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Abstract

Purpose The aim of the present study was to compare two clinical pathways: the multiple-access outpatient pathway versus
the telemedicine pathway.

Methods The multiple-access outpatient pathway and the telemedicine pathway were both performed with WatchPAT and
implemented in a real-life healthcare scenario, adopting a cost-minimization approach. A cost-minimization analysis was
undertaken to assess the economic impact of the two alternatives. The cost analyses were performed in euros for the year
2021 adopting the patient, the hospital, and the societal perspectives. Given the chosen perspectives, direct medical costs,
direct nonmedical costs, and indirect costs were considered. In addition, a univariate sensitivity analysis was conducted.
Results From a hospital perspective, the telemedicine approach was estimated to cost €49 more than the multiple-access
alternative. Considering the patient perspective, the telemedicine approach was estimated to cost €167 less than the multiple-
access pathway. Considering the societal perspective, the telemedicine approach is estimated to cost €119 less than the
multiple-access pathway.

Conclusion The adoption of telemedicine home sleep apnea testing could improve the efficiency of the healthcare processes
if considering the direct and indirect costs incurred by patients and not only by healthcare providers.
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Introduction

Obstructive sleep apnea (OSA) is a sleep disorder character-
ized by intermittent complete and partial airway collapse,
resulting in frequent episodes of apnea and hypopnea. The
breathing pauses cause acute adverse effects, including oxy-
hemoglobin desaturation, fluctuations in blood pressure and
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heart rate, increased sympathetic activity, cortical arousal,
and sleep fragmentation [1]. The OSA prevalence reported
by population-based epidemiological studies from the USA,
China, Spain, India, Korea, Japan, and Sweden published
between 1993 and 2013 was a mean of 22% (range, 9-37%)
in men and 17% (range, 4-50%) in women. The prevalence
in different studies, ranging from 2003 to 2021 and set in
countries such as the USA, Belgium, and Italy, has increased
with time and OSA in the last studies was reported in 37% of
men and in 50% of women [2, 3]. The differences over time
could be due to different equipment and definitions for the
apnea-hypopnea scoring [2].

OSA has been strongly associated with metabolic dis-
eases, including obesity [4]. As the number of obese people
continues to rise, OSA is becoming increasingly prevalent
[5]. Despite its high prevalence in the general population,
significant undiagnosed disease burden remains. Simple,
widely available, and cost-effective diagnostic capabilities
are needed [6].
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Polysomnography (PSG), the “gold standard” diagnostic
procedure for diagnosing OSA, is scarce, complex, costly,
and resource-intensive. The high cost of attended in-lab PSG
(e.g., equipment, maintenance costs, staff costs, and hospi-
talization) can be a limiting factor and as such has received
increasing attention in literature [7-9]. The advent of home
sleep apnea testing (HSAT) introduced a simple technical
solution for the diagnosis of OSA, with greater accessibil-
ity, lower cost, and reasonable accuracy in subjects without
other sleep or medical comorbidities. HSAT avoids the need
for patients to face long waiting lists for an attended in-hos-
pital PSG [10-12]. Further advantages include the ability to
record data in a natural sleep environment and reduced costs.
The OSA diagnosis could be provided to wide sectors of
the population using home-based techniques[13]. In recent
years, testing for OSA outside of the hospital has become
increasingly common in the USA as well as in the rest of
the world. Development of simplified portable monitoring
devices (PMD), to perform home sleep testing, began in the
1980s and continues today [12]. The preferred terminology
is home sleep apnea testing (HSAT), which denotes that the
devices utilized for this purpose should be used to diagnose
OSA [7].

Currently, patients with suspected OSA can choose
between two different pathways (i.e., multiple-access out-
patient pathway and telemedicine pathway) for sleep apnea
testing. No comparisons between the multiple-access path-
way and the telemedicine alternative have been undertaken.

However, there is published evidence of economic evalu-
ations comparing in-lab sleep apnea testing with HSAT path-
way, aiming to estimate the costs and the cost-effectiveness
of each alternative. Studies have shown that the home-based
pathway is a cost-effective and cost-saving strategy com-
pared with the laboratory-based one.

Therefore, the aim of the present study was to com-
pare two clinical pathways: the multiple-access outpatient
pathway versus the telemedicine pathway, both performed
with WatchPAT and implemented in a real-life healthcare
scenario.

Methods

The WatchPAT device has been utilized in both the multi-
ple-access and telemedicine pathways. It is a HSAT device
that utilizes a signal generated from vascular tone in a
finger (usually the first digit). The WatchPAT (peripheral
arterial tonometry) or WP technology is based on periph-
eral arterial tone signal’s amplitude and rate, oxygen satu-
ration, and actigraphy. The WP provides accurate sleep/
wake and REM/NREM discrimination together with non-
REM categorization into deep and light sleep. In addition,
the WP provides accurate measurements of snoring and
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body position [14]. The device is attached to the patient’s
wrist, like a watch [15]. The WatchPAT is a wrist-worn
ambulatory device that is used to diagnose or screen for
OSA and is categorized as a type 3 monitoring device by
the American Academy of Sleep Medicine (AASM) [16].

The first approach, known as multiple-access HSAT, is
based on multiple-accesses: first the patient undergoes the
diagnostic visit and then goes back to the hospital to get
the machine. The patient then performs the test at home,
return the device for redelivery, and then comes back to
pick up the medical reports.

The second pathway, named telemedicine HSAT, is
characterized by digital health technologies in the context
of sleep recording and medical reports delivery: the patient
receives the testing device directly at home [17].

At the end of both the pathways, a follow-up consulta-
tion is performed. It consists of an interview during which
the medical staff communicate the test results to the patient
and re-assess the patient’s clinical conditions, in light of the
test’s results, in order to formulate the correct diagnosis and
to define further actions to be undertaken. The difference
between the pathways lies in the way the service is delivered.
Particularly, in the telemedicine pathway, the follow-up visit
is delivered to the patients through information and com-
munication technology.

Table 1 summarizes the two different approaches: the
multiple-access pathway versus the telemedicine pathway.

A cost-minimization analysis was undertaken to assess
the economic impact of two alternative home-based sleep
apnea testing pathways, the “multiple-access” versus “tel-
emedicine” approach, in the diagnosis of OSA.

Setting and data sources

The analysis was conducted from January 2021 to May 2021
and took place in Campus Bio-Medico University located in
the south of Rome in Central Italy.

Data on required personnel, the relative hourly wage
and working hours, equipment costs, and outpatient struc-
ture costs were collected from the 2020 accounting files.
Data on the fuel costs and public transport cost as well as
the mean distance to the hospital were obtained from the
selected sources [18, 19]. The individuals’ working hours
and median wage were acquired from the Istituto Nazionale
Previdenza Sociale (INPS) [20] and Istituto Nazionale di
Statistica (ISTAT) [21], respectively.

Effect assumption
The scientific literature has not reported any significant dif-

ferences in terms of health outcomes between the two alter-
natives, thus highlighting a condition of equal effectiveness
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Table 1 .Multlple—access and Multiple-access pathway Telemedicine pathway
telemedicine pathways
Accesses (N) Action Location Accesses (N) Action Location
1 First visit Hospital 1 First visit Hospital
2 Receiving device Hospital - Receiving device Home
- Polysomnography Home - Polysomnography Home
3 Device restitution Hospital - N.A. Home
Follow-up consultation Hospital - Telemedicine Home

follow-up consul-
tation

N, number of patient’s accesses; N.A., not applicable

in the diagnosis of OSA adopting the two approaches [16,
22, 23].

Cost estimation

The cost analyses were performed in euros for the year 2021
adopting the patient, the hospital, and the societal perspec-
tives [24]. The micro-costing method was used to estimate
the costs associated with the two pathways. Given the chosen
perspectives, direct medical costs, direct nonmedical costs,
and indirect costs were considered.

From the patient perspective, direct medical costs
included the outpatient visit out-of-pocket cost and the
potential cost for negative studies requiring additional diag-
nostic investigation. The cost for potential negative studies
was computed weighing the cost for in-lab diagnostic pro-
cedures [25] by the percentage of negative HSAT studies,
retrieved from the scientific literature [26-30]. Direct non-
medical costs were mainly related to travel expenses. It was
assumed that patients traveled to the hospital using their own
private vehicles. The travel cost was estimated considering
the mean distance of individuals to the hospital and the mean
cost of fuel (i.e., petrol, diesel, and liquefied petroleum gas).
Indirect costs referred to the individual temporary loss of
productivity and includes the time spent by patients out of
work on medical leave. The productivity loss was computed
taking into account the individuals’ number of working
hours lost due to medical appointments, the median hourly
wage, and the daily number of working hours.

From the hospital perspective, direct medical costs
included consumables costs, staff costs, equipment costs,
and facility costs. Personnel costs were computed quanti-
fying the actual work time of the staff involved (i.e., one
physician for the telemedicine pathway and one physician
and one health assistant for the multiple-access approach).
Equipment costs were calculated on the basis of the manu-
facturer’s list price (including maintenance costs and taxes).
Facility costs were evaluated considering the administra-
tive costs, maintenance costs, cleaning, water, and electricity

utilities. Facility costs comprised also the potential cost for
negative studies.

Given the nature of this perspective, direct nonmedical
costs and indirect costs were not included in the analysis.

From the societal perspective, being the broadest among
the others, all the above-described costs (i.e., direct medical,
direct nonmedical, and indirect costs) were included [31,
32].

Sensitivity analysis

Sensitivity analysis was used to explore and to illustrate the
impact of parameters uncertainty on study findings [33].

A one-way deterministic sensitivity analysis, from the
societal perspective, appraised the effect of varying various
parameters one at a time while the remaining values were
held at their baseline value.

Both outpatient visit and fuel costs were varied by +50%
while equipment costs were varied by +25%. Individual
hourly salaries were also varied by +50%. The percentage
of negative HSAT studies was varied between the values
reported in the literature (i.e., 13% and 20%).

Results

Table 2 details the costs, from each considered perspective,
comparing the telemedicine alternative with the multiple-
access one.

From a hospital perspective, the telemedicine approach
was estimated to cost €49 more than the multiple-access
alternative. Equipment cost was the most important item
accounting for 63% for the telemedicine alternative and 42%
for the multiple-access pathway.

Considering the patient perspective, the telemedicine
approach was estimated to cost €167 less than the multiple-
access pathway. Travel expenses and temporary productiv-
ity loss were four times higher using the multiple-access
approach with respect to the telemedicine alternative.
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Table 2 Total cost per patient according to different perspectives

Cost component Telemedicine Multiple-access
Hospital perspective

Consumables - 0.09
Personnel 60 62
Equipment 130 65
Facility 38 53
Total cost per patient 228 180
Patient perspective

Outpatient visit 190 130
Potential negative studies 23 23
Travel 31 123
Temporary productivity loss 45 180
Total cost per patient 289 456
Societal perspective

Consumables - 0.09
Personnel 60 62
Equipment 130 65
Facility 38 53
Outpatient visit 190 130
Potential negative studies 23 23
Travel 31 123
Temporary productivity loss 45 180
Total cost per patient 517 636

Costs are expressed in 2021 euros

Taking into account the societal perspective, in the base-
case analysis, the telemedicine approach was estimated to
cost €119 less than the multiple-access pathway.

Both travel costs and costs associated with temporary pro-
ductivity loss were notably larger for the multiple-access
pathway. By contrast, direct medical costs were remarkably

Fig.1 Tornado chart depicting
a set of univariate sensitivity
analyses comparing multiple-
access approach with telemedi-
cine alternative. The vertical
line represents the base-case
cost savings (€119) while Fuel
the tails of each bar show the

changes in cost savings when

singular parameters are varied

Individual Salary/h (TPL)

Cost of Outpatient visit

Equipment

-€200.00
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higher for the telemedicine alternative than for the multiple-
access approach, equaling 44% of the total cost.

From the societal perspective, univariate deterministic
sensitivity analyses were run by varying the equipment
cost by 25%, fuel cost by 50%, outpatient visit by 50%, and
the individual salary per hour by 50%. Figure 1 depicts the
results of the univariate deterministic sensitivity analyses.
The base-case cost saving was most sensitive to changes in
individual hourly salary, fuel cost, and outpatient visit while
it was less sensitive to changes in equipment costs.

Based on the findings, individual hourly salary had the
largest impact on the base-case cost saving, increasing the
cost difference between the two alternatives up to €187.

In addition, reducing the cost of the outpatient visit by
50% raised the cost savings to €148 while an increase of 50%
lead to a smaller cost savings of €88.

A similar result was obtained decreasing the cost of fuel
by 50% with a consequent cost savings of €73 while an
increment of 50% produced a cost savings of €165.

Changes in equipment were similar to the base-case
scenario and savings ranged from €134 to €102 as well as
changes in the percentage of negative HSAT studies charac-
terized by savings equal to the base-case estimate.

Discussion

The study results pointed out that, considering only the hos-
pital perspective, the telemedicine approach was more costly
than the multiple-access pathway. However, also assessing
the patient and the broader societal perspective, the telemed-
icine alternative was likely to be a cost-saving approach.
Findings from the cost-minimization analysis were
explored and confirmed by one-way deterministic sensitivity

-€ 160.00 -€ 120.00 -€ 80.00 -€40.00

High Value mLow Value
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analyses highlighting that the telemedicine approach was a
cost-minimizing pathway in all the assessed scenarios.

From a public health point of view, one can assume that,
given the high epidemiological prevalence of OSA [2], the
implementation of telemedicine approach should be pro-
moted to allow the large share of patients who would benefit
from this less costly and more easily accessible diagnostic
tool.

The combination of study findings provides support for
another implication. Since from a merely hospital perspec-
tive it is not cost-efficient to adopt the clinic pathway for
the OSA diagnosis, decision-makers should adopt, from a
perspective of public health, health policies to promote the
adoption of this clinical pathway on behalf of the individual
and population health. At the current time only 4% [7] of
individuals are diagnosed with OSA.

Furthermore, the described comparison is of fundamental
importance, not only from an economic point of view, but
especially in light of the ongoing pandemic. The COVID-19
pandemic fuels the need for implementation of telemedicine
in clinical practice mainly to prevent unnecessary traveling
and face-to-face consultations of patients with a consequent
reduction in exposure time, a decrease in infection risk,
and in the provision of clinical capacities for COVID-19
patients [34-36]. In particular, the decrease in infection risk
is achieved both by limiting the number of time patients
access the hospital and by the use of disposable devices,
with a much higher degree of safety with respect to devices
in need of disinfection.

The findings of the present research must be considered
in light of the study’s weaknesses and strengths. First of
all, the advantages of home-based sleep apnea testing in the
OSA diagnostic pathway are still debated [13, 37-40]. How-
ever, the HSAT method is widely adopted in the scientific
literature [41].

The temporary productivity loss was not stratified by age
classes. Travel costs were not stratified by individuals’ dis-
tance to the hospital. Notwithstanding, the estimation of the
temporary productivity loss was based on a robust meth-
odology and assuming that patients were in working age
[42—-44], while the calculation of travel costs was based on
mean distance. An additional limitation of this study was
that the share of patients with comorbidities, requiring an
in-lab approach, was not taken into account.

Further studies investigating differences in terms of
health outcomes, besides assessing costs, between the two
alternatives are required. Additional research is required
to provide robust Health Technology Assessment reports,
based on the EUnetHTA Core Model [45], investigating all
the relative domains.

Conclusions

Study results showed from a patient and societal perspec-
tive that the telemedicine HSAT is a cost-minimizing
approach, highlighting that the adoption of this diagnostic
tool may improve the efficiency of healthcare processes if
considering the direct and indirect costs incurred by patients
and not only by healthcare providers.

However, further medico-economic evaluations of
these technologies are needed in order to validate these
findings before wide dissemination of the process can be
implemented.
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