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Persstent ST-Segment Elevation after Primary Stenting for Acute Myocardid
Infarction: ItsRelation to L eft Ventricular Recovery
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Summary

Background: Early restoration of coronary artery patency
inacute myocardia infarction (AMI) hasbeen linked toim-
provement in surviva. However, early recanalization of an
occluded epicardial coronary artery by either thrombolytic
agents or percutaneous transuminal coronary angioplasty
(PTCA) does not necessarily lead to left ventricular (LV)
function recovery.

Hypothesis: Theaim of thisstudy wasto evaluatetherela
tion between persistent ST devation shortly after primary stent-
ing for acutemyocardid infarction (AMI) and LV recovery.

Methods. Thirty-one patients with primary stenting for
AMI were prospectively enrolled. To evaluate the extent of
microvascular injury, serial ST-segment analysisona12-lead
€l ectrocardiogram recording just before and at the end of the
coronary intervention was performed. Persistent ST-segment
€levation (Persistent Group, n = 11) was defined as= 50% of
pesk ST devation and resol ution (Resolution Group, n = 20)
wasdefined as< 50% of peak ST eevation. Echocardiography
wasperformed on Day 1 and 3 monthsafter primary stenting.

Reaults: At 3 months, infarct zonewall-motion scoreindex
(WMSI, 21+ 0.6vs 2.7+ 0.3, p<0.05) was smaller in the
Resolution Group than in the Persistent Group, whereaswall
motion recovery index (RI, 0.4+ 0.3vs. 0.1+ 0.2, p<0.05)
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and gectionfraction (58 £ 5vs. 43+ 10%, p< 0.05) werelarg-
er in the Resolution Group than in the Persistent Group. The
extent of perdstent ST devation (% ST) shortly after success-
ful recanalization of theinfarct-related artery was significant-
ly rlatedto Rl a 3months(r = —0.4, p<0.05). However, time
to reperfusion was not related to RI at 3 months. There was
also significant correlation between corrected TIMI frame
count and %ST (r=0.4, p<0.05).

Conclusions. Persistent ST-segment el evation shortly after
successful recanalization (= 50% of the peak value), asamark-
er of impaired microvascular reperfusion, predictspoor LV re-
covery 3monthsafter primary stenting for AMI.

Key words: eectrocardiography, myocardia infarction, wall
motion recovery

Introduction

Early restoration of coronary artery patency in acute myo-
cardia infarction (AMI) has been linked to improvement in
survival.1:2 However, early recandization of an occluded epi-
cardial coronary artery by either thrombolytic agentsor percu-
taneous tranduminal coronary angioplasty (PTCA) does not
necessarily leadtoleft ventricular (LV) functionrecovery.3°1n
fact, restoration of blood flow to ischemic myocardium causes
impairment of flow at the level of microcirculation. This so-
called“low or no-reflow” phenomenon wasfirst described by
Kloner et al.inananima model .5 Thereafter, thisphenomenon
has been eval uated by various methods, including myocardial
contrast echocardiography (MCE),” 8 scintigraphy,® 10 and
positron emission tomography (PET)in patientswith AMI.
However, these techniques are costly and unavailablein rou-
tineclinical practice. Hence, thereisaneed for smple, nonin-
vasve markersthat identify theimpairment of microcirculato-
ry flow. Recently, myocardial reperfusion injury has been
studied by seria ST-segment analysis during primary angio-
plasty.1? Investigatorsreported that persistent ST-ssgment ele-
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vation shortly after successful infarct-related artery (IRA) re-
canalization refl ectsimpairment of microvascular flow.13-15

We therefore hypothesized that the extent of ST-segment
resolution can predict LV recovery after reperfused AMI. To
test this hypothesis, we examined the relationship between
persistent ST-segment el evation shortly after primary stenting
for AMI and functional recovery of regional LV function.

Methods
Study Patients

From June 1999 to May 2000, 31 patients with AMI, in
whom successful primary stenting for occluded IRA was per-
formed at our ingtitution, were prospectively enrolled. Criteria
for inclusion were (1) initial episode of AMI, (2) chest pain
lasting > 30 min and presentation 12 h after the onset of symp-
toms, (3) ST-segment devation> 1 mmin at least two contigu-
ous electrocardiographic (ECG) leads, (4) adequate two-di-
mensiond (2-D) echocardiographicimages, and (5) success-
ful primary stenting (Thrombolysisin Myocardia Infarction
[TIMI] flow grade 3 and postprocedura residua stenosis
< 30%). Patientswith concomitant severe disease, significant
vavular heart disease, the culprit lesion intheleft main trunk,
left bundle-branch block, or poorly interpretable ST segments
wereexcluded from the study. Informed consent was obtained
from each patient.

Electrocardiogram

To assesstheextent of microvascular reperfusioninjury, se-
rial ST-segment analysison a12-lead ECG waspaerformed on
admissionto hospitd (pre ECG) and at theend of coronary in-
tervention (post ECG), according to the protocol. All ECGs
were analyzed by one observer blinded to clinical data. The
sum of ST-segment elevation was measured 20 ms after the
end of theQRScomplexinleadsl, avL, andV1—Vefor anteri-
orandleadsll, 111, aVF, and Vs—Vs for nonanterior infarction.
The post ECGswere classified by comparison of the ST seg-
mentswith those on the pre ECGs. The pesk ST-segment lev-
€l was defined as the highest ST-segment level measured on
the pre ECG. Inadequate resolution of ST-segment elevation
after successful recanalization was expressed asa percentage
of the peak ST-segment devation (%ST). Persistent ST-seg-
ment elevation =50% of the peak value (ST =50%) was de-
fined asamarker of impaired microvascular reperfusion.

AngiographicAnalysis

Stents were deployed using standard technique. Aspirin
plus ticlopidine was used as an antithrombotic regimen. The
IRA wasidentified based on ECG changes, angiographic ap-
pearance of the artery, and associated with regional wall mo-
tion abnormdlities. M easurement of theminimal lumen diam-
eter, reference diameter, and percent diameter stenosis was
performed quantitatively in matched view using on-line quan-
titative coronary angiographic systems (Ancor version 2.0,

Siemens, Erlangen, Germany). Angiographic measurements
were made during diastole after intracoronary nitroglycerin
adminigtration. After stenting, the TIMI frame was obtained
for theinfarct-related artery using thetechniquedescribed pre-
vioudy.16 In brief, the TIMI frame count isthe number of cine
frames required for contrast to reach a standard distal land-
mark on cinefilms a 30 frames/s, and this raw number was
corrected for normal differences in coronary artery length
(corrected TIMI frame count).

Echocar diogram Analysisand Definitions

Two-dimensional echocardiography was performed on
Day 1 and 3 months after primary stenting. Images were re-
corded on videotape by aS-VHS cassette recorder for analy-
ds. Two investigators blinded to clinical and angiographic
dataanalyzed the echocardiogram. The LV end-systolic and
end-diastolic volumeswere cal culated by computer software
according toamodified Simpson’srule. Threemeasurements
of thetechnically best cardiac cycleweretaken from each ex-
amination, and the average volumes were obtained. The LV
gection fraction was calculated as stroke volume/end-dias-
tolic volume. Theleft ventricle was examined using standard
views, and wall motion was scored for each of the 16 myocar-
dial segments. Wall motion was graded for each segmentsas
follows: 1=normal, 2 = hypokinesia, 3= akinesia, 4 = dyski-
nesia. In each patient, infarct-zone wall-motion score index
(WM S) was derived. Wall-motion recovery index (RI) was
obtained by dividing the number of improved wall-motion
segments (> grade 1) at follow-up by the number of abnormal
wall-motion segmentswithintheinfarct-zoneat basdine. The
agreement was good for measurements of WMSI (interob-
server variability: r=0.92, p<0.01; intrachserver variability:
r=0.94,p<0.01).

Total ischemic timewas measured asthetime from the on-
set of symptoms until coronary reperfusion was established
with balloon inflation. Theimpact of preinfarction anginaon
wall-motion recovery was eval uated based on the presence or
absence of antecedent anginawithin 24 h before the onset of
AMI. Cardiac enzyme (crestine kinase, creatine kinase-MB)
was seridly measured at 4-h intervalsup to 24 h, and later at
8-hintervals up to 72 h after intervention, and the maximum
level wasused asan enzymatic marker of infarct size.

Statigtical Analysis

Setigtica analysiswasperformed using Statistica Package
for Socia Sciences (SPSS, Inc., Chicago, Ill., USA) 7.5 for
Windows. Datawere expressed as mean + standard deviation
(SD) for continuous variablesand frequency for the categori-
cal variables. Continuous variableswere compared by paired
or unpaired Student’s t-test and categorica variables by chi-
square test. The comparisons between the two groups over
timeweredonewith atwo-way repeated measuresanalysisof
variance(ANOVA). Linear regression analysiswasperformed
onall varigblesto identify determinantsof wall-mation RI. A
p vaueof <0.05wasconsdered statigtically significant.
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TaBLE | Basdinedlinica characteristics

TaBLE Il Basdineangiographic characteristics

Resolution Persigtent Resolution Persigtent
(n=20) (n=11) (n=20) (n=11)
Ages(years) 63+ 10 58+9 Infarct-related coronary artery
Malegender (%) 15(75) 9(82) L eft anterior descending 6 7
Risk factors Left circumflex 3 0

Systemic hypertension (%) 9(45) 6(55) Right 11 4

Diabetesmellitus (%o) 6(30) 3(27) Referencevessd diameter (mm) 33+04 34103

Total cholesterol (>200 mg/dl) (%) 4(20) 2(18) Minimal lumen diameter (mm)

Current smoker (%) 12(60) 9(82) Pre 0 0
Preinfarction angina (%) 7(35) 5(45) Post 31+04 31+03
Multivessdl disease (%) 3(15) 3(27) Diameter stenosis (%)

Previousmyocardid infarction 0 0 Pre 100 100

Cardiogenic shock (%) 2(10) 1(9) Post 7+5 8+6

Reopro (%) 5(25) 3(27) Maximuminflation pressure(atm) 136+ 36  121+37

Reperfusion arrythmia(%6) 10(50) 5(45) L

Total ischemictime (min) 1874119 220118 Nostatistical differencebetween thetwo groups:

Pesk CK, U/l 3741+ 2750 5174+4242

Systolic BP on admission (mmHg) 107+ 32 114+ 28

S@gmb;(i’a” on 1316 6+0 longer total ischemictime (220 vs. 187 min, respectively) than
’ & mm n " did thosein the Resolution Group, but thisdid not reach satis-

after, mm?@ 4x4 10+5 . C . . .
0ST 2 20411 64416 t!cd sgnlflcmce..C.ard|ogen|csho.ck\{vaspre$1t inthree pa-
tients (10%). Abciximab wasused in eight patients (26%).
ap<0.05.

Abbreviations: CK = creatine kinase, BP = blood pressure, %ST =
percentage of the peak ST-segment elevation.

Results
BasdineChar acteristics

The mean patient agewas 61 years, and 77.2% weremale.
The study popul ation was divided into two groups: Persistent
Group (ST =50%, n=11) and Resolution Group (ST <50%, n
=20). Asshownin Tables| and I, basdline and angiographic
characteristicswere similar between the two groups. Patients
inthe Persistent Group had higher peak levels of creatineki-
nase (5,174 + 4,242 vs. 3,741 + 2,750 U/, respectively) and

Changesin Global and Regional L eft Ventricular Function

Figurelillustratestempora changesof globa and regiona
LV function. At basdling, LV gectionfraction (50+ 8vs. 53+
9%, respectively, p=NS) was similar between the Persistent
and Resolution Groups. At 3-month follow-up, LV gection
fraction wassgnificantly higher inthe Resolution Group than
in the Persistent Group (58 £ 5 vs. 44 + 10%, respectively,
p<0.05). Therewassignificantimprovement in regiona con-
tractilefunction (WM Sl and RI) withintheinfarct zonein the
Resolution Group during follow-up. However, the improve-
ment of regional contractilefunctionwasnot observedin four
patients of the Resolution Group. These datasuggest that res-
olution of the ST segment shortly after successful recandiza-
tion does not necessarily indicate long-term improvement of
regional contractilefunction.
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Fic.1 Tempora changesof |eft ventricular gjection fraction (EF; A), infarct zonewall-motion scoreindex (WMSI; B), and wall-motion re-
covery index (RI; C). *p<0.05 between groups, **p< 0.05 within groups versus Day 1. Values are expressed as mean + standard deviation.

—a— = Persstent Group, —e — = Resolution Group.
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TasLE Il Univariate analysispredicting wall-motion recovery index at 3 months

Continuousvariables Categorical variables

rvaue pValue Present Absent pValue
%ST -04 <005 Useof abxicimab 0.29+0.31 0.27+041 NS
Age 0.3 NS Reperfusionarrhythmia 0.26+0.34 0.32+0.34 NS
Peak ST elevation -01 NS Preinfarct angina 0.30+£0.36 0.28+0.33 NS
Systolic BB, mmHg 0.16 NS
Totdl ischemictime, min -0.16 NS

Abbreviation: NS=not significant. Other abbreviationsasin Tablel.

Predictorsof Wall-M otion Recovery

AsshowninTablelll, clinical, hemodynamic, and angio-
graphic variableswereanayzed by regression anaysisto eval-
uate the predictors of infarct zone RI a 3-month follow-up.
Inverse correlation between Rl and %ST was observed (r =
—0.4,p<0.05, Fig. 2). However, tota ischemictimeor peak
ST devation was not associated with Rl a 3 months (Table
[1). Therewas al so Sgnificant correlation between corrected
TIMI framecount and %ST (r = 0.4, p<0.05, Fig. 3).

Discussion

This study demonstratesthat persistent ST-segment eleva
tion shortly after successful recanalization (=50% of the peak
value) occursin one-third of our patientswith AMI and pre-
dicts poor LV recovery 3 months after primary stenting for
AMI. Thesefindingssuggest that the extent of ST-segment -
evation resolution may provide areliable and smple marker
for assessing microvascular reperfusion.

1.2

r=-04

10 = . p<0.05

Wall-motion recovery index (RI)

%ST

Fic.2 Graph showing inverse correlation between %ST and wall-
motion recovery index (RI).

ST-Segment Resolution and Myocar dial Perfusion

Impaired tissue reperfusion after successful recanaization
of anepicardia coronary artery hasbeen documented bothin
animals® and in patients™11 with AMI. Thus, the degree of
functional recovery isrelated to the extent of microvascular
damage. |dedlly, a valid technique for identifying impaired
microvascular flow should be smple, noninvasive, and easy
touseinall patients. An assessment by ST-segment analysis
criteriawould fulfill al of these advantages. However, it re-
mains uncertain whether the extent of ST-segment resol ution
would reflect differencesin tissue perfusion. Recently, San-
toro et al. found that the extent of ST-segment resolution is
grossly related to the extent of microvascular integrity asas-
sessed by MCE.15 Others showed that ST-segment changes
after reperfusion therapy reflect myocardial flow rather than
epicardial flow because ST-segment change givesconflicting
dataabout epicardial patency.12 13 The result of these studies
may partidly explain therelation between ST-segment reso-
lution and myocardial reperfusion. Furthermore, we aso
demonstrated that %ST isrelated to thecorrected TIMI frame
count which may reflect microvascular flow in the absence of
sgnificant epicardial residua stenosis.

100

Corrected TIMI frame count

0 20 40 60 80 100
%ST

Fic.3 Corréelation between corrected TIMI frame count and %ST.
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Relation between ST-Segment Resolution and L eft
Ventricular Recovery

The extent of ST-segment resol ution, however, hasmodest
correlation with regiond LV recovery in this study. Various
factors have been considered as influential in LV recovery.
These factors include the perfusion status of the IRA and is-
chemic time. In addition, Asanuma et al. demonstrated that
25% of patientswithout contrast defect shortly after coronary
reflow showed the late appearance of the contrast defect in
MCE, and these patients had intramyocardial hemorrhagein
MRI study.l” They suggest that microvascular damage that
leadstointramyocardia hemorrhagemay progressfor severa
days after coronary reflow and, consequently, contrast en-
hancement within the risk area does not necessarily indicate
long-term LV recovery. Furthermore, thecollaterd circulation
isan important source of blood supply to ajeopardized myo-
cardium, favoring LV recovery after reperfusion therapy.
Recently, Leeet al. demongtrated that LV recovery after reper-
fused AMI isprimarily determined by pressure-derived frac-
tiond collateral flow.18 They suggest that collateral circulation
seems to be of major importance to LV recovery compared
with total ischemic time. These observations may in part ac-
count for themodest correlation between %ST and RI.

Optimal Criteriafor Reperfusion

In this study, the peak ST-segment level was used as the
basdlinefor measuring changesreflecting reperfusion, in con-
trast totheinitial ST-segment level that was used asthe base-
linein another study.® The reason for measurement fromthe
pesk ST-segment level isbased on the observetion that ST-seg-
ment fluctuations are unstable during the evolution of AMI
and, therefore, theinitia ST level isan unreliablebasdline.

Determining the cutoff value of reperfusion onthebasis of
a=50% reductionin ST-segment level canbedifficult. Infact,
asubstantial number of patients with successful reperfusion
have ST-segment change around the 50% cutoff value. Severa
studies used different value (e.g., 30% or 70%) for reperfu-
sion.12.19.20 Recently, Clagyset al. demonstrated that the 50%
cutoff value had adiscriminative effect on progression of my-
ocardid necross, asit was derived from the serial QRS score
measurementsand was associated with the highest differences
intheextent of infarct necrosisamong severa cutoff values.13
Therefore, the 50% cutoff value was used to ratify patients
into impaired versus adequate microvascular flow in the pre-
sent study.

Limitations

We call for caution in interpreting the results of our study
because of therdlatively small sample size. Furthermore, sev-
eral potentia limitations need to be addressed. First, exact
measurement of the sum of ST-segment elevationswould af-
fect thesmplicity of themodel. However, in most cases exact
measurementsare not needed becausethey canbeeasily iden-
tified by visual comparison of thetwo ECGs. Second, ST-seg-

ment resol ution was assessed by comparison of 12-lead ECGs.
This approach might be less accurate than computer-derived
ST-segment tracking; however, these systems are not general-
ly availableand lesspracticd for clinical use. Third, our results
showed no effect of reperfusion arrythmiaor glycoproteinllb-
I11areceptor blocker onLV recovery. However, the study pop-
ulation was relatively small, which may limit the statistical
power to detect therelationship. Further studiesare needed to
investigateand eva uatethe effect of thesefactorson LV recov-
ery after reperfusion therapy. Finaly, our findingsare derived
fromaselect population of patientswith AM| who were suc-
cessfully trested with primary stenting. Therefore, our results
cannot begeneralizedtodl patientsrecelving reperfusion ther-
apy. Neverthe ess, thisstudy showstheimportance of ST-seg-
ment resol ution after reperfusion therapy.

Conclusion

Our study showed that persistent ST-segment elevation
shortly after successful recanalization (= 50% of the pesk val-
ue), asamarker of impaired microvascular reperfusion, pre-
dicts poor LV recovery 3 months after primary stenting for
AMI. It reved sthat the measurement of ST-segment elevation
resolution, the simple clinical diagnostic tool to assess my-
ocardid reperfusion, istherefore useful in early clinical deci-
sionmaking intreating patientswith AMI.
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