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Study Objectives: This study documents both the incidence 
and effects of central apnea on diagnosis and treatment of 
OSA at different altitudes in the Mountain West and substan-
tiates the clinical impression that individuals living at altitude 
with moderate to severe OSA are signifi cantly more diffi cult to 
treat with PAP.
Methods: Split-night polysomnography was compared be-
tween sites for patients with a diagnostic AHI > 15 living at 
1421 meters (Site 1; N = 150), at 1808 m (Site 2; N = 150) 
and at 2165 m (Site 3; N = 142). The quality of PAP titration 
obtained was rated, based on AASM clinical guidelines, from 
1 = optimal to 4 = unacceptable. Patients developing central 
apneas during PAP therapy (CAI > 5.0) were titrated with an 
alternative O2 > CPAP/Bilevel PAP protocol.
Results: The mean number of central apneas in the diagnos-
tic portion of studies was signifi cantly higher (p < 0.01) at Sites 
2 (19.26) and 3 (12.36) than at Site 1 (3.11). Mean numbers 
of central apneas/h developing on treatment with PAP varied 
from 4.8/h at Site 1, to 9.79/h at Site 2, to 19.25/h at Site 3 
(p < 0.001). At Site 1, 10.6% had a central apnea index (CAI) 
> 5.0, while 22% met this criterion at Site 2 and 38.7% at Site 
3 (Site 3 vs Site 1, p = 0.01; Site 2 vs Site 1, p = 0.02). Rated 
titration quality varied signifi cantly between sites. At Site 1, 
mean titration quality was 1.437 (SD 0.821); for Site 2, 1.569 
(SD 0.96), and for Site 3, 1.772 (SD 1.025). Titration quality at 

Site 3 was signifi cantly worse than at Site 1 (t = 3.22, p < 0.01) 
and at Site 2 (t = 2.55, p < 0.02). Repeat titration require-
ment differed signifi cantly (p = 0.025). Analysis of covariance 
comparing titration across 3 altitude levels, controlling for age, 
was signifi cant for the effect of altitude (p = 0.017). Utilizing 
the alternative O2 > C-PAP/Bi-PAP protocol in patients with 
CAI > 5.0 developing on PAP treatment, an overall optimal or 
good titration (AASM criteria) was attained in 75/79 (95%) of 
titrated patients.
Conclusions: This study demonstrates that central apnea 
becomes signifi cantly more common at increasing altitude in 
both diagnostic and treatment portions of split-night polysom-
nography in patients with signifi cant OSA. An apparent expo-
nential increase in the percentage of OSA patients with a CAI > 
5.0 occurs with increasing altitude. Altitude associated central 
apnea has a signifi cant negative effect on the quality of OSA 
treatment obtained during PAP titration for patients living at the 
altitudes addressed in this study.
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Altitude has a marked effect on respiration during sleep. 
In the Mountain West, several studies done at altitude 

indicate that an increase in central apneas (episodes ≥ 10 sec 
without airfl ow and no evidence of respiratory effort) occurs 
even among healthy individuals. 1-4 Overall apnea-hypopnea 
index (AHI) is higher for individuals with obstructive sleep 
apnea (OSA), and obstructive events convert to predominate-
ly central events at altitude.5 This degree of respiratory distur-
bance is corrected in part by moving affected individuals from 
altitude to sea level.6 Clinically, our sleep laboratories at alti-
tude have noted increased diffi culty in treating OSA patients 
with positive airway pressure (PAP). This study, conducted at 
3 sleep laboratories at different altitudes in pateints living at 
these altitudes, documents the effects of changing altitude on 

BRIEF SUMMARY
Current Knowledge/Study Rationale: This study indicates that alti-
tude associated central apneas increase exponentially with increasing 
altitude affecting the results attained from diagnostic polysomnography 
and leading to increasing diffi culty with PAP titrations for OSA. This study 
documents the potential of a clinically utilized alternative O2 > CPAP/
BiPAP protocol for treating OSA patients at altitude who develop central 
apneas during PAP titration.
Study Impact: The higher frequency of central apnea at altitudes above 
6000 ft. indicates that such altitudes may be a relative contraindication 
for the routine use of limited channel OSA screeners and automatic 
technologies that are unable to clearly differentiate between central and 
obstructive apneas. The diffi culty of treating OSA due to central apneas 
occurring on treatment with PAP at altitude is likely to lead to a higher 
level of untreated OSA among these patients. D
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Central Apnea at Altitude
with a diagnostic AHI > 15 living at the following altitudes: 
Site 1: 4662 feet (1421 meters), Site 2: 5930 feet (1808 meters), 
and Site 3: 7100 feet (2165 meters). The 3 locations utilize the 
same interpreting medical director and diagnostic/treatment 
protocols. The quality of PAP titration obtained was rated, 
based on AASM clinical guidelines, as 1 = optimal (AHI < 5.0 
with supine REM sleep [Stage R]), 2 = good (AHI < 10.0 with 
supine Stage R), 3 = adequate (AHI < 15.0 or without supine 
Stage R), or 4 = unacceptable (AHI > 15.0).16

As per clinical protocols consistent between laboratories, 
individuals considered not to be titrated to an optimal or good 
level of titration returned to the lab for a second night of study 
for retitration. This study was conducted between 2007 and 
2009, before study sites had acquired respiratory assist device 
(RAD) systems. Because of the frequency of central apneas 
developing on treatment at altitude and the routine failure of 
routine protocols (CPAP > Bilevel PAP > Bilevel PAP + O2), 
the medical director of these sites had developed an alternative 
treatment protocol for patients with a CAI > 5.0 occurring dur-
ing PAP titration. This protocol is described clinically as an O2 
> CPAP/Bilevel PAP titration: (see Appendix, available online 
only at www.aasmnet.org/jcsm). The same approaches and pro-
tocols for evaluation and treatment were used by all 3 sleep labs 
utilizing the same board certified medical director, as well as 
partially cross-trained and registered technical staff. Both pres-
sure transducers and oral nasal thermal flow were used to mea-
sure respiratory effort and delineate apneas during diagnostic 
polysomnography. During PAP titration, the airflow signal was 
derived from the PAP device. There were no changes in clinical 
approaches to evaluation and treatment of these patients. This 
study was approved by the medical ethics committee at the Uni-
versity of Colorado School of Medicine.

Data Analysis
Statistical analyses were conducted using SPSS version 18.0. 

Standard descriptive statistics were computed. Tests of signifi-
cance included independent sample t-tests, one-way analysis of 
variance and analysis of covariance, controlling for significant 
demographic variables. Significance of all statistical tests was 
set at p < 0.05. Anonymity was preserved, with all data evalu-
ated only by the physician and technician involved in the clini-
cal care of these patients. Statistical evaluation was performed 
after deletion of patient names, without clinical markers, and 
using numbers to denote data packets.

RESULTS

There was a statistically comparable grouping from each site: 
Site 1, n = 150; Site 2, n = 150; Site 3, n = 142. Mean age was 
58.6 years; mean BMI was 33.2; and 33.6% of the study popu-
lation were female. Overall titration quality based on AASM 
criteria was rated as either optimal or good for 79.7% of initial 
split-night studies: optimal (67.3%), good (12.4%), adequate 
(14%), and unacceptable (6.3%).16 Comparative demographic 
analysis between sites indicated a significant age difference for 
Site 3 (Table 1).

Rated titration quality varied significantly between sites. At Site 
1, mean titration quality (range 1 [optimal] - 4 [unacceptable]) was 
1.437 (SD 0.821); for Site 2, 1.569 (SD 0.96), and for Site 3, 1.772 

the diagnosis and treatment of OSA. It is the authors’ hypoth-
esis, as well, that this variation in treatment difficulty occurs 
secondary to altitude-associated central apnea, affecting both 
diagnostic polysomnography and PAP therapy of OSA.

Proposed Mechanisms of Altitude-
Induced Central Apnea

Apnea is a feature of “unstable breathing.”7 Respiratory insta-
bility can be due to the disturbance and attempted correction of 
this self-sustaining oscillatory system in situations in which the 
magnitude of the correction is greater than the disturbance (this 
ratio is the loop gain). If the corrective response is opposite and 
negative (180 degrees out of phase) with the disturbance, the 
corrective response will augment the disturbance.8 The higher 
the loop gain, the more likely the instability will occur (i.e., 
the more likely that central apneas will occur). Factors leading 
to delays in information processing, increased controller gain, 
or decreased system damping can potentially result in central 
apneas. These conditions are present during sleep at altitude.9 
Among the primary factors leading to instability in the control of 
breathing are hypoxemia and respiratory alkalosis, universally 
seen in subjects exposed to high altitude. This instability in the 
ventilatory system induced by altitude can lead to the devel-
opment of periodic breathing and central apneas during sleep. 
Chronic hypocapnia has been proposed as the common pathway 
leading to breathing instability during sleep.10 It remains unclear 
as to whether the pathophysiology leading to altitude-associated 
central apnea is the same as the pathophysiology contributing to 
central apneas in patients with congestive heart failure and oc-
curring during PAP titration in OSA patients.

A series of studies indicate that central apnea responds to 
treatment with supplemental oxygen. For mountaineers at very 
high altitudes, a primary beneficial effect obtained from the use 
of supplemental oxygen is an observed decline in apneic events 
during sleep.11 In the sleep laboratory, supplemental oxygen has 
been shown to markedly reduced the incidence of central ap-
neas.12,13 Low-flow oxygen has been shown to decrease the rate 
of sleep disordered breathing during sleep, having particular ef-
fects on reported central and mixed apneas, and increasing the 
percentage of events described as obstructive.14,15

This study was designed in the attempt to document the ef-
fects on central apnea on diagnosis and treatment of OSA at 
different altitudes in the Mountain West and to substantiate the 
clinical impression that individuals living at altitude with mod-
erate to severe OSA are significantly more difficult to treat with 
PAP. It is postulated that the increasing difficulty with PAP titra-
tion with increasing altitude occurs secondary to an increased 
frequency of central apnea. While clinically relevant for patients 
with apnea living at high altitude, this study may have more 
general importance if, as previously proposed, the diagnosis and 
treatment of apnea at high altitude can serve as a model for both 
the development and treatment of central apnea.10

METHODS

Patients
Patients included in this retrospective study were individuals 

between the ages of 40 and 79 completing a split-night study 
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negative effect on the quality of OSA treatment obtained during 
PAP titration for patients living at altitude.

The development of central apneas during treatment with 
PAP reflected an increase in the number of central apneas in the 
diagnostic studies with increasing altitude. On the diagnostic 
portion of these studies, 7/150 patients (4.7%) at Site 1 had CAI 
> 5.0/h; 34/150 patients (22.7%) at Site 2, and 48/142 at Site 3 
(33.8%) had CAI > 5.0/h (Site 3 > Site 1; p < 0.05).

Mean numbers of central apneas/h developing on treatment 
with PAP varied from 4.8/h at Site 1, to 9.79/h at Site 2, to 
19.25/h at Site 3 (significant at p < 0.001). At Site 1 16 of 150 
(10.6%) had a CAI > 5.0 on PAP therapy, while at Site 2, 33 of 
150 (22%), and at Site 3, 55 of 142 (38.7%) of patients met this 
criterion (Site 3 > Site 1 c2 = 28.3, p = 0.01) (Site 2 > Site 1 
c2 = 8.19, p = 0.02; Table 2). When patients with CAI > 5.0 on 
diagnostic study were eliminated from statistical analysis, no 
significant differences remained among sites as to the number 
of patients with CAI > 5.0 on PAP treatment. Graphically, there 
is an apparent exponential increase with increasing altitude in 
the percentage of OSA patients with CAI > 5.0 on their diag-
nostic and treatment portions of split-night studies (Figure 1).

Severity of OSA based on AHI and level of lowest SpO2 
were not significantly associated with which patients had cen-
tral apneas. For patients with CAI > 5.0, the following mean 
indices were obtained: age: 61.7, BMI: 30.8, AHI: 47.9, and 
low SpO2: 75.6. For patients without CAI > 5.0, the following 
mean indices were obtained: age: 57.8, BMI: 34.1, AHI: 44.8, 
and low SpO2: 74.3 (Table 3). CAI > 5.0 was the primary vari-
able affecting PAP titration quality. Titration quality averaged 
2.35 for patients with CAI > 5.0 (N = 107), which was signifi-
cantly worse than the average of 1.34 (N = 335) for non-CAI 
> 5.0 patients (t = 3.46, p < 0.01; Table 3). When patients with 

(SD 1.025). Titration quality at Site 3 was significantly worse than 
at Site 1 (t = 3.22, p < 0.01) and at Site 2 (t = 2.55, p < 0.02). At 
Site 1, 4 of 150 (2.7%) patients required a repeat titration, while 
12 of 150 (8%) at Site 2, and 15 of 142 (10.7%) at Site 3 required 
repeat titration because of quality ratings of “adequate” or “unac-
ceptable” during split-night studies. Repeat titration requirement 
differed significantly among sites (p = 0.025). Analysis of covari-
ance comparing titration across 3 altitude levels, controlling for 
age, was significant for an effect of altitude (p = 0.017; Table 2). 
These results demonstrate that increasing altitude has a significant 

Table 1—Site comparison
Altitude, 
meters (Site) N %

Community
Population

Lab 
Beds Site

Monitor
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

Altitude,
meters (Site) N AHI (SD) Low SpO2 (SD)

% CAI > 5.0 
in Dx 

portion

Split-night 
titration 

adequacy (SD)

% CAI > 5.0 
in Tx 

portion

Split-night 
titration rated 
adequate or 

unacceptable 
& 2nd titration 

requested

# Having 
second 
titration 

1421 (1) 150 45.8 (29.7) 73.5 (11.3) 4.7 1.44 (0.82) 4.1 9/150 (6%) 4/150 (3%)
1808 (2) 150 50.1 (35.05) 75.5 (10.7) 22.7 1.57 (0.96) 22.6 26/150 (17%) 12/150 (8%)
2165 (3) 142 46.7 (26.8) 74.2 (9.61) 33.8 1.78 (1.025) 38.7 33/142 (23%) 15/142 (11%)
Sig. dif. 3 > 1 (p < 0.05) 3 > 1 (p < 0.01) 3 > 1 (p = 0.01)

2 > 1 (p = 0.02)
3 > 1 (p = 0.01)
2 > 1 (p = 0.02)

p = 0.025

Analysis of covariance comparing titration adequacy across 3 altitude levels, controlling for age, was significant for the effect of altitude; p = 0.017.
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Figure 1—Comparison of mean percentages of sleep apnea 
patients with CAI > 5.0 in diagnostic portion of study and 
CAI > 5.0 in PAP treatment portion of study graphed versus 
altitude (including treatment data from Javahari, Smith & 
Chung [2009] study done at 270 m)

patients with CAI > 5.0 in diagnostic portion of study
patients with CAI > 5.0 in PAP treatment portion of study
data from Javahari, Smith & Chung (2009) study done at 270 m
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(Table 3). When patients with CAI > 5.0 were excluded from 
analysis, there was no apparent difference in titration difficulty 
between sites (Table 4).

Previous studies conducted at low altitude indicate that cen-
tral apneas develop in 13% to 20% of patients during CPAP 
titration.17-20 Using the same criteria used in this study, Jahaveri 
et al. reported that 84 of 1286 patients with OSA developed 
CAI > 5.0 during PAP titration (overall incidence 6.5%), with 
42/84 of these patients (50%) requiring a repeat titration.17 The 
number of patients developing CAI > 5.0 during PAP titration 
for OSA in this current study (10.6% at Site 1, 22% at Site 2, 
and 38.7% at Site 3) were higher than in studies from lower 
altitude, and increased significantly with increasing altitude. 
For the site altitudes addressed in this study, there appears to be 
an exponential increase in the percentage of patients with OSA 
with central apneas on the diagnostic portion of their study 
subsequently developing CAI > 5.0 on PAP treatment with in-
creasing altitude. Including data from the study by Javahari 
et al. (performed in Cincinnati, OH, at an altitude of 270 m) 
supports the contention that this variation in CAI > 5.0 dur-
ing the treatment of OSA with PAP with altitude may increase 
exponentially for elevations higher than those addressed in this 
study (Figure 1).17 The higher frequency of central apnea at 
altitudes above 1800 meters (6000 ft.) indicates that such alti-
tudes may be a relative contraindication for the use of limited 
channel OSA screening devices and automatic technologies 
that are unable to clearly differentiate between central and ob-
structive apneas.

As noted in this study, patients with central apnea during 
PAP titration are more likely than others to require a repeat ti-
tration (Table 2). Among patients with CAI > 5.0 for which a 
repeat titration was recommended, 54% did not return to the lab 
for that study (a finding consistent for all laboratories studied). 
The difficulty of treating OSA with PAP in patients developing 
central apneas during treatment and the associated intolerance 
of therapy by these patients is likely to lead to a higher level of 
untreated OSA among these patients.11 Untreated and/or under-
treated OSA clearly has negative effects on multiple disease 
processes, as well as on morbidity and mortality.21-23

CAI > 5.0 were excluded from analysis, treatment quality at 
Site 1 (1.36) varied minimally from treatment quality attained 
at Site 2 (1.35) and Site 3 (1.39; see Table 4).

Utilizing the alternative O2 > CPAP/Bilevel PAP protocol in 
CAI > 5.0 patients, an optimal or good titration (AASM crite-
ria) was attained during the initial split-night study in 55/107 
(51%) patients, and was attained for 20/24 additional patients 
when they returned for a full-night O2 > CPAP/Bilevel PAP ti-
tration. An optimal or good titration was not achieved in 4/79 
(5%) of these patients; 28/52 (54%) did not return for their rec-
ommended repeat titration to these laboratories (this return rate 
was consistent for all laboratories). Overall treatment success 
for CAI > 5.0 patients using this protocol was 75/107 (72%). 
Excluding non-returning patients, this protocol achieved an op-
timal/good titration in 75/79 (95%) of these patients.

DISCUSSION

Altitude Associated Central Apneas in OSA Patients: 
Clinical Implications

This study demonstrates that central apnea was significant-
ly more common at increasing altitude in both diagnostic and 
treatment portions of split-night polysomnography in patients 
with significant OSA. The diagnostic findings are supported by 
a previous study reporting that 46% of patients developing CAI 
> 5.0 during PAP titration for OSA had CAI > 5.0 on base-
line polysomnography.17 Development of central apnea (CAI > 
5.0) during PAP therapy has a significant negative association 
with the quality of OSA treatment obtained during titration for 
patients with moderate to severe OSA living at high altitude. 
This decline in treatment quality is associated, as well, with 
a significant increase in the requirement for a second titration 
because of inadequate titration during initial split-night studies. 
These findings, while most apparent at the highest study site 
(Site 3), were also more prevalent at Site 2 than at Site 1. Site 
2 is located at the elevation of the major population centers in 
the Mountain West. Patients with CAI > 5.0 were significantly 
more difficult to titrate with PAP than patients with CAI < 5.0 

Table 3—Comparison of group developing CAI > 5.0 to grouping with CAI < 5.0 during PAP titration

N Age (SD) BMI (SD) AHI (SD) Low SpO2

Titration # 1 
Adequacy (SD) % Re-titration 

CAI > 5.0 106 58.1 (9.34) 31.6 (6.21) 56.5 (34.5) 74.0 (11.93) 2.35 (1.19) 12/106 (11%)
CAI < 5.0 336 58.7 (10.26) 33.8 (7.56) 44.7 (28.96) 74.8 (10.20) 1.3 (0.73) 20/336 (6%)
Sig. dif. p < 0.01

Table 4—Site comparison excluding CAI > 5.0 during PAP titration grouping (no significant differences)
Altitude,
meters (Site)

Excluding 
CAI > 5.0 - N

Excluding CAI > 5.0
titration adequacy (SD)

Excluding CAI > 5.0
repeat titrations

1421 (1) 133 1.36 (0.77) 1 (0.7%)
1808 (2) 114 1.35 (0.72) 4 (3.5%)
2165 (3) 85 1.39 (0.66) 3 (3.5%)

Titration quality rating: 1-optimal (AHI < 5.0 with supine Stage R), 2-good (AHI < 10.0 with supine Stage R), 3-adequate (AHI < 15.0 or without supine Stage 
R), or 4-unacceptable (AHI > 15.0)
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in the treatment and prevention of high altitude syndromes. The 
chronic intermittent hypoxia seen in patients with central sleep 
apneas may lead to the same long-term pathophysiological 
consequences present in patients with untreated OSA.32 Little 
research has addressed possible long-term consequences of un-
treated high altitude central apnea. This is an area deserving of 
further research.

Baseline differences in age, sleep pathology and/or comor-
bidities among the three groups independent of altitude or tech-
nical variations could account for the significant differences 
between sites reported in this study. However, this seems un-
likely due to our attempts to attain methodological consistency 
between sites and the extent of our robust findings. Altitude ef-
fects on OSA treatment with PAP could be further investigated 
in a follow-up study with a crossover design (e.g., patients with 
abnormal studies at higher altitude could be restudied at the 
lower altitude sites after acclimatization, and vice versa). Re-
peating this study at additional site elevations would be helpful, 
as well, to determine whether the increase in central apnea is 
truly exponential with increasing altitude. Data regarding the 
O2 > CPAP/Bilevel PAP protocol (Appendix) for the treatment 
of altitude-associated central apnea must be considered pre-
liminary and further comparative studies to O2, PAP, and RAD 
treatment of central apnea are required.

CONCLUSION

At increasing altitudes in the Mountain West, patients with 
moderate to severe OSA have a greater number of central apne-
as and become increasingly difficult to treat with PAP therapy 
due to the development of central apneas during treatment. This 
high incidence of central apnea among OSA patients at alti-
tude potentially offers a model for the understanding the patho-
physiology of CHF-associated central apnea and the use of PAP 
therapy in this condition. The difficulty of treating OSA due to 
central apneas occurring on treatment with PAP at high altitude 
is likely to lead to a higher level of untreated OSA among these 
patients. An alternative treatment modality (O2 > CPAP/Bilevel 
PAP) results in an optimal/good PAP titration for most OSA 
patients developing central apnea at high altitude.
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Appendix—O2 > CPAP/Bilevel PAP Split night protocol for diagnosing and treating OSA at altitude
• Try to obtain 120 minutes of sleep including supine sleep.
• Initiate CPAP therapy if AHI is > 15/h and titrate patient to optimal levels of CPAP/BIPAP per routine protocol. For patients developing central apneas 

on CPAP treatment:
1) lower PAP pressure until centrals are eliminated
2) if central apneas are persistent O2 is added inline at 2 LPM with PAP titration continuing
3) if this approach is unsuccessful and central apneas persist, take patient off PAP therapy and put patient on O2 at 2 LPM by nasal cannula for 30 

minutes.
4) After 30 minutes resume PAP titration continuing inline O2 at 2 LPM
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