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Introduction
Sleep apnoea (SA) is a common but under-diagnosed breathing disorder that is associated with increases in cardiovascular morbidity
and mortality, cardiac arrhythmias, and daytime sleepiness.1 – 6 Both
central sleep apnoea (CSA) and obstructive sleep apnoea (OSA)
are common problems among symptomatic congestive heart
failure (CHF) patients, which has caused some authors to propose
that all CHF patients should undergo a sleep study.7 In this group
of patients, SA increases overnight sympathetic activity, decreases
oxygen delivery, and has a negative effect on physical mobility.8,9
Evidence has shown that cardiac resynchronization therapy
(CRT) reduces the morbidity and mortality associated with symptomatic CHF.10 Current guidelines10,11 recommend that CRT be
offered to patients with a left ventricular ejection fraction (LVEF)
of ≤35%, a wide QRS complex (≥120 ms) and left ventricular

dilatation. Many recent studies12 – 20 have demonstrated the positive effect that CRT has on the Apnoea2Hypopnoea Index
(AHI¼a measure of SA severity).
The goals of this study were to conduct a systematic review to
identify all papers evaluating the reduction of the AHI in patients
with SA after treatment with CRT and to perform a meta-analysis
to estimate the true effect of CRT on SA.

Methods
An electronic search was conducted using Medline and Embase to
identify all human studies of CRT in patients with SA that used the
AHI as an outcome.
The search used Keywords, Emtree, and MeSH headings and
included the following terms: ‘cardiac pacing, artificial’, ‘defibrillators,
implantable, ‘pacemaker, artificial’, ‘cardiac resynchronization’,
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Sleep apnoea (SA) is a common problem among congestive heart failure (CHF) patients. Evidence has shown that
cardiac resynchronization therapy (CRT) reduces morbidity and mortality associated with CHF. The aim of this
paper was to review studies evaluating the reduction of the Apnoea2Hypopnoea Index (AHI) in patients with SA
after treatment with CRT and to perform a meta-analysis to estimate the true effect of CRT on SA.
.....................................................................................................................................................................................
Methods
A systematic electronic literature search was conducted in Medline and Embase to identify studies reporting on the
and results
effects of CRT on SA. A hand search of five major cardiology societies was performed to identify any unpublished
studies through structured abstracts submitted to conference proceedings. To be eligible for inclusion, studies had to
include a comparison of CRT vs. no pacing and use AHI as an outcome. Non-English studies were excluded. Nine
manuscripts and five abstracts were identified for review. Six manuscripts and three abstracts were included in
meta-analysis, which included 170 patients. After treatment with CRT, a significant reduction in AHI was found in
patients with central sleep apnoea (CSA) with a mean reduction of 213.05 (CI 216.74 to 29.36; P , 0.00001)
but not in patients with obstructive sleep apnoea (13.32; CI 29.04 to 2.39; P ¼ 0.25).
.....................................................................................................................................................................................
Conclusion
Cardiac resynchronization therapy reduces the severity of SA. Major effects are seen in patients with CSA. The presence of SA may be an additional consideration when deciding on which heart failure patients will receive CRT.
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‘cardiac resynchronization therapy’, ‘biventricular pacing’, ‘sleep apnoea
syndrome’, ‘sleep disordered breathing’, and ‘sleep apnoea’. In addition,
a manual search was conducted of journal issues and abstracts from
scientific sessions of the American College of Cardiology (Journal of
the American College of Cardiology), American Heart Association (Circulation), Heart Rhythm Society (Heart Rhythm), Europace (Europace), and
the European Society of Cardiology (European Heart Journal) since
2007.
Two researchers (A.B. and J.L.) independently reviewed titles and
abstracts and retrieved any relevant articles for inclusion if they (i)
compared CRT vs. no pacing in human subjects with SA and advanced
symptomatic CHF and (ii) used AHI as an outcome. Articles were
included in this study if both reviewers agreed on their relevance
and any disagreements were resolved by consensus.
Only studies that were published in English were included in this
review.
Data analysis was performed using Review Manager 5.0 using a
fixed-effects model. Studies were weighted based on sample sizes
and a mean effect size was calculated for the effect of CRT on AHI.
A x 2 test was performed to assess the heterogeneity between
studies. Results are reported as mean (95% CI).

Medline search
results
110

Embase search
results
60

Total articles
retrieved
170

Repeats
23

Total original
articles retrieved
147
Titles and abstracts
examined for
inclusion

Articles chosen for
inclusion in study
10

Study selection
The process of study selection is outlined in Figure 1. Two reviewers
(J.L. and A.B.) independently reviewed titles and abstracts and
retrieved studies that they felt were relevant for inclusion. Their
inter-rater reliability was found to be very good (k ¼ 0.858, 95%
CI 0.701–1). A total of 1012 – 21 studies and 522 – 26 abstracts were
identified for inclusion but 1 study21 was excluded before analysis.
Some authors were contacted for unpublished information and clarification of their results.17,23,26 Two23,26 of the three authors replied
to our requests for further information.
Five of the 14 studies were not included in the meta-analysis for
various reasons: 2 of the studies13,25 had very different study
designs and follow-up times, 2 studies18,22 separated their follow-up
results into 2 separate groups based on their response to CRT, and 1
study17 only reported results graphically and not numerically. Studies
not included in the meta-analysis are described separately.

Results
A total of 1412 – 26 studies were included in this systematic review.
Nine of the 14 studies12 – 20 were published in manuscript form
while 5 studies22 – 26 were published as structured abstracts from
international conference proceedings. Characteristics of included
studies are described in Table 1. Most studies separated patients
into groups depending on the predominant type of SA that they suffered from. However, one study18 included patients with OSA and
Mixed SA (n ¼ 31) without specifying how many patients had each
type of SA. This study was not meta-analysed due to the method
by which the results were reported. Two studies20,23 did not categorize patients into specific types of SA but rather combined all
their results irrespective of the type of SA (n ¼ 27). Their results
were included in the meta-analysis under the subgroup ‘All Types
of Sleep Apnoea (CSA, OSA, and Mixed)’ in Figure 2.
Six manuscripts12,14 – 16,19,20 and three structured abstracts23,24,26
were meta-analysed to determine the real effect of CRT on AHI in

Not in english
1

Total studies
included
14

Included in metaanalysis
9

Descriptive analysis
only
5

Figure 1 Process of study selection.

patients with SA (Figure 2). Overall, CRT significantly reduced AHI
scores by a mean of – 9.63 (CI 211.66 to 27.61, P , 0.00001). Subgroup analysis was conducted for five studies12,14 – 16,24 that involved
patients with CSA, three studies15,19,26 that involved patients with
OSA, and two studies20,23 that included all different types of SA.
After treatment with CRT, a significant reduction in AHI was
found in patients with CSA with a mean reduction of 213.05 (CI
216.74 to 29.36; P , 0.00001) but not in patients with OSA
(23.32; CI 29.04 to 2.39; P ¼ 0.25).
Studies were statistically similar under all subgroups as well as
overall and therefore, could be appropriately combined as determined by x 2 tests (CSA P ¼ 0.84, OSA P ¼ 0.25, all types P ¼
0.55, overall P ¼ 0.18). One study by Oldenburg et al. 15 was
included under the CSA subgroup as well as the OSA subgroup
since the patients’ results were appropriately separated into two
groups. Olson et al. 24 reported AHI results from CSA and Mixed
SA patients as one group. Their results were included under the
CSA subgroup in the meta-analysis.
Two studies14,26 evaluated CRT with atrial overdrive pacing
(AOP) compared with CRT alone as well as to baseline
(Table 2). When comparing CRT + AOP with CRT alone, both
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Structured abstracts from
conference proceedings
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Table 1 Characteristics of included studies
Study name

Pre– post-design

Predominant type of SA
(CSA, OSA, Mixed, and All)

Polysomnography

Blind
(D, S, NR)

CRT vs.
no CRT

CRT vs. no CRT vs.
CRT 1 AOP

...............................................................................................................................................................................
Published studies
Sinha et al.16

Yes

CSA (n ¼ 14)

Yes

NR

Yes

No

Gabor et al.12
Skobel et al.17

Yes
Yes

CSA (n ¼ 10)
CSA (n ¼ 11)

Yes
Yes

S
NR

Yes
Yes

No
No

Oldenburg et al.15

Yes

CSA (n ¼ 36)
OSA (n ¼ 26)

Yes

S

Yes

No

Stanchina et al.19

Yes

OSA (n ¼ 13)

Yes

S

Yes

No

Kara et al.13

No (Mixed design)

CSA (n ¼ 11)
OSA (n ¼ 1)

Yes

S

Yes

No

Yiu et al.20

Yes

All (n ¼ 15)

Yes

S

Yes

No

Sredniawa et al.18

Yes

OSA or Mixed
(n ¼ 31)

No (Holter monitor)

NR

Yes

No

Lüthje et al.14

No (Mixed design)

CSA (n ¼ 18)

Yes

S

Yes

Yes

Abstracts
Magnano et al.22

Yes

CSA (n ¼ 9)

Yes

NR

Yes

No

Yes
Yes

NR
NR

Yes
Yes

No
No

Yes

NR

Yes

No

Yes

NR

Yes

Yes

Mixed (n ¼ 7)

Matsushita et al.23
Seidl et al.25

Yes
Yes

Olson et al.24

Yes

Shalaby et al.26

No (RCT)

All (n ¼ 12)
CSA (n ¼ 15)
OSA (n ¼ 6)
CSA (n ¼ 9)
OSA (n ¼ 3)
Mixed (n ¼ 7)
OSA (n ¼ 19)

All, all types; AOP, atrial overdrive pacing; CRT, cardiac resynchronization therapy; CSA, central sleep apnoea; D, double; Mixed, mixed sleep apnoea; NR, not reported; OSA,
obstructive sleep apnoea; S, single; SA, sleep apnoea.

studies found that the addition of AOP did not significantly add to
the reduction in AHI.
We calculated the mean LVEF (mean + SD) for studies under
each subgroup that reported on this outcome to see if a reduction
in AHI scores with CRT was associated with an improvement in
LVEF. For studies under the CSA subgroup,12,15,16 LVEF significantly increased from 24.1 + 5.5 at baseline to 29.7 + 7.8 (P ,
0.0001, n ¼ 60) after treatment with CRT for a mean duration
of 21.3 + 10.7 weeks, which corresponds to the significant
reduction in AHI (P , 0.00001) observed in this subgroup. Left
ventricular ejection fraction also increased among studies in the
OSA subgroup15,19 from 25.0 + 4.4 at baseline to 31.8 + 5.1
(P , 0.00001, n ¼ 39) after treatment with CRT for a mean duration of 22.9 + 10.7 weeks. However, the AHI in this group did
not significantly decrease (P ¼ 0.25).

Results of studies not included in
meta-analysis
Three manuscripts13,17,18 and 2 structured abstracts22,25 of the 14
studies included in this systematic review were unable to be
meta-analysed. Two studies were not included due to vastly different follow-up times. Kara et al. 13 studied patients over 3 days

where the CRT device was left on for the first night, turned off
for the second night, and turned back on for the third night. A
similar design was used by Seidl et al. 25 over two nights. Kara
et al.13 showed a significant reduction in CSA and hypopnea episodes per hour of sleep (P , 0.001) and Seidl et al. 25 found a significant reduction in overall AHI (P ¼ 0.01) when the device was
pacing (CRT) vs. non-pacing.
Two studies18,22 reported their results in a way that could not
be included in the meta-analysis: Magnano et al. 22 separated
patients’ results into ‘CRT Responders’ and ‘CRT Non-responders’
based on the change in peak oxygen consumption (DVO2max).
CRT responders (DVO2max .0 mL/min/kg) did not have a significant reduction in obstructive AHI or overall AHI; however, there
was a significant reduction in central AHI after 3 months of treatment with CRT. Sredniawa et al. 18 reported on patients with
abnormal and non-abnormal AHI and separated patients’ results
into two groups: ‘AHI dippers’ (≥50% reduction in AHI after 6
months) and ‘AHI Non-dippers’. A total of 66% of patients were
considered ‘AHI dippers’ and they had a significant reduction in
AHI compared with baseline.
Skobel et al. 17 found a significant reduction in AHI in CSA and
Mixed SA patients. However, these results were not objectively
quantified and therefore, could not be included in meta-analysis.
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Study or subgroup

Treatment
Mean
SD Total

Baseline
Mean SD Total

1.1.1 Central sleep apnoea (CSA)
14 19.2 10.3
4.4
4.6
Sinha (2004)
Cabor (2005)
30.8 18.7
10 42.7
9.1
Oldenburg (2007)
17.3 13.7
36 31.2 15.5
Lüthje (2009)
25.7 17.5
18 37.1 13.4
Olson (2010)
22
18
16
29
17
Subtotal (95% CI)
94
Heterogeneity: c2 = 1.42, df = 4 (P = 0.84); I2 = 0%
Test for overall effect: Z = 6.93 (P < 0.00001)
1.1.2 Obstructive sleep apnoea (OSA)
13 40.9 23.1
29.5 21.3
Stanchina (2007)
14.6
9.8
26 18.2 13.3
Oldenburg (2007)
31.4 28.1
10 20.3 17.2
Shalaby (2010)
49
Subtotal (95% CI)
Heterogeneity: c2 = 2.78, df = 2 (P = 0.25); I2 = 28%
Test for overall effect: Z = 1.14 (P = 0.25)

Total (95% CI)

170

11.2
4.7

Mean difference
IV, Fixed, 95% CI

14
10
36
18
16
94

11.9%
2.5%
9.0%
4.0%
2.8%
30.1%

13
26
10
49

1.4%
10.2%
1.0%
12.6%

–11.40 [–28.48, 5.68] 2007
–3.60 [–9.95, 2.75] 2007
11.10 [–9.32, 31.52] 2010
–3.32 [–9.04, 2.39]

12
15
27

5.8%
51.5%
57.3%

–6.80 [–15.18, 1.58] 2007
–9.50 [–12.32, –6.68] 2008
–9.23 [–11.90, –6.55]

170 100.0%

–14.60 [–20.47, –8.73]
–11.90 [–24.79, 0.99]
–13.90 [–20.66, –7.14]
–11.40 [–21.58, –1.22]
–7.00 [–19.13, 5.13]
–13.05 [–16.74, –9.36]

Mean difference
IV, Fixed, 95% CI

Year
2004
2005
2007
2009
2010

–9.63 [–11.66, –7.61]

Heterogeneity: c2 = 12.62, df = 9 (P = 0.18); I2 = 29%
Test for overall effect: Z = 9.32 (P < 0.00001)
Test for subgroup differences: c2 = 8.06, df = 2 (P = 0.02), I2 = 75.2%

–20

–10

Favours experimental

0

10

20

Favours control

Figure 2 Reduction of sleep apnoea parameters with the use of cardiac resynchronization therapy. CI, confidence intervals; IV, inverse variance; SD, standard deviation.

Table 2 Studies that included a cardiac resynchronization therapy 1 atrial overdrive pacing arm
Study

Predominant type of SA

Baseline (AHI)

CRT (AHI)

CRT1AOP (AHI)

P valuea

Lüthje et al.14
Shalaby et al.26

CSA
OSA

37.1 + 13.4
20.3 + 17.2b

25.7 + 17.5
31.4 + 28.1

23.7 + 17.9
17.5 + 28.8

0.07
NS

...............................................................................................................................................................................

22.9 + 13.9c
Data are presented as mean + SD.
AHI, apnoea-hypopnoea index; CSA, central sleep apnoea; OSA, obstructive sleep apnoea.
a
Comparison between patients treated with CRT only and those treated with CRT + AOP.
b
Baseline AHI for the CRT-only group.
c
Baseline AHI for the CRT+AOP group.

Discussion
Sleep apnoea is a problem frequently seen in patients with CHF.
Severity of SA is based on AHI and grouped into mild (AHI 5–
14.9), moderate (AHI 15 –29.9), and severe (AHI≥30) by the
American Academy of Sleep Medicine.27 A 10-point reduction in
AHI could change the grade of a patient’s SA to one less severe
and subsequently improve their functional status. Currently, the
presence of SA is not among the selection criteria used by physicians to determine which CHF patients receive treatment with
CRT.10,11

In this study, we have shown that CRT reduces AHI scores by a
mean of 29.63 (P , 0.00001) overall. However, a disparity in the
effect of CRT on SA exists between OSA and CSA patients.
Cardiac resynchronization therapy decreased AHI in CSA patients
by a mean of 213.05 (P , 0.00001), which translates into being
clinically significant. In contrast, however, CRT was unsuccessful
in significantly reducing the AHI overall in patients with OSA
(23.32, P ¼ 0.25) and increased the AHI in the cohort examined
by Shalaby et al.26 This study actually demonstrated an increase in
the severity of SA.

Downloaded from europace.oxfordjournals.org at Universidade de S?o Paulo on August 2, 2011

1.1.3 All types of sleep apnoea (CSA, OSA, Mixed)
9.7
12 22.7
15.9
Matsushita (2007)
18
3
15 27.5
Yiu (2008)
27
Subtotal (95% CI)
Heterogeneity: c2 = 0.36, df = 1 (P = 0.55); I2 = 0%
Test for overall effect: Z = 6.76 (P < 0.00001)

Weight
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Limitations
Some limitations should be acknowledged. Most studies included in
this systematic review had a pre–post study design while only one
study was a randomized controlled trial. We found some differences in study design within the included studies; however, a test
for heterogeneity showed that studies were comparable. Finally,
there are a relatively small number of patients included in the
meta-analysis due to a limited number of available studies and
small study groups.

Conclusion
Cardiac resynchronization therapy is associated with a statistically
as well as a clinically significant reduction in AHI in patients with
CSA but not OSA. The presence of SA may be an additional

consideration when deciding on which heart failure patients will
receive CRT.
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