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Abstract  1 

Background 2 

A particularly high burden of sleep apnoea is reported in patients treated with cardiac 3 

implants such as pacemakers and defibrillators. Sleep apnoea diagnosis remains a complex 4 

procedure mainly based on sleep and respiratory indices captured by polysomnography (PSG) 5 

or respiratory polygraphy (PG).  6 

Aim 7 

We aimed to evaluate the performance of implantable cardiac devices for sleep apnoea 8 

diagnosis compared to reference methods. 9 

Method  10 

Systematic structured literature searches were performed in PubMed, Embase and 11 

Cochrane Library was performed to identify relevant studies. Quantitative 12 

characteristics of the studies were summarized and a qualitative synthesis was 13 

performed by a randomized bivariate meta-analysis and completed by pre-specified 14 

sensitivity analyses for different implant types and brands. 15 

Results 16 

16 studies involving 999 patients met inclusion criteria and were included in the meta-17 

analysis. The majority of patients were men, of mean age of 64 ± 4.6 years. Sensitivity of 18 

cardiac implants for sleep apnoea diagnosis ranged from 60 to 100%, specificity from 50 to 19 

100% with a prevalence of sleep apnoea varying from 22 to 91%. 20 

For an apnoea-hypopnoea index threshold ≥30 events/hour during polysomnography 21 

(corresponding to severe sleep apnoea), the overall performance of the implants was relevant 22 

with a sensitivity of 78% and a specificity of 79%. 23 

Subgroup analyses on implant type and brand provided no additional information owing to 24 

the small number of studies.  25 
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Conclusion 1 

The respiratory disturbance index provided by cardiac implants is clinically relevant and 2 

might improve access to sleep apnoea diagnosis in at-risk cardiovascular populations. 3 

 4 

PROSPERO Registration number: CRD42020181656 5 

 6 

Keywords: sleep apnoea syndrome, diagnosis, pacemaker, implantable cardiac defibrillator, 7 

polysomnography 8 

 9 

  
10 
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1. Introduction 

Obstructive sleep apnoea (OSA) [1] is a chronic condition nowadays considered as a 

major societal health problem due to its multi-organ implications that pose a disabling burden 

for affected individuals and on health systems. OSA affects nearly one billion people 

worldwide [2]. Individuals with cardiovascular [3, 4] and/or metabolic diseases [5, 6] 

comprise populations with high OSA prevalence. More than 60% of individuals with OSA 

exhibit obesity and co-morbidities including hypertension, arrhythmias, stroke, coronary heart 

disease, heart failure [7] and metabolic dysfunction [8]. These multimorbid OSA populations 

are frequently minimally symptomatic reporting few sleep apnoea-related complaints and 

patients are sometimes referred to sleep laboratories to identify treatable sleep-related cardio-

metabolic risk factors. 

Polysomnography (PSG), and respiratory polygraphy (PG), are the standard 

techniques for OSA diagnosis. However, in-laboratory PSG is onerous, associated with 

unacceptably long waiting lists and the manual scoring of sleep stages, micro-arousals, and 

respiratory events is challenging. Consequently they are unsuitable for the widespread use 

required to address the growing sleep apnoea epidemic [9], particularly in the context of the 

COVID-19 pandemic [10]. 

There is strong agreement among experts on the need to develop advanced diagnostic 

approaches that incorporate novel technologies providing valid surrogates for PSG. A 

particularly high burden of sleep apnoea has been reported in patients with cardiac implants 

[11]. prevalence of OSA varies with the indication for an ICD. In patients implanted for  severe 

heart failure, sinus node dysfunction, atrial fibrillation or atrioventricular block [12, 13], the 

prevalence of OSA was up to 59%; however, OSA was estimated to be 32% in those with 

bradyarrythmia. [12, 14]. 
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In cardiac implant devices, sleep apnoea diagnosis  depends on minute sensors 

measuring ventilation by means of transthoracic impedance.  Thoracic impedance is 

determined by the proportion of air to fluids between two measurement locations. Implantable 

pacemakers measure transthoracic impedance between leads implanted in the endocardium and in 

the pectoral aggregate. Thoracic impedance rises with inspiratory effort and falls during 

expiration. From these measurements indices of sleep-related breathing disorders can be 

automatically derived [15-18]. 

Remote monitoring, which is nowadays standard practice for cardiac implants, allows 

clinical personnel to readily consult sleep apnoea severity indices stored in the device via a 

secured website [19]. According to the available literature, the sleep apnoea diagnosis 

performance of cardiac implants seems promising but overall interpretation is flawed by 

heterogeneity in the populations studied, use of different thresholds for sleep apnoea 

diagnosis, and the brand-specific development of proprietary algorithms that have different 

levels of performance.  

In this context, the main objective of this systematic review and meta-analysis was to 

assess the performance of cardiac implant algorithms compared to PSG or respiratory PG.  

 

2. Methods 

The protocol of this systematic review and meta-analysis followed the current 

recommendations of the PRISMA statement [20] and the Cochrane handbook [21]. The 

review and meta-analysis were prospectively registered on 5th July  2020 in the PROSPERO 

database (https:// www.crd.york.ac.uk)(Registration number: CRD42020181656). 

2.1. Search strategy and resources 

The systematic comprehensive search for relevant studies used the bibliographic 

database Ovid MEDLINE(R) (Pubmed and EMBASE) and covered the period from their 
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inception up to September 2020. Studies potentially eligible for inclusion were initially 

sought by one author (RBM) using the following controlled vocabulary (MeSH) and text-

words: sleep apnoea/apnea, pacemakers (PMs), Implantable Cardiac Defibrillator (ICD), 

implantable cardiac devices, PSG, respiratory PG, diagnosis.  Further details of the literature 

search strategy are reported in the supplement.   

We also searched of the reference lists of all studies registred between 2015 and 2020, 

and abstracts of major respiratory conferences including the annual pneumology and sleep 

congresses of the American Thoracic Society (ATS), the Associated Professional Sleep 

Societies (APSS), the European Respiratory Society (ERS), the European Sleep Research 

Society (ESRS), “la Société Française de Recherche et Médecine du Sommeil (SFRMS)”, and 

“la Société de Pneumologie de Langue Française (SPLF)”.  

Two authors (RBM and MJF) screened all titles and abstracts and downloaded full-

text publications of potentially relevant references. We selected only English language articles 

without restrictions on year of publication. As the main objective of our review was to assess 

the accuracy of cardiac devices (pacemakers (PMs) and defibrillators) for sleep apnoea 

diagnosis, we focused on two parameters, the sensitivity and specificity of cardiac device 

diagnosis compared to a reference method, PSG or respiratory PG. The availability of these 

parameters was thus mandatory for a study to be included in the meta-analysis. Thus, in all 

the included studies patients had to be implanted with a cardic device and have undergone an 

overnight sleep test (PSG, PG).   Selected studies were validated for inclusion independently 

by two other authors (JLP and PD). Any disagreement concerning the inclusion or not of a 

study was resolved by consensus and with input from a third author (RT). 

This meta analysis was based on previously published studies, so new ethical approval or new 

patient consent were not required. 

2.2. Data extraction 



7 

 

 

  

For studies included in the final selection, the study characteristics and outcome data 

were extracted to a form designed to capture all essential and specific characteristics needed 

to assess the study’s quality and the diagnostic accuracy of the surrogate for PSG. The 

extracted data included: identifiers (authors, year, and country), design (number of centres, 

interval between cardiac implantation and overnight PSG), patient characteristics (e.g. 

inclusion/exclusion criteria, age, sex, Body Mass Index (BMI), comorbidities), characteristics 

of the implantable cardiac device (e.g. type, brand, and name) and details on diagnostic 

accuracy (sensitivity, specificity and additional values). When necessary, the corresponding 

authors of published studies were contacted to request unpublished data sets, subgroup results 

or clarification of the study methods.  

 

2.3. Quality assessment 

We assessed the risk of bias for each included study using the Quality Assessment of 

Diagnostic Accuracy Studies tool (QUADAS-2) [22] (see the online supplemental data). 

 

2.4. Statistical analysis 

We performed a bivariate random effect meta-analysis to evaluate 0. Then, summary 

Receiver Operating Characteristic (ROC) curves were calculated based on the logit sensitivity 

and specificity.  

Cardiac implant performances were reported at different apnoea–hypopnoea index 

(AHI) severity thresholds in different studies, therefore we estimated diagnostic accuracy 

parameters and the summary ROC curves using several different AHI severity thresholds 

((≥5, ≥15 and ≥30 events/hour). When several cardiac implant thresholds were tested in a 

same study, we used the results from the authors’ main analysis. To facilitate the 

interpretation of diagnostic accuracy estimates, we calculated the number of cases missed and 

the number of cases wrongly diagnosed in a hypothetical cohort of 1000 patients with cardiac 
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implants based on pooled sensitivity and specificity values from the meta-analysis. We 

calculated these values for an expected prevalence of sleep apnoea in the population of 20%, 

40%, or 60%. 

We assessed the heterogeneity of study estimates by examining Forest plots of 

sensitivity and specificity across studies and overlap of 95% CIs.  

  Subgroup analyses and meta-regressions were performed examining cardiac implant 

diagnostic performances for an AHI severity of ≥ 30 events/hour. We initially  examined 

diagnostic accuracy parameters according to the type of cardiac implant (Cardiac 

Resynchronization Therapy Defibrillator (CRT-D), Cardiac Resynchronization Therapy 

Pacemaker (CRT-P), ICD, PM). For four studies we contacted the corresponding authors for 

subgroup results according to cardiac implant type and obtained the results for 2 studies [16, 

23]. We also analyzed the different types of cardiac implants by brand (Boston Scientific, 

ELA Medical, Sorin/LivaNova, Medtronic) to assess brand-related diagnostic accuracy. 

Moreover, for the largest group (implants commercialized by Boston Scientific), we 

calculated sensitivities, specificities, and summary ROC curves for several cutoff values used 

for the diagnosis of severe sleep apnoea (AHI>30). We identified the best threshold value 

using the “metadiag” package developed by Steinhauser et al.[24]. To select the best model, 

we compared the Akaike Information Criterion (AIC) among a series of models with different 

specifications (i.e., common random versus different random intercepts, common versus 

different random slopes) and selected the one with the smallest AIC using the same strategy 

as presented by Steinhauser et al.[24]. 

We conducted univariate meta-regressions to explore whether the following 

characteristics: age, BMI, sex, atrial fibrillation (AF) and sleep apnoea prevalence, might 

influence the cardiac implant performance. All covariates with a P-value ≤ 0.2 were included 

in the multivariate model.  
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We explored the link between the quality and sensitivity analyses by removing studies 

considered at highest risk of bias across key domains (selection, verification).  

 Finally, we assessed publication bias by visually examining the Diagnostic Odds Ratio funnel 

plot for asymmetry. 

 All statistical analyses were performed with R (version 3.6.2) and mada, lme4, meta 

and diagmeta work packages. 

3. Results 

3.1. Overview of eligible studies 

From a total of 859 screened references from diverse sources, after applying the 

inclusion/exclusion criteria, 16 studies were found to be appropriate for a full-text review and 

were included in the qualitative and quantitative analyses (meta-analysis) (e-Figure 1).  

3.2. Study population 

Tables 1 and e-Table1summarize the properties of the selected studies [15-18, 23, 25-35] 

including the diagnostic data, the type of implant and the brand. Additional details about the 

included studies are reported in Supplemental e-Table 2. From an initial sample of 999 

patients, we analyzed 750 complete sets of patient data (75%).  All the participants had 

undergone one night of PSG/PG post-implantation at different time schedules. The delay 

between overnight PSG and device implantation varied from one day to 6 months. 

Incomplete datasets were due to missing Respiratory Disturbance Indices (RDI) owing to 

technical problems, invalid PSG data or loss to follow-up (death, patient withdrawal from 

study, hospitalization etc.).  

The predominant brands were Boston Scientific, ELA Medical and Sorin/LivaNova. 

In 13 studies, patients had implanted pacemakers. We found 4 studies with CRT-P/D and 4 

with ICD. 

3.3. Performance of cardiac implants  
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The results of the bivariate random effect meta-analyses for the three most usual AHI 

thresholds ((≥5, ≥15 and ≥30 events/hour) are given in Table 3. Using these thresholds, the 

mean positive likelihood ratios were 3.74, 3.1 and 3.98, respectively. The summary ROC 

curves are presented for each threshold (≥5, ≥15 and ≥30, events/h) in Figure 2A, B and C 

respectively; and the Forest plots of the univariate analyses in Supplementary e-Figure 2.  

The prevalence of sleep apnoea ranged from 22% to 91%  according to the study 

(median, 75%; interquartile range, 62%-79%). We then calculated the post-test probabilities, 

missed cases, and wrongly diagnosed cases in a hypothetical cohort of 1000 patients using the 

results of the bivariate meta-analysis for pre-test probabilities of 20, 40 and 60% (e-Table 3). 

3.4. Heterogeneity 

 Visual examination of the Forest plots of the univariate meta-analyses (e-Figure 2) did 

not confirm a wide variation of study estimates. However, the prediction interval from the 

summary ROC curves (Figure 1) reflected substantial heterogeneity between studies.  

3.5. Risk of bias and applicability 

The results of the Risk of bias assessment are shown in e-Figure 3 and Supplementary 

e-Table 4. None of the studies raised applicability concerns. We determined that there was a 

low risk of bias in 14 studies and 2 studies had a high risk of bias. Our results were unchanged 

after exclusion of the articles with a high risk of bias (e-Table 5).  

3.6. Subgroup analyses 

For the majority manufacturer (Boston Scientific), we compared the performances of 

pacemakers using severe sleep apnoea thresholds obtained by different methods (AHI 

threshold of ≥30 by PSG or PG). Among the 7 available studies, the optimal threshold value 

for pacemakers was 33.14, yielding a sensitivity of 78% (59-90%) and a specificity of 71% 

(56-84%).  Subgroup analyses for implant type and manufacturer (e-Table 6) did not provide 

additional information owing to the small number of studies in each subgroup.  

3.7. Meta-regression analysis 
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Including the main covariates (age, sex, BMI, AF or Sleep Apnoea Syndrome (SAS) 

prevalence) failed to give significant results in univariate meta-regression analysis (e-Table 

7). 

3.8. Publication bias  

No publication bias was suggested on visually inspecting the funnel plots for severe 

SAS. However, the funnel plot for AHI>15 suggests a potential publication bias (Figure 2).  

4. Discussion 

To the best of our knowledge, this is the first meta-analysis to investigate whether 

there is agreement between respiratory disturbance indices (RDIs) derived from impedance 

sensors embedded in cardiac implants and the AHI provided by PSG or respiratory PG 

recordings. For an AHI threshold ≥30 events/hour, defining severe sleep apnoea, the 

sensitivity of cardiac implants for sleep apnoea diagnosis was 78% and the specificity was 

79% with an area under the ROC curve of 0.84. At this threshold and with a SAS prevalence 

of 60%, the mean positive likelihood ratio was 3.98 giving post-test probability of obtaining a 

true-positive diagnosis of 84%.   

The prevalence of Obstructive (OSA) and central sleep apnoea (CSA) reaches 50% in 

patients with the most common cardiovascular diseases [4, 36]. Pre-existing OSA is a strong 

predictor of incident coronary heart disease, HF [37] or AF [38] and then sleep apnoea 

appears as a strong modulator of the long-term trajectories of these diseases. As an example, 

occult OSA increases the recurrence of AF after ablation [39], therefore the European Society 

of Cardiology guidelines for atrial fibrillation recommend that AF patients should be screened 

for symptoms of OSA. However, most AF or cardiac failure patients are not somnolent and 

only minimally symptomatic for OSA[40] and strategies on how to implement OSA testing in 

routine daily cardiology practice are not well established [41]. 
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While individual studies included in this systematic review reported on rather small 

and heterogeneous groups of patients, the current meta-analysis has provided a clearer picture 

of the clinical relevance of cardiac implants as diagnostic tools for sleep apnoea.  

The diagnostic performance of cardiac implants reported here compares favorably 

with PSG or respiratory PG, and RDIs derived from cardiac implants significantly 

transformed the pre-test probability to a clinically relevant high post-test probability [42] of 

84%, a true-positive diagnosis of severe sleep apnoea for a SAS prevalence of 60%.  

A sleep apnoea diagnosis strategy supported by cardiac implant RDIs might provide 

several benefits for patients and improve the efficacy and productivity of healthcare providers.  

Firstly, the diagnostic tool incorporated in cardiac implants can be directly consulted 

by cardiologists during their routine clinical practice. No action is required on the part of the 

patients, and moreover, telecardiology with remote monitoring and trained manpower already 

exists, avoiding unattainable investments for implementing a new diagnostic pathway [43]. 

The main limitation is that cardiologists show limited interest in this “apnoea” functionality 

with little or no integration into their routine practice.  Screening for sleep apnoea through                                   

cardiac implants would provide a first triage, preventing patients with extremely low RDIs 

being referred for PSG and prioritizing patients with RDIs in the severe range for immediate 

diagnosis and management.  

The “gold standard” for sleep apnoea diagnosis remains a subject of debate although 

laboratory polysomnography is consistently reported as the method of reference by 

international guidelines. However, assessment in a single night has been brought into question 

as it can lead to misdiagnosis, particularly for cardiology patients with frequent fluctuations in 

their clinical status. Implantable devices allowing assessments to be repeated across several 

nights and during both stable and unstable episodes might be more reliable than a single 

measurement in unfamiliar surroundings. 
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During the severe phases of the health crisis, most sleep centers have reported near-

cessation of activities and growing waiting lists [44]. However, for cardiaovascular diseases, 

during the COVID-19 pandemic, remote monitoring via cardiac implants has provided easy 

detection of arrhythmic events and acute decompensation issues without the need for in-

person visits [45]. So, appropriate triage taking advantage of cardiac implant data might 

facilitate the flow of patients by prioritizing valid indications for in-laboratory testing. 

Secondly, a substantial number of sleep apnoea patients show considerable night-to-

night variability in RDI resulting in high rates of OSA diagnostic misclassification when only 

a single night of testing is used [46]. If, as suggested, sleep apnoea partly drives AF,[47] then 

a more accurate assessment of the severity of sleep apnoea may help improve the efficacy of 

rhythm control strategies [12, 48]. If sleep apnoea severity is variable, then daily monitoring 

through cardiac implants would provide a more complete picture of a patient’s sleep apnoea 

over time. The evaluation of each patient could be improved using parameters calculated by 

remote monitoring platforms from the ICD measurements such as intrathoracic fluids as well 

as RDI, heart rate variability, and activity parameters.  

  Moreover, it has been shown that cardiac resynchronization therapy (CRT) reduces 

sleep apnoea severity [49,50]. The improvement is essentially explained by a reduction in 

central events. The presence of associated central sleep apnoea might be an additional item to 

consider when choosing a CRT device able to monitor sleep apnoea severity. 

Another important benefit would be the potential of using exacerbations in sleep 

apnoea severity to detect acute cardiac events such as decompensated HF or the onset of 

AF[51-53]. An elevation in central apnoea index has been reported as being consistently 

associated with the progression of HF and acute HF exacerbation [54, 55] as well as being a 

marker of AF[56].  A rise in RDI detected by cardiac implants would nicely complement 
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existing remote monitoring tools designed to detect exacerbations, and thus reduce heart 

failure readmissions [57]. 

Certainly, the best strategy for improving sleep apnoea diagnosis is not solely based on 

technological advances but also by reshaping and digitalizing the diagnostic pathway [58]. 

Such approaches have been reported as promising, particularly the setting-up of virtual sleep 

laboratories/clinics allowing easy access to diagnosis and remote digital care in cardiologic 

populations [59]. One of the main advantages of implantable devices is that one can readily 

obtain repeated nightly measurements giving trajectories of sleep apnoea severity to assess 

responses to different treatment interventions including CPAP and to characterize daily CV 

risk (AF, CHF decompensation etc.) [48]. 

 

4.1. Limitations 

The studies included were heterogeneous in terms of the populations, cardiac implant brands 

and metrics. This restricted comparisons between the algorithms used by different brands and 

sensitivity analyses in different contexts and patient subgroups. Also, a clear distinction 

between central and obstructive events contributing to the RDI is currently not available. This 

limits the interpretation of the findings of our meta-analysis and their application to clinical 

decisions because obstructive sleep apnoea entails treatment by Continuous Positive Airway 

Pressure (CPAP), whereas CSA requires the intensification of interventions to improve 

cardiac function or rhythm control. Future studies should certainly address these issues in 

more depth.  

 

5. Conclusion  

Patients with implantable cardiac devices represent only a small proportion of all individuals 

potentially requiring sleep apnoea testing. The diagnostic technique evaluated in this 
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metaanalysis is only available to a part of this large population in urgent need of simplified 

solutions for sleep apnoea diagnosis.  

Based on our findings, we can confirm that the respiratory disturbance index provided by 

cardiac implants is clinically relevant and might improve access to sleep apnoea diagnosis in 

at-risk cardiovascular populations. 

 

This article has an online data supplement. 
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Figure legends 

Figure 1. Summary ROC curve of the bivariate model with study estimates 

The solid line is the summary ROC curve; the red line is the 95% CI around the summary point, 

the broken line is the prediction interval. 

Figure 2. Funnel plot of studies assessing the performances of pacemakers for moderate 

to severe and severe SAS diagnosis, using the Diagnostic Odds Ratio 

Funnel plots for AHI>5 but <15 are not shown due to the small number of studies (n=2) 

 

Graphical Abstract: An overview on sleep apnoea diagnosis with cardiac devices versus the 

reference test (Polysomnography or Polygraphy) and the principal meta-analysis results 

 

Tables 

Table 1. Characteristics of included studies 

Table 2. Results of the bivariate meta-analysis for the 3 selected apnoea-hypopnoea cut-offs 

Online Data Supplement 

Including e-Figure1 to e-Figure 4 and e-Tables 1 to 7. 







 

Study 

(Author, 

year) 

 

Country 

(number of 

centers) 

Implant type Included 

patients 

Valid 

data 

Age 

(years) 

BMI 

(kg/m
2) 

Sexe 

M/F 

AF SAS 

Aimé et al, 

2014 (23) 

Italy (1) 26 PM Talent, 

ELA Medical 

61 26 71.4 22.6 13/13 NS 22 

Barbieri et 

al, 2018 (21) 

Austria (1) 18 CRT-D / 23 

CRT-P, Boston 

Scientific 

41 21 75.0 25.7 31/10 24 16 

Chen et al, 

2018 (24) 

 

China (1) 

 

55 PM Vitalio 

J237 or J27, 

Boston 

Scientific 

64 

 

55 

 

66.5 24.5 40/24 27 42 

68.6 23.4 40/24 27 42 

D’Onofrio et 

al, 2017 (16) 

Italy (13) 

 

87 CRT-D / 86 

ICD, Boston 

Scientific 

265 

 

173 

 

68.0 

 

27.0 

 

139/34 31 38 

Defaye et al, 

2004 (25) 

France, UK, 

Belgium 

42 PM Talent, 

ELA Medical 

46 42 70.5 26.0 30/12 NS 26 

Defaye et al, 

2014 (17) 

France-Spain 40 PM Reply 

TM 200,  

Sorin CRM 

40 31 73.8 27.7 27/13 14 28 

Defaye et al, 

2019 (15) 

 

France (3) 

 

9 CRT-D / 16 

ICD Boston 

Scientific 

70 25 59.9 

 

25.9 

 

24/1 

 

12 

 

8 

Della Roca 

DG et al, 

2019 

Italy (7) 12 PM 

19 ICD 

Boston 

Scientific 

31 29 70 29 20/11 NS NS 

Dias et al, 

2017 (26) 

Portugal (1) 54 PM Reply 

TM 200, 

LivaNova 

60 54 77.0 27.0 31/23 NS 40 

 

Gonçalves 

et al, 2019 

(27) 

Portugal (1) 81 PM Reply 

TM 200, kora 

TM 100 and 

Kora TM 250 

Microport 

81 81 73.0 NS 47/34 36 50 

 

Lima Da 

Silva G et al, 

2016 

 24 PM  

Reply TM 200  

LivaNova 

24 24 75 NS NS NS NS 

Pearse S.S 

et al, 2016 

 60 PM Boston 

Scientific 

60 50 69 NS 43/17 NS NS 

Ribeiro et 

al, 2019 (28) 

Spain (1) 23 PM Reply 

200 kora TM 

100 Livanova 

/ 5 CRT-D / 1 

ICD, Boston 

Scientific 

29 29 76.1 26.8 21/8 8 22 

27.0 21/8 8 22 

Scharf et al, 

2004 (14) 

 Switzerland (2) 

 

22 PM Kappa 

400, 

Medtronic 

22 

 

22 

 

65.5 

 

28.0 

 

14/8 

 

NS 

 

17 

 

Shalaby et 

al, 2006 (29) 

Germany-PA 

(3) 

54 PM Pulsar 

Max Pulsar 

Max II Insignia 

Plus, 

Boston 

Scientific 

60 54 

 

62.0 

 

33.0 

 

45/15 

 

2 

 

40 

 

67.0 29.0 45/15 

 

11 40 



Taguchi et 

al, 2019 (30) 

Japan (1) 34 PM Reply 

TM 200, Kora 

250, 

Sorin/LivaNoVa 

45 34 71.2 23.4 18/16 14 31 

 

AF, Atrial Fibrillation; BMI, Body Mass Index, CRT-D, Cardiac Resynchronization Therapy Defibrillator; 

CRT-P, Cardiac Resynchronization Therapy pacemaker; F, Female; ICD, Implantable Cardiac 

Defibrillator; M, Male; NS, Non-Specified; PM, pacemaker; SAS, Sleep Apnea Syndrome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Results of the bivariate meta-analysis for the 3 selected apnea-hypopnea cut-offs 

AHI 

cutoff 

Number of 

studies 

Sensitivity  

(95% CI) 

Specificity  

(95% CI) 

Area under 

the ROC 

curve 

Positive 

Likelihood Ratio 

(95% CI) 

Negative 

Likelihood Ratio 

(95% CI) 

5 2 0.79 (0.69-0.86 0.78 (0.63-0.87) 0.80 3.74 (2.09- 6.38) 0.28 (0.17- 0.41) 

15 6 0.89 (0.77-0.95) 0.71 (0.60- 0.80) 0.82 3.10 (2.26- 4.25) 0.17 (0.08- 0.31) 

30 10 0.78 (0.71-0.84)  0.79 (0.66-0.88) 0.84 3.98 (2.34- 6.57) 0.28 (0.21- 0.37) 

AURC, Area under the ROC curve; CI, Confidence Interval 






