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Objectives
Understand the physiology of sleep at altitude

« Describe how hypobaric hypoxia alters ventilation, oxygenation, and sleep architecture
« Explain mechanisms of periodic breathing and central sleep apnea in high-altitude environments and their
impacts on sleep

Recognize clinical syndromes of altitude-related sleep disturbances
« Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea
« ldentify risk factors that predispose individuals to sleep-disordered breathing and other medical conditions at
altitude

Review diagnostic approaches
- Discuss the role of polysomnography and portable sleep testing at altitude
- Understand challenges in interpretation of sleep studies under hypoxic conditions

Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)
Discuss non-pharmacologic measures (staged ascent, acclimatization strategies, behavioral modifications)
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

Mt. Everest

29,032ft - 67% Less Oxygen

* Barometric pressure
decreases with altitude

* Functionalconcentrate \ﬂ_ﬁf H ;__"'%\ Mt. Quandary
of oxygen (21%)is still the 7 ' R A\ 18,2600 - 425 Lsss Oxygen .
same as sea level A A Pikes Peak
14,115ft - 41% Less Oxygen
* Oxygen tension (product Colorado Springs

of functional concentrate 6,035ft- 21% Less Oxygen
and barometric pressure) =~
reduces m ambient air
with altitude

KOAA Weather
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Understand the physiology of sleep at altitude

Describe how hypobaric hypoxia alters ventilation, oxygenation

Air always contains about
21% oxygen

XThmnerXat altitude,
YlenserXat sea level

At altitude, oxygen
molecules have less

barometric pressure to
YushXthem together

Fewer oxygen molecules
per volume of air
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

Low High Altitude
Altitude (Hypoxia)

HEART RATE

CARDIAC OUTPUT

BICARBONATURIA

Minutes

Hours Days Weeks

—_

Medical Conditions and High-Altitude Travel

1111 Authors: Andrew M. Luks, M.D., and Peter H. Hackett, M.D.
— January 26, 2022 N Engl JMed 2022;386:364-373

Hypobaric states = reduced Oxygen tension of

ambient air = body response

 Reduces availability of arterial and tissue
oxygenation

* Body response is to minimize hypoxia

Body response > 3000 m (9,842 ft)

* Increase cerebral blood flow

* Increase ventilation

* Increase cardiac output

e Eventually... increase RBC concentration and
capillary/mitochondrial density



Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation
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Arterial Blood Gases and Oxygen Content »

in Climbers on Mount Everest (Grocott et Arterlal blood sampling-

S it of

al., NEIM 2009) Mozﬂmtrg:e?est taken at the Balcony
(8848 m) , (8400 m)

10 acclimatized Everest climbers underwent 27559 1t

arterial blood gas sampling during

Camp 4

ascent/descent (The Souith Col
7950 m) :
Pa0O2,PaCO2,8a02, Hgb analyzed at - .+*7 (7100 m)
different altitudes Blood samples anai;.rzedl ) 4 ?
. at the Western Cwm e ——= LG
(6400 m) j (6400 m)
PaO2 fell with increasing altitude, whereas o o, Camp 1
Sa02 remained ~54-70% = (5900 m)
Extreme results &
* PaO2aslowas 19 mmHg (mean 24.6
mmHg) Mnormalis 80N 100 mmHg !

“e—— Base camp
« PaCO2 mean of 13 mmHg profound (5300 m)

hyperventilation and resulting
respiratory alkalosis

Hemoglobin rose to boost oxygen carrying
capacity to maintain SaO2 until 7100 m



Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation
Oxygen-hemoglobin dissociation curve e Grocott et al. continued

Left shift caused by:
1. Decreased H' (increased pH) * One ofthe lowest recorded PaO2 ever

4 2. Decreased 2,3-BPG .
' !
e documented in a human 19mmHg!

Think LUNGS = Left shift

€ 100% * Profound respiratory alkalosis to maintain

'g oxygen loading despite low ambient oxygen
3

S Right shift caused by: * Hemoglobin rose over time

g 1. Increased H™ (decreased pH)

O 2. Increased 2,3-BPG . .

2 500 L _ 3. Increased temperature * Arterial oxygen saturation was compensated

due to optimized Hgb-O2 desaturation curve
(left shift)

* Failure to compensate at near Everest altitudes

|
|
|
|
] I T 1

25 50 75 100

pO; (mm Hg)
2,3-BPG = 2 3-bisphosphoglycerate; pO, = partial pressure of oxygen in the blood.

DUWard



Pike’s Peak _ e iy, ek O ,
Colorado Springs, CO
14,115 feet (4302 m)



Sleep at Altitude: Why Periodic Breathing Happens

Hypoxia destabilizes breathing during sleep and can cause central apneas.

High altitude /
low oxygen
J: F’a'o2

Hypoxia triggers hyperventilation
and increases ventilatory drive.

Hyperventllatlon J\/\/\/\/\/\

Increased ventilatory drive

\ Larger breaths o During sleep, control becomes unstable

PaCo, falls below causing waxing-and-waning breathing.

apneic threshold

\ 4

Central apnea

No respiratory effort e threshold, producing central apneas.

Oxygen falls /
€O, rises o Key regulators:
Stimulates breathing to resume 2 ; i
I PaCO, is the main driver; PaO, and pH
. Breathing resumes ,\/\/\/\/\/\ become especially important at altitude.
' ' Hyperventilation returns

Low PaCO, can drop below the apneic

Larger breaths
3 parts of the system Take-home:
Centralcontrollers Sensors < Effectors At altitude, low oxygen increases breathing,
tid bod AN (respirat 1 : :
c?]ag?n :jrecCé K ¥ respiratol I'nLISCIES A u
"“’”S* miegisio) : v Qi but the resulting drop in CO, can overshoot
‘ Generate and modulate Execute the breathing b " k H 2
respiratory drive Respond to | 0,, €0, 4 pH pattem and trigger periodic breathing.
ﬂ

I1

Slide graphic generated with ChatGPT (OpenAl), 2026. Content adapted from Lee-Chiong et al., Sleep Med Clin. 2012;7:497-505.



)

\

Understand the physiology of sleep at altitude
Explain mechanisms of periodic breathing and central sleep apnea in high-altitude environments and their impacts
on sleep

Respiratory Response to Altitude

Hypoxia-hypocapnia opposing effects on
respiratory drive

Altitude

Hypoxic drive primarily peripheral sensors

W
Hypoxi : .
| L Hypocapnic response primarily central sensors
Increased sensitivity to hypocapnia in setting of

Hypoventilation Hyperventilation hypoxia

L Hypocapnia J
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Understand the physiology of sleep at altitude

Explain mechanisms of periodic breathing and central sleep apnea in high-altitude environments and their impacts on

sleep

Periodic breathing (PB) usually present in

2 min epoch from one subject at 5050 m

g e ] SEGESERE o SRS
N1 and N2 sleep, and during drowsy P = L =% & & = e g~ Heart Rate
ceful JRTTTRUNTTITIREPPRETON N TN IRETENTCOTRRUVTRTEITOUINY POV URETEONOE SHTON T S LI SN .
wakefulness oo eertoeeoee ) o — T B B
. m\r—w Pl ey sars i frsi s e P vM hfrmmrs i’ v
Reduced PB in REM sleep may be due to - :JLJL < Rl i B S =
oAt Pt P At s P AN At A (P miar s b A A prtstiidsnsh gt oty EE G
. . / '
wider PCO2 reserves in REM sleep A AR P PSRN PR A P ammmatmpmomoripimmth EEG
This is also observed in PB associated with CHF H A Body Position
<8 " 86 87 86 8 e 8~
75 78 3 75 76 Sr02
Short cycle length (12-34 seconds) M
—»f\/\/\f—«/\p/»——mx\p—ﬁ ﬂ———/\,fw—— Flow
compared to long cycle lengths with
. . —-‘\AJ\J‘——\A/\/*———-’\/\/\f———J‘“\/\/\_ﬁ——f'\/\/M—JJ\/\/L——
CHF/Cheyne-Stokes respirations (40-90 it
S\ | SR, /| S\ O\ (— | AUS— /| S—
seconds) Effort
A Sound
o Ainslie PN, Lucas SJ, Burgess KR. Breathing and sleep at high altitude. Respir Physiol

\

Neurobrol 2013;188:233-56.
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Understand the physiology of sleep at altitude

Explain mechanisms of periodic breathing and central sleep apnea in high-altitude environments and their impacts on

sleep

Sleep disruption at altitude is common,
especially during first two nights after ascent

Reduced TST, N3 sleep and REM sleep
dcreased N1, N2 and arousals

Sleep quality seems to improve after third
night at the same altitude

Complaints of persistent sleeplessness
despite this improvement (may be due to sleep
fragmentation)

Periodic breathing persists beyond night 3,
suggestingit maynot be the predominant
cause of sleep disturbances
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awake
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S3

s4
490 m
REM |
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Nussbaumer-Ochsner Y, Ursprung J, Siebenmann C, et al. Effect of short-term acclimatization to
high altitude on sleep and nocturnal breathing. Sleep. 2012;35:419-23.
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Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep

apnea

Unacclimatized lowlanders ascending
to high altitude may experience
altitude related conditions beginning

at 2500 m (8,202 ft)

Predisposing medical conditions
(cardiac and pulmonary especially)
may precipitate symptoms at lower
altitudes and increase risk of altitude
related conditions

In addition to absolute altitude
reached,time at altitude and
physical exertion impact risk

How could these other altitude
related conditions impact sleep?

)
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Clinical Problems at High Altitude.*

lliness and Clinical Presentation Prevention Treatment
High-altitude headache
| ior

Common above 2500 m Allow tin

supplemental oxygen

The NEW ENGLAND JOURNAL of MEDICINE ache; antiemetics

REVIEW ARTICLE

C. Corey Hardin, M.D., Ph.D., Editor

w"l"t'm‘ fMedlcal Conditions and High-Altitude Travel =

N ENGL ] MED 386,4 NEJM.ORG JANUARY 27, 2022 or symptoms

Or

Can progress to coma
High-altitude pulmonary edema

Unusual below 3000 m




Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea

High altitude headache

Presents at 2500 m, within 4-24 hours of ascent

- Symptoms: Dull, pulsating, temporal, bifrontal, or diffuse; worse w/ movement

- Prevention: allow time for acclimatization, acetazolamide 125 mg Ql12H,
dexamethasone 2 mg q6H

- Treatment: stop at current elevation, rest, NSAIDs

- Severe symptoms: dexamethasone 4 mg x1, descend to lower altitude, oxygen

)
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Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea

Acute mountain sickness
Common above 2500 m, 1-2 days after ascent
Symptoms: Headache, plus at least 1:
- Poor appetite, nausea, vomiting, lethargy, lightheadedness
- Prevention: allow time for acclimatization, acetazolamide 125 mg Ql12H,
dexamethasone 2 mg q6H
- Treatment: stop at current elevation, rest, NSAIDs, acetaminophen, antiemetics
Mild symptoms: acetazolamide 250 mg q12H
Severe symptoms: dexamethasone 4 mg q6H x1 day, plus acetazolamide, descend
to lower altitude, oxygen

)
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Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea

High altitude cerebral edema (HACE)

)

\

Uncommon below 3500 m, a few days after ascent

Symptoms: Preceded by acute mountain sickness, followed by altered mental status
+/- ataxia (global encephalopathy) = can progress to coma

Focal neurological deficits uncommon

Prevention: allow time for acclimatization, acetazolamide 125 mg QI12H,
dexamethasone 2 mg q6H

Treatment: descend to lower altitude, supplemental oxygen, hyperbaric chamber
Dexamethasone 8 mg x1 day, then 4 mg q6H until descent achieved or symptoms
resolve

19



Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea

High altitude pulmonary edema (HAPE)

- Uncommon below 3000 m, 2-4 days after ascent

- Symptoms: Dyspnea with exertion, decreased exercise capacity, dry cough

Late: dyspnea at rest, cyanosis, pink frothy sputum, respiratory distress

- Prevention: allow time for acclimatization, sustained release nifedipine 30 mg gq12H
for individuals with history of altitude pulmonary edema

-  Treatment: descend to lower altitude, supplemental oxygen, rest, hyperbaric
chamber, sustained release nifedipine 30 mg gl12H if unable to descend or apply
oxygen

)
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Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea

Central sleep apnea

Common above 2500 m, first night after ascent

- Symptoms: reduced sleep quality, frequent awakenings, panic upon awakening

- Prevention: Prophylaxis generally unnecessary, but can use acetazolamide 125 mg
g12H or nocturnal oxygen

-  Treatment: Treatment reserved for severe sleep disruption impacting daytime

symptoms

Acetazolamide 125 mg gq12H, nocturnal oxygen improve CSA

Hypnotics such as zolpidem, zaleplon, temazepam may improve perceived sleep

quality but does not reduce CSA

)

21

\



Recognize clinical syndromes of altitude-related sleep disturbances
Identify risk factors that predispose individuals to sleep-disordered breathing and other medical
conditions at altitude

* Conditions contraindicated above

2500m Table 2. Contraindications to Travel above 2500 m.*
° Slele ce 11 dlS ease Advancgd COPD (FEV, «;:30% of predicted value or
requirement for continuous oxygen therapy)
* Ina de qu ate ly contro lle d coronary Advanced cystic fibrosis (FEV, <30% of predicted value)
arte ry disease or heart failure Advanced restrictive lung disease (TLC <50% of predicted

value or requirement for continuous oxygen therapy)

 High-risk pregnancy
 Advanced lung diseases

Decompensated heart failure
High-risk pregnancy

Myocardial infarction or stroke within the past 90 days

e Note that obstructive Sleep apnc€a 1S not a Poorly controlled seizure disorder
contraindication Pulmonary hypertension (systolic PAP >60 mm Hg)
« Continue treatment with CPAP or OAT iclde cell discase
. Unstable angina
 Centralapneas are likely to be present o |
Untreated, high-risk cerebrovascular abnormality

on PAP dOWIllOEIdS (aneurysm or arteriovenous malformation)

* Exaggerated hypOXlea with apneas * COPD denotes chronic obstructive pulmonary disease,

° Consider acetazo lam lde FEV, forced expiratory volume in 1 second, PAP pulmo-

nary-artery pressure, and TLC total lung capacity.

)
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Review diagnostic approaches

Discuss the role of polysomnography and portable sleep testing at altitude
Understand challenges in interpretation of sleep studies under hypoxic conditions

Mountain West Study evaluated OSA and CAl at
various altitudes

442 patients with moderate—severe OSA (AHI >15)
underwent split-night PSG at three Mountain West
elevations: 1,421 m, 1,808 m, and 2,165 m

Central apneas (CAIl >5) became increasingly
common with altitude approximately 11% at 1,421
m, 22% at 1,808 m, and 39% at 2,165 m

PAP titration can be difficult due to altitude, adding
oxygen can stabilize breathing

Figure 1—Comparison of mean percentages of sleep apnea
patients with CAl > 5.0 in diagnostic portion of study and
CAl > 5.0 in PAP treatment portion of study graphed versus
altitude (including treatment data from Javahari, Smith &
Chung [2009] study done at 270 m)

40% A

(%]

o

5=
1

Mean Percentages of
Sleep Apnea Patients

0% I I T I 1
0 500 1000 1500 2000 2500

Altitude (meters)

[ patients with CAl > 5.0 in diagnostic portion of study
(O patients with CAl > 5.0 in PAP treatment portion of study
<> data from Javahari, Smith & Chung (2009) study done at 270 m

Pagel et al. Effects of Altitude Associated Central Apnea on the Diagnosis and Treatment
of Obstructive Sleep Apnea: Comparative Data from Three Different Altitude Locations

)
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in the Mountain West. J Clinic Sleep Med 2011 Dec 15; 7(6): 610-615



Review diagnostic approaches

Discuss the role of polysomnography and portable sleep testing at altitude
Understand challenges in interpretation of sleep studies under hypoxic conditions

Table 1—Site comparison

Altitude, Community Lab Monitor

meters (Site) N % Population  Beds Site System Age (SD) % Female BMI (SD)
1421 (1) 150 34 145000 6 Hosp Embla 58.34 (10.3) 36.4 34.98 (8.0)
1808 (2) 150 34 425000 4 IMRT Alice-5 55.26 (9.61) 33.1 33.34 (6.82)
2165 (3) 142 32 8500 2 Hosp Alice-5 62.34 (9.50) 35.2 32.74 (6.63)
Sig dif. p=0.01

Data are shown as means.

Table 2—Comparison of initial split-night study data between sites

Split-night
titration rated
adequate or
% CAIl > 5.0 Split-night % CAIl > 5.0 unacceptable # Having
Altitude, in Dx titration inTx & 2nd titration second

meters (Site) N AHI(SD)  Low SpO, (SD) adequacy (SD) portion requested titration
1421 (1) 150  45.8(29.7) 73.5(11.3) 1.44 (0.82) 41 9/150 (6%) 4/150 (3%)
1808 (2) 150  50.1(35.05)  75.5(10.7) 1.57 (0.96) 226 26/150 (17%) 12/150 (8%)
2165 (3) 142 46.7 (26.8) 74.2 (9.61) 1.78 (1.025) 38.7 33142 (23%) 15142 (11%)
Sig. dif. 3 5) 3>1(p<0.01) 3>1(p=0001) 3>1(p=0.01) p=0.025

2>1(p=002 2>1(p=0.02)

Analysis of covariance comparing titration adequacy across 3 altitude levels, controlling for age, was significant for the effect of altitude; p = 0.017.

Pagel et al. Effects of Altitude Associated Central Apnea on the Diagnosis and Treatment of Obstructive Sleep Apnea: Comparative Data
from Three Different Altitude Locations in the Mountain West. J Clinic Sleep Med 2011 Dec 15; 7(6): 610-615

)
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Review diagnostic approaches

Discuss the role of polysomnography and portable sleep testing at altitude
Understand challenges in interpretation of sleep studies under hypoxic conditions

Deflorin N et al. JCSM July 2026

. Altitude affects OSA assessments even below classic high
altitude periodic breathing ranges

44 healthy adults living >1000 m (median residence 1,230
m; 50% female; BMI 23.5 kg/m?2)

Studied 2 nights at each altitude, 2-week washout

* Descent to lower altitude improved nocturnal oxygenation:
mean SpO, increased from 93.8% = 95.2%, while time spent
<90% saturation fell from 5 min - 1 min

* Sleep-disordered breathing improved at lower altitude: AHI
decreased from 14.2/h = 9.2/h, and ODI decreased from
10.0/h = 6.0/h.

)

\

590 m vs. home altitude (>1,000 m)

Mean values during PSG; arrows reflect low-altitude change

B Home >1,000m B s50m

5O, I 1000 %38

190  ————
| 590 m 1 min

A I ioon 26

ool EE———— >1.000m 100/
S —— 5% m 60/

g 0080

Slide graphic generated with ChatGPT (OpenAl), 2026. Content adapted

from Deflorin N et al. JClin Sleep Med. 2026;22:122.



Review diagnostic approaches
Discuss the role of polysomnography and portable sleep testing at altitude
Understand challenges in interpretation of sleep studies under hypoxic conditions

Key takeaway: test at the altitude where patients
sleep

At reduced altitude, OSA events were reduced
while CSA events did not change

Men have the clearest altitude effect
Greatest changes T90, REM

A lower altitude PSG may make disease look
milder compared to home environments at
higher altitude

Limitations

)
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Lean, healthy residents without significant OSA

or comorbidities

Severe SDB (AHI >30/h)

All participants Males

13.6% 2.3% 27.3% 4.5%

=1,000 m 530 m =1,000 m 530 m

Gid 1/44 622 1722

Severity may be underestimated when PSG is performed below home
altitude

Slide graphic generated with ChatGPT (OpenAl), 2026. Content adapted
from Deflorin N et al. JClin Sleep Med. 2026;22:122. 27




Haleakal, summit
Haleakal, National Park, Maui, H&
10,023 feet (3,055 meters)



Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

CPAP

10 OSA patients evaluated at both 1,320 m and
2,750 m simulated altitude on stable CPAP
(median 10 cmH20)

 Underwent PSGs on PAP at both altitudes

e AHI was higher (11 vs. 2 events/h; P, 0.01) |

« Mean oxygen saturations were lower (88 vs. 93%; s
P, 0.01) |

Takeaway: PAP at same settings may not be as
effective initially, CSA may dominate OSA at altitude

A multiplace hyperbaric/hypobaric chamber
Grissom et al Ann Am Thorac Soc Vol 12, No 7, pp 1072-1078, Jul 2015

)
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Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

Acetazolamide

e Carbonic anhydrase inhibitor acts as respiratory stimulant and induces metabolic acidosis

e Acetazolamide—> renal HCO3™ loss - ' serum/CSF bicarbonate > {, pH = increased ventilation

* Acetazolamide-induced metabolic acidosis lowers the PaCO; apneic threshold and widens the CO, reserve, making
hyperventilation less likely to trigger central apnea

Without acetazolamide: PaCO;, 35 - apneic threshold ~¥31 mmHg
With acetazolamide: PaCO, may fall to 31, but the apneic threshold may shift lower, e.g. ~26 mmHg because of
persistent hyperventilatory drive from metabolic acidosis

Malhotra et al Acetazolamide for OSA and Central Sleep Apnea: A Comprehensive Systematic Review and Meta-
Analysis. Chest. 2020 Dec;158(6):2632-2645. 28 studies
Showed that AHI was improved by 37.7% with improved oxygen saturation nadir, with greater efficacy at higher
doses (up to 500 mg/day)

Prophylactic dosing: 125 mg BID (24H before ascent, continued 2 days after sleeping highest altitude)
Side effects: paresthesias (most commonly in the hands and feet), impaired taste of carbonated beverages, Gl
symptomes, tinnitus, diuresis

)
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Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

Low flow supplemental oxygen
eReduces hypoxic drive: PaO, stays higher, so

carotid body chemoreceptors are less activated

eStabilizes ventilation: With reduced hypoxic T
sensitivity, the ventilatory control system is less 3 1 F | ‘
“over-reactive

QDI (even

*Raises CO; closer to apneic threshold: Breathing = ~— L -
doesn’t overshoot as much, so PaCO, doesn’t dip 1 - -

No treatment ASY Mo treatment ASY Oxygen

below the apneic threshold Orr, et al. Adaptive Servoventilation as Treatment for Central Sleep Apnea Due to

High-Altitude Periodic Breathing in Nonacclimatized Healthy Individuals. High Alt Med
eSuppresses central apneas & periodic breathing:  Bicl- 2018;19(2):178-84
Ventilation becomes steadier, oxygen desaturation

cycles are prevented
—_—
11
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Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

Hypnotics (temazepam, zolpidem, zaleplon)

Several studies exist examining the effects of the above at altitude
Impact:
 Shortened sleep latency
 Decreased arousals
* Increased sleep efficiency
* Increased REM sleep
* No significant impact on respiratory pattern, Sa02, daytime cognitive or physical
performance

Possibility of cognitive dysfunction and balance during early awakenings due to prolonged half
life

)
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Explore therapeutic strategies
Discuss non-pharmacologic measures (staged ascent, acclimatization strategies, behavioral modifications)

Staged gradual ascent can blunt sleep-related symptoms and acute mountain sickness
 Spending 6—7 days at moderate altitude (2,200-3,000 m) before ascending higher should allow
physiological adaptation and reduce the risk of AMS and HACE
Maintaining adequate hydration is advised, as dehydration symptoms can mimic AMS
Short-term supplemental oxygen (such as oxygen bars or prefilled canisters) or over-the-counter products
(e.g., powdered drink mixes) for prevention of AMS is controversial (Mixed to low significant evidence)

Am Fam Physician. 2020;101(8):505-507

* Behavioral recommendations also include avoiding 2026
alcohol for the first 48 hours at altitude, maintaining CDC
regular caffeine intake for habitual users, and limiting YELLOW
strenuous exercise during the initial acclimatization BOOK
period

Available in print through
Oxford University Press
- and other retailers

\



Explore therapeutic strategies

ANYWHERE

C SM Journal o
Clinical Sleep Medicine

Home Issues v  Collections v  Submit v Info v

Journal of Clinical Sleep Medicine - Articles in Advance

« SPECIALARTICLES

Treatment of central sleep apnea in adults: an American
Academy of Sleep Medicine clinical practice guideline

SEE FEWER AUTHORS A

Published Online: August 18,2025 « https:/doi.org/10.5664/jcsm.11858

B PDF ¥ < Share &, Tools

)
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Table 2—Summary of recommendations.

Overall Certainty

Intervention Recommendation of the Evidence Population
*  Primary CSA
CPAP versus 1o N ¢ (CSA due to hearF faillure
CPAP Conditional for DBBOO ® CSA due to medication or substance use
* Treatment-emergent CSA
* CSA due to a medical condition or disorder
BPAP with a backup *  Primary CSAs
rate versus no L *  (CSA due to'medication or substance use
BPAP with a backup | Conditional for ®000 o  Treatment-cmetgent CSA
rate e (CSA due to amedical condition or disorder
* Primary GSA
BPAP without a Conditional * GRS Wt failure
backup rate against @©000 s (CSA due'to medication or substance use
* , Treatment-emergent CSA
#  CSA due to a medical condition or disorder
®  Primary CSA
® " CSA due to heart failure
ASV versus no ASV | Conditional for BBOG e (CSA due to medication or substance use
¢ Treatment-emergent CSA
®* (CSA due to a medical condition or disorder
Low-flow oxygen
versus no low-flow Conditional for [s]ele) * (CSA due to heart failure
il e
Low-flow oxygen
versus no low-flow | Conditional for cleele] ® High altitude*
oxygen
- Illllm
Acetazolamide ® (CSA due to heart failure
versus no Conditional for 15lele] ® CSA due to medication or substance use
acetazolamide *  Treatment-emergent CSA
Acetazolamide
versus no Conditional for -lelele] * High altitude*
acetazolamide
P RS VTR O | — TP Con
TPNS ! for ®O00 ® (CSA due to heart failure

*Recent ascent to high altitude (at least 2,500 meters [8,202 feet]).

GRADE certainty of evidence: @D OO = low, POOQ = very low.
CSA = central sleep apnea, CPAP = continuous positive airway pressure, ASV = adaptive servo ventilation,
BPAP = bilevel positive airway pressure, TPNS = transvenous phrenic nerve stimulation.
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Summary

 Hypobaric hypoxia induced respiratory changes can present at 5000 ft but become more severe at
9000 ft

* When traveling to high altitudes, sleep fragmentation occurs in the first several days acutely with
reduced N3 and REM sleep

 Sleep disordered breathing increases with increasing altitude

* OSA likely worsens acutely with altitude due to increased hypoxemia

 Consider testing at similar altitudes to living environment (home sleep testing if in-lab unavailable)

 Severe OSA at altitude is generally dominated by severe CSA

 Acetazolamide appears to be effective in reducing CSA due to altitude

* Low flow oxygen may be beneficial as well

 Sedatives may improve sleep quality, but do not improve sleep breathing

)
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