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Previous studies have shown an association between
distortion of the terminal portion of the QRS (QRS[+]
paitern: emergence of the J point =50% of the R wave
in leads with gR configuration, or disappearance of the
S wave in leads with an Rs configuration) on admission
and in-hospital mortality in acute myocardial infarction
(AMI}. However, the mechanism for this association is
not known. We assessed the relation between QRS(+)
pattern and coronary angiographic findings, infarct
size, and long-term prognosis in the Thrombolysis In
Myocardial Infarction 4 trial. Patients were allocated
into 2 groups based on the presence (QRS[+], n = 85)
or absence (QRS[—], n = 293) of QRS distortion. The
QRS(+) patients were older (mean + SD: 61.1 + 10.6
vs 57.5 = 10.6 years, p = 0.004)}, had more anterior
AMI (49% vs 37%, p = 0.04), and less previous angina
(42% vs 54%, p = 0.05). QRS{+) patients had larger
infarct size as assessed by creatine kinase release over

24 hours (209 + 147 vs 155 = 129, p = 0.003}, and
predischarge sestamibi (MIBI) defect (17.9 = 15.9% vs
11.2 = 13.4%, p <0.001). When adjusting for differ-
ence in baseline characteristics, p values for the differ-
ences in 24-hour creatine kinase release were 0.03 and
0.64 for anterior and nonanterior AMI, respectively, and
for MIBI defect size 0.03 and 0.02, respectively. One-
year mortality (18% vs 6%, p = 0.03) was higher and
the weighted end point of death, reinfarction, heart fail-
ure, or left ventricular ejection fraction <40% (0.33 +
0.37 vs 0.24 + 0.32, p = 0.13}, tended to be higher in
the anterior AMI patients with QRS(+). No difference in
clinical outcome was found in patients with non-anterior
AMI. These findings suggest that this simple electrocar-
diographic definition of presence of QRS(-+) pattern on
admission may provide an early estimation of infarct
size and long-term prognosis, especially in anterior AMI.

{Am J Cardiol 1996;78:396-403)

he decision whether to proceed with reperfusion

therapy in a patient with suspected acute myo-
cardial infarction (AMI) should be reached within
minutes after admission. At the time this-decision is
made, the only tools generally available are the his-
tory, physical examination, and electrocardiogram.
Previous studies on the association between the ad-
mission electrocardiogram of patients with AMI and
either the ischemic area at risk, final infarct size, or
prognosis have concentrated on the magnitude of
ST-segment deviation or number of leads with ST-
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segment elevation.'~> The best correlation between
infarct size and admission electrocardiogram was
found using the number of leads with ST elevation
in anterior wall AMI and the magnitude of ST ele-
vation in inferior wall AMI*® This correlation, how-
ever, is only weak>® and is more related to the col-
lateral score.” In previous studies, little attention was
paid to changes in the QRS morphology. Previously
we reported that distortion of the terminal portion of
the QRS on admission is associated with an in-
creased in-hospital mortality.”® The mechanism re-
sponsible for the association between terminal QRS
distortion and adverse outcome and whether it is re-
lated to myocardial infarct size is unknown. We fur-
ther investigated this phenomenon in a multicenter
thrombolytic trial.

METHODS

Study protocol: The Thrombolysis in Myocardial
Infarction (TIMI) 4 trial® provided the opportunity
to determine the relation between the distortion of
the terminal portion of the QRS on admission in pa-
tients with AMI and (1) findings on the coronary
angiogram, (2) estimation of infarct size, (3) left
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patients with AMI. Inclusion criteria
were: age <80 years, typical chest
pain lasting >30 minutes within
6 hours before entry to the trial, and
electrocardiographic changes of AMI
(ST elevation of at least 0.1 mV in 2
adjacent leads or new left bundle
branch block ). Exclusion criteria were:
contraindication to thrombolytic ther-
apy, recent coronary bypass surgery,
previous use of streptokinase or anis-
treplase, chronic left bundle branch
block, women of childbearing poten-
tial, use of oral anticoagulation therapy,
and presence of any other serious dis-
ease.

In this retrospective analysis of QRS
morphology we included only patients

FIGURE 1. lllustrations of electrocardiographic complexes without (lines @ and
¢/ and with (lines b and d) terminal QRS distortion. Terminal QRS distortion
{QRS[+]) is defined as emergence of the J point =50% of the R-wave ampli-

tude in leads with qR configuration or disappearance of the § wave
with an Rs configuration. To be included in rﬁ? QRS(+) group,

RS pattern (V to V,) with QRS(+) pattern s
segment elevation. However, in all complexes S wave disappeared.

at least 2 adja-
cent leads demonstrated terminal QRS distortion. Line a: QR complexes wi
QRS(—) pattern, Despite different degree of ST-segment elevation, in all com-
plexes the J point (arrow] emerges below 50% of the R-wave amplitude
{dashed line). Line b: QR complexes with QRS{+) pattern. In all complexes, the
J point emerges above 50% of the R-wave amplitude, Line c: RS complexes
with QRS(—) configuration (leads V, to Vy). In all complexes the S wave is pre-
served (compared with line d). Line d: complexes in leads usualy demonstrating
?nowing different magnitude of ST-

with upright T waves in the leads with
ST-segment elevation. Patients with
flat or inverted T waves in the leads
demonstrating ST-segment elevation
were excluded, because this represents
a more advanced electrocardiographic
stage of AMI, and it has been reported
that early T-wave inversion may sig-
nify reperfusion.'® Patients with bundle
branch block, intraventricular conduc-
tion defects, or ventricular rhythm were
also excluded.

Patients were followed-up in the
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hospital for clinical events.” Serum cre-
atine kinase levels were determined
upon initiation of therapy and at 8, 16,
and 24 hours thereafter. For calculation
of creatine kinase release over the first
24 hours, creatine kinase values were
expressed as multiples of the upper
limit of normal at each participating
hospital, and calculation of the area un-
der the creatine kinase—time curve over
the first 24 hours was performed as pre-
viously described." Thus, the units are
multiples of upper limit of normal
hours. Coronary angiography was ob-
tained at 90 minutes after initiation of
thrombolytic therapy and repeated 18
to 36 hours thereafter. Coronary arte-
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FIGURE 2. Admission electrocardiograms of 4 patients with anterior wall acute
myocardial infarction (recorded at a paper speed of 25 mm/s; sensitivity: 1 mV =
10 mm). Examples a and b are of QRS(—) pattern. Despite having a high degree
of ST-segment elevation, the S waves in leads V, and V; are preserved and the J

points emerge below 50% of the R waves. Examples ¢ and d are of

tern. Despite having a different magnitude of ST-segment elevation, in both ex-
amples the S waves in leads V; and V; disczreured, and in example ¢ the J

points in leads V; and V; emerge at >50% of the R-wave height.

ventricular function, and (4) short- and long-term
prognosis. The TIMI 4 trial was a randomized, dou-
ble-blind, multicenter study designed to assess out-

come after front-loaded tissue plasminogen activa-
tor, anistreplase, and a combination of the 2 in

riograms were interpreted by quantita-
tive analysis in the angiographic core
laboratory. Predischarge radionuclide
ventriculogram and myocardial perfu-
sion scintigraphy using technetium-
99m sestamibi (MIBI) scan were ob-
tained according to a standardized
protocol. Scans were interpreted at the
Radionuclide Core Laboratory at Yale University.
The integrated MIBI defect size was expressed as
percent defect compared with normal perfusion
scan.'? Telephone follow-up, obtained at 6 weeks
and 1 year, was complete in 96% of patients.’

QRS(+) pat-
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FIGURE 3. Admission elecirocardiograms of 4 patients with infe-
rior wall acute myocardial infarction (recordeI:I a paper speed
of 25 mm/s; sensifivity: 1 mV = 10 mm). Examples a and b are
of QRS(—) pattern. The J points in leads II, Hl, and aVF emerge at
<50% of the R-wave height. Examples ¢ and d are of QRS|(-+)
pattern, because the J points in leads Ill and aVF emerge ot
>50% of the R-wave height.

Electrocardiographic evaluation: All admission elec-
trocardiograms were analyzed by one of the authors
(Y.B.), who had no knowledge of the clinical, an-
giographic, and scintigraphic data. Patients were al-
located into the following 2 groups:

QRS-POSITIVE (+) GROUP: Patients had tall, sym-
metric, upright T waves and ST-segment elevation,
- accompanied by distortion of the terminal portion of
the QRS complex in =2 adjacent leads: (1) in leads
with initial QR configuration, emergence of the J
point at =50% of the R-wave amplitude (as mea-
sured from the isoelectric line); or (2) in leads with-
out Q waves (Rs configuration), absence of S waves
(e.g., leads V; through V,"® (Figures 1 to 3).

QRS-NEGATIVE (—) GROUP: Patients had tall, sym-
metric, upright T waves and ST-segment elevation
in =2 adjacent leads, without major changes in the
morphology of the terminal portion of the QRS com-
plex (Figures 1 to 3). '

Study end points: The primary end points for our
electrocardiographic analysis were estimation of in-
farct size by: (1) peak creatine kinase levels, (2)
creatine kinase release over 24 hours (multiples of
upper limit of normal-hours), (3) predischarge
MIBI defect size (percentage of defect compared
with normal perfusion scans), and (4) left ventric-
ular ejection fraction (measured by radionuclide
ventriculogram).

Secondary end points were in-hospital mortality,
cumulative 1-year mortality, and the composite out-
come of in-hospital death, recurrent AMI, severe
congestive heart failure or cardiogenic shock, and
ejection fraction <40%. In addition, a weighted
composite end point was calculated for each patient
using the event with the highest score: death (weight
= 1.0), heart failure (weight = 0.8), left ventricular
ejection fraction <40% (weight = 0.6), reinfarction
(weight = 0.5), and none (weight = 0), as previ-
ously described.”

In addition, QRS (+) and QRS (—) groups were
compared regarding the angiographic data: location
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of the infarct related artery; presence of 1-, 2-, or 3-
vessel disease; 90-minute TIMI grade flow; residual
stenosis; and presence of visible collateral circula-
tion at 90 minutes.

Statistical analysis: Statistical analyses were carried
out by the Data Coordinating Center at the Research
Triangle Institute. Chi-square tests were used to de-
termine the significance of the differences between
proportions for discrete variables. The mean + SD
and median are presented for continuous variables.
In the case of continuous variables, differences be-
tween the QRS (+) and QRS (—) groups were ana-
lyzed for statistical significance by Wilcoxon’s rank-
sum test. All tests of significance were 2-tailed.
A p value <0.05 was considered statistically sig-
nificant. Multivariate regression analyses of the in-
farct size data (creatine kinase release over 24 hours
and MIBI defect size) were used to determine the
importance of distortion of the QRS on admission
(QRS[+]vs QRS[—] groups) for anterior and non—
anterior wall AMI separately. The multivariate re-
gression analysis was adjusted for a set of baseline
variables, available on admission: treatment assign-
ment, age, gender, previous AMI, previous angina,
presence of pulmonary rales, third heart sound, and
time from onset of pain to therapy.

RESULTS

Baseline characteristics of the patients: The TIMI 4
trial population, including an open-label pilot phase,
encompassed 416 patients. We excluded 38 patients
from this analysis because of the presence of intra-
ventricular conduction defects, including bundle
branch blocks (n = 21) and negative T waves in the
leads with ST elevation (n = 15). Two patients did
not have qualifying electrocardiograms available.

The study population included 378 patients: 85
patients with QRS(+) and 293 patients with
QRS (—) pattern (Table I). QRS (+) patients were
older, had a higher incidence of anterior wall AMI,
and were treated earlier than the QRS(—) group.
However, no differences in gender or prevalence of
hypertension or diabetes mellitus were found be-
tween the groups. QRS (—) patients exhibited a trend

-toward more previous AMI and previous angina pec-

toris. The percentages of patients ever having
smoked, as well as those currently smoking, were
similar. No differences between the groups were
found regarding medications given before the index
admission, in the evidence of left ventricular failure
at enrollment, or treatment assignment (not shown).

Estimation of infarct size: Peak serum creatine ki-
nase was higher in the QRS (+) than the QRS (-)
group (Table II). Creatine kinase release over 24
hours was significantly higher in the QRS (+) than
the QRS (—) patients. Both differences were statis-
tically significant only in the anterior wall AMI pa-
tients, although there were similar trends in the non—
anterior AMI patients. After adjustment for all
baseline variables listed in Table I in a multivariate
regression analysis, QRS (+) pattern continued to be
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TABLE | Baseline Characteristics of Patients Without Versus With Distortion of the . hC |Ih|¢2;l| o';:come.: The l.nCIdence of
Terminal Portion of the QRS either death, rem_farctlon, severe
congestive heart failure, or left ven-
QRS (+) Group QRS (-} Group tricular ejection fraction <40%
n=285 n =293 . . ’
as was the weighted end point for
No. (%)} No. (%) pValue | this combination, tended to be
Men 58 (68) 224 (76) 0.13 higher in the QRS(+) group (Ta-
Age [yr) ble V). Progression to Q-wave in-
megp t(SD ) 6;51(510 ‘—'7;;)-6 5;@58 i7;)0‘6 0.004 farction was seen more often in the
edian (range, - -
Previous infarction 7 (8) 46 (16) 0.08 QRS(+) group. There was a trend
Previous angina 36 (42) 159 (54) 0.05 toward INCrease m 1—year I.noﬁallty
Ischemic pain <48 h 21 {84)* 79 {78)* 0.52 in the QRS (+) group. This differ-
II:rior coronary( bypass ) 2? g)Q) lg §3) ) 0.62 ence in mortality outcome was ob-
ypertension {requiring treatment] 104 (36 0.54 3 :
Diabetes mellitus {requiring treatment) 6 {7) 30 {10) 0.40 SS:FI'Vgld %l}ly 11\? ?11‘1;?’101‘ WE}H ?MI
Ever smoked 58 (69) 215 (74) 0.41 (Table VI). No difference in clini-
Current smoking 35 (60)* 130 (60)* 0.99 cal outcome was seen in non-an-
Aspirin <24 h of AMI 18 (21) 75 (26} 0.39 terior wall AMI patients. One-year
8 blockers o) 50{17) 0.15 mortality was higher for QRS(+)
Ca*? blockers 13 {15) 65 (22) 0.17 . : :
Digitalis 0(0) 20 0.98 patients with anterior wail AMI
Nitrates 12 {14) 69 (23) 0.07 compared with QRS (—) patients.
S5 sound 1{1) 11 {4) 0.23
Rales >1/3 lung fields 5 {6) 9 {3) 0.23
Systolic BP on admission {(mm Hg) ) D|SCUSSION . .
Mean + SD 1260+21.1 1308209 0.09 The main findings of this study
Median (range) 128 (80-178) 130 (86-190} are that distortion of the terminal
¢mer}or AMI ) " 42 (49) 108 (37} 0.04 portion of the QRS on admission
ime trom pain fo therapy 3 : 3
Mean % SD 27+1.2 3.1+1.4 002 was associated with larger infarct
Median [range) 2.4(0.5-5.7) 2.8 (0.3-8.0) size, as estimated by creatine kinase
release over 24 hours and predis-
AMI = acute myocardial infarction, BP = blood pressure. charge MIBI defect size. In addi-
* Total number value is lower in these categories. . g . . N
tion, in anterior wall AMI patients

associated with higher creatine kinase release only
in anterior wall AMI (adjusted p = 0.03).

Data concerning predischarge MIBI defect size
are listed Table III. Infarct size, as assessed by MIBI
defect size, was larger in the QRS (+) patients. The
same difference was seen when separately analyzing
patients with first AMI, patients with prior AMI, an-
terior, and non—anterior wall AMI. Multivariate re-
gression analysis of patients without prior infarction
revealed that after adjustment for baseline variables
shown in Table I, QRS (+) pattern continued to be
associated with higher predischarge MIBI defect size
(adjusted p = 0.03 and 0.02 for anterior and non—
anterior wall AMI, respectively).

No difference between the groups was found re-
garding predischarge left ventricular ejection frac-
tion (Table III).

Coronary angiographic findings: Parallel to the
higher rate of anterior wall AMI in the QRS(+)
group, the percentage of left anterior descending ar-
tery as the infarct-related artery was larger in the
QRS(+) group (Table IV). No difference was
found between the groups in the rates of 1 or mul-
tivessel disease. The rates of patients with 90-minute
TIMI flow 0, 1, 2, or 3 were similar between the
groups. There was no difference between groups in
the collateral score at 90 minutes, nor the presence
of visible collaterals in patients with an occluded in-
farct-related artery. ’

with distortion of the QRS, there

was a trend toward increase in the
in-hospital weighted end point for mortality, rein-
farction, severe heart failure, and left ventricular
ejection fraction <40%, and higher rates of 1-year
mortality.

A previous study investigating 2,603 patients
with AMI® found that the in-hospital mortality was
significantly higher in QRS (+) patients (6.8%) than
in QRS(—) patients (3.8%; p = 0.0008). Multi-
variate regression analysis showed that the odds ratio
for QRS (+) pattern was 1.78 (95% confidence in-
terval 1.19 to 2.68), p = 0.004.® The results of our
analysis are in accordance with the previous study.
The present analysis extends these observations by
demonstrating that in addition to short-term prog-
nosis, this simple electrocardiographic sign identifies
a subgroup of patients with larger infarct size.

The lack of difference in clinical outcome be-
tween the groups of patients with non—anterior AMI
may be related to the relative smaller ischemic area
at risk of these patients, compared with anterior wall
AMI patients. Thus, differences in ‘‘severity’” of
ischemia may not result in absolute large differences
in final infarct size and, hence, in prognosis. More-
over, it has recently been shown that in-hospital
prognosis in inferior wall AMI is more related to the
different patterns of precordial ST depression than
to the presence of QRS (+ ) pattern.'

The surface electrocardiogram is a summation of
the electrical vectors activating the left ventricle.
During severe regional myocardial ischemia the
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TABLE Il Estimation of Infarct Size by Creatine Kinase in Patients With Versus Without Distortion of the Terminal Portion of the QRS
QRS (+) Group QRS {—) Group p Value
Peak serum creatine kinase {IU)
Mean * SD 3,244 *+ 2,587 2,299 *+ 3,262 <0.001
Median 2,496 1,666
No. 85 293
Peak serum creatine kinase for patients with first AMI {IU})
Mean + SD 3,189 = 2,578 2,419 = 3,490 0.004
Median 2,445 1,780
No. 78 247
Peak serum creatine kinase for patients with prior AMI {IU) .
Mean = SD 3,859 £ 2,817 1,654 = 1,400 0.04
Median 3,205 1,398
No. 7 46
Peak serum creatine kinase (IU) for patient with anterior AMI
Mean = SD 4,320 + 2,932 2,895 = 4,868 <0.001
Median 3,938.5 2,017
No. 42 108
Peak serum creatine kinase {JU) for patients with non—anterior AMI
Mean = SD 2,914 = 1,645 1,950 + 1,665 0.27
Median 1,942 1,545
No. 43 185
Creatine kinase release over 24 h
Mean = SD 209 = 147 155 = 129 0.003
-Median 183 125
No. 69 249
Creatine kinase release over 24 h for patients with first AMI .
Mean * SD 210 + 149 161 =133 0.01
Median 183 137
No. 63 207
Credtine kinase release over 24 h for patients with prior AMI
Median = SD 198 = 125 127 = 108 0.15
Median 214 101
No. 6 42
Creatine kinase release over 24 h for patients with anterior AMI : '
Mean = SD 280 = 168 189 = 173 0.003
Median 278 160
No. 31 91
Creatine kinase release over 24 h for patients with non—anterior AMI
Mean * SD 151 £ 95 136 = 91 0.33
Median 137 120
No. 38 158
AMI = acute myocardial infarction.

electrical conduction in the ischemic Purkinje fi-
bers is delayed.'>'® Thus, the electrical activation
of the ischemic zone occurs relatively late. Hence,
the terminal vector of the QRS over the ischemic
zone is less opposed by activation of the rest of
the myocardium. This results in an increase in the
R wave in leads in which the terminal vector is
directed toward them (terminal R wave) and re-
duction in the S-wave amplitude in leads record-
ing a complex with a terminal force directed away
(terminal S wave).""~?° Because the Purkinje fi-
bers are less sensitive to ischemia than the con-
tracting myocytes,?"”> more severe ischemia
probably must occur before changes in the QRS
configuration are detected.'>!'”?> Disappearance
of the S waves in leads with Rs configuration
(leads V; to V3) can be easily recognized. In con-
trast, the absolute R-wave height is influenced by
many other variables. Thus, the absolute R-wave
amplitude is not helpful in determining the sever-
ity of ischemia.

The magnitude of ST elevation is a reflection of
the extent of myocardial injury.**-*’ However, be-
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cause the ST amplitude is influenced by many other
factors,”® absolute measurement of ST amplitudes
may not be accurate in estimation of the severity of
ischemia. Hence, the second criterion, relating the J
point to the R-wave amplitude in leads with qR con-
figuration was constructed to control for the many
nonischemic variables influencing absolute ST mea-
surement.

Only a minority of the patients had QRS (+) pat-
tern on admission (Figures 1 to 3).”® It is still un-
clear what the time course of these changes is,
whether the patients who have QRS(—) pattern on
admission had developed such QRS changes that had
already regressed, or whether this stage had not been
reached in the first place.” Although in the present
study QRS (+) patients were admitted earlier than
QRS (—) patients, in the previous study no differ-
ence was found in the time elapsed from onset of
symptoms to the admission electrocardiogram.® The
electrocardiographic manifestations of ischemia in
patients hospitalized with AMI are reported to be
relatively stable, probably owing to the delay from
onset of pain.>*
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TABLE IV Angiographic Findings of Patients With Versus Without Distortion of the Terminal Portion of the QRS
QRS {+) Group QRS (-~} Group
No. (%) No. (%) p Valve
Coronary infarctrelated artery
Left main 0/85 (0) 2/287 (1) 0.02
Left anterior descending 39/85 (46) 99/287 {34)
Left circumflex 4/85 (5) 51/287 (18)
Right 42/85 (49) 135/287 (47)
No. of coronary arteries narrowed >50% in diameter
1 32/85 (38) 115/287 {40) 0.78
2 33/85 (39) 119/287 (41)
3 16/85 (19) 43/287 (15)
4 4/85 (5) 10/287 {3)
TIMI flow O at 90 min 10/83 (12) 47/285 (16} 0.70
TIMI flow 1 at 90 min 5/83 (6) 20/285 (7)
TIMI flow 2 at 90 min 26/83 (31) 76/285 {27)
TIMI flow 3 at 90 min 42/83 {51) 142/285 {50)
Collateral score at 0 min
0 40/46 (87) 139/170 (82) 0.50
1 6/46 (13) 27/170 (16}
2 0/46 (0) 4/170 (2)
Collateral score 1 or 2 (for patients with 90 min TIMI 0-1) 3/9 (33) 12/43 (28) 0.74
% Stenosis at 90 min
Mean + SD 799115 77.8+15.2 0.19
Median 79.7 77.7
No. 83 279
TIMI = Thrombolysis In Myocardial Infarction flow grade.

TIMI 4 clinical centers (in order of number

TABLE V Clinical Outcome of Patients With Versus Without Distortion of the of patients enrolled): Beth Israel Hospital, Bos-
Terminal Portion of the QRS ton, Massachusetts: Principal investigators, Daniel
J. Diver, MD; co-investigators, Jeffrey Breall,

QRS {+) Group QRS (-} Group MD, Clifford Berger, MD; research coordinator,

(n= 85) (n = 293) Susan Dunn, RN. Satellite center: Emerson Hos-

pital, Concord, Massachusetts: Principal investiga-

InHospital End Points No. (%) No. (%) p Value tor, Steve Herson, MD; research coordinator, Gail
Carey, RN. Alta Bates Medical Center, Berkeley,

In-hospital mortality 5 (6} 10 (3) 0.31 California:  Principal investigator, Robert M.
Severe CHF/shock 1 4{1) 0.89 Greene, MD; research coordinators, Eileen Healy,
Recurrent ischemic pain 14 (21} 59 (28)* 0.26 RN, Vicki Perry, RN. Cedars-Sinai Medical Cen-
Reinfarction 5(6) 16 (5) 0.881 ter, Los AAngeles, California: Pnpclpa] investiga-
Death//reinfarction/CHF /LVEF tor, Prediman K. Shah, MD; co-investigator, Bo-
o jan Cercek, MD; research coordinator; Adrian
<.40/° . 26 (31) 62 {21) 0.070 Mirea, MD. University of Miami/Jackson Memo-
Weighted end point for death/ rial Hospital, Miami, Florida: Principal investiga-
reinfarction/CHF /LVEF <40% tor, Rafael F. Sequeira, MD; co-investigator, Alan
{mean = SD} 0.21 £0.33 0.14 £0.28 0.06 Fernandez, MD; research coordinator, Denise A.
Q-wave infarction 62 (74)* 168 (61)* 0.03 Francoeur, RN. Loyola University Hospital, May-
T-yr mortality 911} 16 {6} 0.09 wood, Illinois: Principal investigator, Ferdinand
Leya, MD; research coordinator, Rosita Picchi,

CHF = congestive heart failure; LVEF = left ventricular ejection fraction. RN. Brigham and Women’s Hospital, Boston,
* Total number value is lower in these categories. Massachusetts: Principal investigator, James M.
Kirshenbaum, MD; co-investigator, Christopher P,

MLT. MM isoforms: Washington University, St. Louis, Missouri: Princi-
pal investigator, Dana Abendschein, PhD; co-investigator, Burt E. Sobel,
MD; Lea Doerr Bullock, MS. Drug distribution center: VA Cooperative
Studies Program Clinical Research Pharmacy Coordinating Center, Albu-
querque, New Mexico: Pharmacist, Cindy Colling, RPh, MS; study coor-
dinator, Jenine Peterson, BS; co-investigator, Mike R. Sather, MS,
FASHP. ECG core laboratory: St. Louis University, St. Louis, Missouri:
Principal investigator, Bernard R. Chaitman, MD; co-investigators, Debbie
Kargl, BA, Bonpei Takase, MD, Beaver. Tamesis, MD; research coordi-
nator, Karen Stocke, BS, MBA. Hematology core laboratory: Brigham
and Women’s Hospital, Boston, Massachusetts: Principal investigator, Jo-
seph Loscalzo, MD, PhD; research coordinator, Dorinda George, AB.
Radionuclide core laboratory: Yale University School of Medicine, New
Haven, Connecticut: Co-principal investigators, Barry Zaret, MD; Frans J.
Wackers, MD; Research coordinator, Michael McMahon, CTNM. Data
and Safety Monitoring Board: Lewis Becker, MD, Joel Karliner, MD,
Sheryl Kelsey, PhD, Charles Rackley, MD, Sanford Shattil, MD. Ex-offi-
cio members: Eugene Braunwald, MD, W. Kenneth Poole, PhD. Morbid-
ity and Mortality Classification Committee: Chairman: Daniel J. Diver,
MD. Members: Christopher P. Cannon, MD, Ferdinand Leya, MD, Don-
ald Palisaitis, MD, Leroy Rabbani, MD.
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Cannon, MD; research coordinators, Deborah
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