
28

Özgün Çalıșma / Original Article DOI:10.20492/aeahtd.984531 

Ankara Eğt. Arș. Hast. Derg., 2022 ; 55(1) : 28-33

YENİ TANI ALAN OBSTRÜKTİF UYKU APNE SENDROMLU HASTALARDA FRAGMENTE QRS VARLIĞI 
İLE VENTRİKÜLER ARİTMİLER ARASINDAKI İLİȘKİ

THE RELATIONSHIP BETWEEN THE PRESENCE OF FRAGMENTED QRS AND VENTRICULAR 
ARRHYTHMIAS IN PATIENTS WITH NEWLY DIAGNOSED OBSTRUCTIVE SLEEP APNEA SYNDROME

Hayati EREN¹, Muhammed Bahadır OMAR², Ülker KAYA¹, Denizhan Kıvanç YILMAZ³, Lütfi ÖCAL⁴, Macit KALÇIK⁵

ÖZET
Amaç: Obstrüktif uyku apne sendromu (OUAS) olan hastalarda kardiyak aritmiler 
sık   görülür. Miyokardiyal fibrozis, OUAS'lı hastalarda kardiyak yeniden 
șekillenmenin bileșenlerinden biridir. Elektrokardiyografide (EKG) fragmente 
QRS'nin (fQRS) miyokardiyal fibrozisin bir belirteci olduğu gösterilmiștir. Bu 
çalıșmada OUAS'lı hastalarda fQRS ile ventriküler aritmiler arasındaki ilișkiyi 
araștırmayı amaçladık.
 
Gereç ve Yöntem: Çalıșmaya yeni OUAS tanısı almıș ardıșık 92 hasta alındı. Daha 
sonra polisomnografi laboratuvarında OUAS tanısı almayan 96 hasta kontrol 
grubu olarak alındı. Bașvuru sırasında tüm hastalara EKG çekildi ve fQRS, iki 
b i t i ș i k  EKG  de r i vasyonunda  ek  R '  da lgas ı  vey a  S  da lgas ın ın 
çentiklenmesi/ayrılması olarak tanımlandı. Tüm hastalara polisomnografi testi 
sırasında 24 saatlik Holter monitörizasyonu yapıldı ve tüm kardiyak aritmiler 
kaydedildi. 

Bulgular: Kontrollere kıyasla OUAS'lı hastalarda fQRS (%64,1'e karșı %9,3, 
p<0,001) ve kompleks ventriküler aritmilerin (VA)(%15,2'ye karșı %1,0, 
p<0,001) prevalansı anlamlı derecede yüksekti. Ayrıca, fQRS olan OUAS 
hastalarında kompleks VA prevalansı (%18,6'ya karșı %9,0, p<0,001) anlamlı 
olarak daha yüksekti. OUAS hastalarında fQRS varlığının (OR: 3,262 95 %GA: 
1,443-7,376; p=0,004) ve AHİ șiddetinin (OR: 1,510 95 %GA: 1,343-1,698; 
p<0,001) bağımsız olarak kompleks VA ile ilișkili olduğu gösterilmiștir.
 
Sonuç: OUAS'lı hastalarda fQRS varlığı kompleks VA'lar ile ilișkilidir. Bu nedenle, 
OUAS hastalarında yüksek aritmi riski tașıyan hastaları belirlemek için fQRS'nin 
varlığı kullanılabilir. 

Anahtar sözcükler: Fragmente QRS, Obstrüktif Uyku Apne Sendromu, 
Ventriküler aritmi, Elektrokardiyografi, miyokardiyal fibrozis

ABSTRACT
Aim: Cardiac arrhythmias are frequent among patients with obstructive sleep 
apnea syndrome (OSAS). Myocardial fibrosis is one of the components of cardiac 
remodel l ing in pat ients with OSAS. Fragmented QRS ( fQRS) on 
electrocardiography (ECG) has been shown to be a marker of myocardial fibrosis. 
In this study, we aimed to investigate the association between fQRS and 
ventricular arrhythmias in patients with OSAS.

Material and Method: 92 consecutive patients who were newly diagnosed with 
OSAS were enrolled into the study. Then 96 patients who were not diagnosed with 
OSAS on polysomnography laboratory were included as a control group. ECG were 
performed in all patients on admission and fQRS was defined as additional R' 
wave or notching/splitting of S wave in two contiguous ECG leads. All patients 
underwent 24-hour Holter monitoring during the polysomnography test and all 
cardiac arrhythmias were noted.

Results: Prevalence of fQRS (64.1% vs 9.3%, p<0.001) and complex VAs (15.2 vs 
1.0%, p<0.001) were significantly higher in patients with OSAS as compared to 
the controls. Also, prevalence of complex ventricular arrhythmias (VAs) (18.6% vs 
9.0%, p<0.001) was significantly higher in OSAS patients with fQRS. It was shown 
that presence of fQRS (OR: 3.262, 95 %CI: 1.443-7.376; p=0.004) and AHI 
severity (OR: 1.510, 95 %CI: 1.343-1.698; p<0.001) to be independently 
associated with complex VAs in OSAS patients.

Conclusion: The presence of fQRS is associated with complex VAs in patients 
with OSAS. Therefore, the presence of fQRS may be used to determine patients at 
high risk for arrhythmia in OSAS patients.

Keywords: Fragmented QRS, Obstructive Sleep Apnea Syndrome, Ventricular 
arrhythmia, Electrocardiography, Myocardial fibrosis
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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by repetitive episodes 
of upper respiratory tract obstruction during sleep and decreased arterial oxygen 
saturation.¹ While OSAS is a common respiratory disease that affects about 5% of 
the population, its main importance lies in cardiovascular complications such as 
heart failure, stroke, coronary artery disease, and hypertension.²-⁵ One of the 
most common complications of OSAS is cardiac arrhythmia, and in recent years 
OSAS has been especially strongly associated with cardiac arrhythmia.²-⁶-⁷ The 
fundamental mechanisms of arrhythmia development in OSAS patients are 
increased sympathetic tone, ventricular changes due to negative thoracic 
pressure, and intermittent hypoxia.⁸ All of these mechanisms contribute to 
formation of fibrosis in myocardial tissue over time and this developing fibrosis 
tissue causes structural and electrical deterioration in myocardium, forming 
substrate tissue for the development of cardiac arrhythmia.⁹-¹¹ Ventricular 
arrhythmias (VAs) are especially common among these arrhythmias.¹²-¹⁴

Definition of fragmented QRS (fQRS) includes only the narrow complexes with the 
presence of initial R wave followed by an S wave and a terminal positive deflection 
(R') on a resting 12-lead ECG15. Several studies report that presence of fQRS is 
indicative of fibrosis in the ventricles and predicts arrhythmias in various 
diseases.¹⁶-²¹ The presence of fQRS indicates changes in the direction of 
ventricular activation with scar tissue that can be a substrate for reentrant 
arrhythmias.

Previously, the mechanism of VAs and various parameters in predicting the 
development of VAs in OSAS patients have been studied. However, to the best of 
our knowledge, association between the presence of fQRS and ventricular 
arrhythmias in OSAS patients has not been studied before. Therefore in this study, 
we aimed to determine the relationship between the presence of fQRS and 
ventricular arrhythmias in patients with OSAS.

MATERIAL AND METHOD
Study population

This study was designed retrospectively and the study consisted of 92 
consecutive outpatients who were newly diagnosed with OSAS and admitted to 
the polysomnography laboratory between January 2016 and May 2019 
retrospectively. Patients with angina pectoris or acute coronary syndrome, central 
sleep apnea, pregnancy, rheumatic heart disease, heart failure (ejection fraction 
<50% in echocardiography), systemic or metabolic disease, untreated or 
uncontrolled hypertension, thyroid dysfunction, electrolyte imbalance, renal or 
liver failure, cancer, or diagnosed arrhythmia were excluded from the study. ECGs 
with typical bundle branch block, pace rhythm, or any kind of significant 
conducting abnormalities were also excluded. Subsequently, 96 consecutive 
patients who were not diagnosed with OSAS in the polysomnography laboratory 
were determined as the control group. Also, all patients were not receiving CPAP 
or any OSAS treatment because they were newly diagnosed. The study protocol 
was approved by Ümraniye Training and Research Hospital Ethical Review Board 
(decision number and date: 200-17.06.2021) in accordance with the Declaration 
of Helsinki and Good Clinical Practice Guidelines.  

Polysomnography and Definition of OSAS
Sleep evaluations of all patients were conducted by a sleep specialist. Initial 
diagnostic polysomnograms, which included electroencephalogram, 
electrooculogram, electromyogram, electrocardiogram, thoracoabdominal 
excursions, pulse oximetry, and naso-oral airflow were reviewed. Apnea-
hypopnea index (AHI) was calculated as the sum of apneas and hypopneas per 
hour of sleep. Awake oxygen saturation, mean nocturnal oxygen saturation, and 
lowest nocturnal oxygen saturation were also documented. According to 
American Academy of Sleep Medicine criteria, AHI ≥5 was diagnostic for OSAS22. 
Mild, moderate, and severe OSAS were defined as AHI between 5-15 events/h, 
15-30 events/h, and >30 events/h respectively. In addition, patients with AHI <5 
were defined as not OSAS22.

Laboratory Measurements
Venous blood samples were collected after 12-hours of fasting by a clean 
puncture of an antecubital vein blood samples taken on admission were used for 
laboratory assessment. The definitions of DM, HT, HL and other diseases were 

made according to appropriate guidelines (World Health Organization criteria).  
Each patient's height (cm) and weight (kg) were measured and body mass index 
(BMI) was calculated.

Electrocardiography and Definition of fQRS
Twelve-lead ECG was obtained at 25 mm/s paper speed, with a 0.16–100 Hz filter 
range and 10 mm/mV height from all patients in supine position. ECG was 
analyzed by two independent cardiologists (L.Ö, H.E) blinded to the patient 
characteristics. fQRS was defined as the presence of an additional R wave (R' 
prime) or notching of the R or S wave in two or more contiguous leads of those 
representing anterior (V1–V5), lateral (I, aVL, V6), or inferior (II, III, aVF) myocardial 
segments and QRS duration of <120 ms19 (Figure 1). 

OSAS patients were divided into two groups according to the presence of fQRS.

Echocardiography
All patients underwent transthoracic echocardiography using a PHILIPS AFFINITI 
50C system (Philips Medical Systems, Netherlands) with a 3.5 MHz transducer in 
the left lateral position. Quantitative echocardiography was performed following 
consensus guidelines from the European Association of Cardiovascular Imaging 
and American Society of Echocardiography23. Two-dimensional, pulsed, and 
continuous wave, tissue doppler and color Doppler echocardiography were 
performed. Left atrial diameter (LAD), interventricular septal thickness (IVST), 
posterior wall thickness (PWT), and left ventricular end-systolic (LVESD) and end-
diastolic diameters (LVEDD) were measured by M-Mode on the parasternal long-
axis view. The left ventricular ejection fraction (LVEF) was calculated using Biplane 
Simpson's method23. Left ventricular mass (LVM) was calculated based on 
Devereux formula [LVM = 0.8 (1.04 (IVST + LVEDD + PWT)3 – (LVEDD)3) + 0.6], 
and body surface area was estimated using Mosteller formula [body surface area 
= (height (cm) x body weight (kg)/3600)1/2]. LVM was divided by body surface 
area to estimate left ventricular mass index (LVMI). During apical four-chamber 
imaging, the diastolic transmitral flow waves (E and A velocities) were measured. 
Em and E/Em were calculated by tissue doppler echocardiography. 

Detection and Classification of Ventricular Arrhythmias
Frequency of VAs was investigated using 24-hour-Holter monitoring device 
(Mortara H-scribe Compact Digital Holter, United States). All patients underwent 
24-hour Holter monitoring during the polysomnography test. Results of Holter 
monitoring were examined by two experienced cardiologists. All ventricular 
ectopic beats, couplets, triplets, and ventricular tachycardia episodes were 
reviewed. Rate and duration of each episode were noted. VAs were classified 
according to a modified version of the Lown grading system24. VAs were 
classified as: Grade 0 as the absence of premature ventricular contractions 
(PVCs); Grade 1 as occasional and isolated and <30 PVCs in all given hours of 
monitoring; Grade 2 as isolated and frequent and >30 PVCs in any hour of 
monitoring; Grade 3 as multifocal PVCs; Grade 4a as the presence of couplets; and 
Grade 4b as ventricular tachycardia (VT) defined as three or more PVCs in 
succession with a frequency of over 100 beats/min. Lown class 3 or higher VAs 
were considered as complex VAs24,25. 

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, 

 

F�gure 1: Examples of cont�guous electrocard�ography leads reveal�ng the presence of QRS 

fragmentat�on �n three d�fferent pat�ents.  
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Version 22.0 (IBM Corp. Armonk, NY). Normality distribution of continuous 
variables was tested with the Kolmogorov-Smirnov test. Continuous variables 
with normal distribution were expressed as mean ± standard deviation while 
variables without normal distribution were expressed as median (25th–75th 
percentiles). Categorical variables were expressed as frequencies and 
percentages. Continuous variables were compared using Student's t-test or the 
Mann-Whitney U test when applicable. Chi-square or Fisher exact test was used 
for comparison of categorical variables. The inter-observer agreement was 94% 
and 96% for the diagnosis of fQRS and complex VAs respectively. A two-tailed p 
value <0.05 was considered statistically significant for all statistical analyses. 
Logistic regression analysis was performed to identify independent association 
between the presence of fQRS and complex VAs in OSAS patients. In multiple 
logistic regression analysis, effect size was adjusted for variables with a 
univariate significance level of ≤ 0.1. Adjusted odds ratios (OR), along with their 
95% confidence intervals (CI) were presented.

RESULTS
A total of 92 OSAS patients (64.1% male; mean age: 55.9±7.5 years) and 96 
control subjects (60.4% male; mean age: 55.2±7.2 years) were included in this 
study. fQRS was detected on ECG recordings of 59 (64.1%) OSAS patients and 9 
(9.3%) controls (p<0.001). Demographic, laboratory, and echocardiographic 
characteristics of the study population are presented in Table 1. There was no 
significant difference between study groups in terms of age, gender, the 
prevalence of dyslipidemia, diabetes mellitus, coronary artery disease, smoking 
status, and laboratory parameters except for hemoglobin. However, the 
prevalence of hypertension (HT) (p=0.007), BMI (P<0.001), systolic blood 
pressure (SBP) (p=0.004) and diastolic blood pressure (DBP) (p=0.001) were 
significantly higher in the OSAS group as compared to the control group. 

There was no significant difference between the groups regarding the 
echocardiographic parameters including LVEDD, LVESD, LAD, and LVEF values. 
However, IVST, PWT, LVMI, E/Em ratio, and A wave values were significantly higher 
in the OSAS group (all p value <0.001). E/A ratio (p<0.001) and E (p<0.001) wave 
was significantly lower in the OSAS group (Table 1). 

Table 1. Baseline characteristics of the study groups

The prevalence of complex VAs was significantly higher in OSAS patients as 
compared to the control group (15.2% vs 1.0%; p<0.001). Lown Grade 4 VAs, 
characterized by couplet ventricular beats and non-sustained ventricular 
tachycardia episodes, were observed in 5.4% of the OSAS patients while absent 
in the control group. (p<0.001) (Table 2). Furthermore, when Lown grade 2, 3, 4a 
and 4b VAs were evaluated separately, they were found significantly prevalent 
among OSAS patients (p <0.001 for all) (Table 2). All bradyarrhythmias were found 
to be higher in OSAS patients compared to the control group (p <0.05 for all) 
(Table 2).

Table 2. Prevalence of ventricular arrhythmias among study population

Comparison of baseline characteristics of OSAS patients with and without fQRS is 
summarized in Table 3. There was no significant difference between the two 
groups regarding age, sex, BMI, SBP, and nocturnal SaO2 values (mean SaO2, 
Percentage SaO2 < 90% and lowest nocturnal oxygen desaturation), and 
prevalence of dyslipidemia, hypertension, smoking, and diabetes mellitus (Table 
3). However, DBP (p=0.002) and hemoglobin (p=0.003) values were significantly 
higher in the fQRS (+) group. There was no significant difference between the 
groups regarding the echocardiographic parameters including LVEDD, LVESD, 
LAD, and LVEF. However, the values of IVST, PWT, LVMI, E/Em ratio, and A wave was 
significantly higher in the Fqrs (+) group (p<0.001 for all) while E/A ratio 
(p<0.001) and E wave (p<0.001) was less prevalent in the fQRS (+) group 
(Table 3). 

 

A bbrev�at�ons: L V : L eft ventr�cle, O SA S: O bstruct�ve S leep A pnea Syndrom e  

  O SA S (n=92) C ontrol (n=96) p  value 

D em ograph�c param eters       

A ge (years) 55.9±7.5   55 .2±7.2   0 .313 

G ender, m ale, n (% ) 59(64.1) 58(60.4) 0 .264 

B ody m ass �ndex (kg/m2) 30 .7±5.1 27.6±4.7 0 .002 

H ypertens�on, n (% )  40(43.4) 27(28.1) 0 .007 

C urrent sm oker, n (% ) 33(35.8) 33(34.3) 0 .490 

D �abetes M ell�tus, n (% )  12(13.1) 9(9 .3) 0 .018 

C oronary  artery  d�sease, n (% ) 15(16.3) 14(14.5) 0 .091 

Systol�c  b lood pressure (m m H g) 133±11  118±10 0 .004 

D �asto l�c  blood pressure (m m H g) 99±8 85±7 0 .001 

Presence of fragm ented Q R S, n (% ) 59(64.1) 9(9 .3) <0.001 

B eta blocker us�ng 23(25.0) 22(22.9) 0 .367 

A C E  �nh�b�tors or A R B s 36(39.1) 25(26.1) 0 .026 

C alc�um channel b locker us�ng 17(18.4) 19(19.7) 0 .216 

B �ochem �cal param eters       

G lucose (m g/dL ) 96±22 94±14 0 .324 

H em oglob�n (m g/dL ) 15.9±2.9 14.1±2.3 0 .012 

C reat�n�ne (m g/dL) 0 .90±0.16  0 .89±0.14 0 .332 

T otal cholesterol (m g/dL ) 183±37 181±25 0 .123 

T r�glycer�de (m g/dL) 151±65 150±43 0 .291 

L ow-dens�ty  l�poprote�n  (m g/dL ) 118±23 121±25 0 .178 

H �gh-dens�ty  l�poprote�n  (m g/dL ) 37±5 37±9 0 .412 

E chocard�ograph�c param eters       

L V  eject�on fract�on (% )  59±4 59±5 0 .293 

L V  end-d�astol�c  d �am eter (cm )  4 .9±0.5 4 .9±0.5   0 .633 

L V  end-systol�c  d�am eter (cm )  2 .7±0.4  2 .8±0.5 0 .117 

Interventr�cular septal th �ckness (m m )   10 .7±1.3 10.2±1.0 <0.001 

Poster�or w all th�ckness (m m )  10.6±1.2 10.0±0.9 <0.001 

L eft ventr�cular m ass �ndex (gr/m2) 97±16 82±15 <0.001 

L eft atr�al d�am eter (cm )  3 .9±0.5   3 .7±0.4 0 .212 

E  w ave (m /s) 0 .83±0.11 0 .87±0.13 <0.001 

A  w ave (m /s) 0 .75±0.12 0 .70±0.07 <0.001 

E /A  rat�o 1 .1±0.14 1 .3±0.14 <0.001 

E /E m  rat�o 9 .7±1.3 8 .9±1.0 <0.001 

 

Abbrev�at�ons: AV: Atr�oventr�cular, OSAS: Obstruct�ve Sleep Apnea Syndrome, VA: ventr�cular 

arrhythm�a  

Lown Class  
OSAS  

 (n=92)  
Control (n=96)  p value  

Class 0, n (%)  33(35.8)  63(65.6)  <0.001  

Class 1a, n (%)  34(36.9)  30(31.2)  0.105  

Class 1b, n (%)  4(4.3)  2(2.0)  0.065  

Class 2, n (%)  7(7.6)  0 (0)  <0.001  

Class 3, n (%)  6(6.5)  0 (0)  <0.001  

Class 4a, n (%)  5(5.4)  0 (0)  <0.001  

Class 4b, n (%)  3(3.2)  0(0)  <0.001  

Complex VA (≥ Lown Class 3), n (%)  14(15.2)  1(1.0)  <0.001  

Bradyarrhythm�as     

S�nus pause , n (%)  11(11.9)  6(6.2)  <0.001  

F�rst -degree atr�oventr�cular block , n (%)  19(20.6)  7(7.2)  <0.001  

Second -degree AV block type 1 , n (%)  2(2.1)  1(1.0)  0.039  

Second -degree AV block type 2 , n (%)  3(3.2)  1(1.0)  0.027  

Intraventr�cular conduct�on delay , n (%)  7(7.6)  4(4.1)  0.004  
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Table 3. Comparison of baseline characteristics of OSAS patients with and without 
fragmented QRS

AHI was significantly higher in the fQRS (+) group (28.4±15.6 vs 21.1± 12.3; 
p<0.001) (Table 3). Prevalence of complex VAs presence (Lown grade ≥ 3) was 
significantly high in the fQRS(+) group (18.6% vs 9.0%; p<0.001) (Table 4). Lown 
grade 4 VAs were significantly higher in OSAS patients with fQRS (10.1% vs 3.1%; 
p<0.001) (Table 4). Furthermore, prevalence of Lown grade 2, 3, 4a, and 4b VAs 
was significantly higher among fQRS (+) OSAS patients (p<0.001 for all) (Table 4). 
There was no significant difference between OSAS patients with and without fQRS 
in terms of bradyarrhythmias (Table 4). 

Table 4. Prevalence of ventricular arrhythmias among OSAS patients with and
without fragmented QRS complexes

Multiple regression analyze showed that presence of fQRS (OR: 3.262, 95 %CI: 
1.443-7.376; p=0.004) and AHI severity (OR: 1.510, 95 %CI: 1.343-1.698; 
p<0.001) to be independently associated with complex VAs in OSAS patients 
(Table 5).

Table 5. Multivariate regression analysis showing independent predictors of 
complex VAs

DISCUSSION

This study investigated the association between the presence of fQRS and VAs in 
OSAS patients. Prevalence of fQRS and complex VAs were significantly higher in 
OSAS patients as compared to healthy controls. OSAS patients with fQRS had 
higher prevalence of complex VAs compared to those without fQRS. The presence 
of fQRS and AHI severity were found to be independently associated with the 
complex VAs in OSAS patients.

OSAS is a common global health problem that may cause severe complications1-
7. Cardiovascular problems account for the main OSAS-related complications and 
top causes of mortality1-2. The main complications of OSAS are coronary artery 
disease, silent ischemia, myocardial infarction, hypertension, and stroke3-6. One 
of the most important complications of OSAS is the development of VAs6-9. 
Recent studies have especially been focusing on VAs and sudden cardiac death 
associated with OSAS6-9. According to the results of the current study, 
prevalence of complex VAs was significantly higher in OSAS patients as compared 
to the control group. Many studies have found that VAs and sudden cardiac death 
is more frequent among OSAS patients as compared to the normal population7-
10. Mehra et al. found that complex VAs were more prevalent among OSAS 
patients than healthy individuals12. In another study, Gami et al. reported that 
OSAS was an independent risk factor for the formation of VAs, even after 
adjustments for conventional cardiovascular risk factors13. In another study, 
prevalence of complex VAs was reported between 27-74% in OSAS patients and 
5-13% in healthy adults13,14. Our result was consistent with the literature. In a 
similar manner, in the Sleep Heart Health study, subgroup analyses after ruling out 
other risk factors showed that OSAS patients had 1.7 times increased risk of 
developing complex VAs compared to people without OSAS12.

Current studies have presented several hypotheses about mechanisms related to 
formation of VAs in OSAS patients6-8. While the details of these mechanisms are 
outside the focus of this study, various underlying mechanisms of arrhythmia 
include intermittent hypoxia, increased sympathetic tone, sympathovagal 
imbalance, and electrical abnormalities in the ventricular free wall due to negative 
intrathoracic pressure6-8, 26-30. In this study, high prevalence of VAs in OSAS 
patients can be explained with these mechanisms.

 

Abbrev�at�ons: AHI: Apnea-hypopnea �ndex, fQRS: Fragmented QRS complex, LV: Left ventr�cle, OSAS: Obstruct�ve 

Sleep Apnea Syndrome 

  
OSAS w�th fQRS 

(n=59) 

OSAS w�thout fQRS  

(n=33) 
p value 

Demograph�c parameters       

Age (years) 55.3±7.1  54.8±7.4  0.659 

Gender, male, n (%) 36(64.5) 21(63.6) 0.490 

Body mass �ndex (kg/m2) 29.0±4.3 27.5±3.8 0.098 

Hypertens�on, n (%)  26(44.1) 14(42.4) 0.486 

Current smoker, n (%) 21(35.5) 12(36.3) 0.526 

D�abetes Mell�tus, n (%)  8(13.5) 4(12.1) 0.538 

Coronary artery d�sease, n (%) 10(16.9) 5(15.1) 0.137 

Systol�c blood pressure (mmHg) 131±13  129±10 0.324 

D�astol�c blood pressure (mmHg) 95±11 91±6 0.002 

Complex ventr�cular arrhythm�as, n (%) 11(18.6) 3(9.0) <0.001 

AHI (events/h) 28.4±15.6 21.1±12.3 <0.001 

Lowest nocturnal oxygen saturat�on, % 82±13 83±12 0.456 

B�ochem�cal parameters       

Glucose (mg/dL) 97±22 96±19 0.413 

Hemoglob�n (mg/dL) 15.3±2.8 13.4±3.1 0.003 

Creat�n�ne (mg/dL) 0.91±0.16  0.90±0.14 0.132 

Total cholesterol (mg/dL) 182±36 183±27 0.345 

Tr�glycer�de (mg/dL) 149±67 146±45 0.365 

Low-dens�ty l�poprote�n (mg/dL) 122±23 120±20 0.201 

H�gh-dens�ty l�poprote�n (mg/dL) 36±9 38±10 0.548 

Echocard�ograph�c parameters       

LV eject�on fract�on (%)  58±3 59±4 0.123 

LV end-d�astol�c d�ameter (cm)  4.9±0.5 4.8±0.4  0.107 

LV end-systol�c d�ameter (cm)  2.7±0.4  2.8±0.3 0.213 

Interventr�cular septal th�ckness(mm)   10.5±1.3 10.0±1.1 <0.001 

Poster�or wall th�ckness (mm)  10.4±1.3 9.8±0.8 <0.001 

Left ventr�cular mass �ndex (gr/m2) 99±17 94±14 <0.001 

Left atr�al d�ameter (cm)  3.9±0.5  3.7±0.4 0.212 

E wave (m/s) 0.79±0.11 0.83±0.13 <0.001 

A wave (m/s) 0.72±0.10 0.67±0.07 <0.001 

E/A rat�o 1.1±0.13 1.3±0.15 <0.001 

E/Em rat�o 9.8±1.3 8.8±1.1 <0.001 

LownClass  
OSAS w�th fQRS 

(n=59)  

OSAS w�thout fQRS 

(n=33)  
p value  

Class 0, n  (%)  13(20.0)  14(42.4)  <0.001  

Class 1a, n  (%)  21(35.5)  13(39.3)  0.234  

Class 1b, n  (%)  3(5.1)  2(6.1)  0.123  

Class 2, n  (%)  11(18.6)  3(9.1)  <0.001  

Class 3, n  (%)  5(8.4)  2(6.1)  <0.001  

Class 4a, n  (%)  4(6.7)  1(3.1)  <0.001  

Class 4b, n  (%)  2(3.4)  0(0)  <0.001  

Complex VAs (≥ Lown  Class 3), n  (%)  11(18.6)  3(9.0)  <0.001  

Bradyarrhythm�as     

S�nus pause  7(11.8)  3(9.1)  0.421  

F�rst -degree AV block , n (%)  14(23.7)  7(21.2)  0.135  

Second -degree block type 1 , n (%)  2(3.4)  1(3.1)  0.341  

Second -degree block type 2 , n (%)  2(3.4)  1(3.1)  0.341  

Intraventr�cular conduct�on delay , n (%)  5(8.4)  2(6.1)  0.254  

 

Abbrev�at�ons: AV: Atr�oventr�cular, OSAS: Obstruct�ve Sleep Apnea Syndrome, VA: ventr�cular 

arrhythm�a  

 

Abbrev�at�ons: AHI: Apnea-hypopnea �ndex, CAD: Coronary artery d�sease, CI: Conf�dence �nterval, 

DBP: D�astol�c blood pressure, fQRS: Fragmented QRS complex, LVEF: Left ventr�cular eject�on 

fract�on, IVST: Interventr�cular septal th�ckness, LVEDD:  Left ventr�cle end-d�astol�c d�ameter, 

LVESD: Left ventr�cle end-systol�c d�ameter, LVMI: Left ventr�cle mass �ndex, PWT: Poster�or wall 

th�ckness, OR: Odd’s rat�o, SBP:  Systol�c blood pressure, VA: ventr�cular arrhythm�a 

Var�ables 
Un�var�ate OR,  

(95% Cl) 

Un�var�ate  

p value 

Mult�var�ate OR,  

(95% Cl) 

Mult�var�ate 

p value 

Presence of fQRS 5.850 (2.978-11.491) <0.001 3.262 (1.443-7.376) 0.004 

AHI 1.547 (1.381-1.732) <0.001 1.510 (1.343-1.698) <0.001 

CAD 1.156 (1.142-1.287) 0.041     

SBP 1.123 (0.898-1.323) 0.095 
  

DBP 1.348 (0.987-2.657) 0.056   

Age 0.980 (0.938-1.023) 0.351     

Gender 1.333 (0.719-2.472) 0.362     

Smok�ng 1.447 (0.749-2.792) 0.271     

LVEF 0.966 (0.896-1.042) 0.370     

IVST 1.592 (1.156-5.214) 0.009   

PWT 1.412 (1.096-4.178) 0.022   

LVMI 1.845 (1.456-3.214) 0.003     

LVESD 1.534 (1.156-2.178) 0.017     

LVEDD 0.992 (0.962-1.023) 0.622     

E/Em 1.612 (1.219-2.133) 0.023     
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All of these processes cause fibrosis formation in the left ventricle31-33. 
Myocardial fibrosis is best revealed in magnetic resonance imaging and 
histological methods; however, these methods are expensive and difficult to 
apply. Contrarily, the simple and easily applicable method of assessing fQRS 
presence in ECG was found as an indicator of myocardial fibrosis19,20. fQRS is an 
ECG finding that indicates myocardial scarring and fibrosis in patients with 
ischemic or non-ischemic cardiac diseases19-21. Adar et al. found that 
prevalence of fQRS was significantly high in OSAS patients16. Sayın et al. also 
found high prevalence of fQRS presence in OSAS patients and associated it with 
poor outcomes17. In our study, the frequency of fQRS was found to be 64% in 
OSAS patients. This rate is similar to previous studies (58% to 82%)16-17. 
Another factor responsible for the formation of fibrosis tissue in OSAS patients is 
excessive collagen accumulation followed by remodeling which induces cardiac 
perivascular fibrosis33. When we evaluated the results of our study, we detected 
that fQRS positivity in OSAS patients was higher than the control group. In light of 
the information above, increased prevalence of fQRS may be an indicator of 
fibrosis in the OSAS group in the present study. Myocardial fibrosis formation 
causes inhomogeneity which leads to cardiac arrhythmias19,20. Miragoli et al. 
found that fibrosis tissue in the heart may be associated with increased risk of 
arrhythmia due to heart conduction abnormalities34.

According to our results, complex VAs had higher prevalence in OSAS patients 
with fQRS (+) patients compared to fQRS (-) patients. Similarly, fQRS presence has 
been associated with many ischemic and non-ischemic cardiac conditions15-20. 
Morita et al. conducted a study on patients with Brugada syndrome reported that 
prevalence of VAs was higher in patients with fQRS21. Similarly, Park et al. found 
that the prevalence of VAs was higher in fQRS (+) Ebstein anomaly patients15. 
Several mechanisms may be responsible for increased prevalence of complex 
VAs in OSAS patients and myocardial fibrosis has been reported to be a significant 
indicator of complex VAs in OSAS patients13,14,27. Myocardial fibrosis that 
occurs in OSAS may lead to micro-ischemia, promoting cardiac repolarization 
abnormalities followed by increased tendency to develop complex VAs35. We 
think that all structural and electrical abnormalities in the ventricles may explain 
the presence of arrhythmias in fQRS positive patients in our study.

In our study, it is an expected result that the IVST and PWT were higher in OSAS 
patients. In addition, the greater fibrous tissue development in OSAS patients with 
fQRS may explain the greater thickness of the ventricular walls and impaired 
ventricular relaxation in this group. Also, poor diastolic parameters in OSAS 
patients were not surprising. Review of all of these findings reveal increased 
ventricular hypertrophy and impaired diastolic function in the fQRS (+) group. This 
whole process may contribute to the increased prevalence of VAs in OSAS 
patients.

Results of our study showed that AHI scores were higher in the fQRS (+) group as 
compared to the fQRS (-) group in OSAS patients. At the same time, AHI severity 
was found to be independently associated with the complex VAs in OSAS patients. 
We believe that as AHI score increases, exposure to mechanisms responsible for 
fibrosis is more pronounced and myocardial fibrosis increases in a similar manner 
in OSAS patients. Aytemir et al. reported increased rate of cardiac arrhythmia with 
increased AHI score35. Considering that cardiac complications occur over a long 
period of time regarding the severity of hypoxia in the course of OSAS, increased 
arrhythmia prevalence associated with increased AHI scores was an expected 
result.

Limitations
This study had some limitations. First, our study was a cross-sectional and single 
center study with a relatively small number of patients. Further studies on larger 
populations are required to confirm the results of this study. The second limitation 
was that magnetic resonance imaging or histopathological tests which are more 
sensitive in showing myocardial fibrosis could not be performed due to difficulty in 
application and high cost. Third, only patients with QRS duration of <120 ms were 
included in the study. Also, 24-hour Holter records had limited ability in detecting 
VAs. Techniques which allow monitorization for longer periods of time will 
determine the frequency of arrhythmia more clearly in these patients. 
Furthermore, association between fQRS and mortality could not be clearly 
determined since patients were not followed up prospectively. For the same 
reason, future arrhythmic episodes could not be evaluated to clearly determine 

the association between fQRS and Vas. 

CONCLUSION
In conclusion, OSAS is a common disease in the population and may have severe 
arrhythmic complications. In this study we showed that the presence of fQRS 
which is a simple ECG parameter was associated with prevalence of ventricular 
arrhythmias in OSAS patients. The presence of fQRS may be a guide in practice to 
determine the patients who are at risk of developing arrhythmia. Close follow up 
of fQRS (+) patients with more frequent Holter monitorization may be considered.
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