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BACKGROUND
Obstructive sleep apnea (OSA) is a highly prevalent chronic
sleep disorder [1] associated with major health and social
consequences [2]. Sequelae and complications of untreated
OSA include cardiovascular disease (CVD) and stroke,
increased all-cause and CVD mortality, metabolic disease,
work-place and traffic accidents [2]. Untreated OSA poses a
heavy economic burden to both healthcare system and
society [2]. Positive airway pressure (PAP) therapy is a
highly effective treatment strategy that significantly reduces
cardiovascular and all-cause mortality [3-5].
In Germany, polysomnography (PSG) in the sleep lab is
required for initiation of PAP therapy for the treatment of
OSA through a directive by the Federal Joint Committee (G-
BA) and in-person therapy follow-up in the sleep lab at six
months is strongly recommended [6,7]. With the rising
prevalence of OSA and the availability of auto-PAP (APAP)
and telemonitoring (TM) systems, the traditional sleep lab-
centered model has been challenged as unnecessarily
expensive and inefficient for the evaluation and treatment of
OSA patients [8-10].

METHODS
Systematic literature reviews, and reviews of European and
US guidelines and HTA reports [6,7,9,10,11-17] were
conducted to draft patient pathway with APAP therapy
initiation and TM follow-up in the home of the patient and to
inform model input parameters. Standard of care (SOC)
pathway was developed according to the directive on sleep
disordered breathing by the G-BA and the clinical guideline
by the German Sleep Society (DGSM) [6,7,11]. OSA
differential diagnosis to confirm PAP indication, PAP therapy
initiation and therapy follow-up at six months were
considered according to German guidelines and literature
review [6,7,9,10,11-17].
Final adaption and validation of patient pathways was
conducted during workshops with key opinion leaders from
the DGSM. The validated patient pathways are depicted in
Figure 1 A-B.
To estimate total costs and CO2 footprint, SOC and APAP +
TM pathways were implemented as a deterministic decision-
tree in Excel. The final decision tree is depicted in Figure 2.
Transition probabilities for the decision tree were based on
data from studies identified during literature review. Main
base-case input variables to derive model transition
probabilities for SOC and APAP + TM pathways are
summarized in Table 1.

PG, PSG, therapy follow-up and PAP device costs were
based on official German reimbursement catalogues [20,21].
Additional costs for the provision of APAP devices and TM
services relied on confidential discussion with industry
stakeholders and were validated by the literature review.

Table 1: Main model input variables to derive transition probabilities

Input variable Value Source
Share of patients with suspected OSA that receive an 
OSA diagnosis after differential diagnosis 0.85 [18]

Share of patients that are referred to diagnostic PSG 
after initial PG 0.20 [18]

Share of patients with counterindication for APAP 
therapy initiation 0.20 [18]

Share of patients that do not require an in-person 
sleep lab follow-up under telemonitoring 0.75 [19]

Abbreviations: APAP – auto PAP; OSA – obstructive sleep apnea; PG – polygraphy; 
PSG – polysomnography 
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OBJECTIVE
The primary objective of this study was to assess the
economic impact of introducing APAP with TM in the home
of the patient for PAP initiation and therapy follow-up from a
German payer perspective.
The secondary objective was to assess the environmental
impact in terms of CO2 footprint of changing the patient
pathway from a sleep lab-centered strategy to a mainly
home-based strategy.

RESULTS
In the base case 80% of patients were eligible for APAP
initiation at home and 75% of patients were followed-up by
TM without additional visit to the sleep lab. Mean total costs
per patient were 1,103 € in the SOC pathway and 562 € in
the APAP + TM pathway (delta: 541 €; 49% reduction).
Costs included differential diagnostics, therapy initiation,
follow-up at six months after therapy initiation and full-
service fee for PAP/APAP device provision. On the cohort
level, total costs were 877,193 € for APAP + TM and
1,721,475 € for SOC (delta: 844,079 €; 49% reduction).
CO2 footprint for visits to the sleep lab was 3.65 kg for the
SOC pathway and 1.51 kg for the APAP + TM pathway
(delta: 2.14 Kg; 59% reduction). On the cohort level, total
CO2 footprint was 5,696.17 kg for SOC and 2,363.45 kg for
APAP + TM (delta: 3,331.92 kg; 59% reduction).
The cohort level represents total costs and CO2 footprint for
diagnosis and initial six months of therapy for newly
suspected and subsequently PAP treated OSA patients per
year of a typical German sickness fund.
Patient- and cohort-level economic and environmental
results are summarized in Table 3 and Figure 3 A-D.

CONCLUSIONS

Introducing a new patient pathway with APAP and TM in
Germany would be feasible from an economic perspective.
The new pathway would create cost savings of 541 € per
patient, mostly due to saved PSG nights (saving 49% of
SOC total costs) and reduce CO2 emissions by 2.14 kg per
patient due to saved travel for visits to the sleep lab (saving
59% of SOC total CO2 emissions ).

Table 3: Base case economic and environmental model results

Outcome SOC APAP+TM Delta
Total costs, per patient 1,103 € 562 € 541 € 

Total costs, per cohort 1,721,475 € 877,193 € 844,079 € 

CO2 footprint, per patient 3.65 kg 1.51 kg 2.14 kg 

CO2 footprint, per cohort 5,696.17 kg 2,363.45 kg 3,331.92 kg 

Abbreviations: APAP – auto PAP; CO2 – carbon dioxide; kg – kilogram; SOC – standard of care; TM – telemonitoring 
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METHODS CONTINUED
Mean CO2 emissions per kilometer (km) travelled and mean
travel distance to the sleep lab were sourced from German
governmental publications [20,21]. CO2 emissions along the
patient pathway were estimated as a product of mean travel
distance to the sleep lab in km, mean CO2 emission per km
and mean total visits to the sleep lab.
Cost and environmental input variables at the level of
chance nodes of the decision tree are outlined in Table 2.

A cohort of suspected OSA cases undergoing PG and
subsequently eligible for PAP therapy was constructed
based on data from Benjafield et al. [24], the German
Federal Office for Statistics [25] and confidential data on file.
This cohort of 1,561 new PAP eligible patients reflects a
typical German sickness fund population.
Standard roll-back procedure on the decision tree was
conducted to calculate base case economic and
environmental outcomes on the cohort and patient level.

Table 2: Cost and environmental model input variables

Input variable Value Source
Initial PG 109.95 € [20]

Diagnostic PSG 740.64 € [20]

PAP initiation under PSG 740.64 € [20]

APAP initiation at home 20.83 € [20]

In-person follow-up at sleep lab, including full-
service fee for 6 months PAP provision 253.16 € [20,21]

TM follow-up, including full-service fee for 6 
months APAP provision 172.55 € [20,21]

Mean CO2-Emissions per sleep lab visit 1.02 kg [22,23]

Abbreviations: APAP – auto PAP; CO2 – carbon dioxide; kg – kilogram; PG – polygraphy; 
PSG – polysomnography; SOC – standard of care; TM – telemonitoring 
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Figure 1 A-B: Validated SOC and APAP + TM patient pathways
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What was known
• OSA is a highly prevalent chronic sleep disorder [1] associated with major health and social consequences [2]
• In Germany, polysomnography in the sleep lab is required for ini[a[on of PAP therapy [6] and is seen as a bo`leneck in the

treatment pathway
• With the rising prevalence of OSA and the availability of APAP and telemonitoring systems, the tradi[onal sleep lab-centered 

model has been challenged as unnecessarily expensive and inefficient [8-10]

What is new
• This research demonstrates that introducing a new pa[ent pathway with APAP and telemonitoring in Germany would be feasible 

from an economic perspec[ve
• The proposed and evaluated digitally enabled pa[ent pathway has considerable cost-saving poten[al of around 49%
• Finally, the inves[gated APAP and telemonitoring pathway can reduce CO2 footprint by up to 59% and generally increase efficiency 

for providers and pa[ents
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Figure 3 A-D: Model results

Abbreviations: APAP – auto PAP; CO2 – carbon dioxide; kg – kilogram; SOC – standard of care; 
TM – telemonitoring  

Figure 2: Decision tree implemented in Excel
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= APAP+TM Dx (leaf of subtree if OSA is ruled out)

= APAP+TM therapy initiation

= APAP+TM follow-up (leaf of subtree)

Abbreviations:
APAP - auto PAP; Dx - diagnostic;OSA - obstructive sleep apnea; PAP - positive airway pressure; PG - polygraphy; PSG - polysomnography; 
SOC - standard of care; TM - telemonitoring
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