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Fragmented QRS on surface electrocardiogram is not a reliable
predictor of myocardial scar, angiographic coronary disease or

long term adverse outcomes
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Purpose: Conflicting evidence remains regarding the value of fragmented QRS (fQRS) on surface
electrocardiogram (EKG). We present the 5-year outcome of patients with f{QRS on EKG and its correlation
to SPECT and coronary angiography (CA).

Methods: We retrospectively studied EKG’s in 248 consecutive patients undergoing SPECT and CA with
known or suspected coronary artery disease (CAD). The presence of fQRS or Q waves in two contiguous
EKG leads was correlated with major coronary artery distributions on SPECT and cath. Patients with
bundle-branch block, paced-rhythm or absence of EKG within one month of SPECT were excluded. The
final EKG data for 238 patients were analyzed and compared with myocardial scar on SPECT and the
presence of significant (>50%) coronary stenosis on CA. Predictors of MACE (death, MI, heart failure) were
evaluated. Freedom from all-cause mortality was assessed by Kaplan-Meier analysis.

Results: Of 238 patients, no significant difference was noted in the presence of scar on SPECT in fQRS
(3/77; 3.8%) versus no fQRS (11/161; 6.8%) (P=0.56); or CA based CAD (55/77; 71% fQRS) and no fQRS
(99/161, 61.4%) (P=0.20). EKG Q wave presence was similar in both groups: (12/77; 15.5% fQRS), (17/161,
10.5% no fQRS) (P=0.3). Patients with CA based significant LAD disease were 3.680 times more likely
to have fQRS (P=0.04), however, fQRS was not significantly associated with MACE (P=0.92) or all-cause
mortality (P=0.93).

Conclusions: This study does not support routine assessment of fQRS on surface EKG as a reliable

predictor of SPECT myocardial scar, MACE or all-cause mortality over a long period of follow-up.
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Introduction

Up to a quarter of all myocardial infarctions go unrecognized
(1,2). Currently, the identification of Q waves on more
than two contiguous leads seems to be the best tool we
have on electrocardiography to detect prior myocardial
infarctions (3). However, Q waves can disappear over
time in 25-60% of patients and autopsy studies have failed
to show consistent correlation between transmurality of
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infarct and Q waves (4,5). Additionally, magnetic resonance
imaging (MRI) studies have shown that Q waves have low
sensitivity for prediction of overall location of scars (6). Thus,
there is an unmet need for better and readily available
tools to detect prior myocardial injury in daily practice.
Alterations in QRS morphology, rsR and its variants called
fragmented QRS (fQRS) have been shown to occur on
surface electrocardiogram (EKG) by studies many years
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ago (7,8). More recently, fQRS was demonstrated to have
high sensitivity and specificity to detect myocardial scar on
single-photon emission computed tomography (SPECT)
perfusion imaging (4). However, despite recent retrospective
studies demonstrating that the presence of fQRS in patients
with ischemic cardiomyopathy is a reliable marker of infarct
size, the evidence is conflicting regarding the utility of
fQRS as one group in a more recent study has refuted an
association of fQRS with SPECT scar (2,9). Given this
conflicting evidence on fQRS and lack of angiographic
correlation to SPECT in prior studies, we aimed to study
our patient population undergoing SPECT and coronary
angiography (CA) for further defining if fQRS has the
capability of predicting SPECT scar and correlate it to
CA (10). We further also aimed to study the impact of fQRS
on outcomes in these patients over a long term follow-up
period of 5 years.

Methods

We retrospectively studied the 12-lead EKGs in 337 consecutive
patients undergoing SPECT and CA with known or
suspected coronary artery disease (CAD). All EKGs were
performed within 1 month of SPECT imaging and all
CA studies were performed within 6 months of SPECT.
Patients with bundle branch block, paced rhythm or
the absence of an EKG within 1 month of the SPECT
scan were excluded. All patients had a same day rest-
stress Technetium 99m sestamibi or (Myoview, GE
Healthcare, Arlington Heights, IL) SPECT with exercise
or pharmacologic stress as clinically indicated. SPECT
findings were interpreted as normal, abnormal for ischemia
(if there were reversible perfusion defects), and scar (if there
were fixed defects on rest and stress perfusion imaging
associated with wall motion abnormality on gated imaging
consistent with scar). All SPECT scans were scored with a
4 point score (0= normal and 4= absent perfusion) using a
17-segment model (11,12).

The EKGs of all patients were analyzed for the
presence of fQRS and pathologic Q waves in two or
more anatomically contiguous leads by two independent
cardiologists blinded to the results of the SPECT scans.
The criteria used for fQRS was derived from Das et al. (4)
(typically, fQRS is considered to be present when there
are changes in QRS morpohology (<120 ms) with varying
rsR’ patterns, such as additional R waves, notching of S
wave and more than 1 R’ wave. Pathologic Q waves were
defined as any Q wave >0.04 seconds and >1 mV deep
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in any two contiguous leads. The coronary distributions
assessed included left anterior descending (V1-V5), left
circumflex (I, aVL and V6) and right coronary artery (II,
IIT and aVF). The presence of fQRS or Q waves in two
contiguous EKG leads was correlated with major coronary
artery distributions on SPECT and CA. The data for CA
anatomy and lesion severity were retrieved from the official
CA report of patients.

A total of 99 patients were excluded due to the presence
of a bundle branch block, paced rhythm or the absence of
an EKG within 1 month of the SPECT scan. The EKG
data (presence of fQRS and Q waves) for the remaining 238
patients were analyzed and compared with SPECT scan to
correlation for scar and further angiographic correlation
for the presence of significant (>50%) coronary stenosis
on CA. Univariable group comparisons (fQRS versus non-
fQRS) were made using the chi-square test for non-sparse
categorical data, the Fisher exact test for sparse categorical
data, 2-sample #-tests for normally distributed numeric data,
and Wilcoxon rank sum tests for non-normally distributed
numeric data. Variables with group comparison P values
less than 0.20 were placed into a full multivariable logistic
regression model to predict the presence of fQRS. Cox
regression analysis was used to evaluate various study
variables as predictors of all-cause mortality and MACE
(all-cause death, MI, heart failure, or revascularization)
during follow-up. Variables with univariable Cox regression
P values less than 0.20 were allowed to participate in a
full multivariable Cox regression model. Kaplan-Meier
curves for freedom from all-cause mortality and MACE
were obtained. Statistical significance was set at P<0.05
throughout. This study protocol was approved by the
Institutional Review Board at Henry Ford Health System.

Results

Of the 238 patients’ data analyzed, 77 had fQRS and 161 did
not. No differences existed in patient baseline demographic
data, medical history, or medication usage between both
groups (1able 1). There was no significant difference in the
presence of scar on SPECT in the group with (3/77; 3.8%)
or without fQRS (11/161; 6.7%) (P=0.56; Tuble 2). fQRS by
EKG coronary distribution was not able to localize scar well
with any specific vascular territory by SPECT (Table 3). CA
based significant CAD was no different between the fQRS
(55/77; 71%) and no fQRS groups (99/161; 61.4%) (P=0.20;
Table 4). Similarly, the presence of EKG Q waves was no
different in both groups (12/77; 15.5% fQRS and 17/161;

www.thecdt.org Cardiovasc Diagn Ther 2014;4(4):279-286



Cardiovascular Diagnosis and Therapy, Vol 4, No 4 August 2014 28

ey

Comparison variable Non-fragmented (N=161) (%) Fragmented (N=77) (%) Comparison P value
Race 0.731 (C)
White 85/161 (52.8) 40/77 (51.9)
Black 71/161 (44.1) 33/77 (42.9)
Other 5/161 (3.1) 4/77 (5.2)

Hypertension 138/161 (85.7) 60/77 (77.9) 0.133 (C)

Cholesterol 103/161 (64.0) 54/77 (70.1) 0.349 (C)

Family history 28/161 (17.4) 16/77 (20.8) 0.529 (C)

Percutaneous coronary intervention 22/161 (13.7) 15/77 (19.5) 0.247 (C)

Cerebrovascular accident 6/161 (3.7) 3/77 (3.9) 0.949 (C)

Obesity 45/161 (28.0) 19/77 (24.7) 0.594 (C)

Beta-blocker 119/161 (73.9) 54/77 (70.1) 0.540 (C)

Calcium channel blocker 38/161 (23.6) 15/77 (19.5) 0.475 (C)

Nitrate 25/161 (15.5) 19/77 (24.7) 0.089 (C)

Plavix 33/161 (20.5) 19/77 (24.7) 0.466 (C)

Digoxin 12/161 (7.5) 5/77 (6.5) 0.788 (C)

Statin 107/161 (66.5) 51/77 (66.2) 0.972 (C)

Positive stress EKG 29/161 (18.0) 11/77 (14.3) 0.472 (C)

*Positive Cath 121/159 (76.1) 60/75 (80.0) 0.506 (C)

Double vessel disease 32/159 (20.1) 16/75 (21.3) 0.831 (C)

*LAD vessel involvement 12/148 (8.1) 11/69 (15.9) 0.081 (C)
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Comparison variable Non-fragmented (N=161) (%) Fragmented (N=77) (%) Comparison P value

*LCX vessel involvement 10/148 (6.8) 9/69 (13.0) 0.127 (C)

*SDS of 2 or greater 112/138 (81.2) 54/64 (84.4) 0.578 (C)

Age 64.7+11.1 64.5+11.5 0.917 (T)

*BMI 31.6+8.2 31.7+8.5 0.875 (T)

*HR stress 95.4+27.4 94.6+29.7 0.842 (T)

*SBP stress 138.8+29.1 137.8+33.2 0.808 (T)

*DBP stress 72.5+13.5 73.8+12.2 0.508 (T)

*EF stress 556.7+13.4 556.4+13.8 0.882 (T)

*EDV stress 100.5+59.1 97.5+42.7 0.868 (W)

*ESV stress 51.4+51.7 47.9+30.9 0.660 (W)

*SSS 9.2+7.4 10.2+7.0 0.222 (W)

*TID ratio 1.05+0.16 1.08+0.21 0.468 (W)

Scar (N) (%) Scar (Y) (%) P Value Coronary territory  Scar (N) (%) Scar (Y) (%) P value

fQRS, fragmented QRS.

fQRS, fragmented QRS; LAD, left anterior descending; RCA,
right coronary artery; LCX, left circumflex.
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Cath (-) (%) Cath (+) (%) P value

fQRS, fragmented QRS; Cath, cardiac catheterization; CAD,

28

(%]

Sig Q wave (N) (%) Sig Q wave (Y) (%) P Value

fQRS, fragmented QRS; Sig, significant.

coronary artery disease.

Lower boundary of the
95% confidence limit

Upper boundary of the

Odds ratio . -
95% confidence limit

Variable P value

Smoker 0.209 1.678 0.748 3.763

Nitrate 0.341 1.613 0.603 4.314

Triple vessel disease 0.605 1.313 0.468 3.678

*LCX vessel involvement 0.389 1.743 0.492 6.174

*SBP rest 0.963 1.000 0.982 1.017

LAD, left anterior descending; LCX, left circumflex; SSS, sum stress score; SBP, systolic blood pressure; SRS, sum rest score; *,
statistically significant, P<0.05.

1.0 fQRS, it should be noted that in patients with CA based

significant left anterior descending (LAD) disease there was
a significantly higher likelihood [odds ratio (OR) 3.68] of
having the presence of fQRS (P=0.04) on these individual’s
baseline EKG (Table 6). However, despite correlation with
LAD disease on CA, overall presence of fQRS was not
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03 significantly associated with MACE (P=0.92) or specifically
02 all-cause mortality on survival analysis (P=0.93; Figure I).
. The absolute number or patients with MACE during
0.01 . . ‘ . ' . . follow-up totaled 137 persons, which is 57.6% of the total
0 12 24 36 48 60 72 84 sample of 238 study patients.
Months
Fragmented QRS —— No ---- Yes

Discussion
Figure 1 Kaplan-Meier curves for freedom from MACE by

Our study did not demonstrate a definite relationship of
fQRS to SPECT scar and significant coronary stenosis
(>50%) on CA. Based on our data, we are unable to

fragmentation status (Log-Rank P value =0.926).

10.5% no fQRS; P=0.3; Table 5).

When multivariable analysis was done for predictors of
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confirm that f{QRS on a 12-lead EKG is a good diagnostic
marker of a prior myocardial infarction by SPECT. A prior
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recent study by our group also has failed to find correlation
between fQRS and SPECT scar. The present study extends
our previous findings by looking at angiographic disease
correlation with fQRS and outcomes, again failing to
show a consistent relationship between fQRS, CAD and
outcomes (2).

A lot of interest has been shed on fQRS and its
correlation to myocardial scar, cardiomyopathy and
outcomes over the past few years following the initial
study by Das et al. (4) They studied myocardial SPECT
for detection of scar in the left ventricle and compared
detection of fQRS and Q wave on surface to perfusion
defects on SPECT in patients with known CAD and
demonstrated that fQRS had higher sensitivity than Q
wave but lower specificity to detect SPECT scar (4). In
their study, the combination of fQRS and Q wave improved
detection of scarred myocardium (4). Other studies have
highlighted the role fQRS as a marker of poor collateral
development in patients with occluded coronaries,
adverse prognosis in CAD patients with wide QRS and in
ischemic and non-ischemic cardiomyopathy (9,10,13-16).
Furthermore, some have reported that fQRS is a marker of
left ventricular aneurysm (17). Numerous other studies have
linked fQRS to underlying structural heart diseases and to
adverse prognosis (18-21).

However, quite a few studies have reported on the
lack of predictive value of fQRS similar to our findings
(2,21). A recent study focused on the importance of fQRS
in prediction of events in the acute setting following
myocardial infarction (22). Investigators in this study
evaluated 307 patients with acute myocardial infarction
and studied the value of fQRS in predicting MACE. By
multivariate analysis, fQRS was not a predictor of MACE,
and in univariate analysis; fQRS was not predictive of
ventricular arrythmias or heart failure. Our group previously
studied fQRS in 460 patients with known or suspected CAD
to correlate it to myocardial scar. Similar to prior studies,
this was a single center investigation. We adopted the same
criteria set forth for fQRS and Q wave morphology as Das
et al. (4), but were unable to show correlation of fQRS and
SPECT scar. There was overall poor sensitivity, specificity,
and positive and negative predictive value to scar and to
coronary territory in that study.

One could argue that given the limitations of spatial
resolution with SPECT, techniques such as delayed
hyperenhancement MRI (DE-MRI) may have better
correlation of scar with fQRS. However, this is not the
case. Ahn ez al. studied 190 patients who underwent DE-
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MRI and correlated the presence of Q waves and fQRS
to the extent of delayed enhancement, and found that
despite its inherent high spatial resolution for detecting
smaller scars, DE-MRI did not have better correlation for
scar with fQRS (23). Delayed enhancement was observed
in 180 (94.7%), transmural enhancement was noted in 78
(43.3%) and subendocardial enhancement in 102 (56.7%)
patients. The sensitivity and specificity of Q waves and
fQRS for diagnosing delayed enhancement were 59.4%
vs. 66.7% and 90.0% vs. 40.0%. The receiver operating
characteristic curve of delayed enhancement was 0.75
for Q waves and 0.53 for fQRS (P=0.04). The areas
under the receiver operating characteristic curves of the
transmurality of delayed enhancement were 0.44 for fQRS
and 0.58 for Q waves (P=0.73) (23). They concluded that
both Q waves and fQRS are poor indicators for extent of
transmural myocardial injury/scar (23). In another study
from the same group, 86 patients with non-ischemic
cardiomyopathy were studied with DE-MRI, and again
fQRS showed no relationship with DE MRI in this group
of patients (24).

In our current study, apart from comparing SPECT
findings with fQRS on EKG, we have further correlated
these findings to angiographic anatomy not done in many
prior studies. Thus, not only have we shown that fQRS
is not a marker for myocardial infarction, as defined by
significant Q waves on EKG, and does not correlate to
SPECT scar similar to previously mentioned studies, but
it does not also correlate with significant CAD on CA and
does not predict MACE. Multivariate analysis in our study
does indicate that presence of LAD territory involvement
as a predictor of the presence of fQRS. The reasons for
such discrepancy between our studies are unclear, but likely
reflect different definitions of fQRS (exclusion of wide QRS
in our study and inclusion in others) and differing patient
populations.

Our study was retrospective and hence has its inherent
limitations. We used the original definition of fQRS and did
not include bundle branch block. Thus, our findings cannot
be generalized to patient populations with wide QRS where
other authors have reported a modified fQRS criteria. We
did not evaluate the value of fQRS in patients with ischemia
but mainly focused on scar in our study. As fQRS has been
mainly propagated as a marker of structural heart disease,
its correlation with structural abnormalities, such as scar, is
more relevant rather than transient ischemia. Regardless,
by analyzing for CAD on CA greater than 50%, we were
able to evaluate all potentially significant lesions and their
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correlation to fQRS.

Conclusions

Our study does not support the role of fQRS in predicting
scar on SPECT or angiographic significant CAD in any
specific distribution. Furthermore, fQRS does not appear
to reliably predict MACE. Although larger prospective
studies may be required to clarify these conflicting findings,
it appears that clinicians do not need to work up fQRS on
EKG as a separate clinical entity, but rather continue to rely
on their clinical assessment and already validated modalities
for patient risk assessment in CAD. This study does not
support routine assessment of fQRS on surface EKG as a
reliable predictor of SPECT myocardial scar, MACE or all-

cause mortality over a long period of follow-up.
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