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Background: Fragmented QRS (fQRS) is defined as any QRS complex with duration of less than 120 ms
(ms) and at least one notch in the R or S wave in two or more leads belonging to the same coronary
territory. The fQRS represents a delay in ventricular conduction caused by a myocardial scar associated to
arrhythmic events.
Methods: This is a descriptive, retrospective, cross-sectional study of a total of 123 patientsadmitted with
ischemic heart disease. The aim was to correlate the presence of fQRS in a conventional 12-leads elec-
trocardiogram (ECG) with myocardial regional motility disorders.
Results: A total of 62% of the patients were male, the mean age was 63 ± 12 SD. fQRS was observed in 44%
(64% men and 36% women), the most frequent location being the inferior wall (61%), followed by the
anteroseptal and lateral walls (14% for both). Of the 36 patients with fQRS, 30 had segmental disorders,
while 6 did not. Of the 45 patients without fQRS, 28 had segmental disorders, but 17 did not, which gives
us a sensitivity of 52% (moderate SnNout) and specificity of 74% (high SpPin), with a positive predictive
value of 83%, a negative predictive value of 38% and a prevalence of 72%.
Conclusion: The presence of fQRS in the ECG has high specificity and a high positive predictive value of
the existence of segmental myocardial motility disorders in patients with documented coronary artery
disease.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

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

Cardiovascular diseases are the leading cause of illness and
death in developed countries and it is expected that for the next
decade it will also be in developing countries.1e3 Coronary artery
disease (CAD) stands out for being the most prevalent and pre-
senting high morbidity and mortality.4e6 The predictors of poor
prognosis in CAD are decreased left ventricular function, ventric-
ular remodeling, and the development of potentially malignant
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arrhythmias.7e11 In recent years the search for new predictors of
poor prognosis in CAD has revealed the presence of fragmented
QRS (fQRS).11e21

The fQRS, evaluated on the 12-lead electrocardiogram (ECG),
represents a delay in ventricular conduction caused by the presence
of a myocardial scar. Even without being specific to CAD, it was
associated to an increased risk of mortality and arrhythmic events
as an addition to the already known ejection fraction (EF), which
proved to be a good prognostic marker.16e24 The fQRS was defined
as a QRS complex with duration of less than 120ms and at least one
notch in the R or S wave in two or more leads belonging to the same
coronary territory.21e26 fQRS is a simple marker of non-invasive
electrocardiographic depolarization used to identify individuals at
high risk of ventricular arrhythmias and sudden cardiac death in
various clinical settings, including CAD.25e29
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It has been demonstrated that fQRSis a useful indicator as a
diagnostic tool for the detection of myocardial infarction, and also
as a predictor of cardiac events including progression of heart
failure and death after acute coronary syndrome.25e29 Moreover,
fQRS has beenshown to be a sign of myocardial scar tissue forma-
tion based on myocardialperfusion studies.30 However, the sensi-
tivity, specificity and predictive value of fQRS for predicting
alteration in myocardial contractility in patients with documented
chronic CAD remains scantly known. Therefore, we aim to analyze
and correlate the presence of fQRS with myocardial regional
motility disorders in patients with chronic CAD. We also sought to
determine the prevalence of the presence of fQRS in the electro-
cardiograms of our study patients to identify the most frequent
electrocardiographic location of QRS fragmentation, and to deter-
mine the type of motility disorder in these patients and their
location. To the best of our knowledge this the first study to eval-
uate the sensitivity, specificity and predictive values of the fQRS in
predicting echocardiographic alterations of the myocardial
contractility in coronary angiography proven CAD.
2. Materials and methods

2.1. Study patients

In a descriptive, retrospective, cross-sectional study, a total of
123 patients were admitted to the Cardiology Department of the
Hospital de Clínicas with chronic CAD during the period from
March 2016 to February 2017 and studied with noninvasive diag-
nostic methods and coronary angiography. Although, most of the
patients had documented signs of CAD with non-invasive studies,
81 non-consecutive patients had their CAD corroborated by coro-
nary angiography. CAD was defined as the presence of a sten-
oticatheromatous plaque producing a greater than 50% stenosis on
coronaryangiography. The studies were conducted in accordance
with the ethical standards of the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards with the
approval of the localinstitutional ethics review board.
2.2. Study variables and statistics

The 12 leads conventional ECG were taken with an electro-
cardiographer MAC 600 GE Medical Systems Information Tech-
nologies, Inc, Milwake, WI, USA, at a speed of 25 mm/s, with
automatic standardizations according to voltage. The measure-
ments were made manually, avoiding automated measurements.
Regarding the FQRS, the patients who presented it were grouped
according to the affected walls in inferior, antero-septal, anterior,
lateral, and the combination of any of these. The existence of FQRS
on 12-lead ECG was defined according to previous related inves-
tigations.17e19 An example of FQRS is shown in Fig. 1. In patients
with narrow QRS, namely, QRS less than 120 ms, the definition of
FQRS comprised the presence of an additional R wave (R0) or
notching in the nadir of the Rwave or the S wave, or the presence of
one R’ (fragmentation) in two contiguous leads. In patients with
wide QRS, FQRS was defined as two notches in the R or S wave in
two contiguous leads.

We analyzed: age, sex, cardiovascular risk factors, symptoms,
NYHA functional class, the presence and location of fQRS on the
electrocardiogram, the ejection fraction (EF) and regional myocar-
dial motility disorders with their respective location on the echo-
cardiography.30 The variables were recorded in the Excel 2007
spreadsheets. The analysis was performed using EPI Info statistical
version 7.2.0.1 and Epidat 3.1 software’s. In the descriptive analysis,
the qualitative variables were expressed in frequencies and
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percentages, and the quantitative variables in means and standard
deviations (SD); or as medians and interquartile ranges. In the
qualitative variables, the sensitivity and specificity were analyzed
with 95% confidence intervals. The electrocardiograms and echo-
cardiographies were reviewed independently by two researchers
(JT and NA), and the measurements were entered in duplicate to
eliminate interobserver variability. Kappa values were utilised to
determine interobservervariability and reliability for categorical
variables; values of 0.81e1.0 are indicative of excellent agreement;
0.61e0.80, substantial agreement; 0.41e0.60, moderate agree-
ment; 0.21e0.40, fair agreement; 0e0.20, slight agreement; and
values � 0, poor agreement.31 This method produced an excellent
correlation between the two observations with a kappa statistic of
0.92. If there was discrepancy between the two recordings, the
original electrocardiogramwas retrieved and reassessed by the two
researchers and reviewed with a third cardiologist (OC), together
until a consensus was reached. We estimated the strength of the
associations using 95% confidence intervals and a p-value < 0.05
was considered statistically significant.

3. Results

Of the total 123 patients with ischemic heart disease, 81 had
documented coronary artery disease by coronary angiography.
These are the patients entered for further analysis. Of all the pa-
tients 62% were male and 38% were female, the average age was
63 ± 12 SD, the minimum age being 36 years and the maximum age
94 years. Most of the patients(78%) had high blood pressure, 25%
had type 2 diabetesmellitus, 25% had dyslipidemia,12% obesity,11%
family history and 33% smoking.

There were 47% of the patients admitted due to dyspnea and
53% due to chest pain not related to acute coronary syndrome.Of de
total number of patients with documented CAD, 44, 4% presented
fQRS (64% men and 36% women), the most frequent location being
the inferior wall, followed by the anteroseptal and lateral walls,
then the inferolateral involvement, and in a smaller percentage the
rest of the walls as depicted in Fig. 2. The mean ejection fraction
(EF) was 48 ± 13%. Alterations in myocardial contractility were
found in 80% of the patients (akinesia, hypokinesia or dyskinesia).
The most frequent locations showing no significant difference were
in the apical (52%), inferior (49%), and septal walls (47%). Most of
the patients with fQRS, especially in the inferior leads, had also
small Q waves, as the ones that can be seen in the inferior leads
ofour Fig. 1. Therefore, fQRS did not provide incremental value over
abnormal Q waves in predicting wall motion abnormalities.

Of the 36 patients with fQRS, 30 had segmental disorders, while
6 patients did not. Of the 45 patients without fQRS, 28 had
segmental disorders, while 17 patients did not, which gives us a
sensitivity of 52% (moderate SnNout), and a specificity of 74% (high
SpPin) in the prediction of alterations in myocardial contractility.
The positive predictive value was 83%, and the negative predictive
value was 38% (Table 1). The prevalence value was found to be 72%.
Fig. 3 depicts the receiver operating characterisitic (ROC) curve
ofthe QRS complex fragmentation for abnormalities of the
myocardial contractility.

4. Discussion

To the best of our knowledge this the first study to evaluate the
sensitivity, specificity and predictive values of the fQRS in pre-
dicting alterations of the myocardial contractility in coronary
angiography proven CAD. In the present work we have demon-
strated that the presence of QRS complex fragmentation in the
electrocardiogram has a high specificity and a high positive pre-
dictive value of the existence of segmental disorders of myocardial



Fig. 1. A conventional, standard 12 leads electrocardiogram showing fragmented QRS complexes (blue arrows) in DII, DIII, andaVF.
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contractility in patients with coronary artery disease. This has
inherent clinical implication since with a simple electrocardiogram
that is an efficient, fast, cheap and highly available diagnostic
auxiliary method; we may assume that a patient may also have
segmental parietal motility abnormalities of the ventricular
myocardium.

Fragmented QRS is a novel ECG parameter thatcan be assessed
from aninexpensive, easily obtainable, and fast conventional pro-
cedure; a standard 12-lead ECG. Fragmented QRS complexes may
represent conduction abnormalities or peri-infarction block related
327
tomyocardial scar or necrosis.32e34 This fQRS is defined by the
finding of additional notching within the QRS complexmorphology
in two contiguous leads corresponding to a major coronary arter-
yterritory, resulting in various RSR’ patterns on the resting 12-lead
ECG.32QRS complex fragmentation represents myocardial conduc-
tion block due to myocardial scar that can be detected by myocar-
dial single-photon emission computed tomography.30 Therefore,
fQRS may be helpful to detect myocardial scars of prior myocardial
infarction, providing an organized location of the scar tissue and
dysfunctional myocardium. Indeed, we have found in the present



Fig. 2. More frequent locations of fragmented QRS complexes in the
electrocardiogram.

Fig. 3. Receiver operating characterisitic (ROC) curve of the QRS complex fragmenta-
tion for abnormalities of the myocardial contractility. �Area ROC: 0,62 IC 95%
(0,51e0,74).
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study that the most frequent location of fQRS was the inferior wall,
followed by the anteroseptal and lateral walls, and then the
inferolateral wall involvement. However, probably due to our small
population, fQRS did not provide incremental value over abnormal
Q waves in predicting wall motion abnormalities. We also found
that 80% of our CAD patients had alterations in myocardial
contractility, namely, aquinesia, hypokinesia or dyskinesia. The
most frequent locations were in the apical, inferior, and septal
walls. Correlation between fQRS and wall thinning on echocardi-
ography has not been assessed in the present study. Ciftci O et al30

demonstrated that fQRS was significantly correlated with myocar-
dial scar, as well as, with the presence of perfusion defects, indi-
cating that at least some fQRS patterns may also result from
ischemic but viable myocardium with slowed or blocked conduc-
tion. In this context, other studies have shown delayed or blocked
conduction within ischemic but viable myocardium.33e36 QRS
complex fragmentation combined with abnormal perfusion was
significantly correlated with severe CAD. Therefore, fQRS is not only
indicative of myocardial scar, but may also represent ischemic
myocardium evocative of severe CAD. This fact is clinically relevant
since itmay enable fQRS to be used to detect patients with poten-
tially salvageable myocardium who need to undergo
revascularization.

Tangwiwat C, et al37 aimed to investigate the association be-
tween fQRS complex and myocardial fibrosis in 144 patients with
HCM. They found that 47 (33%) subjects had fQRS complex, and
myocardial fibrosis was detected in 101 (70%). fQRS complex was
found to be significantly associatedwith myocardial fibrosis in
univariate analysis, but the significance could not be demon-
stratedin the multivariate analysis. This lack of statistical power
may have been caused by the small size of their study population
which could have rendered fQRS non significant in the multivariate
analysis.
Table 1
Sensitivity and specificity of QRS complex fragmentation and its correlation wi

QRS ComplexFragmentation Yes
No

Sensitivity 38%
Specificity 73%
Positive PredictiveValue 83%
Negative PredictiveValue 37%
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Fragmented QRS complexes on routine 12-lead ECG are pro-
posed as useful markers for identifying risk of cardiovascular events
in patients with ischemic heart disease.38e40 In a recent systematic
review and meta-analysis, Kanjanahattakij N, et al38 investigated
the relation of fQRS and mortality inpatients undergoing primary
percutaneous coronary intervention for ST-elevation myocardial
infarction. They found an incidence of fQRS of 35% and an increased
mortality compared to patients without fQRS. This incidence of
fQRS is slightly lower than the one reported in our present study
(44%). This is probably due to the fact that our patients had chronic
CAD with higher probability for developing myocardial scars. It is
interesting to note that, in the latter meta-analysis, the association
remained significant after subgroup analysis of retrospective
studies and even in studieswith short follow-up time. Gungor B,
et al39 conducted a previous meta-analysis in patients with
myocardial infarctions and found that patients with fQRS had a
higher rate of adverse events, including both long-termand short-
term mortality and major adverse cardiovascular events.

A retrospective study such as ours has inherent limitations. Our
study populationwas recruited from a single center. The size of our
study population was relatively small, which means that this study
may have lacked the statistical power necessary to identify all
significant differences and associations. Moreover, fQRS complex
th abnormalities of myocardial contractility.

AbnormalitiesofMyocardialContractility

Yes No

30 6
28 17

ConfidenceIntervals 95%

(38e65)
(53e94)
(69e96)
(22e53)
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and myocardial fibrosis may be caused by etiologies other than
CAD, such as myocarditis, HCM and other cardiomyopathies.
However, in this context, all of our patient’s CAD were documented
by coronary angiography, and no one had HCM.

5. Conclusion

QRS complex fragmentation is a simple, fast, and inexpensive
ECG parameter that can provide valuable information for decision
making in the management of patients with CAD. The presence of
QRS complex fragmentation in the electrocardiogram has a high
specificity and a high positive predictive value of the existence of
segmental disorders of myocardial contractility in patients with
coronary artery disease. This has inherent clinical implication since
we may assume that a patient who presents with fQRS may also
have segmental parietal motility abnormalities of the ventricular
myocardium.
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