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ssociation of the timing of ST-segment resolution
ith TIMI myocardial perfusion grade in acute
yocardial infarction

. Michael Gibson, MS, MD,a Juhana Karha, MD,a Robert P. Giugliano, MD, SM,a Mathew T. Roe, MD,b

abina A. Murphy, MPH,a Robert A. Harrington, MD,b Cindy L. Green, PhD,b Marc J. Schweiger, MD,c

erry S. Miklin, MD,d Kenneth W. Baran, MD,e Sebastian Palmeri, MD,f Eugene Braunwald, MD,a and
itchell W. Krucoff, MD,b for the INTEGRITI Study Group Boston and Springfield, Mass, Durham, NC,
heat Ridge, Colo, St Paul, Minn, and New Brunswick, NJ

ackground More complete ST-segment resolution (ST res) in acute myocardial infarction (MI) has been associated
ith better epicardial and myocardial reperfusion as assessed with the Thrombolysis in Myocardial Infarction (TIMI) flow
rade (TFG) and the TIMI myocardial perfusion grade (TMPG), respectively. However, no data exist comparing the speed
f ST resolution on continuous electrocardiogram (ECG) monitoring with the TMPG on coronary angiography. We hypoth-
sized that delayed ST res is associated with impaired TMPGs.

ethods Continuous 12-lead ECG recordings and 60-minute angiographic data were analyzed in 120 patients
ith acute MI who received tenectaplase monotherapy or combination therapy with low-dose tenectaplase and eptifi-
atide in the Integrilin and Tenecteplase in Acute Myocardial Infarction (INTEGRITI) trial.

esults More rapid ST res on continuous ECG monitoring was associated with improved TMPGs on coronary angiog-
aphy performed 60 minutes after study drug administration. For TMPG 3, the median time to ST resolution was 53 min-
tes. For TMPG 2, 1, and 0, the corresponding times were 64 minutes, 80 minutes, and 106 minutes, respectively (P �

01 for trend). Likewise, more rapid ST res was also associated with faster epicardial flow. For TFG 3, the median time to
T resolution was 46 minutes, compared with 109 minutes for TIMI flow grades 0 to 2 (P � .001). The corresponding

imes for a corrected TIMI frame count �40 versus �40 were 52 minutes and 112 minutes, respectively (P �.001).

onclusions Although the static ECG has been associated with epicardial and myocardial blood flow in the past,
his study extends these observations to demonstrate that more rapid ST res on continuous ECG monitoring is associated
ith improved myocardial perfusion after thrombolytic administration. (Am Heart J 2004;147:847–52.)
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To advance the growing field of device studies in ST
levation myocardial infarction (MI), valid surrogate
iomarkers are needed because multiple large-scale
ortality trials are not likely given cost constraints.
ne measure of successful reperfusion after fibrino-

ytic administration is the extent of ST-segment resolu-
ion on the static 12-lead electrocardiogram (ECG).1

reater ST resolution on the static ECG has been re-
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ated to smaller subsequent infarct size, improved in-
arct zone wall motion,2,3 and improved survival
ate.4,5 Likewise, studies of continuous ECG monitor-
ng have associated faster and more complete ST reso-
ution with better clinical outcome6,7 and a greater
ikelihood of infarct-related artery patency and blood
ow, as assessed with Thrombolysis in Myocardial In-
arction (TIMI) flow grade (TFG).8,9 Furthermore,
reater ST resolution on a static ECG has been related
o improved myocardial reperfusion as assessed with
he TIMI myocardial perfusion grade (TMPG).10,11 Al-
hough static ECG studies have been used to demon-
trate the importance of the magnitude of ST resolu-
ion, little data exist comparing the speed of ST
esolution on continuous ECG monitoring with myo-
ardial perfusion on the angiogram. We hypothesized
hat delayed ST resolution on continuous ST segment
onitoring would be associated with impaired TMPGs
n coronary angiography.
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ethods
The Integrilin and Tenecteplase in Acute Myocardial Infarc-

ion (INTEGRITI) trial randomized 418 patients with acute MI
rospectively to receive a combination of eptifibatide and
educed-dose tenecteplase (TNK) or full-dose TNK.12 Contin-
ous 12-lead ECG monitoring was performed as a substudy of
he larger trial involving 32 hospitals in the United States.
ngiographic and ECG analyses were performed at 2 separate
ore laboratories, and data were available from both laborato-
ies in 120 patients. All patients underwent angiography 60
inutes after study drug administration and had TFG, TMPG,

nd corrected TIMI frame counts (CTFC) assessed, as de-
cribed previously.13–15 In brief, in TMPG 0, there is minimal
r no myocardial blush; in TMPG 1, dye stains the myocar-
ium, and this stain persists on the next injection; in TMPG
, dye enters the myocardium but washes out slowly so that
he dye is strongly persistent at the end of the injection; and
n TMPG 3, there is normal entrance and exit of dye in the

yocardium. The TMPG was able to be evaluated in 118 pa-
ients.

All patients underwent continuous 12-lead ECG monitoring
ith the RZ-153 digital 12-lead Holter (Northeast Monitoring,
oston, Mass). These devices acquire and archive a standard
2-lead ECG every 60 seconds and a continuous 3-lead

Table I. Baseline characteristics

ariable
Time to ST
res (min) No. P

ge (y)
�65 59 (11, 111) 42
�65 63.5 (8, 108) 78 .84

ex
Male 71 (22, 119) 91
Female 21 (0, 70) 29 .013

ace
White 64 (21, 109) 93
Nonwhite 58 (0, 121) 27 .61

x HTN
Yes 47.5 (0, 124.5) 36
No 65 (21, 108.5) 84 .52

x HC
Yes 24 (5, 62) 33
No 74 (16, 120.6) 87 .02

x DM
Yes 52 (0, 146) 21
No 64 (20, 109) 99 .69

x MI
Yes 52.7 (11, 109) 18
No 63.5 (8, 111) 102 .78

x CHF
Yes 66 (21, 90) 3
No 62 (8, 111) 117 .93

OB
Yes 64 (21, 108) 53
No 60 (0, 111) 67 .68

alues are reported as median (25th percentile, 75th percentile). ST res, ST resolu-
ion; HTN, hypertension; HC, hypercholesterolemia; DM, diabetes mellitus; MI,
yocardial infarction; CHF, congestive heart failure; TOB, current tobacco

moker.
hythm strip. Monitoring was initiated at the time of study 4
nrollment and continued 24 hours. The ECG data were ana-
yzed in a blinded manner in the Ischemia Monitoring ECG
ore Laboratory (IML) at the Duke Clinical Research Institute

Durham, NC). Detailed definitions of IML standard parame-
ers of ST-segment recovery analysis have been published
reviously.16 The time to ST resolution was defined as the
ime from the initiation of drug infusion to the onset of sta-
le ST-segment recovery. Onset of stable ST recovery is de-
ned as the beginning of a period of �50% recovery from
revious peak ST levels in the most deviated lead, lasting �4
ours, without further ST evolution (�100 �V).16 The area
nder the curve (AUC) was defined as the area under the
T-deviation versus time-trend curve from the onset of study
rug adminstratinon through the subsequent 3 hours, re-
orted as �V-minutes. ST-segment resolution was also ana-

yzed at 30 minutes and at 60 minutes, and complete resolu-
ion was defined as �70% recovery from previous peak ST
evels in the most deviated lead.

tatistical analysis
Variables were compared with the Fisher exact test or the

2 test for categorical data. The Student t test was used for
he analysis of normally distributed continuous variables. The
onparametric Wilcoxon rank sum test (for 2-way compari-
ons) or the Kruskal-Wallis test (for 3-way comparisons) was
sed to compare continuous variables when the data were
ot normally distributed or when the data were imputed to
n occluded vessel. To assess the association of both the per-
ent ST resolution on the basis of static ECG and the time-to-
esolution on the basis of continuous ST-segment monitoring
ith angiographic end points (TFG and TMPG), both ST vari-

bles were entered into a multivariate logistic regression
odel (both as continuous variables and not as categorical

ariables to achieve better statistical parity in the relative
ower of the 2 variables).

esults
Angiographic and electrocardiographic data were

oth available for 120 patients. The TMPG was not
ble to be evaluated in 2 patients. Hypercholesterol-
mia and female sex were associated with more rapid
T resolution (Table I). Baseline characteristics were
imilar between the patients in this substudy and pa-
ients who were not included in the substudy, with
he exception of white race and history of hyperlipid-
mia (77.5% vs 92.6%, P �.001; and 27.5% vs 18.5%,
� .04, respectively; Table II).
Impaired TMPGs on the 60-minute angiogram were

ssociated with delayed ST resolution (Figures 1 and
). For TMPG 3, the median time to complete stable
T resolution was 53 minutes (25th percentile, 8 min-
tes; 75th percentile 95 minutes; n � 68). TMPG 2
as present in only 1 patient, and in that patient, ST

esolution occurred at 64 minutes. For TMPG 1, the
edian time to ST resolution was 80 minutes (8–123
inutes; n � 19), and for TMPG 0, ST resolution oc-

urred at 106 minutes (44–140 minutes; n � 30;

-way P � .01).
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Complete ST resolution was present at 60 minutes
ore frequently in patients with 60-minute TMPG 3

han in patients with TMPG 0 to 2 (54.4% vs 27.8%,
� .003). A trend for the association between com-

lete ST resolution and TMPG 3 was present as early
s 30 minutes after thrombolytic administration (29.2%
s 15.1%, P � .069). The median AUC was reduced in
atients with 60-minute TMPG 3 myocardial perfusion,
ompared with patients with TMPG 0 to 2 (2151.5
V-minutes vs 3817.5 �V-minutes, P � .01).
When the analysis was restricted to patients whose
TFC was �40 (signifying slow epicardial culprit ar-

ery flow), there was a similar trend for impaired myo-
ardial perfusion with more delayed ST resolution
TMPG 3: median, 64 minutes; IQ, 0/148, n � 14; vs
MPG 0–2: median, 123 minutes; IQ, 95/156; n � 27;
� .055). In a separate analysis restricted to patients
ith an open (TFG 2–3) epicardial artery, the associa-

ion between delayed ST resolution and impaired
MPGs did not reach statistical significance (for TMPG
: median, 52 minutes; IQ, 5/95; n � 67 vs for TMPG
–2; median, 66 minutes; IQ, 4/134 minutes; n � 32;
� .19).
Delayed ST resolution was also associated with ab-

ormal epicardial coronary blood flow (TIMI flow
rades 0–2): the median time to complete ST resolu-
ion was 108 minutes (n � 47) compared with 46 min-
tes (n � 72) for TFG 3 (P � .001; Figures 3 and 4). A
imilar pattern was observed when the epicardial flow
as analyzed quantitatively with the corrected TIMI

rame count. For CTFC �40, the ST resolution oc-
urred at 112 minutes (n � 42) versus 52 minutes (n

77) for CTFC �40 (P � .0003; Figures 5 and 6).
he presence of both TFG 3 and TMPG 3 (median, 52
inutes; IQ, 11/83 minutes; n � 50) was associated
ith a reduction in time to ST resolution compared
ith the absence of both TFG 3 and TMPG 3 (median,

23 minutes; IQ, 95/156 minutes; n � 29) or presence

Table II. Baseline characteristics by participation in
continuous ST resolution substudy

Participant
in substudy
(n � 120)

Not in
substudy
(n � 298) P

ge �65 y (%) 35.0 29.9 NS
ex (% male) 75.8 76.9 NS
ace (% white) 77.5 92.6 �.001
x hypertension (%) 30.0 36.6 NS
x hypercholesterolemia (%) 27.5 18.5 .040
x diabetes (%) 17.5 13.1 NS
rior MI (%) 15.0 12.1 NS
x CHF (%) 2.5 1.3 NS
moker (%) 44.2 49.3 NS
f either TFG 3 or TMPG 3, but not both (median, 55 v
inutes; IQ, 0/91 minutes; n � 39, P � .0001 by
ruskal Wallis; P � .01 for trend).
To assess the association of both the percent ST res-

lution on basis of static ECG and the time-to-resolu-
ion on the basis of continuous ST-segment monitoring
ith angiographic end points in an exploratory analy-

is, both ST variables were entered into a multivariate
odel for TFG and a separate multivariate model for
MPG. Both ST variables were entered as continuous

Figure 1

hown here for each TMPG are the median times in minutes be-
ween the study drug administration and achievement of stable,
omplete (�70%) ST-segment resolution on continuous ECG
onitoring.

Figure 2

hown here are cumulative distribution function curves for individ-
al times to stable complete ST-segment resolution. TMPG 3 at 60
inutes is compared with TMPG 0/1/2.
ariables to achieve better statistical parity in the rela-
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ive power of the 2 variables. In the model for TFG 3,
oth the time-to-ST resolution on continuous ECG (odds
atio [OR], 0.994; P � .080) and magnitude of ST resolu-
ion at 60 minutes on static ECG (OR, 1.016; P � .110)
ended to be association with TFG 3, although neither
eached statistical significance. In a separate model for
MPG 3, neither time-to-ST resolution on continuous

Figure 3

hown here are the median times in minutes between the study
rug administration and achievement of stable, complete (�70%)
T-segment resolution on continuous ECG monitoring. The patients
ith epicardial TIMI grade 3 flow are compared with patients with
IMI flow grades 0 to 2.

Figure 4

hown here are cumulative distribution function curves for individ-
al times to stable complete ST-segment resolution. The patients
ith epicardial TIMI grade 3 flow are compared with patients with
IMI flow grades 0 to 2.
CG (OR, 0.998; P � .338) or magnitude of ST resolu- S
ion at 60 minutes on static ECG (OR, 1.015; P � .102)
eached significance in the association with TMPG 3.

iscussion
Although previous studies have associated persistent

Figure 5

hown here are the median times in minutes between the study
rug administration and achievement of stable, complete (�70%)
T-segment resolution on continuous ECG monitoring. The patients
ith epicardial CTFCs �40 are compared with patients with CT-
Cs �40.

Figure 6

hown here are cumulative distribution function curves for individ-
al times to stable complete ST-segment resolution. The patients
ith epicardial CTFCs �40 are compared with patients with CT-
Cs �40.
T elevation on the static ECG with impaired epicar-



d
t
o
a

h
E
g
S
a
g
t
T
fl
h
c
u
v
b
m
c
m
s
a

t
s
S
a
p
m
b
p
c
m
m
E
i
r

t
s
s
i
s
m

L

r
a
t
2
m
h
c

s
d
e
r
t

C

o
fl
l
t
r
w
a
n
t

R

1

1

American Heart Journal
Volume 147, Number 5

Gibson et al 851
ial and myocardial perfusion, these results extend
hese observations to demonstrate that delayed ST res-
lution on continuous ST-segment monitoring is associ-
ted with impaired TIMI myocardial perfusion grades.
Krucoff et al have demonstrated that a reduced likeli-

ood of complete ST resolution on a static 12-lead
CG is associated with reduced TIMI epicardial flow
rades.17 Likewise, a reduced likelihood of complete
T-segment resolution on static ECG has been associ-
ted with impaired TIMI myocardial perfusion
rades.10,11 Krucoff et al have extended these observa-
ions to the method of continuous ECG monitoring.17

hey have demonstrated that improved epicardial TIMI
ow grades are associated with both a greater likeli-
ood and more rapid speed of ST-segment recovery on
ontinuous ST-segment monitoring.8,9 Our data (Fig-
res 3 and 4) confirm these previous findings. No pre-
ious studies, however, have evaluated the relationship
etween the speed of ST-segment recovery and TIMI
yocardial perfusion grades. It is notable that both

ontinuous ST-segment recovery patterns and the TIMI
yocardial perfusion grades have been associated with

ubsequent infarct size and left ventricular function
nd with clinical outcomes.2,3,6,7,15

Because of the dynamic nature of ST-segment resolu-
ion, the optimal time to evaluate this measure with a
tatic 12-lead ECG is not well defined.1 Continuous
T-segment monitoring has been demonstrated to have
stronger association with angiographic patency com-
ared to serial static ECGs.18 Furthermore, ST elevation
ay persist even after epicardial artery patency has

een restored on the angiogram possibly reflecting
ersistent impairment of tissue-level perfusion and
onferring a poor prognosis.4,19 Thus, ST resolution
ay be an integrative measure of both epicardial and
yocardial perfusion. As compared with the static

CG, continuous ST-segment resolution also provides
nsight into the stability of epicardial and myocardial
eperfusion.
In the presence of an open epicardial artery, persis-

ent ST elevation and impaired TIMI myocardial perfu-
ion grades are each associated with a poor progno-
is.15 Indeed, the static ECG and TMPG offer
ndependent prognostic insight into subsequent infarct
ize, suggesting complementary pathophysiologic
echanisms.2

imitations
There are several limitations to this study. This is a

etrospective analysis of a limited number of patients,
nd unidentified confounders may have contributed to
he findings. This is a report examining correlations in

mechanistic biomarkers. Although both the ST-seg-
ent recovery and angiographic measures reported
ere have been shown to be predictive of clinical out-

omes in previous studies, adverse outcomes in this
mall population were too infrequent (3 patients with
eath or MI) to be meaningfully analyzed. Finally, strict
nrollment criteria are used in clinical trials, and the
esults observed here may not be applicable to all pa-
ients in clinical practice.

onclusions
While ST resolution on both the static and continu-

us ECG has been associated with epicardial blood
ow, only the static ECG had previously been corre-

ated with myocardial blood flow. This study extends
hese observations to demonstrate that more rapid ST
esolution on continuous ECG monitoring is associated
ith improved myocardial perfusion after thrombolytic

dministration. The clinical importance of this mecha-
istic correlation between biomarkers will require fur-
her study from larger data sets.
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