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Study Objectives: Attended manual continuous positive airway pressure (CPAP) titration is the standard practice for determining optimal positive airway pressures
for obstructive sleep apnea (OSA) treatment. However, an unattended single night auto-titrating positive airway pressure (APAP) titration is an alternative. The goal
of this study was to determine whether therapeutic CPAP pressures determined during manual titrations are higher than APAP-generated surrogate pressures.
Methods:We conducted a retrospective review of 165 adults with uncomplicated OSA who had full/split-night manual CPAP titrations prior to commencing
treatment with APAP. Demographic and clinical data including 30-day APAP compliance data were obtained. We compared the recommended CPAP pressure
from manual titrations with the 90th/95th percentile pressure generated from APAP usage over 30 days.
Results: The recommended CPAP pressures during the manual titrations were higher than the 90th/95th percentile pressures generated from APAP (11.4 ± 3.4 vs 10.3 ±
2.4 cmH2O; P = .000). Almost half the group (41.9%) had their manually derived titration pressure at least 1.5 cm above the 90th/95th percentile pressure. In multivariate
analyses, body mass index was the only variable that predicted higher manual titration pressures. Notably, the average residual apnea-hypopnea index on 30-day APAP
data was less than the average residual apnea-hypopnea index observed at the recommended pressure during the manual titration (5.0 ± 4.3 vs 7.2 ± 8.5; P = .006).
Conclusions: Manual CPAP titrations may overestimate pressure requirements, particularly in patients with higher body mass index, and may not be necessary
in managing patients with uncomplicated OSA. APAP appears to be at least as effective as single-pressure CPAP, while delivering lower positive airway pressure.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Attended manual continuous positive airway pressure (CPAP) titration is the standard of care for determining pressure
requirements for CPAP therapy in patients with obstructive sleep apnea. The use of 90th/95th percentile pressures obtained during unattended automatic titrations
is an acceptable alternative. This study was done to determine if manually and automatically derived therapeutic positive airway pressures are equivalent.
Study Impact: The findings of this study demonstrated that manual titrations overestimate therapeutic CPAP pressure requirements. Study participants
were adequately treated with lower pressures using APAP while yielding comparable reductions in AHI to those observed during titration studies. Routine
manual CPAP titrations may therefore not be a necessary step in the management of uncomplicated OSA.

INTRODUCTION

Continuouspositive airwaypressure (CPAP) is thegold standard
in the treatment of obstructive sleep apnea (OSA).1 CPAP ther-
apy is usually delivered via an auto-titrating or fixed-pressure
mode. Manual CPAP titration during an attended polysomno-
graphic study remains the standard of practice for determining
the optimal positive airway pressure (PAP) for treatment of
OSA when using fixed-pressure CPAP per the practice guide-
lines of the American Academy of Sleep Medicine.2 However,
a pressure obtained from an unattended single-night auto-
titrating PAP (APAP) titration is an acceptable alternative.3

Manual titrations are typically performed via full-night or split-
night protocols. Nevertheless, in recent years, prescription for
APAP without a prior manual CPAP titration has been recom-
mended1 and is being used more frequently as treatment for
uncomplicated OSA.

When fixed-pressure CPAP is used, the prescribed pressure is
usually determined from titration studies and less commonly
fromunattendedAPAP titrations. In contrast,whenAPAP is pre-
scribed, a pressure range is specified within which the PAP
adjusts to reduce obstructive events. The pressure at or below
which theAPAPdevice spends90%or95%(90thor 95thpercen-
tile) of usage is recognized as a surrogatemeasure of CPAP pres-
sure requirements; it frequently is the pressure chosen if a patient
is converted subsequently from APAP to fixed-pressure CPAP
therapy.

Poor PAP therapy adherence remains a common problem
encountered in the treatment of patients with OSA.4,5 One of
themajor contributors toward PAPnonadherence is pressure dis-
comfort.6 Higher than necessary PAP pressures may indirectly
contribute to low adherence via pressure discomfort, dryness,
and desiccation of oronasal passages and may also contribute to
the development of treatment-emergent central sleep apnea in
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predisposed individuals.7 The goal of this studywas to determine
whether therapeutic CPAP pressures determined during manual
CPAP titration studies are equivalent to the 90th or 95 percentile
pressures (P90-95) obtained after treatmentwithAPAP for at least
1 month. We hypothesized that the pressure recommendations
(PTIT) determined from manual CPAP titration are higher than
the P90-95 automatically generated from 30-day APAP compli-
ance data.

METHODS

Data were reviewed retrospectively on all adult patients (aged ≥
18 years) with OSA who had full- or split-night manual CPAP
titration polysomnograms done at the Brigham and Women’s
Faulkner Hospital Sleep Laboratory between September 2015
and September 2018. To be included in the study, patients
were required to have been initially treated with APAP and
not fixed-pressure CPAP, and to have been followed up in the
sleep clinic within 18 months of the titration study. Patients
who had comorbid sleep-related breathing disorders, including
central sleepapnea, sleep-relatedhypoxemia,orhypoventilation,
were excluded. Those who had been prescribed APAP with
very narrow ranges (defined as maximum PAP2minimum PAP
< 4 cm) and those whose minimum PAP pressure was set < 2 cm
below, the same as, or > PTIT were also excluded. These patients
were excluded because their P90-95 would not reflect a sufficient
variation in PAP pressures to generate an accurate P90-95. A total
of 922 charts were reviewed, with 165 fulfilling criteria for this
study. Demographic and clinical data including 30-day APAP
compliance data were collected on eligible study participants.

Statistical analysis
Baselinecharacteristicsof studyparticipantsweresummarizedas
means and standard deviations for continuous and interval varia-
bles andaspercentages for categorical variables.Continuousvar-
iableswere compared using the paired- or unpaired-sample t test.
Categorical variables were compared using the chi-squared test.
Multivariate linear regression analysis was carried out to assess
the impact of relevant covariates with the observed pressure dif-
ferencesbetweenPTIT andP90-95. Statistical testswere performed
using Stata/SE (version 11.0; StataCorp, College Station, TX)
and GNU PSPP 1.4.1. Free Software Foundation, Boston, MA.
AP value≤ .05, 2-tailed, was considered statistically significant.

RESULTS

Table 1 shows the baseline characteristics of the 165 study
participants. Two manufacturers’ devices were prescribed
(Philips Respironics, Murrysville, PA; n = 149; ResMed, San
Diego, CA; n = 16) The group comprised 119 patients (72.1%)
who were prescribed APAP with a full PAP range (defined as
minimum PAP of 4 or 5 and maximum PAP of ≥ 15 cm)
and 46 (27.9%) who were prescribed a narrower range of PAP
butwithminimumPAPset≥2 cmbelowPTIT. Theyweremajor-
ity male, middle to older aged, obese, and largely had severe

OSA. Most had a split-night CPAP titration polysomnogram
(70.3%).

Treatment data are displayed in Table 2. No differences were
observed in treatment outcomes between device manufacturers.
Therefore, data were combined for all analyses. Overall, 84.2%
of all the manual CPAP titration polysomnograms (split and
full night) yielded a CPAP pressure recommendation that was
deemed to be adequate by the reporting provider. The average
clinic follow-up interval after the titration study was 5.3 ± 3.4
months. Study participants’ weights remained stable at follow-
up,with no significant change inweight from the timeof the titra-
tion study (215.8 ± 52.5 vs 216.9 ± 53.5 pounds; 97.9 ± 23.8 vs
98.4 ± 24.3 kilograms; P = .21). Compliance with PAP therapy
was good (mean use: 5.3 ± 2.5 hours).Notably, the average resid-
ual apnea-hypopnea index (AHI) onAPAPobtained from30-day
APAP compliance data was less than the average residual AHI
observed at PTIT during the manual CPAP titration (5.0 ± 4.3 vs
7.2 ± 8.5 events/hour; P = .006). Residual AHIs < 10 events/
hour and < 5 events/hour were obtained in 85.5% and 60% of

Table 1—Baseline characteristics of study participants.

Values

Age, y 63.2 ± 13.6

Sex, % male 54.5

Race, % non-Hispanic White 63.6

Weight, pounds 217.0 ± 53.3

Weight, kilograms 98.43 ± 24.2

BMI, kg/m2 34.9 ± 8.4

AHI, events/hour 49.9 ± 30.1

Mild OSA, % 9.8

Moderate OSA, % 17.2

Severe OSA, % 73.0

Full-night titrations, % 29.7

Split-night titrations, % 70.3

n = 165. Values are means ± SDs unless otherwise indicated. AHI = apnea-
hypopnea index,BMI=bodymass index,OSA=obstructive sleepapnea,SD
= standard deviation.

Table 2—Treatment data of study participants.

Values

Single CPAP pressure recommended, % 84.2

Full range APAP prescribed, % 72.1

Average follow-up interval, mo 5.3 ± 3.4

Average nightly use of APAP, hour 5.3 ± 2.5

Average residual AHI, events/hour 5.5 ± 4.6

Residual AHI < 10 events/hour on APAP, % 85.5

Residual AHI < 5 events/hour on APAP, % 60.0

n = 165. Values are means ± SDs unless otherwise indicated. AHI = apnea-
hypopnea index, APAP = auto-titrating positive airway pressure, CPAP =
continuous positive airway pressure, SD = standard deviation.
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patients, respectively. Patients were observed at PTIT for an aver-
age of 68.9 ± 65.3minutes (range: 1.5 to 342minutes) during the
titration studies.

Only 129 of the 165 participants had complete APAP data for
analysis. As shown inTable 3, PTIT was found to be higher than
P90-95 (11.4 ± 3.4 vs 10.3 ± 2.4 cmH2O;P= .000).Almost half of
the group (41.9%) had PTIT at least 1.5 cm above the P90-95.
Results were not different between device manufacturers. This
finding persisted after stratification for sex, age, and whether
supine rapid eyemovement sleepwas observed during themanual
CPAP titration. However, for body mass index (BMI) and OSA
severity, itwas only significant for themost severe. Inmultivariate
analyses, BMI was the only variable that predicted a higher PTIT.

DISCUSSION

In this study,wefoundthatmeanpressure recommendations from
manual CPAP titration polysomnograms were higher than the
mean 90th/95th percentile pressures generated from 30- day
APAPcompliance data in patientswithOSA.Furthermore, those
with a higher BMI were more likely to have higher average PTIT
relative to P90-95. Additionally, the residual AHI on APAP was
lower than the residual AHI observed at the PTIT during manual
titration polysomnograms.

The primary finding fromour studywas that PAP requirement
surrogates generated from APAP data were lower in our study
population when compared with those generated during preced-
ing manual CPAP titration polysomnograms. This agrees with
most, but not all, prior studies, which have shown that optimal
CPAP pressure requirements generated using APAP are lower

than those obtained during manual titration polysomno-
grams.8–10 In contrast, however, Kim et al11 observed no overall
difference between mean P90-95 and mean PTIT but instead docu-
mented significant individual discordance between manually
generated (PTIT) and automatically generated (P90-95) pressures
in the majority of the study population. However, this study by
Kimet al had a smaller number of participants andpredominantly
enrolled males. Another study showed that the 95th percentile
APAP pressure was higher than PTIT

12 but there were significant
mask leaks in the APAP group.

Treatment pressure has been identified as an important deter-
minant of CPAP compliance,13 and higher CPAP pressures
have been associated with poor CPAP compliance.14 Inadequate
compliance is the principal limitationwith the use ofCPAP in the
management of OSA.4,5 Pressure discomfort, aerophagia, and
bloating are some of the many reasons that patients cite for
CPAP intolerance and these can be consequences of high-
pressure settings. Hence, higher prescribed CPAP pressures
based on manual titration recommendations may contribute to
poor compliance to CPAP therapy. Furthermore, treatment-
emergent central sleep apnea also has been associated with high
CPAP pressures.7 It is thus reasonable to infer that treatment
modalities like APAP, which have been shown to be effective
while reducingPAPdelivery,mayimprovecompliance,although
this has not been demonstrated in prior studies.15,16 Clinically,
reductions inCPAPpressure by as little as 1–2 cmcanmake adif-
ference in a patient’s ability to tolerate therapy. In this study, >
40% of the study participants had their PTIT at least 1.5 cm above
their P90-95, and thiswould typically result in theirCPAPpressure
being set 1–2 cm higher if being treated with a single fixed-
pressure CPAP. We acknowledge that some patients did not

Table 3—Comparison of titration pressure (PTIT) vs 90th and 95th percentile pressure (P90-95).

Titration Recommended
Pressure (PTIT) (cmH2O)

90/95th Percentile
Pressure (P90-95) (cmH2O)

P

All, n = 129 11.4 ± 3.4 10.3 ± 2.4 .000

Males, n = 70 11.2 ± 3.6 10.2 ± 2.2 .010

Females, n = 59 11.7 ± 3.1 10.4 ± 2.6 .001

Age < 60 y, n = 43 11.1 ± 3.3 10.2 ± 2.5 .033

Age 60–70 y, n = 44 11.4 ± 3.1 10.3 ± 2.5 .028

Ages > 70 y, n = 42 11.8 ± 3.7 10.3 ± 2.3 .007

BMI < 30 kg/m2, n = 33 10.6 ± 3.9 10.1 ± 2.3 .402

BMI 30–34.9 kg/m2, n = 39 11.1 ± 2.9 10.4 ± 2.5 .179

BMI ≥ 35 kg/m2, n = 56 12.3 ± 3.1 10.3 ± 2.5 .000

Supine REM sleep observed, n = 62 11.1 ± 3.4 9.9 ± 2.5 .004

Supine REM sleep not observed, n = 55 11.5 ± 3.3 10.6 ± 2.3 .036

Full-night titrations, n = 37 11.8 ± 3.8 10.4 ± 2.8 .020

Split-night titrations, n = 92 11.3 ± 3.2 10.2 ± 2.3 .001

Mild OSA, n = 12 9.3 ± 2.7 8.8 ± 2.1 .561

Moderate OSA, n = 21 11.4 ± 2.5 10.7 ± 2.6 .259

Severe OSA, n = 95 11.7 ± 3.5 10.4 ± 2.4 .000

Values are means ± SDs. BMI = body mass index, OSA = obstructive sleep apnea, REM = rapid eye movement, SD = standard deviation.
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achieve an AHI < 5 events/hour with the use of APAP and may
have had residual symptoms such as daytime sleepiness. How-
ever, failure to achieve an AHI < 5 events/hour is common,
even with ongoing use of fixed-pressure CPAP.17,18 Inasmuch
as it isunclearwhethermildOSAisassociatedwithexcesscardio-
vascular morbidity and mortality,19 increases in PAP pressure to
decrease the AHI to < 5 events/hour may not be indicated if
adherence to therapy is reduced concomitantly. Additional
studies will be needed to address this issue.

Despite these findings, attended manual titration polysomno-
grams remain the gold standard for determining CPAP treatment
pressures,20 even though titration pressures are known to have
several limitations.21 Typically, acceptable titration studies gen-
erate the highest pressure required to eliminate all obstructive
respiratory events, including snoring. This pressure is not neces-
sarily needed throughout a single night or on a night to night basis
due to several factors, including sleep position, sleep stage, alco-
hol use,medications, and exercise.11,21Our findings suggest that,
in most cases, split-night or full-night polysomnograms are not
necessary to initiatePAP therapy forpatientswithuncomplicated
OSA.

We found that patients with a higher BMIweremore likely to
have higher PTIT when compared with P90-95. BMI has been
shown to be independently associated with CPAP titration
level.11,13,22 BMI > 35 kg/m2 has been identified as a predictor
of lower rates of successful CPAP titration.23 As such, BMI
has been incorporated into several equations designed to predict
optimal CPAP settings.22,24 Given our findings, a trial of APAP
may be an alternative in obese patients with uncomplicated
OSA in whom a therapeutic PTIT cannot be determined during
a manual CPAP titration, as pressure requirements may be
overestimated.

In our study population, the residual AHI onAPAPwas lower
than the residualAHIobservedatPTIT duringmanualCPAP titra-
tion studies. Notably, this finding was observed despite APAP
titration algorithms that automatically lower PAP in the absence
of hypopneas and apneas, thus permitting them to transiently
recur. This observation is consistent with prior studies that have
shown that automatic titration is at least as effective as standard
manual titration in improving AHI.8,9,15,25

We acknowledge that a major limitation of our study was
that it was retrospective and nonrandomized. In addition,
data from the devices of 2 manufacturers of APAP devices
were combined; APAP algorithms and the reported surrogate
PAPs, P90-95, are different. However, we did not observe any
systematic differences in our observations between the devices.
In addition, we did not assess any potential impact of mask
leak on pressures. Large leaksmay adversely impact PAP adher-
ence and may have affected pressure requirements. Despite
the aforementioned limitations, our study provides a large
systematic comparison of therapeutic pressures determined
during amanual CPAP titration and those obtained during a trial
of APAP.

In conclusion, split- and full-night titrationsmay overestimate
pressure requirements, particularly in patientswith higher BMIs,
and may not be necessary in managing patients with uncompli-
cated OSA. APAP appears to be at least as effective as single-
pressure CPAP, while delivering lower PAP.

ABBREVIATIONS

APAP, auto-titrating positive airway pressure
BMI, body mass index
CPAP, continuous positive airway pressure
OSA, obstructive sleep apnea
PAP, positive airway pressure
PTIT, manually derived CPAP therapeutic pressure
P90-95, automatically derived 90th or 95th percentile pressure
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