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Abstract

Purpose of Review We expect an increased pressure of treating residual sleepiness in parallel with the introduction of novel
wakefulness-promoting drugs to the European market. Our purpose is to review the literature on longitudinal management
of treatment-resistant obstructive sleep apnea (OSA) and on this background to propose a management plan for this patient
group focusing on both reduction of cardiovascular risk and relief of symptoms.

Recent Findings Most OSA literature focuses on primary diagnostics and primary or secondary treatment options in unstrati-
fied clinical populations. In this review, we focus on longitudinal management of treatment-resistant OSA described in recent,
key publications. Moreover, we identified future diagnostic trends that also may be of clinical importance in this patient
group. Finally, based on this background, we propose a standardized approach to secondary diagnostics and treatment deci-
sions in treatment-resistant OSA based on a novel decision-aid tool.

Summary Limited literature was found on the longitudinal aspects of OSA treatment. Based on this background, a standard-
ized management plan for treatment-resistant OSA and a shared decision-aid tool is proposed. The management plan focuses

on both stabilization of the upper airway and relief of symptoms.

Keywords Sleep apnea - Precision medicine - Shared decision-making - Positive airway pressure - Non-adherence

Introduction

Obstructive sleep apnea (OSA) is highly prevalent and asso-
ciated with an increased risk of cardiovascular disease, day-
time sleepiness, and nighttime awakenings [1, 2]. Today, the
most effective primary treatment option is a combination of
lifestyle changes and stabilization of the upper airway by
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positive airway pressure (PAP) [2]. However, at least one in
four patients does not accept PAP [3, 4]. Moreover, resid-
ual sleepiness is frequent both in PAP users, non-adherent
patients, and patients treated with non-PAP therapies [, 6].
Dr. Rosenberg and co-workers have recently proposed a flow
chart ending with pharmacotherapy in cases with excessive
daytime sleepiness [6]. We anticipate that wakefulness-pro-
moting drugs will be marketed as viable treatment options
in unstratified patient populations with residual symptoms
regardless of the stability of the upper airway. Long-term
effects of therapy with wakefulness-promoting drugs alone
or in combination with partial stabilization of the upper air-
way is unknown [7].

Recently, the United States (US) Agency for Healthcare
Research and Quality published a report on diagnosis and
treatment of obstructive sleep apnea in adults [8]. This com-
prehensive report addresses central key questions on primary
diagnosis and treatment. However, drug therapy aiming
solely to remove sleepiness was not included in the review.
Moreover, there is sparse focus on the longitudinal manage-
ment of treatment-resistant OSA in the report. Accordingly,
the aim of this narrative review is to present a longitudinal
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perspective on the management of treatment-resistant OSA.
Furthermore, on this background, we aim to propose a man-
agement plan for this patient group focusing on both reduc-
tion of cardiovascular risk and relief of symptoms.

A Longitudinal Perspective

The Balk report raises key questions related to the diag-
nosis of OSA, phased testing, preoperative screening, and
screening in other populations [8]. In a longitudinal perspec-
tive, the patient is already diagnosed when seeking advice
for treatment failure. The diagnostic strategies per se are
therefore of less interest in this perspective. However, there
are some important aspects of the diagnostic process that
are also relevant for longitudinal management of treatment-
resistant OSA:

1. The American Academy of Sleep Medicine (AASM) is
working on a revision of the International Classification
of Sleep Disorders, third edition (ICSD-3) [9] and there
is an ongoing discussion regarding the use of a 3% or a
4% desaturation threshold for hypopnea classification in
type III devices both in the AASM and in the European
Respiratory Society (ERS) [10, 11].

2. In addition to diagnostic issues raised in the Balk report,
we have identified “Beyond apnea hypopnea index
(AHI)” initiatives both in Europe and in the USA [12,
13, 14]. Essential for this approach are large studies
using artificial intelligence such as the “Sleep Revolu-
tion” project in Europe [15].

3. Longitudinal cohort studies with cardiovascular outcomes
are needed to compare diagnostic performances of both
electrophysiological and serum-based biomarkers [16].

4. Introduction of level II devices that can be used in a
home setting for consecutive nights. This technology is
still new, but companies such as Nox medical (Sleep
Diagnostics - Sleep Monitoring Devices - Nox Medi-
cal), Onera Health (Onera (onerahealth.com), Bitbrain
(Advanced neurotechnology | Bitbrain), and Cerebra
(Cerebra - Putting the Sleep Back Into Sleep Medicine)
are developing diagnostic solutions. Moreover, several
companies are developing diagnostic medical devices
with untraditional designs. Among these are Sleepiz
(Explore our solutions | Sleepiz.com) and Vital things
https://www.vitalthings.no/.

5. The longitudinal use of only 1-2 sensors, as in a level [V
device, has the potential to provide diagnostic information
of clinical utility not mentioned in the Balk report [17, 18].

6. Phenotyping: This approach has developed rapidly in the
last ten years both based on small physiological experi-
ments and cluster analysis of large data sets [19, 20, 21].
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Large databases promise opportunities for future arti-
ficial intelligence (Al)-based research. In Europe, the
European Sleep Apnea Database (ESADA) offers data
collected with a primary clinical purpose. In the USA,
the National Sleep Research Resource (NSRR) also
offers research possibilities for Al-based approaches.
Also, the Sleep Apnea Global Interdisciplinary Consor-
tium (SAGIC) is a promising source for future academic
research.

Beyond diagnostic approaches, the most vivid discus-
sion related to treatment in the field of sleep medicine
is related to daytime symptoms. Several studies have
assessed the effect of PAP treatment in patients with
asymptomatic OSA and established cardiovascular dis-
ease, and the results have been disappointing [22, 23, 24,
25]. It has therefore been argued that treatment should be
personalized and based on a phenotypic approach empha-
sizing the role of daytime sleepiness and combination
therapy [26, 27].

Another proposed model for treatment decisions in
OSA is the “three-dimensional model” [28]. In 2018,
based on this model, a European working group pre-
sented the Baveno classification. This classification goes
beyond conventional measures of OSA severity, and the
multicomponent grading system combines symptoms and
impact on the cardiovascular and metabolic systems [28].
The model was evaluated in 2021. Dr. Randerath and co-
workers conclude that the Baveno classification “allows
a better stratification of the OSA population and may be
a better guidance for therapeutic decisions in OSA” [29].
However, it has also been documented that OSA patients
without symptoms and established cardiometabolic signs
not treated with PAP evolve to a higher Baveno class with
time [30].

Finally, not all OSA patients tolerate primary treat-
ment with PAP. Non-PAP or secondary therapies for OSA
have been claimed to be less effective than PAP [31].
However, the Balk report did not find significant dif-
ferences in effectiveness between PAP and mandibular
advancement devices (MADs) or PAP and surgical inter-
ventions [8]. In our experience from Europe, the most
frequently used secondary treatment options are MADs
or tonsillectomy with or without pharyngoplasty [32].
The indication for tonsillectomy is limited to patients
with hypertrophy of the tonsils defined by the Friedman
classification or similar [33]. Unfortunately, there is a
high proportion of patients failing to experience relief of
symptoms by these, and other non-PAP therapies when
administered in unstratified populations [31]. Patients in
this situation can be said to be treatment resistant and in
need of an integrated or tertiary treatment decision [34].
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Standardized Management
of Treatment-Resistant OSA

We have identified relevant literature on primary diagnos-
tics and treatment of OSA. Gaps in the literature were found
regarding longitudinal management of treatment-resistant dis-
ease. In the following, we will propose a novel strategy based
on the principles of shared decision-making (SDM).

The concept of SDM was proposed more than three decades
ago and has been adopted in large parts of clinical medicine
[35]. However SDM is in little use in sleep medicine [36]. In
SDM, information from the clinician and the patient is regarded
as different but of equal importance [37]. The concept of SDM
can be learned in brief training sessions [38]. Moreover, a deci-
sion-aid tool has been developed for sleep apnea [39]. Unfor-
tunately, also this tool has gained little popularity in the sleep
medicine field. In the following, we propose to explore patient
perspectives along the axes of the Baveno classification [28, 29].

The Baveno classification, introduced in 2018 by an ad hoc
European work group meeting in the city of Baveno, consid-
ers an x-axis of symptoms such as sleepiness, hypersomnia,
impaired vigilance, and insomnia. y-axis is designed to capture
signs of end-organ impact or comorbidity [28]. We will in the
following discuss each axis in relation to SDM.

The Symptom Axis

In treatment-resistant OSA, the initiatives reviewed above seek
to narrow the population defined by revised diagnostic criteria
[10, 11]. The consequences of such efforts in a longitudinal
perspective will be that future patients will be fewer and have
less comorbidities and more measurable obstructive events.
However, we will emphasize that it has been known for dec-
ades that obstructive events only explain a minor part of symp-
toms in OSA [40]. Disorders such as anxiety, depression, or
somatoform pain are tenfold more strongly related to daytime
sleepiness than respiratory events in a general population per-
spective [41]. Our literature review also identified several strat-
egies to identify measures “beyond the AHI” that are stronger
related to symptoms than the AHI. However, the clinical utility
of such novel measures cannot be evaluated before predictive
properties have been evaluated in longitudinal cohort studies.
Accordingly, clinicians exploring patient perspectives on the
symptom axis should consider to explore aspects of emotional
state and personality traits.

The Cardiovascular and Cognitive Health Axis

The concept of risk prediction modeling is a complex task
for clinicians. Accordingly, we searched the medical litera-
ture for validated risk prediction tools. In the field of sleep
medicine, there is a strong focus on electrophysiological

biomarkers derived from polysomnography or polygraphy
while serum-based biomarkers and general risk calculators
are mostly neglected [16]. In the cardiovascular literature,
we identified validated, standardized risk prediction tools
such as the SCORE2 algorithm [42]. This tool calculates a
percentage scale based on the use of serum-based measure-
ments of total and high-density lipid (HDL) cholesterol and
traditional risk factors such as age, sex, smoking status, and
systolic blood pressure.

We also identified an updated American Heart Associa-
tion presidential advisory on cardiovascular health [43].
The article presents a clear strategy for the identification of
eight domains, including sleep. The life’s essential 8 score
includes a broader concept of sleep beyond the AHI and
other electrophysiological biomarkers. This is an advantage
when exploring patient perspectives such as sleep hygiene,
circadian rhythm, and positional OSA. Moreover, the life’s
essential 8 is designed for SDM with a possibility on focus-
ing on single health behaviors such as diet, physical activity,
and nicotine exposure in addition to sleep.

Finally, cognitive decline is related to in particular oxy-
gen variables in OSA, and perspectives on this non-cardio-
vascular outcome may also be explored on this axis [44, 45].

In summary, more than one risk calculator or heuristic
may be used as a fundament for SDM on the cardiovascular
and cognitive health axis. However, in line with the saluto-
genic model originally proposed by Aron Antonovsky, we
find it highly intriguing to explore patient perspectives on
cardiovascular and cognitive health rather than risk [46].

Premises for Precision Medicine

The identified literature on treatment also focused mostly
on primary or secondary treatment options and adherence to
such strategies [8, 31]. The studies we identified on tertiary
treatment focused on surgery and pharmacological treatment
respectively [6, 34]. Hence, in the following, we propose a
clinical approach based on a modified Baveno classification
(Fig. 1) and standardized paths for tertiary treatment deci-
sions [36, 37].

The modified Baveno classification should be discussed
with the patient within the framework of SDM. Regard-
ing cardiovascular and cognitive health, the SCORE?2 is
currently the most validated risk prediction tool [42]. The
SCORE?2 estimates the risk of having a major adverse car-
diovascular event (MACE) over 10 years in percent. A per-
centage scale can be explored with the patient as a visual
analogue scale. Moreover, the SCORE?2 is dependent on
information regarding age, smoking status, systolic blood
pressure, and total and HDL cholesterol, and a score can
easily be obtained from web-based calculators. The accept-
able 10-year risk of a MACE may differ from patient to
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Fig. 1 Modified Baveno decision-aid tool for use in clinical practice:
A-D are classified based on perceived symptoms and patient perspec-
tive of acceptable 10-year risk of cardiovascular events

patient. When properly validated, the “life’s essential 8
score” or other validated risk calculators may be used
instead if preferred by individual clinicians.

On the x-axis of the modified Baveno decision-aid tool,
we propose to replace the use of an Epworth Sleepiness
Scale [47] with a visual analogue scale on symptoms in
general. Symptoms in OSA are more than sleepiness, and
the individual level of acceptance varies. Thus, our modified
Baveno decision-aid tool introduces an opportunity for both
the clinician and the patient to discuss acceptable risk and
symptom load in accordance with the principles of SDM.

In addition to the minimum information needed for cal-
culating SCORE?2, a patient history and a blood sample, we
recommend a more comprehensive and standardized second-
ary diagnostic approach before a tertiary treatment decision
(Fig. 2).

First, we recommend the use of a consensus sleep diary
[48, 49]. The sleep diary has the potential to identify
patients with OSA that have comorbid insomnia (COMISA).
COMISA has recently been identified as an independent pre-
dictor of mortality in OSA patients [50]. Moreover, a sleep
diary may provide indirect information regarding patient
self-efficacy [51]. If the patient cannot complete a sleep
diary for two weeks, then advanced exercises or lifestyle pro-
grams are probably not suitable treatment decisions. Finally,
a sleep diary also gives the OSA patient a “bird perspective”
on related symptoms that may be useful in the discussion
about daytime sleepiness as described above.

Secondly, we propose to perform an otorhinolaryn-
gology examination and eventually a drug-induced sleep
endoscopy (DISE). Recently published French guidelines
present good guidance for when to consider DISE [52].
DISE is scored according to the pattern of collapsibility
assessed by the velopharynx-oropharynx-tongue base and
epiglottis (VOTE) classification [53]. The examination is
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Pap
Lifestyle and/or positional therapy
Mandibular advancement therapy
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Sleep diary and blood samples
Clinical examination by an Otolaryngologist
Modified Baveno decision-aid tool

(Diagnostic sleep endoscopy)
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Combination therapy
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Advanced surgery Nasal surgery and/or

Drug therapy Treatment of co-morbid
General lifestyle therapy insomnia and sleep apnea

Mpyofunctional therapy (COMISA)

Fig.2 Integrated model for standardized secondary diagnostics and
tertiary treatment in moderate to severe sleep apnea, non-acceptable
symptoms, and non-acceptable risk of major adverse cardiovascular
event (MACE). COMISA, comorbid insomnia and sleep apnea

resource-demanding but has been shown to be of great
value when planning advanced surgical treatment such as
hypoglossal nerve stimulation [54]. Moreover, the VOTE
score does provide valuable information regarding the pat-
tern of collapsibility that is crucial for surgical planning.
Note that patients with severe tonsillar hypertrophy, based
on clinical examination, are recommended tonsillectomy
rather than DISE [52].

At last, our proposed modified Baveno decision-aid tool
raises the possibility of discussing the patient’s perspective
on acceptance of cardiovascular and cognitive risk/health
and symptoms. A recent qualitative paper identified lack of
focus on the patient perspective as a limitation to shared
decision-making in a sleep medicine setting [36]. Accord-
ingly, the tool may provide a framework for the identification
of patients willing to actively cope with OSA. Active cop-
ing strategies may include treatment with positional devices
[55], myofunctional exercises [56], or actively modifying
other health behaviors than sleep [43].

Tertiary treatment options after a standardized sec-
ondary investigation are seen in Fig. 2. We propose two
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main pathways: In pathway IIla, an otorhinolaryngologist
should be consulted for combination treatment to dis-
cuss surgery, and an internal medicine specialist should
be consulted if combinations with pharmacotherapy are
considered. Also “two primary therapies” may be consid-
ered, such as the combination of PAP and MAD. The fol-
lowing procedures are classified as “Advanced surgery”:
Multi-level intrapharyngeal surgery [57], hypoglossal
stimulation [58], and extrapharyngeal surgery [34, 59,
60]. For a review of the literature on drug therapy in
OSA, we refer to Hedner and Zou or Rubino, Greenway,
and co-workers [7, 61]. Finally, patients with self-effi-
cacy to complete a sleep diary for two weeks and vocal-
ize a clear motivation for training during SDM should be
offered active treatment options. The effect of a general-
ized active treatment such as exercise or weight reduction
or focused muscle therapy such as myofunctional therapy
remains to be established. However, the side effects of
such treatment approaches are minimal [31]. For more
information on myofunctional therapy, we recommend a
Cochrane review from 2020, recent narrative reviews by
Nokes, Schimickl and co-workers, Koka, De Vito, and
co-workers, and a narrative review presenting the “Sleep
Revolution” project [15, 56, 62, 63].

The pathway IIIb includes echocardiography if
Cheyne-Stokes respiration is identified [64]. Nasal sur-
gery should also be considered as part of pathway I1Ib if
a nasal blockage prevents the use of PAP [65]. Moreover,
treatment of COMISA, in sleep-onset insomnia, should
be considered prior to a new attempt of PAP therapy [66].

Conclusion

Limited literature was found on longitudinal management
on treatment-resistant OSA. Based on this literature, we
propose a standardized secondary diagnostic protocol fol-
lowed by using a shared decision-aid tool based on the
Baveno classification. The management plan proposed
focuses on patient perspectives on acceptable cardiovas-
cular risk and acceptable symptoms.
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