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Introduction
Heart failure (HF) affects 1%–2% of the adult 
population [1]. Notwithstanding substantial 
improvements in therapy, heart transplan-
tation (HT) remains an accepted treatment 
option in end-stage HF [2, 3]. Heart rhythm 
disorders (HRD) are more common in patients 
with HF and worsen their prognosis [4, 5]. 
Assessment of HRD epidemiology in patients 
subjected to qualification for HT could allow 
for an improvement in targeted therapy. Thus, 
the aim of this study was a qualitative and 
quantitative analysis of HRD in patients with 
HF considered for HT.

Methods
Retrospective clinical data of consecutive 
169 patients with severe HF, who underwent 
the qualification procedure for HT, were 
analyzed. All patients were hospitalized from 
2018 to 2019 in the 3rd Department of Cardi-
ology, the Medical University of Silesia, the 
Silesian Center for Heart Diseases in Zabrze, 
Poland. Patients with end-stage, symptomatic 
HF despite optimal medical therapy were 
included in the study. Both scheduled and 
urgent patients were included in the analy-
sis. The only exclusion criteria were the lack 
of maximal HF therapy in accordance with the 
current guidelines by the European Society of 
Cardiology. HT qualification was performed 
following the local protocol. Information 
about HRD was obtained during hospitaliza-
tion from resting electrocardiography, Holter 
monitoring, and cardiac implantable devices 
(CIEDs) checks. Additional data were also ob-
tained from previous medical history if avail-

able. The study was approved by the ethical 
committee of the Medical University of Silesia. 

Statistical analysis
The qualitative variables were expressed as 
absolute number and percentage and were 
analyzed with the χ2 test (where numbers were 
anticipated to be less than 5, Yates correction 
for continuity was implemented). The normal 
distribution of continuous variables was con-
firmed using the Kolmogorov-Smirnov test. 
Continuous variables were expressed as mean 
and standard deviation (SD). The significance 
of differences between mean values was 
tested with Student’s t-test. A P-value of less 
than 0.05 was regarded as significant. Statis-
tical analysis was performed using Statistica 
software version 13 (TIBCO Software Inc., Palo 
Alto, CA, US).

Results
The mean standard deviation (SD) age of ex-
amined patients was 55 (10) years, and most 
of them were men (88.8%). Almost half of the 
patients (45.6%) were in class III of the New 
York Heart Association (NYHA). The ischemic 
etiology of HF was more frequent (52.1%). The 
mean (SD) left ventricular ejection fraction 
(LVEF) was 21 (8)%. Arterial hypertension and 
dyslipidemia were the most common comor-
bidities. Several patients (43.2%) had a history 
of myocardial infarction. More than half of 
the group had mitral regurgitation (52.1%). 
Most patients (94.1%) had CIED; many were 
implantable cardioverter-defibrillators (ICDs, 
50.3%). In the analyzed group, ventricular ar-
rhythmias were present in 40.8% of patients, 
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and most of them were ventricular tachycardia (VT) and 
fibrillation (VF). More than half of the group (52.1%) had 
a history of atrial flutter or fibrillation (AF). Ablation of any 
kind was performed in 17.2% of patients. All data are sum-
marized in Table 1. Additional data from subgroups analysis 
are presented in the Supplementary material (Tables S1–S3). 

Discussion 
Our registry shows the significant burden of patients with 
HRD. The most common arrhythmia was atrial fibrillation, 
which affects almost half of the analyzed group. Previous 
studies showed that such high prevalence was present 
in patients in class IV according to the NYHA [6]. In our 
study, patients in that class constituted only 11.8%. AF 
worsens the long-term prognosis of patients with HF and 
is associated with a higher number of hospitalizations 
and their longer duration [7]. The way in which AF affects 
HF is complex. The loss of synchronized atrial contraction 
and/or a persistently higher heart rate may provide nega-
tive ventricular remodeling [8]. The presence of AF leads to 
impairment in myocardial perfusion and perfusion reserve 
in a mechanism of microvascular coronary dysfunction [9]. 
Irregular pulse may not only worsen coronary flow, but it 
also affects other arteries and results in endothelial dys-
function [10]. There is evidence that rapid atrial rates are 
associated with increased inflammation, thrombin gener-
ation, and platelet activation [11]. Those processes may be 
partially reversed by sinus rhythm restoration [8]. Catheter 
ablation of AF in patients with HF reduces both mortality 
and HF-related hospitalization rates [4]. In the analyzed 
population, only 4.1% of patients with AF underwent such 
therapy. It seems that those patients should be more often 
considered for ablation.

Ventricular arrhythmias represent a wide range of HRD. 
Their incidence rises with the severity of HF. Along with HF 
progression, they are the most common cause of sudden 
cardiac death (SCD) in this population [1]. In the analyzed 
group, 39.6% of patients had at least one episode of VT 
or VF. Some patients (4.1%) met the criteria for an electric 
storm (ES) and underwent catheter ablation. ES is associ-
ated with high mortality [12]. The most common CIED in 
the presented group was ICD, which was implanted in more 
than half of the patients (50.3%). Modern HF pharmaco-
therapy is considered to have been a cause of substantial 
reduction in SCD rates in recent years. Despite that, ICD 
implantation in selected patients is still an essential part 
of HF therapy. In the analyzed population, ICD or cardiac 
resynchronization devices (CRT-D) were implanted in 93.5% 
of the patients. CRT-D in appropriate patients reduces 
morbidity and mortality, and improves cardiac function 
[13]. In the studied population, it is worth noting the high 
percentage of patients with CRT-D (43.2%). It is more than 
twice as high as within the general HF population from the 
same center [14]. HRD, especially AF, may lead to loss of 
adequate biventricular pacing and, in consequence, exac-
erbation of HF. An intensive clinical follow-up is crucial to 

Table 1. Clinical, electrophysiology characteristics and heart rhythm 
disorders and ablation procedures of patients with end-stage heart 
failure who underwent qualification procedure for heart transplan-
tation in 2018–2019

Variable N = 169

Clinical characteristics

Mean age, years, mean (SD) 55 (10)
Male gender, n (%) 150 (88.8)

NYHA class, n (%)
I 7 (4.1)
II 65 (38.5)
III 77 (45.6)
IV 20 (11.8)

HF etiology, n (%)
Ischemic 88 (52.1)
Nonischemic 81 (47.9)

Mean LVEF, %, mean (SD) 21 (8)
Chronic kidney disease, n (%) 61 (36.1)
Diabetes, n (%) 53 (31.4)
Dyslipidemia, n (%) 113 (66.9)
Arterial hypertension, n (%) 88 (52.1)
Peripheral artery disease, n (%) 25 (14.8)
Chronic obstructive pulmonary disease, n (%) 10 (5.9)
Active smoking, n (%) 122 (72.2)
Stroke, n (%) 17 (10.1)
Transient ischemic attack, n (%) 6 (3.6)
Coronary artery disease, n (%) 99 (58.6)
Myocardial infarction, n (%) 73 (43.2)

ST-elevation myocardial infarction 58 (34.3)
Non-ST elevation myocardial infarction 26 (15.4)

Percutaneous coronary intervention, n (%) 78 (39.8)
Coronary artery by-pass graft, n (%) 26 (15.4)
Valvular heart disease (moderate or severe), n (%) 103 (60.9)

Mitral regurgitation 88 (52.1)
Mitral stenosis 2 (1.2)
Tricuspid regurgitation 62 (36.7)
Aortic stenosis 13 (7.7)
Aortic regurgitation 11 (6.5)

Mean VO2max, l/min, mean (SD) 15.8 (5.1)

Electrophysiology characteristics

Cardiac implantable electric device, n (%) 159 (94.1)
PM 1 (0.6)
ICD 85 (50.3)
CRT-D 73 (43.2)

AVB, n (%) 13 (7.7)
Io 1 (0.6)
IIo 4 (2.4)
IIIo 8 (4.1)

SND, n (%) 1 (0.6)

Heart rhythm disorders and ablation procedures

Ventricular arrhythmias, n (%) 69 (40.8)
VT/VF 67 (39.6)
ES 7 (4.1)
Other 5 (3)

Atrial fibrillation, n (%) 84 (49.7)
Paroxysmal 43 (25.4)
Sustained 41 (24.3)

Atrial flutter, n (%) 19 (11.2)
Other SVT, n (%) 7 (4.1)
Ablation, n (%) 29 (17.2)

PVI 7 (4.1)
AVN 8 (4.7)
CTI 5 (3)
VT 7 (4.1)
Other 2 (1.2)

Abbreviations: AVB, atrioventricular block; AVN, atrioventricular node;  CRT-D, car-
diac resynchronization therapy defibrillator;  CTI, cavotricuspid isthmus;  ES, electric 
storm;  ICD, implantable cardioverter-defibrillator;  LVEF, left ventricular ejection 
fraction; NYHA, New York Heart Association;  PM, pacemaker;  PVI, pulmonary vein 
isolation;  SND, sinus node dysfunction;  SVT, supraventricular tachycardia;   
VF, ventricular fibrillation;  VT, ventricular tachycardia
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avoid HF decompensations in this population [1]. Remote 
monitoring care of patients with HF and CIEDs improves 
their prognosis [15].

Sinus node disease and atrioventricular block may 
result in life-threatening bradycardia or asystole. In the 
presented population, those conditions were reported in 
7.7% of patients. This number could be underestimated 
due to the high rate of other CIED implantations. Pre-
sumably, some patients could have indications for a prior 
upgrade to CRT-D due to a significant proportion of right 
ventricular pacing.

The main limitation of this study is its retrospective 
character. Further analysis of the long-term prognosis of 
patients with HRD who underwent HT would be essential. 

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/kardiologia_polska.

Article information
Funding: This research was funded by the Medical University of Silesia 
in Katowice, grant number KNW-1-104/N/9/K (to 3rd Department of 
Cardiology, School of Medicine with the Division of Dentistry in Za-
brze, Medical University of Silesia, Silesian Center for Heart Diseases, 
Zabrze, Poland).

Conflict of interest: MT received fees from Abbott, Biotronik, Boston 
Scientific. Other authors declare no conflict of interest.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1.	 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the 

diagnosis and treatment of acute and chronic heart failure. Eur Heart 
J. 2021; 42(36): 3599–3726, doi: 10.1093/eurheartj/ehab368, indexed in 
Pubmed: 34447992.

2.	 Jabbour A, Macdonald P. Latest developments in heart transplan-
tation: a review. Clin Ther. 2015; 37(10): 2234–2241, doi: 10.1016/j.
clinthera.2015.08.019, indexed in Pubmed: 26497799.

3.	 Paluszkiewicz L, Kukulski T, Zembala M, et al. The role of long-term me-
chanical circulatory support in the treatment of end-stage heart failure. 

Kardiol Pol. 2019; 77(3): 331–340, doi: 10.5603/KP.a2019.0027, indexed 
in Pubmed: 30915780.

4.	 AlTurki A, Proietti R, Dawas A, et al. Catheter ablation for atrial fibrillation in 
heart failure with reduced ejection fraction: a systematic review and me-
ta-analysis of randomized controlled trials. BMC Cardiovasc Disord. 2019; 
19(1): 18, doi: 10.1186/s12872-019-0998-2, indexed in Pubmed: 30646857.

5.	 Pedersen CT, Kay GN, Kalman J, et al. EP-Europace,UK. EHRA/HRS/APHRS 
expert consensus on ventricular arrhythmias. Europace. 2014; 16(9): 1257–
1283, doi: 10.1093/europace/euu194, indexed in Pubmed: 25172618.

6.	 Anter E, Jessup M, Callans DJ. Atrial fibrillation and heart failure: treat-
ment considerations for a dual epidemic. Circulation. 2009; 119(18): 
2516–2525, doi: 10.1161/CIRCULATIONAHA.108.821306, indexed in 
Pubmed: 19433768.

7.	 Ziff OJ, Carter PR, McGowan J, et al. The interplay between atrial fibrillation 
and heart failure on long-term mortality and length of stay: Insights from 
the, United Kingdom ACALM registry. Int J Cardiol. 2018; 252: 117–121, 
doi: 10.1016/j.ijcard.2017.06.033, indexed in Pubmed: 29249421.

8.	 Wijesurendra RS, Casadei B. Atrial fibrillation: effects beyond the atrium? 
Cardiovasc Res. 2015; 105(3): 238–247, doi: 10.1093/cvr/cvv001, indexed 
in Pubmed: 25587048.

9.	 Range FT, Schäfers M, Acil T, et al. Impaired myocardial perfusion and 
perfusion reserve associated with increased coronary resistance in per-
sistent idiopathic atrial fibrillation. Eur Heart J. 2007; 28(18): 2223–2230, 
doi: 10.1093/eurheartj/ehm246, indexed in Pubmed: 17604290.

10.	 Freestone B, Chong AY, Nuttall S, et al. Impaired flow mediated dilata-
tion as evidence of endothelial dysfunction in chronic atrial fibrillation: 
relationship to plasma von Willebrand factor and soluble E-selectin lev-
els. Thromb Res. 2008; 122(1): 85–90, doi: 10.1016/j.thromres.2007.09.008, 
indexed in Pubmed: 17996280.

11.	 Lim HS, Willoughby SR, Schultz C, et al. Effect of atrial fibrillation on 
atrial thrombogenesis in humans: impact of rate and rhythm. J Am Coll 
Cardiol. 2013; 61(8): 852–860, doi: 10.1016/j.jacc.2012.11.046, indexed 
in Pubmed: 23333141.

12.	 Gadula-Gacek E, Tajstra M, Gąsior M, et al. Characteristics and outcomes 
in patients with electrical storm. Am J Cardiol. 2019; 123(10): 1637–1642, 
doi: 10.1016/j.amjcard.2019.02.021, indexed in Pubmed: 30885418.

13.	 Cleland JG, Abraham WT, Linde C, et al. An individual patient meta-analysis 
of five randomized trials assessing the effects of cardiac resynchroniza-
tion therapy on morbidity and mortality in patients with symptomatic 
heart failure. Eur Heart J. 2013; 34(46): 3547–3556, doi: 10.1093/eu-
rheartj/eht290, indexed in Pubmed: 23900696.

14.	 Gąsior M, Pyka Ł, Gorol J, et al. COnteMporary modalities in treatment 
of heart failure: a report from the COMMIT-HF registry. Kardiol Pol. 
2016; 74(6): 523–528, doi: 10.5603/KP.a2015.0224, indexed in Pubmed: 
26596896.

15.	 Tajstra M, Sokal A, Gadula-Gacek E, et al. Remote supervision to decrease 
hospitalization rate (RESULT) study in patients with implanted cardi-
overter-defibrillator. Europace. 2020; 22(5): 769–776, doi: 10.1093/eu-
ropace/euaa072, indexed in Pubmed: 32304216.

http://dx.doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
http://dx.doi.org/10.1016/j.clinthera.2015.08.019
http://dx.doi.org/10.1016/j.clinthera.2015.08.019
https://www.ncbi.nlm.nih.gov/pubmed/26497799
http://dx.doi.org/10.5603/KP.a2019.0027
https://www.ncbi.nlm.nih.gov/pubmed/30915780
http://dx.doi.org/10.1186/s12872-019-0998-2
https://www.ncbi.nlm.nih.gov/pubmed/30646857
http://dx.doi.org/10.1093/europace/euu194
https://www.ncbi.nlm.nih.gov/pubmed/25172618
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.821306
https://www.ncbi.nlm.nih.gov/pubmed/19433768
http://dx.doi.org/10.1016/j.ijcard.2017.06.033
https://www.ncbi.nlm.nih.gov/pubmed/29249421
http://dx.doi.org/10.1093/cvr/cvv001
https://www.ncbi.nlm.nih.gov/pubmed/25587048
http://dx.doi.org/10.1093/eurheartj/ehm246
https://www.ncbi.nlm.nih.gov/pubmed/17604290
http://dx.doi.org/10.1016/j.thromres.2007.09.008
https://www.ncbi.nlm.nih.gov/pubmed/17996280
http://dx.doi.org/10.1016/j.jacc.2012.11.046
https://www.ncbi.nlm.nih.gov/pubmed/23333141
http://dx.doi.org/10.1016/j.amjcard.2019.02.021
https://www.ncbi.nlm.nih.gov/pubmed/30885418
http://dx.doi.org/10.1093/eurheartj/eht290
http://dx.doi.org/10.1093/eurheartj/eht290
https://www.ncbi.nlm.nih.gov/pubmed/23900696
http://dx.doi.org/10.5603/KP.a2015.0224
https://www.ncbi.nlm.nih.gov/pubmed/26596896
http://dx.doi.org/10.1093/europace/euaa072
http://dx.doi.org/10.1093/europace/euaa072
https://www.ncbi.nlm.nih.gov/pubmed/32304216

