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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
• Identify 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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Mou n t  Cre s t e d  Bu t t e
Gu n n ison , CO
12,168 fe e t  (3,709 m )
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

KOAA Weather

• Ba rom e t r ic p re ssu re  
decreases with  a ltitude

• Fu n ct ion a l con ce n t ra t e  
of oxygen  (21%) is  still the  
sam e  as sea  leve l

• Oxyge n  t e n s ion  (product 
of functiona l concen tra te  
and  barom etric p ressure ) 
reduces in  am bien t a ir 
with  a ltitude
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

KOAA Weather

• Air a lways con ta ins about 
21% oxygen

• ΧThinnerΧ a t a ltitude , 
ΥdenserΧ a t sea  leve l

• At a ltitude , oxygen  
m olecu les have  le ss 
barom etric p ressure  to  
ΥpushΧ them  toge the r

• Fewer oxygen  m olecu les 
pe r volum e of a ir

26,247 feet

6562 feet
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

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
• Eventually… increase RBC concentration and 

capillary/mitochondrial density

Me d ica l Con d it ion s  a n d  High -Alt it u d e  Tra ve l
Au t h ors : Andrew M. Luks, M.D., and Pe te r H. Hacke tt, M.D.
Ja n u a ry 26, 2022 N En gl J Me d 2022;386:364-373
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

• Ar t e r ia l Blood  Ga se s  a n d  Oxyge n  Con t e n t  
in  Clim b e r s  on  Mou n t  Eve re s t  (Grocott e t 
a l., NEJM 2009)

• 10 acclim atized  Everest clim bers underwent 
a rte ria l b lood  gas sam pling during 
ascen t/descen t

• PaO2, PaCO2, SaO2, Hgb  ana lyzed  a t 
d iffe ren t a ltitudes

• PaO2 fe ll with  increasing a ltitude , whereas 
SaO2 rem ained  ~54-70%

• Extrem e  resu lts
• PaO2 as low as 19 m m Hg (m ean  24.6 

m m Hg) Μ norm al is  80Ν 100 m m Hg
• PaCO2 m ean  of 13 m m Hg profound  

hyperven tila tion  and  resu lting 
resp ira tory a lka losis

• Hem oglob in  rose  to  boost oxygen  ca rrying 
capacity to  m ain ta in  SaO2 un til 7100 m

27559 ft
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Understand the physiology of sleep at altitude
Describe how hypobaric hypoxia alters ventilation, oxygenation

• Grocott e t a l. con tinued

• On e  o f t h e  low e s t  re co rd e d  Pa O2 e ve r  
d ocu m e n t e d  in  a  h u m a n  19m m Hg!

• Profound  resp ira tory a lka losis to  m ain ta in  
oxygen  load ing desp ite  low am bien t oxygen

• Hem oglobin  rose  over tim e

• Arte ria l oxygen  sa tura tion  was com pensa ted  
due  to  op tim ized  Hgb-O2 desa tura tion  curve  
(le ft sh ift)

• Failu re  to  com pensa te  a t near Everest a ltitudes
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Pike ’s  Pe a k
Colo ra d o  Sp r in gs , CO
14,115 fe e t  (4302 m )
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Respiratory Response to Altitude
Hypoxia-hypocapnia opposing effects on 
respiratory drive

Hypoxic drive primarily peripheral sensors

Hypocapnic response primarily central sensors

Increased sensitivity to hypocapnia in setting of 
hypoxia

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
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Ainslie  PN, Lucas SJ, Burgess KR. Brea th ing and  sleep  a t h igh  a ltitude . Respir Physiol 
Neurobiol. 2013;188:233−56.

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 
N1 and N2 sleep, and during  drowsy 
wakefulness

• Reduced PB in REM sleep may be due to 
wider PCO2 reserves in REM sleep

This is also observed in PB associated with CHF

• Short cycle length (12-34 seconds) 
compared to long cycle lengths with 
CHF/Cheyne-Stokes respirations (40-90 
seconds)

 

2 min epoch from one subject at 5050 m
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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.

• Sle e p  d is ru p t ion  a t a ltitude  is  com m on, 
e specia lly during fir s t  t w o  n igh t s  a ft e r  a sce n t

• Re d u ce d  TST, N3 sleep  and  REM sleep

• nت cre a se d  N1, N2 and  arousa ls

• Sleep  quality seem s to  im p rove  a ft e r  t h ird  
n igh t  a t the  sam e  a ltitude

• Com p la in t s  o f p e r s is t e n t  s le e p le ssn e ss  
desp ite  th is im provem ent (m ay be  due  to  sleep  
fragm enta tion)

• Period ic b rea th ing pe rsists  beyond  n igh t 3, 
suggesting it m a y n o t  b e  t h e  p re d om in a n t  
cause  of sleep  d istu rbances

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
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Zu gsp it ze  
Ba va r ia , Ge rm a n y
2,962 m e t e r s  (9,718 fe e t )
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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

• Un a cclim a t ize d  lowlanders ascending 
to  h igh  a ltitude  m ay experience  
a ltitude  re la ted  conditions beginn ing 
a t  2500 m  (8,202 ft ) 

• Pre d isp os in g m e d ica l conditions 
(card iac and  pu lm onary especia lly) 
m a y p re cip it a t e  sym p t om s a t  low e r  
a lt it u d e s  and  increase  risk of a ltitude  
re la ted  conditions

• In  add ition  to  absolu te  a ltitude  
reached , t im e  a t  a lt it u d e  and  
p h ys ica l e xe r t ion  im pact risk

• How could t hese  ot he r a lt it ude  
re la t ed condit ions im pa ct  sleep?
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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 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 Q12H, 

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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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 Q12H, 

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

Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea
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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 Q12H, 

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

Recognize clinical syndromes of altitude-related sleep disturbances
Differentiate between acute mountain sickness, high-altitude periodic breathing, and central sleep apnea
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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 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 q12H 

for individuals with history of altitude pulmonary edema
- Treatment: descend to lower altitude, supplemental oxygen, rest, hyperbaric 

chamber, sustained release nifedipine 30 mg q12H 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 

q12H or nocturnal oxygen
- Treatment: Treatment reserved for severe sleep disruption impacting daytime 

symptoms
- Acetazolamide 125 mg q12H, nocturnal oxygen improve CSA
- Hypnotics such as zolpidem, zaleplon, temazepam may improve perceived sleep 

quality but does not reduce CSA
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Recognize clinical syndromes of altitude-related sleep disturbances
Identify risk factors that predispose individuals to sleep-disordered breathing and other medical 
conditions at altitude

• Con d it ion s  con t ra in d ica t e d  a b ove  
2500m

• Sick le  ce ll d ise a se
• In a d e q u a t e ly con t ro lle d  coron a ry 

a r t e ry d ise a se  o r  h e a r t  fa ilu re
• High -r isk  p re gn a n cy
• Ad va n ce d  lu n g d ise a se s

• Note  tha t ob s t ru ct ive  s le e p  a p n e a  is not a  
contra ind ica tion

• Continue  trea tm ent with  CPAP or OAT
• Centra l apneas a re  like ly to  be  present 

on  PAP downloads
• Exaggera ted  hypoxem ia  with  apneas
• Conside r ace tazolam ide
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Ara p a h oe  Ba s in  (A-Ba s in )
Su m m it  Cou n t y, CO
Ba se : 10,520 t o  10,780 ft  
Su m m it : 13,050 ft  (3,980m )
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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 CAI 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  (CAI >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

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

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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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/m2)

• Studied 2 nights at each altitude, 2-week washout

• Descent to lower altitude improved nocturnal oxygenation: 
mean SpO₂ 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.

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

Slide graphic generated with ChatGPT (OpenAI), 2026. Content adapted 
from Deflorin N et al. J Clin Sleep Med. 2026;22:122. 
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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

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
 Lean, healthy residents without significant OSA 

or comorbidities 

Slide graphic generated with ChatGPT (OpenAI), 2026. Content adapted 
from Deflorin N et al. J Clin Sleep Med. 2026;22:122. 
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Ha le a ka l‚  su m m it  
Ha le a ka l‚  Na t ion a l Pa rk , Ma u i, Hت
10,023 fe e t  (3,055 m e t e r s )
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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 cmH2O)

• Underwent PSGs on PAP at both altitudes
• AHI was higher (11 vs. 2 events/h; P , 0.01)
• Mean oxygen saturations were lower (88 vs. 93%; 

P , 0.01) 

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

Grissom et al Ann Am Thorac Soc Vol 12, No 7, pp 1072–1078, Jul 2015 
A multiplace hyperbaric/hypobaric chamber
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Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

Acetazolamide
• Carbonic anhydrase inhibitor acts as respiratory stimulant and induces metabolic acidosis
• Acetazolamide→ renal HCO₃⁻ loss → ↓ serum/CSF bicarbonate → ↓ pH  increased ventilation
• Acetazolamide-induced metabolic acidosis lowers the PaCO₂ apneic threshold and widens the CO₂ reserve, making 

hyperventilation less likely to trigger central apnea

Without acetazolamide: PaCO₂ 35 → apneic threshold ~31 mmHg
With acetazolamide: PaCO₂ 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, GI 
symptoms, tinnitus, diuresis
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Explore therapeutic strategies
Evaluate evidence-based interventions (acetazolamide, supplemental oxygen, CPAP, ASV)

Low flow supplemental oxygen
•Reduces hypoxic drive: PaO₂ stays higher, so 
carotid body chemoreceptors are less activated

•Stabilizes ventilation: With reduced hypoxic 
sensitivity, the ventilatory control system is less 
“over-reactive

•Raises CO₂ closer to apneic threshold: Breathing 
doesn’t overshoot as much, so PaCO₂ doesn’t dip 
below the apneic threshold

•Suppresses central apneas & periodic breathing: 
Ventilation becomes steadier, oxygen desaturation 
cycles are prevented

Orr, et al. Adaptive Servoventilation as Treatment for Central Sleep Apnea Due to 
High-Altitude Periodic Breathing in Nonacclimatized Healthy Individuals. High Alt Med 
Biol. 2018;19(2):178-84
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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, SaO2, 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 
alcohol for the first 48 hours at altitude, maintaining 
regular caffeine intake for habitual users, and limiting 
strenuous exercise during the initial acclimatization 
period



34

Explore therapeutic strategies
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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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