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Introduction

Myocardial infarction (MI) being the most dramatic 
manifestation of coronary artery disease leads to heart 
failure, other severe complications and is still associ‑
ated with high mortality. The currently published ESC 
and ACC/AHA guidelines on ST-elevation myocardial 
infarction (STEMI) management show a great progress 
in the treatment of acute MI in the recent years [1, 2]. 

Immediate diagnosis and treatment in special‑
ized centers may improve outcome. It is believed that 
some of the patients who have undergone successful 

reperfusion therapy will avoid myocardial necrosis [3]. 
This phenomenon, referred to as “aborted myocardial 
infarction”, was first described in the Myocardial Infarc‑
tion Triage and Intervention study (MITI) in subjects 
who received a  very early treatment not followed by 
a  raise of MI biomarkers [4]. It showed that 40% of 
patients treated within 3 hours of symptoms had no 
evidence of infarction as measured by thallium scan‑
ning and 35% had minimal infarct size < 10% of the 
left ventricle. This population was further evaluated by 
Lamfers et al. in a study comprising 42 patients [5]. He 
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defined aborted MI as both, a raise of cardiac enzymes 
(CPK or CK-MB) not higher than twice the upper lim‑
it of normal, and reduction of ST-segment deviation 
greater than or equal to 50%. In the clinical practice 
myocardial necrosis is usually confirmed and quantified 
based on the serum cardiac biomarker levels. However, 
it is the troponin concentration which is considered the 
most sensitive marker of myocardial necrosis, and thus 
a  definition of aborted MI becomes more complex. 
Therefore Hassan et al. suggested troponin T level of 
1.5 µg/L as a cut‑off value for aborted MI [6]. 

The assessment of resolution of initial ST-segment 
elevation in a standard 12-lead ECG is still considered 
to be a simple method of measuring myocardial perfu‑
sion and is therefore used for definition of aborted MI. 
Moreover, it allows for the determination of mortality 
risk in STEMI [7, 8].

Material and methods

The study protocol of the research was approved by 
our University Ethical Committee and all subjects gave 
informed consent to the work. Between January 2009 
and December 2010 at the 1st Department of Cardi‑
ology of the Poznań University of Medical Sciences 
we diagnosed 1800 cases of ACS, among which 750 
were nSTEMI, 1050 – STEMI, 150 – referred to cardi‑
ac surgery, and 900 were treated with pPCI. Only 119 
patients with STEMI (82 men (69%), mean age 59 ± 10 
years) presented with the first onset of symptom lasting 
between 30 minutes and 6 hours. They were enrolled 
in the study and divided into two groups: non‑aborted 
MI and aborted MI. Aborted MI was diagnosed when 
the maximal increase in cardiac enzymes (CK-MB or 

CPK) was smaller than or equal to twice the upper limit 
of normal and resolution of ST-segment deviation was 
greater than or equal to 50% within 90 min of pPCI 
(index procedure).

Of the total cohort of 119 patients, 16 (13.4%) met 
the criteria of aborted MI. Table 1 shows the basic clin‑
ical characteristics.

STEMI was diagnosed when ST segment elevation 
measured at J point was ≥ 0.1 mV in at least two con‑
secutive leads or ≥ 0.2 mV in two adjacent precordial 
leads in a standard 12-lead ECG. The basic clinical and 
laboratory data (including total cholesterol, HDL and 
LDL cholesterol, triglycerides, leukocytes, creatinine, 
glucose, ESR, CPK, CK-MB and cTnI, interleukin 6 (IL-6), 
monocyte chemoattractant protein-1 (MCP-1) and CRP 
levels were analyzed. 

Blood samples were collected before the index pro‑
cedure as well as 4, 8, 12, 16, 24 and 36 hours of hos‑
pital arrival. A 12-lead ECG was recorded before and 
90 minutes after the index procedure. In cases of ante‑
rior MI, the sum of ST-segment elevation in leads V1 
to V6, I, and aVL was added to the sum of ST-segment 
depression in leads II, III, and aVF. For inferior MI, the 
sum of ST-segment elevation in leads II, III, and aVF 
(and I, aVL, V5, and V6, if present) was added to the 
sum of ST-segment depression in leads V1 to V4 [3, 4]. 
The resolution of all ST-segment deviation was calcu‑
lated based on the baseline ECG and the one recorded 
90 minutes post pPCI. The corrected TIMI Frame Count 
(CTFC) method was used for evaluation of flow in the 
infarct related artery [9]. 

An echocardiography was performed on the 2nd or 
3rd day of hospitalization and 6 months after an ACS 
episode. The left ventricular (LV) end‑diastolic volume 

Table 1. Baseline characteristics of study population

Aborted MI 
n = 16

Non-aborted MI
 n = 103

p

Sex
Female 9 28

0.0407Male 7 75
Age (years)* 56 ± 6 60 ± 11 0.2237
BMI (kg/m2)* 26.1 ± 5.3 26.1 ± 3.5 0.9886
Arterial hypertension 13(81%) 43(42%) 0.0075
Diabetes 0(0%) 15(15%) 0.2194
Hypercholesterolemia 16(100%) 79(77%) 0.0678
Tobacco smoking 12(75%) 58(56%) 0.2542
Positive family history 6(38%) 29(28%) 0.6396
Previous stroke 0(0%) 3(3%) 0.8684
Peripheral arterial disease 0(0%) 11(11%) 0.3637
Time to treatment (min)* 101.3 ± 34.4 220.7 ± 65.1 0.00001
Killip-Kimball class >  1 0(0%) 8(8%) 0.5368

*value ± standard deviation
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(EDV), end‑systolic volume (ESV), ejection fraction (EF) 
and left ventricular mass index (LVMI) were evaluated, 
wall motion score index (WMSI) was measured using 
the 4-grade wall motion score: 1 – normokinesis, 2 – 
hypokinesis, 3 – akinesis, 4 – dyskinesis involving 17 
segments of LV. The risk was stratified in all patients 
using the TIMI Risk Score by Morrow and Antman [10].

Statistical analysis

The normality of distribution of the analyzed variables 
was verified using the Kolmogorov‑Smirnov test (K-S 
test). If a normal distribution was rejected, medians and 
extreme values were used. Normally distributed vari‑
ables were presented as arithmetic mean ± standard 
deviation. Results were found statistically significant if 
p value scored < 0.05. The T-student test was used to 
verify the statistical significance of differences between 
values showing a  normal distribution; otherwise, the 
Mann‑Whitney test was used. Qualitative characteristics 
were presented as a  percentage  (%) of the observed 
cases. The Chi‑square test was used to analyze the dis‑
tribution differences between those variables.

The analyses of variance for repeatable measure‑
ments were carried out using the least significant differ‑
ence (LSD) test for the variables that were observed on 
two separate occasions (EF, EDV, ESV). Discriminating 
and logistic regression analyses were also performed.

Results

The subjects with aborted MI were significantly more 
often female and hypertensive (p < 0.05). Age, BMI, 

diabetes mellitus, hypercholesterolemia, family his‑
tory, tobacco smoking and Killip class were similar in 
both groups. The time to treatment was significantly 
shorter in patients with aborted MI (101.3 ± 34.4 vs. 
220.7 ± 65.1, p < 0.00001). 

There were no significant differences between the 
two groups regarding the levels of total cholesterol, 
HDL and LDL cholesterol, triglycerides, leukocytes, glu‑
cose, creatinine, and erythrocyte sedimentation rate 
(ESR) (Table 2). The serum levels of IL-6 and MCP-1 
before the reperfusion therapy were higher in the 
group of non‑aborted MI. No  significant difference 
was found between the two groups in serum CRP level 
before pPCI.

No difference was found between the groups in the 
incidence of a  single- or multi‑vessel coronary heart 
disease. However, a  single‑vessel disease tended to 
be more frequent in subjects with aborted MI (75% 
vs. 48%, p = 0.07). The aborted MI patients had also 
a significantly better flow in the infarct related artery 
after the index procedure as measured with the cor‑
rected TIMI Frame Count (Table 3). Moreover, they had 
a significantly lower maximal ST-segment elevation 90 
minutes after the procedure and a greater reduction of 
the maximal ST-segment elevation. In the non‑aborted 
MI group, a pathological Q wave was observed signifi‑
cantly more often (p < 0.05). The study groups did not 
differ in terms of MI location, number of ST elevation 
leads, persistent ST segment elevation and heart rate 
(Table 4).

The echocardiographic parameters are summa‑
rized in Table 5. A follow‑up examination at 6 months 
showed higher EF and lower EDV and ESV in the abort‑

Table 2. Results of laboratory tests  

Aborted MI 
n = 16

Non-aborted MI
 n = 103

p

Total cholesterol (mmol/l)* 7.1 ± 1.3 6.1 ± 1.4 0.0800
LDL (mmol/l)* 4.5 ± 1.3 4.0 ± 1.4 0.2948
HDL (mmol/l)* 1.7 ± 0.7 1.4 ± 0.4 0.1127
Triglicerydes (mmol/l)* 1.9 ± 0.9 1.7 ± 0.9 0.6080
Leukocytes (nG/l)* 10.4 ± 2.9 11.2 ± 4.1 0.6243
Glucose(mmol/l)* 6.2 ± 1.2 7.2 ± 3.9 0.4347
ESR (mm/h)* 11.8 ± 6.8 15.7 ± 11.1 0.3212
Creatinine (µmol/l)* 77.2 ± 13.7 87.7 ± 22.1 0.1917
Troponin I (ng/ml)* 1.6 ± 2.0 18.2 ± 18.0 0.00006
CPK (U/l)* 202.1 ± 234.0 2346.0 ± 1813.2 0.00002
CK-MB (U/l)* 28.4 ± 14.2 206.4 ± 154.3 0.00002
IL-6 (pg/ml)* 0.8 ± 1.4 19.9 ± 54.4 0.0071
MCP-1 (pg/ml)* 130.0 ± 123.2 216.9 ± 143.2 0.0232
CRP (µg/ml)* 4.4 ± 4.3 8.4 ± 17.8 0.7111

*value ± standard deviation
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Table 3. Angiographic data in study population 

Aborted MI 
n = 16

Non-aborted MI
n = 103

P

Single vessel disease 12 (75%) 49 (48%)
0.0762

Multi vessel disease 4 (25%) 54 (52%)
CTFC (number of frames)* 19.9 ± 2.2 36.1 ± 30.0 0.0080

*value ± standard deviation

Table 4. Electrocardiographic data of study population

Aborted MI 
n = 16

Non-aborted MI
n = 103

p

Location of MI:
anterior
inferior
lateral

9 (56%) 47 (46%)
0.30417 (43%) 49 (47%)

0 (0%) 7 (7%)
Number of leads with ST elevation* 4.1 ± 1.5 4.0 ± 1.8 0.8732

Max. ST elevation (mm)*:
at admission
90 minutes after PCI

2.9 ± 1.9 3.2 ± 1.6 0.2371
0.4 ± 0.5 1.8 ± 1.2 0.000002

Reduction of max. ST elevation (%)* 83.8 ± 22.4 43.9 ± 31.3 0.00001
Persistent Q wave 5 (31%) 72 (70%) 0.0064
Persistent ST elevation 0 (0%) 22 (21%) 0.0549
Heart rate (/min)* 70.0 ± 10.5 78.1 ± 16.9 0.0642

*value ± standard deviation

Table 5. Echocardiographic parameters during hospitalization and 6 months after MI in study population

Aborted MI 
n = 16

Non-aborted MI
n = 103

p

EF-1 (%)* 62.1 ± 7.7 55.5 ± 12.7 0.0766
EF-2 after 6 months (%)* 72.0 ± 4.5 64.0 ± 12.9 0.0137
EDV-1 (ml)* 69.5 ± 32.4 96.7 ± 35.7 0.0469
EDV-2 after 6 months (ml)* 61.0 ± 23.3 90.4 ± 37.1 0.0259
ESV-1 (ml)* 25.5 ± 13.2 43.5 ± 21.0 0.0310
ESV-2 after 6 months (ml)* 15.4 ± 7.4 35.9 ± 24.7 0.0119
WMSI * 1.1 ± 0.1 1.3 ± 0.3 0.0048
LV mass index-1* 190.9 ± 46.1 269.7 ± 281.9 0.0147
LV mass index-2  after 6 months* 177.6 ± 47.1 257.1 ± 282.2 0.0161

*value ± standard deviation

ed MI patients. Both, WMSI and LVMI, were lower dur‑
ing the hospitalization (LVMI-1) as well as in the fol‑
low‑up examination (LVMI-2). The TIMI Risk Score was 
similar in both groups (2p vs. 2p).

Thirteen (12.6%) out of 103 non‑aborted MI 
patients and none of the aborted MI group died dur‑
ing the 3-year follow‑up. Due to a relatively small and 
unbalanced number of patients in each group, the 
Kaplan‑Meier survival curve in Figure 1 failed to show 
a significant difference between the studied groups.

Discussion

We diagnosed aborted MI when: (i) a patient suffered 
a typical chest pain for over 30 min; and (ii) the maxi‑

mal increase in cardiac enzymes (CK-MB or CPK) was 
smaller than or equal to twice the upper limit of nor‑
mal; and (iii) the resolution of the initial ST-segment 
deviation was greater than or equal to 50% [5]; and 
(iv) there was a significant coronary artery stenosis at 
the territory of suspected ischemia. In our study the 
aborted MI patients accounted for 13.4% which is 
a similar result (15%) to the one reported by Sciagra et 
al. [11], Hassan et al. (18%) [6] and Vasile (9.1%) [12].

In 2012 the European Society of Cardiology pro‑
posed the third universal definition of myocardial 
infarction based, among others, on a  very sensitive 
marker – troponin; however the definition of aborted 
MI was not included [13]. Following the MI definition, 
all of the studied patients had elevated troponin lev‑
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els. The frequency of aborted MI would be 0% when 
using 99th percentile cut‑off of troponin level. The 
time to treatment in the studied population was never 
shorter than 60 minutes. This is probably why all of 
our studied patients experienced myocardial necrosis 
reflected by elevated troponin levels. However, as men‑
tioned earlier, troponin is a very sensitive marker allow‑
ing detection of even minor myocardial damage involv‑
ing a  small myocyte count. Consequently, a question 
arises if it would be at all feasible for clinical practice 
to implement a definition of aborted MI based on the 
detection of elevated troponin levels. This issue remains 
controversial. In a study by Vasile at al. the mean tro‑
ponin T level in aborted MI was 0.82 ± 1.82 vs. 5.64 ±  
6.18 µg/l in the entire study population [12].

It seems that similar concern arose in Hassan’s 
group when suggesting a  troponin cut‑off point for 
their definition of aborted MI. They included into the 
aborted MI group certain patients. The discriminat‑
ing criteria were troponin T < 1.5 µg/L and CK release 
up to 3-fold the upper limit of normal [6]. Therefore, 
this approach allowed to identify patients with a more 
favorable outcome. It is commonly recognized that 
pPCI itself is associated with cardiac biomarker release. 
Similarly,in our study the mean troponin level in the 
aborted MI group was also 1.6 ± 2.0 µg/L [3] while 
being significantly higher in the non‑aborted MI sub‑
jects (18.2 ± 18.0 µg/L).

In present study, time to treatment was significantly 
shorter in the aborted MI patients, which is consistent 
with other reports [3, 11]. This further confirms that 
time is an important factor influencing the extension of 
necrosis and mortality in patients with STEMI treated 
with pPCI [14, 15].

We also observed, as shown in other studies, that 
subjects with aborted myocardial infarction had better 
flow in the infarct related artery (corrected TIMI Frame 
Count) [16–18].

Antiplatelet therapy involving GP IIb/IIIa inhibitors 
significantly improves myocardial perfusion and limits 
necrosis [19].

To date, our study first examined the inflamma‑
tory reaction following a primary PCI in patients with 
aborted MI. Less pronounced inflammatory response is 
an important finding, not reported previously in any 
studies concerning aborted MI. It translates to a small‑
er area of myocardial necrosis and myocardial scarring 
and remodeling of the left ventricle [20, 21]. Our study 
documented that patients with aborted MI had lower 
plasma levels of both, IL-6 and MCP-1 (Table 2). Higher 
MCP-1 and IL-6 plasma levels have been demonstrated 
to correlate with increased risk of death and outcome 
in patients with acute coronary syndrome [22–24].

We have also observed that patients with aborted MI 
had a better left ventricular function, which significantly 
improves the prognosis of infarct survivors [25–27].
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Figure 1. Kaplan-Meier Curves for both groups of study population
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In their paper, Eitel at al. showed that 56% of 

patients with aborted MI had no scar detected while 

44% of subjects had only minor necrosis in MRI study 

[28]. It may implicate limited unfavorable remodeling 

and better prognosis.

The pathological Q wave was more frequently 

observed in the non‑aborted MI patients (Table 4). 

Usually, the presence of pathological Q wave is an elec‑

trocardiographic evidence that more than a half of the 

wall thickness is affected by a  scar. As an electrocar‑

diographic sign, the Q wave however not always truly 

reflects the size of necrosis [29]. On the other hand, the 

absence of Q wave is an excellent predictor of left ven‑

tricular function recovery following a successful reper‑

fusion therapy [30].

The definition of aborted MI used in our study 

seems justified, as patients with aborted MI had bet‑

ter prognosis which manifested itself in only slightly 

impaired left ventricular function.

Based on our results, we can conclude that the 

definition of aborted MI after pPCI should be revised 

to account for the troponin criteria proposed by Has‑

san [6]. Whether patients with aborted MI should be 

administered the same treatment for the secondary 

prevention as those with non‑aborted MI is still an 

open issue.

Our study was a  retrospective analysis comprising 

a  relatively small group of patients which may be its 

limitation. Nevertheless, our results documented that 

abortion of myocardial infarction by prompt reperfu‑

sion remains an essential target for PCI.

Conclusions

The abortion of myocardial infarction by means of 

a fast and efficient reperfusion therapy results in a bet‑

ter clinical outcome and more favourable prognosis. 

The inflammatory response is less pronounced in sub‑

jects with aborted MI. Therefore, the abortion of MI 

should become a target in the acute treatment of myo‑

cardial infarction.
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