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experience syncope and present with signs of 
cardiomyopathy and heart failure as a result of 
nonsustained ventricular tachycardia (VT), sus‑
tained VT, or ventricular fibrillation, caused by 
PVCs. Triggering factors of PVCs include stress, 
dehydration, caffeine and alcohol consumption, 
medical treatment, hormonal cycles in women, 
and poor sleep quality (PSQ).3

In daily practice, PSQ is frequently associ‑
ated with PVCs and it is often overlooked that 
PSQ may occur due to PVCs. In the routine eval‑
uation of patients with PVCs, lifestyle changes 

IntroductIon Premature ventricular con‑
tractions (PVCs) are a very common arrhyth‑
mia in clinical practice. In the general popula‑
tion, it has been seen in 1% to 4% of patients on 
electrocardiography (ECG) and in 40% to 75% 
on 24‑hour Holter ECG.1,2 This condition, which 
is generally benign, may cause sudden cardiac 
death in patients with structural heart disease. 
Numerous patients with PVCs are asymptom‑
atic. Those symptomatic complain of palpita‑
tions, dizziness, near ‑syncope, dyspnea, chest 
pain, and fatigue. Apart from that, patients may 
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AbstrAct
Background The frequency of premature ventricular contractions (PVCs) increases in patients with 
poor sleep quality (PSQ).
aims The aim of this study was to evaluate PSQ in patients referred for radiofrequency catheter ablation 
(RFA) due to PVCs and to determine the effect of RFA on PSQ.
methods A total of 207 patients who were diagnosed with the PVC burden greater than 10% and 
underwent 3-dimensional RFA in our center were included in this cross -sectional study. Self -reported 
sleep quality was assessed in all patients in addition to a 24-hour Holter electrocardiogram before ablation 
and at 3-month follow -up. The effect of RFA on self -reported sleep quality in patients with PVCs was 
evaluated.
results Before RFA, 87% of the study patients had PSQ. In those with PVCs, subjective sleep quality, 
sleep latency, sleep duration, sleep efficiency, sleep disturbances, daytime dysfunction, and the global 
Pittsburgh Sleep Quality Index (PSQI) improved after RFA (P <0.001). Positive correlations were found 
between the PSQI and the total number of PVCs, PVC burden, PVC burden in the morning, PVC burden 
at midday, PVC burden in the evening, and PVC burden at nighttime (P <0.01). In linear regression analysis, 
only the nighttime PVC burden was found to be related to the PSQI (P = 0.002, β = 0.397).
conclusions Poor sleep quality is common in patients with PVCs and it improves significantly after 
the RFA procedure. Poor sleep quality in patients with PVCs is closely related to the PVC burden at nighttime. 
Our study showed that, while evaluating PVCs, we also should suspect PSQ, especially due to PVCs.

Key words
poor sleep quality, 
premature ventricular 
contractions, 
radiofrequency 
catheter ablation

O R I G I N A L  A R T I C L E

Impaired self ‑reported sleep quality improves 
with radiofrequency catheter ablation in patients 
with premature ventricular complexes

Mükremin Coskun1, Mevlut Koc1, Abdullah Orhan Demirtas1, Muhammed Zubeyir Aslan2, 
Hilmi Erdem Sumbul2, Hasan Koca1, Tayfur Erdoğdu3, Yahya Kemal Icen1

1  Department of Cardiology, University of Health Sciences—Adana Health Practice and Research Center, Adana, Turkey
2  Department of Internal Medicine, University of Health Sciences—Adana Health Practice and Research Center, Adana, Turkey
3  Department of Cardiology, Osmaniye Public Hospital, Osmaniye, Turkey



KARDIOLOGIA POLSKA 2020; 78 (9)900

impaired in patients with PVCs and that im‑
paired sleep quality could increase the PVC bur‑
den and symptoms of PVCs. To the best of our 
knowledge, there has been no study evaluating 
the relationship between the PVC burden and 
PSQ so far.

Therefore, in our study, we aimed to evalu‑
ate PSQ in patients who underwent RFA due to 
PVCs and to determine the effect of RFA treat‑
ment on PSQ.

Methods study population In this cross‑
‑sectional study, patients with symptomat‑
ic PVCs who were resistant to pharmacologi‑
cal treatment and scheduled for an RFA proce‑
dure between August 2018 and April 2020 were 
screened at the arrhythmia center.

The study inclusion and exclusion criteria are 
shown in TABle 1. In our study, a total of 282 pa‑
tients were screened, but only 207 of them were 
included in the study. The regional hospital eth‑
ics committee approved the study (decision no., 
2019/548). All of the included patients were in‑
formed about the study and provided informed 
consent to participate in it.

After inclusion, a detailed medical history was 
taken and physical examination was performed 
in all patients. Current medical treatments that 
patients received for PVCs were recorded. Serum 
glucose, creatinine, sodium, potassium, calci‑
um, aspartate aminotransferase, alanine ami‑
notransferase, uric acid, high ‑sensitivity C ‑re‑
active protein, N ‑terminal fragment of the pro‑
hormone brain natriuretic peptide, total choles‑
terol, high ‑density lipoprotein cholesterol, low‑
‑density lipoprotein cholesterol, and triglyceride 
levels were measured using automated laborato‑
ry methods (Abbott Aeroset, Minneapolis, Min‑
nesota, United States) and appropriate commer‑
cial kits (Abbott).

Two ‑dimensional echocardiography was per‑
formed with the EPIQ 7 device (Philips Health‑
care, Andover, Massachusetts, United States). 
The M ‑mode examination in the parasternal 
long ‑axis view showed left ventricular (LV) di‑
astolic and systolic dimensions. Left ventricu‑
lar ejection fraction was calculated in the apical 
4‑ and 2‑chamber view by the modified Simp‑
son method.4

Echocardiography and electrophysiology ex‑
aminations in the study participants were evalu‑
ated by 2 experienced cardiologists. Both special‑
ists had more than 5 years of experience in elec‑
trophysiological studies and performed at least 
300 ablation procedures every year.

Evaluation of 24‑hour Holter electrocar‑
diograms Twenty ‑four–hour Holter ECG 
recordings (SEER TM 1000 GE Medical Sys‑
tems, Milwaukee, Wisconsin, United States) 
before RFA of all patients included in the study 

such as modifying sleep habits are recommend‑
ed in the treatment of patients with PSQ.3 Our 
observations in daily practice showed that in pa‑
tients treated with radiofrequency catheter abla‑
tion (RFA) due to symptomatic PVCs, sleep qual‑
ity improved from the first day after the proce‑
dure and palpitation symptoms relieved. Palpi‑
tations, increased dyspnea, reduced functional 
capacity, anxiety, and frequent hospital admis‑
sions might affect sleep quality in patients with 
PVCs. We assumed that sleep quality could be 

whAt’s new?
Treatment of poor sleep quality (PSQ) is recommended in the follow -up and 
treatment of patients with premature ventricular contractions (PVCs). Contrary 
to this general recommendation, it was shown for the first time in our study 
that the PVC burden status, especially the nighttime PVC burden, was the cause 
of PSQ. In addition, we showed that the treatment of PVCs with radiofrequency 
catheter ablation improved the PSQ status. Therefore, it was concluded that 
PVCs should be evaluated in terms of PSQ in addition to palpitations and other 
symptoms when assessing indications for ablation. Therefore, patients with 
frequent PVCs and accompanying PSQ can be referred to an arrhythmia center 
for radiofrequency catheter ablation.

Table 1 Study inclusion and exclusion criteria

Inclusion criteria (in addition to symptomatic PVCs; at least 1 of the following criteria)

a Patients who had the PVC burden >10% on 24-hour Holter 
electrocardiography

b Patients who had clinically life -threatening rhythm disorder, syncope, or 
abnormal 24-hour Holter electrocardiography recordings (R-on-T 
phenomenon and ventricular tachycardia)

c Patients who had LVEF <50%

Exclusion criteria

a Patients who had undergone a failed RFA procedure

b Recurrent PVCs at 3-month follow -up

c Hospitalization in the last month due to CAD or HF

d Patients who had insufficient PVCs for ablation mapping at the 
procedure

e Known psychiatric disorders

f Sleep apnea syndrome

g Chronic obstructive pulmonary disease

h Bone deformity involving the chest wall

i Active thyroid disease

j Malignancy

k Pregnancy or suspected pregnancy

l Chronic kidney disease

m Patients who received medical treatment that affected sleep quality

n Active infectious disease

0 Patients who did not provide consent to participate in the study

Abbreviations: CAD, coronary artery disease; HF, heart failure; LVEF, left ventricular ejection 
fraction; PVC, premature ventricular contraction; RFA, radiofrequency catheter ablation
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burden was defined as the percentage of PVCs 
in the total number of QRS complexes during 
a 24‑hour period.

Self ‑reported sleep quality assessment  
The Pittsburgh Sleep Quality Index (PSQI) con‑
sisting of 7 components and 19 specific questions 
evaluating subjective sleep quality, sleep laten‑
cy (how long it takes to fall asleep), sleep dura‑
tion, sleep efficacy (how long a person is asleep 
in comparison to their time spent in bed), sleep 
disorders (temperature, cold, noise, pain, and 
nocturia), sleep medications, and daytime dys‑
function (sleepiness and concentration disor‑
ders) were used to evaluate sleep quality.5 Each 
component was scored between 0 and 3 points, 
with a high score indicating low sleep quality. 
These scores were summed to obtain the global 
measure of subjective sleep quality (0–21 points). 
Low PSQI values indicated better subjective sleep 
quality. The recommended clinical PSQI cutoff 
value for good subjective sleep quality was 5. Pa‑
tients with a PSQI greater than 5 were consid‑
ered as having PSQ.

Electrophysiological study, mapping, induc‑
tion, and radiofrequency ablation protocol  
The right ventricular outflow tract and the right 
ventricle were mapped with a standard femoral 
approach, and the LV outflow tract and the LV 
were mapped with a retrograde transaortic ap‑
proach. In some of the LV papillary muscle‑

‑induced PVCs, the transition to the left atrium 
was achieved by septostomy and PVC mapping 
was performed using an antegrade approach. 
The procedure was continued in patients with 
an adequate PVCs frequency. Afterwards, PVCs 
were mapped with a 3‑dimensional mapping sys‑
tem (CARTO 3, Biosense Webster, Diamond Bar, 
Irwindale, California, United States). The earli‑
est local electrical signals were marked. These 
points were ablated with an irrigated RFA cath‑
eter delivering between 30 to 50 watts of pow‑
er. After PVCs had disappeared, safety was pro‑
vided by energizing ablation for approximately 
3 minutes until the impedance value was lower 
than 110 ohms.

Clinical follow ‑up and determination of re‑
currence The patients who underwent RFA 
were initially followed up in the first month and 
then in 3‑month intervals. The presence of PVCs 
on ECG or 24‑hour Holter ECG recordings with 
sustained or nonsustained VT or PVCs of more 
than 1000 beats/day were regarded as recur‑
rence. In patients with recurrence, RFA was rec‑
ommended to those with a PVC burden greater 
than 10%, and patients with that smaller than 
10% were encouraged to continue medical treat‑
ment. Self ‑reported sleep quality (SRSQ) assess‑
ment was repeated in patients without PVC re‑
currence at 3‑month follow ‑up.

were examined. All recordings perceived as in‑
accurate by the device were corrected. Max‑
imum heart rate (HR), minimum HR, mean 
HR, total 24‑hour HR, and the total number of 
PVCs during 24 hours were recorded. The PVC 

Table 2 Demographic, clinical, laboratory, medical treatment, and echocardi
ographic characteristics of 207 study patients with premature ventricular 
complexes

Characteristic Value

Age, y, median (IQR) 51 (37–62)

Male / female sex, n 113/94

Hypertension, n (%) 52 (25)

Diabetes, n (%) 47 (23)

Current smoking status, n (%) 48 (23)

CAD, n (%) 38 (18)

Systolic BP, mm Hg, mean (SD) 123 (12)

Diastolic BP, mm Hg, mean (SD) 80 (10)

BMI, kg/m2, mean (SD) 28.1 (3.28)

Blood urea nitrogen, mg/dl, mean (SD) 29.9 (8.9)

Creatinine, mg/dl, mean (SD) 0.75 (0.18)

Sodium, mg/dl, mean (SD) 138 (3.5)

Potassium, mg/dl, mean (SD) 4.24 (0.48)

Aspartate aminotransferase, u/l, median (IQR) 21 (17–28)

Alanine aminotransferase, u/l, median (IQR) 21 (16–28)

Total cholesterol, mg/dl, median (IQR) 190 (164–212)

Low -density lipoprotein cholesterol, mg/dl, median (IQR) 128 (102–144)

High -density lipoprotein cholesterol, mg/dl, median (IQR) 42 (36–49)

Triglycerides, mg/dl, median (IQR) 150 (109–209)

Uric acid, mg/dl, mean (SD) 4.82 (0.95)

NT -proBNP, pg/ml, median (IQR) 70 (37–148)

β ‑Blocker, n (%) 126 (61)

Calcium channel blocker, n (%) 20 (10)

Amiodarone, n (%) 35 (17)

Propafenone, n (%) 10 (5)

LVDD, mm, mean (SD) 47.5 (5.1)

LVSD, mm, mean (SD) 31.4 (5.3)

LVEF, %, mean (SD) 58.6 (7.9)

LVEF <50%, n (%) 14 (7)

Right ventricular PVCs, n (%) 122 (59)

Left ventricular PVCs, n (%) 85 (41)

SI conversion factors: to convert blood urea nitrogen to mmol/l, multiply by 0.357; creatinine 
to μmol/l, by 88.4; sodium to mmol/l, by 1; potassium to mmol/l, by 1; aspartate aminotransferase 
and alanine aminotransferase to μkat/l, by 0.0167; total cholesterol, low ‑density lipoprotein 
cholesterol, high ‑density lipoprotein cholesterol to mmol/l, by 0.0259; triglycerides to mmol/l, by 
0.0113; uric acid to mmol/l, by 0.0595.

Abbreviations: BMI, body mass index; BP, blood pressure; LVDD, left ventricular diastolic dimension; 
LVSD, left ventricular systolic dimension; NT -proBNP, N -terminal fragment of the prohormone brain 
natriuretic peptide; others, see TABle 1
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Statistical analysis All statistical analyses 
were performed using the SPSS 23.0 software 
package for Windows, version 23.0 (IBM Corp., Ar‑
monk, New York, United States). Whether the dis‑
tribution of continuous variables was normal or 
not was evaluated with the Kolmogorov–Smirnov 
test. Continuous variables were expressed as mean 
(SD) or median (interquartile range). Categorical 
variables were expressed as numbers and percent‑
ages. The Cohen κ and intraclass correlation co‑
efficient were used for categorical and continu‑
ous data, respectively, to evaluate the inter‑ and 
intraobserver variability of SRSQ and 24‑hour 
Holter ECG parameters. To compare the change 
in parameters of SRSQ before and after RFA ob‑
served at baseline and 6 months, a paired sam‑
ple t test and the McNemar test were applied. 
A P value less than 0.05 was considered signifi‑
cant. Parameters associated with the PSQI were 
determined with the univariate Pearson correla‑
tion analyses. In multiple linear regression anal‑
ysis, parameters showing the closest association 
with the PSQI were identified.

results Patients who underwent RFA due to 
PVCs and who did not have recurrent PVCs diag‑
nosed based on 24‑hour Holter ECG in the con‑
trols were included in the  study. The  SRSQ 
test was performed in all patients included in 
the study. The Cohen κ and intraclass correla‑
tion coefficient values for interobserver variabil‑
ity were over 90% for all 24‑hour Holter ECG re‑
cordings and SRSQ parameters (P <0.001 for all 
comparisons).

Demographic, clinical, laboratory, echocar‑
diography, and 24‑hour Holter electrocardi‑
ography data Demographic, clinical, labora‑
tory, medical treatment, and echocardiograph‑
ic characteristics of the study population are 
shown in TABle 2. The results of 24‑hour Holter 
ECG recordings of the study patients are present‑
ed in TABle 3. Although PVC frequency in the pa‑
tients included in the study was higher than 
10%, the mean PVC frequency was found to be 
17% (13%–24%) (TABle 3). The localization of PVCs 
in patients who underwent RFA with the 3‑di‑
mensional mapping method is shown in TABle 4. 
In 16 patients, PVCs from the regions of both 
the right ventricular outflow tract and the left 
ventricular outflow tract were eliminated with 
RFA, and the earliest intracardiac monitoring re‑
cord in these patients was regarded as the local‑
ization of PVCs. Recurrence was detected in 18 
patients (7.1%) who underwent RFA. Eleven of 
them (4.4%) were reablated and the others were 
followed up and received medication.

Self ‑reported sleep quality before and af‑
ter radiofrequency ablation The change in 
parameters of SRSQ before and after the RFA 

Table 3 Data on 24hour Holter electrocardiography monitoring in 207 study 
patients with premature ventricular complexes

Parameter Value

Maximum heart rate, bpm 132 (21)

Minimum heart rate, bpm 47 (9.2)

Mean heart rate, bpm 74 (12)

Total beat, n 101 058 (91 930–101 058)

Total PVCs, n 16 873 (12 030–16 873)

PVC burden, % 17 (13–24)

PVC burden in the morning, % 16 (11–24)

PVC burden at midday, % 16 (12–26)

PVC burden in the evening, % 18 (12–24)

PVC burden at nighttime, % 16 (11–21)

Data are presented as mean (SD) or median (interquartile range). The premature ventricular 
contraction burden was defined as the percentage of premature ventricular contractions in the total 
number of QRS complexes during a 24-hour period.

Abbreviations: see TABle 1

Table 4 Localization of premature ventricular contractions in patients who 
underwent successful radiofrequency catheter ablation

PVC localization Patients, n (%)

PVCs originating from the RV

Total 122 (59)

RVOT anterior wall 42 (20)

RVOT anterolateral wall 10 (4.8)

RVOT posterior wall 20 (9.7)

RVOT posteroseptal wall 34 (16)

Pulmonary artery region 5 (2.4)

Para-Hisian region 3 (1.4)

Tricuspid annulus region 5 (2.4)

Moderator band region 3 (1.4)

PVCs originating from the LV

Total 85 (41)

LVOT left coronary cusp 22 (11)

LVOT aortomitral junction 14 (7)

LVOT right coronary cusp 17 (8)

LVOT right -left coronary cusp junction 15 (7)

LV summit region 5 (2.4)

Mitral annulus region 7 (3.4)

Papillary muscle region 5 (2.4)

Data are presented as number (percentage).

Abbreviations: LV, left ventricle; LVOT, left ventricular outflow tract; RV, right ventricle; RVOT, right 
ventricular outflow tract; others, see TABle 1
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procedure in the study patients are shown in 
TABle 5. In those with PVCs, subjective sleep qual‑
ity, sleep latency, sleep duration, sleep efficien‑
cy, sleep disturbances, daytime dysfunction, and 
the global PSQI were significantly decreased af‑
ter RFA (TABle 5). A total of 79.2% of the patients 
with symptomatic PVCs had PSQ before RFA 
and their PSQ rates decreased significantly (by 
12%) at 3 months after RFA (TABle 5).

Determination of Pittsburgh Sleep Quality In‑
dex–related parameters Correlation analysis 
was performed between the PSQI and 24‑hour 
Holter ECG recordings (TABle 6). Linear regres‑
sion analysis was applied to the parameters as‑
sociated with the PSQI in the univariate anal‑
ysis. As a result of this analysis, only the PVC 
burden at nighttime was found to be related to 
the PSQI (TABle 6). The closest relationship between 
the mean PSQI and the PVC burden at nighttime 
is shown in FIgURe 1.

dIscussIon Our study revealed several rele‑
vant findings: 1) sleep quality is impaired in pa‑
tients with symptomatic PVCs; 2) in these pa‑
tients, PSQ is closely related to PVCs at night; 
3) treatment of patients with symptomatic PVCs 
with RFA significantly improves impaired sleep 
quality (60%). To the best of our knowledge, our 
study is the first one to evaluate sleep quality 
in patients with symptomatic PVCs and the PVC 
burden greater than 10%, indicating that it is 
associated with the PVC burden at nighttime.

Patients with PVCs are primarily evaluated 
based on medical history and physical exami‑
nation. Then, advanced techniques such as ECG, 
24‑hour Holter ECG monitoring, echocardiogra‑
phy, cardiac magnetic resonance imaging, exer‑
cise test, fluorodeoxyglucose cardiac positron 
emission tomography, and electrophysiologi‑
cal studies are used for the diagnosis and treat‑
ment of PVCs.3 Twelve ‑lead ECG is used to deter‑
mine the localization of PVCs. The PVC burden 
and life ‑threatening R‑on‑T phenomenon, VT, or 
ventricular fibrillation are assessed with 24‑hour 
Holter ECG. Particularly, LV function and ad‑
ditional cardiac valve and wall abnormalities 
are detected by echocardiography. Also, echo‑
cardiography affects the choice of an approach 
during RFA treatment. The exercise test verifies 
the suspicion of ischemic heart disease and mea‑
sures the frequency of PVCs or fatal dysrhyth‑
mia inducibility with exercise. These examina‑
tions can also enable healthcare professionals 
to explain whether PVCs are idiopathic or as‑
sociated with structural heart diseases. Sleep 
quality in patients with PVCs is not routinely 
evaluated. However, it is known that sleep du‑
ration and quality are very meaningful factors 
in cardiovascular diseases. According to previ‑
ous studies, short sleep time (shorter than 5 to 

Table 5 Change in parameters of self reported sleep quality before and after 
radiofrequency catheter ablation in 207 patients with premature ventricular complexes

Parameter Before RFA After RFA P value

Subjective sleep quality 2.26 (0.62) 0.94 (0.45) <0.001

Sleep latency 1.87 (0.52) 1.07 (0.38) <0.001

Sleep duration 1.40 (0.51) 0.99 (0.26) <0.001

Sleep efficiency 1.31 (0.48) 1.01 (0.48) <0.001

Sleep disturbances 1.28 (0.47) 0.72 (0.46) <0.001

Daytime dysfunction 2.14 (0.69) Median (IQR), 
1 (0.7–1.3)

<0.001

Global PSQI 10.3 (2.33) 5.34 (1.69) <0.001

PSQI >5, n (%) 180 (87) 25 (12) <0.001

Data are presented as mean (SD) unless otherwise indicated.

Abbreviations: IQR, interquartile range; PSQI, Pittsburgh Sleep Quality Index; others, see TABle 1

Table 6 Parameters associated with the Pittsburgh Sleep Quality Index before 
radiofrequency catheter ablation

Parameter Univariate analysis Multiple linear regression analysis

P value r P value β

Total PVCs <0.001 0.337 0.64 0.061

PVC burden <0.001 0.421 0.29 0.095

PVC burden in 
the morning

<0.001 0.399 0.14 0.105

PVC burden at midday <0.001 0.386 0.10 0.112

PVC burden in 
the evening

<0.001 0.350 0.50 0.090

PVC burden at nighttime <0.001 0.418 0.002 0.397

R2
Adjusted = 0.449 and P <0.001 in multivariate analyses. The premature ventricular contraction burden 

is a ratio of the number of premature ventricular contractions to the total number of QRS complexes.

Abbreviations: see TABle 1
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patients who had a known psychiatric disorder 
or depression or who used medication for these 
reasons were excluded from the study, but not 
every patient underwent psychiatric evaluation. 
Of note, sleep disorders are common especially 
in psychiatric diseases. Another important rea‑
son for the improvement of sleep quality in pa‑
tients after PVC ablation may be the absence of 
PVCs and a positive mood. In our study, the suc‑
cessful assessment was made at 3 months after 
PVC ablation. Different results could be obtained 
if the evaluation was performed at 1 month or 
6 months.

Conclusions Self ‑reported sleep quality is 
poor in patients with the PVC burden greater 
than 10%, and sleep quality improves signif‑
icantly after a successful RFA procedure. Our 
study showed that it should be kept in mind that 
poor sleep is one of the symptoms observed in 
patients with PVCs. At the first evaluation of 
patients with PCVs, sleep quality should be as‑
sessed in addition to other known complaints, 
especially palpitations. Particularly if the pa‑
tient begins to complain of palpitations, they 
should be asked whether they have noted dete‑
rioration in sleep quality at night and the asso‑
ciation between palpitations and sleep distur‑
bances should be examined. Since the data on 
PVCs and sleep quality obtained in our study 
are the first findings on this issue in the litera‑
ture, they need to be supported by further re‑
search, in which other sleep evaluations should 
be performed, involving various patient groups.
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