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Abstract

Cardiac Resynchronization Therapy (CRT) offers survival benefits to patients with 
Heart Failure with Reduced Ejection Fraction (HFrEF) upon optimal medical 
treatment. It is ensured by Left Ventricular (LV) reverse remodeling with decreased LV 
systolic volume, improved LV ejection fraction, decreased mitral regurgitation severity, 
and reduced risk of life-threatening ventricular arrhythmias. However, in approximately 
30% of patients, CRT does not have the expected hemodynamic or clinical effect. For 
some patients, this is because of the unfavorable influence of comorbidities. The review 
highlights one comorbidity that may interfere with CRT’s beneficial effect: Sleep-
Disordered Breathing (SDB). Central and obstructive sleep apnea is SDB subtypes 
found in nearly half of patients with HFrEF. SDB causes myocardial hypoxia and 
increases adrenergic activation and renin-angiotensin-aldosterone system activity. This 
may impair the volumetric response to CRT, inhibit the increase of the LV ejection 
fraction, and worsen long-term prognoses. 
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Introduction

Cardiac Resynchronization Therapy (CRT) is an established, effective treatment for 
Heart Failure with Reduced Ejection Fraction (HFrEF) [1,2]. We have long known the 
factors in a good prognosis regarding CRT. The Multicenter Automatic Defibrillator 
Implantation Trial–Cardiac Resynchronization Therapy (MADIT-CRT) [2] found 
that age under 65, female gender, and non-ischemic etiology were associated with 
higher benefits from CRT. A positive response was more common in patients with Left 
Bundle Branch Block (LBBB), and the longer the baseline QRS complex duration was, 
the better resynchronization’s expected effect was [1,3]. 

Placing the Left Ventricular (LV) lead in the lateral or posterolateral region and 
avoiding the apical position are associated with increased positive responses to 
CRT [4,5]. Additionally, the LV lead’s location in the highest intraventricular delay 
area seems important [6,7]. So are the target area’s assessment and selection based 
on electrocardiographically detected abnormalities of intraventricular conduction, 
structural changes within the LV (fibrosis, scarring), and the heart veins’ anatomical 
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condition [8]. However, in approximately 30% of patients, CRT 
does not produce the expected hemodynamic or clinical effect [9]. 
So, the reasons for CRT failure are still being sought. 

According to the Scopus database, 5,054 articles and reports 
on CRT responses have been published in the last five years. A 
complex issue in response to CRT is the impact of comorbidities 
like renal dysfunction, hypertension, diabetes, coronary artery 
disease, cerebrovascular accidents, atrial arrhythmias, ventricular 
arrhythmias, and smoking [10]. In 1,214 MADIT-CRT 
participants analyzed by Zeitler et al. [10], an inverse relationship 
existed between comorbidity burden and improvements in Left 
Ventricular End-Systolic Volume (LVESV), Left Ventricular End-
Diastolic Volume (LVEDV), Left Ventricular Ejection Fraction 
(LVEF), left atrial volume, and LV dyssynchrony in response to 
CRT. As the burden of comorbidities increased, so did the risk 
of death, hospitalization, and outpatient management for HFrEF. 
The highest risk was in patients with three or more comorbidities. 

Sleep-Disordered Breathing (SDB) is underdiagnosed but common 
in patients with heart failure across a range of ejection fractions and 
New York Heart Association classes [11]. We highlight the SDB 
role as another comorbidity that may decrease the effectiveness of 
CRT.

Literature Review

Pathophysiology of central and obstructive sleep apnea in 
HFrEF patient–a quick look

SDB central (CSA) and obstructive (OSA) sleep apnea in patients 
with HFrEF is a common phenomenon. It is found in nearly 
half of patients with HFrEF [11,12]. Low cardiac output with 
prolonged circulatory delay (i.e., prolonged lung-to-chemoreceptor 
circulation time) and increased LV filling pressure with pulmonary 
congestion contributes to CSA, with cessation of airflow in the 
absence of respiratory effort [11,13,14]. The decreased tone of 
the oropharyngeal muscles during sleep, in combination with 
anatomical narrowing of the upper airways or a large mass of 
neck tissue in obese people, is the cause of OSA, characterized by 
transient upper airway collapse and inadequate ventilation despite 
the preserved activity of respiratory muscles [11,15]. Moreover, 
in HFrEF patients, the sodium and fluid retention arising from 
LV impairment and the Renin-Angiotensin-Aldosterone System 
(RAAS) overstimulation predispose to peripheral edema and the 
rostral fluid shift from the legs to central structures during sleep 
[13,16]. The overnight fluid shifting increases venous return and 
pulmonary congestion, stimulating pulmonary stretch receptors 
activity, hyperventilation, and hypocapnia predisposing to CSA 
[17,18]. Also, the rostral fluid shift increases the para-pharyngeal 
tissue pressure and reduces the upper airway size, which are specific 
risk factors for OSA in HFrEF [13,18].

SDB’s role on the response to cardiac resynchronization 
therapy-pathogenetic background

In patients with HFrEF and LBBB, an insufficient response to 
optimal medical therapy is caused by a non-physiological sequence 
of stimulation and contraction of the opposing walls of LV (i.e., 
electromechanical dyssynchrony). Then it contributes to adverse 
LV remodeling, increasing LVESV, reducing LVEF, and resulting in 
functional mitral regurgitation [19]. CRT was developed for these 
patients, aimed at restoring the correct sequence of contractions 
of the heart chambers and improving their emptying without 
increasing the energy expenditure of the failing heart muscle. The 
increase in cardiac output contributes, inter alia, to the reduction 
of the sympathetic nervous system tone and decrease in the activity 
of RAAS. Moreover, reducing LVESV and LV filling pressure 
reduces pulmonary capillary wedge pressure and congestion. 
Other authors have extensively described the way CRT works [9].

In contrast, SDB causes myocardial hypoxia, an increase in LV 
afterload, adrenergic activation, and RAAS activity, possibly 
impairing the beneficial effect of CRT [11,13,14,16,19-21].

In OSA, inspiration against a closed airway produces excessive 

a rapid increase in LV transmural pressure and LV afterload. 
Simultaneously, increased venous return and hypoxia-induced 
vasoconstriction of pulmonary arteries increase right ventricular 
preload and afterload. The resulting distension of the right ventricle 
and leftward displacement of the interventricular septum during 
diastole impairs LV filling. The combination of increased afterload 
and decreased LV preload during obstructive apneas results in 
decreased LV stroke volume [21]. Moreover, this long-term, 
repeated increase in wall tension may stimulate further ventricular 
remodeling in ischemic HFrEF patients, leading to septal 
hypertrophy/concentric LV hypertrophy or dilatation of the heart 
chambers even in patients with mild OSA [16,22,23]. In addition, 
increased LV transmural pressure impairs coronary perfusion while 
increasing myocardial oxygen demand [14,21]. These mechanisms 
may accelerate myocardial ischemia in people with preexisting 
coronary artery disease and impair LV contractility and diastolic 
relaxation [14]. The intermittent hypoxia leads to oxidative 
stress, endothelial dysfunction, and systemic inflammation and 
promotes atherogenesis [24]. Moreover, myocardial hypoxia 
during obstructive or central apnea/hypopnea episodes provokes 
life-threatening ventricular arrhythmias [25,26].

OSA and CSA directly activate the sympathetic nervous system 
via apnea-induced hypoxia and carbon dioxide retention that 
stimulate, among others, central and peripheral chemoreceptors 
[11,14,27]. On the other hand, arousals from sleep caused by 
hypoxia and respiratory effort reduce cardiac vagal activity [11,14]. 
Both sympathetic overflow and parasympathetic withdrawal cause 

negative intrathoracic pressure as low as-80 cm H2O and causes 
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tachycardia, peripheral vasoconstriction, resistant hypertension, 
and the progression of LV diastolic dysfunction [28]. Autonomic 
dysregulation and dynamic changes of left atrial volume in SDB 
patients increase the likelihood of refractory atrial fibrillation [29-
31]. Meanwhile, insufficient biventricular pacing burden and 
atrioventricular synchrony loss increase the risk of tachycardia-
induced cardiomyopathy and poorer CRT response [32,33]. In 
addition, increased activity of the sympathetic nervous system 
promotes sodium and water retention in the kidneys, directly and 
through the stimulation of RAAS, increasing the LV volume and 
pressure overload [16].

SDB’s role on the response to cardiac resynchronization 
therapy (clinical investigations)

A cardiorespiratory fitness improvement is typically associated with 
an improvement in SDB severity, particularly CSA [34,35]. CRT 
has been previously assessed in this regard [36-41]. Most studies 
showed a median to high reduction in the Apnea/Hypopnea Index 
(AHI) or other respiratory parameters, with any improvement 
depending on the SDB type and CRT response [36-41]. However, 
the relationship between the LV volume and function and SDB 
severity in HFrEF patients with CRT is multidirectional [15]. 
Some data supports SDB influences the response to CRT and 
long-term prognosis [42-44].

Per Shantha et al. [42], OSA (mean baseline AHI of 26 ± 16 
events/hour of sleep) predicted non-response to CRT and all-cause 
mortality in 548 cohorts of patients with HFrEF. LVEF remained 
unchanged (28 ± 5% vs. 27 ± 7%, p<0.71) in the OSA group but 
improved after a follow-up of 76 ± 17 months (27 ± 6% vs. 45 
± 7%, p<0.001) in the non-OSA group. Moreover, the LVESV 
index was higher in OSA than in the non-OSA group at the end of 
the follow-up period (42 ± 4 ml/m2 vs. 33 ± 4 ml/m2, respectively). 
In the group with severe preexistent OSA, the proportion of 
CRT responders (defined as LVEF improvement by ≥10%) was 
significantly lower (49%) than in the group with moderate (66%) 
and mild (78%) OSA (p=0.001). OSA diagnosis was associated 
with a 3.7-times-higher risk of all-cause mortality. 

We conducted our study in patients with ischemic HFrEF in 
class I of indications for CRT (mean LVEF 26.37 ± 5.47% [43], 
LBBB with a median native QRS complex duration of 160.00 
ms (IQR 155.00-160.00)). The preexisting severe SDB (77.8% 
CSA, mean AHI 43.22 ± 6.93 events/hour) negatively affected 
the volumetric response to CRT over six months of follow-up. 
Despite the optimal selection of CRT candidates and a high rate 
of CRT responders in the study group (67.6% of participants had 
a decrease in LVESV of  ≥ 15%, 47.1% had an increase in the New 
York Heart Association’s functional classification of at least one 
class, and 48.6% had a decrease in mitral regurgitation severity 
by at least one grade), in the subgroup of patients with severe 

SDB, there was no reduction in LV volumes and no increase in 
LVEF, in contrast to the group without severe SDB with similar 
baseline LV parameters. Therefore, at the end of the follow-up, 
the severely symptomatic SDB group had a 34.36 ml/m2-higher 
mean LVESV index (98.26 ± 41.14 ml/m2 vs. 63.90 ± 26.50 
ml/m2, p=0.002), 40.14 ml/m2-higher LVEDV index (139.50 ± 
54.61 ml/m2 vs. 99.36 ± 31.21 ml/m2, p=0.003) and 6.97%-lower 
LVEF (30.64 ± 9.94% vs. 37.61 ± 11.10%, p=0.046) than the 
non-SDB group. The linear relationship between AHI and the 
LVESV index (y=67.68+0.65x, p=0.004) and the LVEDV index 
(y=100.15+0.74x, p=0.006) was observed.

The influence of a significant SDB (OSA or mixed sleep apnea, the 
mean baseline AHI 18.5 ± 14.4 events/hour assessed based on the 
Holter digital recording) on long-term prognosis was described by 
Sredniawa et al. in 71 patients with HFrEF [44]. Non-significant 
differences were observed between the SDB and non-SDB groups 
concerning all-cause mortality rate (29.0% vs. 27.5%, p=0.89) 
and death due to HFrEF progression (12.9% vs. 15.0%, p=0.80) 
within 674 days of follow-up. However, the rate of sudden cardiac 
death was significantly higher in patients with a baseline AHI>20 
events/hour than in the others (16.1% vs. 2.5%, p=0.04), and the 
trend toward more frequent adequate implantable cardioverter-
defibrillator interventions was observed in the SDB group (16.1% 
vs. 5.0%, p=0.06). In addition, failure to reduce AHI by at least 
50% after six months of follow-up was associated with worse 
LVEF improvement (Δ 6.6 ± 6.3% vs. Δ 10.6 ± 5.7%, p=0.02), 
less reduction in septal-to-lateral wall motion delay (∆-19.3 ± 43.9 
ms vs. Δ-50.7 ± 35.8 ms, p=0.005), and a higher risk of death due 
to end-stage HFrEF (hazard ratio 6.56, p=0.015). 

Other results were reported by Scobel et al. [45], for 42 patients 
with HFrEF and moderate CSA (AHI 18 ± 8 events/hour) in this 
study, patients with and without CSA did not differ in exercise 
capacity or LVEF after CRT. Similarly, Barbieri et al. [40,41], 
found no effect of severe preexistent CSA (median AHI 39.1, 
interquartile range 32.1-54.0 events/hour, with follow-up for 2.8 
years) or its severity on the effectiveness of CRT or CRT responders’ 
rates in 54 patients with pacing-induced cardiomyopathy-a type 
of specific, non-ischemic HFrEF usually with a good response to 
CRT [46]. 

Notably, the hypothesis of SDB involvement in adverse LV 
remodeling in patients with HFrEF (with or without CRT) is 
supported by reports of reverse remodeling, clinical improvement, 
and reduction in rehospitalization for heart failure after successful 
therapy with positive airway pressure [47-50].

Discussion and Conclusion

Resynchronization therapy is an important and, in selected 
patients, effective treatment for heart failure with HFrEF. However, 
about 30% fail to achieve objective and subjective improvement 
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in the patient’s clinical condition. Among the factors influencing 
the favorable effect of resynchronization therapy and limiting the 
percentage of non-responders are proper patient qualification, 
accuracy during the CRT implantation procedure, and proper 
programming of the implanted system on the one hand, and 
elimination of adverse factors and conditions that worsen heart 
failure and the patient’s condition on the other. Many of these 
factors have been identified and documented in clinical trials. 
However, in order to further reduce the risk of non-beneficial 
response, we are constantly searching for new pathogenetic 
elements and phenomena that, through their mechanism, play an 
important role in inhibiting the beneficial remodeling induced by 
CRT. Evaluation of polysomnographic parameters, identification 
of sleep-disordered breathing is one of them. The cascade of 
adverse phenomena induced by SDB in patients with heart failure 
such as hemodynamic disturbances, oxidative stress, endothelial 
dysfunction, ischemia and activation of the sympathetic nervous 
system, proarrhythmia are underestimated factors limiting 
beneficial remodeling and consequently reducing the expected 
effect of CRT. The coexistence of severe SDB in patients with 
heart failure can also often be indicative of advanced LV damage. 
It reflects poor cardiac function, worsens the prognosis of patients 
with HFrEF and may be the reason for the lack of response to 
CRT.

Conflicts of Interest

The authors have no conflicts of interest directly relevant to the 
content of this article.

References

1. Rivero-Ayerza M, Theuns DA, Garcia-Garcia HM, et al. Effects of cardiac 
resynchronization therapy on overall mortality and mode of death: A meta-
analysis of randomized controlled trials. Eur Heart J. 27(22): 2682-2688 
(2006). 

2. Moss AJ, Hall WJ, Cannom DS, et al. Cardiac-resynchronization therapy for 
the prevention of heart-failure events. N Engl J Med. 361(14): 1329-1338 
(2009). 

3. Hsu JC, Solomon SD, Bourgoun M, et al. Predictors of super-response 
to cardiac resynchronization therapy and associated improvement in 
clinical outcome: The MADIT-CRT (Multicenter Automatic Defibrillator 
Implantation Trial with Cardiac Resynchronization Therapy) study. J Am Coll 
Cardiol. 59(25): 2366-2373 (2012). 

4. Singh JP, Klein HU, Huang DT, et al. Left ventricular lead position and 
clinical outcome in the Multicenter Automatic Defibrillator Implantation 
Trial-Cardiac Resynchronization Therapy (MADIT-CRT) trial. Circulation. 
123(11): 1159-1166 (2011). 

5. Kutyifa V, Bloch Thomsen PE, Huang DT, et al. Impact of the right ventricular 
lead position on clinical outcome and on the incidence of ventricular 
tachyarrhythmias in patients with CRT-D. Heart Rhythm. 10(12): 1770-1777 
(2013). 

6. Rad MM, Blaauw Y, Dinh T, et al. Left ventricular lead placement in the 
latest activated region guided by coronary venous electroanatomic mapping. 
Europace. 17(1): 84-93 (2015). 

7. Kydd AC, Khan FZ, Watson WD, et al. Prognostic benefit of optimum left 
ventricular lead position in cardiac resynchronization therapy: Follow-up of 
the TARGET study cohort (targeted left ventricular lead placement to guide 
cardiac resynchronization therapy). JACC Heart Fail. 2(3): 205-212 (2014). 

8. Butter C, Georgi C, Stockburger M, et al. Optimal CRT implantation-where 
and how to place the left-ventricular lead? Curr Heart Fail Rep. 18(5): 329-
344 (2021). 

9. Sieniewicz BJ, Gould J, Porter B, et al. Understanding non-response to cardiac 
resynchronisation therapy: Common problems and potential solutions. Heart 
Fail Rev. 24: 41-54 (2019). 

10. Zeitler EP, Friedman DJ, Daubert JP, et al. Multiple comorbidities and 
response to cardiac resynchronization therapy: MADIT-CRT long-term 
follow-up. J Am Coll Cardiol. 69(19): 2369-2379 (2017). 

11. Javaheri S, Barbe F, Campos-Rodriguez F, et al. Sleep apnea: Types, 
mechanisms, and clinical cardiovascular consequences. J Am Coll Cardiol. 
69(7): 841-858 (2017). 

12. Arzt M, Oldenburg O, Graml A, et al. Prevalence and predictors of sleep-
disordered breathing in chronic heart failure: The SchlaHF-XT registry. ESC 
Heart Fail. 9(6): 4100-4111 (2022). 

13. Lévy P, Naughton MT, Tamisier R, et al. Sleep apnoea and heart failure. Eur 
Respir J. 59(5): 2101640 (2022). 

14. Parati G, Lombardi C, Castagna F, et al. Heart failure and sleep disorders. Nat 
Rev Cardiol. 13(7): 389-403 (2016). 

15. McNicholas WT. Obstructive sleep apnoea: Focus on pathophysiology. Adv 
Exp Med Biol. 1384: 31-42 (2022). 

16. Kasai T, Floras JS, Bradley TD, et al. Sleep apnea and cardiovascular disease: A 
bidirectional relationship. Circulation. 126(12): 1495-1510 (2012). 

17. Tkacova R, Niroumand M, Lorenzi-Filho G, et al. Overnight shift from 

circulatory delay. Circulation. 103: 238-243 (2001). 

18. Yumino D, Redolfi S, Ruttanaumpawan P, et al. Nocturnal rostral fluid shift: 
A unifying concept for the pathogenesis of obstructive and central sleep apnea 
in men with heart failure. Circulation. 121: 1598-1605 (2010). 

19. Auffret V, Martins RP, Daubert C, et al. Idiopathic/Iatrogenic left bundle 
branch block-induced reversible left ventricle dysfunction: JACC state-of-the-
art review. J Am Coll Cardiol. 72 (24): 3177-3188 (2018). 

20. Linz D, Baumert M, Catcheside P, et al. Assessment and interpretation of 
sleep disordered breathing severity in cardiology: Clinical implications and 
perspectives. Int J Cardiol. 271: 281-288 (2018). 

21. Kasai T, Yumino D, Redolfi S, et al. Overnight effects of obstructive sleep 
apnea and its treatment on stroke volume in patients with heart failure. Can J 
Cardiol. 31: 832-838 (2015). 

22. Alonderis A, Raskauskiene N, Gelziniene V, et al. The association of sleep 
disordered breathing with left ventricular remodeling in CAD patients: A 
cross-sectional study. BMC Cardiovasc Disord. 17(1): 250 (2017). 

23. Fisser C, Götz K, Hetzenecker A, et al. Obstructive sleep apnoea but not 
central sleep apnoea is associated with left ventricular remodelling after acute 
myocardial infarction. Clin Res Cardiol. 110(7): 971-982 (2021). 

24. Drager LF, Polotsky VY, Lorenzi-Filho G, et al. Obstructive sleep apnea: An 
emerging risk factor for atherosclerosis. Chest. 140: 534-542 (2011). 

25. Bitter T, Westerheide N, Prinz C, et al. Cheyne-Stokes respiration and 
obstructive sleep apnoea are independent risk factors for malignant ventricular 
arrhythmias requiring appropriate cardioverter-defibrillator therapies in 
patients with congestive heart failure. Eur Heart J. 32(1): 61-74 (2011). 

obstructive to central apneas in patients with heart failure: Role of PCO2 and 

https://academic.oup.com/eurheartj/article/27/22/2682/2887301
https://academic.oup.com/eurheartj/article/27/22/2682/2887301
https://academic.oup.com/eurheartj/article/27/22/2682/2887301
https://www.nejm.org/doi/full/10.1056/nejmoa0906431
https://www.nejm.org/doi/full/10.1056/nejmoa0906431
https://www.jacc.org/doi/abs/10.1016/j.jacc.2012.01.065
https://www.jacc.org/doi/abs/10.1016/j.jacc.2012.01.065
https://www.jacc.org/doi/abs/10.1016/j.jacc.2012.01.065
https://www.jacc.org/doi/abs/10.1016/j.jacc.2012.01.065
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.000646
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.000646
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.000646
https://www.sciencedirect.com/science/article/abs/pii/S1547527113008953
https://www.sciencedirect.com/science/article/abs/pii/S1547527113008953
https://www.sciencedirect.com/science/article/abs/pii/S1547527113008953
https://academic.oup.com/europace/article-abstract/17/1/84/504410
https://academic.oup.com/europace/article-abstract/17/1/84/504410
https://www.jacc.org/doi/abs/10.1016/j.jchf.2013.11.010
https://www.jacc.org/doi/abs/10.1016/j.jchf.2013.11.010
https://www.jacc.org/doi/abs/10.1016/j.jchf.2013.11.010
https://www.jacc.org/doi/abs/10.1016/j.jchf.2013.11.010
https://link.springer.com/article/10.1007/s11897-021-00528-9
https://link.springer.com/article/10.1007/s11897-021-00528-9
https://link.springer.com/article/10.1007/s10741-018-9734-8
https://link.springer.com/article/10.1007/s10741-018-9734-8
https://www.jacc.org/doi/abs/10.1016/j.jacc.2017.03.531
https://www.jacc.org/doi/abs/10.1016/j.jacc.2017.03.531
https://www.jacc.org/doi/abs/10.1016/j.jacc.2017.03.531
https://www.jacc.org/doi/abs/10.1016/j.jacc.2016.11.069
https://www.jacc.org/doi/abs/10.1016/j.jacc.2016.11.069
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.14027
https://onlinelibrary.wiley.com/doi/full/10.1002/ehf2.14027
https://erj.ersjournals.com/content/59/5/2101640.abstract
https://www.nature.com/articles/nrcardio.2016.71
https://link.springer.com/chapter/10.1007/978-3-031-06413-5_3
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.111.070813
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.111.070813
https://www.ahajournals.org/doi/full/10.1161/01.CIR.103.2.238
https://www.ahajournals.org/doi/full/10.1161/01.CIR.103.2.238
https://www.ahajournals.org/doi/full/10.1161/01.CIR.103.2.238
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.109.902452
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.109.902452
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.109.902452
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.09.069
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.09.069
https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.09.069
https://www.sciencedirect.com/science/article/abs/pii/S0167527317376520
https://www.sciencedirect.com/science/article/abs/pii/S0167527317376520
https://www.sciencedirect.com/science/article/abs/pii/S0167527317376520
https://www.sciencedirect.com/science/article/abs/pii/S0828282X15000239
https://www.sciencedirect.com/science/article/abs/pii/S0828282X15000239
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0684-1
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0684-1
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0684-1
https://link.springer.com/article/10.1007/s00392-020-01684-z
https://link.springer.com/article/10.1007/s00392-020-01684-z
https://link.springer.com/article/10.1007/s00392-020-01684-z
https://www.sciencedirect.com/science/article/abs/pii/S0012369211604339
https://www.sciencedirect.com/science/article/abs/pii/S0012369211604339
https://academic.oup.com/eurheartj/article-abstract/32/1/61/443792
https://academic.oup.com/eurheartj/article-abstract/32/1/61/443792
https://academic.oup.com/eurheartj/article-abstract/32/1/61/443792
https://academic.oup.com/eurheartj/article-abstract/32/1/61/443792


710 Interv. Cardiol. (2023) 15,3: 706-710

Mini Review

26.	 Fisser C, Bureck J, Gall L, et al. Ventricular arrhythmia in heart failure patients 
with reduced ejection fraction and central sleep apnoea. ERJ Open Res. 7(3): 
00147-2021 (2021). 

27.	 Bradley TD, Tkacova R, Hall MJ, et al. Augmented sympathetic neural 
response to simulated obstructive apnoea in human heart failure. Clin Sci.104: 
231-238 (2003). 

28.	 Sanderson JE, Fang F, Lu M, et al. Obstructive sleep apnoea, intermittent 
hypoxia and heart failure with a preserved ejection fraction. Heart.107: 190-
194 (2021). 

29.	 Orban M, Bruce CJ, Pressman GS, et al. Dynamic changes of left ventricular 
performance and left atrial volume induced by the mueller maneuver in healthy 
young adults and implications for obstructive sleep apnea, atrial fibrillation, 
and heart failure. Am J Cardiol. 102: 1557-1561 (2008). 

30.	 Shantha G, Pelosi F, Morady F, et al. Relationship between obstructive sleep 
apnoea and AF. Arrhythm Electrophysiol Rev. 8(3): 180-183 (2019). 

31.	 Sanchez AM, Germany R, Lozier MR, et al. Central sleep apnea and atrial 
fibrillation: A review on pathophysiological mechanisms and therapeutic 
implications. Int J Cardiol Heart Vasc. 30: 100527 (2020). 

32.	 Zhang C, Wang XY, Lou L, et al. Pacemaker and atrioventricular junction 
ablation in patients with atrial fibrillation-a systematic review of systematic 
review and meta-analysis. Front Cardiovasc Med. 8: 587297 (2022).  

33.	 Mustafa U, Atkins J, Mina G, et al. Outcomes of cardiac resynchronisation 
therapy in patients with heart failure with atrial fibrillation: A systematic 
review and meta-analysis of observational studies. Open Heart. 6: e000937 
(2019). 

34.	 Lamba J, Simpson CS, Redfearn DP, et al. Cardiac resynchronization therapy 
for the treatment of sleep apnoea: A meta-analysis. Europace. 13(8): 1174-
1179 (2011). 

35.	 Anastasopoulos DL, Chalkias A, Iakovidou N, et al. Effect of cardiac pacing on 
sleep-related breathing disorders: A systematic review. Heart Fail Rev. 21(5): 
579-590 (2016). 

36.	 Gabor JY, Newman DA, Barnard-Roberts V, et al. Improvement in cheyne-
stokes respiration following cardiac resynchronisation therapy. Eur Respir J. 
26(1): 95-100 (2005). 

37.	 Oldenburg O, Faber L, Vogt J, et al. Influence of cardiac resynchronisation 
therapy on different types of sleep disordered breathing. Eur J Heart Fail. 9(8): 
820-826 (2007). 

38.	 Yiu KH, Lee KL, Lau CP, et al. Alleviation of pulmonary hypertension by 
cardiac resynchronization therapy is associated with improvement in central 
sleep apnea. Pacing Clin Electrophysiol. 31(12): 1522-1527 (2008). 

39.	 Mascia G, Paoletti Perini A, Cartei S, et al. Sleep-disordered breathing and 
effectiveness of cardiac resynchronization therapy in heart failure patients: 
Gender differences? Sleep Med. 64: 106-111 (2019). 

40.	 Barbieri F, Adukauskaite A, Heidbreder A, et al. Central sleep apnea and 
pacing-induced cardiomyopathy. Am J Cardiol. 139: 97-104 (2021). 

41.	 Barbieri F, Adukauskaite A, Senoner T, et al. Supplemental dataset on 
the influence of cardiac resynchronisation therapy in pacing-induced 
cardiomyopathy and concomitant central sleep apnea. Data Brief. 33:106461 
(2020). 

42.	 Shantha G, Mentias A, Pothineni NVK, et al. Role of obstructive sleep apnea 
on the response to cardiac resynchronization therapy and all-cause mortality. 
Heart Rhythm. 15(9): 1283-1288 (2018). 

43.	 Łoboda D, Wilczek J, Simionescu K, et al. Severe sleep apnea as a predictor 
of failure to respond to cardiac resynchronization therapy. Heart Lung. 59: 
102-108 (2023). 

44.	 Sredniawa B, Lenarczyk R, Kowalski O, et al. Sleep apnoea as a predictor of 
mid- and long-term outcome in patients undergoing cardiac resynchronization 
therapy. Europace. 11(1): 106-114 (2009). 

45.	 Skobel EC, Sinha AM, Norra C, et al. Effect of cardiac resynchronization 
therapy on sleep quality, quality of life, and symptomatic depression in patients 
with chronic heart failure and Cheyne-Stokes respiration. Sleep Breath. 9(4): 
159-166 (2005). 

46.	 Khurshid S, Obeng-Gyimah E, Supple GE, et al. Reversal of pacing-induced 
cardiomyopathy following cardiac resynchronization therapy. JACC Clin 
Electrophysiol. 4(2): 168-177 (2018). 

47.	 Kaneko Y, Floras JS, Usui K, et al. Cardiovascular effects of continuous positive 
airway pressure in patients with heart failure and obstructive sleep apnea. N 
Engl J Med. 348(13): 1233-1241 (2003). 

48.	 Arzt M, Floras JS, Logan AG, et al. Suppression of central sleep apnea by 
continuous positive airway pressure and transplant-free survival in heart failure: 
A post hoc analysis of the Canadian Continuous Positive Airway Pressure 
for Patients with Central Sleep Apnea and Heart Failure Trial (CANPAP). 
Circulation. 115(25): 3173-3180 (2007). 

49.	 Schwarz EI, Scherff F, Haile SR, et al. Effect of treatment of central sleep apnea/
cheyne-stokes respiration on left ventricular ejection fraction in heart failure: A 
network meta-analysis. J Clin Sleep Med. 15(12): 1817-1825 (2019). 

50.	 Naito R, Kasai T, Dohi T, et al. Factors associated with the improvement of left 
ventricular systolic function by continuous positive airway pressure therapy in 
patients with heart failure with reduced ejection fraction and obstructive sleep 
apnea. Front Neurol. 13: 781054 (2022). 

https://openres.ersjournals.com/content/7/3/00147-2021.short
https://openres.ersjournals.com/content/7/3/00147-2021.short
https://portlandpress.com/clinsci/article-abstract/104/3/231/67684
https://portlandpress.com/clinsci/article-abstract/104/3/231/67684
https://heart.bmj.com/content/107/3/190.abstract
https://heart.bmj.com/content/107/3/190.abstract
https://www.sciencedirect.com/science/article/abs/pii/S0002914908012782
https://www.sciencedirect.com/science/article/abs/pii/S0002914908012782
https://www.sciencedirect.com/science/article/abs/pii/S0002914908012782
https://www.sciencedirect.com/science/article/abs/pii/S0002914908012782
https://www.aerjournal.com/articles/relationship-between-obstructive-sleep-apnoea-and-af
https://www.aerjournal.com/articles/relationship-between-obstructive-sleep-apnoea-and-af
https://www.sciencedirect.com/science/article/pii/S2352906719302775
https://www.sciencedirect.com/science/article/pii/S2352906719302775
https://www.sciencedirect.com/science/article/pii/S2352906719302775
https://www.frontiersin.org/articles/10.3389/fcvm.2021.587297/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.587297/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.587297/full
https://openheart.bmj.com/content/6/1/e000937.abstract
https://openheart.bmj.com/content/6/1/e000937.abstract
https://openheart.bmj.com/content/6/1/e000937.abstract
https://academic.oup.com/europace/article-abstract/13/8/1174/515930
https://academic.oup.com/europace/article-abstract/13/8/1174/515930
https://link.springer.com/article/10.1007/s10741-016-9558-3
https://link.springer.com/article/10.1007/s10741-016-9558-3
https://erj.ersjournals.com/content/26/1/95.short
https://erj.ersjournals.com/content/26/1/95.short
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ejheart.2007.03.009
https://onlinelibrary.wiley.com/doi/full/10.1016/j.ejheart.2007.03.009
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8159.2008.01222.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8159.2008.01222.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1540-8159.2008.01222.x
https://www.sciencedirect.com/science/article/abs/pii/S1389945719302357
https://www.sciencedirect.com/science/article/abs/pii/S1389945719302357
https://www.sciencedirect.com/science/article/abs/pii/S1389945719302357
https://www.sciencedirect.com/science/article/pii/S000291492031002X
https://www.sciencedirect.com/science/article/pii/S000291492031002X
https://www.sciencedirect.com/science/article/pii/S2352340920313433
https://www.sciencedirect.com/science/article/pii/S2352340920313433
https://www.sciencedirect.com/science/article/pii/S2352340920313433
https://www.sciencedirect.com/science/article/abs/pii/S1547527118305800
https://www.sciencedirect.com/science/article/abs/pii/S1547527118305800
https://www.sciencedirect.com/science/article/pii/S0147956323000183
https://www.sciencedirect.com/science/article/pii/S0147956323000183
https://academic.oup.com/europace/article-abstract/11/1/106/490700
https://academic.oup.com/europace/article-abstract/11/1/106/490700
https://academic.oup.com/europace/article-abstract/11/1/106/490700
https://link.springer.com/article/10.1007/s11325-005-0030-1
https://link.springer.com/article/10.1007/s11325-005-0030-1
https://link.springer.com/article/10.1007/s11325-005-0030-1
https://www.jacc.org/doi/abs/10.1016/j.jacep.2017.10.002
https://www.jacc.org/doi/abs/10.1016/j.jacep.2017.10.002
https://www.nejm.org/doi/full/10.1056/nejmoa022479
https://www.nejm.org/doi/full/10.1056/nejmoa022479
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.106.683482
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.106.683482
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.106.683482
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.106.683482
https://jcsm.aasm.org/doi/full/10.5664/jcsm.8092
https://jcsm.aasm.org/doi/full/10.5664/jcsm.8092
https://jcsm.aasm.org/doi/full/10.5664/jcsm.8092
https://www.frontiersin.org/articles/10.3389/fneur.2022.781054/full
https://www.frontiersin.org/articles/10.3389/fneur.2022.781054/full
https://www.frontiersin.org/articles/10.3389/fneur.2022.781054/full
https://www.frontiersin.org/articles/10.3389/fneur.2022.781054/full

