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ABSTRACT 
Background: Fragmented QRS (fQRS) detected on electrocardiography (ECG) has been 
demonstrated to be a marker of myocardial fibrosis in hypertensive patients. Retinal 
microvascular abnormalities reflect cumulative microcirculatory damage resulting from 
hypertension and atherosclerosis. In this study, we aimed to evaluate the retinal nerve fiber 
layer (RNFL) thickness in hypertensive patients with and without fQRS complexes detected on 
ECG. 
Methods: Consecutive patients who were diagnosed with hypertension were included in the 
study. ECG and transthoracic echocardiography were performed to all patients. fQRS was 
defined as additional R’ wave or notching/splitting of S wave in two contiguous ECG leads. 
The RNFL thickness was measured by a spectral-domain optical coherence tomography device 
along a circle around the center of the optic disc. 
Results: This observational case-control study enrolled 62 (42 female, mean age: 54.3±9.9 
years) hypertensive patients with fQRS and 42 (24 female, mean age: 53.1±11.8 years) 
hypertensive control patients without fQRS between April 2017 and October 2017. There was 
no significant difference between groups regarding demagraphic, laboratory and 
echocardiographic parameters. In all retinal quadrants, the mean RNFL thickness did not differ 
significantly between patients with fQRS(+) and fQRS(-) group.  
Conclusion: The presence of fQRS in the ECG had no significant effect on the RNFL thickness 
in hypertensive patients. Detection of fQRS may not be used as a useful non-invasive 
technique in the evaluation of atherosclerosis in hypertensive patients. 
Keywords: echocardiography, electrocardiography, fragmented QRS, retinal nerve fiber 
layer, optical coherence tomography 
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INTRODUCTION 
Hypertension is one of the most 

important causes of atherosclerosis. It is 
estimated that the prevalence will reach 1.5 
billion in 2025 [1]. Uncontrolled 
hypertension is known to shorten life 
expectancy by approximately 5 years [2]. 
Left ventricular hypertrophy (LVH) 
secondary to hypertension is closely related 
to cardiovascular morbidity and mortality. 
[3]. Collagen accumulation occurs in 
interstitial tissue with myocyte hypertrophy 
developing in LVH. [4]. Accumulation of 
collagen also causes the interstitial and 
perivascular fibrosis. This leads to left 

ventricular dysfunction leading to decreased 
coronary reserve and deterioration of 
electrical activity [5]. 

Fragmented QRS (fQRS) is a 
depolarization disorder that can be easily 
detected on a 12-channel superficial 
electrocardiogram (ECG). It reflects the 
conduction delay that is caused by 
myocardial fibrotic tissue. Coronary artery 
disease and fQRS have been shown to be 
associated with myocardial scarring [6-9]. In 
a study with 500 subjects it was also stated 
that it may be superior to Q-wave in 
determining myocardial damage [10]. 
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The retina is a unique tissue where arteries and veins can 
be directly evaluated. The potential of retinal microvascular 
abnormalities as markers for cardiovascular disease was 
noticed by Marcus Gunn who described the association of 
retinal microvascular features with hypertension, renal 
diseases and cerebrovascular diseases towards the end of the 
19th century [11,12]. Retinal microvascular abnormalities 
such as generalized arteriolar narrowing, focal arteriolar 
narrowing, arteriovenous crossover, and retinopathy reflect 
cumulative microcirculatory damage resulting from 
hypertension, atherosclerosis, aging, and other processes. 
Therefore, they are regarded as cardiovascular disease 
markers. [13,14]. 

The retinal nerve fiber layer (RNFL) is in the innermost 
layer of the retina and formed by retinal ganglion cell axons. 
The axonal damage is characterized by the thinning of RNFL. 
RNFL thickness can be affected by various 
neurodegenerative diseases [15,16]. In addition, some 
systemic diseases, such as diabetes mellitus, cause the 
thinning of RNFL [17-20]. The thickness of RNFL is now 
easily assessed by Optical Coherence Tomography (OCT) 
[21]. In a previous study, the effects of carotid intima media 
thickness on RNFL thickness in hypertensive patients were 
examined and it was assumed that the decrease in RNFL 
thickness might be related to atherosclerosis [22].  

In this study, we aimed to evaluate the RNFL thickness by 
spectral-domain OCT (SD-OCT) device in hypertensive 
patients with and without fQRS complexes detected in ECG. 
Thus, the effect of fQRS on RNFL thickness was evaluated 
and it was investigated whether atherosclerosis can be 
detected by a new non-invasive method. 

MATERIALS AND METHODS 
This observational case-control study enrolled 62 (42 

female, mean age: 54.3±9.9 years) hypertensive patients with 
fQRS and 42 (24 female, mean age: 53.1±11.8 years) 
hypertensive control patients between April 2017 and 
October 2017. The study protochol was approved by the 
Local Ethics Committee. Patients with diabetes mellitus, 
coronary artery disease, glaucoma, macular edema, age-
related macular degeneration, high myopia and 
hypermetropia, anomalous optic history of ocular trauma, 
optic neuropathy, chronic kidney disease were excluded 
from the study. Office blood pressure measurements and 
transthoracic echocardiography were performed in each 
patient and blood samples for laboratory analyses were 
obtained. 

All patients were evaluated by transthoracic 
echocardiography which was performed by two cardiologists 
by using Vivid S5 system (GE medical systems, Andover, 
MA, USA) device in left supine position and parasternal 
short axis scanning. Echocardiographic measurements of the 
cardiac dimensions were performed according to the 
guidelines set by the American Society of Echocardiography 
[23]. Basic measurements included left atrial dimeter, left 

ventricular posterior wall thickness, interventricular septal 
thickness, left ventricular end diastolic and end systolic 
diameters. Left ventricular ejection fraction was measured by 
using biplane Simpson’s and Teicholz methods [24]. LVH 
was considered if left ventricle mass index was > 125 g/m² in 
males and >110g/m² in females [25]. Diagnosis of 
hypertension was based on antihypertensive drug use and /or 
systolic blood pressure higher than 135 mmHg or diastolic 
blood pressure higher than 85 mmHg on 24 hours 
ambulatory blood pressure measurement according to 
recommendations for the management of hypertension in 
the European Society of Cardiology guidelines [26].  

The standard 12-lead ECGs were obtained at a paper 
speed of 25 mm/s, amplitude of 10 mm/mv, and a filter range 
0.04 to 40 Hz from all patients. fQRS was defined as the 
presence of an additional R wave (R’), notching of the R or S 
wave, or the presence of fragmentation (more than one R’) 
in two contiguous leads (Figure 1) [27]. Typical right or left 
bundle branch block pattern (QRS ≥ 120 ms) and incomplete 
right bundle branch block were excluded. The ECGs were 
analyzed by 2 independent and experienced cardiologists, 
who were blinded to all data. Patients were then divided into 
two groups: fQRS(+) group and fQRS(-) group and all 
demographic, echocardiographic, laboratory and optic 
parameters were compared between the groups. 

Measurement of Retinal Nerve Fiber Layer Thickness 
Scans were acquired at 3.45-mm diameter centered at the 

optic nerve head and the peripapillary RNFL thickness was 
quantified. Nasal, superior, inferior and average temporal, 
quadrant peripapillary RNFL thicknesses were obtained 
from the OCT with optic disc 200 cube scan protocol along 
a circle with a diameter of 3.46 mm around the center of the 
optic disc. OCT imaging was performed with the Cirrus 
Heidelberg SD-OCT (Carl Zeiss Meditec, Dublin, CA). OCT 
imaging was performed by the two ophthalmologists blinded 
to the patients. 

Statistical Analysis 
Statistical analyses were performed using IBM SPSS 

Statistics for Windows, Version 19.0. (IBM Corp. Armonk, 
NY). The variables were investigated using analytical 
methods (Kolmogorov–Smirnov/Shapiro–Wilk test) to 
determine whether or not they were approximately normally 
distributed. Descriptive statistics were reported as mean with 
standard deviation for continuous variables with normal 
distribution, median and 25th -75th percentile values for 
continuous variables without normal distribution, and 
frequencies with percentages for the categorical variables. 
Group comparisons for continuous variables were tested 
using Student t test when data distribution was normal and 
using Mann-Whitney U test when data distributions were 
not normal. Comparisons for categorical variables were 
evaluated by χ2 test. Significance level was accepted as p<0.05 
in all statistical analyses. 
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RESULTS 
Baseline clinical characterictics and medications used in 

fQRS(+) group and fQRS(-) group are summarized in 
Table 1. The results of laboratory and echocardiographic 
analyses were included in Table 2. All variables between 
patient and control groups were compared. There was no 
significant difference between groups according to age, 
gender, BMI, routine laboratory findings, echocardiographic 
measurements, blood pressures and medications used (Table 
1-2). According to all quadrants, the mean RNFL thickness 
of the two groups is shown in Table 3. The RNFL thickness 

did not differ significantly between patients with fQRS(+) 
and fQRS(-) group. 

DISCUSSION 
In our study, RNFL thickness was compared between 

hypertensive patients with and without fQRS detected on 
ECG and there was no significant difference between the 
groups. 

The blood flow of RNFL is obtained from the retinal 
arteries, the choroidal arteries and the posterior ciliary 
artery. In a study published by Hayreh et al., the blood flow 
of the optic nerve is calculated by the ratio of perfusion 

 
Figure 1. Electrocardiography revealing fragmented QRS complexes in two contiguous leads (III and aVF) in patient with hypertension 

Table 1. Baseline clinical characteristics and used medications in the study population 

 fQRS (+) (group I) fQRS (-) (group II) P value 

Demographical findings    

Gender (male), n(%) 20 (32.3) 18 (42.9) 0.271 

Age (years) 54.3±9.9 53.1 ± 11.8 0.586 

BMI (kg/m²) 30.1 (25.9-33.12) 29.7 (26.75-32.4) 0.596 

ACEI, n(%) 23 (37.1) 21 (50) 0.191 

ARB, n(%) 29 (46.8) 17 (40.5) 0.526 

CCB, n(%) 23(37.1) 10 (23.8) 0.153 

Other Drugs, n(%) 25 (40.3) 14 (33.3) 0.47 

SBP (mmHg) 140 (130-160) 130 (120-150) 0.191 

DBP (mmHg) 80 (80-92.5) 80 (80-88.75) 0.242 
BMI: Body Mass Index, ACEI: Angiotensin Converting Enzyme Inhibitors ARB: Angiotensin Receptor Blockers, CCB: Calcium Channel Blocker, SBP: Systolic 
Blood Pressure, DPB: Diastolic Blood Pressure 

http://www.jceionline.org/


 
 

Retinal nerve fiber layer thickness and fragmented QRS 

4 / 6 | Copyright © 2019 by Authors. Licensee Modestum Ltd., UK. OPEN ACCESS for all. www.jceionline.org 

pressure to current resistance. Vascular changes in the 
arteries and arterioles may affect the blood flow resistance of 
the optic nerve [28]. Increased arterial stiffness and 
autonomic dysregulation due to chronic ischemic diseases 
such as aging process, atherosclerosis, hypertension and 

diabetes mellitus also lead to increased blood pressure 
changes leading to optic nerve ischemia [29,30].  

In a study by Sahin et al. using OCT, it has been shown 
that RNFL thickness of hypertensive patients are thinner 
than the normotensive patient group, especially in the 
superior and inferior quadrants [22]. It has been emphasized 

Table 2. Baseline laboratory and echocardiographic findings in study groups 

 fQRS (+) (group I) fQRS (-) (group II) P value 

Laboratory findings    

WBC (x103/mL) 8.23±2.31 8.36±2.14 0.775 

Hb (g/dL) 13.8 (13.1-14.85) 14.35 (13.42-15.85) 0.034 

MPV (fL) 10±1.17 9.75±1.12 0.287 

N/L ratio 2.1 (1.47-2.41) 2.05 (1.48-2.61) 0.591 

Urea (g/dL) 27 (33-23) 28 (24.13-33.8) 0.379 

Creatinine (g/dL) 0.7 (0.6-0.8) 0.72 (0.61-0.84) 0.159 

Glucose (mg/dL) 97.5 (89-107.75) 96(88.55-105.75) 0.524 

AST (U/L) 21 (17.75-26) 20.5(18-23.75) 0.501 

ALT (U/L) 21 (13.75-29.25) 21(16-29.5) 0.997 

Na (mEq/L) 139.45 ± 2.47 139.6 ± 2.17 0.757 

K (mEq/L) 4.28± 0.34 4.36± 0.31 0.244 

Uric Acid (g/dL) 5.15± 01.27 5.43± 0.341.41 0.368 

Total Bilirubin(U/L) 0.4 (0.32-0.57) 0.37 (0.34-0.61) 0.532 

GGT (mg/dL) 21 (18.5-42.5) 20.5(14.75-66.75) 0.925 

Cholesterol (g/dL) 197± 35.22 209.85 ± 40.63 0.093 

HDL (g/dL) 48.31± 12.37 52 ± 12.64 0.145 

LDL (g/dL) 119.39 ± 27.85 118.38 ± 38.67 0.878 

Triglyceride (g/dL) 133 (101-194) 154(113-191) 0.256 

Echocardiographic findings    

LVEF (%) 60 (60-60) 60 (60-61.25) 0.268 

LVESD (mm) 30 (29.5-35) 30 (28-30.5) 0.028 

LVEDD (mm) 46 (43-50) 45 (43-47) 0.322 

IVST (mm) 11 (11-12) 11 (11-12) 0.073 

PWT (mm) 11(11-12) 11 (11-12) 0.87 

LAD (mm) 38 (36-40) 38(36.75-40) 0.584 

E (cm/s) 0.6(0.5-0.7) 0.7 (0.5-0.9) 0.272 

A (cm/s) 1(0.8-1) 0.95 (0.7-1) 0.253 
BNP:Brain natriuretic peptide,HDL: High Density Lipoprotein, LDL: Low Density, CRP :Serum Reactive Protein.Lipoprotein ,N/L: Neutrophil to lymphocyte 
ratio, LVEF: Left ventricular ejection fraction, LVESD: Left venticle end systolic volume, LVEDD: :Left venticle end diastolic volume, IVST: Interventricular 
septal thickness, PWT: Posterior wall thickness, LAD: Left atrial diameter,E: Atrial E wave, A: Atrial A wave 

Table 3. Retinal nerve fiber layer thickness in patients with fQRS(+) and fQRS (-) groups 

Location fQRS (+) (group I) fQRS (-) (group II) p value 

Average 104.71±10.09 104.79±10.94 0.971 

Superior Temporal 139.42±22.86 135.55±27.24 0.89 

Superior Nasal 114.23±23.2 115.33±23.62 0.813 

Inferior Temporal 143 (128.75-158.25) 144.5 (134-157) 0.713 

Inferior Nasal 120.97±25.87 119.57±25.34 0.786 

Temporal 75.24±12.49 77.64±14.57 0.371 

Nasal 83.5 (74-95) 79 (68-96.25) 0.277 
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that the decrease in RNFL may be related to atherosclerosis. 
Another study by Xu et al in rhesus monkeys showed that 
localized RNFL defects were associated with stage 2 and 3 
hypertension and that these localized RNFL defects could be 
used as a retinal marker in arterial hypertension [31]. Retinal 
blood flow is affected by ischemic conditions when exposed 
to chronic inflammatory processes such as malignant 
hypertension, uncontrolled diabetes mellitus. Frequent 
fluctuations in blood pressure during these processes lead to 
retinal ischemia.  

The presence of myocardial fibrosis in hypertensive 
patients is associated with increased cardiovascular risk, 
because it paves the way for left ventricular dysfunction, 
arrhythmias, and sudden cardiac death [32,33]. fQRS 
indicates the conduction delay caused by the fibrous tissue. 
Fibrotic tissue slows the rate of electrical conduction leading 
to nonhomogeneous ventricular activation. This is observed 
as a notch in the QRS complex in the ECG. Although 
endomyocardial biopsy is the gold standard for diagnosing 
of myocardial fibrosis, many studies have demonstrated the 
association of myocardial fibrosis with fQRS. The prevalence 
of fQRS in healthy adults is 7.2% [34]. Progressive fibrotic 
process in left ventricular hypertrophy requires a long time. 
Therefore, the reason for not having a significant difference 
in RNFL thickness between the two groups in our study may 
be that the chronic inflammatory process has not started or 
that this process is in the early stage. It may also be due to the 
fact that fQRS has a normal variation in the population in a 
considerable number of cases. Short duration of disease and 
possibly better retinal blood circulation autoregulation in 
young patients may be responsible for the survival of retinal 
ganglion cell axons. Moreover, the fact that optic ischemic 
retinopathy occurs with different mechanisms also affects 
results of our study. Large scaled cohort studies should be 
performed to clarify the relationship between fQRS and 
RNFL. 

The present study has some limitations. First, it is a 
nonrandomized retrospective study which has been 
conducted with a quite small sample size in a single center. 
Second, only the patients with a QRS duration <120 ms were 
included in the study. Including patients in the early-stage of 
hypertension with regulated blood pressures and middle age 
patients without diabetes mellitus may have effects on the 
study results. 

CONCLUSION 
In this study, the effect of the presence of fQRS on the 

RNFL thickness was investigated in hypertensive patients. 
The presence of fQRS on ECG had no significant effect on 
the RNFL thickness in hypertensive patients. Detection of 
fQRS may not be used as a useful non-invasive technique in 
the evaluation of atherosclerosis in hypertensive patients. 
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