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Obstructive sleep apnea (OSA) is a common disorder. Its prevalence is

increasing worldwide, partially due to increasing rates of obesity, and OSA has

a well-documented impact on physical health (increased risk of cardiovascular

and metabolic disorders) and mental health, as well as major socioeconomic

implications. Although continuous positive airway pressure treatment (CPAP)

remains the primary therapeutic intervention for moderate to severe OSA,

other treatment strategies such as weight loss, positional therapy, mandibular

advancement devices (MAD), surgical treatment, myofunctional therapy of upper

airways (UA) muscles and hypoglossal nerve stimulation are increasingly used.

Recently, several trials have demonstrated the clinical potential for various

pharmacological treatments that aim to improve UA muscle dysfunction, loop

gain, or excessive daytime sleepiness. In linewith the highly heterogeneous clinical

picture of OSA, recent identification of di�erent clinical phenotypes has been

documented. Comorbidities, incident cardiovascular risk, and response to CPAP

may vary significantly among phenotypes. With this in mind, the purpose of

this review is to summarize the data on OSA phenotypes that may respond to

pharmacological approaches.
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1. Introduction

Obstructive sleep apnea (OSA) is a common medical disorder that is due to total or

partial pharyngeal collapse and temporary upper airway (UA) obstruction during sleep,

resulting in recurrent episodes of apnea or hypopnea. Due to increasing rates of obesity and

to the aging of the population, the prevalence of OSA is increasing, affecting about 30%

of men and 13% of women in Europe (Heinzer et al., 2015). Factors associated with OSA,

such as intermittent hypoxia (IH), oxidative stress, systemic inflammation, sympathetic

activation, respiratory efforts, and sleep fragmentation can provoke cardiometabolic

conditions. In particular, OSA is an independent risk factor for cardiovascular disorders,

such as hypertension (HT), arrhythmia, coronary heart disease, and stroke (Marin et al.,

2005; Mehra et al., 2009; Arzt et al., 2017), and some metabolic disorders (e.g., diabetes

mellitus, disorders of lipid metabolism) have also been shown to be associated with OSA

(Tamura et al., 2008; Lam et al., 2010). Themainstay of OSA treatment is continuous positive

airway pressure (CPAP), but numerous other treatments have also been demonstrated to

be effective in well-selected patients such as mandibular advancement devices (MAD),

positional therapy (PT), UA and maxilla-mandibular surgery (Gottlieb and Punjabi, 2020;

Gambino et al., 2022), myofunctional therapy of UA muscles (Carrasco-Llatas et al., 2021),

electrical stimulation and hypoglossal nerve stimulation.
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Diagnosis of OSAS (OSA syndrome) is based on criteria that

indicate the presence of obstructive respiratory events through

measurement of a combination of symptoms, comorbidities, and

poly(somno)graphic [P(S)G] recordings (American Academy of

Sleep Medicine, 2014). The preferred reference diagnostic method

is in-lab PSG (Gambino et al., 2022), but home sleep testing (PG)

can also be used for OSA diagnosis in patients who have a high

probability ofmoderate-to-severe OSA based on pre-test evaluation

(American Academy of Sleep Medicine, 2014).

In order to express the severity of OSA, obstructive AHI values

of 5–14, 15–29, and >30 are used to define mild, moderate, and

severe OSA, respectively. However, AHI is poorly correlated with

the severity of clinical symptoms (Pevernagie et al., 2020), despite

the fact that there is a linear relationship between AHI and HT

(Peppard et al., 2000) and AHI correlates with overall mortality in

OSA patients (Kendzerska et al., 2014). The use of AHI metrics is

now controversial, given the limitations associated with them (first-

night effect, night-to-night variability, over- or under-estimation of

events depending on the sensors used and definitions of hypopnea).

Hypoxemia appears to better reflect the impact of OSA on the

occurrence of cardiovascular andmetabolic comorbidities. A recent

systematic review concludes that oxygen desaturation index (ODI)

(value of 4%) >15 events/h should be considered as the cut-off

for diagnosing OSA with a specificity from 75 to 98% and positive

predictive value of 97% (Rashid et al., 2021).

There is also significant heterogeneity in the clinical picture

of OSA. In the last decade, different clinical phenotypes have

been identified, highlighting clusters of OSA with different

symptomologies and comorbidities, despite similar AHI on PSG

(Zinchuk and Yaggi, 2020). Indeed, pathophysiological processes

generated by obstructive events can vary among patients (e.g.,

IH, sympathetic activation, systemic inflammation, oxidative stress,

sleep fragmentation, and respiratory efforts) and can lead to a wide

range of symptoms and comorbidities.

An OSA phenotype thus refers to a category of patients with

OSA that can be distinguished from others by a single disease

feature, or a combination of disease features, in relation to clinically

meaningful attributes such as symptoms, P(S)G characteristics

(hypoxemia, AHI), response to therapy, comorbidities, and

incident cardiovascular disorders (Zinchuk et al., 2017). A

summary of OSA clinical phenotypes is illustrated in Figure 1.

In addition, underlying pathophysiological traits leading to these

different clinical phenotypes are described as “endotypes” and can

be of importance for guiding response to therapy (Light et al.,

2019). Anatomical factor is undoubtedly the main cause of OSA.

Narrowed and/or collapsible UA during sleep are responsible for

the occurrence of respiratory events in the majority of patients,

which explains why most existing therapies for OSA are geared

toward reversing the anatomical problem (e.g., CPAP, MAD, UA

surgery,. . . ). However, in addition to impaired UA anatomy, other

factors contribute to the different endotypes of OSA (Eckert, 2018).

The PALM classification is typically used to describe OSA

endotypes based on dynamic factors that have been implicated

in OSA occurrence. P stands for critical pressure, A for arousal

threshold, L for loop gain, and M for muscle recovery (Bosi et al.,

2020). The “P” of the PALM classification refers to the anatomic

collapsibility reflected by the critical occlusion pressure (Pcrit).

Deposition of fat in the UA and abdomen (reduced lung volume)

increases anatomic collapsibility. Snoring and repeated pharyngeal

depressions during obstructive events lead to chronic inflammation

of the soft tissue, reducing the diameter of the UA and increasing

anatomic collapsibility. Collapsibility is also increased in the supine

position with rising of the diaphragm, and backdrop of the jaw and

tongue. Pcrit is not routinely measured but can be assessed during

a CPAP trial and PSG, by reducing the CPAP levels with the aim of

determining the pressure at which the UA occludes.

The “A” in the PALM classification is the arousal threshold

(AT) which is defined as the level of inspiratory effort at

which obstructive events terminate with an arousal from sleep.

If all of the mechanisms successfully achieve UA patency and

sustainable ventilation, an arousal from sleep may not be required

to support ventilation. The threshold required to achieve UA

reopening (associated with sustainable ventilation) is defined as

the threshold of effective recruitment (Ter). The arousal at the

end of an obstructive event occurs when the AT < Ter or when

hyperventilation follows UA reopening (stimulation of arousal

center). A low AT causes sleep fragmentation, and ventilatory

and pharyngeal muscular instability, promoting obstructive event

recurrence and excessive daytime sleepiness (EDS).

The “L” in the PALM classification refers to the loop gain (LG),

or ventilatory control, and includes three components including the

control component, via chemoreceptors, the exchange component,

via the lungs, and the connection component, via the blood

circulation. LG is performed by two mechanisms: control gain

and plant gain. The first refers to the degree of response of the

respiratory system to the change in PaCO2. Plant gain refers to

the ability of the respiratory system to respond to a reduction in

CO2 by ventilation. LG > 1 (high control gain) is related to a

(hyper-)sensitive system, leading to excessive ventilatory response

(periodic breathing), and LG < 1 is associated with a more

stable ventilatory system. Currently, the reference methods for

assessing LG require an overnight stay in a specialized physiology

laboratory with hypoxic/hypercapnic gas administration or CPAP

manipulation. Messineo et al. (2018) proposed the breath-holding

maneuver as a cost-effective and easy daytime test to identify high

LG in OSA patients.

The “M” in the PALM classification refers to muscular UA

gain. Several muscles are responsible for UA patency including the

muscles that regulate the position of the hyoid bone (geniohyoid

and sternohyoid), muscles of the base of the tongue (mainly

the genioglossus), pharyngeal constrictors, and muscles of the

soft palate (tensor and elevator palatini). The genioglossus is the

main dilator muscle of the UA. Its most important functions

are tongue depression and protrusion. The muscle is innervated

by the medial branch of the hypoglossal nerve, decreasing its

activity during expiration and increasing it during inspiration.

Increasing the activity of this muscle and preventing hypotonia

during sleep are OSA treatment targets, as is the recently developed

hypoglossal nerve stimulation. Conventional electromyography

(EMG), performed with needles, is the traditional method for

identifying hypotonic patients, but it is invasive and impractical

for routine clinical use. Transmembraneous EMG, the Iowa Oral

Performance Instrument (IOPI), the Tongue digital spoon (TDS),

OMES (Orofacial Myofunctional Evaluation With Scores) and
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FIGURE 1

Summary of OSA clinical phenotypes and phenotypes likely to benefit from pharmacological approaches that target AT, LG, UA muscles. BMI, body

mass index; PSG, polysomnographic; CPAP, continuous positive airway pressure; EDS, excessive daytime sleepiness; NA, not assessed; CVD,

cardiovascular disease; AT, arousal threshold; LG, loop gain; UA, upper airways.

the extended OMES protocol are simple, affordable, non-invasive

methods that allow repeated measurements over time to identify

“M” patients (O’Connor-Reina et al., 2023).

Approximately 20% of OSA patients have high anatomic

collapsibility and 80% have an association between anatomic

disharmonies and anomalies in AT/muscle responsiveness/LG

(Eckert, 2018).

PALM 1 (23%) represents very high UA collapsibility (Pcrit >

2.5 cm H2O). In this case, weight loss, PT, MAD, CPAP, and UA

surgery are the first-line treatments (anatomical treatment).

PALM 2 (57%) represents an intermediate collapsibility (Pcrit

between +2.5 and −2.5 cm H2O). The patients of subgroup

2a (no major non-anatomical impairment) are candidates for

anatomical treatment, see PALM 1. The patients of subgroup 2b

(one or more non-anatomical impairments) are candidates for a

combination of anatomical and non-anatomical treatments (e.g.,

drugs, hypoglossal nerve stimulation).

PALM 3 (19%) represents a low UA collapsibility (Pcrit <

−2.5cm H2O) with a therapeutic level of CPAP ≤ 8 cm H2O.The

treatment for these patients includes non-CPAP treatment options:

weight loss, MAD, oxygen, and drugs targeting the LG or the AT.

To summarize, we can expect that PALM 2b and three patients,

suffering mainly from non-anatomical impairments, are likely to

respond to treatments that lead to an increase in UAmuscle activity

or AT, or to a decrease in LG (Eckert, 2018). These treatments

can be offered by pharmacological approaches. Other targets for

pharmacological treatment are symptoms, particularly EDS. This is

the main symptom of OSAS and can be difficult to alleviate despite

an adequate anatomical or non-anatomical specific OSA treatment.

2. Pharmacological approaches in OSA

Pharmacological attempt to treat OSA is not recent. In 2019,

Gaisl et al. (2019) performed a systematic review and network

meta-analysis on the topic, including 44 drugs studied in 58

RCT. Results were very disappointing since most trials were not

adequately powered. Only acetazolamide was shown to reduced

AHI significantly. Authors summarized very nicely all the potential

targets for experimental pharmacological treatments in OSA. They

also emphasized that pharmacological treatments were mostly

“add-on” rather than “stand-alone” treatments as the largest

reduction in AHI was observed in mild to moderate OSA. Since

this analysis, new positive studies have been published, including

more severe patients, providing a better understanding of effective

therapeutic targets. The diverse types of drugs, acting on different

pathophysiological targets, are summarized in Figure 2.

2.1. Targeting loop gain

To counter hypersensitive ventilatory control, acetazolamide,

a carbonic anhydrase inhibitor that produces metabolic acidosis

leading to increased baseline ventilation, has been studied in
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FIGURE 2

Targets of pharmacological treatments in OSA.

OSA (Edwards et al., 2012). Thirteen randomized controlled

trials (RCTs) were recently pooled in a meta-analysis and

systematic review that concluded that the drug was associated

with an AHI decrease of 14/h and greater efficacy at higher

dosages, up to 500 mg/day (Schmickl et al., 2020). Study

durations were generally very short, with a median of 6

days, and efficacy was similar for central and obstructive sleep

apnea disorders.

More recently, the carbonic anhydrase inhibitor, sulthiame, has

been studied in an RCT conducted in 68 patients with moderate

and/or severe OSA who could not tolerate CPAP treatment

(Hedner et al., 2022). The drug, administered for 4 weeks, reduced

AHI from 55.2 to 33.0 events/h (−41.0%) in the 400-mg group

and from 61.1 to 40.6 events/h (−32.1%) in the 200-mg group.

Sulthiame reduced AHI by more than 20 events/h, one of the

strongest reductions achieved in a drug trial in OSA (Hedner et al.,

2022).

2.2. Targeting arousal threshold

During obstructive respiratory events, the amount of

respiratory effort can vary greatly between individuals and

according to sleep stage. Respiratory event-related arousals induce

breathing instability, such that a low AT has been shown to

be an important predictor of OSA severity (Dutta et al., 2021).

Hypnotics (benzodiazepines and Z-drugs) usually target the

GABAergic system (GABA-A receptor agonists) and depress the

central nervous system (CNS), promoting sleep. Initial studies

with benzodiazepines reported an increase in hypoxemia and

respiratory event duration in OSA, related to CNS depression and

myorelaxation, but these studies were performed in very severe

OSA with marked nocturnal hypoxemia (Berry et al., 1995). Since

these observations, numerous publications have been written

on the subject, highlighting a decrease in AHI in some OSA

patients, especially those without severe hypoxemia and with low

to moderate AT (Carter and Eckert, 2021). In one RCT on 21

patients, 10mg zolpidem was found to increase AT, but also to

promote a positive effect on OSA by stimulating genioglossus

activity during sleep (Carberry et al., 2017). However, the sample

size in the Z-drugs studies was very small and the drugs were used

generally for only 1–2 nights. Contradictory results were obtained

with trazodone, a tricyclic anti-depressant with hypnotic properties

(Carter and Eckert, 2021).

Recently, an RCT was conducted with pimavanserin in 18

OSA patients. Pimavanserin is an anti-serotoninergic capable

of suppressing CO2-mediated arousals without affecting the

respiratory motor response in animal models. Results were

disappointing for the group as a whole, but a subset of patients

exhibited an increase in AT and a small decrease in OSA severity

(Messineo et al., 2022).

2.3. Targeting upper airway dilating muscles

At the level of the UA muscles, two important phenomena

contribute to UA collapse: sleep-related withdrawal of endogenous

noradrenergic drive is a major cause of genioglossus hypotonia

during non-rapid eye movement (NREM) sleep and, in REM sleep,

active muscarinic inhibition induces pharyngeal hypotonia.

Initial studies with noradrenergic agents (e.g., desipramine,

proptyline) led to disappointing results. An RCT designed

to assess the effect of a selective norepinephrine reuptake

inhibitor (atomoxetine) administered in combination with

an antimuscarinic drug (oxybutynin) on OSA severity and

genioglossus responsiveness was performed for one night in 20
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patients, and provided a reduction in AHI of 63% (Taranto-

Montemurro et al., 2019). Interestingly, nine patients received the

drugs separately, and they were ineffective alone. More recently,

the same study group tried the combination of reboxetine (a

noradrenergic agent) and oxybutynin for 1 week in a group of 16

severe OSA patients (Perger et al., 2022). AHI was reduced by 59%,

and the treatment combination was also effective on hypoxemia

and oxygen desaturation index (ODI).

The combination of reboxetine and the anti-muscarinic agent

hyoscine butylbromide was also tried in an RCT that included 12

patients, and demonstrated an interesting reduction in AHI, from

51 to 33/h, related to increased UA patency via muscle activation

(Lim et al., 2021).

2.4. Other targets

One RCT has explored two doses of dronabinol (2.5 and 10mg),

a cannabinoid Type 1 and 2 receptor agonist, on OSA (Carley

et al., 2018). The mechanism of action of these drugs on respiratory

pattern and UA stability remains unknown but seems to be related

to increased vagal afferent activity. Afferent vagal neurons express

a range of somatic receptors, including inhibitory cannabinoid

Type 1 receptors and excitatory 5-HT3 receptors. Activation of

cannabinoid Type 1 receptors would be expected to attenuate apnea

expression, while activation of nodose ganglion 5-HT3 receptors is

likely to increase apnea propensity. In this series of 73 moderate

OSA patients, dronabinol, taken for 42 days, achieved a significant

reduction in AHI (32%) and EDS, opening the door to further trials

(Carley et al., 2018).

3. Alternative approaches: symptom
suppression

EDS is a very common symptom in OSA that can persist

despite CPAP in 6–15% of patients (Pépin et al., 2021). Pitolisant

is a selective histamine H3 receptor antagonist with strong wake-

promoting effects. Pépin et al. (2021) performed a large RCT for

12 weeks in 244 OSA patients currently on CPAP, with increasing

doses of pitolisant, and reported a significant reduction in EDS,

measured by the Epworth Sleepiness Scale (ESS), from 15 to 9.

Pitolisant was also studied in OSA patients who refused or did not

tolerate CPAP (n= 268), with similar results and a very good safety

profile (Dauvilliers et al., 2020).

Solriamfetol, a dual dopamine-norepinephrine reuptake

inhibitor, was studied at different dosages in three RCTs for

persistent EDS in OSA patients, with positive impacts on ESS and

a good safety profile (Wang et al., 2021).

Finally, modafinil and armodafinil, both dopamine reuptake

inhibitors, were extensively studied in RCTs for residual EDS in

CPAP users, or in sleepy OSA patients who refused or did not

tolerate CPAP with a significant decrease in ESS and a good safety

profile (Kuan et al., 2016). However, these medications tend to

be less often used due to an increase in systolic (3.0 mmHg) and

diastolic (1.9 mmHg) blood pressure (Chapman et al., 2016).

A recent networkmeta-analysis (14 RCTs) comparedmodafinil,

armodafinil, pitolisant, and solriamfetol for EDS in both CPAP-

treated or untreated OSA (Pitre et al., 2023). Despite the limitations

related to this kind of statistical model, the authors highlighted

the greater efficacy of solriamfetol, and a higher risk of treatment

discontinuation with modafinil and armodafinil at 4 weeks

of treatment.

Table 1 summarizes pharmacological treatments in OSA.

Globally, the best AHI reduction is obtained

with acetazolamide, atomoxetine/oxybutinine and

reboxetine/oxybutinin. Moreover, these (combination of) agents

are well-tolerated, with no side effects related drug withdrawal,

but caution is called for when analyzing the results, given the

small number of available studies, except for acetazolamide.

Acetazolamide can induce paresthesia, dysgeusia, polyuria and

fatigue while atomoxetine/oxybutinine and reboxetine/oxybutynin

generally lead to headache, urinary hesitation, dry mouth,

palpitation, and insomnia.

For drugs promoting wakefulness, pitolisant and solriamfetol

(300mg) achieves the best balance between ESS reduction

and side effects, with only 2.2–3.4% drug withdrawal related

to side effects (insomnia, headache, dry mouth, nausea

and dizziness).

4. Discussion

To enhance personalized medicine in OSA, several

prerequisites must be met before we can define a management

approach based on clinical and pathophysiological phenotypes.

First, the traits should be easily measured, preferably by non-

invasive methods. Second, the traits should be modifiable by

available and effective therapies (medications or devices) and the

impact of trait modification on OSA clinical outcomes should be

known in order to guide sleep physicians in treatment decision

making (Owens et al., 2015). We are currently far away from

these approaches in routine clinical practice, and we continue

to rely on a relatively intuitive approach, based on the patient’s

symptoms, morphology, co-morbidities, and age, to choose a

first-line treatment (e.g., CPAP, MAD, PT) for which tolerance and

adherence are often still poor.

The main available treatments rely indeed on anatomical

approach, whereas, in certain well-identified patients, current

knowledge suggests that a pharmacological approach would be

more appropriate. It remains difficult to correctly identify these

phenotypes among OSA patients.

Owens et al. (2015) have performed measurements of

traits during sleep for predictive modeling of non-PAP therapy

responses. Acting on one single trait was only effective in 25%

of patients, and the best treatment success was obtained with a

combination of treatments. However, trait measurements during

PSG are rather complex and not feasible in all patients and

in routine practice. Indeed, UA collapsibility can be measured

during a standard PSG, when subjects wear a nasal mask

attached to a pneumotachometer. The Pcrit is measured by

reduction of CPAP levels determining the pressure in which

the pharyngeal airway occludes. A Pcrit > 2.5 cm H2O would

reflect a high collapsibility (PALM 1), and anatomical treatment,
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TABLE 1 Pharmacological treatments in OSA.

Drug Drug class Target Usual e�ective
dose

No. of
available
RCTs

Study
duration

Outcome Side e�ects SE-related
drug

withdrawal

Acetazolamide (Edwards

et al., 2012)

Carbonic anhydrase

inhibitor

LG 500mg 13 Median 6 days AHI reduction of

14/h

Paresthesia, dysgeusia,

polyuria, fatigue

0%

Sulthiame (Hedner et al.,

2022)

Carbonic anhydrase

inhibitor

LG 200–400mg 1 4 weeks AHI decrease from

55 to 33 (400mg) or

61 to 41 (200mg)

Paresthesia, dyspnea 18%

Atomoxetine/oxybutynin

(Taranto-Montemurro

et al., 2019)

NA reuptake inhibitor+

anti- muscarinic

UA muscle activity A 80mg

O 5 mg

1 1 night AHI decrease from

29 to 8

Urinary hesitation, dry

mouth, headache

0%

Reboxetine/oxybutynin

(Perger et al., 2022)

NA agent+ anti-

muscarinic

UA muscle activity R 4mg

O 5 mg

1 1 week AHI decrease from

49 to 18

Urinary hesitation, dry

mouth, palpitation,

insomnia

0%

Reboxetine/butylbromide

(Lim et al., 2021)

NA agent+ anti-

muscarinic

UA muscle activity R 4mg

B 20 mg

1 1 night AHI decrease from

51 to 33

Urinary hesitation 8%

Benzodiazepines (Carter

and Eckert, 2021)

Nitrazepam

Flurazepam

Triazolam

Temazepam

GABA-A receptor

agonist

AT N 5–10mg

F 30mg

Tr 0.25mg

Te 10 mg

5 1 night NS on AHI

reduction

Respiratory depression,

sedation, muscle

relaxation, poor motor

coordination, dizziness,

excessive next-day

drowsiness

0%

Z-drugs (Carter and

Eckert, 2021)

Zolpidem

Eszopiclone

Zopiclone

GABA-A receptor

agonist

AT Zm 10–20mg

Es 3mg

Z 7.5 mg

8 1–30 nights 7 NS on AHI

reduction Last one:

AHI decrease from

31 to 24

Respiratory depression,

sedation, poor motor

coordination, dizziness

and excessive next-day

drowsiness

0%

Trazodone (Carter and

Eckert, 2021)

Tricyclic anti-depressant AT 100mg 2 1 night NS on AHI

reduction

Sedation, dry mouth 0%

Pimavanserin (Messineo

et al., 2022)

Anti-serotoninergic AT 34mg 1 1 night NS on AHI

reduction

Chest pain, arrythmias,

swelling of face, eyelids,

lips, tongue, throat,

hands, legs, feet, or

genitals

0%

(Continued)
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mainly CPAP, weight loss, should be the first line treatments.

These patients correspond to clinical phenotypes A and E, see

Figure 1. However, the traits are defined in NREM sleep and supine

position. Collapsibility of UA in this situation may not reflect the

traits of the patient during the whole night of sleep. Correctly

classifying the PALM parameters seems thus easy in theory, but

it is not accessible in daily practice and not available in all

sleep centers.

Other easier approaches are possible, for example the

identification of OSA patients that have low respiratory AT based

on respiratory parameters collected during a PSG (AHI, nadir

oxygen saturation, and the proportion of hypopnoeas vs. apneas)

(Edwards et al., 2014). These patients are likely to belong to PALM

3 (low UA collapsibility) and to clinical phenotype C, suffering

from insomnia.

The use of drug-induced sleep endoscopy to predict response

to MAD or PT (Bosschieter et al., 2022) is also a good option, but

not yet routinely implemented.

On the other hand, data regarding pharmacological approaches

in OSA are scarce and rely on short-duration studies in very

small samples of patients. RCTs in this field are generally

underpowered and their conclusions should be interpreted with

caution.

EDS treatments are the exception, with larger series with well-

documented drug effectiveness. However, pharmacological

treatments are undeniably an excellent alternative to

existing treatments in OSA as they are less intrusive, less

constraining, and more acceptable for patients (Aurora et al.,

2015).

4.1. How to choose medications in
unselected OSA?

Some features of clinical OSA phenotypes can help clinicians

to identify underlying pathophysiological traits. Even without Pcrit

measurements, PSG characteristics can direct PALM classification,

keeping in mind that, in the majority of patients, several PALM

traits co-exist. Based on PSG data and mathematical models (Bosi

et al., 2020), anatomic collapsibility is more likely if severe AHI,

obstructive apneas (rather than hypopneas), and UA resistance

syndrome are observed on PSG. Low AT is likely when 2/3 of

PSG variables are present among: AHI < 30, hypopnea/apnea

ratio > 58.5%, and nadir oxygen saturation > 82.5%, or in

case of UA resistance syndrome. High LG is supported by the

co-occurrence of OSA and Cheynes-Stokes breathing, and a

high proportion of central or mixed events, all predominant in

NREM sleep.

We can suppose, based on these observations, that some clinical

OSA phenotypes could be good candidates for pharmacological

treatments targeting LG or AT (or residual EDS) while other

phenotypes with signs of high anatomic collapsibility and high AT

should be offered CPAP or UA surgery as first line treatment, see

Figure 1.

Further studies testing the hypothesis that “less severe” clinical

phenotypes (C and D) could benefit from pharmacological

treatment should be started to confirm that these patients
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can benefit from alternatives to current, more “anatomical”,

OSA treatments.

4.2. Unmet needs and future directions

Gray areas remain numerous in understanding the full picture

of OSA and guiding treatment choices. There is a need to develop

simplified techniques, that are widely applicable in routine clinical

practice, to accurately identify the pathophysiological endotype

of OSA patients, and to easily connect these with known clinical

phenotypes. Moreover, the impacts of endotype and phenotype

identification on treatment choice/adherence/response and

patient-related outcomes (including cardiovascular, metabolic,

neurocognitive comorbidities) should be further studied. New

targeted therapies have been recently developed, but study

durations and sample sizes have thus far been limited and

generalization of the results is not yet possible. Knowledge

about mid- and long-term effectiveness and tolerance, for

single or combination pharmacological treatments would

expand the field of personalized medicine in this very

heterogeneous disorder.
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