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Context.— Early risk stratification of patients with myocardial infarction is critical
to determine optimum treatment strategies and enhance outcomes, but knowledge
of the prognostic importance of the initial electrocardiogram (ECG) is limited.

Objective.— To assess the independent value of the initial ECG for short-term
risk stratification after acute myocardial infarction.

Design.— Retrospective analysis of the Global Utilization of Streptokinase and
t-PA (alteplase) for Occluded Coronary Arteries (GUSTO-I) clinical trial database.

Setting.— A total of 1081 hospitals in 15 countries.
Patients.— From the 41 021 patients enrolled in the overall study, we selected

those who presented within 6 hours of chest pain onset with ST-segment elevation
and no confounding factors (paced rhythms, ventricular rhythms, or left bundle-
branch block) on the ECG performed before thrombolysis was administered
(n=34 166).

Main Outcome Measure.— Ability of initial ECG to predict all-cause mortality at
30 days.

Results.— Most ECG variables were associated with 30-day mortality in a uni-
variable analysis. In a multivariable analysis combining the initial ECG variables and
clinical predictors of mortality, the sum of the absolute ST-segment deviation (both
ST elevation and ST depression: odds ratio [OR], 1.53; 95% confidence interval
[CI], 1.38-1.69), ECG, heart rate (OR, 1.49; 95% CI, 1.41-1.59), QRS duration (for
anterior infarct: OR, 1.55; 95% CI, 1.43-1.68), and ECG evidence of prior infarction
(for new inferior infarct: OR, 2.47; 95% CI, 2.02-3.00) were the strongest ECG pre-
dictors of mortality. A nomogram based on the multivariable model produced ex-
cellent discrimination of 30-day mortality (C-index, 0.830).

Conclusions.— In patients presenting with myocardial infarction accompanied
by ST-segment elevation, components of the initial ECG help predict 30-day mor-
tality. This information should be valuable in early risk stratification, when the op-
portunity to reduce mortality is greatest, and may help in assessing outcomes ad-
justed for patient risk.
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THROMBOLYTIC THERAPY and di-
rect angioplasty have significantly ad-
vanced the treatment of acute myocar-
dial infarction.Nonetheless,30-daymor-
talityhasrangedfrom6%to9%inrecent
clinical trials, and it is even higher for
those not enrolled.1 Risk assessment

during the initial patient evaluation is
critical to facilitate optimal treatment
and the appropriate intensity of moni-
toring. The initial clinical variables that
most influence the 30-day prognosis af-
ter acute infarction include age, systolic
blood pressure, Killip class, and heart
rate.2

The electrocardiogram (ECG), a criti-
cal component of the early assessment
and risk stratification of patients pre-
senting with acute infarction, contains
valuablediagnosticandprognostic infor-
mation. Despite the central role of the
ECG in patient evaluation, large studies

have provided only limited qualitative
information about ECG variables most
critical to the assessment of prognosis.
The aim of the present study was to de-
termine the initial ECG predictors of 30-
day mortality after thrombolysis for
acute myocardial infarction and to as-
sess their incremental value when com-
bined with known initial clinical prog-
nostic indicators.

METHODS
Patient Population

Te Global Utilization of Streptokinase
and t-PA (alteplase) for Occluded Coro-
nary Arteries (GUSTO-I) trial enrolled
41 021 patients with acute myocardial in-
farction from December 1990 to Febru-
ary 1993 from 1081 hospitals in 15 coun-
tries.Patientspresentedafter20minutes
but within 6 hours of the onset of chest
painaccompaniedbyECGsignsof0.1mV
or greater ST-segment elevation in 2 or
more limb leads or 0.2 mV or greater el-
evationin2ormorecontiguousprecordial
leads. The full design and data collection
methods of GUSTO-I have been de-
scribed.3 Patients were randomized by
telephone, with selected initial character-
istics recorded to ensure eligibility. Ex-
clusion criteria included a history of
stroke, active or recent bleeding or major
coagulation abnormality, recent trauma
or major surgery, noncompressible vas-
cular punctures, and previous treatment
with streptokinase or anistreplase. There
were no restrictions because of age, pre-
sentation in cardiogenic shock, or prior
bypass surgery or infarction.

Treatments
Qualifying patients were randomly al-

located to 1 of 4 treatment strategies:
streptokinase, 1.5 million U over 1 hour,
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with subcutaneous heparin, 12 500 U
twice daily, beginning 4 hours after the
start of thrombolytic therapy; strepto-
kinase, 1.5 million U over 1 hour, with
intravenous heparin in a bolus dose of
5000 U then 1000 U per hour, with the
infusion adjusted to maintain an acti-
vated partial thromboplastin time of 60
to 85 seconds; accelerated alteplase in a
bolus dose of 15 mg, then an infusion of
0.75 mg/kg (up to 50 mg) over 30 minutes
and 0.5 mg/kg (up to 35 mg) over the next
hour, with the same intravenous heparin
regimen; or combined intravenous al-
teplase (1.0 mg/kg over 1 hour, up to 90
mg, with 10% given as a bolus) and strep-

tokinase (1.0 million U over 1 hour),
given concurrently but through sepa-
rate catheters, with the same intrave-
nous heparin regimen.

Initial Clinical Information
Initial clinical data were collected on

all patients with a standard data collec-
tion form. Definitions of the clinical vari-
ables in this trial have been published.3,4

Extensive quality control checks were
used during data entry, and missing or
questionable answers were queried. A
sample of 12% of the forms was audited
by comparing them with the hospital
medical record.

Initial ECG
The initial ECG was the one that ful-

filled enrollment criteria and resulted in
randomization. First ECG tracings ob-
tained after the start of thrombolytic
therapy were not considered to be initial
tracings and resulted in patient exclusion
from this analysis. Patients who lacked an
initial ECG or 30-day mortality data were
alsoexcludedfromanalyses,aswerethose
who failed to meet entry criteria for ST-
segment deviation and those who showed
confounding factors on the initial ECG
(such as paced rhythms, ventricular
rhythms, or left bundle-branch block). All
ECGs were analyzed by a central core
laboratory (Duke Clinical Research Insti-
tute,Durham,NC),whosepersonnelwere
blinded to treatment assignment and pa-
tient information. The ECG variables in-
cludedheartrateperminute;heartrhythm
(atrial flutter, atrial fibrillation); conduc-
tion intervals (QRS interval in millisec-
onds); ST-segment measures (elevation
and depression for each lead in millime-
ters and the sum of each variable for all
leads, includingthe inferior leads [leadsII,
III, and aVF] and the precordial leads
[leads V1 to V4]; sum of absolute deviation
[elevation or depression] for all leads that
measured 60 milliseconds after the J point
relative to the TP segment; maximum el-
evation in a single lead; number of leads
with ST-segment elevation $1 mm); con-
duction disturbances (first-degree or sec-
ond-degree atrioventricular block, right
bundle-branch block, left anterior
hemiblock, left posterior hemiblock, com-
pleteheartblock); locationof infarction(an-
terior, inferior, or other); left ventricular
hypertrophy(Estes-RomholtorSokolow-
Lyon criteria); and pathological Q waves
(considered present if they measured$20
milliseconds in lead V4; $30 milliseconds
in leads I, II, aVL, V5, or V6; or were pres-
ent at any width in leads V1 to V3).5,6

End Point Assessment
The primary end point of the trial was

death from any cause within 30 days of
randomization. The study coordinator at
each site collected mortality information
on the main case report form for patients
who died in the hospital. Survival status
after discharge but within 30 days was
obtained by a postcard returned by pa-
tients or their families. When no post-
card was received, follow-up status was
determined by telephone. Thirty-day
mortality status was known for 40 830
patients (99.5%) overall and for all 34 166
patients in the substudy.

Statistical Methods
All categorical characteristics are de-

scribed as percentages, and continuous
measures are summarized with medians
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Figure 1.—The univariable relationships between continuous initial electrocardiogram variables and 30-day
mortality. Solid lines are predicted probabilities of death; dashed lines are 95% confidence intervals. All P
values for likelihood ratio x2 testing are the same (,.001) with 4 df, except for sum ST-segment elevation
leads V1 to V4, number of leads with ST-segment elevation of 1 mm or greater, and sum ST-segment el-
evation in leads II, III, and aVF, where degrees of freedom equal 3.
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andinterquartileranges.Theunivariable
relationofeachfactorto30-daymortality
was tested with the log-likelihood ratio x2

test. Logistic regression modeling tech-
niques were used to evaluate the univari-
able relations of continuous factors to 30-
day mortality and to estimate the joint
relations of the ECG factors and the joint
relations of initial clinical2 and ECG fac-
tors to 30-day mortality.

Several continuous variables were
found to deviate from the key modeling
assumption of a linear relation between
the variable and the logit of the prob-
abilityofdeath (Figure1).Bycomparing
the model x2 values and graphical rela-
tions of the transformed and linear vari-
ables to outcome, appropriate spline
transformations of the variables were
made.7 Linear splines were determined
tobest fitQRSduration,numberof leads
with ST-segment elevation, sum of ST-
segment depression, heart rate on the
ECG, maximum ST-segment elevation
in any lead, and sum of ST-segment el-
evation; linear splines were used in all
modeling procedures.

A stepwise variable selection tech-
nique was used to choose the best multi-
variable model of initial ECG predictors
of mortality. Variables remained in the
model if they contributed significant
(P,.05) additive or multiplicative prog-
nostic information. The incremental value
oftheECGpredictorsabovethatofknown
clinical predictors of mortality2 was deter-
mined with a logistic regression model.
Wald x2 values are reported for the im-
portance of each variable after adjusting
for all other factors in the model. The qual-
ity of the model was evaluated by calcu-
lating the area under the receiver oper-
ating characteristic (ROC) curve, also
knownastheC-index.8 Themodelwasthen
validated internally by means of the boot-
strap method,9 using 40 replications.

RESULTS

Of the 41 021 patients in the GUSTO-I
trial, 3187 patients failed to meet the en-
try ST-segment deviation criteria (maxi-
mum ST-segment elevation ,0.1 mV) or
had confounding ECG factors on the ini-
tial tracing (paced rhythm, left bundle-
branch block, missing lead data). An ad-
ditional 3526 were excluded for lack of an
initial ECG being forwarded to the core
laboratory, and 142 patients were ex-
cluded for lack of 30-day mortality data,
leaving34 166patientsavailable foranaly-
sis. The clinical characteristics of this sub-
study population were similar to those of
theentireGUSTO-Istudypopulation3 and
of patients not in the substudy (Table 1).
Comparedwiththoseexcludedfromanaly-
sis, the substudy population had a slightly
higher proportion of patients who had an-
terior infarctions.Mostpatientsweremale
andwhite,and16%hadexperiencedaprior
infarction. Patients who were excluded
from the ECG substudy had a 21% higher
mortality rate at 30 days than those in-
cluded in the substudy (8.2% vs 6.8%).

Ofthecategorical initialECGvariables
tested, only left ventricular hypertrophy,

first-degree or second-degree atrioven-
tricular block, and complete heart block
were not significant univariable predic-
tors of 30-day mortality (Table 2). All the
continuousECGvariablesshowedsignifi-
cant univariable relations with 30-day
mortality (Figure 1). Both heart rate and
QRS duration were characterized by U-
shaped curves, with increased mortality
at the extremes of the values recorded.

In a multivariable analysis of the ECG
variables (Figure 2), faster heart rate,
longer QRS duration, ECG evidence of
prior infarction, and sum of the absolute
ST-segment deviation were most highly
associated with 30-day mortality. Other
measures of ST-segment deviation re-
tained significance, including the abso-
lutevalueofST-segmentelevation inthe
inferior leadsandthesumofST-segment
depression after adjustment for other
ECG measures. Two interaction terms
were found to enter this model. One in-
dicated that increases in QRS duration
were associated with a much greater in-
crease in risk with an anterior infarction
than with an infarction in another loca-
tion. The other showed that patients
with an inferior infarction who had had a

Table 1.—Characteristics of Patients Included in
and Excluded From the Electrocardiogram
Substudy

Characteristics

Substudy
Patients

(n=34 166)

All Other
Patients
(n=6857)

Female sex, % 25 26
White, % 92 91
Median age, y

(interquartile range)
61 (52-70) 62 (53-70)

History of hypertension, % 38 38
Admission Killip class, %

I 86 84
II 12 13
III 1 2
IV ,1 1

Acute anterior infarction, % 40 36
Prior myocardial

infarction, %*
16 17

Accelerated alteplase
treatment, %

26 24

30-Day mortality, % 6.8 8.2

*Whether the patient had had a prior myocardial
infarction was determined as indicated on the admis-
sion electrocardiogram.

Table 2.—Univariable Association of Categorical Initial Electrocardiogram Variables With 30-Day Mortality

Variables Incidence, % 30-Day Mortality, % x2 P Value

Acute inferior infarction 56 5 272 ,.001

Acute anterior infarction 41 9 259 ,.001

Right bundle-branch block 4 17 155 ,.001

Left anterior hemiblock 4 15 103 ,.001

Atrial fibrillation or flutter 3 15 75 ,.001

Prior myocardial infarction* 10 10 56 ,.001

Left posterior hemiblock ,1 17 7 .01

Junctional rhythm ,1 11 5 .03

Third-degree atrioventricular block 3 8 3 .09

Left ventricular hypertrophy 2 8 0.9 .35

Second- or third-degree atrioventricular block 1 8 0.4 .54

*Whether the patient had had a prior myocardial infarction was determined as indicated on the admission
electrocardiogram.

ECG Only Model
Odds Ratio

(95% Confidence
Interval)

Sum ST-Segment Deviation (19 vs 8 mm)
Sum ST-Segment Decrease (–1 vs –7 mm)
Heart Rate (84 vs 60 beats per minute)
Sum ST Increase in Leads

II, III, aVF (6 vs 0 mm)
QRS Duration (100 vs 80 milliseconds)

Other Infarct Location
Anterior Infarct

Anterior Infarction
QRS Duration 100 milliseconds
QRS Duration 50 milliseconds

Interior Infarction
No Prior Myocardial Infarction
Prior Myocardial Infarction

Prior Infarction
Other Infarct Location
Inferior Infarct

1.53 (1.38-1.69) 69
0.77 (0.72-0.83) 56
1.49 (1.41-1.59) 176
0.79 (0.71-0.89) 16

1.08 (1.03-1.13)
1201.55 (1.43-1.68)

1.08 (1.03-1.13)
320.61 (0.43-0.86)

0.67 (0.50-0.90)
601.41 (0.98-2.02)

1.17 (0.98-1.41)
832.47 (2.02-3.00)
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Figure 2.—Multivariable odds ratios and 95% confidence intervals for initial electrocardiographic (ECG)
predictors of 30-day mortality. All P values are the same (,.001). Wald x2 values are given for the statistical
significance of each factor after adjustment for all others listed.
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prior infarctionhadahigherriskofdeath
than patients with other locations of in-
farctions who had had a prior infarction,
but inferior infarction carried a lower
risk of death than other infarct locations
in the absence of previous infarction.

In a multivariable model that combined
the significant initialECGand clinicalpre-
dictorsofmortality,thesumofabsoluteST-
segment deviation, QRS duration, and
ECG evidence of prior infarction re-
mained the strongest of the ECG predic-
tors (Table 3 and Figure 3). Overall, the
clinical variables age, systolic blood pres-
sure,andKillipclasswerethestrongest in-
dependent predictors of 30-day mortality.

The model provided excellent dis-
crimination between patients who died
and those who lived (C-index, 0.836). Af-
ter correction for the bootstrap tech-
nique, there was only a minimal alter-
ation in this result (C-index, 0.833). Fi-
nally, a nomogram created from the full
model (Figure 3), which contained a re-
duced set of variables, also provided ex-
cellent discrimination (C-index, 0.830).

COMMENT
In this large population of patients

treatedwiththrombolytictherapy,the ini-
tial ECG contained important prognostic
information beyond that provided by the
medical history and physical examina-
tion.Themostpowerful independentECG

predictor of 30-day mortality was heart
rate, consistent with studies that have
shown sinus tachycardia to be correlated
with adverse outcomes.10,11 The U-
shaped nature of the curve indicates that
bradycardia is also associated with in-
creased risk, perhaps representing pa-
tients with large infarctions and various
degreesofsinusandatrioventricularnodal
suppression. In the combined clinical and
ECG model, we used 2 measures of heart
rate—thatrecordedontheinitialECGand
that recorded on the case report form by
the nurse or study coordinator just be-
fore thrombolytic therapy began. To fur-
ther investigate this, we plotted the dif-
ferencebetweenthese2valuesagainst30-
daymortalityandfoundthatpatientswith
the greatest difference had the highest
mortality. Thus, a change in heart rate (in-
crease or decrease) between the record-
ingoftheinitialECGandthrombolysiswas
accompanied by increased mortality.

A variety of ST-segment indexes of in-
farctsizeor“myocardiumatrisk”were in-
vestigated, and, not surprisingly, all
showedunivariablecorrelationswithmor-
tality. The strongest of these was the sum
oftheabsoluteST-segmentdeviation inall
leads (limb and precordial), which also
addedindependentinformationtotheclini-
calmodel.Manyinvestigations, inboththe
prethrombolytic and thrombolytic eras,
have shown a correlation between de-
gree of ST-segment elevation and final in-
farct size for both anterior and inferior in-
farctions.12-14 The prognostic information
contained in the degree of elevation was
notsupplantedbyinformation intheother
ECG variables, including infarct location,
heart rate, and QRS duration, or in the
clinical variables of Killip class and sys-
tolic blood pressure, all of which likely are
indirect measures of infarct size.

Other investigators, as in this study,
have found that mortality increases pro-

Table 3.—Independent, Multivariable Initial Electro-
cardiogram (ECG) and Clinical Predictors of 30-Day
Mortality*

Predictors
x2

Test† df‡
P

Value

Age 540 1 ,.001
Systolic blood pressure 292 1 ,.001
Killip class 189 3 ,.001
Sum of absolute ST-

segment deviation
64 2 ,.001

Pulse 60 2 ,.001
QRS duration 58 2 ,.001
Prior infarction on

admission ECG
31 2 ,.001

Prior coronary bypass surgery 28 1 ,.001
History of diabetes 27 1 ,.001
Height 23 1 ,.001
Acute anterior infarction of ECG 21 2 ,.001
QRS duration 3 acute anterior

infarction
21 1 ,.001

Sum of ST-segment depression 17 1 ,.001
Acute inferior infarction on ECG 16 2 ,.001
Prior infarction 3 acute inferior

infarction
16 1 ,.001

History of hypertension 16 1 ,.001
Current smoking 14 1 ,.001
History of cerebrovascular

disease
14 1 ,.001

Sum of inferior ST-segment
elevation§

14 1 ,.001

Time to treatment 12 1 ,.001
Accelerated alteplase therapy 11 3 .001
ECG heart rate 8 1 ,.005
Past smoking 7 1 .007
Weight 7 1 .01

*ECG variables are in italics.
†Wald x2 values with corresponding P values repre-

sent the statistical significance of each factor after ad-
justing for all others.

‡df indicates degrees of freedom.
§ST-segment elevation includes leads II, III, and aVF.
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Figure 3.—Nomogram for estimating 30-day mortality from initial clinical and electrocardiographic variables.
This reduced version of the full multivariable model yielded a C-index statistic of 0.830. bpm indicates beats
per minute; MI, myocardial infarction; ECG, electrocardiogram; and CABG, coronary artery bypass graft.
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gressively with the number of leads that
show ST-segment elevation.15 Although
our investigation found this to be a
strong univariable predictor, the num-
ber of leads with ST-segment elevation
provided no independent prognostic in-
formation in either of our models.

The prognostic significance and physi-
ological implications of associated ST-
segment depression have been topics of
considerable debate, particularly for pa-
tients with inferior infarction.2,12,13,16-19 In
our study, the sum of ST-segment depres-
sion added major information to the com-
bined model, a concept that is perhaps not
as well recognized by clinicians as the im-
portance of ST-segment elevation.

In this investigation, right bundle-
branchblockandboth leftanteriorandleft
posterior hemiblock showed univariable,
but not multivariable, correlations with
mortality.Thiscanbeexplainedbythefact
that QRS duration, which retained inde-
pendent significance, has correlated with
mortality in other studies of postinfarc-
tion patients. Although not in the setting
of acute infarction, the Cardiac Arrhyth-
mia Suppression Trial investigators, ex-
amining placebo-treated patients only, re-
ported that an initial QRS duration of 100
milliseconds or longer on the surface 12-
lead ECG imparted a hazard ratio of 1.4
forneworworseningcongestiveheartfail-
ure, for arrhythmic death or cardiac ar-
rest, and for all-cause mortality.20 The as-
sociation of longer QRS duration with
increased mortality in our analysis may
indicate that when “late potentials” are of
sufficient magnitude to affect the surface
ECG, they reflect extensive infarcts and
involvement of the interventricular con-
duction system. Prolonged QRS dura-

tion, therefore, might indicate slowed and
heterogeneous conduction in a large mass
of ventricular myocardium with in-
creases in both the potential for heart fail-
ure and vulnerability to re-entrant ven-
tricular dysrhythmias.

Although patients with inferior infarc-
tion had better survival than the rest of
the study population, the subpopulation
that had inferior infarction and ECG evi-
dence of previous infarction had a higher
risk of death. Previous infarction was clas-
sified on the basis of “distant Q waves” (Q
waves in leads other than those related to
the new infarction). Thus, patients with
inferior infarction by definition must have
had previous anterior or lateral events;
conversely, those with acute infarction in
the anterior leads must have had previ-
ous inferior or lateral infarction. Because
this interaction term would identify pa-
tientswithmultivessel disease andpoorer
initial ventricular function, we would ex-
pectahigher30-daymortality inthispopu-
lation. In contrast, a previous infarction
in those with acute anterior wall infarc-
tion carried no increased risk for 30-day
mortality compared with patients with no
previous infarction.

As in all thrombolytic trials, this study
is limited to patients eligible for enroll-
ment in GUSTO-I. Because trial popula-
tions have better outcomes than do gen-
eral, unselected populations with
myocardial infarction,thesemodelsshould
be validated in other, unselected popula-
tions. This prognostic information ap-
plies only to the presenting ECG; serial
ECGs were not analyzed in this investi-
gation. Because the ST segment fluctu-
ates dynamically throughout an infarc-
tion, and rhythm disturbances are often

transient, analysis of the “worst” tracing
likely would have altered our results.

From the results of the multivariable
analysis, a predictive nomogram (Figure
3) was created to be used in the initial risk
estimation of patients who present with
acute myocardial infarction. A variety of
clinical and ECG markers was selected,
all of which are readily assessable at pre-
sentation. A point score is assigned for
the given variable, and the points are
summedto estimate the riskofmortality.
Toincreaseitsclinicalapplicability, itwas
necessarytolimitthenumberofvariables
in the nomogram. Despite reducing the
number of variables, the risk estimate
from the nomogram was nearly identical
to that from the entire model.

The initial ECG of patients who pre-
sent with myocardial infarction and ST-
segment elevation contains valuable
prognostic information mostly related to
heart rate, ST-segment deviations, QRS
duration, and infarct location. This infor-
mation adds to that of known clinical pre-
dictors of mortality and should be valu-
able inearlyriskstratification,whenmor-
tality is greatest. It should facilitate the
choiceofoptimalpharmacologicalandme-
chanicaltreatments,helpingphysiciansto
targetaggressivetherapiestothoselikely
tobenefitmost.Suchinformationwillalso
enable risk-adjusted assessment of both
patient- and provider-specific outcomes.

The GUSTO-I study was funded by grants from
Bayer Corp (New York, NY), CIBA-Corning Inc
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Del), and Sanofi Pharmaceuticals (Paris, France).

The authors wish to express sincere appreciation
to Pat Williams and Penny Hodgson for their edito-
rial assistance.
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