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ABSTRACT
Objectives: The aim of this study was to evaluate the relationship between carotid intima-media thickness
and the presence of fragmented QRS in end-stage renal disease patients. 
Methods: The study included 100 end-stage renal disease patients who received hemodialysis treatment. Two
groups were formed according to the presence of electrocardiography and fragmented QRS: the fragmented
QRS (+) (Group I) and the fragmented QRS (-) (Group II). Echocardiographic measurements of the cardiac
dimensions and carotid intima-media thickness were examined. 
Results: The study population included 41 end-stage renal disease patients with fragmented QRS (48.8% male)
and a control group of 59 end-stage renal disease patients without fragmented QRS (35.6% male) on
electrocardiography. Left ventricular end systolic diameters (p = 0.012),left ventricular end diastolic diameters
(p < 0.001), left atrial diameter (p = 0.001), interventricular septal thickness (p < 0.001), posterior wall thickness
(p < 0.001) and left ventricular hypertrophy (p < 0.001), blood urea nitrogen (p = 0.011), creatinine (p = 0.014),
uric acid (p < 0.05) and parathyroid hormone (p < 0.05) values were found to be significantly increased in the
fragmented QRS (+) group. The right and left carotid intima-media thickness values were significantly higher
in fragmented QRS (+) patients than fragmented QRS (-) patients (right:[0.81 ± 0.19] vs [0.62 ± 0.14] mm, p
< 0.001) and left: [0.83 ± 0.19 vs 64 ± 0.14], p < 0.001; respectively). 
Conclusions: In end-stage renal disease patients, the presence of fragmented QRS, left ventricular hypertrophy
and increased carotid intima-media thickness are important markers in the evaluation of the inflammatory
process of atherosclerosis.
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End-stage renal disease (ESRD) is an independent
risk factor for cardiovascular (CV) complications

such as sudden cardiac death, arrhythmias and heart
failure. Impaired renal function causes increased in-

flammation and coagulation, anemia, left ventricular
hypertrophy, endothelial dysfunction, and arterial cal-
cification [1, 2]. ESRD patients have been reported to
experience 2-fold more CV events than the general
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population [3]. Carotid intima-media thickness (cIMT)
is a non-invasive marker that is known to be associated
with the presence of coronary artery disease and stroke
[4, 5] and is an independent predictor of CV morbidity
and mortality in ESRD patients. It has been reported
that cIMT can strongly predict future CV events and
mortality in chronic renal disease (CKD) patients [6].
Endothelial dysfunction and subsequent atherosclero-
sis are held responsible for increased intima thickness
while increased media thickness results from smooth
muscle hypertrophy due to hypertension. Carotid ar-
teries are the most frequently used vessels because of
the superficial location, ease of visualization, size and
immobility [7]. 
      Fragmented QRS (fQRS) complexes are a depo-
larization abnormality and fQRS is a marker of my-
ocardial fibrosis or scar tissue [8, 9]. It is shown that
LV diastolic dysfunction in hemodialysis patients with
fQRS is more severe than in patients without fQRS,
and fQRS is associated with systolic and diastolic dys-
function of the left ventricle in kidney transplant pa-
tients. It was noted that fQRS can be used for risk
classification in hemodialysis (HD) patients [10]. 
      The aim of this study was to evaluate the relation-
ship between cIMT and the presence of fQRS in
ESRD patients.

METHODS

      This study included 100 ESRD patients who had
been receiving HD treatment three times a week for at
least six months. Routine 12-lead ECGs were obtained
in the patients who were then separated into two
groups as the fQRS (+) group (Group I) and the fQRS

(-) group (Group II). cIMT measurements were taken
of all the patients. Demographic characteristics, co-
morbidities and medication use were recorded and
routine biochemical tests were performed. The study
protocol was approved by the Erciyes University, Kay-
seri. Local Ethics Committee of the hospital in accor-
dance with the Declaration of Helsinki and Good
Clinical Practice Guidelines and written informed con-
sent was obtained from all participants. Patients with
acute coronary artery syndrome, rheumatic heart dis-
ease, cardiomyopathy, pregnancy, or atrial fibrillation
were not included in the study. ECGs with pace
rhythm, typical bundle branch block or any kind of
significant conduction abnormality were also excluded
from the study. 

Biochemical Assessment 
      Blood samples were collected in the morning of a
weekday from an antecubital vein after 12-hours of
fasting without dialysis. Routine serum biomarkers
were examined, including sodium (Na), potassium
(K), calcium (Ca), phosphorus, glucose, blood urea ni-
trogen (BUN), creatinine (Cr), uric acid, total choles-
terol, low density lipoprotein cholesterol (LDL-C),
high density lipoprotein cholesterol (HDL-C), triglyc-
eride (TG), albumin, total protein, alkaline phos-
phatase, parathormone (PTH), ferritin, and high
sensitive c-reactive protein (hsCRP). Values were cal-
culated using standard laboratory methods (Beckmann
Coulter aU5800 Autoanalyser, Beckmann Coulter Inc,
Brea, California). 

Detection and Definition of fQRS 
      Standard 12-lead electrocardiograms (ECGs) were
obtained from all patients on a Nihon Kohden Cardio-
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Fig. 1. Fragmented QRS examples.
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fax ECG-9132 device with a paper-speed of 25 mm/s,
amplitude of 10 mm/mv, and a filter range of 0.15 to
100 Hz. fQRS was defined as the presence of an addi-
tional R wave (R’), notching of the R or S wave, or
the presence of fragmentation (more than one R’) in
two contiguous leads (Fig. 1) [11]. Typical right or left
bundle branch block pattern (QRS ≥ 120 ms) and in-
complete right bundle branch block were excluded.
The ECGs were analyzed by 2 independent, experi-
enced cardiologists, who were blinded to all data. 
      Transthoracic echocardiography was applied to all
the patients by two cardiologists using a Vivid 5
echocardiography device (GE Vingmed Ultrasound
AS, Horten, Norway), and 3.2 mHz adult prob.
Echocardiographic measurements of the cardiac di-
mensions were taken using parasternal short axis scan-
ning with the patient in the left supine position,
according to the American Society of Echocardiogra-
phy guidelines [12]. Basic measurements included left
ventricular end diastolic and end systolic diameters,
left ventricular posterior wall thickness (PWT) inter-
ventricular septal thickness (IVST), end-diastolic and
end-systolic ventricular diameters (LVEDD and
LVESD) and left atrial diameter (LAD). Left ventric-
ular ejection fraction (LVEF) was measured using the
biplane Simpson and Teicholz method [13]. 

Measurement of Carotid Intima-Media Thickness 
      Carotid IMT measurements were taken with the
patient in the supine position. Ultrasonography exam-
inations were performed by two cardiologists. (Philips
Ultrasound, Bothell, WA 98021 USA, L18-5 vascular
probe). The morphology of both arterial carotid arter-
ies, internal carotid artery and carotid bulb were ex-
amined in detail. The presence of atherosclerotic
plaque and IMT were evaluated separately. Only the
posterior (remote) wall was evaluated, and the IMT
was measured in the area 1 cm proximal of the carotid
bifurcation. Three different scanning angles were
used: anterior oblique, lateral, and posterior oblique.
The average value of the measurements obtained at
these angles was calculated. For ultrasound analysis,
the intima-media thickness was measured via the char-
acteristic echogenicity of the lumen-intima and media-
adventitia surfaces. 

Statistical Analysis 
      Data obtained in the study were analyzed statisti-

cally using IBM SPSS Statistics for Windows, Version
19.0. software (IBM Corp. Armonk, NY, USA). Con-
formity of the variables to normal distribution was ex-
amined using analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk test). Descrip-
tive statistics were reported as mean ± standard devi-
ation (SD) values for continuous variables with normal
distribution and as frequency (n) and percentage (%)
for categorical variables. Continuous variables were
compared between groups using the Student’s t-test
when data distribution was normal. Comparisons of
categorical variables were made using the χ2 test. A
value of p < 0.05 was accepted as statistically signifi-
cant.

RESULTS

      A total of 100 patients (59 % female, median age
55.19 ± 13 years) were included in the study. The
study population included 41 ESRD patients with
fQRS (48.8% male) on ECG and a control group of
59 ESRD patients without fQRS (35.6% male). The
demographic characteristics, medications and comor-
bidities of both groups are shown in Table 1. Age, gen-
der, body mass index (BMI), duration of hemodialysis
(the time since the first entry into hemodialysis), dia-
betes mellitus, hypertension, smoking status and med-
ications were similar in the two groups. The laboratory
test results and echocardiographic findings of the
ESRD patients with and without fQRS are presented
in Table 2. LVESD (p = 0.012), LVEDD (p < 0.001),
LAD (p = 0.001), IVST (p < 0.001), PWT (p < 0.001)
and left ventricular hypertrophy (LVH) (p < 0.001)
were found to be significantly increased in the fQRS
(+) group (Table 2). Serum biomarkers of BUN (p =
0.011), creatinine (p = 0.014), uric acid (p < 0.05) and
PTH (p < 0.05) were found to be significantly in-
creased in the fQRS (+) group. The right and left cIMT
values were significantly higher in fQRS (+) patients
than in fQRS (−) patients (right: [0.81 ± 0.19] vs [0.62
± 0.14] mm, p < 0.001) and left: [0.83 ± 0.19 vs 64 ±
0.14], p < 0.001; respectively). 

DISCUSSION

      The results of this study demonstrated that the
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cIMT values were significantly higher in the fQRS(+)
ESRD group than in the fQRS(-) ESRD group. In ad-
dition, LVESD, LVEDD, LAD,  IVST, PWT diame-
ters, BUN, creatinine and PHT levels were higher in
fQRS (+) ESRD patients. 
      Cardiovascular diseases are still the most common
cause of death for ESRD patients [14, 15].The under-
lying pathophysiological mechanism is atherosclerosis
[16]. Therefore, CV risk assessment is very important

and vascular imaging is one of the risk assessment
methods for atherosclerosis [17]. Carotid artery
doppler ultrasound is an inexpensive and non-invasive
imaging method. Increased cIMT reflects subclinical
atherosclerosis. Various CV guidelines recommend the
use of this measurement for the evaluation of target
organ damage [18, 19]. Nonetheless, the lack of a stan-
dardized cIMT value or consistent measurement meth-
ods for increased IMT limits the use of this parameter
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in clinical trials [20]. Therefore, it may need confir-
mation with other prognostic markers. 
      In a study by Benedeto et al. [21], cIMT was as-
sociated with LV concentric hypertrophy in dialysis
patients and was reported to be an independent pre-
dictor of CV death, which could be useful for risk clas-
sification in the dialysis population. In the current
study, a similar relationship between concentric hy-
pertrophy of LV and increased cIMT was found. LVH
is a marker of target organ damage, which can be
measured non-invasively using echocardiography, and
is associated with CV morbidity and mortality in HD
patients [22]. In end-organ damage such as LVH, hy-
pertrophy occurs in myocytes due to collagen deposi-
tion in interstitial tissue. In this process, myocardial
fibrosis may occur in ESRD patients in the presence
of LVH and due to progressive increase in renal dy-
function [23]. 
      Myocardial fibrosis occurs as a result of excessive
deposition of type 1 collagen fibers into the intersti-
tium, around intramyocardial arteries and arterioles.
CKD is one of the reasons for the exaggerated synthe-
sis of collagen by cardiac fibroblasts and myofibrob-
lasts. Exposure to oxidative stress, inflammation and
hemodynamic overload starting from the early stages
of the CKD and also increased release of cytokines
such as cardiotrophin-1 and transforming growth fac-
tor-β1 or TGF-β1 contribute to myocardial scar for-
mation. In the more advanced stages of CKD, uremic
toxins, anemia, hyperphosphatemia, parathormone ex-
cess, and vitamin D deficiency may also cause cardio-
vascular damage and increased myocardial scarring
[24, 25]. Mechanical overload due to LVH and dias-

tolic dysfunction in CKD also leads to exaggerated
collagen deposition [26]. 
      fQRS formation reflecting delayed ventricular
conduction is a non-invasive parameter used to eval-
uate atherosclerosis. It is also associated with fibrosis,
myocardial scar and ischemia [8]. Several studies have
proven the utility of fQRS in predicting major adverse
cardiac events (MACE) and all-cause mortality in pa-
tients with coronary artery disease [27, 28]. In addi-
tion, LV deformation and increased LVH incidence
have been reported in hypertensive patients with
fQRS. Although there are limited studies on fQRS in
patients with ESRD, it has been reported that fQRS
may be useful in determining LV dysfunction in renal
transplant patients. It has also been shown to be inde-
pendently associated with normal LVEF and subclin-
ical LV dysfunction in ESRD patients and aortic
stiffness has been found to be an important predictor
in hemodialysis patients [29, 30]. There is a known as-
sociation between hypertensive patients with fQRS
and impaired diastolic functions [31]. In the current
study, increased LVESD, LVEDD, LAD, IVST and
PWT parameters in fQRS (+) ESRD patients were as-
sociated with impaired diastolic function secondary to
LVH and this may lead to myocardial fibrosis. My-
ocardial scar formation and diastolic dysfunction due
to LVH, the presence of fQRS in ECG as well as in-
creased cIMT thickness could demonstrate that ESRD
patients may be more prone to atherosclerosis. 
      Increased BUN, creatinine, and PTH levels reflect
impaired kidney function. High values of these param-
eters in fQRS (+) patients may support the acceleration
of the atherosclerotic process.
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Limitations 
      Limitations of this study were primarily the non-
randomized, single centered nature and limited num-
ber of patients. Due to the lack of a standardized cIMT
value, these results may differ from those of large-
scale studies. There is a clear need for further more
extensive studies of the traditional risk factors and
high-risk populations. Unfortunately,  due to the non-
analytical design of our study we were not able to in-
vastigate rigid outcomes in our research. Nevertheless,
our study may be helpful during designing hypotheses
for advanced trials.

CONCLUSION

      In ESRD patients, the presence of fQRS, LVH and
increased CIMT are important markers in the evalua-
tion of the inflammatory process of atherosclerosis.
Increased cIMT is related with fQRS presence in
ESRD patients. 
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