aconditionthat seemedtoo critical tomain-
tain artery patency and also AMI survival 315194551 The
best outcomefor reperfusionisthelesscritical patient 2.

Clinical studies®®havefound subendocardial AMI as
themainreinfarction predictor becausetheunstable plague
tendsto close over and becauseits physiopathology isve-
ry different fromthat of thetransmural AMI **, whichisre-
ferred for treatment because of the major amount of viable
myocardiumrelated tothe AMI culprit artery 5354,

Other studies®% have found early ischemiato bean
M1 extension predictor, which wasal so themain predictor
of subendocarial AMI. The MILIS study °found recurrent
pain, unleveled ST segment, and early CKM B peak tobere-
infarction predictors, but compoundsof subendocardial re-
infarction also are predictors, and when they considered a
“magjor extension”, they found al sofemalegender. Alsore-
ported as reinfarction predictors by Morrison et al *were
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obesity, femalegender, and recurrent ischemia. Inthe phar-
macological reperfusion era, the AMI can be aborted, and
perhapsit will devel op the physiopathol ogy of the suben-
docardial infarction.

Nonreoccluded patients showed predictorsthat put
these patientsin agroup with amore favorable prognosis.
They had only onenonreocclusion predictor that isapredic-
tor of mortality. Alsoonly one CAD risk factor seemsto not
affect prognosis, and surprisingly itissmoking. A previous
report > hasdemonstrated that smokershaveamoreexten-
sivethrombus component that ismore susceptibleto phar-
macol ogical lysis. Perhaps because anticoagulation with
infused heparinwasmaintainedinall patientsin our study,
it may have prevented reocclusion. On the other hand,
Riverset al *®found cigarette smoking asareinfarction pre-
dictor at the posthospital, long- term follow-up, although
patients had quit smoking.

This study did not find diabetic patients, previous
CABG, or previous M1 to be significant possibly because
the native coronary artery in these patients was more fre-
quently responsiblefor AMI, and alsothecircumflex artery
did not show asignificanceasin apreviousreport 5.

No significance existed in the number of dilated ves-
selsineach patient. It seemsto bethat although multivessel
lesionswereareocclusion predictor, morecompl eterevas-
cularization asafirst approach AMI treatment did not in-
fluencefinal reocclusionresults.

Many previousreports+5225+5 have shown reinfarc-
tion, AMI extension, or reocclusion asin-hospital associa-
ted with aworse prognosis, and this study showed that
reocclusionisafatal complicationin 23.3% of patientscom-
pared with 1.6% of non-reoccluded patients (p=0.00004).
Althoughin our seriesredilated patients had abetter prog-
nosis and also nonreoccluded patients had areductionin
mortality of 3.6 timescompared withthegloba mortality of
5.8%, surprisingly, Shirotami et al * did not find any signifi—
cant differenceinthemortality of reoccluded patients.

Our results suggest that patients with asymptomatic
reocclusion had agood prognosis, whichisin accordance
with previousreports®%. Alsoisolated or associated angi-
namay perhaps have the same significance as at primary
AMI or perhapsit might have apreconditioning mycardial
effect . In contrast, patients who experienced shock or
arrythmias at the time of reocclusion had abad prognosis.
Again, higher risk patients(clinical class, 11, IV and ho-class)
had ahigher mortality. A better classat reocclusion seems
toindicate abetter prognosis, but aworse classresultsina
patient mortality of 50.0%. We have to ook at thiswith
caution, because many patientswereKillip 1, but many also
wereinmoresevereclasses.

Althoughthe successratesat redilation werevery in-
ferior totheinitial successratesat first mechanical reperfu-
sionand PTCA, thisstudy suggeststhat redilation wasthe
best approach, despite unsuccessful redilation, because of
the intention to redilate leading to a50.0% in-hospital re-
ductioninmortality (p=0.0366). Unsuccessful redilatation
indicated apoor prognosis, but when it wascompared with
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not trying to redilate, no difference was found. Other stu-
diesreported benefitsin open occluded arteriesal so, becau-
seit promotes healing of the myocardium, left aneurysm,
and survival %5162, A|so our datasuggest that theimpact of
the nonreopened artery could beequal to or worsethanthe
primary unsuccessful treatment %47,

Weaobserved al sothat seven mortality predictorswere
alsoreocclusion predictors, and only onewasanonreocclu-
sion predictor. When we look at independent mortality
predictors, hypertension and multivessel lesionswereboth
reocclusion predictors, because the other variableswere
directly related to reocclusion and itsmanagement. Althou-
ghlow successratesoccurred at redilatation, surviving pa-
tientshad avery good NY HA classon discharge.

It has not been defined whether reocclusionisthe sa-
measreinfarction or M extension, but thisstudy demons-
trated that reocclusion hasabehavior very similar to clini-
cal reinfactionand M| extension.

Because reocclusion is not afreguent phenomenon,
despitetenyearsof datacollection and the small number of
angiographic restudies before discharge, oursisavery
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small sample. Also because over theyearsagreat vertigi-
nous advance in technological evolution, especially for
“optimal stents” andtheclinical useof glycoproteininhibi-
tors, guide wires, balloons, and new devices, reocclusion
could be strongly influenced not in frequency, but perhaps
inoutcome® ", Thisstudy did not analyzethe CKMB cur-
vesreportedin previousclinical studies, and many studies
giveinformationafter 48to 72 hours, but themajority of our
patientsreoccluded earlier, thenwecan’t say whether reoc-
clusionseemstobeareinfarction or amyocardia infarction
extension based onthecriteriareportedintheliterature.

Alsonosimilar studiesexist about theclinical signifi-
canceof thein-hospital reocclusion after direct mechanical
reperfusion, whichisalimitation that needs discussion.
Future studies could help usto better understand this phe-
nomenon.
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