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Abstract
Abstract Objective: The purpose of this study is to investigate the relationship between microvascular dysfunction and the
presence of fragmented QRS(f-QRS) in patients with acute inferior myocardial infarction(MI) who underwent primary percutaneous coronary intervention(PPCI). Methodology:274 consecutive patients with a mean age of 56.8 ± 9.8 who met the inclusion
criteria were enrolled; patients with TIMI 2-3 flow after PPCI were divided into two groups according to the myocardial blush
grade (MBG) 0-1 and MBG 2-3. The f-QRS includes different morphologies of the QRS and includes an additional R wave
(R ’) or notching at the lowest end of the S wave in two adjacent leads releasing the infarct area. ECG records were taken to
assess f-QRS and ST segment resolution was assessed in the first hour after the procedure. During angiographic examination,
myocardial blush grade (MBG) and TIMI flow were measured in the right coronary artery due to post-procedure infarction.
Results:The patients were divided into two groups as MBG 0-1 and MBG 2-3. In general, the median age was 56.8 ± 9.8,and
49 patients(17.9%) were women. Among all study patients, f-QRS count was 36(13.1%). In this study, 62 and 212 patients
had MBG 0-1 and MBG 2-3, respectively. f-QRS was detected in 23(21.7%) patients in the MBG 0-1 group and 13(10.7%)
patients in the MBG 2-3 group. In multivariate logistic regression, f-QRS [OR: 2.3(1.13-5.06),p = 0.027],ST segment resolution
at first hour [OR: 0.62 (0.39-0.90),p = 0.04], and TIMI frame number [OR: 1.05(1.01-1.09),p = 0.004] were found to be associated with MBG 0-1. Conclusion:Our study showed that the presence of f-QRS after PPCI was associated with microvascular
dysfunction in patients with inferior MI who underwent successful PPCI.F-QRS, a simple and inexpensive parameter, can be
used to assess microvascular dysfunction in MI patients who underwent PPCI. Keywords:microvascular dysfunction,fragmented
QRS,myocardial infarction

Introduction
Acute myocardial infarction (AMI) is an important cause of morbidity and mortality in patients with coronary
heart disease worldwide. It is important to identify high-risk patients, and the main goal of treatment
in AMI is to restore microvascular flow and maintain myocardial perfusion (1). Various markers such as
electrocardiography and coronary angiography have been used to determine myocardial reperfusion (2,3).
Fragmented QRS in 12-lead ECG has been shown to be associated with myocardial scarring in heart disease
(4,5) and it is also associated with cardiac mortality and morbidity in heart disease (6,7). The presence of
f-QRS has been associated with predicting ventricular tachyarrhythmia in ischemic cardiomyopathy, nonischemic cardiomyopathy, hypertrophic obstructive cardiomyopathy, Brugada syndrome, and arrhythmogenic
right ventricular cardiomyopathy, and it has been also associated with sudden cardiac death in these diseases
(8).
Although f-QRS is associated with depolarization, it is so far poorly understood regarding microvascular
function in patients with acute myocardial infarction. The purpose of this study is to assess the relationship
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between microvascular dysfunction and the presence of f-QRS in patients with acute inferior myocardial
infarction (MI) who underwent successful primary percutaneous coronary intervention (PPCI).
Patients and Methodology
306 consecutive patients diagnosed with acute inferior MI were enrolled in this study after discharge following
the review of their records. MI was diagnosed according to ACC / AHA 2012 guidelines. 32 patients were
excluded due to problems in the follow-up process. In addition, patients who had a heart attack and had a
previous heart attack were not included in the study. The remaining 274 patients with a median age of 56.8
± 9.8 years and with TIMI 2-3 after PPCI were included in the study. The patients were divided into two
groups as MBG 0-1 and MBG 2-3.
ECG records were taken to assess the fragmented QRS and ST segment resolution was assessed in the
first hour ECG routinely taken after the procedure. A 12-lead ECG with a paper speed of 25 mm/sec was
recorded in each patient at admission and 60 minutes after primary PCI. The fragmented QRS includes
different morphologies of the QRS, and the S wave in two adjacent leads contains an additional R wave
(R ’) or notching at the lowest end of the damaged area. The presence of fragmented QRS in 2 adjacent
inferior leads (II, III and aVF) indicated myocardial scar and necrosis in the inferior region. For ST segment
resolution, the largest ST segment elevation on the baseline ECG was taken as a reference for subsequent
assessment of ST segment elevation. ST segment measurement was made 60 milliseconds after J point at the
ST segment point. QRS duration was calculated manually according to the clinical condition of the patients
and was measured from the earliest beginning to the end of the last QRS deflection. QT was defined as
the interval between the beginning of the QRS and the end of the T wave. QT dispersion was calculated as
the maximum QT interval minus the minimum QT interval. All ECGs were analyzed manually by a single
experienced cardiologist who was blinded to this study.
Blood samples were taken from all patients and measurements were made using a standard Beckman Coulter
LH 780 Analyzer.
All patients were given 300 mg aspirin and 600 mg loading dose of clopidogrel before the procedure, and
intravenous heparin 10,000 U and intracoronary nitroglycerin were administered at the beginning of the
procedure. The use of glycoprotein IIb / IIIa inhibitor (tirofiban) was at the discretion of the operator. First
balloon angioplasty and then coronary artery stenting were performed in all patients.
All coronary angiographies were recorded using Philips AlluraXper FD 10/10 device. First balloon angioplasty and then coronary artery stenting were performed in all patients. The contrast injector was set at 4
mL/sec for the left coronary artery (8 mL bolus) and 3 mL/sec for the right coronary artery (6 mL bolus).
MBG was used to assess myocardial blush during angiography (9). Myocardial blush grading was performed
visually in a catheterization lab with a sinus film at a rate of 25 fps. This should have been sufficient to
assess the length of the coronary angiography. In this study, coronary angiography was sufficient to see the
venous phase of the contrast passage, and coronary angiography was performed with the same images as the
infarct-related artery. In the assessment of MBG, a single image was selected from multiple orthogonal views
to minimize overlapping of non-infarction areas. In most of the patients, right anterior oblique (RAO) was
used for the right coronary artery, and laterolateral or RAO was used for the circumflex coronary artery.
Two experienced cardiologists blinded to the study performed the MBG classification. The reproducibility of
MBG was assessed by 2 observers who examined 40 coronary angiograms. Inter-observer and intra-observer
agreement was 90% and 90%, respectively. TIMI flow grades were assessed as previously described (10) and
coronary atherosclerosis density was assessed using the Gensini score (11).
Echocardiographic evaluation using the Hewlett Packard SONOS 4500 and 2.5 to 3.5 mHz transducer according to the American Echocardiographic Association criteria was performed within the first 24 hours after
primary PCI by two cardiologists blinded to this study. Left ventricular ejection fraction (EF) was measured
using the modified Simpson method. The study was approved by the local Ethics Committee.
Statistical Analyses
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SPSS 18.0 (SPSS, Inc, Chicago, Illinois) was used statistically for analysis. Kolmogorov-Smirnov test evaluated the distribution of continuous variables. Student’s t test for continuous variables was used to analyze the
differences between main groups. In addition, univariate and multivariate logistic regression analyzes were
performed to evaluate the relationship between myocardial blushing grade and fragmented QRS, ST segment
resolution, and TIMI frame count. In the stepwise multivariate regression analysis (Backward, Wald), the
effect size was adjusted for all variables with a univariate significance level of <0.2. Adjusted odds ratios
(OR) are presented with 95% CIs. Continuous variables were expressed as mean + standard deviation and
categorical variables were expressed as percentages. Two-tailed P values <0.05 were considered statistically
significant.
Results
From January 2017 to December 2019, 306 consecutive patients diagnosed with acute inferior MI were
enrolled in this study after discharge following the review of their records. The number of patients excluded
during the follow-up period and reasons for exclusion were as follows: 23 patients (0.07%) were excluded
due to TIMI 0-1 flow, 7 patients (0.02%) due to bundle branch blocks, and 2 patients (0.006%) due to
chronic renal failure. A total of 274 patients (median age 56.8 ± 9.8 years) who presented with the first acute
inferior myocardial infarction and whose infarct-related artery was the right coronary artery were included
in the study. Primary percutaneous coronary intervention (PPCI) was performed in all patients. According
to patients with TIMI 2-3 flow after PPCI, patients were divided into two groups of MBG 0-1 and MBG
2-3. In this study, 62 and 212 patients had MBG 0-1 and MBG 2-3, respectively. The demographics and
laboratory parameters of the patients are shown in Table 1. As shown in Table 1, no significant difference
was found between the two groups in demographics and clinical characteristics. Compared with the MBG
2-3 groups, the MBG 0-1 groups had a significantly lower left ventricular ejection fraction and higher white
blood count, and the differences were statistically significant.
Comparison of angiographic and electrographic parameters between groups is shown in Table 2. Fragmented
QRS was more pronounced in patients with impaired microvascular reperfusion. MBG 2-3 groups and MBG
0-1 groups were similar in pain-to-balloon time (4.64 ± 1.84 vs. 57 ± 1.8, p: 0.78). Compared with the
MBG 2-3 groups, the ST segment resolution at one hour was significantly lower and the QRS duration was
significantly higher in the MBG 0-1 groups. However, the TIMI frame count was higher in the MBG 0-1
groups. In this study, there was no statistically significant difference between the two groups and between
the severity of coronary artery disease according the Gensini score. However, the Gensini scores were high
in the patients of the MBG 0-1 group.
After the multivariate logistic regression models were adjusted to fragmented QRS [OR: 6.5 (1.4-28.6), p =
0.01], ST segment resolution at one hour [OR: 0.30 (0.14-0.67), p = 0.003], TIMI frame number [OR: 1.05
(1.01-1.09), p = 0.004], age, gender and pain-to-balloon time in patients who underwent PPCI, myocardial
flushing was found to have deteriorated (as shown in Table 3).
Discussion
To our knowledge, this study is the first to evaluate the relationship between f-QRS and microvascular
dysfunction in inferior MI patients who underwent successful PPCI. In this study, the presence of f-QRS
was demonstrated in patients with impaired microvascular perfusion despite normal TIMI flow. Multivariate
logistic regression models revealed that fragmented QRS is the development of myocardial blushing.
Fragmented QRS represents myocardial scarring and has been found to be associated with poor prognostic
outcomes in heart disease (5,19-22). Das et al. found that all causes of death and cardiac events were higher
in patients with fragmented QRS compared to patients with non-fragmented QRS (5). In addition, a recent
meta-analysis showed that initially fragmented QRS was associated with increased all-cause deaths in heart
failure patients with reduced ejection fraction (23). In our study, we found that ejection fraction was lower
in patients with fragmented QRS. Ejection fraction is an important parameter in determining the short- and
long-term prognosis.
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In this study, fragmented QRS after angioplasty was associated with microvascular dysfunction in patients
with acute inferior myocardial infarction whose infarct-related artery is the right coronary artery, as evidenced by angiographic results. Impaired microvascular perfusion was significantly associated with adverse
cardiovascular events and mortality in patients with acute myocardial infarction. The success of primary
PCI in myocardial infarction is assessed by different methods such as ST segment resolution, TIMI flow, and
MBG. These microvascular perfusion markers represent a better predictor of clinical outcomes (12,13). In
this study, we used ST segment resolution and MBG to assess the success of reperfusion therapy. We found
that impaired microvascular reperfusion was higher in patients with fragmented QRS. Similarly, previous
studies have shown a negative relationship between fragmented QRS and reperfusion parameters (14,15,16).
In addition, Sridharan et al. found that fragmented QRS predicted impaired microvascular myocardial perfusion as assessed by ST segment resolution (17). In another study, Fatma et al. found that the presence of
fragmented QRS in patients with myocardial infarction was associated with inadequate myocardial reperfusion, and they recommended its use as a simple, non-invasive parameter to evaluate myocardial perfusion
(18).
Microvascular dysfunction is responsible for morbidity and mortality in many different cardiovascular diseases. Fibrosis is caused by irreversible damage to the cellular elements of the microvascular bed that feed the
myocardium. This leads to delays in interventricular conduction. Thus, it may cause fragmented QRS formation. Therefore, it is possible that f-QRS represent impulse conduction abnormalities and create a setting
for malignant reentrant ventricular arrhythmias and death. Das et al. showed that f-QRS in patients with
coronary artery disease was associated with ventricular conduction delay due to myocardial scar detected
by myocardial single photon emission tomography (24). In addition, in patients with known coronary artery
disease, f-QRS was associated with major adverse cardiac events and was demonstrated as an independent
predictor for all-cause mortality, and f-QRS was found to be associated with significantly higher arrhythmic
events (25). We can say that the f-QRS seen on the ECG represents the conduction delay caused by the
inhomogeneous activation of the ventricles due to myocardial scar.
Limitations of the Study
This study had a few limitations. The sample size was relatively small and cardiac complications had a short
follow-up time (only hospital stay). In addition, the MBG assessment is not quantitative and is a visual
assessment method.
Conclusion
Our study showed that the presence of f-QRS after successful PPCI was associated with microvascular
dysfunction in patients with inferior MI. Fragmented QRS in standard ECGs can be used for risk assessment
in myocardial infarction. More studies are needed to demonstrate the relationship between fragmented QRS
and reperfusion parameters in myocardial infarction.
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