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Abstract Sleep-related breathing disorders are com-
monly encountered in the middle-aged population, nega-
tively affecting quality of life. Central sleep apnea is
associated with congestive heart failure, whereas obstruc-
tive sleep apnea is related to different pathophysiologic
mechanisms, such as the total or partial occlusion of upper
airway tract. Both sleep-related disorders have been asso-
ciated with increased morbidity, and hence, they have been
a target of several treatment strategies. The aim of this
systematic review is to evaluate the effect of different types
of cardiac pacing on sleep-related breathing disorders in
patients with or without heart failure. The PubMed and
Cochrane Central Register of Controlled Trials were
examined from April 2015 to January 2016. Of the initial
360 studies, 22 eligible trials were analyzed. The included
studies were classified according to the type of sleep dis-
order and the intervention undertaken. The evidence shows
that cardiac resynchronization therapy but not atrial over-
drive pacing can reduce apneic events in central sleep
apnea patients. However, their effect on obstructive sleep
apnea is controversial. It can be assumed that pacing can-
not be used alone as treatment of sleep-related breathing
disorders. Further research is needed in order to elucidate
the effect of these interventions in sleep apnea patients.
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Abbreviations

AHI Apnea—hypopnea index

AOP  Atrial overdrive pacing

CPAP Continuous positive airway pressure
CRT Cardiac resynchronization therapy
CSA Central sleep apnea

CSR Cheyne—Stokes respiration

EF Ejection fraction
HF Heart failure

OSA  Obstructive sleep apnea

OVP  Opverdrive ventricular pacing
PASP  Pulmonary artery systolic pressure
SAS Sleep apnea syndrome

SRBD  Sleep-related breathing disorders
Introduction

Sleep apnea syndrome (SAS) constitutes a paucity of var-
ious disorders, referred as sleep-related breathing disorders
(SRBD) [1]. It is characterized by repetitive episodes of
total or partial breathing cessation during sleep, which
cause sudden arousals and fragmentation of sleep [2]. SAS
is diagnosed through night polysomnography study (gold
standard) or nocturnal cardiorespiratory polygraphy, which
both detect and measure multiple respiratory, cardiac and
sleep parameters.

The syndrome is divided in two main categories
according to the pathophysiological mechanism, the
obstructive sleep apnea (OSA) and central sleep apnea
(CSA). OSA is associated with total or partial occlusion of
upper airway tract due to increased collapsibility of the
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airway tissues during sleep, and it is characterized by the
existence of thoraco-abdominal ventilatory efforts during
apneic events. In contrast, CSA is characterized by the
absence or decrease in thoraco-abdominal movements
during apneic events [3].

It has been estimated that 4 % of middle-aged men and
2 % of middle-aged women suffer from SAS, although it is
underdiagnosed [4, 5]. Epidemiological studies have shown
an independent association between OSA and hyperten-
sion, coronary artery disease, heart failure, stroke and
insulin resistance [5, 6]. Sleep-related breathing disorders,
especially CSA, affect approximately 40 % of patients with
chronic heart failure (HF) and seem to be a marker of HF
severity and mortality [6-9]. In patients with congestive
HF, CSA presents as a waxing and waning breathing pat-
tern followed by apnea or hypopnea in >3 consecutive
respiratory cycles, i.e., Cheyne—Stokes respiration (CSR)
[3].

Numerous new pharmaceutical agents have been pro-
posed during the last decades for treating HF, such as beta-
blockers, angiotensin-converting enzyme inhibitors and
angiotensin II antagonists with substantially positive results
[10, 11]. Moreover, biventricular pacing and, particularly,
cardiac resynchronization therapy (CRT) have been
recently proposed as an adjunctive to pharmaceutical
treatment both for HF and for SAS [7-9, 12, 13]. Several
studies have tried to implement atrial overdrive pacing
(AOP) alone or with CRT or overdrive ventricular pacing
(OVP) in the treatment of SRBD patients with or without
HF with ambiguous results [3, 14, 15]. The aim of this
systematic review is to investigate the effects of the
aforementioned types of cardiac pacing in SRBD patients
with or without HF.

Methods
Search strategy

Systematic literature review and critical synthesis of evi-
dence according to the PRISMA statement for systematic
reviews [16] and the Cochrane guidelines for reviewing
non-randomized studies was performed [17].

The PubMed and Cochrane Central Register of Con-
trolled Trials were searched from April 2015 to January
2016 using ‘sleep apnea’, ‘sleep apnoea’, ‘sleep disordered
breathing’, ‘Cheyne-Stokes respiration’, ‘cardiac pacing’,
‘resynchronization therapy’ and ‘cardiac resynchronization
therapy’ as keywords (MEDLINE search terms in “Ap-
pendix”). Only human studies and articles in English lan-
guage were included. Cross-referencing was performed
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using the bibliographies from the articles obtained, while
pediatric and neonatal studies were not included.

Selection process

Two independent reviewers (AD, CA) screened all poten-
tially relevant titles and abstracts for eligibility. The
remaining articles underwent full-text review; again, studies
that that did not fit inclusion criteria were excluded. All trials
evaluating the effect of different types of pacing (CRT, AOP
and OVP) in patients with CSA and OSA were considered
eligible. These types include CRT, which is characterized by
biventricular pacing and atrial overdrive pacing.

The authors completed the literature search and selected
by consensus the studies based on inclusion criteria as
judged by title, abstract and complete manuscript. Each
article with conflicting opinion from the two initial
reviewers was discussed with another reviewer (XT) for a
final resolution. Intrarater reliability was measured with a
10 % sample of citations, resulting in a kappa of 1, an
absolute agreement.

The effect of each intervention on apnea—hypopnea index
(AHI; baseline and post-intervention difference) was used as
main outcome. AHI is the main parameter measured for SAS
diagnosis during polysomnography study and is calculated
as the total number of apneas (complete cessation of airflow
>10 s) and hypopneas (>30 % decrease in airflow ampli-
tude followed by >4 % decrease in oxygen saturation)
divided by the number of sleeping hours recorded. Rates of
AHI >5-15/h set the diagnosis of SAS [3]. In this study, the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement was followed to create
a four-phase flow diagram (Fig. 1).

Data assessment

Because of the heterogeneity in outcome measures, quan-
titative synthesis of evidence was not feasible. The vast
majority of studies did not mention a 95 % confidence
interval of the difference. Evidence was critically synthe-
sized in order to answer the review questions, taking into
account study heterogeneity and validity. A p value <0.05
was considered to indicate statistical significance.

Search results

Initial search yielded 360 (208 PubMed and 152 Cochrane
Library) references. After removing duplicates and exclu-
sions based on title and/or abstract, 22 studies remained
and underwent full-text review [3, 7-9, 12-14, 18-32]

(Fig. 1).
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Results

In order to clarify the effect of any of these pacing inter-
ventions in different types of SRBD, the studies and their
results were classified as shown in Tables 1, 2, 3, 4. One
study, in which OVP was used as an alternative treatment,
was not classified in any of the previous subgroups. In this
randomized, crossover study, in patients with either CSA or
OSA, with or without HF, OVP resulted in modest
improvements in central events [3].

In total, 128 patients participated in studies in which only
CRT was undertaken in CSA individuals. All studies were
not randomized, maximum duration of intervention was
6 months, and the intervention improved ejection fraction
(EF), CSA symptoms and AHI in all participants (Table 1).

In the subgroup of studies of CRT with the participation
of both CSA and OSA patients, 148 individuals took part,
all studies were not randomized, maximum duration of
intervention was 6 months, and CRT improved AHI,
mainly regarding CSA, in all of the aforementioned studies
(Table 2).

Moreover, regarding the studies where AOP with dif-
ferent other additional interventions (such as CRT or
CPAP) was undertaken in patients diagnosed with OSA,
eight out of nine studies were randomized and crossover.
The total number of individuals was 137, while the

maximal intervention period was 6 months. In most of the
studies, there was no significant improvement in AHI
(Table 3).

We found only one randomized, crossover study of CSA
patients with HF who underwent CRT with or without
AOP. Thirty individuals participated, the intervention las-
ted 3 months, and AOP achieved minor but statistically
significant improvement in combination with CRT
(Table 4).

Our search yielded three randomized, crossover, con-
trolled studies and one not controlled, all of which exam-
ined the effect of AOP in both CSA and OSA individuals.
In a total of 52 patients, most of them without HF, sig-
nificant improvement in AHI either in CSA or in OSA
patients was observed. The maximum intervention lasted
7 months (Table 4). Using populations of CSA and OSA
patients with already implanted pacemakers, four ran-
domized, crossover studies showed controversial results
when compared AOP with pacing.

Discussion
This systematic review examined all studies related to

pacing intervention in SRBD patients with or without HF.
The results are controversial, and in order to obtain more
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Table 1 CRT in patients with CSA

Author  Year Type of N SRBD  Heart Intervention EF (%) AHI (pre—post Conclusion
study (sample) type failure Duration or between
Control interventions)
Skobel 2005 Not 32 CSA Yes CRT For both groups: 18 £ 8 (pre) versus  CRT reduced CSR
[8] randomized 3-6 months 19 £+ 5 (pre) 3 £ 2 (post),
Controlled versus 33 £ 8 p < 0.0001 (SS)
(patients (post)
without
SRBD)
Hagenah 2010 Not 57 CSA Yes CRT CSA patients: Baseline AHI: CRT improved mortality
[29] randomized 5 years 259 + 3.7 22 + 13 (only) CRT improved CSR in
Controlled (pre) patients with HF
(patients No CSA patients:
without 273 £ 5.1
CSA) (pre)
No post-values
Gabor 2005 Not 10 Mainly  Yes CRT 19.0 & 4.2 (pre)  Total AHI: Improvement in CSA with
[13] randomized CSA 6 months versus 427 + 9.1 (pre) CRT may contribute to
Uncontrolled 242 £ 178 versus good clinical outcome in
(post), p < 0.05 30.8 £ 18.7 patients treated with CRT
(SS) (post), NS
Central AHI:
30.6 £+ 14 (pre)
versus
153 £ 165
(post), SS
Obstructive AHI:
9.7 £ 12.3 (pre)
versus
11.8 + 10.2
(post), NS
Sinha [9] 2004 Not 14 CSA Yes CRT Total: 24 + 6 Total AHI: CRT improved CSA and
randomized 17 & 7 weeks (pre) versus 11.9 £+ 11.7 (pre) sleep quality
Controlled (4-6 months) 34 £ 10 (post), versus 3.3 £+ 3.8
(patients SS (post), SS
without CSA patients: Central AHI:
SRBD) 25 £ 5 (pre) 19.2 &+ 10.3 (pre)
versus 35 £ 9 versus 4.6 £ 4.4
SS No SRBD (post), p < 0.001
patients: (S)
23 £+ 7 (pre)
versus 33 £+ 11
(post), SS
Yiu [7] 2008 Not 15 Mainly  Yes CRT 28.8 £ 2.5 (pre) Total AHI: CRT improved CSA
randomized CSA 3 months versus 27.5 £ 4 (pre) 7
Uncontrolled 38.1 £23 versus 18.1 £ 3

(post), p < 0.01
(SS)

(post), p = 0.05
(SS)

Central AHI:
7.8 £ 2.6 (pre)
versus 3 + 1.3
(post), p = 0.03
(SS)

SRBD sleep-related breathing disorders, AHI apnea—hypopnea index, CSA central sleep apnea, CRT cardiac resynchronization therapy, EF
ejection fraction, pre before intervention, post after intervention, SS statistically significant, NS nonsignificant

reliable conclusions about the effect of pacing on SRBD,

the studies were categorized according to the intervention

(type of pacing) and the type of SRBD of the participating

individuals.
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Biventricular pacing, known as CRT, has been used as an

adjunctive treatment for HF patients in combination with
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modern medical treatment and recent research efforts
report encouraging results, with regard to the effect on
CSA. Skobel et al. [8] studied 32 HF patients with CSA or
no SRBD for 6 months and reported that CRT not only
improves Cheyne—Stokes respiration, but it also improves
sleep quality and symptomatic depression of these patients.
Furthermore, Hagenah et al. [29], although they examined
HF patients with or without CRT for a 5-year period, which
resulted in mortality reduction in CSA patients with CRT,
they did not obtain sleep investigation parameters after
CRT implantation in order to exert more accurate results
for its sleep-related effects. In a similar study, Gabor et al.
was not able to identify which CHF patients can benefit
from CRT. This study was uncontrolled and observational,
used a small sample of individuals and resulted in an
improvement in cardiac function with CRT and a reduction
in frequency of Cheyne—Stokes respiration in some patients
[13].

With the intention to explain the interventions on a
pathophysiological basis, it is known that left ventricular
pressures are increased in congestive heart failure, which
result in pulmonary congestion and, possibly, activation of
pulmonary J receptors. Subsequently, hyperventilation,
hypocapnia and destabilization of ventilation control occur,
referred as high loop gain [33], leading to CSA. CRT
augments cardiac output, reduces pulmonary congestion
and circulation delay and, finally, ameliorates hyperventi-
lation and central events [13]. In a small cohort study, Yiu
et al. reported CSA improvement with CRT. Left ventric-
ular ejection fraction increased with the drop in pulmonary
arterial systolic pressure (PASP), a possible mechanism of
CRT function [7]. Finally, similar results after CRT inter-
vention in HF patients with CSA were reported by Sinha
et al. [9], although they used a non-validated method of
single-night cardiorespiratory polygraphy instead of
polysomnography for measuring AHI and other sleep
parameters. Regardless of the variable limitations
encountered in the aforementioned studies, there is an
undoubted consistency regarding the positive effect of
CRT on CSA.

CRT in CSA and OSA patients

Sredniawa et al. [19] concluded that abnormal baseline
AHI identifies patients prone to death. In this study, how-
ever, Holter-derived AHI was used, which is limited to
detect only obstructive events. Individuals were separated
in AHI dippers and AHI non-dippers with the former pre-
senting a >50 % reduction in their baseline AHI at the
6 months’ follow-up and the latter no improvement or,
even, deterioration of the sleep parameter. A higher mor-
tality rate and more major adverse cardiac events occurred
at AHI non-dippers. A possible pathophysiological

explanation of these results is based on the observation that
obstructive apneas reduce dramatically the intrathoracic
pressure and left ventricular filling. This results in stroke
volume reduction in HF patients in combination with a
substantial increase in afterload, which is exacerbated by
the increased sympathetic activity due to the intermittent
hypoxia episodes during the night. These adverse effects
predispose to tachyarrythmias, cardiac remodeling and
fibrosis mediated by OSA, which activates angiotensin II
and aldosterone axis with, chronically, negative results
[19]. Of note, Oldenburg et al. [6] studying 77 individuals
using cardiorespiratory polygraphy did not infer any
influence of OSA by CRT, while improvement in CSA
depended on positive clinical response to CRT.

AOP in OSA patients

An artificial increase in mean nocturnal heart rate, referred
as AOP, has been applied alone or in combination with
other different interventions in SRBD patients with con-
troversial results. In this context, Pepin et al. [21] com-
pared AOP with atrial synchronous ventricular pacemaker
implanted in patients with spontaneous rhythm for 1 month
in a randomized, crossover, single-blinded study and
showed that it did not significantly change the incidence of
obstructive events. These results were consistent with a
similar cohort study by Krahn et al. [24] with the difference
that participating individuals had no pacing indication.
Small population and the absence of full sleep study are
notable limitations and, based on the current evidence,
permanent pacing in the OSA population does not seem to
be justified.

In a randomized, crossover study, Simantirakis et al.
[23] implemented continuous positive airway pressure
(CPAP) intervention in pacemaker patients with sponta-
neous rhythm for 1 month and confirmed the high positive
effect of CPAP compared with AOP alone. It should be
pointed out that the major mechanisms related to obstruc-
tive events are the anatomical narrowing of the airway,
increased collapsibility of the airway tissues, disturbance in
the reflexes that affect the caliber of the upper airway and
disturbance of pharyngeal muscle function [23], in all of
which CPAP has major effects. Unterberg et al. [27] also
used CPAP or AOP in patients with no indication for
pacemaker implantation and concluded that AOP is not an
alternative strategy to CPAP. Sharafkhaneh et al. [26]
compared CPAP with AOP in HF patients and showed the
same results, with the exception of the mild effect of AOP
on respiratory events in patients younger than 74 years old
in the current group. Additionally, in a small group of OSA
patients with very low ejection fraction there was a benefit
from AOP on respiratory parameters. It has been reported
that beneficial effect of AOP can be mediated either by
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Table 2 CRT in patients with CSA and OSA

Author Year Type of study N SRBD Heart Intervention EF (%) AHI (pre—post or Conclusion
Control (sample) type failure Duration between
interventions)
Sredniawa 2009 Not 71 CSA Yes CRT Abnormal AHI AHI dippers: Abnormal
[19] Randomized and 6 months group: 23.7 £ 6 28.1 + 2.1 (pre) baseline AHI
Controlled OSA (pre) Normal AHI ~ versus 8.9 + 7.9 identifies
(patients group: 242 + 6 (post), p < 0.001 patients prone
with non- (pre) AHI (SS) AHI non- to death in
abnormal dippers: dippers: midterm
AHI) 35.6 £ 8.8 [post; 28.1 £+ 2.1 (pre) observation
AEF: 10.6 + 5.7, versus 11.6 £ 8.5
p = 0.02(SS)] (post), p < 0.001
versus AHI non- (SS) Mean AHI:
dippers: 18.5 £ 4.4 (pre)
28.3 + 6.5 [post; versus 6.9 £+ 6.9
AEF: 6.6 £ 6.3, (post), p < 0.001
p = 0.02 (SS)], (SS)
p = 0.01 (SS)
Oldenburg 2007 Not 77 CSA Yes CRT All patients: Total AHI: Improvement in
[6] randomized and 6 months 25.5 + 5.9 (pre) 21.2 + 17 (pre) CSA with CRT
Controlled OSA versus 30.2 £ 7 versus depends on
(patients (post), p < 0.001 13.7 £ 12.2 good clinical
without (SS) CSA (post), p < 0.001 and
SRBD) patients: (SS) Central AHI: hemodynamic
25.2 + 6.1 (pre) 31.2 £+ 15.5 (pre) response to
versus 29.1 £ 7.3 versus CRT-OSA not

(post), p = 0.003
(SS) OSA
patients:

26.3 + 5 (pre)
versus 30.9 £+ 6.7
(post). p = 0.006
(SS) No SRBD:
24.9 + 5.9 (pre)
versus 31.8 £ 6.1
(post), p = 0.007
(SS)

17.3 £ 13.7
(post), p < 0.001
(SS) Obstructive
AHI: 18.2 £ 13.3
(pre) versus

14.6 +£ 9.8
(post),NS

influenced by
CRT

SRBD sleep-related breathing disorders, AHI apnea—hypopnea index, CSA central sleep apnea, OSA obstructive sleep apnea, CRT cardiac
resynchronization therapy, EF ejection fraction, pre before intervention, post after intervention, SS statistically significant, NS nonsignificant,
AHI dippers >50 % relative AHI improvement, AHI non-dippers <50 % AHI improvement or change from baseline normal to borderline

abnormal AHI after 6 months of CRT

counteracting nocturnal hypervagotonia or by improvement
in cardiac function and stabilization of ventilatory control
[26].

Furthermore, some studies have examined whether dif-
ferent levels of AOP could exert different, beneficial or not,
effects. Luthje et al. reported no beneficial effect of two
different AOP rates (7 beats/min and 15 beats/min more
than mean nocturnal heart rate) compared with pacing in
OSA individuals. Nevertheless, they used a non-validated
calibrated respiratory inductive plethysmography instead of
polysomnography [22]. A similar non-beneficial effect of
two different levels of AOP (10 or 20 beats/min more than
mean nocturnal heart rate) against pacing mode (50 beats/
min) was also reported in OSA patients [25]. Also, a ran-
domized, crossover study by the same group did not show
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significantly beneficial effects when HF patients with OSA
were subjected to 3 months in either CRT alone or CRT
with AOP [12]. Finally, using the same intervention for
6 months in HF patients, Stanchina et al. observed no
additional impact on sleep architecture or daytime symp-
tom scores, although CRT improved hemodynamic
parameters and reduced AHI, which is consistent with
aforementioned results of other studies. Improvement in
AHI strongly correlated with change in circulatory time, an
indirect measure of cardiac output [28].

CRT and AOP in CSA patients

Luthje et al. showed that AOP exerted a minor but significant
additional benefit to CRT. However, they included a small
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Table 4 AOP in patients with CSA or both CSA and OSA

Author Year Type of N SRBD Heart Intervention EF (%) AHI (pre—post or Conclusion
study (sample) type failure Duration between
Control interventions)
Luthje 2009 Randomized 30 CSA Yes CRT alone and CRT alone: All CRT alone: Central CRT improved
[15] crossover CRT versus patients: AHI: CSA
controlled AOP + CRT 22.2 £+ 4.6 (pre) 33.6 £ 143 (pre) AQp + CRT
(used as a 3 months versus versus minor but
control 29.8 + 8.2 23.8 + 16.9 statistically
group no (post), (post), p < 0.01 significant
CSA p < 0.0001 (SS) (SS) Total AHI: additional
patients) CSA patients: 37.1 £ 134 improvement
20.7 & 4.6 (pre) versus in CSA
versus 7.7 = 5.8 25.7 £ 17.5,
change (SS) No p < 0.01 (SS)
CSA patients: CRT alone
24.4 £+ 3.6 (pre) versus
versus 7.5 £ 7.8 AOP + CRT:
change (SS) Central AHI:
No measurement 23.8 £169
of hemodynamic versus
effect of AOP 215 £ 169,
p <0.01 (SS)
Total AHI:
257+ 17.5
versus
23.7 £ 17.9, NS
Kato [30] 2001 Not 6 OSA Yes Pacing Baseline 73 + 2 15.5 £ 20.7 The increase in
randomized and (increased Not measured after (Control-no cardiac
Controlled CSA heart rate) cardiac pacing) versus output
1 week pacemaker 9.8 +10.9 resulted in
implantation (pacemaker- AHI
increased heart reduction
rate) , p < 0.05 and/or CSR
(SS) improvement
Sinha 2009 Randomized 12 OSA or Yes Pacemaker/ All patients: Group A: Long-term
[31] crossover mixed ICD versus 38.3 £ 13.6 26.5 + 28.9 dynamic AOP
Controlled SRBD AOP (pre) Group A: (baseline) versus did not
(used as a 4 and 315+ 78 30.5 + 23.8 (4- improve
control 7 months Group B: months AOP), PSQI or SAS
group 41 £ 15.1 NS
pacemaker Not measured at Group B:
or ICD follow-up 28.7 £ 154
patients) (baseline) versus
435 £ 17.4 (7-
months AOP),
NS
Garrigue 2002 Randomized 15 CSAor No Spontaneous Baseline: 54 & 11  Total AHI: AOP reduces
[14] crossover OSA rhythm No post-values 28 £ 22 (no episodes of
Controlled versus AOP pacing) versus OSA and
(used as a 3 days 11 £ 14 (AOP), CSA
control p <0.001 (SS)
group Central Al
pacemaker 13 :t 17 (no
patients) pacing) versus
6 £ 7 (AOP),
p = 0.007 (SS)
Obstructive Al:
6 £ 4 (no
pacing) versus
3+ 1 (AOP),
p = 0.03 (SS)
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Table 4 continued

Author Year Type of N SRBD Heart Intervention EF (%) AHI (pre—post or Conclusion
study (sample) type failure Duration between
Control interventions)
Melzer 2006 Randomized 19 CSA or Yes Pacemaker All patients: 26.8 + 17.1 Nocturnal
[32] crossover OSA versus NOP 53.4 £ 11 (pre) (pacemaker) overdrive
single (17 bpm) Responders: versus 23 4+ 16.7 pacing did
blinded 2 weeks 51.6 + 9.8 Non- (NOP), p = 0.49 not improve
Controlled responders: (NS) AHI in
(used as a 543 + 12.1 patients with
control No post-values SAS
group
pacemaker
patients)

SRBD sleep-related breathing disorders, SAS sleep apnea syndrome, AHI apnea—hypopnea index, CSA central sleep apnea, OSA obstructive sleep
apnea, CRT cardiac resynchronization therapy, AOP atrial overdrive pacing, EF ejection fraction, SS statistically significant, NS nonsignificant

sample of CSA positive patients, while the study estimated
only the acute effect of AOP and only for a single night [15].

AQOP in CSA and OSA patients

Kato et al. [30] investigated the effect of pacemaker therapy
in three patients with either OSA or CSA and bradydys-
rhythmias in comparison with three other patients without
pacemaker (control group) and reported an increase in AHI
simultaneously with the increase in heart rate or an
improvement in CSR breathing in the former group. On the
other hand, other groups did not report a significant benefi-
cial effect of AOP in AHI or Pittsburgh Sleep Quality Index
[31, 32]. However, the investigators of one of these two
studies [32] observed a group of seven patients, referred as
responders, in whom AHI was improved [control
29.3 & 12.1 vs. nocturnal overdrive pacing (NOP):
12.3 £+ 4.0, p = 0.04] predominantly due to improvement
in hypopnea index [control 20.6 £ 5.9 vs. NOP: 8.6 + 4.5,
p = 0.001]. Moreover, these patients had increased duration
of sleep, more extended stages 1 and 2 and shorter slow wave
sleep stage. Furthermore, Garrigue et al. reported that AOP
substantially reduced the number of episodes of CSA or
OSA. They suggested that apnea induces hypoxemia,
hypercapnia, bradycardia and hypotension which are asso-
ciated with an increase in vagal tone and periodic variation
in heart rate and may influence the incidence of CSA. Hence,
the reduction in the variations in heart rate with AOP results
to a decrease in apnea episodes. Another possible mecha-
nism is that AOP may counteract the increases in vagal tone
by maintaining sympathetic activity [14].

OVP in CSA and OSA patients

Bordier et al. investigated the effect of a different way of
pacing named overdrive ventricular pacing (OVP) in OSA
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and CSA patients in a randomized, crossover study. They
reported a modest alleviation of CSA in those with HF by a
single overnight OVP. It should be mentioned that this
study has some limitations, such as the small size of the
entire population and the absence of baseline recording of
nocturnal ventilatory polygraphy [3].

Of note, CRT in HF patients with CSA substantially
improves their starting low EF, which is consistent with the
simultaneous improvement in CSA in these patients [7-9,
13, 15]. Additionally, pacing in a group of OSA patients
with low EF may improve both cardiac function and OSA
[26, 28], although not always [6]. This is consistent with
the recently reviewed bidirectional relationship of OSA
and CSA in low EF patients [34]. In these patients, over-
night fluid shifting out of the intravascular and interstitial
compartment of the leg due to gravity determines SRBD
type. In OSA patients, neck accumulation of fluids exists,
which results in increase in peripharyngeal tissue pressure,
reduction in upper airway size and exacerbation or patho-
genesis of OSA. On the other hand, in CSA patients,
overnight fluid shifting results in increase in venous return
to the heart and thorax, increase in pulmonary capillary
wedge pressure and accumulation of fluids to the lungs,
which exacerbates or generates CSA. Optimization of HF
therapy with pacing results in cardiac output augmentation,
as previously mentioned, with the subsequent EF increase
and the simultaneous SRBD improvement. Consistent with
the previous mechanism, pacing in SA patients with no left
ventricular dysfunction and normal EF was not beneficial,
although EF data are incomplete [21-23, 25, 27].

Besides pacing, other interventions may benefit patients
with low EF and CSA. Acetazolamide improves CSA by
attenuating ventilatory sensitivity, which is increased in
CSA [35], while beta-blockers, such as carvedilol [36] and
metoprolol [37], may modulate ventilatory response in HF
due to beneficial effects on myocardium and cardiac
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function. Finally, left ventricular assist device has been
shown to resolve CSA 10 months after implantation by
increasing cardiac output, relieving symptoms and increase
exercise tolerance [38].

Conclusions

The overall results show that CSA can be improved using
CRT, but the use of AOP was not associated with similar
positive results. Regarding OSA, the results using CRT or
AOP are controversial. Definite conclusions cannot be
drawn, since studies have many limitations, but based on
the current evidence, it can be assumed that pacing cannot
be used alone as treatment of SRBD. In any case, the
studies that applied a same type of pacing may not be
conclusive, but they can contribute to the understanding of
pathophysiology of SAS in patients with or without HF.
Future randomized controlled trials will elucidate the exact
effect of the specific types of pacing in the treatment of
SAS.
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Appendix

(“sleep apnoea”[All Fields] OR “sleep apnea syn-
dromes”[MeSH Terms] OR (“sleep”[All Fields] AND
“apnea”[All Fields] AND “syndromes”[All Fields]) OR
“sleep apnea syndromes”[All Fields] OR (“sleep”[All
Fields] AND “apnea”[All Fields]) OR “sleep apnea”[All
Fields]) AND ((“heart”’[MeSH Terms] OR “heart”[All
Fields] OR “cardiac”’[All Fields]) AND pacing[All
Fields]) AND (resynchronization[All Fields] AND (“ther-
apy”’[Subheading] OR “therapy”[All Fields] OR “thera-
peutics”[MeSH Terms] OR “therapeutics”[All Fields])),
(“cheyne-stokes respiration” [MeSH Terms] OR (“cheyne-
stokes”[All Fields] AND “respiration”[All Fields]) OR
“cheyne-stokes respiration”[All Fields] OR (“cheyne”[All
Fields] AND “stokes”[All Fields] AND “respiration”[All
Fields]) OR “cheyne stokes respiration”[All Fields]) AND
((“heart”[MeSH Terms] OR “heart”[All Fields] OR
“cardiac”[All Fields]) AND pacing[All Fields]) AND
(“cardiac resynchronization therapy”[MeSH Terms] OR
(“cardiac”[All Fields] AND “resynchronization”[All
Fields] AND “therapy”[All Fields]) OR “cardiac resyn-
chronization therapy”[All Fields]), ((“heart”[MeSH
Terms] OR “heart”[All Fields] OR “cardiac”[All Fields])
AND PACINGI[AIl Fields]) AND (“sleep apnoea”[All
Fields] OR “sleep apnea syndromes”[MeSH Terms] OR

(“sleep”[All Fields] AND “apnea”[All Fields] AND
“syndromes”[All Fields]) OR “sleep apnea syn-
dromes”[All Fields] OR (“sleep”[All Fields] AND “ap-
nea”[All Fields]) OR “sleep apnea”[All Fields]), (“sleep
apnea syndromes”[MeSH Terms] OR (“sleep”[All Fields]
AND *“apnea”[All Fields] AND “syndromes”[All Fields])
OR “sleep apnea syndromes” [All Fields] OR (“sleep”[All
Fields] AND “disordered”[All Fields] AND “breath-
ing”’[All Fields]) OR “sleep disordered breathing”[All
Fields]) AND ((“heart”[MeSH Terms] OR “heart”[All
Fields] OR “cardiac”[All Fields]) AND pacing[All
Fields]) AND (“cardiac resynchronization therapy” [MeSH
Terms] OR (“cardiac”[All Fields] AND “resynchroniza-
tion” [All Fields] AND “therapy”’[All Fields]) OR “cardiac
resynchronization therapy”[All Fields]).
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