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and adverse outcome. However, the data on gender differences in terms of its prevalence and prognostic value is
sparse. The aim of this study was to evaluate whether gender differences in fQRS exist among subjects drawn
from populations with different risk pro�les.
Background: Fragmented QRS (fQRS) on 12-lead electrocardiogram (ECG) is associated with scarred myocardium

Methods: We analyzed fQRS from 12-lead ECG in 953 autopsy-con�rmed victims of sudden cardiac death (SCD)
(78% men; 67.0 ± 11.4 yrs), 1900 coronary artery disease (CAD) patients with angiographically con�rmed ste-
nosis of �50% (70% men; 66.6 ± 9.0 yrs, 43% with previous myocardial infarction [MI]), and in 10,904 adults
drawn from the Finnish adult general population (52% men; 44.0 ± 8.5 yrs).
Results: Prevalence of fQRS was associated with older age, male sex and the history and severity of prior cardiac
disease of subjects. Among the general population fQRS was more commonly found among men in comparison to
women (20.5% vs. 14.8%, p b 0.001). The prevalence of fQRS rose gradually along with the severity of prior cardiac
disease in both genders, yet remained signi�cantly higher in the male population: subjects with suspected or
known cardiac disease (25.4% vs. 15.8% p b 0.001), CAD patients without prior MI (39.9% vs. 26.4%, p b 0.001),
CAD patients with prior MI (42.9% vs. 31.2%, p b 0.001), and victims of SCD (56.4% vs. 44.4%, p b 0.001).
Conclusions: The prevalence of QRS fragmentation varies in different populations. The fragmentation is clearly re-
lated to the underlying cardiac disease in both genders, however women seem to have signi�cantly lower prev-
alence of fQRS in each patient population in comparison to men.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The fragmentation of the QRS complex was �rst observed by
Boineau and Cox in 1973 as a result of their experimentation with
acute ischemia models in canines [1]. The QRS fragmentation (fQRS) is
suggested to represent heterogeneous activation of the myocardium
caused by either myocardial scarring or necrosis secondary to coronary
ry artery disease; CD, cardiac
QRS, fragmented QRS complex;
myocardial infarction; NSTEMI,
diac death; SD, standard devia-
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artery disease (CAD) [2�4]. The scar tissue and the ischemic regions in
the myocardium within the viable myocardial tissue cause a
nonhomogenous activation by abnormal spatial and temporal impulse
conduction which can induce notching and slurring of the QRS complex
in the surface electrocardiogram (ECG) [5].

The presence of fQRS has been shown to correlate with a regional
myocardial scar observed in single photon emission tomography
among patients referred to nuclear stress test [6]. As a consequence,
the fQRS in standard 12-lead ECG is considered as an indicator of myo-
cardial scar in patients with CAD [4,7,8]. However, the fQRS is not spe-
ci�c marker for CAD as it is commonly seen in nonischemic cardiac
diseases as well [9,10]. The conduction slowing or blocks due to myocar-
dial damage, caused for example by in�ammation or �brosis, could be
expressed as fQRS in the surface ECG [11].
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Previously, the fQRS has been associated with various cardiac dis-
orders and adverse outcomes in various patient populations [4].
Even though gender differences in numerous ECG abnormalities
have been reported for cardiovascular disease and sudden cardiac
death (SCD) [12�14], the gender-related differences of fQRS, in
terms of its prevalence and prognostic value, have not been previ-
ously researched. Therefore, this study aims to explore these differ-
ences in three different patient populations with different risk
pro�les.

Methods

Patient populations

The subjects for this study were drawn from three different popula-
tions representing different cardiac risk pro�les, ranging from low to
high-risk subjects. The low- to moderate-risk subjects were drawn
from the Coronary Heart Disease Study of the Finnish Mobile Clinic
Health Examination Survey (further Mobile Clinic Health Examination
Survey), which was conducted between 1966 and 1972 as part of a na-
tional population survey organized by the Finnish Social Insurance Insti-
tution. The original cohort consisted of 10,957 subjects aged between 30
and 59 years (52.3% men) who were drawn from different geographical
regions of Finland at the time and represented the middle-aged Finnish
population well. Each participant underwent a standard resting 12-lead
ECG and examinations at the study baseline, as previously described
[15]. Subjects with missing data or unreadable ECG were excluded. In
addition, subjects with notched form of early repolarization were ex-
cluded in order to avoid overlapping between fQRS and early repolariza-
tion. Based on the use of cardiac medication, clinical history of previous
myocardial infarction (MI), documented CAD, ECG signs of CAD (Minne-
sota codes: 1.1�1.3, 4.1�4.3, 5.1�5.2, 7.1 and 7.4) or congestive heart
disease the subjects were divided into two groups for the current
study: subjects without evident cardiac disease (N = 8220; 52.5%
male) and subjects with known or suspected cardiac disease (N =
2044; 46.5% male).

The ARTEMIS study (Innovation to Reduce Cardiovascular Complica-
tions of Diabetes at the Intersection study, ClinicalTrials.gov identi�er:
NCT01426685) was a prospective observational study recruiting CAD
patients with or without type 2 diabetes 3 to 6 months after coronary
angiography. Subjects who met the guidelines criteria for prophylactic
implantable cardioverter-de�brillator and who had life expectancy of
�1 year due to comorbidity or left ventricular ejection fraction �35%
Fig. 1. An illustration of various fQRS m
Reprinted with permission from Elsevi
were excluded from the study. After taking into consideration these ex-
clusions, the study population included a total of 1946 CAD patients
with signi�cant stenosis (N50%) in at least 1 major epicardial artery.
Of these subjects of the study total of 1900 had analyzable baseline rest-
ing 12-lead ECG available. Following, all the subjects of the study were
divided into two groups for this study: subjects with previous MI
(N = 904; 70.6% male) and subjects without any history of MI (N =
996; 66.0% male).

The FinGesture study (Finnish Genetic Study for Arrhythmic Events)
had systematically collected clinical and autopsy data from victims of
SCD in the region of Northern Finland between 1998 and 2017.
Medico-legal autopsies were carried out for all of the 5869 victims of
SCD at the Department of Forensics Medicine, University of Oulu,
Oulu, Finland, and the National Institute for Health and Welfare, Oulu,
Finland. The autopsies were performed by experienced forensic pathol-
ogists using contemporary guidelines for the purpose of diagnosing the
cause of death. Premortem ECGs, recorded on average 2 years prior to
the SCD, were available and analyzed in 1101 subjects (74.7% male).
For this study only adult victims of SCD between ages of 30 and
80 years were selected for the analysis (N = 953; 77.9% male). More de-
tailed methods of the FinGesture study have been reported earlier by
Kaikkonen et al. [16].

Electrocardiography

Resting 12-lead ECGs were recorded with a paper speed of 50 mm/s
and calibration of 1 mV per 10 mm. Two independent readers blinded to
the outcome data graded the presence of fQRS in each ECG: Mobile
Clinic Health Examination Survey (H.T. and J.T.T.), ARTEMIS (L.H. and
T.V.K.) and FinGesture (L.H. and M.A.E.H.). The repeatability of the mea-
surements was assessed by kappa values. Furthermore the Kappa values
for the Mobile Clinic Health Examination Survey, ARTEMIS and the
FinGesture studies were respectively 0.81, 0.79 and 0.63 for the pres-
ence of fQRS in any lead, respectively. Con�icting coding was resolved
by consensus decision.

Fragmented QRS in subjects with normal QRS duration (b120 ms)
was de�ned as an additional R wave (R� or r�) or notching of the R or
S wave in at least two contiguous leads in inferior (II, III, aVF), anterior
(V1 to V3) or lateral (I, aVL, V4 to V6) leads (Fig. 1). Fragmented QRS
in subjects with prolonged QRS duration due to e.g. paced rhythm or
bundle branch block, was considered to be present if N2 notches, i.e.
two additional notches, were observed in the R or S wave in at least
two contiguous inferior, lateral or anterior leads (Fig. 2).
orphologies on 12-lead ECG [19].
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