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Abstract
Objectıve: The non-invasive tests used in the diagnosis of Coronary Artery Disease (CAD) in patients with Left
Bundle Branch Block (LBBB) are of limited use. The aim of this study is to investigate the relationship between the
presence of Fragmented wide QRS [f-wQRS] and coronary atherosclerosis in patients with LBBB.
Methods: This retrospective study included 75 patients who were admitted to our clinic with exertional chest pain
and LBBB on electrocardiography and for whom it was decided to obtain coronary angiography as a result of clinical
evaluation or positive scintigraphic results. The presence of f-wQRS was investigated in patients’
electrocardiography prior to coronary angiography. Gensini score was calculated by examining the patients’
coronary angiography records. Patient who had 75% and more stenosis in at least one coronary artery was defined
as an obstructive CAD.
Results: Thirty-nine patients had obstructive CAD. Gensini score was higher in the group with obstructive CAD
[34.0 and 6.3, respectively, p<0.001]. Significant difference was found between the patients with obstructive CAD
and patients without obstructive CAD for the presence of f-wQRS [82.1% and 8.3%, respectively, p<0.001]. Gensini
score was found to be higher in patients with f-wQRS compared to without f-wQRS [34.0 and 7.0, p<0.001,
respectively].
Conclusion: In our study, the presence of f-wQRS in patients with LBBB was associated with the presence and
severity of obstructive CAD. In this patient group, searching for f-wQRS on surface electrocardiography can be
considered as a new risk factor associated with CAD due to its easy evaluation, being an inexpensive and noninvasive method.
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CAD: Coronary Artery Disease; LBBB: Left Bundle Branch Block;
RBBB: Right Bundle Branch Block; F-Wqrs: Fragmented Wide QRS
Complex; MI: Myocardial Infarction; MPS: Myocardial Perfusion
Scintigraphy

This retrospective study included 75 patients who were admitted to
our clinic with exertional chest pain and LBBB on electrocardiography
and for whom it was decided to obtain coronary angiography as a
result of clinical evaluation or positive scintigraphic results between
January 2010 and June 2013. Patients with documented myocardial
infarction or with acute coronary syndrome were excluded.
Transthoracic echocardiography recordings were examined before
coronary angiography and patients with moderate-to-severe valve
disease and/or structural heart disease were excluded. Patient files
were reviewed and patients with diagnosis of collagen vascular disease
were excluded owing to association with f-wQRS.

Introductıon
The probability of developing Coronary Artery Disease (CAD) is
high in patients with Left Bundle Branch Block (LBBB) [1,2].
However, investigating CAD in patients with LBBB presents some
difficulties. An exercise electrocardiography, which is a non-diagnostic
test, is not recommended for these patients; myocardial perfusion
scintigraphy is also of limited use due to its high cost, its absence in
some centres and because of the false-negative results that are often
encountered. Recent studies have reported that the presence of
fragmented QRS complex on surface Electrocardiography (ECG) is
related to ischemia, scarring or fibrosis [3-7]. This study was designed
to evaluate the relationship between the presence of Fragmented wide
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The presence of f-wQRS was investigated in patients’12 lead surface
ECG [Nihon Kohden-Cardiofax S ECG-1250 K, filter range 0.5 Hz to
150 Hz, AC filter 60 Hz, 25 mm/s,10 mm/mV] prior to coronary
angiography. In the presence of wide QRS, the diagnosis of fragmented
QRS was reached when the QRS complex was 120 ms and higher in
duration, and in the presence of more than two notches in the R or the
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S wave on at least two adjacent inferior [D2, D3, aVF], lateral
[D1,aVL,V6] or anterior [V1-V5] derivations (Figure 1a and b).

Obstructive CAD +

Obstructive CAD -

(n=39)

(n=36)

Age, years

67.0 ± 10.4

56.1 ± 17.2

0.001

Male gender, n (%)

22 (56.4%)

15 (41.7%)

0.251

DM, n (%)

16 (41.0%)

10 (27.8%)

0.332

HT, n (%)

24 (61.5%)

15 (41.7%)

0.108

Smoking, n (%)

15 (38.5%)

9 (25.0%)

0.228

HL, n (%)

12 (30.8%)

8 (22.2%)

0.444

Gensini score

34.0 (20.5 – 42.0)

6.3 (4.0 – 8.5)

<0.001

LV EF, %

55.0 (48.0 – 58.0)

56.3 (41.3 – 60.0)

0.805

Variables

P value

Table 1: Demographic characteristics of patients
Figure 1: a) Absence of f-wQRS in patients with LBBB on
electrocardiography b) Presence of f-wQRS in patients with LBBB
on electrocardiography

Normal distribution mean ± SD, not show a normal distribution
median (25 vs. 75 percentile) DM: Diabetes mellitus; HT:
Hypertension; HL: Hyperlipidemia; LVEF: Left ventricular ejection
fraction

All patients’ coronary angiography records were examined. Seventy
five percent and more stenosis in at least one coronary artery was
defined as an obstructive CAD. Gensini scores were also calculated to
assess the severity of CAD [8-10]. The association between the
presence of f-wQRS and Gensini score was evaluated in groups with
and without obstructive CAD. Gensini score of 20 or over was
recognized as severe CAD. The relationship between f-wQRS and
vascular lesions was also analysed.

Significant difference was found between the groups with
obstructive CAD and without obstructive CAD for the presence of fwQRS [82.1% and 8.3%, respectively, p<0.001]. The presence of fwQRS in patients with LBBB for documenting obstructive CAD was
found to have 82.1% sensitivity and 91.7% specificity. F-wQRS was
observed 74.4% in inferior leads, 38.5% in lateral leads, 2.6% in
anterior leads in patients with obstructive CAD. Furthermore, more
frequent f-wQRS was observed in the inferior and lateral leads in these
patients compared to non-obstructive CAD (Table 2).

Statistical Analysis
Data were analysed with the SPSS software version 15.0 for
Windows [SPSS Inc., Chicago, IL, USA]. Categorical variables were
presented as frequency and percentage. The χ2 test and Fisher’s exact
test were used to compare categorical variables. The Kolmogorov–
Smirnov test was used to assess the distribution of continuous
variables. Student’s t-test was used for variables with normal
distribution and the values were presented as mean ± SD. Continuous
variables without normal distribution were analysed using MannWhitney U test and obtained values were presented as median [50th]
values and interquantile ranges [25th and 75th]. Multivariate logistic
regression analysis was used to evaluate the independent associates of
the risk of CAD and severe CAD. Parameters with a p-value of less
than 0.1 in univariate analysis were included in the model. The odds
ratios [or] and 95% Confidence Intervals (CI) were calculated. A twotailed p-value of <0.05 was considered statistically significant.

Results
We evaluated 75 patients with LBBB on electrocardiography. In our
study, there was no significant difference among gender, diabetes
mellitus, hypertension, smoking and left ventricular ejection fraction
in patients with obstructive CAD and without obstructive CAD. Mean
Gensini score was higher in group with obstructive CAD [34.0(20.5 –
42.0) and 6.3(4.0 – 8.5), respectively, p<0.001]. There was a significant
difference of age between groups with obstructive CAD and without
CAD [p = 0.001] (Table 1).
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Variables

Obstructive CAD+

Obstructive CAD-

(n=39)

(n=36)

Presence of f-wQRS, n 32 (82.1%)
(%)

P
value

3 (8.3%)

<0.001

Localization of f-wQRS
Inferior leads, n (%)

29 (74.4%)

1 (2.8%)

<0.001

Lateral leads, n (%)

15 (38.5%)

2 (5.6%)

0.001

Anterior leads, n (%)

1 (2.6%)

0 (0%)

1.000

Table 2: The relationship between the presence of obstructive CAD
and the presence and localization of f-wQRS
Presence of f-wQRS Absence of f-wQRS P value
(n=35)
(n=40)

Gensini score, mean 34 (16.0 – 42.0)

7 (4.3 – 11.0)

<0.001

Table 3: The Relationship between Gensini score and presence of fQRS
Patients with obstructive CAD had 38.5% single vessel, 46.2% two
vessels, 15.3% three vessels disease. Of these patients, 79.5% Left
Anterior Descending Artery (LAD), 51.3% Circumflex Artery (CX),
48.7% Right Coronary Artery (RCA) lesions were detected. No
significant association was found between the localization of f-wQRS
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and coronary lesion localization. Gensini score was found to be higher
in patients with f-wQRS compared to without f-wQRS [34.0 and 7.0,
respectively, p<0.001] (Table 3).
Age and the presence of f-wQRS were predictors of obstructive
CAD in univariate regression analysis [OR=1.07; 95% CI: 1.02-1.13,
p=0.004 and OR=50.29; 95% CI: 11.95-211.66, p<0.001, respectively).
In multivariate regression analysis, only the presence of f-wQRS
[OR=44.31; 95% CI: 9.87-199.03, p<0.001] was found to be
independently associated with obstructive CAD.

Discussion
This study demonstrated the relationship between the presence of fwQRS in patients with LBBB on surface ECG and the presence and
severity of CAD. This finding of f-wQRS in patients with LBBB may be
thought to be an additional risk factor for CAD.
The relationship between CAD and LBBB has been evaluated in
epidemiologic studies. Framingham study reported that CAD was
more frequent in patients with LBBB and that the presence of LBBB in
CAD patients was an independent predictor of mortality [1,2,11,12].
For this reason, it is very important to investigate the presence of CAD
in LBBB patients; however, the use of non-invasive tests for the
evaluation of CAD in LBBB cases is limited.
The non-invasive procedures for the investigation of CAD in LBBB
cases include evaluation of the clinical risk factors, Myocardial
Perfusion Scintigraphy [MPS], cardiopulmonary exercise test, stress
echocardiography and metabolic tests. The male gender, decreased
ejection fraction [<55%] and advanced age have been reported as
clinical risk factors for the development of CAD in LBBB cases [13].
Exercise ECG, a non-invasive test that is often used in the
investigation of CAD, has limited diagnostic value in LBBB patients.
The ACC/AHA Guide recommends the use of pharmacological stress
test and MPS for the investigation of ischemia in LBBB cases [14].
However, due to the heterogenous effect of LBBB on myocardial
structure, functions and perfusion in such patients, defects in MPS,
anteroseptal and septal perfusion can also be observed in the absence
of CAD [15,16]. Krishnan et al. reported that the sensitivity of MPS in
LBBB patients was 96% [for LAD: 84%, for CX: 50%, for RCA: 100%],
and that the specificity of MPS in LBBB patients for LAD was 39%, for
CX: 95%, and for RCA: 68% [17].
A recent study has asserted that in patients with chest pain and
LBBB undergoing cardiopulmonary exercise test, new functional
parameters such as the time needed to reach the anaerobic threshhold
could be a predictor for CAD [18]. Vasconcelos et al. reported that on
exercise stress echocardiography of LBBB cases, degeneration in the
septal wall thickening was a sign of ischemia and an independent
predictor of mortality in those with CAD [19].
The non-invasive tests used in the investigation of CAD in cases of
LBBB are unavailable in some centers and are generally expensive or
time-consuming. This situation has led to the search for a new CAD
predictor that would be easier to evaluate. In these patients, the ECG
findings related to CAD display differences. It has been reported that
in the presence of LBBB, the Sgarbossa criteria should be used for the
diagnosis of ST segment elevation MI [20]. Again, in these patients,
the findings of past Myocardial İnfarction (MI) display differences. In
patients with LBBB, while Q wave or T wave inversion on the aVF lead
demonstrates past inferior MI with 86% sensitivity and 91% specificity,
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there is no ECG finding that demonstrates past anterior or lateral MI
[21].
Das et al. have reported that in cases with known or suspected
CAD, the presence of f-wQRS on surface ECG with 12 derivations
indicating myocardial scarring, which is normally evaluated with
single photon emission computed tomography, has mid-sensitivity
[62.2%] and high specificity [94%]. In their study which included
patients with LBBB and RBBB, the survival time in patients with
fragmented LBBB was determined to be significantly shorter than that
in patients with non-fragmented LBBB, RBBB and fragmented RBBB
[22]. Our study showed that in LBBB cases with no history of MI,
there was a relationship between fragmented wide QRS and CAD with
clinically significant stenosis on coronary angiography. The
fragmented wide QRS in the CAD group was attributed to the patchlike fibrosis caused by ischemia or scar tissue caused by silent
infarction. In our study, the presence of f-wQRS in patients with LBBB
for documenting severe CAD was found to have 82.1% sensitivity and
91.7% specificity. This finding suggests that the presence of f-wQRS in
this patient group may be non-invasive criteria for the investigation of
CAD.
The mechanism of fragmented QRS formation is not fully known.
However, conditions that cause non-homogenous depolarization in
the myocardium such as scarring, fibrosis and ischemia have been
implied as related factors [3-7]. As well as coronary ischemia, cardiac
infiltrative diseases such as amyloidosis and beta-thalassemia and the
conditions which causes increased left ventriculer mass such as
hypertension and severe aortic stenosis can lead to f-wQRS formation
[23-25]. In a histopathological study, it has been demonstrated that
coronary ischemia can also cause patch-like fibrosis without infarction
[26]. Kadi et al. have reported that in patients with chronic total
occlusion with no history of MI, the presence of fragmented QRS on
the surface ECG is related to insufficient development of coronary
collateral artery [27]. Apart from determining the presence of
fragmented QRS, it is also important to determine the number of
derivations displaying fragmented QRS and in which derivations the
fragmented QRS is present. It has been reported that more myocardial
tissue is under risk in ST saegment elevation MI cases with fragmented
QRS, and the decrease in the number of derivations with fragmented
QRS after primary percutaneous coronary intervention is related to a
higher resolution in the ST segment [28]. With regard to these
findings, it is considered that fragmented QRS could also be present
due to ischemia without infarction. In our study, the presence of fwQRS in patients with left bundle branch block was associated with
the presence and severity of obstructive CAD. It is also important that
presence of f-wQRS was associated with high Gensini score which is
used to assess the severity and extent of CAD.

Study Limitations
In our study, CAD was evaluated only with angiography. Since the
study did not include the follow-up of the cases, the effect of
fragmented wide QRS on the prognosis could not be evaluated. This
study was retrospective study and included small number of patients.

Conclusion
In our study, presence of the f-wQRS on surface ECG in patients
with left bundle branch block was associated with high Gensini score.
Seeking for f-wQRS on surface ECG should be considered as an easy,
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inexpensive and non-invasive method in patients’ non-invasive
evaluation for CAD.
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