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Abstract

Background: It is widely believed that ST-elevated myocardial in-
farction (STEMI) generally occurs at the site of mild to moderate 
coronary stenosis. The aim of this study was to determine the degree 
of stenosis of infarct-related artery (IRA) in STEMI patients who un-
derwent coronary angiography (CAG) after successful reperfusion 
with thrombolytic therapy (TT).

Methods: A total of 463 consecutive patients between January 2008 
and December 2013 with acute STEMI treated with TT were evalu-
ated retrospectively. The patients in whom reperfusion failed (n = 
120), death occurred before CAG (n = 12), IRA cannot be deter-
mined (n = 10), and CAG was not performed in index hospitaliza-
tion (n = 54) were excluded from the study. To determine the se-
verity of stenosis of IRA, two experienced cardiologists who were 
unaware of each other used quantitative CAG analysis. Significant 
stenosis was defined as a ≥ 50% stenosis in the coronary artery lu-
men. A total of 267 patients who were successfully reperfused with 
TT and in whom CAG was performed during hospitalization with 
median 8 (1 - 17) days after myocardial infarction were included in 
the study.

Results: The mean age of patients was 55.7 ± 10.8 years (85.5% 
male). Most of the patients had a significant stenosis in IRA ( ≥ 50%, 
n = 236, group 1) after successful TT; whereas only 11.6% had ste-
nosis < 50% (n = 31, group 2). In addition, majority of the patients 
had ≥ 70.4% (n = 188, 70.4%) stenosis in IRA. Average of stenosis in 
IRA was 74±16%.

Conclusions: In contrast to the general opinion, we detected that ma-
jority of STEMI patients had a significant stenosis in IRA.
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Introduction

Major components of acute coronary artery occlusion causing 
ST-elevated myocardial infarction (STEMI) are thrombus and 
an underlying atherosclerotic plaque. The underlying stenosis 
degree of atherosclerotic plaque has been a subject of curi-
osity for a long time and been examined in several studies, 
but discussions are still ongoing. In the earlier stages, retro-
spective angiographic and post-mortem studies have shown 
that the majority of patients with STEMI had mild to moder-
ate degree of stenosis in the infarct-related artery (IRA) and 
was emphasized that acute event was secondary to thrombosis, 
more often occurring after plaque rupture [1-4]. However, in 
some post-mortem studies, it is shown that the severe steno-
sis was the cause in many patients [5, 6]. Unlike the retro-
spective studies in the early stages, Coronary Artery Surgery 
Study (CASS) has shown that new vessel occlusions resulted 
from severe stenosis in a majority of patients who underwent 
coronary angiography (CAG) in the follow-up [7]. Similarly, 
in studies evaluating mechanical thrombectomy or thrombo-
lytic therapy (TT) it was seen that IRA had severe stenosis [8, 
9]. However, it is also shown that the residual thrombus may 
occur after thrombectomy or TT, and the degree of stenosis 
at IRA stenosis could be detected more than its actual occur-
rence [10-12]. More thrombus can be removed from lesion by 
the more aggressive antiplatelet therapy together with TT, and 
the degree of stenosis on angiography can be estimated more 
clearly. With this hypothesis we have designed this study.

The purpose of this study was to determine the degree of 
stenosis of IRA in STEMI patients who underwent CAG after 
reperfusion with TT.

Methods

A total of 463 consecutive patients between January 2008 and 
December 2013 with STEMI treated primarily with TT were 
evaluated retrospectively. In our clinic primary percutaneous 
intervention can only be performed during working hours be-
tween January 2008 and December 2013. Thus, patients that 
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have been hospitalized with STEMI after working hours re-
ceived therapy. The study was approved by institutional ethics 
committee. The patients in whom reperfusion failed and rescue 
percutaneous coronary intervention was performed (n = 120), 
death occurred before CAG (n = 12), IRA cannot be deter-
mined according to the electrocardiographic (ECG), echocar-
diographic (ECHO) or CAG (n = 10), and CAG was not per-
formed in index hospitalization (n = 54) were excluded from 
the study. There were no further exclusion criteria. A total of 
267 patients who were successfully reperfused with TT and in 
whom CAG was performed during hospitalization with medi-
an 8 (1 - 17) days after myocardial infarction were included in 
the study. Figure 1 depicts flow chart of the study. Clinical and 
demographic characteristics including age, gender, diabetes 
mellitus (DM), hypertension (HT), hyperlipidemia (HPL), cur-
rent cigarette smoking, and family history of premature coro-
nary artery disease (CAD), were obtained by hospital records. 
The diagnosis of STEMI was based on typical symptoms onset 
of ≥ 30 min and ≤ 12 h before admission to the hospital and 
new ST-segment elevation at the J point in more than two con-
tiguous leads ( > 0.2 mV in V1 through V3 and > 0.1 mV in 
other leads) or new left branch bundle block [13]. The IRA 
was clearly defined on the basis of the combination of ECG, 
ECHO, and CAG findings. Failed reperfusion was defined ac-
cording to the following criteria: < 50% ST resolution-related 
ECG leads within 90 min from initiation of the thrombolytic 
treatment and lack of symptom relief or in-hospital mortality.

The thrombolytic agent administered was a recombinant 
tissue-type plasminogen activator (rt-PA, alteplase), tenecto-
plase or reteplase. All patients received unfractionated heparin 
or enoxaparin, aspirin, and clopidogrel at recommended doses 
in relevant guidelines [14]. Two experienced cardiologists, 
who were unaware of each other to determine the degree of 
stenosis in the IRA, assessed CAG of the patients. Compliance 
between data taken by two doctors was detected at very high 
levels (ICC = 0.888, 95% CI: 0.805 - 0.930, P = 0.001). The 
computer-based ACOM PC 5.01 (Siemens Medical Systems, 
Inc., Erlangen, Germany) was used for off-line quantitative 
CAG analysis. Measurements were performed in end-diastole 
in the projection that best showed the diseased segment with 

as little foreshortening as possible. Minimal lumen diameter 
(mm), were measured. Thrombolysis in myocardial infarction 
(TIMI) grade 2 or 3 flow was detected on all CAG. Hyperten-
sion was defined as repeated measurements of systolic blood 
pressure > 140 mm Hg, diastolic > 90 mm Hg, or treatment 
with antihypertensive medications. DM was defined as a prior 
diagnosis and/or fasting blood glucose > 126 mg/dL or use of 
antidiabetic medications. Hyperlipidemia was considered as a 
total cholesterol level above 200 mg/dL or the use of lipid-low-
ering medications. Cigarette smoking was defined as smoking 
1 or more cigarettes a day for more than 1 year without a quit 
attempt.

Statistical analysis

All the data were analyzed with SPSS (Statistical Package for 
the Social Sciences) software for Windows Version 20.0. Cat-
egorical variables were expressed as percentages, and using 
Chi-square or Fisher’s exact test as appropriate compared their 
frequencies. Continuous variables with a normal distribution 
were expressed as mean ± standard deviation, and were com-
pared using a Student’s t-test. The continuous variable without 
a normal distribution was expressed as median (maximum - 
minimum) and was compared using the Mann-Whitney U test. 
The normality of data distribution was verified by Kolmogo-
rov-Smirnov test. Homogeneity of variance was assessed by 
Levene’s test. P values of < 0.05 were considered statistically 
significant.

Results

The mean age of the patients was 55.7 ± 10.8 years and 85.5% 
were male. Most of patients had a significant stenosis in IRA 
( ≥ 50%, n = 236, group 1) after successful TT; whereas only 
11.6% had stenosis < 50% (n = 31, group 2). The main clinical 
characteristic features of the patients are summarized in Table 
1. The majority of patients (76.8%) were smokers. Hyperten-
sion (40.1%) was the most frequent comorbidity followed by 

Figure 1. Flow chart of the study.
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DM (27.7%), and HPL (25.8%). No significant differences 
in terms of characteristics and laboratory values between the 
groups were detected except that the group 1 patients had high 
obesity rate. Left anterior descending coronary artery (44.9%, 
n = 120) was the most frequent IRA, followed by right coro-
nary artery (38.2%, n = 102), left circumflex artery (9.7%, n 
= 26) and other arteries (7.2%, n = 19). There was no differ-
ence in distribution of IRA between groups (Table 2). Average 
of stenosis in IRA was 74±16%. The stenosis of IRA was > 
50% in 88.4% (n = 236) and was > 70% in 70.4% (n = 188) 
patients. There were no significant differences between groups 
in term of elapsed time, between the onset of pain and admis-
sion hospital (Table 1). More than two-thirds of the patients 
had been admitted to hospital < 3 h from pain onset. Elapsed 
median time from myocardial infarction to CAG was 8 (1 - 
17) days and there were no significant differences between 

groups. Table 3 summarizes the treatment of the patients on 
admission and during hospitalization. All patients received 
aspirin, clopidogrel and unfractionated heparin (UFH) or low 
molecular weight heparin (LMWH) on admission to hospital 
and until CAG was performed. In addition, most of the patients 
have received statin (97%), β-blocker (94%) and angiotensin 
converting enzyme inhibitors (ACEIs) or angiotensin receptor 
blocker (ARB) (92%). Differences were not observed between 
the groups in terms of drug usage.

Discussion

In present study, angiographic assessment of lesion severity 
was objectively quantified in patient with STEMI after suc-
cessful TT. Our results suggested that STEMI predominantly 

Table 1.  Basal Characteristic Features and Laboratory Values of the Patients

Variables All patients (n = 267) IRA ≥ 50% (n = 236) IRA < 50% (n = 31) P
Age 55.7 ± 10.8 56.1 ± 10.4 51.4 ± 12.9 0.617
Median MI-CAG time (days) (max. - min.) 8 (1 - 17) 8 (1 - 17) 5 (1 - 14) 0.571
Pain onset-admission
  < 1 h, % (n) 44 (119) 44 (104) 48.4 (15) 0.869
  1 - 3 h, % (n) 33 (88) 33 (79) 29 (9)
  > 3 h, % (n) 22 (60) 22 (53) 22 (7)
LVEF, % 44.8 ± 9 44.4 ± 9 47.8 ± 9 0.08
Hypertension, % (n) 40.1 (107) 41.6 (99) 27.6 (8) 0.14
Hyperlipidemia 25.8 (69) 25.2 (60) 31 (9)
Diabetes mellitus 27.7 (74) 27.3 (65) 31 (9) 0.614
Family history 37.1 (99) 36.6 (87) 41.4 (29) 0.632
Smoking 76.8 (205) 77.3 (184) 72.4 (21) 0.543
History of CAD 25.8 (69) 25.2 (60) 31 (9) 0.412
Obesity 25.8 (69) 23.5 (56) 44.8 (13) 0.013
Creatine (mg/dL) 1.02 ± 0.3 1.01 ± 0.05 1.02 ± 0.02 0.85
Hemoglobin (mg/dL) 14.4 ± 1.7 14.4 ± 2 14 ± 1.6 0.86
Total cholesterol (mg/dL) 193 ± 45.2 181 ± 36 195 ± 46 0.13
LDL-C (mg/dL) 119.3 ± 39.6 106 ± 28 120 ± 40.8 0.06
HDL-C (mg/dL) 40.7 ± 1.2 43 ± 11 40.5 ± 11 0.211
Triglycerides (mg/dL) 172 ± 112 149 ± 71.6 176 ± 117 0.226

CAD: coronary artery disease; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LVEF: left ventricular ejection 
fraction; MI-CAG: myocardial infarction-coronary angiography.

Table 2.  Angiographic Data After Successful Thrombolytic Therapy

Variable IRA ≥ 50% IRA < 50% P
Left anterior descending coronary artery, % (n) 45 (105) 48 (15) 0.671
Left circumflex coronary artery, % (n) 10 (25) 10 (3)
Right coronary artery, % (n) 39 (91) 35 (11)
Other coronary vessel, % (n) 6 (15) 6 (2)
Diameter stenosis (%) 36 ± 9 77 ± 13 < 0.001
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occurred at sites with angiographic stenosis ≥ 50% and a mi-
nority of patients with STEMI had IRA stenosis with < 50%. 
In contrast to our study, earlier angiographic studies had sug-
gested that IRA lesions typically had ≤ 50% diameter stenosis 
before the acute coronary events [1, 2, 15-17]. However, in 
these small retrospective studies, the interval between the in-
dex angiogram and acute coronary syndrome was often very 
long. The time intervals between the index event and previous 
angiography ranged from 6 weeks to 11 years, with an average 
of 3.3 years in those studies. Little et al in a study enrolling 42 
patients demonstrated that in 66% of patients the artery that 
subsequently occluded had < 50% stenosis and 97% of patients 
had < 70% stenosis on the initial angiography. Of note, the 
first angiography was performed 706 ± 685 days before acute 
myocardial infarction [1]. Ambrose et al reported the similar 
observation that the time interval between the initial angio-
gram and infarction varied from 1 month to 7 years (median 18 
months) [2]. Indeed, Dacanay et al showed that among patients 
with Q-wave infarction and the first angiogram < 18 months 
before acute myocardial infarction (AMI), 82% had a stenosis 
severity of > 50% as compared with only 33% when the first 
angiogram was < 18 months from AMI [3]. Similarly, Zaman 
et al with a population of 42 STEMI patients with angiogra-
phy before STEMI showed that lesions leading to STEMI ≤ 3 
months after evaluation were more severe than those leading to 
STEMI > 3 months before AMI [18]. This relatively long time 
interval and sometimes rapid progression of coronary artery 
disease in many patients make such extrapolations question-
able. Besides, other important issues that can be discussed are 
that these studies had small samples and were retrospective. 
On the other hand, there are many studies that evaluated the 
degree of IRA had shown that majority of patients with STEMI 
had critical angiographically stenosis in IRA [7, 8, 19]. In their 
study Frobert et al investigated 250 consecutive STEMI pa-
tients referred for primary PCI. Upon flow restoration (sponta-
neously or after “wiring” of the vessel), the investigators found 
that angiographically the degree of IRA stenosis > 50% in 96% 
of the patients while it was > 70% in 66% of the patients [19]. 
Similarly, Manoharan et al detected that the degree of IRA 
stenosis in patients with STEMI after thrombus aspiration re-
stored normal antegrade coronary blood flow. The study has 
shown that STEMI predominantly occurred at sites with angi-

ographic diameter stenosis > 50%. Only 11% of patients with 
STEMI had IRA with diameter stenosis < 50% after aspiration 
of thrombus material [8]. However, in both studies, persistent 
thrombus may have led to overestimation of the severity of the 
underlying stenosis in IRA. The CASS registry has shown that 
the most important predictor of the new segment stenosis was 
the degree of stenosis at the initial lesion and the occlusion 
rate at follow-up of 5 years was 20-fold higher in the lesions 
having initial critical stenosis compare to the lesions without 
initial critical stenosis [7]. Intravascular ultrasound (IVUS) 
and fractional flow reserve (FFR) has been used in several 
studies to determine the degree of stenosis in challenging le-
sions. Abizaid et al showed that the possibility of myocardial 
infarction was positively correlated with the degree of stenosis 
in IVUS in a prospective study [20]. The increase of the degree 
of stenosis in the basal angiography was associated with major 
cardiovascular events for the following 3-year period in the 
PROSPECT study (Providing Regional Observations to Study 
Predictors of Events in the Coronary Tree) [21]. The results 
of both studies were supported by prospective DEFER study, 
where the patients without significant coronary stenosis (frac-
tional flow reserve > 0.75) were randomized to medical treat-
ment or PCI [22]. While the annual death rate and acute coro-
nary syndrome of the patients with non-critical stenosis during 
the 5-year follow-up was < 1%, this rate was found to be five 
times higher in the cohort whose stenosis was critical. Mathey 
et al have shown in their study that artery was re-canalized in 
48 patients with an AMI diagnosis following catheter-mediat-
ed intracoronary streptokinase infusion. But a high degree of 
stenosis was found, and all patients had coronary artery bypass 
graft (CABG) surgery. This should be taken into account as the 
presence of residual thrombus may overestimate lesion sever-
ity by angiography [23]. Van Lierde et al have examined the 
residual stenosis in STEMI patients, where 49 patients were 
given TT and 42 patients were given placebo. Almost 75% of 
patients had > 50% residual stenosis in IRA, and no differ-
ence were observed between the groups. Heparin was given 
as anti-thrombotic and aspirin as antiplatelet therapy [9]. Lle-
vadot et al detected < 50% residual stenosis in 8.9% of 2,119 
patients who participated in the TIMI 4, 10A, 10B and 14 stud-
ies and angiography performed 90 min after TT [12]. In this 
large study, measuring the degree of stenosis in an earlier time 

Table 3.  Medical Treatment in Admission and During Hospitalization

Drug All patients IRA ≥ 50% IRA < 50% P
Aspirin, % 100 100 100 NS
Clopidogrel, % 100 100 100 NS
UFH or LMWH, % 100 100 100 NS
Statins, % 97 97 100 NS
Beta blocker, % 94 94 90 NS
ACEI/ARB, % 92 93 87 NS
Nitrate, % 51 52 45 NS
Aspirin + clopidogrel + UFH or LWMH, % 100 100 100 NS

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; UFH: unfractioned heparin; LMWH: low molecular weight heparin; 
NS: non-significant.
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such as the 90 min after TT may have caused overestimation of 
residual stenosis. The importance of thrombolytic agent used 
for superimposed to mild-moderate stenosis is undeniable. In 
TIMI 14, patients who received combination therapy with a 
potent platelet inhibitor (abciximab) plus half-dose rt-PA (re-
combinant tissue plasminogen activator) were more likely to 
have a mild residual stenosis than those who received rt-PA 
alone, supporting that more complete thrombolysis results in 
less residual stenosis [12]. Our study’s results are consistent 
with IVUS, FFR and TT studies. The main problem after TT 
or thrombus aspiration is persistent thrombus that may lead 
to overestimation of the severity of the underlying stenosis in 
IRA. In our study CAGs were performed at a median 8 (1 - 17) 
days after successful TT and all patients receive the optimal 
therapy that recommended relevant guidelines (i.e. dual anti-
platelet, anticoagulant and statin) until the time of CAG per-
formed. While all patients in our study received dual antiplate-
let therapy, in earlier studies patients received only aspirin. 
Dual antiplatelet therapy is likely to have made a contribution 
to decline in the amount of residual thrombus and may con-
tributed to more accurate estimation of the degree of stenosis.

Out study has some important limitation. First limitation 
of our study is that it is a retrospective and single-center study. 
The second limitation of study is that we accessed coronary 
artery stesnosis only by CAG at median 8 days after reperfu-
sion therapy. If we could access degree of stenosis with IVUS 
or optical coherence tomography (OCT) it would be a more 
accurate result about stenosis degree. But, because our study 
was designed retrospectively it was not possible. The third 
limitaiton of our study is that even we descirbed less overes-
timation of residual stenosis by thrombus because all patients 
were reperfused with TT and treated with dual antithrombotic 
therapy, the possibility of increased stenosis in CAG by throm-
bus remains. To clarify this issue, we need further studies. The 
fourth and most important limitation of this study is that al-
most half of patients who received TT and were evaluated for 
study were excluded because of death, failed reperfusion, IRA 
that cannot be determinated, and CAG that was not performed 
during hospitalizaiton. This might have led to selection bias 
because it could be speculated that these patients may have had 
less pronounced stenosis.

Conclusions

In contrast to the general opinion, we detected that majority of 
STEMI patients had a significant stenosis in IRA.
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