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Approximately 40 million Americans have chronic sleep disorders, the most serious of
which is obstructive sleep apnea. The goals of this research were to serve as a demon-
stration project for a multicenter treatment outcomes research project for patients with
obstructive sleep apnea. A clinical-severity staging system was created to control for
important differences in the severity of sleep apnea among the enrolled patients. A dis-
ease-specific quality-of-life measure was used in this project to measure, from the patient’s
perspective, important pretreatment and posttreatment physical, functional, and emotion-
al aspects of obstructive sleep apnea. Adults with apnea indexes greater than 5 who had
not previously undergone uvulopalatoplasty were eligible. In total 142 patients were
enrolled from eight otolaryngology practices. The mean age was 48 years, 112 were men,
and 114 were white. The mean pretreatment apnea index was 40.0, and the mean respira-
tory distress index was 60.5. Seventy-one patients received continuous positive airway
pressure, and 48 patients received surgery. Outcomes were assessed from scores on
patient-based general and disease-specific health status measures 4 months after enroll-
ment. The short duration of follow-up and limited number of patients undergoing posttreat-
ment polysomnograms prohibit any analysis of treatment effectiveness. Nevertheless, this
research represents a step forward for the support of future outcomes research projects by

organized otolaryngology. (Otolaryngol Head Neck Surg 1998;118:833-44.)

According to the Executive Report of the National
Commission on Sleep Disorders Research (NCSDR),
approximately 40 million Americans have chronic
sleep disorders, and another 20 million to 30 million
have periodic sleep problems.! The most serious sleep
disorder is obstructive sleep apnea (OSA) syndrome.
The societal consequences of OSA are nontrivial. The

From the Department of Otolaryngology (Dr. Piccirillo and Ms.
White) and Division of Biostatistics (Dr. Schectman), Washington
University School of Medicine; and the Department of
Otolaryngology—Head and Neck Surgery (Dr. Gates), University of
Washington, Seattle.

Supported through a grant from the American Academy of
Otolaryngology-Head and Neck Surgery Foundation, Inc.

Presented at the Annual Meeting of the American Academy of
Otolaryngology—Head and Neck Surgery, San Diego, Calif., Sept.
18-21, 1994.

Reprint requests: Jay F. Piccirillo, MD, Clinical Outcomes Research
Office, Department of Otolaryngology—Head and Neck Surgery,
Washington University School of Medicine, Box 8115, 517 S.
Euclid Ave., St. Louis, MO 63110.

Copyright © 1998 by the American Academy of Otolaryngology—
Head and Neck Surgery Foundation, Inc.

0194-5998/98/$5.00 + 0 23/1/84703

NCSDR estimates that 75% of the 75,000 patients
screened in accredited sleep laboratories each year will
obtain a diagnosis of OSA, resulting in direct medical
tests costing approximately $275 million per year.! The
fragmentation of sleep caused by apneic events fre-
quently contributes to excessive daytime sleepiness and
has been associated with intellectual deterioration,
behavioral and personality changes, enuresis, sexual
dysfunction, and increased traffic accidents.!> In its
most severe form, OSA can lead to systemic or pul-
monary hypertension,®’ cardiac arrhythmias, cor pul-
monale, polycythemia, increased rate of occupational
or driving accidents,! and increased mortality.®
According to the NCSDR, 38,000 cardiovascular
deaths as a result of OSA occur annually.

Many treatments currently are available for OSA,
ranging from behavioral intervention (sleeping in a lat-
eral position), diet and exercise programs, medications
(e.g., stimulants or nasal steroid sprays), mandibular
advancing dental devices (jaw repositioning or tongue
retaining), continuous positive airway pressure (CPAP)
or biventilation positive airway pressure, and a variety
surgical procedures for removing or circumventing the
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site of obstruction.? The principal nonsurgical treatment
is CPAP, which acts as pneumatic splint to passively
prop the airway open.2-!! Although CPAP is a proven,
effective treatment for OSA,312-19 patient compliance
with this bulky apparatus is inconsistent because of
noise from the machine, poor mask fit, nasal irritation,
and difficulty in traveling.’22022 The most commonly
performed surgical procedure for OSA is the uvu-
lopalatopharyngoplasty (UPPP),2324 which involves
the removal of the uvula, inferior rim of the soft palate,
and when present, the tonsils. Earlier studies, using
50% reduction in the preoperative apnea index (Al) as
the definition of success, found that UPPP succeeds in
50% of patients with OSA.? Surprisingly, although a
majority of patients report subjective improvement
after UPPP2° often this is not associated with an
improvement in objective measures (e.g., Al or sleep
stage architecture).

Outcomes research is the scientific study of the out-
comes of diverse therapies that are used for a particular
disease, condition, or illness.?” The need to determine
the outcomes of medical care is fundamental to the suc-
cessful and cost-effective practice of medicine.?8-2° The
key features of outcomes research are the study of the
effects of all major therapies on a condition, the
expanded definition of outcome, and the central role of
the patient in treatment selection.3%3! The goals of this
type of research are to document treatment effective-
ness and create treatment guidelines.’23* Treatment
effectiveness implies the value or strength of a treat-
ment as is used in the community under usual situa-
tions. Outcomes research also uses a broadened
description of patient outcome, which includes health
status, quality of life (QOL), and satisfaction with care.

The main goals of the Obstructive Sleep Apnea
Treatment Outcome Pilot (OSATOPS) project were (1)
to serve as a demonstration multicenter treatment effec-
tiveness and patient outcomes research project spon-
sored by the American Academy of Otolaryngology—-
Head and Neck Surgery Foundation (AAO-HNSF); (2)
to validate the outcomes assessment methods devel-
oped for this study, including the clinical severity index
and OSA patient-oriented severity index (OSAPOSI), a
disease-specific, health-related QOL (HRQOL) index;
and (3) to acquire pilot data to support a large-scale,
formal study to assess the effectiveness of common
treatments for OSA.

METHODS
Description of Study Design

OSATOPS was a multiinstitutional, prospective,
observational outcomes research study. The research
protocol was developed by several of the authors (G. A.
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G. and J. F. P); Dr. Maureen Hannley, Director of
Research of the AAO-HNSF; and members of the
Outcomes Research Subcommittee of the AAO-HNSF.
The protocol was approved by the Sleep Disorders
Committee of the AAO-HNS. The study design includ-
ed use of repeat measures taken from the patient, sleep-
ing partner, physician, and laboratory at three distinct
times: initial visit, zero-time (the date of initial treat-
ment), and outcome (4 months after zero-time). The
questionnaires were developed and field tested at the
OSATOPS Data Coordinating Center at the Department
of Otolaryngology, Washington University School of
Medicine. Initial treatment was selected by patients
based on physician recommendations.

Description of Study Sites

The 10 participating medical centers represented the
broad spectrum of clinical otolaryngology practices (4
academic, 5 private practice, and 1 military) across the
entire country (5 Midwest, 2 Northeast, 2 Southwest, 1
West Coast). All participating physicians were board-
certified otolaryngologists and members of the AAO-
HNS. The study protocol was approved by the
Institutional Review Boards at each center before pro-
ject initiation. The centers enrolled patients between
March 1, 1993, and December 31, 1993.

Description of study population. Eligible patients
were between 18 and 75 years old and fulfilled the fol-
lowing criterion for the clinical definition of OSA: all-
night polysomnogram (PSG) confirmation of at least
five episodes of apnea per hour (respiratory cessation
lasting at least 10 seconds). Patients with either new or
previous diagnoses were eligible. Patients were exclud-
ed from study participation if they had previous UPPP,
neuromuscular disorders, previously diagnosed cranio-
facial syndrome, nasopharyngeal stenosis, maxillofa-
cial trauma, acute illness, or impaired ability to give
consent.

Description of Study Variables

Demographic. Standard demographic data includ-
ed age, sex, race, highest educational level achieved,
and employment status. Patients who indicated that
they were disabled were asked whether this was
because of their sleep disorder.

History of present illness. Patient-based question-
naires collected information on the type, duration, and
severity of symptoms as well as the response to any
previous treatment. Information was also obtained
about the reason the patient sought medical care and
about the patient’s most bothersome symptom.
Information on risk factors (smoking, alcohol use, and
weight gain) was also obtained.
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The degree of hypersomnolence was evaluated with
the Epworth Sleepiness Scale (ESS).3> The ESS is a
valid patient-based instrument that quantifies the
degree of hypersomnolence by rating the likelihood of
dozing in eight different situations (sitting and reading,
watching television, sitting inactive in a public place,
riding as a passenger in a car for an hour without break,
lying down to rest in the afternoon when circumstances
permit, sitting and talking to someone, sitting quietly
after a lunch without alcohol, and sitting in a car while
stopped for a few minutes in traffic) on a four-category
scale of O (never) to 3 (high chance of dozing).

General health status. General health status was
evaluated by use of the Medical Outcomes Study Short-
Form 36 (MOS SF-36).3%37 The MOS SF-36 rates a
patient’s health and functional well-being in eight dif-
ferent domains: physical functioning, role disability
because of physical problems (role-physical), bodily
pain, general health, vitality, social functioning, role
disability because of emotional problems (role-emo-
tional), and mental health. Scores for each domain
range from 0 to 100, with O being the worst and 100
being the best. Normative data for the SF-36 has been
obtained through extensive research and wide general
usage.38 Responses to the SF-36 were scored according
to the algorithm as recommended by Hays et al.>

Disease-specific HRQOL. A measure the disease-
specific HRQOL was obtained by the score on the
OSAPOSI. We created the OSAPOSI especially for this
study by first conducting multiple semistructured inter-
views with patients to identify the cogent physical
problems, functional limitations, and emotional conse-
quences of OSA and its treatment. The OSAPOSI
includes the 32 items that were most frequently men-
tioned and seemed clinically meaningful (Table 1). The
items (e.g., difficulty staying awake) were organized
into five problem subscales (sleep, awake, medical,
emotional and personal, and occupational). The
OSAPOSI has two categoric scales so patients can rate
the magnitude of the problem for each item (magnitude
scale: 0 to 5, from no problem to problem is as “bad as
can be”) and the importance to the patient (importance
scale: 1 to 4, from not important to extremely impor-
tant). A symptom-impact score is calculated as the
product of the magnitude score and the importance
score; the higher the score is, the worse the HRQOL.
The range of the score for any one item is 0 to 20, and
for the entire instrument the range is 0 to 640. Finally,
patients are asked to provide a global rating of the over-
all amount of “bother” or “disturbance” they experience
as a result of OSA.

The OSAPOSI provides different information from
the PSG and other laboratory-based measures of OSA.
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Table 1. ltems on OSAPOSI

Sleep problems
1. Trouble falling asleep
2. Waking during sleep
. Loud/excessive snoring
. Restlessness during sleep
. Waking “too early” in morning
. Waking up feeling tired
. Bed wetting
Awake problems
8. Fatigue or tiredness
9. Frequent yawning
10. Sleepiness while driving
11. Memory and/or concentration problems
12. Productivity limited at certain times of day
13. Often late for meetings or appointments
14. Participation in community, volunteer, religious, or
spiritual activities limited
Medical problems
15. Amount of medical care required for OSA
16. Interaction of OSA with other medical problems
17. Travel by automobile to other regions or parts of
country limited because of fear of medical problem
18. Unable to have sexual relations because of medical
problem
19. Financial burden as a result of iliness
Emotional and personal problems
20. Dread/fear going to bed
21. Nerves are “right on surface”
22. Inability to relax, always anxious
23. Marital strain, stress, and tension
24. “Foul” mood
25. Unable to experience closeness with spouse and/or
others
26. Lack of desire for sexual relations
27. Feeling that future is hopeless
Occupational impact
28. Competence questioned
29. Reliability questioned
30. Inability or difficulty getting new job
31. Loss of job
32. Maodification in job because of excessive sleepiness

~NOoO O~ W

Despite the fact that patients may underreport or misre-
port their symptoms, patient-based measures, like the
OSAPOSI, provide important information with a dif-
ferent perspective on the patient’s condition.
Preliminary research indicated that the OSAPOSI
offers promise as a valid and sensitive patient-based
assessment of the QOL for patients with OSA.*0
Physician. The physician recorded data in four main
areas: vital signs, physical examination, Miiller maneu-
ver,*! and medical comorbidities. During physical
examination the physician rated the amount of denti-
tion, presence of a draping soft palate, elongated uvula,
redundant pharyngeal folds, and abnormalities of the
epiglottis and hypopharynx. The degree of turbinate
swelling, presence and severity of septal abnormalities,
Mallampati classification*? of the oropharynx, and
quality of the false vocal cords were also recorded. The
Mallampati classification rates the severity of oropha-
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BMI RDI
Redundant Minimum
pharyngeal O, saturation
tissue <30 30-40 >40 (%) 0-33 34-65 >65
Absent Alpha Beta Gamma >84 1 2 2
A Present Alpha Gamma Gamma c 84-65 1 2 3
<65 2 2 3

PSG-severity index

. oo Functional-
Physical-severity index severity
ESS Alpha Beta Gamma index 1 2 3
<9 A A B A | | 1
9-16 A B C B Il Il 11

B >16 B C C D C Il I 1

Fig. 1. Creation of clinical-severity staging system. Panels A through € demonstrate the sequential conjunction and con-
solidation of key physical examination variables, ESS, and PSG variables to ultimately create the clinical-severity index.
A, Pattern of consolidation of redundant pharyngeal tissue and BMI to form composite physical-severity index.
Categories of BMI and redundant pharyngeal tissue are conjoined to create the three-category (alpha, beta, and
gamma) physical-severity index. B, Pattern of consolidation of ESS and physical-severity index to form composite func-
tional-severity index. Categories of physical-severity index (alpha, beta, and gamma) are conjoined with three cate-
gories of the ESS (<9, 9 fo 16, >16) to create the functional-severity index. C, Pattern of consolidation of minimum O, sai-
uration during apnea and RDI to form the composite PSG-severity index. Categories of the two key PSG variables, min-
imum O, saturation during apnea and RDI, are conjoined to create the three-category (1, 2, and 3) PSG-severity index.
D, Paiftern of consolidation of functional-severity index and PSG-severity index to form the composite clinical-severity
index. The three categories (A, B, and C) of the functional-severity index and three categories (1, 2, and 3) of the PSG-

severity index are conjoined to create the three-category (I, Il, and Ill) composite clinical-severity index.

ryngeal obstruction on a three-category pictographic
scale.

The Miller maneuver was performed with patients
in both the seated and supine positions. The site of
obstruction was classified as the velopharynx only if
the velopharynx or tonsil regions were rated as 50% or
more collapsed and the epiglottis and base of the tongue
were rated as less than 50% collapsed. The site of
obstruction was classified as the hypopharynx only if
the epiglottis or base-of-tongue region was 50% or
more collapsed and the tonsil and velopharynx were
less than 50% collapsed. If the velopharynx/tonsil and
epiglottis/base-of-tongue regions were both rated as
50% or more collapsed, the site of obstruction was clas-
sified as being both the velopharynx and hypopharynx.

The physician listed any other diseases or conditions
the patients had and rated the severity using the Kaplan-
Feinstein comorbidity index.*> The CAGE question-
naire***> was used to determine the likelihood of alco-
holism. The physician also rated the overall impression
of the severity of the OSA on a five-category rating
scale (O to 4, none to severe).

Laboratory. All-night PSG and a next-day Multiple

Sleep Latency Test scores were required for all patients.
The PSG and Multiple Sleep Latency Test data were
recorded and scored by the professionals associated
with the sleep laboratory connected with each partici-
pating center using definitional criteria approved by the
American Sleep Disorders Association.*6:47

Creation of clinical-severity staging system. To
assess treatment effectiveness from an observational
study, controls for important prognostic and therapeutic
differences among patients must be used.*® At present,
no validated prognostic staging system for OSA sever-
ity exists. To develop such a system, we hypothesized
that an ideal prognostic staging system would likely
contain descriptions of the degree of daytime sleepi-
ness, severity of physical examination abnormalities,
and derangements on various physiologic parameters
obtained from the all-night PSG. Furthermore, it was
believed that the severity of illness should agree with
the physician’s assessment of severity, rather than the
patient’s, because the physician’s severity estimates
likely reflect more pathophysiologic severity. The
dependent variable (or gold standard) used to create the
index was the physician’s overall impression of the
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Table 2. Mean SF-36 and OSA patient-oriented severity scales as a function of clinical-severity stage

Clinical
severity Physical Role- General Social Mental Role-
stage functioning”  physicalt Pain* health* Vitality functioning health emotionall  OSAPOSI
| 91.8 83.3 86.5 72.7 44.0 56.3 68.7 95.8 3.25
Il 77.3 61.1 77.4 60.1 40.1 52.2 69.2 72.2 3.72
111 66.2 47.4 69.4 571 35.1 50.7 67.9 61.4 4.77
TOTAL  73.0 56.4 74.0 60.1 37.8 51.9 68.4 69.4 4.26
"0 < 0.001.
p < 0.01.
p < 0.05.

severity of the OSA. The analytic plan was to identify
those baseline subjective, physical examination, and
PSG variables that were related to the physician’s
assessment of severity and then to combine these vari-
ables into a multivariate staging system. The develop-
ment of the clinical-severity staging system will be dis-
cussed briefly.

The five independent variables that were included
in the index were the ESS, body mass index (BMI),
presence of redundant pharyngeal tissue, respiratory
distress index (RDI), and minimum O, saturation dur-
ing apnea. These five significant variables were
merged in a series of steps by use of the principles of
conjunctive consolidation®® to create a three-stage
composite clinical-severity index. The various combi-
nations of the five significant variables that define each
clinical-severity stage are demonstrated in Fig. 1. The
following example demonstrates how a particular stage
is determined for a patient. For instance, a patient with
an ESS score of 10, no redundant pharyngeal tissue, a
BMI of 35, a minimum 0, saturation level of 85, and
an RDI of 40 would be classified as having a clinical-
severity stage of II.

To assess the concurrent validity of this newly creat-
ed index, we compared mean scores on each of the
eight domains of the SF-36 within each clinical-severi-
ty stage. As shown Table 2, the mean SF-36 scores for
physical functioning, role-physical, bodily pain, and
general health were significantly different across the
three clinical-severity stages.

Treatment. The patient provided treatment informa-
tion for two time intervals: previous (treatment received
before initial visit) and current (treatment received at
the time of initial visit). The physician recorded the
type of initial treatment given to the patient. If surgery
was performed during participation in this research pro-
ject, data were obtained on the type of procedure, dura-
tion, blood loss, and development of perioperative and
postoperative complications, if any.

Outcome. Four months after treatment, patients
completed the MOS SF-36 and the OSAPOSI, indicat-

ed why they chose a particular treatment and whether
they would choose that same treatment again, and gave
information on the success of their treatment. The
patients were also asked whether they had any compli-
cations from treatment and, if so, how severe they were.
Finally, patients who received CPAP rated their compli-
ance by approximating both the number of nights they
went to bed with CPAP and the number of mornings
they awoke with the CPAP mask in place.

Physicians recorded their perceptions of the success
and, when appropriate, patient compliance with treat-
ment. Physicians also recorded any complications the
patients had.

Information from the spouse or bed partner about the
patient’s snoring, sleep apnea, overall degree of bother,
and whether the spouse or bed partner was able to sleep
in the same bed was also obtained.

Statistical and analytic plan. Frequency counts
were used for baseline description of the study centers
and the population. Bivariate statistics were performed
with Student’s 7 test, correlation statistics,’® the X2 test,
and analysis of variance. Cronbach’s alpha coefficient>!
was used to measure construct validity of the OSAPOSI
by evaluation of the degree of interitem correlation on
the OSAPOSI. Multivariate analyses, including multi-
ple logistic regression and conjunctive consolidation,
were used to construct the clinical-severity staging sys-
tem and to assess the prognostic value of selected vari-
ables. Conjunctive consolidation is an alternative to
regression analysis for the study of multiple variables.*’
Conjunctive consolidation often performs as well as
logistic regression for predictive modeling and has the
advantage of being easier to implement in a clinical set-
ting.>2 All tests were two tailed, and statistical signifi-
cance was established at the p < 0.05 level.

RESULTS
Study Centers

There were 10 study centers in this project. Four
centers enrolled more than 80% of the total enrolled
population; two centers failed to enroll a patient.
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Enrolled

Initial Treatment

g <

Sleep Apnea Other None Diet/ CPAP Surgery
Study not Index Less Exercise
Completed  Than 5 Only

Fig. 2. Flow diagram of patient participation. Numbers in
circles represent number of patients.

Table 3. Baseline description of population

Variables No. of patients %

Age

<41 yr 38 27

41-57 yr 72 51

>57 yr 32 22
Gender

Male 126 89

Female 16 11
Race

Black 18 13

White 114 80

Other 10 7
Education level

College graduate 51 36

High school graduate 69 48

<12yr 17 12

Unknown 5 4
Employment status”

Working full-time 98 —

Working part-time 9 —

Keeping house 3 —

Retired 18 —

Student 6 —

Disabled 19 —

Disabled by apnea 6 —

"Numbers total more than 142 because patients could select more
than one category.

Study Population

Baseline description. The description of the popu-
lation is shown in Table 3. In total, 274 patients were
screened, of whom 142 were eventually enrolled. The
flow diagram of patient participation is shown in Fig. 2.
The mean age + SD of the enrolled population was 48
+ 12.1 years; 114 (80%) patients were white, and 126
(89%) were men. More than a third of the subjects were
college graduates. Most were working full-time or part-
time. Nineteen patients indicated that they were dis-
abled, 6 because of their sleep apnea.

History of present illness. Most patients reported
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100 r National Norms
B OSA Cohort

Error bars - 95% confidence
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Sub-scales

Fig. 3. General health status and MOS SF-36 scores for
national norms and OSA cohort. Subscales: PF physical
functioning; RR role-physical; BR bodily pain; GH, gener-
al health; VT, vitality; SF social functioning; RE, role-emo-
tional; MH, mental health. Scores on each subscale
range from 0 to 100; higher scores indicate better func-
tion.

fatigue as their chief reason for seeking medical atten-
tion. Other reasons included breathing problems during
sleep and snoring. The average duration of symptoms
before the initial visit was 11 months (range, 0.5 to 40
months). Most patients’ (77%) OSA was newly diag-
nosed, and they had not yet received treatment. The
mean ESS3 response was 13.8, the range was 1 to 24,
and the interquartile range was 8. Of note, the correla-
tion (Pearson’s correlation coefficient, r) between the
ESS and the RDI was 0.20 (p = 0.02).

General health status. The SF-36 scores for the
patients with OSA and a cohort of adult patients com-
prising national norms>8 are displayed in Fig. 3. When
compared with national norms, all subscales except
bodily pain were significantly worse in the patients
with OSA.

Disease-specific HRQOL. The pretreatment dis-
ease-specific HRQOL symptom-impact scores from the
OSAPOSI are shown in Fig. 4. The mean + SD pre-
treatment total instrument score was 4.2 + 2.8; the
range was 0.03 (best) to 17.1 (worst). The sleep and
awake subscales had the highest mean scores (6.7 and
6.3, respectively), indicating that these domains were
most affected by OSA.

Physical examination, comorbidity, and overall
severity. The mean + SD BMI was 34.7 +9.0; 28 (20%)
patients had BMIs greater than 40 (i.e., morbidly
obese). One hundred eleven (79%) patients had draping
soft palates, 110 (77%) had elongated uvulae, and 99
(70%) had redundancies of the pharyngeal tissue. On
the basis of the Mallampati classifications, 4 (3%)
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patients had a normal pharynxes, 58 (42%) had moder-
ately constricted pharynxes, and 76 (55%) had severely
constricted pharynxes. The Miller maneuver was per-
formed in 129 patients. Seventy (54%) patients were
classified as having only velopharyngeal sites of
obstruction, 58 (45%) as having both velopharyngeal
and hypopharyngeal sites of obstruction, and 1 (1%) as
having no site of obstruction. The systolic blood pres-
sure was above 140 mm Hg in 32 (22%) patients, and
the diastolic blood pressure was above 90 mm Hg in 28
(20%) patients.

The most frequently reported medical comorbidity
was hypertension. The ratings of medical comorbidities
according to the Kaplan-Feinstein index were as fol-
lows: 57 (45%) patients had no comorbidities, and 58
(46%), 9 (7%), and 3 (2%) had mild, moderate, and
severe comorbidities, respectively. On the basis of the
responses to the CAGE questionnaire,44*45 12 (8%)
patients were likely to be alcoholics.

Physicians rated the severity of OSA in 9 (7%) as
very mild, 40 (31%) as mild, 49 (38%) as moderate, and
31 (24%) as severe. The mean + SD Al and RDI were
38.0 £ 32.1 and 60.5 + 36.2, respectively.

Validation of the OSAPOSI. The validity of the
OSAPOSI was assessed in several ways. First, concur-
rent validity was assessed by comparison of scores on the
OSAPOSI at baseline with the patient’s response on the
overall global rating of disease-specific QOL. The mean
total symptom-impact score was significantly related to
the overall global rating (F value = 17.39; p < 0.0001).
Next, construct validity was measured with Cronbach’s
alpha analysis.>! The Cronbach’s alpha score was 0.93,
indicating excellent interitem correlation.

Responsiveness to change was measured by com-
parison of the change (pretreatment from posttreat-
ment) in the OSAPOSI score with the patients’ global
responses to treatment at 4 months. The changes in the
OSAPOSI scores correlated with the patients’ overall
assessments of their responses to treatment. This rela-
tionship was statistically significant (F value = 4.95; p
<0.001).

Sensitivity to change was assessed with the stan-
dardized response mean (SRM),> and the magnitude of
change was assessed with the effect size (ES).’* The
SRM, calculated by dividing the mean change score by
the standard deviation of the change, was 0.63. The
higher the SRM value, the greater the sensitivity to
change. The ES, calculated as the mean change divided
by the standard deviation of the baseline score, was
0.59. The higher the ES, the greater the magnitude of
change. These scores suggest that the OSAPOSI is sen-
sitive to clinical change.

Next, a clinically meaningful difference in
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Fig. 4. Disease-specific health status and HRQOL. OSAPOSI
pretreatment and outcome scores.

OSAPOSI scores was calculated by analysis of the
mean OSAPOSI difference scores within categories of
response to treatment (i.e., much improved, somewhat
improved, no change, somewhat worse, much worse).
As a result of research not shown here, it was deter-
mined that a change in OSAPOSI score of 50% was
clinically meaningful. That is, it was very likely that a
patient would indicate that he or she was much
improved or somewhat improved on the global rating of
treatment effectiveness if his or her posttreatment
OSAPOSI score decreased 50% from the pretreatment
value. On the basis of this definition, 42 of the 83
evaluable patients achieved significant improvement in
their disease-specific QOL ratings.

Initial treatment. Of the 142 eligible and enrolled
patients, 122 (85.9%) received some form of initial treat-
ment: 71 (50.0%) received CPAP, 48 (33.8%) surgery,
and 3 (2.1%) diet/exercise (Fig. 2). Of the 48 patients
who elected surgery, 44 (92%) received UPPP, 1 (2%)
septoplasty, 1 (2%) tonsillectomy, 1 (2%) genioglossus
advancement, and 1 (2%) laser-assisted uvulopalatoplas-
ty. Of the 44 patients who received UPPP, 15 (34%) also
received concomitant septoplasties.

Physicians were asked to indicate to what extent
(largely, partially, minimally, or not at all) treatment
recommendations were based on the information
obtained from history, physical examination, and labo-
ratory findings. Physicians were also asked to indicate
to what extent treatment recommendations were based
on patient preferences and insurance status. Patient
preference was listed as the most important reason for
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Table 4. SF-36 scores
Pretreatment Posttreatment Difference
Category Mean SD Mean SD Mean SD

Physical functioning 73.7 26.9 75.6 25.4 2.5 23.3
Role-physical* 55.7 40.6 70.2 38.0 15.4 42.2
Pain 72.8 254 72.5 25.7 -0.35 18.4
General health 61.4 20.9 60.6 23.4 -0.37 17.0
Energy/fatigue* 39.8 22.5 57.8 221 17.9 27.0
Social functioning 51.9 20.5 53.5 17.5 1.28 22.9
Role-emotional 69.2 40.0 74.9 37.9 5.38 32.2
Emotional well-being* 68.4 21.2 73.5 18.9 5.19 135

*p < 0.001.

the treatment decision for 49% of the patients, whereas
results from the sleep study were the most important
reason for 22%. Only one patient had treatment recom-
mendations based largely on insurance reasons.

Follow-up. Of the 122 patients who received some
form of treatment, 77 (63%) underwent repeat PSG,
and 96 (79%) completed questionnaires at 4 months. Of
the 71 patients receiving CPAP, 28 (39%) underwent
follow-up PSGs, and 54 (76%) returned the question-
naires. Of the 48 patients who underwent surgery, 21
(44%) underwent postoperative PSGs, and 31 (65%)
returned the questionnaires. The reasons for the low
rate of repeat PSG included inability to obtain insur-
ance coverage for the cost of the study and patient
unwillingness to return for overnight study. There was
no difference in age, sex, BMI, ESS, site of collapse,
physician’s rating of severity, and clinical-severity
stage between those patients who did and those patients
who did not have follow-up PSGs.

Outcome. Because of the low rate of follow-up
PSG, outcomes results are reported on the basis of the
questionnaire responses only.

SF-36 scores. The difference in mean SF-36 individ-
ual domain scores between baseline and 4 months was
compared with the paired Student’s ¢ test statistic, and
the results are displayed in Table 4. Scores on the role-
physical, energy/fatigue, and emotional well-being sub-
scales of the SF-36 increased most significantly from
baseline.

OSAPOSI scores. Figure 4 shows the pretreatment
and outcome scores for the OSAPOSI. As can be seen,
scores on the sleep and awake subscales and the total
instrument score changed the most.

Complications of therapy were reported by 32
patients; the rates were not significantly different
between the CPAP (18 of 50, 36%) and the surgical
groups (14 of 30, 47%; x> = 0.889, p = 0.346). Of the
32 patients who reported side effects, 9 rated them as

extremely bad or very bad. The 7 patients receiving
CPAP who rated their side effects as being this severe
listed dizziness, teeth grinding, discomfort/irritation,
and rhinorrhea as their side effects, whereas the 2
patients who had undergone surgery listed regurgita-
tion, voice change, numbness, swallowing difficulty,
breathing difficulty, infection, swelling, and sore throat.
Physician reports of anesthesia- and surgery-related
complications were few. Intubation was reported as
being difficult in 2 patients. Postoperative airway com-
promise developed in 2 patients; 1 required an emer-
gent tracheotomy, and the other was reintubated suc-
cessfully. Other complications included bleeding (2
patients), pneumothorax (1 patient), and postoperative
edema (1 patient).

Evaluation of treatment effectiveness. The third
aim of this project was to acquire pilot data to assess
treatment effectiveness. The protocol stipulated that
each patient would have treatment effects measured
objectively with PSG and subjectively with the MOS
SF-36 and OSAPOSI. Unfortunately, as described pre-
viously, only a minority of patients underwent repeat
PSG, and therefore the results from this test could not
be used as an outcome measure. Because of the lack of
an objective measure and the small number of patients
in the different treatment groups, the investigators
believed it was inappropriate to evaluate treatment
effectiveness.

Practice variation across study centers. Because
this was a multiinstitutional study including a variety of
different practice settings from across the United
States, analyses of variations in treatments and out-
comes were performed. The analyses were restricted to
those centers that enrolled more than seven patients
each. These centers accounted for 70% of the total
patients enrolled. The results are shown in Table 5.

Types of patients. The overall percentage of
patients whose conditions were newly diagnosed (ver-
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Table 5. Baseline, treatment, and outcome variables across study centers

% Clinical OSAPOSI %
Study % New BMI RDI severity stage % Surgical difference score Improvement
center cases (n)* (mean * SD)t (mean = SD)t 3 (n)* cases (n) (mean * SD) rate (n/total)
A 100 (9) 28.4 + 3.1 27.1 £ 14.2) 0(—) 70 (7) 1.3+26 17 (1/6)
B 81 (13) 382+78 67.5 + 48.8 61 (11) 33 (6) 21x22 53 (8/15)
C 69 (18) 33.8 +£8.0 55.8 + 36.5 50 (19) 12 (5) 12+5 42 (13/31)
D 44 (10) 38.7 £ 15.0 72.8 + 38.6 76 (13) 33 (8) 0.86 +25 64 (9/14)
E 94 (30) 349 + 6.7 615+ 235 64 (14) 39 (14) 26 +22 56 (15/27)
TOTAL 75 (80) 352 +93 59.5 + 36.1 58 (57) 31 (40) 1727 49 (46/93)
*p < 0.001.
tp < 0.05.

sus those whose conditions had been previously diag-
nosed) who were enrolled was 75%, and the rate var-
ied from 44% to 100%. The mean BMI was 35.2, with
values ranging from a low of 28.4 to a high of 38.7.
The mean RDI ranged from 27.1 to 72.8. The percent-
age of patients whose OSA was classified as clinical-
severity stage 3 (worst group) ranged from 0% to
76%. These differences in the types of patients
enrolled across study centers were all statistically sig-
nificant.

Treatment selection. Of the 142 patients enrolled,
71 (50%) received CPAP and 48 (34%) surgery. The
rate of UPPP varied between 12% and 70% across
study centers. To further investigate this wide differ-
ence, the association between baseline patient and
physician factors and initial treatment was examined.
Predictors of initial treatment choice (CPAP or surgery)
in this population included age group (y* = 9.142, p <
0.010), category of obesity as determined by BMI (> =
8.005, p < 0.018), and physician (%> = 28.082, p = <
0.002). Because multiple variables were associated
with initial treatment choice, multivariate analysis was
performed to identify the most important treatment pre-
dictors. Age group and degree of obesity were both
important predictors of initial treatment; the older and
heavier patients were more likely to be treated with
CPAP. After the age and weight of the patient were con-
trolled for, treatment selection was no longer related to
the physician. Among the six otolaryngologists who
performed the most operations, the rate of combination
of UPPP and septoplasty varied from 0% (0 of 5) to
83% (5 of 6). This difference in the rate of the use of
septoplasty with UPPP across study centers was statis-
tically significant (> =15.8, p = 0.008). Interestingly,
among the 44 patients who underwent UPPP, 33 had
septal deviations. Of these 33 patients, 16 underwent
concomitant septoplasty, and the other 17 underwent
UPPP alone. Therefore we believe this difference in the
rate of the use of septoplasty with UPPP across study

centers, without a concomitant difference in prevalence
and severity of septal deformities, represents true prac-
tice variation.

DISCUSSION

This AAO-HNSF-supported project represents the
first step forward in the conduct of outcomes research
by organized otolaryngology. The AAO-HNSF provid-
ed direct scientific support for the development of the
project protocol and monetary support for various
aspects of the project, including data collection and
analysis. The OSATOPS demonstrates the ability of the
AAO-HNSF to support multiinstitutional, observation-
al outcomes research.

The second aim of this project was the validation of
outcomes assessment methods and patient-based mea-
sures of outcome. The clinical-severity staging system
provides a rational method of risk adjustment or prog-
nostic stratification, which is critically important in
observational research. Data collected in this project
allowed for the creation of such a system. Although val-
idation of the clinical-severity staging system awaits
future research efforts, the development of this system
must be considered an achievement of this project. The
OSAPOSI is a disease-specific HRQOL index created
especially for this project. It appears that the OSAPOSI
is a valid health status and QOL measure and should be
incorporated into future research projects. Additional
clinimetric research (not shown here) demonstrated that
a difference of 0.50 on the OSAPOSI was equivalent to
a clinically meaningful difference. On the basis of this
information and the observed differences in OSAPOSI
scores and standard deviations between the CPAP and
UPPP groups, sample size calculations suggest that
nearly 3000 patients per treatment group would need to
be enrolled for future studies of treatment effectiveness.
Unfortunately, the large number of patients makes the
conduct of a traditional clinical trial extremely expen-
sive and time consuming. Alternative designs, such as
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an observational study, are likely to be more successful
at answering the important clinical questions.

The third aim of this project was the evaluation of
treatment effectiveness. As a result of the lack of ran-
domization, short duration of follow-up, and the fact
that less than 50% of patients underwent postoperative
PSGs, definitive conclusions about treatment effective-
ness are impossible. We believe that it is imperative that
future studies have sufficient funds to provide remuner-
ation to patients for both the cost of the PSGs and the
time required for these studies.

There was a significant amount of variation in the
types of patients included in this study and the use of
surgical treatments for OSA across treatment centers.
This heterogeneity underscores the importance of ade-
quate risk and severity adjustment methods before the
interpretation of patient outcomes and evaluation of
treatment effectiveness from observational research.
The practice variation in the use of procedures is con-
sistent with that of previous studies of other, nonoto-
laryngologic, conditions.?>»3¢ This finding is not par-
ticularly surprising given the already recognized vari-
ations in practice style across different practice set-
tings and geographic regions.?’->->7 The degree and
impact of this variation on outcome, quality, and cost
is unknown at this time and should be the focus of
future investigations. To improve the scientific con-
duct of future studies, the performance of surgical pro-
cedures should be standardized across study centers,
and compliance monitors should be used with CPAP
machines.

The limitations of this study must be considered
when the results are interpreted. First, the OSATOPS
was a 4-month pilot project and was not designed to
provide definitive answers about treatment effective-
ness. Second, patient follow-up was incomplete and
possibly biased. Third, despite the use of standard cri-
teria for the reporting of PSG information and the pro-
vision of explicit definitions of physical examination
variables, the reporting of such information from dif-
ferent centers seemed, at times, inconsistent and non-
standardized. Sleep medicine is a relatively new field in
which the standard terminology suggested for record-
ing and then reporting data is not consistently used by
all sleep laboratories. Further, some sleep laboratories
strictly use computerized scoring algorithms, whereas
others use partial or total technician “hand scoring.”
Although a standardized form was created by use of
definitions recommended by the American Sleep
Disorders Association for the reporting of PSGs, sever-
al centers provided information that was not consistent
with standard definitions. We believe that in future mul-
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tiinstitutional studies it will be critical that personnel
agree to standard criteria for reading and recording.
Ideally, all PSGs should be read at a designated “read-
ing center” where interobserver variability can be min-
imized through aggressive quality-control efforts. Fifth,
because of the excessive number of forms and ques-
tionnaires, patient and physician participation was
made difficult, and data entry and analysis were pro-
tracted. This study has identified many variables, origi-
nally thought to be important, which were not found to
be valuable in the preliminary analyses conducted in
this study. A more streamlined approach to data collec-
tion is possible. Sixth, because of financial restrictions,
standard policies for the conduct of multiinstitutional
studies, including monitoring of data integrity and stan-
dardized reporting of information, were not implement-
ed. The inability to provide patient remuneration cer-
tainly led to the high percentage of patients not receiv-
ing posttreatment PSGs. Although we did receive pay-
ment for each patient successfully enrolled, this amount
did not cover the full cost of study center participation.
Despite all these limitations, we still consider this pilot
project to be important because it represents the first
step toward future outcomes research in OSA. The
design and conduct of subsequent studies can be more
efficient as a result of this study.
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