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Background: Obstructive sleep apnea (OSA) is prevalent in
the surgical population, and it has been suggested that pre-
operative patients should be screened and treated for OSA.
However, it remains unclear whether patients diagnosed
with OSA in the preoperative period adhere to prescribed
CPAP therapy.

Objective: Our aim was to objectively quantify CPAP adher-
ence, investigate predictors of poor CPAP adherence, and
to establish an optimal CPAP setting in a cohort of presurgi-
cal patients diagnosed with OSA as part of the preoperative
work-up.

Methods: In a retrospective observational study, we collected
data on all adult presurgical patients seen by the Anesthesia
Perioperative Medicine Clinic (APMC) who screened positive
for OSA on the STOP-Bang questionnaire and underwent an
in-laboratory diagnostic polysomnogram (PSG) before sur-
gery. CPAP was offered to patients with moderate or severe
OSA. Objective CPAP adherence was recorded during the
perioperative period. Factors associated with reduced CPAP
adherence were delineated. Patient characteristics were com-
pared between those with STOP-Bang scores of 3-4 and those
with higher scores (STOP-Bang score = 5).

Results: During a 2-year period, 431 patients were referred
and 211 patients completed a PSG. CPAP therapy was re-
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quired in 65% of patients, and the optimal level was 9 + 2
cm H,0. Objective CPAP adherence was available in 75% of
patients who received CPAP therapy; median adherence was
2.5 h per night, without any significant difference between the
STOP-Bang subgroups. African American race, male gender,
and depressive symptomatology were independent predictors
of reduced CPAP adherence. Severe OSA was significantly
more prevalent in patients with a STOP-Bang score = 5 than
those whose score was 3-4 (55.1% versus 34.4%, p = 0.005).
However, optimum CPAP pressure levels and adherence to
therapy did not differ between the 2 STOP-Bang groups.
Conclusions: Adherence to prescribed CPAP therapy during
the perioperative period was extremely low. African American
race, male gender, and depressive symptoms were indepen-
dently associated with reduced CPAP usage. Further research
is needed to identify and overcome barriers to CPAP accep-
tance and adherence in the perioperative setting.
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ince its initial description more than 40 years ago, OSA has

been gaining more interest among anesthesiologists, and
there is accumulating evidence that moderate to severe OSA
can increase perioperative complications.'* Given the impor-
tant implications of untreated OSA,*° the American Society of
Anesthesiologists (ASA) recommends screening presurgical
patients for OSA and implementing treatment if significant OSA
is present.'” There is lack of consensus on the most appropriate
method of screening, diagnosis, and timing of therapy imple-
mentation.'" Although most studies have focused on screening
and diagnosis of OSA, less is known about CPAP therapy and
adherence during the perioperative period.

In this study we aimed to objectively quantify periopera-
tive CPAP adherence and optimal CPAP pressure settings in a
cohort of patients diagnosed preoperatively with moderate or
severe OSA. We also examined patient characteristics associ-
ated with reduced CPAP adherence. We tested the hypothesis
that patients with higher scores on the STOP-Bang screening

BRIEF SUMMARY

Current Knowledge/Study Rationale: Moderate to severe obstructive
sleep apnea (OSA) may increase postoperative complications and there
are recommendations suggesting that preoperative patients should un-
dergo screening for OSA and be treated during the perioperative period.
To date, it has not been established whether patients newly diagnosed
with OSA prior to elective surgery are adherent with CPAP therapy. This
study sought to objectively quantify perioperative CPAP adherence in
patients with moderate or severe OSA.

Study Impact: Pre-surgical patients with newly diagnosed OSA had
very poor adherence to CPAP therapy. These results should encourage
future investigations to determine barriers to CPAP adherence in the
perioperative period.

questionnaire, a validated screening tool for the preoperative
setting, would have a higher prevalence of moderate or severe
OSA than those with lower, yet positive scores and require a
higher level of CPAP pressure for successful treatment.
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METHODS

Between March 2009 and February 2011, adult presurgi-
cal patients who were identified at high risk for OSA by the
STOP-Bang screening survey administered during their visit
to the Anesthesia Perioperative Medicine Clinic (APMC) were
recommended to undergo a diagnostic in-laboratory PSG prior
to elective surgery.'*"® Patients with prior diagnosis of OSA
were excluded from our cohort. The STOP-Bang surveys were
completed by the patients; APMC medical assistants measured
the neck circumference, weight, and height, and the body mass
index (BMI) was calculated by the preoperative computerized
program used by the APMC. A request for an expedited in-
laboratory PSG was submitted by the APMC staff to the sleep
laboratory, and an appointment for the PSG was made within
3 days of the initial APMC visit as long as the patient was
willing to undergo the PSG. In order to avoid any delay in
surgery, split-night PSGs (first half of the study to establish di-
agnosis and the second half dedicated to CPAP titration) were
performed on those patients who demonstrated at least moder-
ate OSA (AHI > 15)." Given the long wait times in the sleep
clinic and in order to avoid delaying surgery, the patients were
not evaluated by a sleep physician preoperatively. However,
patients were seen in consultation by a sleep physician 6 to 8
weeks after surgery.

PSGs were staged and scored according to the 2007 Ameri-
can Academy of Sleep Medicine Manual for the Scoring of Sleep
and Related Events."> Hypopneas were scored if the magnitude
of ventilation signal decreased by > 50% of the baseline ampli-
tude of the nasal pressure transducer > 10 sec and were associ-
ated with either > 3% drop in oxygen saturation as measured
by finger pulse oximetry, or an electroencephalographic micro-
arousal.”® The 3% oxygen desaturation index (ODI) indicated
the number of 3% desaturations per hour of sleep. A patient was
considered not to have OSA if the AHI was < 5, to have mild
OSA if the AHI was 5-14, moderate OSA if the AHI was 15-29,
and severe OSA if the AHI was > 30. CPAP titration was con-
sidered successful if, on optimal CPAP pressure, the residual
AHI was < 5 and included supine REM sleep.'® The sleep stud-
ies were reviewed by sleep specialists the day after the PSG,
and those with moderate or severe OSA were prescribed and
received an auto-titrating CPAP device. The pressure range of
the auto-titrating device was determined based on the optimal
CPAP level obtained during the titration portion of the PSG. As
an example, if the optimal CPAP pressure was 9 cm H,O, the
minimum pressure setting of the auto-CPAP device would be
set at 2 cm H,O below the optimal pressure and the maximum
pressure would be set at 3 cm H,O above the optimal pressure
(e.g., 7 to 12 cm H,0). The patients were systematically edu-
cated by a trained respiratory therapist on the importance of
adherence to therapy during the perioperative period, under-
went appropriate mask fitting, and were instructed on how to
use their auto-titrating CPAP device. Patients received the auto-
titrating CPAP devices the day after the in-laboratory PSG and
were instructed to bring their auto-CPAP devices with them on
the day of surgery. All patients were contacted by a sleep physi-
cian the day after the sleep study to briefly discuss the findings
of the polysomnogram and the importance of adhering to CPAP
therapy before and after surgery. There were no additional com-
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munication between the sleep laboratory staff and the patient
until the sleep clinic consultation 6-8 weeks after surgery.

Ethics

The study was approved by the Institutional Review Board
of the University of Chicago (IRB protocol # 11-0120). Given
the retrospective nature of the study, the need for informed con-
sent was waived.

Patient Characteristics

On the night of the PSG, patients completed a routine ques-
tionnaire, which included demographics, medical history,
Epworth Sleepiness Scale (ESS),'” and the Center for Epidemio-
logic Studies Depression Scale (CES-D), a validated depression
questionnaire.'® BMI was calculated using weight and height
measurements obtained on the day of the PSG. The patient’s
neck circumference was obtained from the measurement done
in the APMC. The patient’s age and sex were obtained from
the electronic medical record. Race was self-reported and was
categorized into African American and non-African American.
Self-reported education level was categorized into “high school
degree or less” and “more than high school degree.”

CPAP Adherence

CPAP adherence during the first 30 days of therapy was de-
termined objectively when patients were seen in consultation
by a sleep physician 6 to 8 weeks after surgery.

Statistical Analyses

Means or proportions of all variables were calculated for the
entire cohort and then separately for those with STOP-Bang
scores of 3-4 and those with STOP-Bang scores > 5. The dis-
tribution of each continuous variable was examined. Continu-
ous variables that were normally distributed were summarized
as mean + standard deviation (SD) and were compared using
Student’s #-test. Continuous variables that were not normally
distributed were summarized as median and interquartile range
(IQR) and were compared using the Mann-Whitney nonpara-
metric test. Differences in proportions were tested using the
x* test. We performed a linear regression model to adjust for
possible confounding variables in order to identify independent
predictors of CPAP adherence. Differences were considered
statistically significant when p value was < 0.05. All analyses
were performed using PASW Statistics (v.18.0, SPSS, Inc.,
Chicago, IL).

RESULTS

Over a 2-year period, 431 patients who screened at high risk
for OSA were referred for an in-laboratory PSG. Of the 431
referred patients, 211 scheduled and completed the in-labora-
tory PSG. The remainder of the patients did not show up for
the scheduled polysomnogram (Figure 1). Our population of
patients who had a PSG included those undergoing elective or-
thopedic surgery (29%), genitourinary surgery (18%), general
surgery (12%), vascular surgery (8%), head and neck surgeries
(7%), gynecologic surgery (5%), thoracic surgery (3%), and all
other surgeries (18%). None of the patients underwent a sleep
consultation prior to the diagnostic polysomnogram.
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Figure 1—Flow diagram of patients in the study that were
referred to the sleep laboratory

Patients referred for PSG
over 2 year period (n = 431)

Did not complete PSG due
to “no shows” to the sleep
laboratory (n = 220)

PSG performed
(n=211)

v v

STOP-Bang score 3-4 STOP-Bang score = 5
(n=93) (n=118)
Required CPAP therapy Required CPAP therapy
(n=52) (n=86)

CPAP adherence data CPAP adherence data
available (n = 43) available (n = 61)

Of the 211 patients who screened high risk for OSA and
underwent a diagnostic PSG, 6% did not have OSA, 20% had
mild OSA, 28% had moderate OSA, and 46% had severe OSA.
However, the prevalence of severe OSA increased from 36%
in patients with STOP-Bang score of 3 to 79% in patients with
STOP-Bang scores of 7-8 (Figure 2). We divided the cohort
into 2 STOP-Bang subgroups with similar sample sizes. Among
the 211 patients who underwent PSG, we compared 93 patients
(44%) with STOP-Bang scores of 3-4 to 118 patients (56%)
with STOP-Bang scores of 5-8 (Tables 1, 2). Severe OSA was
significantly more prevalent in patients with a STOP-Bang
scores of 5-8 (55.1% vs. 34.4, p = 0.005) (Table 1). The group
with STOP-Bang scores of 5-8 included a significantly higher
proportion of men and had a larger neck circumference, higher
BMI, and more severe indices of OSA as measured by AHI,
ODI, and percent of total sleep time below oxygen saturation of
90% (T90) (Table 2, Figure 3).

CPAP therapy was required and provided to a total of 138
out of 211 patients (65%). On average, patients were started on
CPAP therapy 4 days before the date of surgery. Not surpris-
ingly, a higher proportion of patients with STOP-Bang scores
> 5 required CPAP therapy (73% vs. 56%, p =0.01). However,
among patients who underwent CPAP titration in the 2 groups,
there was no significant difference in the CPAP levels required
to optimally treat OSA (Table 2). Objective CPAP adherence
data during the first 30 days of therapy was available in 104
of the 138 patients who received CPAP therapy (75%). There
was no significant difference in the proportion of patients with

Figure 2—Prevalence of moderate or severe OSA across
all STOP-Bang scores in 211 patients who underwent in-
laboratory polysomnogram
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The 5 patients with STOP-Bang score of 8 were combined with the 14
patients with STOP-Bang score of 7. p = 0.02 by »? comparing OSA
severity in various STOP-Bang categories.

Table 1—Prevalence of OSA severity in the two STOP-Bang
categories

All STOP-Bang STOP-Bang

patients 3-4 25
OSA Severity (n=211) (n=93) (n=118)*
No OSA, n (%) 13(6.2) 10 (10.8) 3(2.5)
Mild OSA, n (%) 42(19.9)  23(247)  19(16.1)
Moderate OSA, n (%) 59(28.0)  28(30.1)  31(26.3)
Severe OSA, n (%) 97 (46.0)  32(344)  65(55.1)

*p = 0.005 by »* comparing all OSA severity categories between STOP-
Bang 3-4 and STOP-Bang = 5.

CPAP adherence data available in the 2 STOP-Bang catego-
ries (p = 0.15). CPAP adherence was quantified as a continu-
ous variable (mean daily usage over 30 days of therapy) as
well as a categorical variable (percentage of patients using
CPAP > 4 h/night). The overall median adherence to CPAP
during the first 30 days of therapy was quite suboptimal at 2.5
h/night (interquartile range of 0.7-4.5 h/night), and there was
no significant difference in CPAP adherence between the 2
STOP-Bang categories. Based on this distribution, only 25%
of patients prescribed CPAP therapy were using their CPAP
devices for > 4.5 h/night. As expected, adherence was also
poor when examined as a categorical variable since only 33%
of patients used CPAP >4 h/night (Table 2). In a fully adjusted
linear regression model, African American race, male gender,
and the presence of depressive symptomatology were each in-
dependently associated with approximately 1 h less of CPAP
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use per night after adjustment for OSA severity, STOP-Bang We also found that the majority of patients were optimally
category, hypersomnolence, and education level (Table 3). treated with CPAP pressure of 9 +2 cm H,0, and there was no

Table 2—Patient characteristics

All patients STOP-Bang 3-4 STOP-Bang 2 5

Variables (n=211) (n=93) (n=118) p-value
Age, y 61.9+11.0 61.7+124 62.1+£10.0 0.8
Men, % 616 53.8 67.8 0.037
African American, % 56.5 60.8 53.0 0.26
Education level = high school, % 59.0 58.0 58.0 0.98
Hypertension, % 80.0 774 82.2 0.41
Type 2 diabetes, % 31.8 36.6 28.0 0.29
Epworth Sleepiness Scale 89+43 85142 9.2+45 0.3
Epworth Sleepiness Scale = 10, % 40.0 39.0 40.0 0.88
CES-D depression scale = 16, % 30.0 29.0 31.0 0.88
Neck size, inches 16.3+1.6 156+14 16.9+15 <0.001
BMI, kg/m? 335+8.1 30773 35.7+8.1 <0.001
AHI, events/h 27.0 (12-45) 21.0(10.5-33.5) 30.0 (19.0-52.3) < 0.001
SpO, nadir 845+6.6 85.5+6.6 83.7+6.5 0.06
ODI, events/h 19.0 (8.0-42.5) 14.0 (6.0-32.0) 27.0 (10.0-55.0) 0.001
T90 3.0 (1.0-10.0) 2.0 (0.0-6.0) 5.0 (1.0-20.0) 0.003
Received CPAP therapy, n (%) 138.0 (65) 52.0 (56) 86.0 (73) 0.01
Final CPAP pressure, cm H,0 8.8+20 86+16 89+22 0.22
CPAP adherence data available, n (%) 104 0(75) 43 0(83) 61.0 (71) 0.15
CPAP adherence, hours/night 5(0.7-4.5) .3(0.6-4.2) 2.8(0.7-4.6) 0.69
CPAP use =4 h/night, n (%) 34 0(33) 14 O (33) 20.0 (33) 0.98

Normally distributed data are presented as mean + SD and compared using t-students. Not normally distributed data are presented as median (25th-75th
interquartile range) and compared using Mann-Whitney nonparametric test. Categorical values were tested using x?. Epworth Sleepiness Scale is a validated
8-item questionnaire with a scale of 0 to 24 in which a score = 10 is suggestive of hypersomnolence. CES-D, Center for Epidemiologic Studies Depression
Scale is a validated 20-item questionnaire with a scale of 0 to 60 in which scores = 16 are suggestive of depressive symptomatology. AHI, Apnea-hypopnea
index; BMI, Body mass index; SpO, nadir, Lowest oxygen saturation during sleep; ODI, number of 3% oxygen desaturations per average hour of sleep; T90,
% of total sleep time with oxygen saturation below 90%; CPAP, Continuous positive airway pressure.

Figure 3—Box plots showing the distribution of and differences in 3% oxygen desaturation index (ODI 3%) and percent of total
sleep time below oxygen saturation of 90% (T90) across the two STOP-Bang categories
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significant difference in the optimal CPAP pressure between
the 2 STOP-Bang groups.

DISCUSSION

Our study demonstrates that in an urban tertiary care aca-
demic medical center, a high proportion of presurgical patients
that underwent polysomnographic evaluation had severe OSA.
Overall CPAP adherence during the first 30 days of periopera-
tive period was extremely low compared to known CPAP ad-
herence at our institution, as well as reported national averages
of 4.7 hours/night."”> Indeed, only a third of patients were us-
ing CPAP at least 4 hours/night. Moreover, African American
race, male gender, and the presence of depressive symptoms
were significant predictors of reduced CPAP adherence. These
are novel findings that have not been previously investigated in
this patient population.

Further investigation into why perioperative patients are less
adherent to CPAP and interventions to overcome noncompli-
ance is needed if successful therapy is desired. While we have
previously reported that OSA patients seen by sleep physicians
are more adherent to CPAP therapy,'” none of the patients un-
derwent a sleep consultation prior to the diagnostic polysomno-
gram. It remains to be elucidated whether a sleep consultation
in the preoperative period would lead to improvement in CPAP
adherence. In a recent study, 88 patients identified as having
OSA who received CPAP therapy during the preoperative pe-
riod were surveyed with a mailed questionnaire two years after
surgery to assess “subjective” CPAP adherence.?* Although the
study reported 45% of patients being adherent with therapy, the
findings were limited by not having objective CPAP adherence
data, as well as lack of information about the more immediate
perioperative CPAP use. It is important to recognize that CPAP
adherence is frequently overestimated by patients.”*** Not-
withstanding these limitations, the study reported that patients
adherent with CPAP therapy experienced greater symptomatic
benefit.** Although long-term CPAP non-adherence is associ-
ated with increased cardiovascular morbidity and mortality,*®
the impact of CPAP non-adherence in the perioperative period
has not been evaluated in a systematic fashion.

We also found that despite removing administrative barriers
and ensuring that there would be full availability of resources
from the sleep laboratory to obtain a confirmatory in-laboratory
PSG in a timely fashion without delaying surgery, a large pro-
portion of patients were unable or unwilling to undergo a PSG.
It is noteworthy that others have also reported a low patient
acceptance rate of in-laboratory PSG in either a clinical or re-
search setting.">* Our study was not designed to elucidate the
reasons for which patients refused or deferred a PSG. However,
we speculate that the inconvenience of an overnight in-labora-
tory PSG, cost, under-appreciation of the implications of OSA,
lack of understanding of the consequences of untreated OSA or
unwillingness to use CPAP may have all contributed.

Our data also demonstrates that the average CPAP level re-
quired to optimally treat patients is approximately 9 + 2 cm
H,O. Therefore an auto-titrating CPAP device with a minimum
pressure setting of 7 cm H,O and a maximum pressure setting
of 12 em H,O adequately treated the vast majority of our pa-
tients. In practice, we have noted that some anesthesiologists at

CPAP Adherence During Perioperative Period

Table 3—Significant predictors of mean CPAP adherence
over the first 30 days of therapy in minutes from a fully
adjusted multiple linear regression model*

Regression
Coefficient 95% CI
(Minutes) (Minutes)  pvalue
African American race -68 (-126, -10) 0.021
Depressive symptoms -65 (-123, -6) 0.030
Men 61 (-119,-3) 0.041

*The model is fully adjusted for race (African American vs. non-African
American), gender, education (greater than high school vs. high school
or less), OSA severity (moderate vs. severe), STOP-Bang score (= 5
vs. 3-4), hypersomnolence (Epworth Sleepiness Scale score = 10 vs.
Epworth Sleepiness Scale < 10), depressive symptoms (CES-D = 16
vs. CES-D < 16). Non-significant covariates in this model included:
education category, OSA severity, STOP-Bang category, and presence
of hypersomnolence.

our institution start empiric CPAP at 5 cm H,O in the postop-
erative period in patients with suspected OSA. Most likely, this
treatment approach will not give full resolution of upper air-
way obstruction; based on our findings, higher pressure needs
to be prescribed for successful treatment. This is an important
finding, given that the vast majority of patients with OSA are
not typically diagnosed preoperatively, but can be suspected to
have OSA based on patient characteristics, by using the STOP-
Bang screening tool, or by nocturnal oximetry.?62

Our study has several limitations. Although we objectively
measured CPAP adherence, we were unable to obtain adher-
ence data on all the patients. However, objective CPAP adher-
ence data were available in 75% of patients who received CPAP
therapy. There is a possibility of a selection bias leading to a
high proportion of patients having moderate or severe OSA in
our study. Patients with more severe symptoms may have been
more willing to undergo a PSG. We cannot calculate sensitiv-
ity or specificity for the STOP-Bang cutoffs used in our study,
since we did not systematically test patients who screened at
low risk for OSA on the questionnaire (scores below 3). Given
that overall serious postoperative complications due to OSA
are rare, our study was neither powered nor designed to ascer-
tain rates of postoperative complications between patients with
higher and lower STOP-Bang scores or between patients that
were adherent and non-adherent to CPAP therapy. Finally, the
findings in our inner-city urban cohort may not be applicable to
other populations. As such, further studies are needed to con-
firm our findings.

In summary, the willingness of patients who screen at high
risk for OSA to submit to an in-laboratory PSG during the im-
mediate preoperative period is low. However, those identified
as high risk by STOP-Bang scores of 5-8 have a high likeli-
hood of moderate-severe OSA. The adherence to prescribed
CPAP therapy in the perioperative period in our population
was extremely low. Further research is needed to identify bar-
riers to CPAP adherence in this patient population, or efforts
directed towards diagnosis are likely to be wasted. Ultimately,
large multicenter randomized trials with clinically important
and relevant end points are needed to test the validity and cost-
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effectiveness of various approaches in diagnosing and treating

OSA in the perioperative setting.
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