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ABSTRACT: Background: The fragmented QRS complex (FQRS) was found to be associated to malignant
ventricular arrhythmias and sudden death in patients with hypertrophic cardiomyopathy and other entities. There is
scant data available correlating the presence of FQRS with QT interval prolongation in patients with ischemic heart
disease (IHD). Methods: A descriptive, retrospective, cross-sectional study was performed in 123 patients with IHD to
analyze and correlate the presence of FQRS with QT interval prolongation in the conventional 12-leads
electrocardiogram in patients with documented chronic IHD. Results: There were 62% male patients. The mean age
was 63.8+12.6 years. Thirty six (44%) patients had fragmented QRS (64% men and 36% women). The duration of
QT and QTc, the mean values were 413+59ms, and 463+67ms, respectively. Of the 36 patients with FQRS,
23 patients have prolongation of the QTc interval, and 13 patients did not present it. Of the 45 patients without FQRS,
21 of them have prolongation of the QTc interval, and 24 patients did not have it. These data resulted in a sensitivity
of 52% with a moderate SnNout, a specificity of 65% with moderate SpPin, a positive predictive accuracy of 64%, a
negative predictive accuracy of 53%. These data resulted in a prevalence of 54%. Conclusion: the presence of FQRS
in the ECG has a moderate sensitivity and specificity, as well as, moderate negative and positive predictive value of

the existence of QT interval prolongation in patients with ischemic heart disease.
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Introduction

The prevention of clinical events such as
malignant ventricular arrhythmias and sudden
cardiac death is the main objective of medicine
today. The search for new tools to serve as
prognostic factors or predictors of clinical events
has lead to the finding of certain
electrocardiographic ~ parameters such  as
fragmented QRS complex (FQRS). The
presence of FQRS may be due to multiple
causes, being ischemic heart disease (IHD) one
of them. FQRS is the manifestation of an
intraventricular conduction abnormality caused
by the deterioration in the electrical signal
propagation and ventricular depolarization
associated to the presence of myocardial scars,
ischemia and fibrosis [1-6].

This was further validated by studies with
spectral analysis of high frequency electrograms
that revealed increased notches or slurring in the
electrograms after myocardial injury [7].

The tissue alterations in structural and
functional characteristics of the ventricular
myocardium results in changes of the

conduction pattern, leading to unilateral blocks
and slow conduction of depolarizations in the
myocardial ~scar tissue. This abnormal
myocardium may be a substrate for reentrant
rhythms leading to malignant ventricular
arrhythmias [8-11].

Despite the increasing growth of IHD
worldwide, there is also a survival increase in
the general population due to medical
advancement in the diagnostic and therapeutic
management of cardiovascular diseases. IHD is
currently the leading cause of death in most of
the countries of the world and still the cause of
approximately one third of all deaths in subjects
older than 35 years of age [12-19].

The presence of FQRS in the context of [HD
is known to be significantly associated with left
ventricular dysfunction and impairment of
myocardial perfusion, and it was found to
predict adverse cardiac events [20-24].

FQRS is a relatively inexpensive, fast, and
accessible marker that can help decrease the cost
of public health care expenditure by predicting
negative clinical outcomes in a high-risk
population.
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One of the most recognized
electrocardiographic =~ parameters  potentially
identifying ventricular arrhythmias and SCA risk
in [HD is QT prolongation [25-29].

The QT interval represents the duration of
ventricular depolarization and repolarization.
Slower ventricular repolarization manifests as
prolongation of the QT interval and indicates an
increase in the temporal dispersion of the
refractory period of different sites in the
ventricular myocardium [25].

With the prolongation of the QT interval
there is also a concomitant prolongation of the
vulnerable period for arrhythmia induction,
resulting in increased susceptibility for
developing ventricular arrhythmias [26].

The prolongation of the QT interval is
associated with ventricular arrhythmias specially
torsade de pointes ventricular tachycardia,
syncope, and sudden death due to degeneration
into ventricular fibrillation. It is a risk marker
both in subjects without structural heart disease
or in those with different heart diseases [30-34].

In addition, FQRS was found to be a simple
non-invasive ECG marker utilized to identify
individuals with high mortality risk in patients
with IHD [35-41].

However, the sensitivity, specificity and
predictive value of FQRS for predicting QT
interval  prolongation in  patients with
documented chronic IHD remains scantly
known. Therefore, we aim to analyze and
correlate the presence of FQRS with the
prolongation of the QT interval in patients with
documented chronic IHD.

Materials and Methods

Study patients

In a descriptive, retrospective, cross-sectional
study, a total of 123 patients were admitted to
the Cardiology Department of the Clinic
Hospital with chronic IHD during the period
from March 2016 to February 2017 and studied
with noninvasive diagnostic methods and
coronary angiography. Although, most of the
patients had documented signs of coronary
artery disease with noninvasive studies,
81 patients had their IHD corroborated by
coronary angiography. The patients were
divided in two groups according to the presence
or not of fragmented QRS complex and, the
respective  differences in certain  clinical
variables were assessed. The presence and
location of fragmented QRS complex on the
electrocardiogram were investigated, and were
correlated to the QT and QTc intervals. The

sensitivity, specificity and negative and positive
predictive accuracy of the presence of FQRS
related to the existence of QT interval
prolongation were also analyzed. The studies
were conducted in these patients with
documented IHD with the approval of the local
institutional ethics review board at the
Cardiology Department of the Clinic Hospital,
Asuncion National University in accordance
with the Declaration of Helsinki on March 2,
2016. Oral and written informed consent was
obtained from all patients.

Study variables and statistics

We analyzed: age, sex, cardiovascular risk
factors, symptoms, NYHA functional class. The
presence and location of FQRS on the
electrocardiogram, heart rate, QT and QTc
intervals were investigated. 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 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 12 leads conventional ECG were taken
with an electrocardiographer MAC 600 GE
Medical Systems Information Technologies, Inc,
Milwake, WI, USA, at a speed of 25mm/s, with
automatic standardizations according to voltage.
The measurements 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 investigations [2,5,6].

In patients with narrow QRS, namely, QRS
less than 120ms, the definition of FQRS
comprised the presence of an additional R wave
(R’) or notching in the nadir of the R wave 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.

The QT interval was measured from the onset
of the QRS to the end of the T wave. Each
measurement was performed in three successive
beats because averaging QT interval reduces the
bias. The Bazett formula was utilized for
correction of the QT interval for the heart rate,
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in which the QTc is the ratio of the QT interval
and the square root of the R-R interval in
milliseconds (QTc=QT/RR1/2). The cut-off
value to define abnormal QTc in males was a
QTc above 450ms; and, in females, above
470ms. Secondary causes of prolongation of
QTc interval, namely dyselectrolithemia,
neurological causes, treatment with amiodarone,
sotalol or other antiarrhythmics, etc. were
excluded.

The ECG were reviewed and measured
independently by two researchers (NJA and
JMT), and the measurements were entered in
duplicate to eliminate interobserver variability.
Kappa values were utilized to determine
interobserver variability and reliability for
categorical variables; values of 0.81-1.0 are
indicative of excellent agreement; 0.61-0.80,
substantial agreement; 0.41-0.60, moderate
agreement; 0.21-0.40, fair agreement; 0-0.20,
slight agreement; and values<0, poor agreement
[42].

This method produced an excellent
correlation between the two observations with a
kappa statistic of 0.85. If there was discrepancy
between the two recordings, the original
electrocardiogram was 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.

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 these 81
patients, 61.7% were male, and 38% were
female. The mean age was 63.8+12.6 years, with
a minimum age of 36 years and a maximum age
of 94 years of age. Regarding the cardiovascular
risk factors, 78% of patients had HBP, 25%
DM2, 25% dyslipidemia, 12% obesity, and 11%
family history, and 33% were smokers (Table 1).

A total of 36 (44%) patients presented FQRS
(64% men and 36% women), being the most
frequent location the inferior wall (61%),
followed by the antero-septal, and lateral walls
(both 14%), then the inferolateral wall 6% and,
finally other combined locations with only 3%.
A total of 43 (53%) patients had myocardial
infarction, and there was mno significant
difference in the presence or not of FQRS in
these patients. There were 37 (46%) patients
with multi-vessel disease, 33 (40%) patients
with mono-vessel disease, and 11 (14%) patients
with only irregularities in the coronary arteries.
There was no significant difference in the
presence or not of FQRS regarding the number
of compromised coronary arteries. In total, only
22 patients presented prolonged QT interval
(27%), but remarkably when correcting for HR,
we obtained that 44 patients had prolonged QTc
(Table 2) (54%). Regarding the analysis of the
electrocardiograms, the average heart rate was
77£26 beats per minute, the predominant rhythm
was sinus (85.2%) followed by atrial fibrillation
(12.3%) and finally atrial flutter (2.5%).

Table 1 Comparison of certain clinical variables in IHD patients with and without FQRS.

Total n=81 FQRS Normal QRS p Value*
n=36 (44%) n=45 (56%)
Age average=SD 63+12 63+12 63+12 0,9
Male gender 50 (62) 23 (64) 27 (60) 0,7
Female gender 31 (38) 13 (36) 18 (40)
Hypertension, n (%) 63 (78) 27 (75) 36 (80) 0,5
Diabetes Mellitus, n (%) 20 (25) 6(17) 14 (31) 0,1
Dyslipidemia, n (%) 20 (25) 8(22) 12 (27) 0,6
Obesity, n (%) 10 (12) 5014 511 0,7
CVD, Family history, n (%) 91 2 (5 7(5) 0,2%**
Smoking, n (%) 27 (33) 11 (30) 16 (35) 0,6
Myocardial infarction, n (%) 43 (53) 22 (61) 21 (47) 0,1
Heart failure, n (%) 38 (47) 14 (39) 24 (53) 0,1
Bundle branch Block, n (%) 709 7(19) 0 0,007**
AV nodal Block, n (%) 14 (17) 7(19) 7(5) 0,6
QT duration, ms, average+SD 413+60 417+£56 410+£64 0,6
QTc duration, ms, average£DS 463+56 468+56 460+56 0,5
Atrial arrhythmias, n (%) 11(13) 41 7(5) 0,7**
*t test (ANOVA) **Yates correction
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Table 2. QT Interval measurements in patients

with IHD.
QT QTC
INTERVAL INTERVAL
N 81 81
MEDIA 413,59 463,67
MEDIAN 408,00 458,00
STANDARD D. 60,762 56,376
RANGE 336 271
MINIMUM 304 364
MAXIMUM 640 635

Considering the relationship of the FQRS
with the QTc interval prolongation: Of the
patients with FQRS (36 patients), 23 patients

& R

had prolongation of the QTc interval, and
13 patients did not present it. Of those without
FQRS (45 patients), 21 of them had
prolongation of the QTc interval, and 24 patients
did not have it. These results gave a sensitivity
of 52% with a moderate SnNout, a specificity of
65% with a moderate SpPin, a positive
predictive value of 64%, a negative predictive
value of 53%, and a prevalence of 54%.

Figure 1 shows FQRS in inferior leads and a
normal QTc of 416ms in a male patient with
IHD.

Figure 2 depicts FQRS also in inferior leads
and a prolonged QTc of 469ms in a male patient
with [HD.

s | f £ | i I I ‘
;JQL_A__,\JMTH ",‘r“ ..\J.\_ Bl e, - swse s 1~ e ,Al,\._h‘.—-,_,.“ﬂr_/\___,,. e
pas av. vz Vs | I |
1my /HAFM%FA—‘N\FMLMAFA‘——UVWMW_*4J e R (e .__f‘:_.--
; T avVF ! | |

L e

Vr—’“_’“”rﬁ‘-A’rJ‘—'-ﬁJ‘l_r‘F_—A‘,\‘—-—ﬂ-n{lf—f—njlr/\‘An A

IT
A ) (
N A ,./\_t\f V,./‘»———'\} V‘A __J\)[{_/\&fJ; (,_/\—N"’,_/\__’\Af_/\_n_ﬁ r_/x__/\_A r_/\——/\J - S
25mm/s 18mm/my CFT-35Hz AC-5PHz Rutoa3xds1rhy
Figure 1. This electrocardiogram shows QRS complex fragmentation in inferior leads
and a normal QTc of 416ms in a male patient with ischemic heart disease.
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Figure 2. This electrocardiogram depicts QRS complex fragmentation also in inferior leads
and a prolonged QTc of 469ms in a male patient with ischemic heart disease.
. . Fragmented QRS complex can be rapidly,
Discussion easily and simply assessed in an efficient

To the best of our knowledge the present
study is the first to report that the presence of
FQRS in a conventional electrocardiogram has a
moderate sensitivity and specificity, as well as, a
moderate negative and positive predictive
accuracy of the existence of QT interval
prolongation in patients with ischemic heart
disease. FQRS recorded on routine 12-lead ECG
are proposed as useful indicators for identifying
risk of cardiovascular events in patients with
IHD and other entities (35-40).

manner with a widely available conventional
12-lead electrocardiogram.

FQRS was proposed as useful marker for
identifying risk of ventricular arrhythmias in
patients with prolonged QT interval. In this
context, there is an interesting research about the
association of FQRS with torsades de pointes in
patients with acquired long QT syndrome
(LQTS) (30). It was evaluated both
repolarization (QT components) and
depolarization parameters (FQRS) in acquired
LQTS patients with markedly prolonged QT
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interval. The authors studied 70 patients with
acquired severe QT prolongation (QTc>550ms).
A total of 32 patients had syncope or torsade des
points (syncope group). The other 38 patients
did not have any symptoms (asymptomatic
group). The existence of FQRS and QT
components (QT, QTc, Tpe [interval between
peak and end of T wave] intervals, and U-wave
voltage) was analyzed. They found that the
syncope group had more frequent FQRS (81%)
than did the asymptomatic group (21%, P<0.01)
and the incidence of FQRS was not different
before and after removal of predisposing factors.
The incidence of organic heart disease was not
different between the two groups. No differences
in QTc interval were noted between the syncope
and asymptomatic groups, although the syncope
group had longer QT and Tpe intervals and
higher U wave than the asymptomatic group
(P<0.01). Therefore, the authors concluded that
acquired  predisposing  factors  promoted
repolarization abnormality (especially
prolongation of QT and Tpe intervals), and the
existence of FQRS had an important role in the
development of torsades des points in patients
with acquired LQTS. Indeed, when there is a
prolonged QT or QTc interval in the
electrocardiogram especially with bizarre T
wave, namely, notched/flat T wave or negative T
wave, physicians should look for the presence of
FQRS complex. These electrocardiographic
markers are predictors for the occurrence of
lethal ventricular arrhythmias.

Four years ago, another interesting study (30)
investigated the association between FQRS and
prolonged QTc duration with occurrence of
malignant ventricular arrhythmias or sudden
cardiac death in patients with hypertrophic
cardiomyopathy. They studied 195 patients with
hypertrophic cardiomyopathy. The endpoints
comprised sudden cardiac death, documented
sustained ventricular tachycardia or fibrillation,
or  appropriate  implantable cardioverter
defibrillator therapies. After a median follow-up
of 5.7 years, 26 (13%) patients experienced
clinical endpoints. Patients with FQRS in 3 or
more territories (inferior, lateral, septal and/or
anterior) (p=0.004) or QTc>460ms (p=0.009)
had worse cumulative survival free than patients
with FQRS in less than 3 territories or
QTc<460ms. This two electrocardiographic
parameters, FQRS in>3 territories and
QTc>460ms were independently associated with
ventricular arrhythmias and sudden -cardiac
death.

The authors concluded that both of these
electrocardiographic parameters, FQRS
in>3 territories and QTc interval duration are
associated with  malignant  ventricular
arrhythmias and sudden cardiac death in
patients with hypertrophic cardiomyopathy,
independently of and incremental to
conventional cardiovascular risk factors [31].

In a different study with patients with
hypertrophic cardiomyopathy; Gray B, et al
[43] investigated 164 high risk patients with
implantable cardioverter-defibrillators. They
analyzed the relation of prolonged QT intervals
to predict appropriate device shocks. The
authors showed that QTc duration>439ms
independently of the presence of conventional
risk factors predicts appropriate device shocks,
yielding a more than 3-fold risk increase [43].

Therefore, FQRS is associated to ventricular
tachycardias and sudden cardiac deaths in
patients prone to develop ventricular
arrthythmias. Since FQRS was found to be
significantly associated with myocardial scars, it
is understandable the association of this
arrhythmogenic substrate to the development of
reentrant rhythms. In the present study, we
found just a moderate sensitivity and specificity,
as well as, moderate negative and positive
predictive accuracy of FQRS to predict an
association to prolonged QT intervals in patients
with IHD. Probably, this predictability would
have been higher with a greater population.
There are limitations with our research. First,
this is a retrospective investigation that recruited
IHD patients within a single center. Second, the
size of our study population was relatively
small, hence, our predictability accuracy would
have been higher with a greater population.

Therefore, our research may have lacked the
statistical power necessary to identify all
significant differences and associations. Third,
FQRS complex and myocardial fibrosis may be
caused by etiologies other than IHD, such as
myocarditis, hypertrophic cardiomyopathy, and
other cardiomyopathies. However, in this
context, all of our patient’s IHD were
documented by coronary angiography, and no
one had hypertrophic cardiomyopathy.

Conclusion

The presence of fragmented QRS complex in
the electrocardiogram has a moderate sensitivity
and specificity, as well as, and a moderate
negative and positive predictive accuracy of the
existence of prolonged QT interval in patients
with ischemic heart disease.
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