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ABSTR ACT 

Background We assessed the prognostic significance of the presence of cumu-
lative (∑) ST-segment deviation on the admission electrocardiogram (ECG) in 
patients with non–ST-elevation acute coronary syndrome and an elevated tro-
ponin T randomized to a selective invasive (SI) or an early invasive treatment 
strategy.

Methods A 12-lead ECG obtained at admission was available for analysis from 
1163 patients. The presence and magnitude of ST-segment deviation was mea-
sured in each lead, and absolute ST-segment deviation was summed. The effect 
of treatment strategy was assessed for patients with or without ∑ ST-segment 
deviation of at least 1 mm.

Results The incidence of death or myocardial infarction (MI) by 1 year in patients 
with ∑ ST-segment deviation of at least 1 mm was 18.0% compared with 11.1% 
in patients with ∑ ST-segment deviation of less than 1 mm (P = 0.001). Among 
patients with ∑ ST-segment deviation of at least 1 mm, the incidence of death 
or MI was 21.9% in the early invasive group compared with 14.2% in SI group  
(P < 0.01). However, we observed a significantly higher rate of MI after hospi-
tal discharge among patients with ∑ ST-segment deviation of at least 1 mm 
randomized to SI who did not undergo angiography compared with patients 
who underwent angiography before discharge (10.9% vs 2.4%, P = 0.003). In a 
forward logistic regression analysis, the presence of ST-segment deviation was 
an independent predictor for failure of medical therapy (coronary angiography 
within 30 days after randomization in the SI group) (odds ratio, 1.56; 95% confi-
dence interval, 1.12-2.18; P = 0.009).

Conclusion Patients with non–ST-elevation acute coronary syndrome and an el-
evated troponin T and ∑ ST-segment deviation of at least 1 mm are at increased 
risk of death or MI, more often fail on medical therapy, and more often experi-
ence a spontaneous MI after discharge when angiography was not performed 
during initial hospitalization.
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BACKGROU N D

The optimal early management of patients with a non–ST-elevation acute coronary 
syndrome (nSTE-ACS) has been hotly debated over the past 10 years. Previously, 3 ran-
domized trials have shown better clinical outcome with a routine early invasive strate-
gy, showing a consistent reduction in recurrent ischemic events.1-3 However, subgroup 
analyses of these trials revealed that benefit from an early invasive strategy was con-
fined to patients at intermediate or high risk for adverse outcomes. 

It has been shown that the standard 12-lead electrocardiogram (ECG) at admission is a 
useful tool for risk stratification in patients with nSTE-ACS, particularly in combination 
with serum markers for myocardial damage.4-6 Subanalysis of the Fast Revasculariza-
tion during InStability in Coronary artery disease trial (FRISC II) population, showed 
that patients with nSTE-ACS and ST-segment deviation on the admission ECG had a 
poor prognosis. In these patients, angiography and subsequent revascularization were 
beneficial in reducing mortality and the incidence of myocardial infarction (MI).7,8 In 
the real world, there is a paradoxical absence of a relation between the extent of base-
line ST-segment depression and the use of an invasive management strategy for pa-
tients with acute coronary syndrome. In fact, an invasive strategy was selected least 
often for those at highest risk for adverse outcomes.9,10 

The Invasive versus Conservative Treatment in Unstable coronary Syndromes (ICTUS) 
trial could not show that an early invasive treatment was superior to a selective inva-
sive treatment strategy in patients with nSTE-ACS and an elevated troponin T.11 In this 
substudy of the ICTUS trial, we assessed the prognostic value of ST-segment deviation 
on the admission ECG and the clinical outcome associated with an early or selective 
invasive strategy.
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METHODS

In the ICTUS trial, 1200 patients were randomized to an early invasive or a selective 
invasive treatment strategy. The details of the design and the main results have been 
published previously.11 Briefly, eligible patients had to meet 3 criteria: (1) symptoms of 
ischemia that were increasing or occurring at rest, with the last episode occurring no 
longer than 24 hours before randomization; (2) an elevated serum cardiac troponin 
T (≥0.03 µg/L); (3) and either ischemic changes on the ECG, defined as ST-segment 
depression or transient ST-segment elevation exceeding 0.05 mV or T-wave inversion 
of at least 0.2 mV in 2 contiguous leads, or a documented history of coronary artery 
disease. Main exclusion criteria were patients younger than 18 years or older than 80 
years; ST-elevation MI in the last 48 hours; indication for reperfusion therapy, hemody-
namic instability, or overt congestive heart failure; and increased risk of bleeding.

Patients assigned to the early invasive strategy were scheduled to undergo angio-
graphy within 24 to 48 hours after randomization and revascularization when  
appropriate based on the coronary anatomy. Patients assigned to the selective inva-
sive strategy were managed medically. These patients were to undergo angiography 
and subsequent revascularization only in case of refractory angina despite optimal 
medical treatment, hemodynamic or rhythmic instability, or significant ischemia on 
the predischarge exercise test. Coronary angiography and revascularization after the 
index hospital phase was performed if severe anginal symptoms were present despite 
optimal antianginal medication or when documented ischemia on an ischemia detec-
tion test was present.

The protocol specified that patients received 300 mg followed by at least 75 mg of  
aspirin daily indefinitely and enoxaparin (1 mg/kg to a maximum of 80 mg) twice daily 
subcutaneously for at least 48 hours. The early use of clopidogrel (300 mg followed by 
75 mg daily) in combination with aspirin was recommended to the investigators when 
the drug became available in the Netherlands in 2002 for acute coronary syndrome in-
dication.12 Percutaneous coronary intervention (PCI) procedures during the index hos-
pital phase were performed using abciximab. In addition, abciximab was available for 
all subsequent percutaneous revascularization procedures during the 1-year follow-
up. The study has been assigned the International Standard Randomised Control Trial 
Number ISRCTN82153174.



 Additional risk stratification with 12 lead ECG | 105

Electrocardiography

A standard 12-lead ECG was obtained on admission and was evaluated at the Aca-
demic Medical Center core laboratory without information on the clinical outcome 
or treatment allocation. The presence and magnitude of ST-segment deviation and 
T-wave inversion were measured 80 milliseconds after the J point in intervals of 0.5 
mm in each lead, and absolute ST-segment deviation was summed. The cutoff levels 
in our study were chosen to compare our results with the results of the ECG analyses 
of the Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or 
Conservative Strategy-Thrombolysis in Myocardial Infarction 18 trial and the FRISC II 
ECG substudy.6-8 Therefore, our cutoff levels were cumulative (∑) ST-segment devia-
tion of less than 1 mm, 1 to 2.5 mm, 3 to 4.5 mm, and 5 mm or more. Patients with ∑ 
ST-segment deviation of less than 1 mm were subdivided into 2 groups: patients with 
or without negative T wave of at least 4 mm.

End point definitions

The end points in this study were the occurrence of death, MI, or the combined end 
point of death or MI at 1 year. Death was defined as death from any cause. Myocar-
dial infarction was defined as documented myocardial necrosis either in the setting 
of myocardial ischemia (spontaneous MI) or in the setting of percutaneous revascu-
larization, following the recommendations of the consensus committee for the defini-
tion of MI. Myocardial necrosis was defined by an elevation in the creatine kinase–MB 
(CK-MB) level above the upper limit of normal. To compare our results with those of 
previous trials, we applied the TACTICS-TIMI 18 and FRISC II definition of MI. The FRISC 
II definition of MI is a CK-MB level above the upper limit of normal for spontaneous MI 
and more than 1.5 times the upper limit of normal for PCI-related MI. The TACTICS-TIMI 
18 definition of MI is a CK-MB level above the upper limit of normal for spontaneous MI 
or more than 3 times the upper limit of normal for PCI-related MI.

In the selective invasive strategy, we assessed the rate of failure of medical therapy in 
relation to the presence of ST-segment deviation on the ECG. Failure of medical thera-
py was defined as coronary angiography during the first 30 days after randomization 
in patients randomized to the selective invasive strategy.
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Statistics

Data analyses were performed based on the “intention-to-treat” principle. All statis-
tical tests were 2-tailed, and a P value of less than 0.05 was considered statistically 
significant. Continuous baseline variables with normal distribution are expressed as 
mean ± SD, and data with a nonnormal distribution are given as median value (25th-
75th percentile). A comparison of the baseline characteristics was done by using an un-
paired Student t test or the Mann-Whitney U test (continuous variables) or the Pear-
son χ2 test (categorical variables), as appropriate. To identify independent predictors of 
outcome and failure of medical therapy, variables were tested in a multivariate logistic 
regression analysis using forward stepwise selection. Variables were entered if the P 
value was less than 0.10 and removed if the P value was more than .10. The timing of 
the combined end point of death or MI is illustrated by Kaplan-Meier plots. In a sepa-
rate analysis, we assessed the incidence of death or MI in 2 time frames: during initial 
hospitalization (from randomization until discharge) and from discharge until 1-year 
follow-up. In this analysis patients who had a MI during initial hospitalization were 
again at risk for a MI in the time frame from hospital discharge until 1-year follow-
up. Statistical analysis was performed using the Statistical Package for Social Sciences 
software (SPSS 12.0 for Windows, SPSS Inc, Chicago, IL).
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RESU LTS

Twelve-lead admission ECGs were available to the Academic Medical Center core labo-
ratory in 1163 of 1200 patients for ST-segment deviation assessment. One-year follow-
up was complete for 1157 patients (99.5%). In 37 patients the admission ECG was miss-
ing or of very poor technical quality. Among these patients, none died and 5 patients 
had a MI during 1-year follow-up.

 15 

Table 1. Baseline characteristics 

Variable All patients 

 n = 1163 

Age – yr (±SD) 62 (±11) 

Males, – no. (%) 847 (73) 

Clinical history, – no. (%)  

 Myocardial infarction 268 (23) 

 Percutaneous coronary intervention 134 (12) 

 Coronary-artery bypass grafting 99 (9) 

Risk factors, – no. (%)  

 Hypertension 448 (39) 

 Diabetes Mellitus 158 (14) 

 Hypercholesterolemia 402 (35) 

 Current cigarette smoking 475 (41) 

 Family history of coronary artery disease 490 (42) 

Drug therapy prior to admission, – no. (%)  

 Aspirin 440 (38) 

 Ace-inhibitors 161 (14) 

 Beta-blockers 405 (35) 

 Calcium-channel antagonists 182 (16) 

 Nitrates 125 (11) 

 Statins 319 (27) 

Cardiac troponin T mcg/L,  
     median (25

th
 and 75

th
 percentile) 

0.29 (0.12–0.73) 

 
 

Table 1. Baseline characteristics
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The mean age of the study population was 62 years, almost a quarter of patients had 
a previous MI, one third used aspirin, and 14% had a history of diabetes mellitus (Table 
1). Coronary angiography was performed during the initial hospitalization in 98% of 
patients in the early invasive group and 52% in the selective invasive group and in 
99% and 66%, respectively, within 1 year. Within 1 year, 79% of the patients in the early 
invasive group had undergone revascularization compared with 54% in the selective 
invasive group. Eighty-eight percent of the PCI procedures involved the placement of 
at least 1 stent. During the first PCI, abciximab was used in 94% of patients in the early 
invasive group compared with 68% in the selective invasive group.

Clinical outcome in relation to the magnitude of ∑ ST-segment deviation

Clinical outcome in relation to the magnitude of ST-segment deviation at admission 
is shown in table 2. Increments of ∑ ST-segment deviation (1-2.5 mm, 3-4.5 mm, and 
≥5 mm) were not associated with a significant increase in the incidence of death or 
MI. Interestingly, patients with isolated T-wave inversion of 4 mm or more were not 
at higher risk for death or MI than patients with T-wave inversion of less than 4 mm. 
Subsequently, in further analyses we compared patients with ∑ ST-segment deviation 
of at least 1 mm with patients with ∑ ST-segment deviation of less than 1 mm. Patients 
with a left bundle-branch block on the admission ECG (n = 14) were considered as hav-
ing ∑ ST-segment deviation of at least 1 mm. The incidence of death or MI by 1 year in 
patients with ∑ ST-segment deviation of at least 1 mm was 18.0% compared with 11.1% 
in patients with ∑ ST-segment deviation of less than 1 mm (P = 0.001).

     

Table 2. Differences in outcome by one year: patients stratified according to !ST segment deviation, isolated T wave inversion and left 

bundle branch block 

 

Outcome Magnitude of !ST segment deviation 

 

LBBB 

 <1 mm 1–2.5 mm 3–4.5 mm "5 mm 
  

 
 T wave inv <4 mm  

(n = 483) 

  T wave inv "4 mm  

(n = 92) 

 

(n = 197) 

 

(n = 150) 

 

(n = 227) 

                  

(n = 14) 

Death, – no. (%)    6 (1.2) 0 (0.0) 5 (2.5) 7 (4.7) 9 (4.0)  3 (21.4) 

Myocardial infarction, – no. (%) 49 (10.1) 9 (9.8) 29 (14.7) 20 (13.3) 35 (15.4)  2 (14.3) 

Death or MI, – no. (%) 55 (11.4) 9 (9.8) 34 (17.3) 26 (17.3) 42 (18.5)  4 (28.6) 

 
T wave inv = isolated T wave inversion; LBBB = left bundle branch block, Rehosp. for angina= rehospitalization for angina 
 

Table 2. Differences in outcome by one year: patients stratified according to ∑ST 
segment deviation, isolated T wave inversion and left bundle branch block

T wave inv = isolated T wave inversion; LBBB = left bundle branch block, Rehosp. for angina= rehospitalization for angina
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Baseline characteristics

Among the 1163 patients in this study, 588 (51%) had ∑ ST-segment deviation of at 
least 1 mm and 575 (49%) had ∑ ST segment deviation of less than 1 mm. Patients with 
∑ ST-segment deviation of at least 1 mm were older, more often had diabetes, more 
often used nitrates, and had a significantly higher median troponin T concentration 
at randomization compared with patients with ∑ ST-segment deviation of less than 1 
mm (Table 3).

 17 

Table 3. Baseline characteristics: patients stratified according to the presence or absence of !ST segment deviation "1 mm and treatment strategy. 

Variable  ST segment deviation <1 mm  ST segment deviation !1 mm   

 
 Early invasive  

 n = 294 

Selective invasive 

n = 281 

 Early invasive 

n = 292 

Selective invasive 

n = 296 

 
p value* 

Age – yr (±SD)  61 (10) 61 (11)  63 (11) 62 (10)  0.03 

Males, – no. (%)  216 (74) 203 (72)  214 (73) 214 (72)  0.98 

Clinical history, – no. (%)         

 Myocardial infarction  70 (24) 65 (23)  75 (26) 58 (20)  0.73 

 Percutaneous coronary intervention  32 (11) 31 (11)  39 (13) 32 (11)  0.55 

 Coronary-artery bypass grafting  25 (9) 19 (7)  33 (11) 22 (7)  0.30 

Risk factors, – no. (%)         

 Hypertension  100 (34) 120 (43)  116 (40) 112 (38)  0.86 

 Diabetes Mellitus  34 (12) 29 (10)  48 (16) 47 (16)  0.01 

 Hypercholesterolemia  104 (35) 101 (36)  99 (34) 98 (33)  0.44 

 Current cigarette smoking  123 (42) 122 (43)  113 (39) 117 (40)  0.23 

 Family history of CAD  138 (47) 118 (42)  118 (40) 116 (39)  0.10 

Drug therapy prior to admission, – no. (%)         

 Aspirin  106 (36) 102 (36)  119 (41) 113 (38)  0.25 

 Ace-inhibitors  35 (12) 38 (14)  47 (16) 41 (14)  0.26 

 Beta-blockers  100 (34) 88 (31)  115 (39) 102 (35)  0.13 

 Calcium-channel antagonists  41 (14) 37 (13)  48 (16) 56 (19)  0.05 

 Nitrates  22 (8) 27 (10)  43 (15) 33 (11)  0.02 

 Statins  83 (28) 75 (27)  82 (28) 79 (27)  0.97 

Cardiac troponin T µg/L, median  

    (25
th
 and 75

th
 percentile) 

 0.23 (0.10–0.54) 0.25 (0.11–0.68)  0.34 (0.13–0.97) 0.33 (0.14–0.76)  <0.001 

* Patients with "ST segment deviation !1 mm (n=588) compared to patients with "ST segment deviation <1 mm (n=575). CAD = coronary artery disease

Univariate and multivariate stepwise logistic regression analysis for the 
prediction of death or MI by 1 year

Univariate analysis showed a significant association between the incidence of death 
or MI (ICTUS definition) by 1 year and history of diabetes mellitus, aspirin use, treat-
ment strategy, and ∑ ST-segment deviation (Table 4). Multivariate logistic regression 
analysis using all baseline variables identified history of diabetes mellitus, aspirin use, 
treatment strategy, and ∑ ST-segment deviation as independent predictors of death or 
MI by 1 year. Interaction analysis of the variable ∑ ST-segment and treatment strategy 
for predicting death or MI at 12 months was not significant (P = 0.51).

Table 3. Baseline characteristics: patients stratified according to the presence or 
absence of ∑ST segment deviation ≥1 mm and treatment strategy.

* Patients with ∑ST segment deviation ≥1 mm (n=588) compared to patients with ∑ST segment deviation <1 mm (n=575). 
CAD = coronary artery disease
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 18 

Table 4. Univariate and multivariate stepwise logistic regression analysis for the prediction of 
death or myocardial infarction by one year. 
 

 
Univariate and multivariate stepwise logistic regression analysis of predictive value of randomization, 
!ST segment deviation, cardiac troponin T and traditional risk factors on the incidence of death or 
myocardial infarction by one year in 1163 patients. 
* continues variable 
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; CI = confidence interval; MI 
= myocardial infarction; PCI = percutaneous coronary intervention  
 
 

Variables   Univariate analysis  Multivariate analysis 

  OR (95% CI) p-value  OR (95% CI) p-value 

Age " 65 yrs  1.15 (0.83 – 1.59) 0.40  - - 

Male  0.97 (0.68 – 1.40) 0.88  - - 

Previous MI  1.24 (0.86 – 1.80) 0.25  - - 

Previous PCI  1.17 (0.72 – 1.91) 0.53  - - 

Previous CABG  1.54 (0.92 – 2.60) 0.10  - - 

Hypertension  1.24 (0.89 – 1.73) 0.20  - - 

Diabetes Mellitus  1.67 (1.10 – 2.56) 0.017  1.45 (0.94 – 2.25) 0.09 

Hypercholesterolemia  1.17 (0.84 – 1.64) 0.36  - - 

Current cigarette smoking  0.93 (0.67 – 1.30) 0.68  - - 

Family history of CAD  0.98 (0.71 – 1.37) 0.92  - - 

Aspirin  1.52 (1.10 – 2.11) 0.012  1.42 (1.01 – 1.99) 0.04 

Cardiac troponin T*  0.96 (0.83 – 1.11) 0.58  - - 

Early invasive strategy  1.53 (1.10 – 2.13) 0.011  1.54 (1.11 – 2.15) 0.01 

!ST segment deviation " 1mm  1.76 (1.26 – 2.45) 0.001  1.72 (1.23 – 2.41) 0.002 

Clinical outcome in relation to treatment strategy and ∑ ST-segment deviation

In patients with ∑ ST-segment deviation of at least 1 mm, the incidence of death or MI 
was 21.9% in the early invasive strategy compared with 14.2% in the selective invasive 
strategy (P < 0.01) (Figure 1 A and B). During initial hospitalization, an early hazard for 
MI was observed in patients with ∑ ST-segment deviation of at least 1 mm random-
ized to the early invasive strategy compared with those randomized to the selective 
invasive strategy (14.7% vs 6.1%, P = 0.001) (Figure 2). The difference in the rate of MI 
was driven by the incidence of procedure-related MIs (12.3% vs 3.7%, P = 0.0001). To 
compare our results with those of previous trials, we applied the definitions of MI from 
the FRISC II and the TACTICS-TIMI 18 studies to our data. Applying the FRISC II definition 
of MI slightly lowered the rate of death or MI by 1 year in patients with ∑ ST-deviation 

Table 4. Univariate and multivariate stepwise logistic regression analysis for the pre-
diction of death or myocardial infarction by one year.

Univariate and multivariate stepwise logistic regression analysis of predictive value of randomization, ∑ST segment 
deviation, cardiac troponin T and traditional risk factors on the incidence of death or myocardial infarction by one year 
in 1163 patients.
* continues variable
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; CI = confidence interval; MI = myocardial 
infarction; PCI = percutaneous coronary intervention 
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of at least 1 mm to 18.2% in the early invasive strategy and to 12.2% in the selective 
invasive strategy (P = 0.03). When the TACTICS-TIMI 18 defi nition of MI was applied, 
the incidence of death or MI was 14.4% among patients in the early invasive strategy 
compared with 10.5% in the selective invasive strategy (P = 0.13).
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B

p=0.21

12.6%

9.6%

21.9%

14.2%

SI & STdev <1 mm

EI & STdev 1 mm

SI & STdev 1 mm

p<0.01

6.8%

5.0%

14.4%

10.5%

EI & STdev <1 mm

SI & STdev <1 mm

EI & STdev 1 mm

SI & STdev 1 mm

p=0.33

p=0.13

Figure 1A. Kaplan-Meier estimates of composite endpoint of death or myocardial infarction (consensus defi nition of MI 
in patients with ∑ST segment deviation <1 mm and ∑ST segment deviation ≥1 mm.
Figure 1B. Kaplan-Meier estimates of composite endpoint of death or myocardial infarction on (TACTICS defi nition of 
MI) in relation to treatment strategy in patients with ∑ST segment deviation <1 mm and ∑ST segment deviation ≥1 mm.
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In patients with ∑ ST-segment deviation of less than 1 mm, the incidence of death or 
MI was 12.6% in the early invasive strategy compared with 9.6% in the selective inva-
sive strategy (P = 0.21). When the FRISC II defi nition of MI was applied, the incidence 
of death or MI was 10.6% in the early invasive strategy compared with 7.1% in the se-
lective invasive strategy (P = 0.13). With the TACTICS defi nition of MI, the incidence of 
death or MI was 6.8% in the early invasive strategy compared with 5.0% in the selec-
tive invasive strategy (P = 0.33).

Increased risk for spontaneous MI in patients with ∑ ST-segment deviation of at 
least 1 mm who did not undergo coronary angiography

Among patients randomized to the early invasive strategy, those with ∑ ST-segment 
deviation of at least 1 mm had a higher incidence of MI during initial hospitalization 
compared with patients with ∑ ST-segment deviation of less than 1 mm (14.7% vs 9.5%, 
P = 0.05) (Figure 2).
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Figure 2. The incidence of death and myocardial infarction (MI) in both treatment strategies in relation to ∑ST segment 
deviation in two time frames: during initial hospitalization (from randomization until discharge) and from discharge until 
one year follow-up.
CAG = coronary angiography; hosp = initial hospitalization; proc = procedure (PCI or CABG) related myocardial infarc-
tion; spon = spontaneous myocardial infarction.
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Among 577 patients randomized to the selective invasive strategy, the incidence of 
MI during initial hospitalization was similar regardless of the presence of ST-segment 
deviation (6.1% vs 5.3%, P = not significant). However, the incidence of MI from hospital 
discharge to 1 year among 128 patients with ∑ ST-segment deviation of at least 1 mm 
randomized to a selective invasive strategy who did not undergo angiography was 
10.9% vs 2.4% in 165 who underwent angiography before discharge (P = 0.003). This 
difference was primarily driven by a higher incidence of spontaneous MI in patients 
discharged without undergoing angiography (9.4% vs 1.8%, P = 0.004). There were no 
significant differences in baseline characteristics between patients who underwent 
angiography during initial hospitalization and patients who were discharged without 
undergoing angiography (data not shown).
In the selective invasive patients with ∑ ST-segment deviation of less than 1 mm, the 
incidence of death or MI was similar for patients who were discharged with or without 
angiography.

Failure of medical therapy

Patients who underwent coronary angiography during the first 30 days after random-
ization were considered to have failed medical therapy. Among patients in the selec-
tive invasive group with ∑ ST-segment deviation of at least 1 mm, the incidence of 
coronary angiography was 62.8% compared with 52.0% in the selective invasive strat-
egy with ∑ ST-segment deviation of less than 1 mm (P = 0.008). The reason for coro-
nary angiography among patients randomized to the selective invasive strategy with 
∑ ST-segment deviation of less than 1 mm was refractory angina in 58%, ischemia on 
exercise test in 36%, and other reasons in 6%. In patients with ∑ ST-segment deviation 
of at least 1 mm, coronary angiography was done because of refractory angina in 45%, 
ischemia on exercise test in 46%, and other reasons in 9%. In a forward logistic regres-
sion analysis, the presence of ST-segment deviation was an independent predictor for 
failure of medical therapy after adjusting for multiple risk factors (odds ratio, 1.56; 95% 
confidence interval, 1.12-2.18; P = 0.009).

In the selective invasive strategy, 37% of patients with ∑ ST-segment deviation of less 
than 1 mm underwent revascularization during initial hospitalization compared with 
42% of patients with ∑ ST-segment deviation of at least 1 mm (P = 0.20). These percent-
ages increased to 39% and 46% at 30 days after randomization (P = 0.07) and to 48% 
and 60% at 1-year follow-up, respectively (P = 0.005).
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DISCUSSION

We demonstrated that the presence of ∑ ST-segment deviation of at least 1 mm on 
the admission ECG is a strong predictor of adverse outcome in patients with nSTE-ACS 
and a positive cardiac troponin T. The rate of death was 4-fold, and the rate of MI was 
50% higher in patients with ∑ ST-segment deviation of at least 1 mm compared with 
patients with ∑ ST-segment deviation of less than 1 mm on the admission ECG. Al-
though only 92 patients had isolated T-wave inversion of at least 4 mm on admission, 
we showed that these patients are at low risk for death or MI by 1 year compared with 
patients with ∑ ST-segment deviation of at least 1 mm.

Event-free survival was significantly better in patients with ∑ ST-segment deviation 
of at least 1 mm randomized to the selective invasive treatment strategy. However, 
we used the same cutoff level for PCI-related MI and spontaneous MI (CK-MB >1 time 
the upper limit of normal), following the recommendations of the consensus commit-
tee for the definition of MI. The prognostic implications of small PCI-related MIs are 
controversial.13-15 When more stringent cutoff levels for PCI-related MIs were used, the 
incidence of MI in both treatment strategies declined. When the FRISC II definition of 
MI was applied, we still observed a better event-free survival in patients with ∑ ST-
segment deviation of at least 1 mm randomized to the selective invasive treatment 
strategy. However, when the TACTICS definition of MI was used, the event-free survival 
was not significantly different between the 2 treatment strategies.

There are some difference regarding the inclusion criteria of the ICTUS, TACTICS-TIMI 
18, and the FRISC II trial, particularly regarding the evidence of myocardial ischemia 
at randomization. In the ICTUS trial, an elevated troponin T was mandatory in combi-
nation with either ECG evidence of myocardial ischemia or a documented history of 
coronary artery disease. In the FRISC II trial, myocardial ischemia had to be verified by 
ST-segment depression of at least 0.1 mV or T-wave inversion of at least 0.1 mV or by 
raised biochemical markers (68% of patients had an elevated troponin T ≥0.03 µg/L).1 
In the TACTICS-TIMI 18 trial, myocardial ischemia was verified by either ECG evidence 
of myocardial ischemia, abnormal levels of cardiac enzymes (54% of patients had a 
troponin T ≥0.01 µg/L), or prior evidence of documented coronary artery disease.2

In the FRISC II ECG substudy by Holmvang and colleagues8 two thirds of patients had 
∑ ST-segment deviation of at least 2.5 mm at admission compared with one third of 
patients in the ICTUS trial. These findings are probably explained by the difference in 
inclusion criteria between the ICTUS and the FRISC II trial. The ECG ischemic burden 
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is higher in the FRISC II trial compared with ICTUS. However, in the ICTUS trial, all pa-
tients had an elevated troponin T compared with 68% of patients in the FRISC II trial. 
Furthermore, a substantial part of the FRISC II population that did undergo coronary 
angiography did not have significant coronary artery disease.

Our findings are in contrast with those of previously published subgroup analyses of the 
FRISC II trial, which showed a marked benefit of an early invasive treatment strategy for 
patients with ST-segment deviation on the ECG and an elevated troponin T.7,8 In both the 
ICTUS and the FRISC II trial, an early hazard for MI (mainly attributable to the incidence 
of PCI-related MI) was observed. The overall rate of procedure-related MI (the com-
bined incidence of PCI-related MI and coronary artery bypass graft [CABG]–related MI) 
in FRISC II was lower: 5.4% in the invasive group vs 2.1% in the conservative group com-
pared with 11.3% vs 5.4% in the ICTUS trial.8 There are several possible explanations for 
this observed absolute difference in the overall incidence of procedure-related MI. First, 
FRISC II used a higher cutoff level for PCI-related infarction (FRISC II, CK-MB ≥1.5 times 
the upper limit of normal; ICTUS, CK-MB ≥1.0 times the upper limit of normal). Sec-
ondly, in FRISC II 68% of patients were found to be troponin positive (troponin T ≥0.03 
µg/L) compared with all patients in the ICTUS trial. Third, the median time to PCI in the 
early invasive strategy of the ICTUS trial was 23 hours compared with 4 days in the in-
tervention strategy of the FRISC II trial. The combined effect of prolonged antiplatelet, 
antithrombin, and anti-ischemic therapy before PCI or CABG may have lowered the 
incidence of procedure-related MI in the FRISC II trial.16 It has been shown that particu-
larly patients with nSTE-ACS and an elevated troponin have high coagulation activity 
and that these patients derive benefit from prolonged antithrombin therapy.16,17

In a recently published subgroup analysis of the TACTICS-TIMI 18 trial, the additional 
information of ST-segment deviation and troponin T concentration was assessed. The 
magnitude of ST-segment deviation and the degree of troponin T elevation predicted 
the likelihood of failure of a conservative strategy, the extent of coronary artery dis-
ease, and the likelihood of death or MI through 6 months. Moreover, the magnitude 
of ST-segment deviation, when added to the degree of troponin T elevation and other 
baseline characteristics, offered statistically significant incremental value regarding 
the degree of benefit of early invasive management.6 In the ICTUS trial, all patients 
had an elevated troponin T concentration of at least 0.03 µg/L at randomization. How-
ever, the magnitude of troponin elevation (peak troponin T) was not systematically as-
sessed during the first 48 hours after the onset of chest pain. Therefore, we could not 
assess the additional value of troponin T elevation in combination with the presence 
or absence of ST-segment deviation.
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A recently published meta-analysis demonstrated that a routine invasive strategy is 
superior to a selective invasive strategy in reducing the incidence of death and nonfa-
tal MI.18 The benefits of a routine invasive strategy emerged mainly after hospital dis-
charge. During the initial hospitalization, the routine invasive strategy was associated 
with an increased early hazard. We observed an early hazard for MI in patients with 
∑ ST-segment deviation of at least 1 mm randomized to the early invasive strategy. 
A selective invasive treatment strategy in patients with ∑ ST-segment deviation of 
at least 1 mm was not associated with a higher rate of death or spontaneous MI dur-
ing initial hospitalization. However, we observed a significant higher rate of spontane-
ous MI among patients with ∑ ST-segment deviation of at least 1 mm randomized to 
the selective invasive strategy who were discharged without coronary angiography 
compared with patients who underwent angiography before discharge. Furthermore, 
among patients randomized to the selective invasive strategy, ∑ ST-segment deviation 
of at least 1 mm was an independent predictor for failure of medical therapy.
Therefore, patients with nSTE-ACS and ∑ ST-segment deviation of at least 1 mm may 
benefit from coronary angiography and subsequent revascularization during initial 
hospitalization. The timing of invasive procedures remains controversial because very 
early timing of intervention in patients with nSTE-ACS may not enhance the benefits 
of routine intervention (early hazard for procedure-related MI), and benefits of a rou-
tine invasive strategy seem to emerge mainly over the long term.

Study limitations

First, this present study was based on a post hoc analysis of the ICTUS data. Second, 
treating physicians were aware of the admission ECG, which may have influenced the 
way patients were managed. Although no significant differences in baseline character-
istics were found between those who underwent coronary angiography during initial 
hospitalization and those who did not, selection bias cannot be ruled out. Some pa-
tients may have been kept conservatively because of, for example, comorbidity. Third, 
only admission ECGs were available for evaluation. Therefore, dynamic ECG changes 
were not included in this study.



 Additional risk stratification with 12 lead ECG | 117

Conclusion

The standard 12-lead admission ECG remains as an easy, available, inexpensive method 
of risk stratifying patients with nSTE-ACS. Cumulative ST-segment deviation of at least 
1 mm on the admission ECG identifies patients at risk for subsequent adverse cardiac 
events. We showed that patients with ∑ ST-segment deviation of at least 1 mm more 
frequently fail medical therapy and are at increased risk of spontaneous MI after dis-
charge when no coronary angiography was performed during initial hospitalization.
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