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Background. In patients with ST-segment elevation myocardial infarction (STEMI), primary percutaneous coro-
nary intervention (PCI) was associated with early and sustained restoration of blood flow compared to fibrinolytic 
therapy. Impaired myocardial blush grade (MBG), may be present in many after successful PCI. Prolonged QRS 
was found to be associated with an increased morbidity and mortality after STEMI. 
Objectives. To find out if prolonged QRS in STEMI patients can predict low MBG after primary PCI.
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Patients and Methods. Sixty STEMI patients were included in our study. History taking, clinical examination, ECG 
with measuring of QRS duration, primary PCI, and echocardiography were done to them. QRS duration was mea-
sured before and after PCI and the change was calculated. 
Results. Patients with low MBG (0-1) had significantly higher QRS duration before and after PCI and significantly 
lower change after PCI (p <0.00001 for each).Independent predictors for MBG were in order of significance: QRS 
duration before PCI (p <0.00001), QRS duration after PCI (p <0.00001), Troponin level (p <0.00001), symptom to 
balloon time (p =0.0063), and CK-MB level (p=0.015). QRS duration 89 ms could predict low MBG with sensitivity 
82.6%, specificity86.5%, positive predictive value 79.2%, and negative predictive value 88.9%. 
Conclusion. In STEMI patients undergoing primary PCI, prolonged QRS duration was associated with a low MBG, 
a sign of impaired microvascular reperfusion. QRS duration before and after PCI were found to be independent 
predictors for low MBG (0-1).
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Introduction
Despite the major advances in its management, ST-
segment elevation myocardial infarction (STEMI) is 
still a leading cause of death and morbidity all over 
the globe [1, 2].The main goal of therapy in STEMI is to 
open the occluded artery, restore transluminal coro-
nary flow, restore microvascular flow and sustain the 
myocardial perfusion [3].Primary percutaneous coro-
nary intervention (PCI) was found to be superior to fi-
brinolytic therapy in treating STEMI patients. Primary 
PCI was associated with early and sustained resto-
ration of thrombolysis in myocardial infarction (TIMI) 
flow 3 compared to fibrinolytic therapy [4]. However, 
even after successful opening of infarct related ar-
tery with primary PCI and restoration of TIMI flow 
3, an impaired myocardial reperfusion as shown by 
poor myocardial blush grade (MBG), may be present 
in many patients which is associated with poor short 
and long term outcome [5]. So, it might be useful to 
search for predictors for poor myocardial perfusion in 
STEMI patients undergoing primary PCI. 

The prolongation of QRS duration, evaluated by a 
standard 12-lead ECG, is a marker of left ventricu-
lar dysfunction and has been associated with a poor 
prognosis in STEMI patients [6] and was also found 
to be associated with an increased risk of impaired 
ventricular systolic function and adverse events [7, 
8]. However, the relation between QRS duration and 
microvascular reperfusion as manifested by im-
paired MBG after primary PCI in STEMI patients has 
not been yet studied. Therefore, the aim of our work 
was to find outif the presence of prolonged QRS in 
the surface ECG of STEMI patients can predict a poor 

microvascular reperfusion and a low MBG after pri-
mary PCI.

Patients and Methods
This observational study was performed in the 
Cardiology Department, Zagazig and Benha 
Universities in co operation with  National Heart 
Institute during the period from January 2016 till 
May 2017. Sixty STEMI patients undergoing primary 
PCI were included in our study. The inclusion criteria 
were: confirmed first acute STEMI, which was defined 
by the presence of typical chest pain that lasts for at 
least 20 minutes in addition to ST-segment elevation 
≥ 0.1 mV in at least two contiguous leads [9].All pa-
tients were presented within 12 hours of beginning 
of symptoms. Primary PCI was done to all patients, 
primary PCI with considered successful when there is 
less than 20% residual stenosis and TIMI flow 3 of the 
infarct-related artery defined as normal flow, which 
fills the distal coronary bed completely [10].

Patients with left bundle branch block, with prior 
coronary revascularization, prior STEMI, or when 
primary PCI was not performed, were excluded 
from our. Our study included 60STEMI patients. Our 
Institutional Review Board had approved the study 
protocol.

After we obtained a written informed consent, an 
in addition to routine history and clinical examination, 
we did the following to every patient:

Complete standard 12-lead electrocardiography 
(ECG) was done on arrival to every patient.  In the 
present study, all measurements were obtained from 
infarct-related artery leads. Admission ECG was uti-
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lized for diagnosis of STEMI and for measurement 
of QRS duration. The QRS duration was measured 
manually with the help of a caliper and a magnifying 
lens (to diminish the effect of the ST deviation on the 
measurement). Measurements were done by two ex-
pert cardiologists who were unaware of other clinical 
and angiographic data. The average value of the mea-
surements obtained by the two investigators was tak-
en into account for statistical analysis in each patient. 
ECG was repeated 60 minutes after PCI and change 
in QRS duration was calculated by subtracting post-
angioplasty QRS duration from pre-angioplasty QRS 
duration.

Primary PCI was done to all patients within 12 
hours of onset of symptoms by at least two expert in-
terventionists. At least one of the operators met the 
criteria of individual operator level of the 2007 Clinical 
Competence Statement on Cardiac Interventional 
Procedures and its revision [11].Direct stenting, bal-
loon dilatation and stenting, balloon dilatation alone, 
and/or thrombus aspiration were done as indicated.
Glycoprotein (GP) IIb/IIIa inhibitor (eptifibatide) was 
given as appropriate, according to operator opinion.

TIMI flow was assessed by operators. Only patients 
with TIMI 3 flow were considered as successful PCI 
and included in our study [10].

Myocardial blush grade (MBG) was assessed of-
fline by two expert angiographers who were unaware 
of each other’s results and of the patients’ other data. 
MBG was assessed visually following the dye densi-
ty score: MBG 0 = contrast density or no myocardial 
blush, MBG 1 = minimal contrast density or myocardi-
al blush, MBG 2 = moderate contrast density or myo-
cardial blush but did not reach that obtained during 
angiography of a noninfarct-related coronary artery, 
MBG 3 = normal contrast density or myocardial blush 
whichequals that obtained during angiography of a 
noninfarct-related coronary artery [12].

Echocardiographic studies were performed for all 
patients using the GE VIVID E9 machine with 2.5-MHz 
transducer within 24 hours of admission. The stud-
ies were performed by two operators unaware of each 
other’s measures and of the patients’ clinical and an-
giographic data. Views were taken while the patients 
were in the left lateral position.Left ventricular end-
diastolic volume (LVEDV) and end-systolic volume 
(LVESV) was measured from the apical two-chamber 
and apical four-chamber views. Ejection fraction (EF) 
was calculated using the Simpson’s method [13]. Wall 
motion score (WMS) was measured from the apical-4 
and apical-2 chamber views using the sixteen seg-

ments model and giving a score to each segment ac-
cording to its motion as following, normal = 1, hypoki-
netic = 2, akinetic = 3, dyskinetic = 4, and aneurysm = 
5, and then WMS was calculated as the sum of scores 
of the 16 segments. Wall motion score index (WMSI) 
was calculated by dividing WMSI by 16 [13].

Statistical analysis. All data were analyzed using 
the SPSS for Windows package program (Version 
20.0, Armonk, NY, USA: IBM Corp.). Differences be-
tween patients’ group and control group were ana-
lyzed using χ2 test and student’s t-test. Correlations 
between different variables were investigated by 
Pearson correlation analysis. The logistic regression 
analysis was evaluated by the Hosmer–Lemeshow 
goodness-of-fit test.The receiver operating charac-
teristic (ROC) curve was made to analyze for cutoff 
points of different parameters and their relation to 
MBG. A p value < 0.05 was regarded as being statisti-
cally significant.

Results
Our study included 60 STEMI patients, 49 males and 
11 females. Their ages ranged from 34 to 83 years, 
with a mean age of 55.8±10.62 years. Patients were 
divided into two groups according to MBG:

Group 1: Included patients with MBG 0 or 1. This 
group included 23 patients, 19 males and 4 females; 
their mean age was 55.4±10.46 years.

Group 2: Included patients with MBG 2 or 3. This 
group included 37 patients, 30 males and 7 females; 
their mean age was 56.1±10.85 years.

There was no significant difference between the 
two study groups regarding other clinical, echocar-
diographic, angiographic, or PCI data. Patients with 
MBG 0-1 had significantly higher Troponin I level (p 
<0.00001), higher CK-MB level (p = 0.002), significantly 
higher QRS duration at first ECG (p <0.00001), signifi-
cantly higher QRS duration after PCI (p <0.00001), sig-
nificantly lower change in QRS duration (p <0.00001).
Coronary angiography and PCI data showed that pa-
tients with MBG 0-1 had significantly lower incidence 
of left anterior descending artery (LAD) as a culprit 
for STEMI (p = 0.02) and significantly higher incidence 
of right coronary artery (RCA) as a culprit for STEMI 
(p = 0.009) (Table 1).

The independent predictors for myocardial blush 
grade in the order of significance were QRS dura-
tion before PCI (p <0.00001), QRS duration after PCI 
(p<0.00001), Troponin I level (p <0.00001), symptom to 
balloon time (p = 0.0063), and CK-MB level (p = 0.015)
(Table 2).
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Table 1. Comparison between the two groups.
Group I

MBG 0-1
(n = 23)

Group II
MBG 2-3
(n = 37)

P value

Age (years) 55.4±10.46 56.1±10.85 0.137

Sex	 Male
	 Female

19 (82.6 %)
4 (17.4%)

30 (81.1 %)
7 (18.9 %) 0.882

Hypertension 14 (60.9 %) 24 (64.9 %) 0.755

Diabetes 5 (21.7 %) 12 (32.4 %) 0.371

Smoking 17 (73.9 %) 28 (75.7 %) 0.878

Dyslipidaemia 7 (30.4 %) 13 (35.1 %) 0.707

Anterior STEMI 12 (52.2 %) 27 (73 %) 0.101

Troponin I level (ng/ml) 1.52±0.45 0.86±0.55 < 0.00001

CK-MB (IU/L) 82.4±29.77 59.1±23.02 0.002

QRS duration: - First (ms) 89.35±9.05 77.08±9.30 < 0.00001

- Second (ms) 85.52±8.51 71.14±8.35 < 0.00001

 - Change (%) 3.83±2.72 7.71±3.59 < 0.00001

LVEDV (ml) 103.7±21.8 98.2±19.4 0.326

LVESV (ml) 43.8±13.6 39.7±15.2 0.283

EF (%) 59.4±9.11 60.7±10.21 0.61

Stenting 22 (95.6 %) 35 (94.6 %) 0.855

Baseline stenosis (%) 96.2±3.6 95.5±4.3 0.499

Stent diameter (mm) 2.89±0.626 3.11±0.714 0.215

Stent length (mm) 14.9±5.81 16.2±6.27 0.417

Culprit vessel: - LAD 13 (56.5 %) 31 (83.8 %) 0.02

LCX 2 (8.7 %) 2 (5.4 %) 0.619

RCA 8 (34.8 %) 3 (8.1 %) 0.009

OM 0 (0 %) 1 (2.7 %) 0.427

Data are expressed as mean±SD or number (%).STEMI: ST-
segment elevation myocardial infarction. LVEDV= left ventricular 
end diastolic volume, LVESV= left ventricular end systolic volume, 
EF = ejection fraction. LAD = left anterior descending artery. LCX 
= left circumflex artery. RCA = right coronary artery. OM = obtuse 
marginal artery. TIMI = thrombolysis in myocardial infarction.

Table 2. Logistic regression analysis for independent 
predictors of myocardial blush grade.

Predictor Odd ratio 95 % CI P value

QRS duration before PCI 11.89 9.52-14.26 <0.00001

QRS duration after PCI 10.79 8.75 - 12.83 <0.00001

Troponin I level 9.16 7.54 - 10.79 <0.00001

Symptom to balloon time 6.11 4.87-7.35 0.0063

CK-MB level 4.49 3.21-5.78 0.015

CI = confidence interval. PCI = percutaneous coronary 
intervention. CK = creatine kinase.

Table 3. Cut-off values for predictors of myocardial blush grade.
Predictor Cut-off point AUC Sensitivity Specificity PPV NPV

QRS duration before 
PCI 89 ms 0.852 82.6 % 86.5 % 79.2 % 88.9 %
Symptom to balloon 4 hours 0.798 67.6 % 82.6 % 86.2 % 61.3 %
Troponin 1.2 ng/ml 0.716 77.8 % 73.9 % 82.4 % 68.1 %
CK-MB 44 ng/ml 0.699 37.8 % 95.6 % 93.3 % 48.9 %

AUC = area under the curve. PCI = percutaneous coronary intervention. CK = creatine kinase.

The cut-off values for predictors of myocardial blush 
grade were shown in (Table 3). Regarding QRS duration 
before PCI, the cut-off point was 89 ms, the area un-
der the curve (AUC) was 0.852, sensitivity was 82.6%, 
specificity was 86.5 %, positive predictive value (PPV) 
was 79.2 %, and negative predictive value (NPV) was 
88.9 %. Regarding symptom to balloon time, the cut-
off point was 4 hours, AUC was 0.798, sensitivity was  
67.6%, specificity was 82.6%, PPV was 86.2%, and NPV 
was 61.3%.Regarding Troponin I level, the cut-off point 
was 1.2 ng/ml, AUC was 0.716, sensitivity was77.8%, 
specificity was 73.9 %, PPV was 82.4 %, and NPV was 
68.1%.Regarding CK-MB level, the cut-off point was 
44 ng/ml, AUC was 0.699, sensitivity was37.8 %, speci-
ficity was 95.6%, PPV was 93.3%, and NPV was 48.9%.
The receiver operating characteristic (ROC) curves for 
different parameters are shown in (figure 1).

Discussion
In the present work, we tried to explore the relation 
between the QRS duration and the degree of microvas-
cular reperfusion as assessed by MBG after successful 
primary PCI in STEMI patients. Our results showed a 
strong relation between them. Patients with low MBG 
(0-1) had significantly wider QRS either before or after 

Figure 1. The receiver operating characteristic (ROC) curves for 
different parameters.
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PCI and the change of QRS duration was significantly 
lower in them. Among independent predictors for low 
MBG, QRS duration was the most significant. QRS du-
ration before PCI was a good predictor for MBG with 
good sensitivity, specificity, positive, and negative 
predictive values.
Acute myocardial infarction is a noteworthy reason 
for mortality and major morbidities such as heart 
failure and fatal arrhythmias [2]. Impaired microvas-
cular reperfusion is a critical prognostic determinant 
in patients experiencing primary PCI [4]. In spite of 
the fact that primary PCI is capable of restoring blood 
flow in the infarct-related artery in the vast majority 
of STEMI patients, however left ventricular dilatation, 
systolic dysfunction, and heart failure still occur in a 
significant proportion of patients after successfully 
performed primary PCI [14]. Many investigators had 
studied the relation between microvascular reperfu-
sion, MBG, and their effect on LV dilatation and out-
come after primary PCI. Henriques and his colleagues 
have found that MBGwas able to predict mortality in 
patients after primary angioplasty even in the pres-
ence of with TIMI 3 flow. They also found that infarct 
size was larger and left ventricular EF was lower in 
patients low MBG (0-1) [15].

In patients with cardiogenic shock, a high MBG 
(2-3) was found to be a strong indicator of survival 
after rescue PCI [16]. Myocardial blush grade, symp-
tom to door time, and symptom to balloon time were 
found to be the only independent and significant pre-
dictors for left ventricular dilatation and remodeling 
in STEMI patients after successful primary PCI [17]. In 
their study, Şahan and Karamanlıoglu [18] have found 
a strong association between low MBG and ventricu-
lar arrhythmias in STEMI patients after primary PCI. 
This association was especially manifest in patients 
with who experienced ventricular fibrillation during 
their hospital stay. The simple resting 12-lead ECG is 
an exceedingly important tool not only in diagnosing 
STEMI patients but also on risk stratifying them. The 
initial ECG was able to predict 30 days all-cause mor-
tality after STEMI in the GUSTO-I population. The sum 
of ST-segment deviation, QRS duration, and evidence 
of prior myocardial infarction were independent pre-
dictors of mortality in this study [19]. The presence of 
fragmented QRS complex at the 48th hour of STEMI 
was found to be a strong predictor of mortality and 
major adverse cardiovascular events in patients ex-
periencing primary PCI [20].

In the Hirulog and Early Reperfusion or Occlusion-2 
trial study, the initial QRS duration and its changes 

after 60 minutes was strongly related to 30-days mor-
tality in STEMI patients receiving thrombolytic ther-
apy [21]. Also the VALIANT trial investigators have 
found that when the QRS duration was prolonged it 
was associated with larger LVEDV, LVESV, and re-
duced EF even when it was still within the normal 
range. Prolonged QRS was also associated with an in-
creased risk for development of heart failure cardio-
vascular mortality after STEMI [22]. In concordance 
with our study, Maden and his colleagues have found 
that the initial QRS duration on admission was related 
to the development of no-reflow in acute STEMI pa-
tients treated with primary PCI [23].

The association between QRS duration, extent of 
myocardial ischemia, and prognosis is quite complex. 
From the pathological point of view, myocardial ne-
crosis and scarring with possible injury to Purkinje 
fibers may result in impaired myocardial conduction 
[24] which results in prolongation of QRS duration. So, 
prolonged QRS duration after STEMI may be a sign 
of prolonged ischemia which in turn may explain its 
association with the impaired microvascular reperfu-
sion which is presented in our study by low MBG.

Conclusion
In STEMI patients undergoing primary PCI, prolonged 
QRS duration was associated with a low MBG, a sign 
of impaired microvascular reperfusion.

QRS duration before and after PCI and the change 
in QRS duration were found to be independent pre-
dictors for low MBG (0-1). Further studies with larger 
scales of patients may be needed to uncover the as-
sociation between QRS duration, myocardial reper-
fusion, and prognosis in STEMI patients undergoing 
primary PCI.

Study limitations
Actually our study had several limitations. First, we 
measured the QRS duration manually, that means 
there was no standardization. Second,we did not 
follow-up our patients to find the effect of prolonged 
QRS and impaired MBG on cardiac events. Third, we 
included a relatively small number of patients.

Conflict of interest: None declared.

References
1.	 Puymirat E, Simon T, Cayla G, Cottin Y, Elbaz M, Coste P, et al.: 

Acute Myocardial Infarction changes in Patient Characteristics, 

Management, and 6-Month Outcomes Over a Period of 20 Years 

in the FAST-MI Program (French Registry of Acute ST-Elevation 



8 International Heart and Vascular Disease Journal. Volume 7, № 21, Marсh 2019. Leading Article

or Non-ST-elevation Myocardial Infarction). Circulation. 

2017.117.030798.

2.	 Acharya T, Salisbury AC, Spertus JA, Kennedy KF, Bhullar A, 

Reddy HKK, et al.: In-Hospital Outcomes of Percutaneous 

Coronary Intervention in America’s Safety Net: Insights From 

the NCDR Cath-PCI Registry. JACC Cardiovasc Interv 2017, 10 

(15): 1475-1485.

3.	 Roe MT, Ohman EM, Maas AC, Christenson RH, Mahaffey KW, 

Granger CB, et al.: Shifting the open-artery hypothesis down-

stream: the quest for optimal reperfusion. J Am Coll Cardiol 

2001, 37 (1): 9-18.

4.	 Keeley EC, Boura JA and Grines CL.: Primary angioplasty ver-

sus intravenous thrombolytic therapy for acute myocardial in-

farction: a quantitative review of 23 randomised trials. Lancet 

2003, 361 (9351): 13-20.

5.	 Brener SJ, Dizon JM, Mehran R, Guerchicoff A, Lansky AJ, 

Farkouh M, et al.: Complementary prognostic utility of myo-

cardial blush grade and ST-segment resolution after pri-

mary percutaneous coronary intervention: analysis from the 

HORIZONS-AMI trial. Am Heart J 2013, 166 (4): 676-83.

6.	 Hathaway WR, Peterson ED, Wagner GS, Granger CB, 

Zabel KM, Pieper KS, Clark KA, et al.: Prognostic significance 

of the initial electrocardiogram in patients with acute myo-

cardial infarction. GUSTO-I Investigators. Global Utilization of 

Streptokinase and t-PA for Occluded Coronary Arteries. JAMA 

1998, 279 (5): 387-91.

7.	 Açil T, Türköz R, Açil M, Sezgin AT, Baltali M, Gülcan O, et al.: 

Value of prolonged QRS duration as a predictor of low cardi-

ac output syndrome in patients with impaired left ventricular 

systolic function who undergo isolated coronary artery bypass 

grafting. Am J Cardiol 2006, 98 (10): 1357-62.

8.	 Abdelnoor M, Nitter-Hauge S, Risum O, Svennevig JL and 

Amlie JP. Duration of preoperative electrocardiographic QRS 

complex and the incidence of heart arrest after aorto coronary 

bypass surgery. Scand Cardiovasc J 2000, 34 (2): 186-91.

9.	 O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de 

Lemos JA, et al.: American College of Cardiology Foundation/

American Heart Association Task Force on Practice Guidelines. 

2013 ACCF/AHA guideline for the management of ST-elevation 

myocardial infarction: a report of the American College of 

Cardiology Foundation/American Heart Association Task Force 

on Practice Guidelines. Circulation. 2013, 127 (4): e362-425.

10.	 TIMI Study Group. The Thrombolysis in Myocardial Infarction 

(TIMI) trial. Phase I findings. N Engl J Med 1985, 312 (14): 932-6.

11.	 Harold JG, Bass TA, Bashore TM, Brindis RG, Brush JE Jr, 

Burke JA, et al: ACCF/AHA/SCAI 2013 update of the clini-

cal competence statement on coronary artery interventional 

procedures: a report of the American College of Cardiology 

Foundation/American Heart Association/American College of 

Physicians Task Force on Clinical Competence and Training 

(Writing Committee to Revise the 2007 Clinical Competence 

Statement on Cardiac Interventional Procedures). J Am Coll 

Cardiol 2013, 62 (4): 357-96.

12.	 Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, 

Cercek B et al : ACC/AHA/SCAI Focused Update on Primary 

Percutaneous Coronary Intervention for Patients With ST-

Elevation Myocardial Infarction: An Update of the 2011 ACCF/

AHA/SCAI Guideline for Percutaneous Coronary Intervention 

and the 2013 ACCF/AHA Guideline for the Management of 

ST-Elevation Myocardial Infarction: A Report of the American 

College of Cardiology/American Heart Association Task 

Force on Clinical Practice Guidelines and the Society for 

Cardiovascular Angiography and Interventions. Circulation. 

2016, 133 (11): 1135-47.

13.	 Lang RM, Bierig M, Devereux RB, Flachskampf FA, 

Foster  E, Pellikka PA, Picard MH, et al: American Society of 

Echocardiography’s Guidelines and Standards Committee, 

European Association of Echocardiography. Recommendations 

for chamber quantification: a report from the American 

Society of Echocardiography’s Guidelines and Standards 

Committee and the Chamber Quantification Writing Group, 

developed in conjunction with the European Association 

of Echocardiography, a branch of the European Society of 

Cardiology. J Am Soc Echocardiogr 2005, 18 (12): 1440-63.

14.	 Bolognese L, Neskovic AN, Parodi G, Cerisano G, Buonamici P, 

Santoro GM, et al.: Left ventricular remodeling after primary 

coronary angioplasty: patterns of left ventricular dilation and 

long-term prognostic implications. Circulation 2002, 106 (18): 

2351-7.

15.	 Henriques JP, Zijlstra F, van’t Hof AW, de Boer MJ, Dambrink 

JH, Gosselink M, et al.: Angiographic assessment of reperfu-

sion in acute myocardial infarction by myocardial blush grade. 

Circulation 2003, 107(16): 2115-9.

16.	 Tarantini G, Ramondo A, Napodano M, Bilato C, Isabella G, 

Razzolini R, Iliceto S. Myocardial perfusion grade and survival 

after percutaneous transluminal coronary angioplasty in pa-

tients with cardiogenic shock. Am J Cardiol 2004, 93 (9): 1081-5.

17.	 Farag EM & Al-Daydamony MM : Symptom-to-balloon time 

and myocardial blush grade are predictors of left ventricular 

remodelling after successful primary percutaneous coronary 

intervention. Cardiovasc J Afr 2017, 28 (3): 186-190.

18.	 Şahan E & Karamanlıoglu M.: Myocardial blush grade can pre-

dict the early ventricular arrhythmias after acute coronary syn-

drome. Indian Heart J 2016, 68: 375.

19.	 Hathaway WR, Peterson ED, Wagner GS, Granger CB, Zabel KM, 

Pieper KS, et al. Prognostic significance of the initial electrocar-

diogram in patients with acute myocardial infarction. GUSTO-I 

Investigators. Global Utilization of Streptokinase and t-PA for 

Occluded Coronary Arteries. JAMA 1998, 279 (5): 387-91.

20.	 Ari H, Cetinkaya S, Ari S, Koca V & Bozat T. : The prognostic sig-

nificance of a fragmented QRS complex after primary percuta-

neous coronary intervention. Heart Vessels 2012, 27 (1): 20-8.



9Mohammad M Al-Daydamony et  all. Can QRS Duration Predict Microvascular Reperfusion 

21.	 Wong CK, Gao W, Stewart RA, French JK, Aylward PE, White 

HD. Et al.: Relationship of QRS duration at baseline and chang-

es over 60 min after fibrinolysis to 30-day mortality with dif-

ferent locations of ST elevation myocardial infarction: results 

from the Hirulog and Early Reperfusion or Occlusion-2 trial. 

Heart 2009, 95 (4): 276-82.

22.	 Yerra L, Anavekar N, Skali H, Zelenkofske S, Velazquez E, 

McMurray J, Pfeffer M, et al.: Association of QRS duration and 

outcomes after myocardial infarction: the VALIANT trial. Heart 

Rhythm 2006, 3 (3): 313-6.

23.	 Maden O, Kaçmaz F, Selçuk MT, Selçuk H, Alyan O, Aksu T, et al: 

Relation of admission QRS duration with development of an-

giographic no-reflow in patients with acute ST-segment eleva-

tion myocardial infarction treated with primary percutaneous 

interventions. J Electrocardiol 2008, 41 (1): 72-7.

24.	 Friedman PL, Fenoglio JJ & Wit AL. Time course for reversal 

of electrophysiological and ultrastructural abnormalities in 

subendocardial Purkinje fibers surviving extensive myocardial 

infarction in dogs. Circ Res 1975, 36 (1): 127-44.


