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ABSTRACT
Objective: In this study, we aimed to demonstrate whether the presence of fragmented QRS (fQRS) is associated with the frequency of prema-
ture ventricular contractions (PVCs).
Methods: We retrospectively analyzed 282 cases by 24-hour Holter monitorings (HMs) between August 2012 and February 2013. Firstly, the 
patients were divided into 2 groups with respect to presence of fQRS and then divided into 3 groups with respect to frequency of PVCs as Group 
1: seldom PVC (<120 PVCs/day), Group 2: moderate-frequency PVC (120-720 PVCs/day), and Group 3: frequent PVC (>720 PVCs/day). We inves-
tigated the predictors of frequent PVCs by using multinomial logistic regression analysis.
Results: Ninety-eight patients had fQRS. There was no difference between the 2 groups with respect to body mass index, gender, hypertension, 
and diabetes mellitus. Patients with fQRS were older (54.9±15.6 vs. 47.0±16.3, p<0.001) and had more family history of coronary artery disease 
(25% vs. 13%, p=0.012). Patients with fQRS was more likely to be on aspirin therapy (28.6% vs. 10.4%, p<0.001) and have a larger left atrium 
diameter (33.5±5.7 vs. 30.4±5.8, p=0.001). Presence of fQRS was significantly associated with the frequency of PVCs (for frequent PVC 27.7% vs. 
7.6%, p<0.001; for moderate-frequency PVC 18.4% vs. 11.4%, p=0.012); 26.2% of Group 1 (n=202) had fQRS, 46.2% of Group 2 (n=39) had fQRS, 
and 65.9% of Group 3 (n=41) had fQRS. In the multinomial regression analysis, only age (odds ratio: 4.24, 95% confidence interval 2.08-8.64, 
p=0.001) and fQRS (odds ratio: 2.11, 95% confidence interval 1.00-4.45, p=0.05) were predictors of frequent PVCs.
Conclusion: This study demonstrated that the presence of fQRS is associated with frequent PVCs in patients without overt structural heart disease.
(Anatol J Cardiol 2015; 15: 456-62)
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Fragmented QRS is associated with frequency of premature ventricular 
contractions in patients without overt cardiac disease

Introduction

Premature ventricular contractions (PVCs) are common in 
the general population, and most of them are not clinically 
important in the absence of underlying structural heart disease, 
but it is well known that PVCs are associated with mortality and 
morbidity when there is an underlying structural heart disease 
(1-3). It is shown that frequent PVCs have a good prognosis in 
the absence of structural heart disease (4). On the contrary, 
some studies demonstrated an increased risk of sudden cardiac 
death, myocardial infarction, and all-cause mortality in patients 
with frequent PVCs but without structural heart disease (5, 6). 
Some investigators found that frequent PVCs may cause cardio-
myopathy by itself and may be responsible for increased cardiac 
risk (7, 8). Additionally, PVCs without underlying heart disease 

may be associated with ventricular tachycardia (VT), and elimi-
nation of these PVCs with catheter ablation prevents further 
occurrence of VT (9-11).

Fragmented QRS (fQRS) is a finding on the surface electro-
cardiogram (ECG), and it is associated with cardiac mortality 
and morbidity in various cardiac conditions (12, 13). Furthermore, 
fQRS was found to be associated with ventricular arrhythmias in 
patients with various cardiac disorders, such as chronic heart 
failure, hypertrophic cardiomyopathy, Brugada syndrome, and 
idiopathic ventricular fibrillation (14-17), but the association 
between fQRS and PVCs is not well studied.

In the present study, we aimed to demonstrate whether the 
presence of fQRS is associated with frequent PVCs on 24-hour 
Holter monitorings (HMs) in patients without overt structural 
heart disease.



Methods

Study population
We retrospectively evaluated 412 patients who underwent 24 

hour HM due to complaints of palpitation in our hospital between 
August 2012 and February 2013. To exclude possible coronary 
artery disease (CAD), we did not evaluate and include the patients 
with complaints of chest pain and dyspnea. Patients with positive 
noninvasive stress tests were also not done. Among the evaluated 
412 patients, 62 patients with missing ECGs, 26 patients with isch-
emic cardiomyopathy, 18 patients with bundle branch block, 11 
patients with moderate to severe valvular disease, 8 patients with 
nonischemic cardiomyopathy, 4 patients with pacemaker activity, 
and 1 patient with hypertrophic cardiomyopathy were excluded 
from study. Finally, 282 patients were included in the study. Firstly, 
the patients were divided into 2 groups with respect to the pres-
ence of fQRS, and then, patients were divided into 3 groups with 
respect to frequency of PVCs, with groups 1, 2, and 3 representing 
seldom PVCs (<120 PVCs/day), moderate-frequency PVCs (120-720 
PVCs/day), and frequent PVCs (>720 PVCs/day), respectively (18).

Patients’ medical history and baseline characteristics were 
extracted from the medical recordings. Hypertension (HTN), 
diabetes mellitus (DM), smoking, and family history of coronary 
artery disease (CAD) were noted. Body mass index (BMI) was 
calculated by using the standard formula [weight (kilogram)/
square of height (meter)]. Baseline laboratory findings, including 
fasting plasma glucose (FPG), creatinine, potassium, hemoglobin 
(Hgb), leukocytes, thyroid-stimulating hormone (TSH), triglycer-
ide (TG), low-density lipoprotein-cholesterol (LDL-C), high-den-
sity lipoprotein-cholesterol (HDL-C), and total cholesterol levels, 
were noted from the laboratory recordings obtained prior to HM. 
Glomerular filtration rate (eGFR) was measured using the stan-
dard Cockcroft-Gault formula.

Echocardiographic recordings (all of them were done with a 
Vivid 7, General Electric Vingmed, Horten, Norway) were evalu-
ated, and ejection fraction (EF) (by Simpson method), left ven-
tricular end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter (LVESD), interventricular septum (IVS) thick-
ness in diastole, posterior wall (PW) thickness in diastole, and 
left atrium (LA) diameter in apical for chamber dimensions were 
noted. All echocardiographies in our institution were performed 
according to previous guidelines of the American Society of 
Echocardiography (19).

Electrocardiography 
A 12-lead surface ECG was obtained from all patients before 

connecting the Holter device to the patient. The 12-lead ECGs 
(Nihon-KohdenCardiofax ECG1350K, Tokyo, Japan, filter range 
0.5 Hz to 150 Hz, AC filter 60 Hz, 25 mm/s, 10 mm/mV) were ana-
lyzed by 2 independent cardiologists who were blinded to the 
Holter data. fQRS was defined as the presence of different RSR’ 
patterns (QRS duration <120 ms), which included an additional R 
wave (R’ prime) or notching of the R wave or S wave, or the pres-
ence of more than one R’ prime without typical bundle branch 

block in two contiguous leads corresponding to a major coro-
nary artery territory (12-14). ECGs were evaluated with the 
naked eye by two cardiologists, who were blinded to the Holter 
results for the presence of fQRS without using any magnifica-
tion. The inter-observer concordance rate for determining fQRS 
was 98.5% between the two readers. In cases of disagreement, 
the final decision was made mutually.

Holter monitoring and interpretation
Holter devices (Universal resting 12-lead Holter dms 300-4A, 

mtm multitechmed gmbh, Schwarzwaldstrasse, Germany) were 
applied to the patient by our clinic’s nurse; the patient came 
back after 24 hours, and the nurse took off the device and 
uploaded the recordings to the Holter archive. Two independent 
cardiologists evaluated the recordings for PVCs, and the number 
of PVCs was recorded.

Statistical analysis
All statistical studies were carried out with the SPSS program 

(version 15.0, SPSS, Chicago, İllinois, USA). Quantitative variables 
were expressed as the mean value±SD, and qualitative variables 
were expressed as percentages (%). All measurements were 
evaluated with the Kolmogorov-Smirnov test. A comparison 
between two groups, according to the presence of fQRS, was 
performed using the student t-test. A comparison between three 
groups, according to the number of PVCs, was performed using 
one-way ANOVA and Tukey test for post-hoc analysis. Categorical 
variables were compared by the likelihood ratio χ2 test or Fisher’s 
exact test. Multinomial logistic regression analysis, which includ-
ed variables with p<0.1, was performed to identify independent 
predictors of PVC frequency. Age ≥65, increased left atrium diam-
eter (≥35 mm), increased interventricular septum diameter (≥11 
mm), male gender, DM, HT, family history, beta-blocker usage, and 
presence of fQRS were entered into the model. A p value <0.05 
was considered statistically significant.

Results

In total, the study included 282 patients. Fragmented QRS 
was present in 98 (34.7%) of them. The baseline characteristics 
of the patients are shown in Table 1. There were no differences 
between the 2 groups (defined according to the presence of 
fQRS) with respect to gender, HTN, DM, BMI, and smoking sta-
tus. Patients with fQRS were older (54.9±15.6 vs. 47.0±16.3, 
p<0.001) and more likely to be on aspirin therapy for primary 
prevention (28.6% vs. 10.4%, p<0.001) and β-blocker therapy 
(29.6% vs. 15.8%, p=0.007). The baseline laboratory findings, 
except TSH and FPG, were not different between the 2 groups. 
Patients with fQRS had higher TSH levels (2.3±1.6 vs. 1.82±1.3, 
p=0.016) and higher FPG levels (111.2±44.4 vs. 99.7±24.9, p=0.006) 
than patients without fQRS. Patients with fQRS had a larger left 
atrium (33.5±5.7 vs. 30.4±5.8, p=0.001) and thicker IVS (10.2±1.8 
vs. 9.5±2.3, p=0.042) than patients without fQRS. Frequency of 
PVCs was significantly higher in patients with fQRS (27.6% vs. 
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7.6%, p<0.001). Moderate PVC was also higher in patients with 
fQRS (18.4% vs. 11.4%, p=0.012) when compared to the seldom 
PVC group.

In Table 2, we demonstrated the characteristics of the study 
population with respect to PVC frequency. There were no differ-
ences between the 3 groups with respect to gender, age, BMI, 
HTN, DM, smoking status, and family history of CAD. The EF was 

lower in groups 2 and 3 than in group 1 (p=0.007). Higher LVEDD 
measurements were present in group 3 than in groups 1 and 2 
(p=0.003). The left atrium was larger in groups 2 and 3 than in 
group 1 (p=0.010). Creatinine was higher in group 3 than in group 
1 (p=0.025), and eGFR was lower in group 3 than in group 1 
(p=0.013). The percentage of patients with fQRS was signifi-
cantly different between all 3 groups. While 65.9% of group 3 
patients had fQRS, 46.2% and 26.2% of group 2 and group 1 
patients had fQRS, respectively (p=0.001).

 fQRS- (n=184) fQRS+ (n=98) P 
Age, years 47.0±16.3 54.9±15.6 <0.001

Gender, female n (%) 114 (62) 50 (49) 0.053

BMI, kg/m2 27.1±6.1 27.6±5.0 0.491

Hypertension, n (%) 53(28.8) 38 (39.2) 0.077

Diabetes mellitus, n (%) 11.4 (21) 19.8 (19) 0.057

Family CAD history, n (%) 24 (13) 24 (25) 0.012*

Smoking, n (%) 47 (25.5) 22 (22.7) 0.596

Ejection fraction, % 63.3±4.1 61.6±6.4 0.086

LVEDD, mm 42.7±4.7 44.1±4.7 0.067

LVESD, mm 28.0±5.0 28.6±4.1 0.495

LAD, mm 30.4±5.8 33.5±5.7 0.001*

IVSD, mm 9.5±2.3 10.2±1.8 0.042

LVPWD, mm 9.7±1.8 10.2±2.4 0.131

FPG, mg/dL 99.7±24.9 111.2±44.4 0.006*

Hemoglobin, g/dL 12.8±1.6 13.0±1.4 0.518

Leukocyte, ×103 /mL 7.4±2.0 7.6±2.4 0.693

Creatinine, mg/dL 0.78±0.27 0.79±0.30 0.719

Potassium, mg/dL 5.0±1.4 4.4±0.4 0.360

eGFR 99.8±28.0 96.7±27.2 0.478

Total cholesterol, mg/dL 200±37 227±93 0.048*

LDL-C, mg/dL 127±36 128±31 0.789

HDL-C, mg/dL 51±12 52±12 0.748

Triglyceride, mg/dL 112±50 131±70 0.078

TSH, UI/mL 1.82±1.3 2.3±1.6 0.016

ASA, n (%) 19 (10.4) 28 (28.6) <0.001*

β blocker, n (%) 29 (15.8) 29 (29.6) 0.007*

ACEi, n (%) 15 (8.7) 13 (13.3) 0.235

ND-CCB, n (%) 15 (8.7) 15 (15.3) 0.068

Moderate PVCs, n (%) 21 (11.4) 18 (18.4) 0.012†

Frequent PVCs, n (%) 14 (7.6 ) 27 (27.7) <0.001†

*significant differences 
†significantly different than fewer PVCs. 
ASA - asetil salicylic acite; BMI - body mass index; CAD - coronary artery disease; 
eGFR - estimated glomerular filtration rate; FPG - fasting plasma glucose; HDL-C - 
high-density lipoprotein cholesterol; IVSD - interventricular septum end-diastolic 
diameter; LAD - left atrium diameter; LDL-C - low-density lipoprotein cholesterol; 
LVEDD - left ventricle end-diastolic diameter; LVESD - left ventricle end-systolic 
diameter; LVPWD - left ventricle posterior wall end-diastolic thickness; ND-CCB - non-
dihydropyridine calcium channel-blocking agent; PVC - premature ventricular 
contraction; TSH - thyroid-stimulating hormone

Table 1. Baseline characteristics of study patients according to the 
presence of fragmented QRS

 Group 1  Group 2 Group 3 
 (n=202) (n=39) (n=41)

 (PVC< (PVC  (PVC≥ 
 120/day) 120-720/day) 720/day) P

Gender, female, n (%) 119 (58.9)  23 (59.0) 21 (51.2) 0.653

Age, years 48.7±16.2 51±17.1 53.9±17.1 0.168

BMI, kg/m2 27.1±6 27.1±5.1 28.2±5 0.596

Fragmented QRS, n (%) 53 (26.2)‡, β 18 (46.2)β 27 (65.9)‡ 0.001*

Hypertension, n (%) 62 (30.7) 13 (34.2) 16 (39.0) 0.563

Diabetes mellitus, n (%) 29 (%14.4) 6 (15.8) 5 (12.2) 0.896

Smoking, n (%) 49 (24.3) 12 (31.6) 8 (19.5) 0.453

Family history of CAD, n (%) 32 (15.8) 7 (18.4) 9 (22.5) 0.579

Ejection fraction, % 63.5±4‡ 60.6±6.3‡ 60.8±7.3 0.007*

LVEDD, mm 42.7±4.7‡ 42.6±4.3 46.2±4.3‡ 0.003*

LVESD, mm 27.6±4.8‡ 29.3±4.1 30±4.2‡ 0.039*

LVPWD, mm 9.8±1.8 9.5±2.9 10.7±2.2 0.089

IVSd, mm 9.7±2.1 9.7±2.3 10.3±1.9 0.475

LAD, mm 30.8±6‡ 32.5±5.2 31.6±6‡ 0.010*

BB, n (%) 35 (17.4) 10 (25.6) 13 (31.7) 0.085

ND-CCB, n (%) 14 (7.0)‡, β 8 (20.5)β 8 (19.5)‡ 0.006*

FPG, mg/dL 101.4±24.8 110.4±57.6 106.1±31.3 0.624

Creatinine, mg/dL 0.7±0.2‡ 0.8±0.3 0.9±0.4‡ 0.025*

eGFR, mL/min/1.73 m2 102.4±27.2‡ 93.8±29.0 86.2±25.0‡ 0.013*

Total cholesterol, mg/dL 204.2±39.6 240.2±122.4 195±29.2 0.079

Triglyceride, mg/dL 115.9±57.4 140.1±63.3 113.5±58 0.197

LDL-C, mg/dL 128.8±36.4 134.3±34.2 117.5±27.6 0.267

HDL-C, mg/dL  52±12.7 47.2±8.4 53.7±11.5 0.262

Hemoglobin, g/dL 12.9±1.6 12.9±1.5 12.8±1.2 0.963

Leukocytes,103/mm3 7.6±2.3 7.1±1.3 7.1±2.3 0.355

TSH, UI/mL 1.9±1.4 1.7±1 2.6±2 0.334

Potassium, mmol/L 4.4±0.3 4.5±0.5 4.4±0.4 0.551
*significant differences 
‡, βsignificant difference between groups  
BB - beta-blocking agent; BMI - body mass index; eGFR - estimated glomerular filtration rate; 
FPG - fasting plasma glucose; HDL-C - high-density lipoprotein cholesterol; IVSd - 
interventricular septum end-diastolic; LAD - left atrium diameter; LDL-C - low-density 
lipoprotein cholesterol; LVEDD - left ventricle end-diastolic diameter; LVESD - left ventricle 
end-systolic diameter; LVPWD - left ventricular posterior wall end-diastolic thickness; 
ND-CCB - non-dihydropyridine calcium channel-blocking agent; TSH - thyroid-stimulating 
hormone

Table 2. Patient characteristics according to PVC frequency
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In the multinomial regression analysis, only age (odds ratio: 

4.24, 95% confidence interval 2.08-8.64, p=0.001) and fQRS (odds 

ratio: 2.11, 95% confidence interval 1.00-4.45, p=0.05) were found 

as predictors of frequent PVCs on the HMs in this study (Table 3).

In Table 4, we show the baseline characteristics of the 
patients without hypertension, diabetes, and left ventricular 
hypertrophy. Fragmented QRS was also more prevalent in 
patients with frequent PVCs in these groups. While 7 (5.7%) of 
the 112 patients without fQRS had frequent PVCs, 14 (28.6%) of 
the 49 patients with fQRS had frequent PVCs. In this group, only 
fQRS was associated with frequent PVCs, as shown by univari-
ate analysis (Table 5).

Discussion

The main finding of the present study is that the presence of 
fQRS on surface ECG is related to frequent PVCs in patients 
without overt structural heart disease. We also found that 
patients with frequent PVCs have lower EF values and higher LV 
and LA dimensions. To our knowledge, this is the first study dem-
onstrating the association between fQRS and PVC frequency.

Fragmentation of QRS complex can easily be detected by the 
naked eye, and growing evidence corroborates its role in vari-
ous areas of cardiac manifestations. First of all, it was found to 
be associated with increased cardiac mortality and morbidity in 
patients with CAD (20), acute coronary syndromes (13, 21), and 
ischemic and nonischemic cardiomyopathy (22, 23). Secondly, 
fQRS was found to be associated with ventricular arrhythmias in 
various conditions, such as ischemic and nonischemic cardio-
myopathy (23), hypertrophic cardiomyopathy (15), Brugada syn-
drome (24), acquired long QT syndrome (25), and arrhythmo-
genic right ventricular dysplasia (26, 27). Additionally, fQRS was 
found to be associated with the response to cardiac resynchro-
nization therapy (28) and shock delivery from implanted devices 
(29).

 Although the main causative mechanism of fQRS formation 
is not fully understood yet, myocardial fibrosis and/or ischemia 
is generally accepted as being responsible for fQRS formation 
through the altered homogeneity of myocardial electrical activ-
ity (30, 31). Really, studies with cardiac magnetic resonance 
imaging (MRI) (31, 32) and myocardial single-photon emission 
tomography (SPECT) (33) showed that fQRS was associated with 
myocardial scars and had higher sensitivity and specificity for 
detecting myocardial scars than Q wave. Myocardial scarring or 
fibrosis is not only developed by myocardial infarction or isch-

 Univariate Multivariate

Variable OR (95% CI) P OR (95% CI) P

Age ≥65 years 2.47 (1.21-5.05) 0.013 4.24 (2.08-8.64) 0.001

GFR≤60 mL/min/1.73m2 1.98 (0.50-7.86) 0.328

Diabetes mellitus 0.81 (0.29-2.21) 0.679

Family history 1.49 (0.66-3.38) 0.334

Male gender 1.36 (0.70-2.65) 0.357

CCB 2.39 (0.98-5.81) 0.054

fQRS 4.61 (2.28-9.32) <0.001 2.11 (1.00-4.45) 0.05
CCB - calcium channel blocker; CI - confidence interval; fQRS - fragmented QRS; GFR - 
glomerular filtration rate; OR - odds ratio

Table 3. Univariate and multivariate analyses for predictors of frequent 
premature ventricular contraction

 fQRS (-)  fQRS (+) 
 (n=122) (n=49) P

Gender, male, n (%) 37 (30.3) 21 (42.9) 0.118

Age, years 39.1±15.6 44.7±17.5 0.045‡*

BMI, kg/m2 25.1±5.8 25.4±4.8 0.757

Smoking, n (%) 34 (27.9) 13 (27.1) 0.918

Family history of CAD, n (%) 14 (11.5) 6 (12.5) 0.852

Ejection fraction, % 63.7±3.0 63.2±4.8 0.588

LVEDD, mm 41.7±4.1 43.0±4.9 0.133

LVESD, mm 27.1±3.4 28.0±3.5 0.324

LVPWD, mm 8.8±1.4 8.9±1.0 0.720

IVSd, mm 8.3±1.1 8.8±1.0 0.100

FPG, mg/dL 89.9±11.2 92.6±10.1 0.318

Creatinine, mg/dL 0.77±0.45 0.81±0.41 0.288

Total cholesterol, mg/dL 190.1±32.1 243.9±138.2 0.028*

Triglyceride, mg/dL 105.8±53.3 127.6±87.8 0.517‡

LDL-C, mg/dL 120.9±33.1 126.8±21.6 0.480

HDL-C, mg/dL  54.8±12.3 54.7±13.1 0.976

Hemoglobin, g/dL 13.0±1.5 13.1±1.5 0.715

TSH, UI/mL 1.77±1.04 2.08±0.96 0.073‡*

Frequent PVCs, n (%) 7 (5.7) 14 (28.6) <0.001*
‡Mann-Whitney U test 
*significant differences 
BMI - body mass index; CAD - coronary artery disease; FPG - fasting plasma glucose; 
HDL-C - high-density lipoprotein cholesterol; IVSD - interventricular septum end-
diastolic thickness; LDL-C - low-density lipoprotein cholesterol; LVEDD - left ventricle 
end-diastolic diameter; LVESD - left ventricle end-systolic diameter; LVPWD - left 
ventricle posterior wall end-diastolic thickness; PVC - premature ventricular 
contraction; TSH - thyroid-stimulating hormone

Table 4. Patient characteristics according to presence of fragmented 
QRS when hypertension, diabetes mellitus, and left ventricular 
hypertrophy are excluded

Variable OR (95% CI) P

Age ≥45 years  1.93 (0.77-4.85) 0.159

Male gender 1.03 (0.39-2.71) 0.952

fQRS 6.57 (2.45-17.56) <0.001

Smoking 0.58 (0.18-1.82) 0.351

Family history 1.95 (0.58-6.53) 0.276

Total cholesterol ≥200 mg/dL 1.31 (0.23-7.25) 0.753
CI - confidence interval; fQRS - fragmented QRS; OR - odds ratio

Table 5. Univariate analyses for risk factors of frequent premature 
ventricular contractions in patients without hypertension, diabetes, 
and left ventricular hypertrophy
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emia-patients may also have low-grade myocardial fibrosis that is 
undetectable by MRI or SPECT; indeed, a previous study showed 
the presence of fQRS in patients without detected myocardial 
fibrosis (34). Indeed, a substantial proportion of patients in our 
study had fQRS, although they did not have overt structural heart 
disease. This finding suggests that many patients without overt 
structural heart disease may have subclinical myocardial fibrosis, 
which makes them more prone to increased risk of future CV 
events. Very recently, the role of inflammation in fQRS formation 
was introduced in studies, and it was found that patients with 
inflammatory diseases are more likely to have fQRS (35, 36). As an 
example, cardiac MRI showed increased myocardial fibrosis 
despite the absence of cardiovascular disease in patients with 
rheumatoid arthritis (37). Experimental studies showed that tumor 
necrosis factor-a (TNF-a), which is a strong inflammatory marker, 
is associated with myocardial fibrosis (38). Additionally, C-reactive 
protein (CRP) may directly induce cardiac fibrosis via the inflam-
mation of cardiac cells (39). Systemic inflammation has an impor-
tant role in the occurrence of rhythm disorders and conduction 
abnormalities, and this was attributed to myocardial inflammation, 
focal fibrosis, or ischemia in the conduction system (40).

Myocardial scar is a known cause of ventricular arrhyth-
mias, and the most common ventricular arrhythmia is PVC, 
which almost everyone has in his lifetime. At the beginning, fre-
quent PVCs without an underlying structural heart disease were 
accepted as having no clinical importance (4), but later studies 
established contradictory findings (5, 6). Some recent studies 
showed that some PVCs may trigger ventricular tachycardia (VT) 
and/or fibrillations in apparently normal hearts (41), and in these 
patients, PVC ablation may effectively and safely reduce future 
VT (42). In addition to being responsible for triggering VT, fre-
quent PVCs may also cause LV dysfunction by itself, which is 
termed PVC cardiomyopathy, and this may resolve after PVC 
elimination by catheter ablation (9-11, 43). In a very recent study, 
it was found that frequent PVCs were associated with declining 
of the EF in 4 years of follow-up (7). Similar to this study, EF was 
significantly lower in patients with frequent PVCs in our study, 
although it was in the normal range. Interestingly, EF values 
within groups in our study and the study mentioned above were 
nearly identical. Our study also demonstrated that patients with 
frequent PVCs had larger LV diameters, which were compatible 
with EF values. In a recent study, it was shown that fQRS was 
also associated with systolic and diastolic dysfunction (44). 
Diastolic dysfunction in subjects with normal systolic functions 
was also attributed to the underlying myocardial fibrosis (45). 
Our study is not a follow-up study; so, we can not claim that PVC 
causes EF reduction. We only found that frequent PVCs in 
patients with apparently normal hearts are associated with 
reduced EF and increased LV dimensions when compared to 
patients without frequent PVCs. This finding suggests that 
patients with frequent PVCs must be followed up, even if they 
are asymptomatic, to detect LV dysfunction.

Hypertension and DM are major risk factors for CVD, and 
LVH is accepted as target organ damage; thus, we also com-

pared patients without HTN, DM, and LVH to exclude the possi-
ble role of subclinical CVD in these patients. We can suggest 
that the pretest probability of CAD in these patients is very low, 
because they have no chest pain and are predominantly female 
and relatively young (mean age 44.7 in fQRS and 39.1 in non-
fQRS patients). We found that fQRS was associated with fre-
quent PVCs, even in this group.

Finally, most of the PVCs in normal hearts originate from the right 
ventricular outflow tract (RVOT), and in a recent electrophysiological 
study, it was shown that fragmentations on the ECG due to local volt-
age potentials on the RVOT are associated with RVOT PVCs (46).

Study limitations

Firstly, this is a retrospective study with a relatively small 
number of patients; prospective follow-up studies are needed to 
clarify the clinical importance of fQRS in patients with frequent 
PVCs. Secondly, cardiac MRI to delineate the presence of myo-
cardial fibrosis in patients with frequent PVCs may be useful, but 
obtaining these techniques in a retrospective study is impossi-
ble, because they have no regular indication for managing these 
patients. Thirdly, most of the patients were not evaluated with 
stress tests to exclude asymptomatic CAD. Lastly, we did not 
have inflammatory markers (like CRP, TNF-a, or interleukins) and 
markers of early atherosclerosis (like carotid intima-media 
thickness), which may strengthen our findings.

Conclusion

In conclusion, fQRS is independently associated with fre-
quent PVCs. Patients with fQRS and palpitation should be moni-
tored for measuring PVC burden, and in the case of frequent 
PVCs, patients should be followed for future arrhythmic events 
and LV dysfunction and should be treated conveniently.

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept - A.T., E.G.; Design - A.T., E.G.; 
Supervision - A.Barutçu., A.Bekler.; Resource - A.Barutçu., A.Bekler.; 
Materials - A.T., A.Ü.Y.; Data collection &/or processing - Ö.G., A.Ü.Y.; 
Analysis &/or interpretation - B.A., Y.Z.T.; Literature search - B.A., Y.Z.T.; 
Writing - A.T., Ö.G.; Critical review - M.S., Y.Ç.; Other - M.S., Y.Ç.

References

1. Bigger JT Jr, Fleiss JL, Kleiger R, Miller JP, Rolnitzky LM. The rela-
tionships among ventricular arrhythmias, left ventricular dysfunc-
tion, and mortality in the 2 years after myocardial infarction. 
Circulation 1984; 69: 250-8. [CrossRef]

2. Ruberman W, Weinblatt E, Goldberg JD, Frank CW, Chaudhary BS, 
Shapiro S. Ventricular premature complexes and sudden death 
after myocardial infarction. Circulation 1981; 64: 297-305. [CrossRef]

Temiz et al.
Fragmented QRS and PVC Anatol J Cardiol 2015; 15: 456-62460

http://dx.doi.org/10.1161/01.CIR.69.2.250
http://dx.doi.org/10.1161/01.CIR.64.2.297


3. Huikuri HV, Mäkikallio TH, Raatikainen MJ, Perkiömäki J, 
Castellanos A, Myerburg RJ. Prediction of sudden cardiac death: 
appraisal of the studies and methods assessing the risk of sudden 
arrhythmic death. Circulation 2003; 108: 110-5. [CrossRef]

4. Kennedy HL, Whitlock JA, Sprague MK, Kennedy LJ, Buckingham 
TA, Goldberg RJ. Long-term follow-up of asymptomatic healthy 
subjects with frequent and complex ventricular ectopy. N Engl J 
Med 1985; 312: 193-7. [CrossRef]

5. Abdalla IS, Prineas RJ, Neaton JD, Jacobs DR Jr, Crow RS. Relation 
between ventricular premature complexes and sudden cardiac death 
in apparently healthy men. Am J Cardiol 1987; 60: 1036-42. [CrossRef]

6. Bikkina M, Larson MG, Levy D. Prognostic implications of asymp-
tomatic ventricular arrhythmias: the Framingham Heart Study. Ann 
Intern Med 1992; 117: 990-6. [CrossRef]

7. Niwano S, Wakisaka Y, Niwano H, Fukaya H, Kurokawa S, Kiryu M, 
et al. Prognostic significance of frequent premature ventricular 
contractions originating from the ventricular outflow tract in 
patients with normal left ventricular function. Heart 2009; 95: 1230-
7. [CrossRef]

8. Lee GK, Klarich KW, Grogan M, Cha YM. Premature ventricular 
contraction-induced cardiomyopathy: a treatable condition. Circ 
Arrhythm Electrophysiol 2012; 5: 229-36. [CrossRef]

9. Huizar JF, Kaszala K, Potfay J, Minisi AJ, Lesnefsky EJ, Abbate A, et 
al. Left ventricular systolic dysfunction induced by ventricular 
ectopy: a novel model for premature ventricular contraction-
induced cardiomyopathy. Circ Arrhythm Electrophysiol 2011; 4: 
543-9. [CrossRef]

10.  Ezzat VA, Liew R, Ward DE. Catheter ablation of premature ven-
tricular contraction-induced cardiomyopathy. Nat Clin Pract 
Cardiovasc Med 2008; 5: 289-93. [CrossRef]

11. Zhong L, Lee YH, Huang XM, Asirvatham SJ, Shen WK, Friedman 
PA, et al. Relative efficacy of catheter ablation vs antiarrhythmic 
drugs in treating premature ventricular contractions: A single cen-
ter retrospective study. Heart Rhythm 2014; 11: 187-93. [CrossRef]

12. Das MK, Michael MA, Suradi H, Peng J, Sinha A, Shen C, et al. 
Usefulness of fragmented QRS on a 12-lead electrocardiogram in 
acute coronary syndrome for predicting mortality. Am J Cardiol 
2009; 104: 1631-7. [CrossRef]

13. Pietrasik G, Goldenberg I, Zdzienicka J, Moss AJ, Zareba W. 
Prognostic significance of fragmented QRS complex for predicting 
the risk of recurrent cardiac events in patients with Q-wave myo-
cardial infarction. Am J Cardiol 2007; 100: 583-6. [CrossRef]

14. Das MK, Zipes DP. Fragmented QRS: a predictor of mortality and 
sudden cardiac death. Heart Rhythm 2009; 6: 8-14. [CrossRef]

15. Femenía F, Arce M, Van Grieken J, Trucco E, Mont L, Abello M, et al. 
Fragmented QRS in Hypertrophic Obstructive Cardiomyopathy 
(FHOCM) Study Investigators. Fragmented QRS as a predictor of 
arrhythmic events in patients with hypertrophic obstructive cardio-
myopathy. J Interv Card Electrophysiol 2013; 38: 159-65. [CrossRef]

16. Pei J, Li N, Gao Y, Wang Z, Li X, Zhang Y, et al. The J wave and 
fragmented QRS complexes in inferior leads associated with sud-
den cardiac death in patients with chronic heart failure. Europace 
2012; 14: 1180-7. [CrossRef]

17. Wang J, Tang M, Mao KX, Chu JM, Hua W, Jia YH, et al. Idiopathic 
ventricular fibrillation with fragmented QRS complex and J wave in 
resting electrocardiogram. J Geriatr Cardiol 2012; 9: 143-7. 
[CrossRef]

18. Adamec J, Adamec R. ECG Holter. Guide to Electrocardiographic 
Interpretation. Springer; New York, 2008. [CrossRef]

19. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, 
Feigenbaum H, et al. Recommendations for quantitation of the left 
ventricle by two-dimensional echocardiography. American Society 
of Echocardiography Committee on Standards, Subcommittee on 
Quantitation of Two-Dimensional Echocardiograms. J Am Soc 
Echocardiogr 1989; 2: 358-67. [CrossRef]

20. Das MK, Saha C, El Masry H, Peng J, Dandamudi G, Mahenthiran J, 
et al. Fragmented QRS on a 12-lead ECG: a predictor of mortality 
and cardiac events in patients with coronary artery disease. Heart 
Rhythm 2007; 4: 1385-92. [CrossRef]

21. Arı H, Çetinkaya S, Arı S, Koca V, Bozat T. The prognostic signifi-
cance of a fragmented QRS complex after primary percutaneous 
coronary intervention. Heart Vessels 2012; 27: 20-8. [CrossRef]

22. Sha J, Zhang S, Tang M, Chen K, Zhao X, Wang F. Fragmented QRS 
is associated with all-cause mortality and ventricular arrhythmias 
in patient with idiopathic dilated cardiomyopathy. Ann Noninvasive 
Electrocardiol 2011; 16: 270-5. [CrossRef]

23. Das MK, Maskoun W, Shen C, Michael MA, Suradi H, Desai M, et 
al. Fragmented QRS on twelve-lead electrocardiogram predicts 
arrhythmic events in patients with ischemic and nonischemic car-
diomyopathy. Heart Rhythm 2010; 7: 74-80. [CrossRef]

24. Priori SG, Gasparini M, Napolitano C, Della Bella P, Ottonelli AG, 
Sassone B, et al. Risk stratification in Brugada syndrome: results 
of the PRELUDE (PRogrammed ELectrical stimUlation preDictive 
valuE) registry. J Am Coll Cardiol 2012; 59: 37-45. [CrossRef]

25. Haraoka K, Morita H, Saito Y, Toh N, Miyoshi T, Nishii N, et al. Fragmented 
QRS is associated with torsades de pointes in patients with acquired 
long QT syndrome. Heart Rhythm 2010; 7: 1808-14. [CrossRef]

26. Peters S, Truemmel M, Koehler B. Prognostic value of QRS frag-
mentation in patients with arrhythmogenic right ventricular cardio-
myopathy/dysplasia. J Cardiovasc Med (Hagerstown) 2012; 13: 
295-8. [CrossRef]

27. Canpolat U, Kabakçı G, Aytemir K, Dural M, Şahiner L, Yorgun H, et 
al. Fragmented QRS complex predicts the arrhythmic events in 
patients with arrhythmogenic right ventricular cardiomyopathy/
dysplasia. J Cardiovasc Electrophysiol 2013; 24: 1260-6. [CrossRef]

28. Çelikyurt U, Ağaçdiken A, Şahin T, Al N, Vural A, Ural D. Relationship 
between fragmented QRS and response to cardiac resynchroniza-
tion therapy. J Interv Card Electrophysiol 2012; 35: 337-42. [CrossRef]

29. Brenyo A, Pietrasik G, Barsheshet A, Huang DT, Polonsky B, 
McNitt S, et al. QRS fragmentation and the risk of sudden cardiac 
death in MADIT II. J Cardiovasc Electrophysiol 2012; 23: 1343-8. 
[CrossRef]

30. Lesh MD, Spear JF, Simson MB. A computer model of the electro-
gram: what causes fractionation? J Electrocardiol 1988; 21: S69-S73. 
[CrossRef]

31. Başaran Y, Tigen K, Karaahmet T, Işıklar I, Çevik C, Gürel E, et al. 
Fragmented QRS complexes are associated with cardiac fibrosis 
and significant intraventricular systolic dyssynchrony in nonisch-
emic dilated cardiomyopathy patients with a narrow QRS interval. 
Echocardiography 2011; 28: 62-8. [CrossRef]

32. Chatterjee S, Changawala N. Fragmented QRS complex: a novel marker 
of cardiovascular disease. Clin Cardiol 2010; 33: 68-71. [CrossRef]

33. Das MK, Khan B, Jacob S, Kumar A, Mahenthiran J. Significance 
of a fragmented QRS complex versus a Q wave in patients with 
coronary artery disease. Circulation 2006; 113: 2495-501. [CrossRef]

34. MacAlpin RN. The fragmented QRS: does it really indicate a ven-
tricular abnormality? J Cardiovasc Med (Hagerstown) 2010; 11: 
801-9. [CrossRef]

Temiz et al.
Fragmented QRS and PVCAnatol J Cardiol 2015; 15: 456-62 461

http://dx.doi.org/10.1161/01.CIR.0000077519.18416.43
http://dx.doi.org/10.1056/NEJM198501243120401
http://dx.doi.org/10.1016/0002-9149(87)90348-1
http://dx.doi.org/10.7326/0003-4819-117-12-990
http://dx.doi.org/10.1136/hrt.2008.159558
http://dx.doi.org/10.1161/CIRCEP.111.963348
http://dx.doi.org/10.1161/CIRCEP.111.962381
http://dx.doi.org/10.1038/ncpcardio1180
http://dx.doi.org/10.1016/j.hrthm.2013.10.033
http://dx.doi.org/10.1016/j.amjcard.2009.07.046
http://dx.doi.org/10.1016/j.amjcard.2007.03.063
http://dx.doi.org/10.1016/j.hrthm.2008.10.019
http://dx.doi.org/10.1007/s10840-013-9829-z
http://dx.doi.org/10.1093/europace/eur437
http://dx.doi.org/10.3724/SP.J.1263.2011.12121
http://dx.doi.org/10.1007/978-0-387-78187-7
http://dx.doi.org/10.1016/S0894-7317(89)80014-8
http://dx.doi.org/10.1016/j.hrthm.2007.06.024
http://dx.doi.org/10.1007/s00380-011-0121-9
http://dx.doi.org/10.1111/j.1542-474X.2011.00442.x
http://dx.doi.org/10.1016/j.hrthm.2009.09.065
http://dx.doi.org/10.1016/j.jacc.2011.08.064
http://dx.doi.org/10.1016/j.hrthm.2010.09.008
http://dx.doi.org/10.2459/JCM.0b013e32834bed0a
http://dx.doi.org/10.1111/jce.12202
http://dx.doi.org/10.1007/s10840-012-9694-1
http://dx.doi.org/10.1111/j.1540-8167.2012.02390.x
http://dx.doi.org/10.1016/0022-0736(88)90061-1
http://dx.doi.org/10.1111/j.1540-8175.2010.01242.x
http://dx.doi.org/10.1002/clc.20709
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.595892
http://dx.doi.org/10.2459/JCM.0b013e32833b9816


35. İnanır A, Ceyhan K, Okan S, Kadı H. Frequency of fragmented QRS 
in ankylosing spondylitis: a prospective controlled study. Z 
Rheumatol 2013; 72: 468-73. [CrossRef]

36. Kadı H, İnanır A, Habiboğlu A, Ceyhan K, Koç F, Çelik A, et al. 
Frequency of fragmented QRS on ECG is increased in patients with 
rheumatoid arthritis without cardiovascular disease: a pilot study. 
Mod Rheumatol 2012; 22: 238-42. [CrossRef]

37. Giles JT, Malayeri AA, Fernandes V, Post W, Blumenthal RS, 
Bluemke D, et al. Left ventricular structure and function in patients 
with rheumatoid arthritis, as assessed by cardiac magnetic reso-
nance imaging. Arthritis Rheum 2010; 62: 940-51. [CrossRef]

38. Sun M, Chen M, Dawood F, Zurawska U, Li JY, Parker T, et al. Tumor 
necrosis factor-alpha mediates cardiac remodeling and ventricu-
lar dysfunction after pressure overload state. Circulation 2007; 115: 
1398-407. [CrossRef]

39. Zhang R, Zhang YY, Huang XR, Wu Y, Chung AC, Wu EX, et al. 
C-reactive protein promotes cardiac fibrosis and inflammation in 
angiotensin II-induced hypertensive cardiac disease. Hypertension 
2010; 55: 953-60. [CrossRef]

40. Eisen A, Arnson Y, Dovrish Z, Hadary R, Amital H. Arrhythmias and 
conduction defects in rheumatological diseases-a comprehensive 
review. Semin Arthritis Rheum 2009; 39: 145-56. [CrossRef]

41. Haïssaguerre M, Shah DC, Jaïs P, Shoda M, Kautzner J, Arentz T, et 
al. Role of Purkinje conducting system in triggering of idiopathic 
ventricular fibrillation. Lancet 2002; 359: 677-8. [CrossRef]

42. Haïssaguerre M, Shoda M, Jaïs P, Nogami A, Shah DC, Kautzner J, 
et al. Mapping and ablation of idiopathic ventricular fibrillation. 
Circulation 2002; 106: 962-7. [CrossRef]

43. Lamba J, Redfearn DP, Michael KA, Simpson CS, Abdollah H, 
Baranchuk A. Radiofrequency catheter ablation for the treat-
ment of idiopathic premature ventricular contractions originat-
ing from the right ventricular outflow tract: A systematic review 
and meta-analysis. Pacing Clin Electrophysiol 2014; 37: 73-8. 
[CrossRef]

44. Canga A, Kocaman SA, Durakoğlugil ME, Çetin M, Erdoğan T, Kırış 
T, et al. Relationship between fragmented QRS complexes and left 
ventricular systolic and diastolic functions. Herz 2013; 38: 665-70. 
[CrossRef]

45. Apstein CS, Eberli FR. Diastolic function and dysfunction with exer-
cise, hypertrophy, ischemia, and heart failure. Cardiologia 1998; 43: 
1269-79.

46. Bloch Thomsen PE, Johannessen A, Jons C, Hansen TF, Kanters JK, 
et al. The role of local voltage potentials in outflow tract ectopy. 
Europace 2010; 12: 850-60. [CrossRef]

Temiz et al.
Fragmented QRS and PVC Anatol J Cardiol 2015; 15: 456-62462

http://dx.doi.org/10.1007/s00393-012-1102-9
http://dx.doi.org/10.3109/s10165-011-0493-9
http://dx.doi.org/10.1002/art.27349
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.643585
http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.140608
http://dx.doi.org/10.1016/j.semarthrit.2008.05.001
http://dx.doi.org/10.1016/S0140-6736(02)07807-8
http://dx.doi.org/10.1161/01.CIR.0000027564.55739.B1
http://dx.doi.org/10.1111/pace.12243
http://dx.doi.org/10.1007/s00059-012-3739-1
http://dx.doi.org/10.1093/europace/euq090

