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INTRODUCTION

Invasive and non-invasive tests for risk stratification of cardio-
vascular events were studied in the context of coronary artery 
disease, cardiomyopathy and heart failure [1-5]. One of the 
recent non-invasive tests, microwave T-wave alternans and 
signal-averaged electrocardiogram have high negative predic-
tive values but have a low positive predictive value in patients 
with history of myocardial infarction (MI) or cardiomyopathy 
[3-5]. A low left ventricular ejection fraction in patients with 
structural heart disease is used routinely in clinical practice 
for risk stratification with a major limitation being the lack of 
desirable positive predictive value for the risk of cardiovascu-

lar events [4, 5]. The presence of fragmented QRS complexes 
(FQRS) on a routine 12-lead ECG is another marker of depo-
larization abnormality [6]. There is convincing data suggesting 
that the FQRS represents conduction delay from inhomogene-
ous activation of the ventricles due to myocardial scar. How-
ever, FQRS is not specific for coronary artery disease and is 
also encountered in other myocardial diseases such as cardio-
myopathy and congenital heart disease. FQRS has also been 
described in other entities such as arrhythmogenic right ven-
tricular cardiomyopathy and Brugada syndrome [7, 8].

In 1969, Flowers et al. named high-frequency components to 
the presence of fragmented QRS (FQRS) complexes [9]. They 
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showed that these slurring and changes in the morphology 
of the QRS complex are more common among patients with 
prior myocardial infarction (MI) and among patients with ei-
ther right or left ventricular (LV) enlargement. In experimen-
tal investigations, Friedman et al suggested that persistent 
changes in Purkinje fibers and myocardial fibrosis may cause 
slow and inhomogeneous myocardial activation in the canine 
heart with induced MI [10]. In the same animal experimen-
tal model, Gardner et al suggested that FQRS complex in in-
farcted canine heart is caused by slow and inhomogeneous 
activation associated to healed myocardial scar rather than 
changes in transmembrane resting or action potentials [11]. 
The presence of FQRS represents distortion of signal conduc-
tion and depolarization process within the ventricles which is 
related to myocardial scar/myocardial ischemia or myocardial 
fibrosis. Therefore, the FQRS but in particular late potentials, 
was investigated as a possible new tool to identify patients at 
the high risk of cardiovascular events.

Definition of Fragmented QRS

Das et al. proposed a definition for the FQRS and depicted the 
different types (Figure). They defined it as the presence of an 
additional R wave (R’) or notching in the nadir of the S wave, 
or the presence of > 1 R’ in 2 contiguous leads, correspond-
ing to a major coronary artery territory on the resting 12-lead 
ECG with filter range 0.16–100 Hz, AC filter 60 Hz, paper speed 
25 mm/s and 10 mm/mV. They also defined the fragmenta-
tion of wide QRS complex (WFQRS) in patients with bundle 
branch block and paced rhythms [12]. They defined WFQRS 
as various RSR patterns with or without a Q wave, with more 
than 2 R waves (R’) or more than 2 notches in the R wave, or 
more than 2 notches in the downstroke or upstroke of the S 
wave, in 2 contiguous leads corresponding to a major coro-
nary artery territory. Later on, Das et al. defined fragmented 
premature ventricular complexes (PVC) in a similar fashion to 
fragmentation of bundle branch block and paced rhythms but 
also included PVC with 2 notches in the R wave which were 
more than 40 ms apart and present in 2 contiguous leads [13].

Figure 1: Examples of different types of QRS fragmentations are depicted 
in the Figure. Reproduced with permission from [14].

Fragmented QRS and Cardiovascular Events

Myocardial scars from a previous infarction may provide the 
anatomic substrate for lethal re-entrant ventricular arrhyth-
mias in patients with ischemic heart disease and impaired 
left ventricular function. The initiation and perpetuation of a 
lethal re-entrant ventricular arrhythmia depend not only on 
a trigger event such as a premature ventricular complex, but 
also on the presence of a vulnerable myocardial substrate. 
The sensitivity and specificity of FQRS for detection of myo-
cardial scar was investigated in 479 consecutive patients with 
and without prior history of coronary disease who underwent 
nuclear stress test [13]. The FQRS complexes were found to 
have higher sensitivity than Q waves for detecting regional 
myocardial scar as well as for detection of myocardial scar in-
dependently of the regional correlation. However, when spec-
ificity was compared, the FQRS was less specific than Q wave 
for myocardial scar (86% vs 99%). In a similar investigation, 
Das et al demonstrated that the presence of FQRS was associ-
ated with higher all-cause mortality in patients without FQRS 
and cardiac event rate [14]. In the multivariate Cox regression 
analysis, FQRS was an independent predictor of cardiac events 
(HR 1.62; p=0.0001). Pietrasik et al investigated the effect of 
FQRS on the risk of recurrent cardiac events in those patients 
with persistent or resolved Q waves at two months of their 
first Q-wave MI [15]. The risk of recurrent cardiac events was 
defined as presenting unstable angina, recurrent MI or cardiac 
death at follow-up. In this investigation, FQRS was associated 
with higher risk of recurrent events among those patients who 
had resolved Q wave. Therefore, it was suggested that FQRS 
may identify ischemic myocardium [15]. Kadi H et al found an 
association of FQRS within the context favourable to myocar-
dial scar. In their study, FQRS seemed to correlate with chronic 
total coronary occlusion with poorly developed collateral cor-
onary circulation in patients without prior MI [16]. However, 
contrary to those findings, two other studies failed to show sig-
nificant association between FQRS and myocardial scar. First, 
Wang at al investigated the sensitivity and specificity of FQRS 
for the detection of myocardial scar by means of nuclear per-
fusion images [17]. They also assessed the presence of Q wave 
in 460 consecutive patients with known or suspected coronary 
artery disease. They showed that Q wave has better sensitivity 
than FQRS in detecting myocardial scar (32% vs 2%). Second, 
similar results were found by Carey et al [14, 18]. They studied 
138 patients with severely depressed LV systolic function with 
a mean ejection fraction of 28% who had infarct volume as-
sessed by positron emission tomography. They demonstrated 
that FQRS was not predictive for infarct size in both patients 
with narrow and wide QRS complexes [18]. Das et al demon-
strated evidence relating fragmented wide QRS complexes to 
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myocardial scar and poor prognosis in 879 patients with wide 
QRS [13]. These patients with wide QRS complexes equal to or 
more than 120 ms included those with bundle branch block, 
premature ventricular contractions, or paced QRS referred for 
nuclear stress testing or cardiac catheterization for evaluation 
of coronary artery disease. The presence of fragmented wide 
QRS complex was associated with high sensitivity and speci-
ficity for myocardial scar, as well as, a high positive predictive 
value and negative predictive value. The FQRS was associated 
with an increased risk of all cause-mortality after adjustment 
for age, ejection fraction, and history of diabetes mellitus [13].

The presence of FQRS and its association to mortality in pa-
tients with acute coronary syndrome was investigated in 896 
patients [19]. The study patients were divided into two groups. 
One of the groups had 337 patients with MI (both STEMI and 
NSTEMI), and the other group comprised of 445 patients with 
unstable angina. There was a statistical significant difference 
in the presence of fragmented QRS between the two groups. 
FQRS was found in 224 patients with MI and only in 17 pa-
tients with unstable angina (51% vs 4%; p< 0.001). In addition, 
new Q waves developed in 122 (28%) patients with STEMI, in 
76 (23%) patients with NSTEMI, and only in 2 (0.4%) patients 
with unstable angina [19]. In the multivariate Cox regression 
analysis, the presence of FQRS was associated with a 68% 
higher risk of all-cause mortality (HR 1.68; p=0.003) during a 
mean follow-up period of 34±16 months [19].

CONCLUSION
In conclusion, the significance and the predictive value of 
FQRS complex as an ECG marker of cardiovascular events 
seem to be different in different entities [20-26]. In patients 
with stable coronary artery disease and in patients with acute 
MI, FQRS seems to be a good predictor of cardiac events [14, 
27]. In patients with non-ischemic cardiomyopathy, fragmen-
tation of narrow QRS complex seems to correlate with the 
degree of fibrosis and dys-synchrony and importantly may 
influence the response for cardiac resynchronization therapy 
[28]. However, based on clinical studies with larger number 
of patients with current indications for cardiac resynchroniza-
tion, FQRS does not influence and is not associated with poor 
response of resynchronization therapy [29-31]. In patients 
with LV dysfunction, there is no clear evidence that presence 
of FQRS could predict arrhythmic events [31-34]. On the other 
hand, there was a statistical significant difference in mortality 
associated to the presence of fragmented QRS in patients with 
acute coronary syndrome and myocardial necrosis.
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