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Introduction

QRS complex fragmentations are frequently seen on routine 
surface electrocardiograms with narrow or wide QRS complex that 
include paced rhythm, bundle branch block or ventricular prema-
ture beats.1) These fragmentations on surface electrocardiography 
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(ECG) have been associated with increased adverse cardiac events 
in previous studies.2-5)

Fragmented QRS complexes (fQRS) on a 12-lead resting ECG are 
defined as various RSR’ patterns with or without Q waves, without 
a typical bundle-branch block in 2 contiguous leads corresponding 
to a major coronary artery territory.6) Based on their duration, they 
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are sub-classified into two subgroups of fQRS complexes with QRS 
duration <120 ms or ≥120 ms (fragmented wide-QRS complexes), 
and can be found on ECG with different QRS morphologies. Some-
times, fQRS may be the only electrocardiographic marker of myo-
cardial damage in patients with non-Q myocardial infarction and in 
patients with resolved Q wave.6)

The association between fQRS and increased morbidity and 
mortality, sudden cardiac death and recurrent cardiac events have 
been studied previously.4)5)7-10) In these studies, cardiac fibrosis has 
been shown to be the main causative mechanism.11)12) Additionally, 
fQRS may represent altered ventricular depolarization, which may 
result in different mechanisms in addition to fibrosis. Therefore, in 
patients with unstable coronary artery disease (CAD), there may be 
a possible causative association of fQRS with some factors includ-
ing systemic inflammation. 

Systemic inflammation has been shown to play a significant role 
in cardiac arrhythmias and conduction disturbances. The possible 
reason of cardiac arrhythmias and conduction disturbances seems 
to be related to myocardial inflammation, focal fibrosis, and isch-
emia within the conduction system.13) In a recent study, Kadi et 
al.14) showed that fQRS increased even in patients with rheumatoid 
arthritis without cardiovascular disease, in which it is speculated 
that inflammatory processes may play a pivotal role to produce 
fragmentations on ECG. Therefore, we hypothesized that the de-
velopment of fQRS may be related to systemic inflammation as 
well as myocardial ischemia and necrosis at the early acute coro-
nary syndrome (ACS) stage.

In this study, we interrogated the relationship between fQRS and 
systemic inflammation in patients with ACS. 

Subjects and Methods

Patient population and study protocol
The current study had a cross-sectional observational design. 

The study was conducted in the cardiology clinic at the Rize Edu-
cation and Research Hospital in Rize, Turkey. Two-hundred and 
twenty eligible patients with ACS that underwent coronary angi-
ography at our institution between January 2009 and December 
2009 were enrolled in this study consecutively. All patients were 
examined by an experienced cardiologist immediately after hospi-
talization. Of the 220 patients included in the study, the diagnosis 
was ST-segment elevation myocardial infarction (STEMI) in 38% of 
patients, non-ST elevation myocardial infarction (NSTEMI) in 36% 
of patients and unstable angina pectoris (USAP) in 26% of pa-
tients.

Clinical characteristics, which consisted of multiple descriptors 
from each patient’s history and physical examination, were col-

lected by physicians from the cardiology laboratory for each pa-
tient prior to cardiac catheterization and were stored in the data-
base at the coronary angiography laboratory at our institution. We 
recorded baseline characteristics, which included hypertension, di-
abetes mellitus, smoking history, family history for CAD, and lipid 
parameters. 

Patients with significant organic valvular heart disease and bun-
dle branch block (BBB) (left BBB, incomplete or complete right BBB 
or duration QRS ≥120 ms) and patients with permanent pacemak-
ers were excluded from the study.

Because our patients had ACS, we did not use a C-reactive protein 
(CRP) cutoff value of ≥10 mg/dL, which could be helpful for distin-
guishing vascular inflammation from inflammation of the infective 
diseases in stable CAD. ACS itself is an inflammatory process and it 
is difficult to distinguish these inflammatory processes by this well-
known cut-off value. Therefore, we clinically excluded the patients 
with any acute or chronicle infection or inflammatory disease which 
could be a confounding factor for our study.

The patients were first divided into two groups according to the 
presence or absence of fQRS. Afterwards, additional categories de-
termined by the subtype of ACS and number of fQRS were used 
for presentation of data. Lastly, logistic regression analysis was 
used to determine independent predictors of fQRS.

Laboratory measurements
Cardiac biomarker levels including CK, creatine kinase-MB (CK-

MB), Troponin-I, and inflammatory markers including leukocytes 
and CRP were measured at our emergency department. Plasma 
blood glucose levels were measured as both admission blood glu-
cose and fasting plasma glucose. The lipid samples were drawn by 
venipuncture to perform routine blood chemistry after fasting for 
at least 8 hours before coronary angiography. Fasting blood glu-
cose, total cholesterol, high density lipoprotein-cholesterol (HDL-
C), low density lipoprotein-cholesterol (LDL-C), triglyceride levels 
and other parameters were recorded in our hospital database. Glu-
cose, creatinine, and lipid profiles were determined by standard 
methods. White blood cell (leukocyte) counts were obtained from 
an automated cell counter (Coulter Gen-S, COULTER Corp., Miami, 
FL, USA). Serum CRP levels were determined by the nephelometric 
method. 

Electrocardiography
A 12-lead admission ECG was obtained from all patients. All 

ECGs (filter range 0.5 Hz to 150 Hz, AC filter 60 Hz, 25 mm/s, 10 
mm/mV) were analyzed by two independent clinicians who were 
blinded to the study design and the data collected.

The fQRS was defined by the presence of various RSR’ patterns 
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(QRS duration <120 ms) with or without Q wave, which included 
an additional R wave (R’ prime) or notching of the R wave or S 
wave, or the presence of more than one R prime (fragmentation) 
without typical bundle branch block in two contiguous leads cor-
responding to a major lead set for major coronary artery territory 
(Fig. 1). A notch on an R or S wave was defined as a definite but 
transient reversal of direction of the main deflection. The presence 
of fQRS was detected by inspection of tracings with the naked eye. 
Analysis of the standard 12-lead ECG was performed without us-
ing any magnification. The inter-observer concordance rate with 
regards to detecting the presence of fQRS was 97.8% between the 
two readers. In case of disagreement, the final diagnosis was 
achieved by mutual agreement. The intra-observer concordance 
rate was 98%. Fragmentations 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 if found in ≥2 contiguous leads in anterior, lateral or infe-
rior derivations. We also used the concept of “number of fQRS” 
which represents number of fQRS ≥2 because “one fQRS complex” 
was alone not accepted for the presence of fQRS. The QRS time 
was measured by manual and digitalized methods and a signifi-
cant difference was not found between both methods. It was de-
termined by the longest QRS in any lead.

Diagnosis of an acute STEMI was made by the presence of new 

or presumed new ST-segment elevations at the J point in ≥2 con-
tiguous leads of ≥0.2 mV in leads V 1, V 2, or V 3 and ≥0.1 mV in 
other leads.15) Marked ST depression, which was maximal in leads V 
1 through V 3, without ST-segment elevation in other leads, was 
designated as posterior wall MI and included in the STEMI group.

Pathologic Q wave: any Q wave in lead V 2 or V 3 ≥0.02 seconds 
or QS complex in leads V 2 and V 3 Q wave ≥0.03 seconds and ≥0.1 
mV deep or QS complex in lead I, II, aVL, aVF, or V 4 to V 6 in any 2 
leads of a contiguous lead grouping (I, aVL, and V 6; V 4 to V 6; and 
II, III, and aVF). R wave ≥0.04 seconds in lead V 1 or V 2 and R/S ra-
tio ≥1 with a concordant positive T wave in the absence of a con-
duction defect.15) The diagnosis of USAP and NSTEMI was per-
formed according to the American American College of Cardiology/
American Heart Association 2007 guidelines for the management 
of patients that were unstable.16)

Evaluation of the extent and severity of the coronary lesions 
at angiography

Standard selective coronary angiography with at least 4 views of 
the left coronary system and 2 views of the right coronary artery 
was performed in all patients using Judkins technique. Coronary 
angiograms were recorded on compact discs in DICOM format. 
Atherosclerotic coronary involvement was assessed by the number 
of vessels involved (vessel score) and by a severity score. Signifi-

Fig. 1. The various types of notched and fragmented QRS complexes used to select patients in our study. Different fQRS patterns are shown by arrows in-
cluding rSr´, rSR´, RSr´, notched R up-stroke and notched S down-stroke, bifid R peak and bifid R nadir.
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cant stenosis was determined visually and defined as ≥50% reduc-
tion in lumen diameter in any view compared with the nearest 
normal segment. Vessel score ranged from 0 to 4, depending on 
the vessels involved (0: normal, 1: <50% luminal narrowing, 2, 3 
and 4: ≥50% luminal narrowing for 1, 2 and 3 vessels). Coronary 
atherosclerotic burden was assessed using the Gensini score.

Gensini score considers both the extent and the severity of the 
lesions at coronary angiography and was calculated for each pa-
tient.17) This scoring system grades the stenosis in the epicardial 
coronary arteries (1 for 1-25% stenosis, 2 for 26-50% stenosis, 4 
for 51-75% stenosis, 8 for 76-90% stenosis, 16 for 91-99% steno-
sis, and 32 for total occlusion) and multiplies this number by a 
constant number determined according to the anatomical position 
of the lesion.

Statistical analysis
Continuous variables are shown as mean±standard deviation, 

and categorical variables are defined as percentages. Continuous 
variables were compared by the Student’s t-test and the χ2 test 
was used for analyzing categorical variables between two groups. 
Mean values were compared by analysis of variance among differ-
ent groups. Logistic regression analyses were used for the multi-
variate analysis of independent variables which were included if 
they were significantly different in the univariate analyses (age, 
number of obstructed vessels ≥50%, Q wave on ECG, creatinine 
levels, leukocytes, CRP, Gensini score, QRS duration, CK-MB and 
Troponin I). All tests of significance were two-tailed. Statistical sig-
nificance was defined as p<0.05. The Statistical Package for the 
Social Sciences (SPSS) statistical software (SPSS 15.0 for windows, 
Inc., Chicago, IL, USA) was used for all statistical calculations.

Results

The baseline clinical characteristics are detailed in Table 1. Pa-
tients with fQRS were older (p=0.02), with higher CRP (p<0.001), 
CK-MB levels (p=0.006), prolonged QRS time (p<0.001), extended 
CAD (p<0.001), and Q wave on admission ECG (p<0.001) in com-
parison to patients with non-fragmented QRS. 

In Table 2, study parameters are presented by group determined 
according to the subtype of ACS. Presence and number of fQRS, 
and the other study parameters were significantly different in 
these groups. The fQRS complexes were seen in more than one 
coronary territory in some patients. Additionally, the study param-
eters were presented in the groups and determined according to 
number of fQRS (0-1, 2-3 and >3), as shown in Table 3. Gensini 
score (p<0.001), Q wave on surface ECG (p=0.001), admission CK 
(p=0.026), CK-MB (p=0.001) (Fig. 2A), Troponin I levels (p=0.020), 

CRP (p<0.001), lactate dehydrogenase (p=0.019), Gensini score (p< 
0.001), number of obstructed vessels ≥50% (p=0.002) and QRS dur-
ation (p<0.001) were found to be increased with significantly raised 
numbers of fQRS. 

Distribution of study parameters in subgroups determined ac-
cording to CRP levels (<1, 1-3 and ≥3 mg/dL) is shown in Table 4. 
CRP was significantly related to presence and number of fQRS (Fig. 
2B), Gensini score (p<0.001), inflammatory cells, CK-MB (p<0.001), 
troponin levels (p<0.001) and number of obstructed vessels ≥50% 
(p<0.001).

When we performed multiple logistic regression analysis, fQRS 
was found to be related to increased CRP levels {odds ratio (OR): 1.2, 
95% confidence interval (CI): 1.045-1.316, p=0.007}, QRS duration 
(OR:1.1, 95% CI: 1.033-1.098, p<0.001), extent of CAD (OR: 1.5, 95% 
CI: 1.023-2.144, p=0.037), Q wave (OR: 2.2, 95% CI: 1.084-4.598, p= 
0.03) and CK-MB levels (OR: 1.0, 95% CI: 1.001-1.037, p=0.04) inde-
pendently (Table 5).

Discussion

In this study, we interrogated the possible independent relation-
ship of systemic inflammation with presence of fQRS in patients 
with ACS. Our findings suggested that higher levels of CRP are re-
lated to the presence and number of fQRS. To our knowledge, this 
is the first report demonstrating the potential role of systemic in-
flammation for the development of fQRS in patients with ACS.

Although fQRS is defined by unexpected deviations in QRS mor-
phology, the specific cause of fractionation on surface ECG is not 
fully known yet. fQRS has been shown to predict cardiac events in 
several populations. Pathophysiologically, fQRS is generally ac-
cepted to derive from regional myocardial fibrosis/scar and isch-
emia, which causes nonhomogeneous myocardial electrical activa-
tion.18-22) In patients with ischemic or non-ischemic left ventricular 
dysfunction, fQRS has been shown to be related to myocardial fi-
brosis.23) In previous studies in which Gadolinium delayed en-
hancement on cardiac magnetic resonance imaging was used to 
determine myocardial structure, fQRS has been found to be related 
with extensive myocardial scar.11)12) fQRS was also found to be a 
marker of a prior MI, demonstrated by regional perfusion abnor-
malities with scintigraphic evaluation, which has a substantially 
higher sensitivity and negative predictive value compared with the 
Q wave.6)24) Regional fQRS patterns denote to the presence of a 
greater corresponding focal regional myocardial scar on stress 
myocardial perfusion imaging.25) Our study findings also supported 
this reverse relationship between fQRS and LV systolic functions. 
Additionally, the fact that chronic ischemia could cause myocardial 
patchy fibrosis without prior MI.26) Similarly, in our study coronary 
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atherosclerotic burden and extent of CAD were related to fQRS.
Today, it is well known that myocardial ischemia may cause 

heart failure and ventricular arrhythmias due to stimulation of the 

development of scar tissue, which is related with increased mor-
tality and morbidity.6)18)25)27) In a setting of ACS, non-homogenous 
depolarization of myocardium caused by ischemia and infarct may 

Table 1. Baseline characteristics of the study subjects

Parameters Non-fragmented QRS (n=143) Fragmented QRS (n=77) p
Age (years) 58±11 62±12 0.024

Height (cm) 168±8 169±8 NS

Weight (kg) 80±14 79±15 NS

BMI (kg/m2) 28±5 28±5 NS

Gender (male, %) 78 85 NS

Hypertension (%) 41 33 NS

Diabetes mellitus (%) 32 45 NS

Smoking (%) 51 44 NS

Hyperlipidemia (%) 60 56 NS

Family history of CAD (%) 44 42 NS

Admission blood glucose (mg/dL) 148±76 154±69 NS

Fasting plasma glucose (mg/dL) 120±48 130±59 NS

Number of obstructed vessels ≥50% 1.4±0.9 1.8±0.9 <0.001

Q wave on ECG (%) 18 41 <0.001

Creatinine (mg/dL) 1.0±0.4 1.1±0.3 NS

eGFR (mL/min) 93±31 87±33 NS

Total cholesterol (mg/dL) 187±43 184±36 NS

LDL-C (mg/dL) 118±34 119±32 NS

HDL-C (mg/dL) 38±10 39±11 NS

Triglyceride (mg/dL) 154±77 143±63 NS

LDL/HDL ratio 3.3±1.3 3.2±1.0 NS

Leukocytes (/mm3) 9156±2788 9891±2942 0.089

Neutrophil (/mm3) 5964±2634 6881±2553 0.021

Hemoglobin (mg/dL) 14.0±1.5 14.0±1.6 NS

Platelets (103/mm3) 265±78 256±78 NS

CRP (mg/dL) 1.54±2.21 3.94±5.68 <0.001

Gensini score 30±25 51±37 <0.001

QRS duration (ms) 87±15 95±10 <0.001

Troponin I (ng/mL) (Adm.) 4±11 11±26 0.031

CK (U/L) (Adm.) 328±516 596±1000 0.043

CK-MB (U/L) (Adm.) 34±26 103±120 0.006

LDH (U/L) 223±126 314±294 0.028

USAP/NSTEMI/STEMI (%) 30/36/34 18/35/47 0.070

Medications (%)

    ASA 15 21 NS

ACEi/ARB 10 14 NS

Beta blockers 3 14 0.003

Nitrate 5 8 NS

OAD/Insulin 20 21 NS

ASA: acetyl salicylic acid, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CAD: coronary artery disease, BMI: body mass 
index, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, OAD: oral anti-diabetic drugs, CRP: C-reactive protein, NS: 
not significant, Adm.: admission value, eGFR: estimated glomerular filtration rate, CK-MB: creatinine kinase muscle-brain, LDH: lactate dehydrogenase, 
USAP: unstable angina pectoris, NSTEMI: non-ST elevated myocardial infarction, STEMI: ST elevated myocardial infarction, ECG: electrocardiography
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be the main determinant for increased arrhythmic events in a hos-
pital course. In our study, the extent of infarcted myocardium on 
admission was assessed by measuring the cardiac biomarkers and 
fQRS was found to be related to the extent of infarcted myocardi-
um at admission independently. In particular, this relationship was 
significant for CK and CK-MB, but not for Troponin I. This may 
possibly be related to a late increase in Troponin I levels in the set-
ting of ACS. Similarly, we also found that fQRS was related with 
the extent and severity of CAD. This is possibly derived from jeop-
ardized ischemic myocardium which can also cause non-homoge-
nous conduction on myocardium.2)21)

Elevated admission CRP levels have been related with increased 

short and long-term prognosis and complications in patients with 
ACS.28) In our study, we also found that fQRS was independently 
related to CRP. Its exact mechanism is beyond the scope of the 
current study. However, the presence of an independent relation-
ship between fQRS and CRP may rule out a secondary interaction 
of infarct induced non-specific inflammation. In a previous study, 
it has been shown that CRP is able to directly induce cardiac fibro-
sis and inflammation on cardiac fibroblasts and also promotes Ang 
II-mediated cardiac remodeling in vivo and in vitro by up-regulating 
the AT1 receptor and by enhanced activation of the transforming 
growth factor β/Smad and NF-kB signaling pathways.29) Similarly, 
tumor necorsis factor-α, interleukin-1b, and TWEAK could induce 

Table 2. Distribution of fQRS and the prognostic factors in subgroups determined by the clinical type of acute coronary syndromes

Parameters USAP NSTEMI STEMI p

Presence of fQRS (%) 24 66 57 0.074

Number of fQRS 0.8±1.5 1.1±1.9 1.3±1.7 NS

Gensini score 21±29 36±29 50±30 <0.001

QRS duration (ms) 90±10 91±9 88±19 NS

Q wave on surface ECG (%) 12 24 37 0.004

CRP (mg/dL) 0.82±0.78 1.91±2.98 3.87±5.33 <0.001

Leukocytes (/mm3) 7876±2164 9418±2876 10456±2810 <0.001

Neutrophils (/mm3) 4889±1933 6223±2592 7281±2680 <0.001

CK (U/L) (Adm.) 169±175 433±766 577±882 0.009

CK-MB (U/L) (Adm.) 25±15 35±24 125±121 <0.001

LDH (U/L) 196±46 244±170 313±276 0.006

Troponin I (ng/mL) (Adm.) 0.01±0.02 8±25 9±20 0.010

Number of obstructed vessels ≥50% 1.0±1.0 1.6±0.8 1.9±0.8 <0.001

fQRS: fragmented QRS complex, USAP: unstable angina pectoris, NSTEMI: non-ST elevated myocardial infarction, STEMI: ST elevated myocardial infarction, NS: 
not significant, ECG: electrocardiography, CRP: C-reactive protein, CK-MB: creatinine kinase muscle-brain, Adm.: admission value, LDH: lactate dehydrogenase

Table 3. Distribution of study parameters in the subgroups determined according to the fQRS

Parameters

Categorical groups of fQRS

pNon-fragmented QRS Fragmented QRS

0 and 1 2 and 3 >3

CRP (mg/dL) 1.54±2.22 3.74±5.81 4.65±5.36 <0.001

Gensini score 30±25 50±32 56±50 <0.001

QRS duration (ms) 87±15 94±11 99±9 <0.001

Q wave on surface ECG (%) 18 42 39 0.001

Leukocytes (/mm3) 9156±2788 9938±3097 9630±2590 NS

Neutrophyls (/mm3) 5964±2634 6868±2617 6954±2278 0.070

CK (U/L) (Adm.) 324±517 550±1042 826±764 0.026

CK-MB (U/L) (Adm.) 34±26 88±123 146±109 0.001

LDH (U/L) 228±126 321±320 279±103 0.019

Troponin I (ng/mL) (Adm.) 4±11 10±26 14±27 0.020

Number of obstructed vessels ≥50% 1.4±0.9 1.8±0.9 1.9±1.0 0.002

fQRS: fragmented QRS complex, CRP: C-reactive protein, ECG: electrocardiography, NS: not significant, CK-MB: creatinine kinase muscle-brain, Adm.: admis-
sion value, LDH: lactate dehydrogenase



455Mustafa Çetin, et al.

http://dx.doi.org/10.4070/kcj.2012.42.7.449www.e-kcj.org

myocardial fibrosis by the NF-kB pathway. Otherwise, we think that 
CRP may also have possible effects on myocardium and the con-
ductive system in patients with ACS. In the literature, these effects 

have been supported by some studies.30) Systemic inflammation may 
play a significant role in cardiac arrhythmias and conduction dis-
turbances. The possible reason behind cardiac arrhythmias and 

Fig. 2. Relationship of fragmented QRS and CK-MB or CRP. A: the increased CK-MB levels in subgroups determined by raised numbers of fQRS. B: the in-
creased number of fQRS in subgroups determined by raised CRP levels. CK-MB: creatine kinase-MB, fQRS: fragmented QRS complex, CRP: C-reactive pro-
tein, CI: confidence interval.
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Table 4. Distribution of study parameters in subgroups determined by raised CRP levels

Parameters <1 mg/dL 1-3 mg/dL ≥3 mg/dL p
Age (years) 59±11 59±13 61±12 NS

BMI (kg/m2) 28±5 29±5 28±3 NS

Presence of fQRS (%) 27 30 63 <0.001

Number of fQRS 0.8±1.5 0.9±1.5 2.1±2.1 <0.001

Gensini score 31±27 37±29 56±38 <0.001

QRS duration (ms) 89±10 93±12 89±18 NS

Q wave on surface ECG (%) 20 28 40 0.070

Leukocytes (/mm3) 8924±2627 9746±3128 10119±2897 0.047

Neutrophils (/mm3) 5825±2529 6478±2829 7088±2483 0.029

CK (U/L) (Adm.) 199±185 475±792 893±1175 <0.001

CK-MB (U/L) (Adm.) 33±22 53±77 120±130 0.001

LDH (U/L) 199±67 244±130 412±365 <0.001

Troponin I (ng/mL)(Adm.) 3.5±12.0 4.0±10.0 16.8±31.0 <0.001

Number of obstructed vessels ≥50% 1.3±1.0 1.5±0.8 2.0±0.8 <0.001

CRP: C-reactive protein, NS: not significant, Adm.: admission value, CK-MB: creatinine kinase muscle-brain, LDH: lactate dehydrogenase, BMI: Body Mass In-
dex, fQRS: fragmented QRS complex, ECG: electrocardiography

Table 5. The relationship between the presence of fQRS on admission ECG and independent predictors

Independent variables
Logistic regression

β SE Wald OR (95% confidence interval) p*

CRP (mg/dL) (Adm.) 0.2 0.06 7.3 1.173 (1.045-1.316) 0.007

QRS duration (ms) 0.06 0.02 16 1.065 (1.033-1.098) <0.001

Q wave on surface ECG 0.8 0.4 4.7 2.232 (1.084-4.598) 0.029

CK-MB (U/L) (Adm.) 0.02 0.01 4.3 1.019 (1.001-1.037) 0.037

Troponin I (ng/mL) (Adm.) -0.002 0.01 0.05 0.998 (0.978-1.018) 0.816

Gensini score 0.02 0.01 10.7 1.020 (1.008-1.032) 0.001

Number of obstructed vessels ≥50%† 0.4 0.2 4.3 1.470 (1.023-2.144) 0.037

*Logistic regression with enter method was used for multivariate analysis of independent variables. The variables which had significant p (p<0.05) in uni-
variate analyses were included in the multivariate analysis, †When included in the analysis. OR: odds ratio, CRP: C-reactive protein, Adm.: admission value, 
β: βeta coefficient, SE: standard error, ECG: electrocardiography, CK-MB: creatinine kinase muscle-brain, fQRS: fragmented QRS complex 

Error bars: 95% CI Error bars: 95% CI 
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conduction disturbances seems to be related to myocardial inflam-
mation, focal fibrosis, and ischemia within the conduction sys-
tem.13) In a recent study, Kadi et al.14) showed that fQRS increased 
even in patients with rheumatoid arthritis without cardiovascular 
disease, in which it is speculated that inflammatory processes may 
play a pivotal role to produce fragmentations on ECG.

In patients with ACS, it has been demonstrated that admission 
prolonged QRS time is related with increased long-term mortality 
by possibly increasing heart failure, arrhythmia and ischemia. In 
our study, prolonged QRS time was related to fQRS even relatively 
in the normal range of QRS (<120 ms). This relationship may have 
two possible explanations. Either fragmentation on QRS complex is 
induced by prolongation in QRS time or fragmentation on QRS 
causes an increase of the the duration of QRS complex. However, 
by our study design, we can only speculate which one is the cause 
and which one is the result or response for fragmentation. This in-
teraction should be searched to clarify cause-result relationship in 
an electrophysiological based study.

Study limitations
In our study, we found a relationship between CRP and fQRS in-

dependent of other study parameters, but increased CRP may only 
be a side result of undetermined inducers, which may induce both 
production of fQRS and CRP. Possible dose-response relationships 
between CRP and development of fQRS may be evaluated in such 
a study in which dynamic changes of fQRS with different CRP lev-
els are shown. In clinical practice, we use the nephelometric meth-
od to measure CRP; we did not have high-sensitive CRP (HsCRP) 
values in our study. HsCRP as a scanning test is superior to detect 
low-grade inflammation, especially in patients with stable CAD 
compared to other CRP measurements. Since we applied the same 
method to determine the degree of systemic inflammation in both 
groups, this problem should not change the interpretation of the 
results.

We only included patients with a QRS duration <120 ms in our 
study. We excluded patients with complete bundle branch block, 
intra-ventricular conduction delay, and patients with permanent 
pacemakers in our study. Therefore, our results do not apply to pa-
tients with wide QRS complexes.

In conclusion, in our study, we found that fQRS is related to in-
creased CRP. Additionally, QRS time, Q-wave and the extent of in-
farct and CAD were also independent predictors for fQRS. The de-
velopment of fQRS may also be related to systemic inflammation 
as well as myocardial ischemia and necrosis at early ACS stage. 
fQRS, which may result as an end effect of inflammation at the 
cellular level can represent increased cardiac risk in patients with 
ACS. fQRS is a simple, cheap and non-invasive modality that can 

be a valuable tool for predicting cardiac status and risk. 
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