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Background and Objectives: Coronary artery ectasia (CAE) is an angiographic finding characterized by dilation of an arterial segment
with a diameter at least 1.5 times that of its adjacent normal coronary artery. Fragmented QRS (fQRS) complexes are electrocardiographic
signals which reflect altered ventricular conduction around regions of a myocardial scar and/or ischaemia. In the present study, we aimed
to evaluate the presence of fQRS in patients with CAE.

Subjects and Methods: The study population included 100 patients with isolated CAE without coronary artery disease (CAD) and 80 angi-
ographically normal controls. fQRS was defined as the presence of an additional R wave or notching of R or S wave or the presence of frag-
mentation in two contiguous leads corresponding to a major coronary artery territory.

Results: The two groups were similar in terms of age, sex, hypertension, dyslipidemia, and family history of CAD. The presence of fQRS was
significantly (p<0.05) higher in the CAE group than that in the normal coronary artery group (29% vs. 6.2%, p=0.008). Isolated CAE were de-
tected most commonly in the right coronary artery (61%), followed by left anterior descending artery (529%), left circumflex artery (36%),
and left main artery (9%). Multivariate stepwise logistic regression analysis showed that CAE {odds ratio (OR) 1.412; 95% confidence inter-
val (Cl) 1.085-1.541; p=0.003} and diabetes (OR 1.310; 95% Cl 1.025-1.482; p=0.041) were independently associated with fQRS.
Conclusion: The presence of fragmented QRS associated with increased risk for arrhythmias and cardiovascular mortality was significantly
higher in patients with CAE than in patient with normal coronary artery. Further studies are needed to determine whether the presence of
fragmented QRS is a possible new risk factor for patients with CAE. (Korean Circ J 2014;44(5):307-311)
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artery.”? Underlying etiological causes of CAE include atheroscle-

rosis (50%), congenital origins (20-30%), inflammatory and con-

Introduction

Coronary artery ectasia (CAE), an aberration of the coronary anat-
omy, has been characterized as dilation of an arterial segment with
a diameter at least 1.5 times that of its adjacent normal coronary
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nective tissue diseases (20-30%).%” CAE may result in slowed blood
flow, coronary vasospasm, dissection, and thrombus formation,
leading to increased risk of cardiac morbidity and mortality.”
Fragmented QRS (fQRS) complexes are novel electrocardiograph-
ic signals which reflect altered ventricular conduction around re-
gions of a myocardial scar. fQRS is defined as the presence of slurr-
ed QRS complexes with various RSR' patterns without typical bundle
branch block in two contiguous leads corresponding to a major
coronary artery territory? The presence of fQRS complexes in a rou-
tine 12-lead electrocardiography (ECG) is a marker for abnormal
cardiac depolarisation. It has been demonstrated that the presence
of fQRS in patients with coronary artery disease (CAD) has been as-
sociated with regional myocardial damage, increased adverse cardi-
ac events, and decreased event-free survival." Hence, fQRS may
be a reliable indicator of past myocardial ischaemia in the absence
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of Q waves. In addition, fORS has been associated with arrhythmic
events in patients with Brugada syndrome'? and non-ischaemic
cardiomyopathy."

To the best of our knowledge, fQRS in patients with CAE was not
reported previously. It was unclear whether CAE was associated
with fQRS. The presence of fQRS on ECG may be an indicator of
myocardial damage in patients with CAE. Therefore, the purpose of
this study was to evaluate the presence of fQRS in patients with CAE.

Subjects and Methods

Study population

The study population consisted of 180 patients including 100 pa-
tients with isolated CAE without CAD and 80 angiographically nor-
mal controls, who underwent coronary angiography in our center.

Patients with a history of cardiomyopathy and myocardial in-
farction (M), left ventricular hypertrophy (LVH), pathological Q wave
on ECG, typical left bundle block or right bundle block, incomplete
right bundle block, or paced rhythm on ECG were excluded from
this study. Echocardiographic examinations were performed in all
subjects. LVH was excluded by using echocardiography. Ml and ne-
crosis were evaluated based on history, ECG, echocardiography,
and left ventriculography. Patients who were taking medications
that could affect the ECG such as antiarrhythmics, beta-blockers,
and calcium antagonists were also excluded from the study.

Coronary angiography

Coronary angiography was performed using the Judkins tech-
nique through femoral artery access. Coronary angiograms were
analyzed by two experienced interventional cardiologists without
knowledge of the ECG, laboratory measurements, or clinical status
of the participant. CAE was defined as the segmental or diffuse di-
lation of the coronary arteries with a diameter >1.5 times of its ad-
jacent segments of the same artery or of different arteries.?) Normal
coronary artery was defined as coronary arteries without ectasia or
stenosis on the basis of coronary angiography. The classification of
CAE was based on the recommendation of Markis et al." and grad-
ed as the following: 1) type 1, diffuse ectasia of two coronary arter-
ies; 2) type 2, diffuse ectasia in one coronary artery and localized
ectasia in another coronary artery; 3) type 3, diffuse ectasia of one
coronary artery; 4) type 4, localized or segmental (focal) ectasia of
only one coronary artery. Based on the classification methods by
Markis et al.,'? types 1, 2, and 3 are classified as diffuse ectasia
whereas type 4 is classified as focal ectasia.

Electrocardiography acquisition and analysis
A 12-lead surface ECG was obtained from all patients in supine
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position. We used 12 lead ECG machine (MAC 1200, General elec-
tric, Milwaukee, WI, USA) with the following setting: filter range 0.16-
100 Hz, AC filter 60 Hz, paper speed 25 mm/s and 10 mm/mV. Frag-
mentation was defined as the presence of various RSR' patterns with
different morphologies of QRS complexes. Various RSR' patterns in-
cluded additional R wave (R'), notching of the R wave or the S wave,
or the presence of >1 R’ (fragmentation) without a typical bundle
branch block in 2 contiguous leads corresponding to a major lead
set for major coronary artery territory. Any QRS morphology with
a QRS duration >120 ms, including bundle branch block or intraven-
tricular conduction delay, was excluded. Analysis of the standard 12-
lead ECG was performed without using any magnification. Frag-
mentations were considered to be present if a visually identifiable
signal was demonstrated in all complexes of a particular lead. For
statistical analysis, fQRS was defined to be present in =2 contiguous
anterior leads, lateral leads, or inferior leads. QRS duration was de-
termined by the longest QRS in any lead. All ECG were assessed by
a single operator who had no knowledge of the angiographycal,
clinical, or laboratory characteristics of the patients.

Statistical analysis

All analyses were performed using the Statistical Package for the
Social Sciences (SPSS) version 22.0 for Windows (SPSS Inc., Chica-
go, IL, USA). Variables were investigated using visual (histograms
and probability plots) and analytical methods (Kolmogorov-Smirnov
test) to determine whether their distributions were normal. De-
scriptive analyses were presented as meantstandard deviation.
Categorical variables were expressed as percentages. All continu-
ous variables were given as mean+SD; categorical variables were
defined as percentages. Categorical data was compared with the %
test, Yates Continuity Correction and Fisher's Exact test. Mean val-
ues of continuous variables were compared between groups using
the Student t-test or Mann-Whitney U test. Data were analysed to
find out independent predictors of CAE with multivariate logistic
regression analysis. P values of less than 0.05 were considered sig-
nificant.

Results

Clinical and laboratory findings of the subjects are shown in Ta-
ble 1. The two groups were not significantly different from each
other in terms of age, sex, hypertension, dyslipidemia, and family
history of CAD (p>0.05). In addtion, there was no significant differ-
ence between the two groups in terms of body mass index and ejec-
tion fraction (p>0.05). However, diabetes mellitus and smoking was
significantly (p<0.05) more common in the CAE group than those
in the normal coronary artery group (p=0.041, p=0.001). In addition,
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the presence of fQRS was significantly (p<0.05) higher in the CAE
group than that in the normal coronary artery group (29% vs.
6.2%, p=0.008). Our results also revealed that isolated CAE were
detected most commonly in the right coronary artery (61%), fol-
lowed by left anterior descending artery (52%), left circumflex ar-
tery (36%), and left main artery (9%) (Table 2). Additionally, isolated

Table 1. Demographic and clinical features of study subjects

N=200 CAE (n=100) ANC (n=80) p
Age (year) 51475 4984186 0.732
Male/Female 49/51 38/42 0923
Hypertension (%) 41 38 0.814
Diabetes mellitus (%) 45 20 0.041
Dyslipidemia (%) 22 17 0.855
Family history (%) 56 42 0.768
Smoking (%) 80 31 <0.001
Systolic blood pressure (mm Hg) 125+19.5 124+17 0962
Diastolic blood pressure (mm Hg) 79+ 11 79+12 0924
Body mass index (kg/m?) 27.4%3.7 26.8+£29 0.677
Ejection fraction (%) 63+5 62+7 0.881
Fragmented QRS 29 5 0.008
CAE: coronary artery ectasia, ANC: angiographically normal control

Table 2. Anatomic localizations of coronary artery ectasia

Localizations of CAE (n=100) %
Left main coronary artery 9
Left anterior descending artery 52
Left circumflex artery 36
Right coronary artery 61

CAE: coronary artery ectasia
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CAE were most frequently involved in one vessel (45%) and in three
vessels (33%), but less frequently in two vessels (22%) (Fig. 1). Based
on the classification by Markis et al.,'¥ the incidence of type I, II, Ill
and IV lesions was 49%, 9%, 36%, and 6%, respectively.

Electrocardiography analysis of 29 patients with CAE and fQRS
are shown in Table 3. All patients with ectasia in the right coronary
artery had fQRS in the inferior leads (DII, DIII, aVF) except one pa-
tient who had fQRS in both the inferior and the anterior leads (V
1-4). All patients with coronary ectasia in the left anterior descend-
ing artery had fQRS in anterior leads except two patients who had
fQRS in both anterior and lateral leads (V 4-6, DI, aVL).

A total of 15 of 29 patients with CAE and fQRS had Holter anal-
ysis in their past data records (Table 4). A total of 32 of 71 patients
with CAE without fQRS also had Holter analysis in their past data
records (Table 4). Patients with fQRS appeared to have more extra-
systoles than patients without fQRS. However, such difference was
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Fig. 1. Coronary artery ectasia and number of coronary vessels involved.

Table 3. Relation of anatomic localization of CAE and presented leads of fQRS on ECG

Localizations of fQRS on ECG (%)

Localizations of CAE (n=29) N = :

Anterior leads Inferior leads Lateral leads p
Left anterior descending artery 12 100 0 16.6 <0.001
Left circumflex artery 7 71.4 42.8 42.8 <0.081
Right coronary artery 21 4.7 100 0 <0.001
CAE: coronary artery ectasia, fQRS: fragmented QRS, ECG: electrocardiography
Table 4. Twenty-four hours ECG holter monitoring results of patients
Variables CAE with fQRS (n=15) CAE without fQRS (n=32) p
Mean heart rate 80%21 77122 0.761
Minimum heart rate 48111 5113 0.713
Maximum heart rate 154132 144120 0.660
Ventricular extrasystole 165158 122+39 0.059
Episodes of non-sustained VT 0 0

Non-sustained VT: VT that lasts no longer than 30 seconds. ECG: electrocardiography, fQRS: fragmented QRS, CAE: coronary artery ectasia, VI: ventricular

tachycardia
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Table 5. Multivariate logistic regression analysis of variables related to fQRS

Variables Odds ratio 95 % Cl p

Presence of CAE 1.212 1.085-1.541 0.003
Diabetes mellitus 1.110 1.025-1.482 0.041
Smoking 0920 0.940-1.050 0.158

fQRS: fragmented QRS, Cl: confidence interval, CAE: coronary artery ectasia

not statistically significant (p=0.059) (Table 4). Multivariate step-
wise logistic regression analysis showed that CAE {odds ratio (OR)
1.212; 95% confidence interval (Cl) 1.085-1.541; p=0.003} and dia-
betes mellitus (OR 1.110; 95% Cl 1.025-1.482; p=0.041) were inde-
pendently associated with fQRS (Table 5).

Discussion

This study revealed that the presence of fQRS was significantly
higher in the CAE group than that in the normal coronary artery
group, suggesting that the presence of fQRS might be an indicator
for CAE. Isolated CAE is a common finding in coronary disorder in
the era of coronary angiography. The clinical features and mecha-
nisms invovled in this unique coronary disorder are unclear. Some
inflammatory markers such as C-reactive protein, interleukin 6, tu-
mor necrosis factor a, matrix metalloproteinase, hypertension and
smoking have been reported to be associated with CAE."*"® How-
ever, some atherosclerotic risk factors such as advanced age and di-
abetes have been reproted to be inversely associated with CAE.'®')
CAE is reported in 1.5% to 5% of patients used in coronary angio-
graphic studies.” Angina pectoris can be seen in patients with CAE
without CAD. In addition, some studies'*2" have shown that the
frequency of acute coronary events via vasospasm, dissection, or
thrombus is higher in patients with isolated CAE than in patients
with normal coronary angiograms. Moreover, it has been reported
that 29% to 39% of patients with isolated ectasia have a history of
previous MI or angina pectoris and that patients with CAE have an
increased risk of mortality equivalent to patients with CAD.2"

Fragmentation of QRS complex is an easy and non-invasive elec-
trocardiographic parameter associated with inhomogeneous acti-
vation of the ventricles and myocardial conduction delays due to
myocardial scar and/or ischaemia, which could predict arrhythmic
events as well as death. QRS fragmentation analyzed from surface
ECG has appeared as a new risk marker for many diseases such as
CAD, nonischemic cardiomyopathy (hypertrophic, dilated, Chagas'
disease, arrhythmogenic right ventricular cardiomyopathy, fallot,
and sarcoidosis), and ion cannel diseases including Brugada syn-
drome and long QT syndrome. " Das et al.?? the first ones who de-
scribed the presence of fQRS in patients with CAD, have demonstrat-
ed its good sensitivity and specificity for the prediction of myocardial
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scar in patients with poor prognosis associated with this ECG pre-
sentation. The underlying mechanisms of fragmentation have been
determiend by autopsy studies of patients with MI. Studies have
shown that the presence of fQRS is associated with significant myo-
cardial necrosis alternating with viable myocardial tissue and in-
terspersed in abundant fibrous tissue.””

Individual case reports have shown that isolated CAE alone may
be a cause of silent myocardial ischemia and infarction.** It was
reported that coronary flow reserve was significantly reduced in
patients with CAE compared to matched control subjects.” Akyiirek
et al.” suggested that microvascular dysfunction might be the un-
derlying cause of exercise-induced myocardial ischemia. Taken to-
gether, these results suggest that microvascular dysfunction and/or
ischemia might be a reason behind the fragmanted QRS in patients
with CAE. It has been shown that CAE could be the cause of tran-
sient myocardial hypoperfusion in patients with angina and nor-
mal coronary arteries.®” Whether CAE is associated with fQRS is
unknown. In our study, the frequency of fQRS complexes was signif-
icantly higher in patients with CAE compared to that in patients of
the normal coronary artery. A poor myocardial perfusion might be
the cause of ischaemia and the occurrence of micro infarctions.
Thus, CAE might be responsible for depolarisation abnormalities in
these patients.

Conclusions

Fragmented QRS, an indicator for increased risk of arrhythmias
and cardiovascular mortality, was found to be significantly higher
in patients with CAE. The presence of fQRS on ECG may be an indi-
cator of myocardial damage in patients with CAE. Further studies
are needed to establish its significance as a possible new risk fac-
tor in patients with CAE.

Limitations

Our study has some limitations. Firstly, our results are based on
a relatively small sample size. Therefore, these findings must be
confirmed by further large-scale prospective studies. Secondly, al-
though a significant association between CAE and fQRS was ob-
served, we could not establish the exact underlying mechanisms
responsible for this association. Thirdly, relation of CAE with myo-
cardial scar or ischemia can be accurately quantified by using mag-
netic resonance imaging (MRI) or computed tomography (CT) im-
aging. However, none of the patients in our study underwent MRI or
CT to show myocardial scar.
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