
lable at ScienceDirect

Indian Heart Journal 70 (2018) S177eS181
Contents lists avai
Indian Heart Journal

journal homepage: www.elsevier .com/locate/ ihj
Original Article
Fragmented QRS on surface electrocardiogram as a predictor of
perfusion defect in patients with suspected coronary artery disease
undergoing myocardial perfusion imaging

Sepideh Hekmat a, Leili Pourafkari b, d, Mojan Ahmadi b, Mohammad Reza Chavoshi b,
Bijan Zamani c, Nader D. Nader d, *

a Dept. of Nuclear Medicine, Iran University of Medical Sciences, Tehran, Iran
b Cardiovascular Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
c Dept. of Cardiology, Ardabil University of Medical Sciences, Ardabil, Iran
d Dept. of Anesthesiology, University at Buffalo, Buffalo, NY, USA
a r t i c l e i n f o

Article history:
Received 14 April 2018
Accepted 28 September 2018
Available online 10 October 2018

Keywords:
Electrocardiogram
Coronary artery disease
Myocardial perfusion imaging
Fragmented QRS
* Corresponding author. 77 Goodell Suite #550, Buf
716 862 67 23.

E-mail addresses: sepidhekmat@hotmail.com (S.
(L. Pourafkari), mojan.ahmadi88@gmail.com (M. Ahm
com (M.R. Chavoshi), bijanzamani@gmail.com (B. Z
(N.D. Nader).

https://doi.org/10.1016/j.ihj.2018.09.011
0019-4832/Published by Elsevier B.V. on behalf of Car
licenses/by-nc-nd/4.0/).
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Background: Fragmented QRS (FQRS) on surface electrocardiogram (ECG) is associated with the presence
of myocardial scar tissue and may have prognostic value after certain ischemic events. We aimed to
examine the anatomical correlation of FQRS with the presence of perfusion abnormalities in patients
with suspected coronary artery disease (CAD).
Methods: Patients without a known history of CAD, who were referred for myocardial perfusion imaging
(MPI) between January 2016 and May 2016, were enrolled. The presence of FQRS on surface ECG was
evaluated. The presence of FQRS, number of leads with FQRS, and the location of FQRS as well as patient
characteristics were compared in patients with normal versus abnormal MPI. Multivariate model was
constructed to identify independent factors associated with perfusion defect.
Results: One hundred four women and 94 men were enrolled. Fragmentation of anterior, lateral, and
inferior leads was detected in 13 (6.5%), 17 (8.5%), and 36 (18.1%) subjects, respectively. MPI was normal
in 134 (67.6%) patients. FQRS was significantly more common in patients with abnormal MPI (p < 0.001).
Age (odds ratio [OR]: 1.05 [1.02e1.08]; p ¼ 0.001), number of the leads presenting FQRS (OR: 1.46 [1.12
e1.92] p ¼ 0.006), and diabetes (OR: 2.33 [1.16e4.69]; p ¼ 0.018) were independent predictors of the
presence of perfusion defect on MPI.
Conclusion: In the absence of known CAD, FQRS is associated with the presence of perfusion abnor-
malities. Incorporating FQRS in diagnostic armamentarium may aid us in selecting patients who may
benefit from MPI.
Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ischemic heart disease (IHD) is still a major problem and leading
cause of death worldwide. Early diagnosis and intervention have
dramatically improved the outcomes of patients and decreased the
mortality due to IHD over the past decades. Development of various
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diological Society of India. This is a
tools that helps with timely diagnosis plays an important role in
early intervention for this deadly disease.1 Fragmentation of QRS
complex (FQRS) on a 12-lead surface electrocardiogram (ECG) had
recently gained increasing attention as a simplified noninvasive
ECGmarker with diagnostic and prognostic value in various cardiac
pathologies associated with myocardial scarring.2,3 FQRS is defined
as the presence of various RSR' patterns including an additional R
wave, notching of the R or S waves, or the presence of more than
one fragmentation in two contiguous leads.4 FQRS is a sign of de-
polarization abnormality of the myocardium that corresponds to
the region within the territory of a significant coronary artery
lesion. Its presence has been associated with significant myocardial
scarring.5
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Myocardial perfusion imaging (MPI) is considered the diag-
nostic gold standard in identifying regional abnormalities in
myocardial perfusion and myocardial viability with some prog-
nostic value.6 MPI is currently used in routine practice to diagnose
and to guide management of patients with coronary artery disease
(CAD). It has been shown to be of value for risk stratification of
patients with suspected acute coronary syndrome (ACS).7 There-
fore, guidelines recommend considering MPI in patients with
possible ACS who have normal serial ECG and cardiac troponin
level.8

The goal of the present study was to evaluate the significance of
incorporating FQRS on the 12-lead ECG as a predictor of a
myocardial perfusion defect in patients without known CAD. We
hypothesized that even in these patients, the presence of FQRS
would associate with perfusion abnormality on MPI.

2. Methods

This was a cross-sectional prospective study performed at a
university-affiliated imaging center. Institutional review board
approved the study for its scientific and ethical merit. Written
informed consent was obtained from participants upon full
description of the study. Data were treated carefully and confi-
dentially to ensure patient privacy. Patients who were referred for
MPI between January 2016 and May 2016 were screened by a
research team member. Patients with paced rhythm, prior history
of myocardial infarction (MI), pathological Q wave in surface ECGs
without a history of MI, prior coronary revascularization or ACS,
bundle branch block, atrial fibrillation, and those with pericardial
diseases were excluded. In addition, patients with hypertrophic or
Fig. 1. An example of myocardial perfusion scan images of a patient who also de
restrictive cardiomyopathy and those with a known history of
systolic heart failure with left ventricular ejection fraction < 50%
were not included.

The study variables including demographic, ECG, and clinical
factors were collected for each patient. Demographic data and
clinical variables including gender, age, smoking history, family
history of CAD; preexisting comorbidities including hypertension,
diabetes mellitus (DM), hyperlipidemia; and clinical presentations
including chest pain, dyspnea, or positive exercise stress test (EST).
The indication for MPI was also recorded for each patient (symp-
toms suggestive of ischemia, positive findings EST, and preopera-
tive evaluation for noncardiac surgery).

Standard 12-lead surface ECG was obtained on the day of ex-
amination and reviewed and evaluated for QRS fragmentation of
anterior, lateral, and inferior leads independently by two cardiol-
ogists, and a consensus was reached later on. The FQRS was defined
as notching of R or S waves or the presence of an additional r wave
or QRS fragmentation in two contiguous leads (Fig. 1).9 All patients
underwent ECG-gated MPI with single-photon emission computed
tomography. For patients, for whom standard EST can not be per-
formed, pharmacologic stress was induced using dipyridamole for
nonasthmatic patients and dobutamine for those with reactive
airway disease. MPI was performed using technetium methoxy
isobutyl isonitrile. An experienced physician specialized in nuclear
medicine and blinded to the results of ECG interpreted all images
obtained fromMPI studies. The number of segments with abnormal
perfusion was also recorded using the standard 20-segment model
(Fig. 1).

Normal distribution of the quantitative datawas assessedusing the
KolmogoroveSmirnov test. Data are expressed as mean ± standard
monstrated fragmentation of the QRS complexes mainly in lead III and avF.
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deviation or median (interquartile range), as appropriate. The inde-
pendent samples t-test and the ManneWhitney U-test were used to
compare independent groups for continuous variables. Fisher's exact
chi-square analysis was used as appropriate to compare the fre-
quencies of categorical variables. Odds ratios with 95% confidence
intervals were reported for each variable. The significantly different
variables with a p-value < 0.05 in univariate analysis (DM, age, and
number of leads with FQRS) were entered into a multivariate binary
logistic regression model to assess the independent predictive factors
of myocardial perfusion defect. Bonferroni adjustment was made for
multiple comparisons, and the adjusted p-values were reported. Null
hypotheses were rejected if adjusted p-values were less than 0.05.

3. Results

One hundred ninety-eight patients (104 women and 94 men)
who fulfilled the inclusion criteria during the aforementioned time
period were enrolled. The mean age of the patients was 59.2 ± 13.0
years. FQRS was present in 62 (31.3%) patients. Fragmentation of
anterior, lateral, and inferior leads was detected in 13 (6.5%), 17
(8.5%) and 36 (18.1%) patients, respectively. MPI was reported
normal in 134 (67.6%) patients, and the remaining 68 patients had
varying degrees of perfusion abnormalities of the myocardium.
FQRS was significantly more common in patients with abnormal
MPI (p < 0.001). Seventy patients (35.3%) had been referred for MPI
as for preoperative risk assessment, 10 patients (5.0%) had positive
EST results, and the remaining 59.6% had symptoms suggestive of
ischemia.

Clinical presentations or positive findings in EST did not corre-
late with the presence of abnormalities in MPI study. Hypertension
and smoking status were not found to be related to myocardial
perfusion defects. Table 1 shows the characteristics of patients with
normal MPI in comparison with those who were reported to have
perfusion defect in their study. In patients with positive findings in
MPI, the median number of leads with FQRS was two (interquartile
range (IQR) ¼ 2), whereas in patients with normal MPI, the median
number of leads with FQRS was 0 (IQR¼ 0) (p < 0.001). The median
number of segments with abnormal perfusion was 1 (ranging 0e5)
Table 1
Contribution of coronary risk factors, clinical presentation, and QRS fragmentation of the

Variables in equation Negative perfusion Scan, N ¼ 134 Positive p

Gender (female/male) 75/59 29/35
Age (years) 56.7 ± 12.7 64.2 ± 12
Family history of CAD 17 (12.8%) 1 (1.6%)
Hypertension 73 (54.9%) 35 (54.7%
Diabetes mellitus 29 (21.8%) 26 (40.6%
Hyperlipidemia 36 (27.1%) 26 (40.6%
Current smoking 12 (9.0%) 9 (14.1%)
Prior smoking 14 (10.5%) 9 (14.1%)
Chest pain 43 (32.3%) 20 (31.3%
Dyspnea 22 (16.4%) 9 (14.1%)
Positive exercise tolerance test 3 (14.3%) 0 (0.0%)
Fragmentation of anterior leads 5 (3.7%) 8 (12.5%)
Fragmentation of lateral leads 8 (6.0%) 9 (14.1%)
Fragmentation of inferior leads 19 (14.2%) 17 (26.6%

CAD, coronary artery disease; CI, confidence interval.

Table 2
Multivariate binary logistic regression of the factors with a p-value < 0.15 in univariate a

Variables in equation Coefficient SE Wald

Age (year) 0.045 0.014 10.67
Number of the leads 0.382 0.138 7.68
Diabetes mellitus 0.846 0.356 5.64
Constant �4.069 0.886 21.08

CI, confidence interval; SE, standard error.
in patients with positive MPI. Age was significantly higher in pa-
tients with positive perfusion scans (p < 0.001). Patients with FQRS
in anterior leads were 3.69 times more likely to have abnormal MPI
compared with those who did not have this finding (p ¼ 0.030).

Multivariate binary logistic regression analyses demonstrated
that the presence of FQRS on ECG was associated with 46% increase
in the likelihood of perfusion abnormality in MPI (odds ratio
[OR] ¼ 1.46; 95% confidence interval of 1.12e1.92; p ¼ 0.006). For
every 1-year increase in age, the risk of positive finding in MPI
increased by 5% (OR ¼ 1.05; 95% confidence interval of 1.02e1.08;
p ¼ 0.001). In addition, the number of the ECG leads with FQRS and
history of DM (OR ¼ 2.33; 95% confidence interval of 1.16e4.69;
p ¼ 0.018) were independent predictors of presence of perfusion
defect on MPI (Table 2).

4. Discussion

The present study demonstrated that the number of ECG leads
with FQRS, age, and DM were independent predictors of perfusion
defects on MPI in patients with suspected CAD. MPI is routinely
performed to determine the extent of ischemia and to differentiate
regional perfusion defects from old preexisting myocardial scars.
Our patient populationwas highly selected to have no prior history
of CAD, and therefore, there was expectedly a high proportion of
normal MPI studies. MPI is accompanied by economic and biolog-
ical burden because of its use of radioactive material.10 It is reported
that almost two-thirds of nuclear stress imaging tests are appro-
priate according to the criteria set through published guidelines.11

The frequency of FQRS on ECG examinations was interestingly
less common in patients with normal MPI in the absence of CAD.
Therefore, the presence of FQRS on ECG may be of value in deter-
mining the necessity for referring patients with various cardiac
diseases toMPI. As such, incorporating FQRS to patient profile could
be helpful in risk justification and appropriate referral of patients
for more invasive imaging studies.12

Reports have focused on the association of FQRS with myocar-
dial ischemia and scarring. Some studies have shown that the
presence of FQRS on ECG is associated with myocardial
patients to positive perfusion scan.

erfusion scan, N ¼ 64 Odds ratio Lower CI Upper CI p-value

1.58 0.87 2.86 0.173
.3 1.05 1.02 1.08 <0.001

0.11 0.01 0.82 0.008
) 0.99 0.54 1.81 1.000
) 2.39 1.25 4.56 0.011
) 1.84 0.98 3.46 0.071

1.62 0.65 4.07 0.330
1.37 0.56 3.35 0.488

) 0.93 0.49 1.76 0.872
0.83 0.36 1.93 0.835
0.86 0.72 1.02 1.000
3.69 1.15 11.76 0.030
2.58 0.94 7.03 0.100

) 2.19 1.05 4.58 0.048

nalysis which contribute to development of a positive perfusion scan.

p-value Odds ratio Lower CI Upper CI

0.001 1.05 1.02 1.08
0.006 1.46 1.12 1.92
0.018 2.33 1.16 4.69
<0.001 0.02
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ischemia.13,14 Others have confirmed that FQRS could be a sign of
myocardial scarring.15 While the exact electrophysiology of this
phenomenon is not completely understood, the experimental
studies have indicated that the chronic myocardial ischemia causes
partial depolarization and depression in upstroke velocities of the
action potential. Subsequently, the activation of cardiac myocytes
significantly slows down and in conjunction with the abnormal
conduction pattern of the tissue surrounding the scar tissue‘
various spikes are generated within QRS complex.9,16,17

We demonstrated a relatively higher association between
myocardial perfusion defects and FQRS detected in anterior and
inferior leads compared with those in lateral leads. Ozdemir et al14

suggested that patients with FQRS had a higher incidence of
myocardial ischemia and scarring on MPI compared to patients
without FQRS. We also found that the number of ECG leads with
FQRS is an independent predictor of perfusion defect onMPI. This is
probably due to the involvement of larger areas of myocardium
(anterior and inferior regions vs. lateral wall and the total number
of leads with FQRS) leading to larger perfusion defects. Various
studies have investigated the association between the number of
ECG leads and adverse cardiovascular events. It has been reported
that the presence of FQRS in two or more ECG leads in patients with
CAD is predictive of future coronary events.9 A larger number of
leads with FQRS (particularly �3), has been shown to be an inde-
pendent predictor of cardiac death or heart failureerelated hospi-
talization in patients with prior MI.18

Several studies have shown a relationship between the exis-
tence of FQRS in patients with CAD and prognosis of cardiac events.
Das et al reported higher all-cause mortality and cardiac event rate
in the patients with FQRS compared with the non-FQRS group.9

They also confirmed that fragmentation of the QRS complex
could be used as an indication of non-Q wave MI and as a predictor
of ventricular arrhythmia. They reported higher sensitivity and
negative predictive value of FQRS as a marker of prior MI compared
with the Q wave.4

In this study, we also found that for every year increase in age,
the risk of myocardial perfusion abnormality on MPI increases. We
speculated that this observation occurred because of the higher
prevalence of CAD in elderly. Although the effect of aging on
myocardial perfusion remains controversial, the study by Uren
et al19 suggests that a significant reduction occurs in hyperemic
flow and myocardial perfusion reserve of individuals beyond the
age of 70 years. Comparably, Ozdemir et al14 have shown an in-
crease in the frequency of FQRS with aging.

Finally, we found that DM also independently is associated with
perfusion abnormalities on MPI. The predictive role of DM can be
explained by vascular dysfunction and postprandial hyperglycemia
associated with myocardial perfusion defects in these patients.
Hyperglycemia, excessive free fatty acids (ketone bodies), and
associated insulin resistance result in endothelial dysfunction and
inflammation that both lead to atherogenesis among diabetics.20

Wackers et al21 have reported silent myocardial ischemia among
asymptomatic diabetic subjects and found suppressed Valsalva
heart rate response due to autonomic neuropathy caused by dia-
betes as the strongest factor associated with moderate/large
perfusion defects.

5. Limitations

The authors have a full understanding that the single-center
nature of this study may limit its impact. Although single-center
studies may suffer from lower sample size, but the fact that all
perfusion examinations are examined by a single nuclear imaging
specialist and that basically eliminates any possibility for inter-rater
variability in this study. In addition, we do not have the results of
coronary angiography for patients who underwent further evalu-
ation for positive MPI and do not report the rate of cardiac events in
follow-up, which would have been of value. Although coronary
angiogram is widely used to diagnose obstructive coronary lesions
in high-risk population, MPI with a sensitivity of close to 80% offers
a decisive role onwhether the observed lesions carry a significance
in tissue level perfusion of the myocardium.22 Therefore, we have
opted to use the abnormal findings of any sort in this test as the
primary end point to this studywith an aim to link these findings to
the presence of fragmentation of the QRS complex on surface ECG
without focusing on the angiographic findings.

6. Conclusion

In this selected population without known CAD, the number of
ECG leads with QRS complex fragmentation, age, and DM were
predictive of presence of perfusion defect on MPI. This study il-
lustrates the importance of incorporating noninvasive tools in the
identification of at-risk groups. Our study results have led us to
conclude that the presence of FQRS on ECG is an inexpensive and
readily available marker that can be considered as an indicator of
myocardial ischemia and/or subclinical infarction with related
ventricular perfusion abnormalities. Therefore, patients with this
ECG abnormality may benefit from more invasive testing with
myocardial perfusion scanning to confirm the diagnosis of
myocardial scaring.
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