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Original article

Early versus late ST-segment resolution 
and clinical outcomes after percutaneous 
coronary intervention for acute 
myocardial infarction 

Background. Absence of complete ST-segment 
resolution (STR) after percutaneous coronary 
intervention (PCI) for ST-segment-elevation 
myocardial infarction (STEMI) is a determi-
nant of mortality. Traditionally, STR is deter-
mined on the coronary care unit (CCU) 60 to 
90 minutes after the initiation of reperfusion 
therapy. We studied the prognostic value of 
STR immediately after PCI. 
Methods. We analysed 223 consecutive patients 
with STEMI and successful PCI. Continuous 
ECG data were collected during PCI and at 30 
minutes after arrival on the CCU (mean time 
81±17 minutes after reflow of the culprit ar-
tery). Patients were divided into three groups: 
patients with complete STR immediately after 
PCI (‘early’), patients with complete and per-
sistent STR at 30 minutes on the CCU, but 
not immediately after PCI (‘late’) and patients 
without STR. One-year follow-up was obtained 
for death and rehospitalisation for major ad-
verse cardiac events. Cox proportional hazards 

regression was used to evaluate the association 
between STR and outcome. 
Results. Early STR occurred in 115 (52%) and 
late STR in 43 (19%) patients. Patients with 
early or late STR had a lower incidence of one-
year cardiac death than those without STR (1.9 
vs. 9.2%; p=0.02). In contrast, rehospitalisation 
occurred more frequently in patients with early 
or late STR (20.3 vs. 6.2%; p=0.009). As com-
pared with patients without STR, early and late 
STR had a similar prognostic value (hazard ra-
tios [95% confidence interval] for cardiac death 
0.40 [0.08-2.03] and 0.25 [0.03-2.08]).
Conclusions. We found no (major) change in 
prognostic value of STR during the 0 to 90 
minutes time window after PCI. (Neth Heart J 
2010;18:416-22.)

Keywords: ST-Segment Resolution; Percutaneous 
Coronary Intervention; Acute Myocardial 
Infarction

P rimary percutaneous coronary intervention 
(PCI) restores epicardial coronary flow in the 

vast majority of patients with acute ST-segment el-
evation myocardial infarction (STEMI). However, 
despite successful primary PCI, a substantial num-
ber of patients show signs of suboptimal myocardial 
reperfusion, manifested by persistent ST-segment 
elevation and incomplete ST-segment elevation 
resolution (STR). Absent or incomplete STR after 
PCI is a strong predictor for impaired left ventricu-
lar function and adverse clinical outcomes.1-8

	 After fibrinolysis for STEMI, the electrocardio-
gram (ECG) for measuring STR is usually taken 
60 to 90 minutes after onset of therapy.9-11 After 
primary PCI, the first ECG that is suitable for eval-
uation of STR is usually done on the coronary care 
unit (CCU). In previous studies, the timing of the 
ECG after primary PCI for determination of STR 
is highly variable. It ranges from the time of arrival 
on the CCU, approximately 30 minutes after PCI, 
to another 30 minutes or even several hours later.1-7 
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Earlier studies showed that STR at 30 minutes after 
PCI correlated better with other markers of myo-
cardial perfusion than STR at 60 to 90 minutes.12,13

	 However, the optimal time to measure STR af-
ter primary PCI is unknown. In addition, in case 
of suboptimal myocardial reperfusion, therapeutic 
options have to be considered as soon as possible, 
preferably during the PCI procedure. Therefore, in 
the present study we used continuous ten-lead ST 
monitoring,14,15 and measured STR at the end of 
the PCI procedure (early STR) and compared it 
with STR measured at 30 minutes after arrival on 
the CCU (late STR). We evaluated the predictive 
value of early versus late STR for (cardiac) death 
and rehospitalisation for major adverse cardiac 
events (MACE) at one year.

Methods

Patients
The study population consisted of consecutive pa-
tients with STEMI (>1 mm ST-segment elevation 
in ≥2 limb leads or >2 mm ST-segment elevation 
in ≥2 precordial leads). In case of posterior myo-
cardial infarction >2 mm ST-segment depression 
in ≥2 precordial leads) admitted for primary PCI 
at the department of cardiology of the VU Uni-
versity Medical Center in Amsterdam, the Neth-
erlands. Patients were included after successful 
PCI, defined as sustained patency of the occluded 
epicardial coronary artery with TIMI flow grade 
≥2, within six hours after symptom onset. Patients 
were excluded in case of a history of myocardial 
infarction in the same vascular territory, if continu-
ous ECG registration failed or if the ECG could 
not be used to measure STR (left bundle branch 
block, pacemaker or ventricular rhythm). In addi-
tion, patients who already showed reperfusion at 
the start of the PCI procedure, defined as resolved 
symptoms with complete STR, were excluded.
	 All patients received acetylsalicylic acid (450 mg 
IV) and heparin (5000 IU IV) before the proce-
dure. Administration of abciximab or intracoronary 
adenosine was left to the discretion of the operator. 
After the procedure all patients received clopido-
grel 75 mg daily with a loading dose of 300 mg 
orally. In 216 (97%) of patients in the study popu-
lation, one or more coronary stents were implant-
ed.

ST-segment resolution 
During and after the procedure, patients were 
monitored with a continuous ten-lead ECG reg-
istration (ST-Guard®, Medtronic, Santa Rosa). An 
ECG was derived and stored every minute. Auto-
mated ST-segment deviation (mV) was measured 
on line for each single lead at 60 ms after the J 
point. Percentage STR (100% minus (ST elevation 
after PCI/ST-segment elevation before PCI) x 

100%) was calculated for the single lead with maxi-
mal elevation. ST-segment depression in leads V1 
to V4 was used in case of posterior infarction.16 
	 STR was determined based on the ECG at the 
beginning and the end of the PCI procedure and 
at 30 minutes after arrival on the CCU (mean time 
81±17 minutes after reflow of the culprit artery). 
Complete STR was defined as >70% STR or <70% 
without residual ST-segment elevation (<1 mm in 
non-anterior leads and <2 mm in anterior leads), 
while no STR was defined as <70% STR with re-
sidual ST-segment elevation.6 Patients were divided 
into three groups according to the presence or ab-
sence of STR: complete and persistent STR imme-
diately after PCI, (‘early’), complete and persistent 
STR at 30 minutes on the CCU, but not immedi-
ately after PCI (‘late’) and no or incomplete STR at 
90 min after PCI (’without’). 

Endpoint definition
One-year follow-up data were collected on (cardi-
ac) death and rehospitalisation for MACE, defined 
as nonfatal infarction, unstable angina or re-revas-
cularisation. We contacted patients by telephone, 
the patient’s general practitioner, as well as the 
referring physician to obtain information on these 
events. The primary endpoint was cardiac death, 
which was defined as death that could directly be 
related to loss of heart function. Secondary end-
points were all-cause death, and hospitalisation for 
MACE. 

Statistical analyses
Statistical analysis was performed with SPSS 15.0 
(SPSS, Inc, Chicago, Illinois). Categorical variables 
are summarised as numbers and percentages and 
continuous variables are presented as mean values 
± one standard deviation (SD). Differences in base-
line characteristics according to STR classification 
were studied by c2 or Fisher’s exact tests (categori-
cal data) and analysis of variance (ANOVA) and 
Mann-Whitney tests (continuous data).
	 The incidence of study endpoints over time was 
studied according to the method of Kaplan-Meier, 
and differences in the incidence according to the 
STR classification were evaluated by log-rank tests. 
The association between STR and study endpoints 
was further analysed by Cox proportional hazard 
regression.  We obtained crude, unadjusted hazard 
ratios (HR), and HRs that were adjusted for age 
and infarct localisation. HRs are reported together 
with their 95% confidence intervals (CI). All statis-
tical tests were two-sided, and a p value <0.05 was 
considered statistically significant.

Results
Between January 2003 and April 2004, 223 
patients met the inclusion criteria. A total of 115 
(52%) patients had early STR, and another 43 
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(19%) had late STR. Hence, STR at 30 minutes 
after arrival on the CCU was obtained in 71% of 
patients. There were differences in baseline clini-
cal and procedural characteristics between patients 
with early and late STR: patients with late STR 
were older and TIMI flow post-PCI was worst in 
these patients. Larger differences were found in the 
baseline profile between those with and without 
STR. Patients without STR were older, more of-
ten had the culprit lesion in the left anterior de-
scending artery and TIMI flow grade 3 after PCI 
was (considerably) more often obtained in patients 
with (early) STR than in those without (table 1).
	 The event-free survival curves according to 
presence or absence of STR show that more pa-
tients died in the group without STR from cardiac 
causes (figure 1, p=0.049) as well as from overall 
causes (figure 2, p=0.03). Figure 3 shows that re-
hospitalisation occurred more frequently in the 
early STR group (figure 3, p=0.02). 
	 During one-year follow-up, 15 patients died 
and 36 were rehospitalised for MACE. As table 2 
demonstrates, patients with early or late STR had 
a significantly lower incidence of one-year cardiac 
death than those without STR (1.9 vs. 9.2% events; 
p=0.02). Although no difference in cardiac mortal-
ity was found between the three groups (p=0.06), 
total mortality was higher in the group without 
STR (13.8 vs. 3.8%; p=0.02). As compared with 
patients without STR, early and late STR had a 

similar prognostic value (HRs for cardiac death 
0.40 [0.08-2.03] and 0.25 [0.03-2.08]) (table 3).
	 Early and late STR was associated with an in-
creased risk of rehospitalisation for MACE (table 
2; p=0.009). After adjustment for age and infarct 
localisation, the HR for rehospitalisation for early 
STR was 3.76 (1.29 to 11.02) and for late STR 
2.19 (0.62 to 7.78) (table 3).

Discussion
Immediately after the percutaneous intervention, 
approximately half of the patients had complete 
and sustained STR, whereas about two thirds of 
the patients had complete STR at 30 minutes af-
ter arrival on the CCU. Our data suggested that, 
within this time window, there is no major change 
in prognostic value of early versus late STR with 
respect to all-cause mortality, cardiac mortality, or 
rehospitalisation for adverse cardiac events during 
one-year follow-up. 
	 This improvement of STR over time after re-
perfusion, from 54% early STR to 71% late STR, 
is caused by a gradual, spontaneous recovery of 
the ST-segment. This finding is consistent with 
earlier studies17-20 and has important consequenc-
es, in particular in considering additional thera-
pies in persistent ST-segment elevation after PCI. 
Currently, additional therapies, such as vasodila-
tors, glycoprotein IIb/IIIa receptor antagonists 
or an intra-aortic balloon pump, are mainly ap-

Table 1. Baseline and procedural characteristics.

Variable Early STR Late STR Without STR P value

Patients, n (%) 115 (51.6) 43 (19.3) 65 (29.2)

Age, years 61±13 66±13 66±14 0.03

Male sex, n (%) 80 (70) 28 (65) 46 (71) 0.81

Culprit artery, n (%) 36 (31) 18 (42) 38 (58) <0.01

- LAD

- LCx 21 (18) 4 (9) 6 (9)

- RCA 58 (50) 21 (49) 21 (32)

Post PCI TIMI 3 flow, n (%) 111 (97) 37 (86) 47 (72) <0.01

Medication        

- Abciximab, n (%) 77 (67) 24 (56) 44 (68) 0.37

- Adenosine, n (%) 28 (24) 12 (28) 14 (22) 0.75

ST elevation, mV

- Pre PCI* 323 (190; 541) 424 (249; 649) 463 (320; 722) <0.01

- Post PCI* 78 (9; 136) 224 (122; 302) 302 (224; 449) <0.01

- CCU* 58 (9; 97) 92 (58; 161) 273 (181; 351) <0.01

Continuous data are expressed as mean ± standard deviation. Categorical data are expressed as percentage. P values indicate the difference between the 
three groups. * Data are expressed as the median and interquartile range because of skewed distribution. STR=ST-segment resolution. LAD=left anterior 
descending coronary artery, LCx=left circumflex coronary artery, RCA=right coronary artery, PCI=percutaneous coronary intervention, CCU=coronary care unit.
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plied in case of no reflow.21,22 However, even 
though angiographic evidence of reflow may be 
present, absence of STR is a negative prognostic 
marker and must be considered as a guide to ini-
tiate additive, abovementioned, therapies as well. 
Studies investigating the effect of pharmacological 
or mechanical therapies to optimise myocardial re-
perfusion should take spontaneous late STR into 
account in nearly half of the patients with persis-
tent ST elevation directly after PCI. 

As shown in table 1, patients with late STR and 
without STR had more single lead ST-segment el-
evation before PCI compared with patients with 
early STR (424 mV, 463 mV and 323 mV respective-
ly, p<0.01). A possible explanation is that more ST-
segment elevation pre-PCI reflects more intense 
myocardial ischaemia, for example due to distal em-
bolisation, causing less STR after restoring blood 
flow in the epicardial coronary vessel. In addition, 
more ST-segment elevation before reperfusion can 

Table 2. Early ST resolution and clinical endpoints.

 
 

Early STR
n=115

Late STR
n=43

Early + late STR
n=158

Without STR
n=65

P value

Cardiac mortality, (%) 2 (1.7) 1 (2.3) 3 (1.9) 6 (9.2) 0.02

Noncardiac mortality (%) 2 (1.7) 1 (2.3) 3 (1.9) 3 (4.6) 0.36

Total mortality (%) 4 (3.5) 2 (4.7) 6 (3.8) 9 (13.8) 0.02

Rehospitalisation (%) 26 (22.6) 6 (14.0) 32 (20.3) 4 (6.2) 0.009

- Nonfatal infarction 3 (2.6) 1 (2.3) 4 (2.5) 0 0.56

- Unstable angina 9 (7.8) 0 9 (5.7) 0 0.04

- Revascularisation 18 (15.7) 5 (11.6) 23 (14.6) 4 (6.2) 0.08

- PCI 11 (9.6) 1 (2.3) 12 (7.6) 1 (1.5) 0.12

- CABG 11 (9.6) 4 (9.3) 15 (9.5) 3 (4.6) 0.22

- TVR 10 (8.7) 4 (9.3) 14 (8.9) 4 (6.2) 0.50

Total MACE 26 (22.6) 7 (16.3) 33 (20.9) 10 (15.4) 0.34

Data are expressed as numbers (%). P values indicate the difference between early + late STR versus without STR. STR=ST-segment resolution, 
PCI=percutaneous coronary intervention, CABG=coronary artery bypass grafting, TVR=target vessel revascularisation, MACE=major adverse cardiac event.

Table 3. Hazard ratios for cardiac and total mortality and rehospitalisation according to STR.

Cases/ subjects Hazard ratio (CI)

Model 1* Model 2*

Cardiac mortality

- Without STR 6/65 1 (reference) 1 (reference)

- Early STR 2/115 0.25 (0.05-1.28) 0.40 (0.08-2.03)

- Late STR 1/43 0.27 (0.03-2.22) 0.25 (0.03-2.08)

Total mortality

- Without STR 9/65 1 (reference) 1 (reference)

- Early STR 4/115 0.36 (0.11-1.20) 0.53 (0.16-1.76)

- Late STR 2/43 0.37 (0.08-1.72) 0.34 (0.07-1.59)

Rehospitalisation

- Without STR 4/65 1 (reference) 1 (reference)

- Early STR 26/115 4.17 (1.45-12.05) 3.76 (1.29-11.02)

- Late STR 6/43 2.27 (0.64-8.04) 2.19 (0.62-7.78)

* Model 1 adjusted for age; model 2 adjusted for age and infarct localisation (anterior versus non-anterior). STR=ST-segment resolution.
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reflect more irreversible myocardial cell damage, 
for instance due to a lack of collateral blood supply 
or less preconditioning, with less myocardial tissue 
rescue and less STR after reperfusion.
	 One-year survival free from cardiac death was 
not significantly different in patients with early 
STR compared with late STR, but in patients with-
out STR, cardiac death was significantly higher. 
This first finding is unexpected considering the fact 
that persistent ST-segment elevation after PCI is 
thought to reflect ongoing myocardial cell dam-
age and thus should be associated with larger final 
infarct size, lower left ventricular ejection fraction 
and higher mortality. It is possible that persistent 

ST-segment elevation after successful PCI is not 
equal to longer ischaemic time or that the time be-
tween early and late STR in our study was not long 
enough to find a significant difference. Moreover, 
our study may be too small to detect small but 
clinically relevant differences. Future studies are 
needed to investigate the effect of delayed recovery 
of the ST segment after primary PCI on microvas-
cular reperfusion, no reflow area and infarct size. 
	 Another finding in this study was a signifi-
cantly higher incidence of rehospitalisation in the 
early and late STR group compared with patients 
without STR (20.3 vs. 6.2%, p=0.009) caused by 
a higher incidence of nonfatal myocardial infarc-
tion, unstable angina and revascularisation. Bainey 
et al. also found a higher likelihood for recurrent 
acute myocardial infarction and unstable angina23 as 
well as De Lemos et al. who reported that more 
STR was associated with higher rates of recurrent 
myocardial infarcts.24 We can hypothesise that STR 
after primary PCI is associated with more extensive 
residual myocardial viability. Restenosis or re-occlu-
sion (stent thrombosis) of these target vessels may 
therefore lead to more symptoms and rehospitali-
sation compared with target vessels without myo-
cardial viability in its territory. However, there was 
no significant difference between the incidence of 
target vessel revascularisation in patients with STR 
compared with those without STR (8.9 vs. 6.2%, 
p=0.50) that would have supported this hypothesis. 
In addition, unknown confounding factors could 
have contributed to the association of no-STR after 
primary PCI with less rehospitalisation, for instance 
differences in certain patient baseline and therapeu-
tic characteristics.
	 In the one-year results of the Horizons-AMI 

Figure 1. Event-free survival curve according to ST-segment 
resolution (STR) classification. 

Figure 3. Event-free survival curve according to ST-segment 
resolution (STR) classification until the occurrence of rehospi-
talisation. 

Figure 2. Event-free survival curve according to ST-segment 
resolution (STR) classification until the occurrence of death of 
any cause. 
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study, MACE (defined as death, reinfarction, isch-
aemia-driven target vessel revascularisation and 
stroke) was 10.2 to 12.9%25 compared with 15.4 to 
22.6% in our study. Nontarget vessel revascularisa-
tions could partly explain these differences, but it is 
unknown how many of our patients had ischaemic-
driven target vessel revascularisation. However, in 
our study period, only the target vessel was treated 
by primary PCI using bare metal stents and staged 
PCI procedures were only performed in case of 
clearly demonstrated ischaemia by nuclear tests, 
which was rarely the case.

Study limitations
Our study population consisted of relatively low-
risk STEMI patients, because high-risk patients 
(e.g. shock, respiratory failure, previous myo-
cardial infarction and failed PCI) were excluded. 
This may have caused an underestimation of the 
incidence of cardiac death and MACE in STEMI 
patients in the general cardiology clinic. In ad-
dition, patients with persistent conduction or 
rhythm disturbances could not be used for de-
termination of STR. Data concerning blood 
pressure, heart frequency, myocardial infarct size 
(cardiac enzyme release) and left ventricular func-
tion were not available so that we could not cor-
rect for all known confounders. We can therefore 
not exclude a residual bias in the effect estimates 
(HRs). The number of patients we studied was 
relatively small. Consequently, clinically relevant 
associations between STR status and patient out-
come might have been missed due to this relative-
ly small sample size resulting in few events during 
follow-up. Therefore, we warrant further large 
sample studies to conform our data.

Conclusions 
We found no (major) change in the prognostic val-
ue of STR during the 0 to 90 minutes time window 
after PCI for one-year follow-up on cardiac death 
and MACE. Therefore, for initiation of additional 
therapy in case of suboptimal myocardial reperfu-
sion after primary PCI, STR determined at the end 
of the procedure is a useful guide. n
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