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urvival of veterans with sleep apnea: Continuous positive
irway pressure versus surgery
DWARD M. WEAVER, MD, MPH, CHARLES MAYNARD, PHD, and BEVAN YUEH, MD, MPH, Seattle, Washington
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BJECTIVES: Continuous positive airway pressure
CPAP) improves sleep apnea survival. We tested
hether CPAP is associated with better survival than
vulopalatopharyngoplasty (UPPP).
TUDY DESIGN AND METHODS: This retrospective co-
ort database study included all sleep apnea pa-

ients treated with CPAP or UPPP in Veteran Affairs
acilities from October 1997 through September
001. Treatment groups were compared with Cox
egression, adjusting for age, gender, race, year
reatment was initiated, and comorbidity. Sleep ap-
ea severity and CPAP use data were not avail-
ble.
ESULTS: By September 2002, 1339 (7.1%) of 18,754
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PAP patients and 71 (3.4%) of 2,072 UPPP patients
ere dead (P < 0.001). After adjustment, CPAP pa-

ients had 31% (95% confidence interval, 3% to 67%,
� 0.03) higher probability of being dead at any

ime, relative to UPPP patients.
ONCLUSIONS: UPPP confers a survival advantage
ver CPAP, after adjustment for age, gender, race,
ear of treatment, and comorbidity. However, we
ere unable to adjust for sleep apnea severity or
PAP use. Surgical treatment should be considered

n sleep apnea patients who use CPAP inade-
uately. (Otolaryngol Head Neck Surg 2004;130:
59-65.)

ntreated obstructive sleep apnea (OSA) appears
o decrease long-term survival.1-3 Untreated OSA
lso is associated with cardiovascular disease,4-7 a
ikely mechanism for reducing survival.8 Treat-
ent for sleep apnea appears to reduce these com-

lications of sleep apnea.1-4,9,10

Provision of continuous positive airway pres-
ure (CPAP) is the first-line treatment for sleep
pnea because it is the most efficacious treatment,
esides tracheostomy, for reducing the physio-
ogic abnormalities measured on polysomnogra-
hy. The CPAP device is worn over the nose
uring sleep, and it pneumatically stents open the
pper airway. However, for CPAP to be effective,
atients must be adherent to its use. The effective-
ess of CPAP is unknown because adherence to
ifelong treatment is unclear. Short-term adher-
nce to CPAP ranges from 40% to 80% of patients
ho use the device at least 20 hours per week.11,12

The most common surgical treatment for OSA
s uvulopalatopharyngoplasty (UPPP), often com-
ined with other procedures.13 Surgery effective-
ess is estimated at 40% to 80% based on the
uccess rate of significantly reducing the physio-
ogic abnormalities measured on polysomngra-
hy.14 Patient adherence is moot for surgically
reated patients, but the duration of treatment ef-
ect is not well established.

Survival rates of CPAP and UPPP patients were
ompared in 3 published studies, each based on a
ingle-site cohort with limited or no adjustment
659
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or comorbidity.1,3,15 One study1 reported greater
urvival in CPAP patients compared with UPPP
atients, whereas the other 2 studies3,15 found no
ignificant difference. A larger cohort study may
elp discern the long-term survival rates of each
reatment. A recent 7-year cohort study found that
PPP was at least as effective in reducing cardio-
ascular disease as CPAP, because CPAP adher-
nce was poor.4 Incompletely treated patients had
much higher risk of subsequent cardiovascular

isease seven years later.
The primary aim of this study was to test the

ypothesis that providing a CPAP device was not
ssociated with better survival than UPPP (with or
ithout other sleep apnea operations) in sleep

pnea patients, adjusting for important confound-
ng variables. A secondary aim was to evaluate the
mportance of adjustment for age, gender, race,
nd comorbidity.

ETHODS
tudy Design
This study is a retrospective cohort study of all

leep apnea patients treated with either CPAP or
PPP at Veterans Affairs (VA) medical facilities

rom October 1997 through September 2001 (de-
ned as fiscal years 1998 to 2001). It compares the
urvival rates of each treatment. The study and
aiver of informed consent were approved by the
niversity of Washington human subjects review

ommittee.

tudy Population
Subjects included all veterans treated for sleep

pnea with CPAP or UPPP at any VA facility, for
hom complete outpatient and inpatient adminis-

rative records were available (see Data Sources).
he cohort was identified with diagnosis and pro-
edure codes in the Outpatient Care and Patient
reatment Files (see Data Sources). Typically, a
mall group of sleep apnea patients are referred for
PPP (or other surgical treatment) and only after
PAP fails. Thus we included all UPPP patients in

he surgical group, even if they had been previ-
usly prescribed CPAP.
The cohort included patients treated in fiscal

ears 1998 to 2001. We required outpatient and
npatient comorbidity data for 1 year before treat-
ent, and these data were available only since
scal year 1997. Thus the cohort started from the
eginning of fiscal year 1998. We required at least
year of survival data, which were available up to

he end of fiscal year 2002 at the time of this study.
herefore the cohort included patients up through

he end of fiscal year 2001.

ata Sources and Collection
The Outpatient Care File is an administrative

atabase of all ambulatory encounters and ancil-
ary services provided at VA medical centers na-
ionwide. All ambulatory procedures in fiscal
ears 1990 to 2001 are recorded with Current
rocedure Terminology (CPT) codes. All outpa-

ient CPAP prescriptions (CPT 94660) and outpa-
ient UPPP operations (CPT 42145) were identi-
ed. Since fiscal year 1997, the Outpatient Care
ile has listed all ambulatory encounter diagnoses,
ecorded with International Classification of Dis-
ases (ICD-9) codes. We extracted all diagnoses
o confirm an OSA diagnosis and to enable co-

orbidity adjustment (see Outcome and Covariate
ariables).
The Patient Treatment File is an administrative

atabase of all inpatient discharges at VA medical
enters nationwide. It is managed in a fashion
nalogous to the Outpatient Care File. We used
ata from several files within the Patient Treat-
ent File. The Main File includes demographic

ata, principal diagnosis, up to 9 additional diag-
oses (ICD diagnosis codes), and vital status since
970. The Procedure File includes all inpatient
rocedures not performed in an operating room
ince 1988. All inpatient CPAP prescriptions were
dentified by the ICD-9 procedure code for CPAP
93.90) and ICD-9 diagnosis codes for sleep apnea
780.51, 780.53, or 780.57) to minimize misclas-
ification of non-OSA CPAP (ventilator) patients
nto our cohort. The Surgery File includes all
npatient operations since 1984. All inpatient
PPP surgeries were identified by ICD-9 proce-
ure codes for UPPP (27.1, 27.69, 27.72, or 27.79)
nd ICD-9 diagnosis codes for sleep apnea (as
arlier).

To ascertain subsequent vital status, we also
sed the Beneficiary Identification and Records
ocator System Death File database.16 Death no-

ices are issued from multiple sources, including
urvivor benefit applications, the Social Security
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dministration, and others. Outcome data (date of
eath) were extracted.

utcome and Covariate Variables
The primary outcome is death. Deaths were

dentified from the Patient Treatment File and the
enefits Identification and Records Locator Sys-

em Death File in fiscal years 1998 to 2002, 1 year
eyond the treatment period. Survival time was
alculated as the time between treatment (CPAP
rovision or UPPP operation) and death or study
onclusion (end of fiscal year 2002, September 30,
002), whichever came first.
Covariates include age at the time of treatment,

ender, race, date of treatment, and comorbidity.
emographic variables and date of treatment were

dentified from the VA databases. Race was cate-
orized as white, not white, or unknown. Sleep
esting data were not available in the databases, so
djustment was not made for sleep apnea severity.
PAP adherence data were not available, so no
djustment was made for use of CPAP provided.

The comorbidity covariate was based on the
eyo modification17 of the Charlson Comorbidity

ndex.18 The Charlson Comorbidity Index is a
eighted score of 19 specific comorbid condi-

ions, extracted from medical records, that predicts
ortality. The Deyo modification extracts and
eights the same conditions from administrative
atabases using the corresponding ICD-9 codes.
eyo showed that extraction of data from the year
efore the exposure of interest was as predictive as
onger periods of comorbidity extraction.17

The Deyo-modified Charlson Comorbidity In-
ex was created for each subject from all outpa-
ient diagnoses in the year preceding CPAP pro-
ision or UPPP operation. When outpatient
omorbidity data were missing, a Deyo-modified

ABLE 1. Cohort description

Variable
Entire cohort
(N � 20,826) (n

Age at treatment (yr) 57 � 12
Gender (% male) 98
Race (% white) 82
Comorbidity Index 2.0 � 3.0
Survival (yr) 2.75 � 1.20 2
No. dead (%) 1,410 (6.8%) 1,

PAP, Continuous positive airway pressure; UPPP, uvulopalatopha
harlson Comorbidity Index was created from the
atient Treatment File. Only 60 (0.3%) of 20,826
f study subjects lacked comorbidity data between
he 2 sources.

tatistical Analyses
Continuous data are presented as mean � SD.

ivariate comparisons between CPAP and UPPP
atients were carried out with the Student t test
nd �2 test. Survival between CPAP and UPPP
atients was compared with the log rank statistic.
ox proportional hazard regression was used to
ompare unadjusted and adjusted hazard ratios in
he 2 treatment groups. Adjustments were made
or age, gender, race, year of initial treatment, and
omorbidity. The proportional hazards assumption
as tested (and verified) on each covariate and
lobally on scaled and unscaled Schoenfield resid-
als, respectively, for each regression model.
dds ratios and hazard ratios are presented with
5% confidence intervals. P � 0.05 was consid-
red statistically significant.

ESULTS
UPPP patients made up approximately 10% of

he cohort. There were significant differences in
he characteristics between CPAP and UPPP pa-
ients (Table 1). The CPAP patients were older
nd had more comorbidity than UPPP patients.
PPP patients underwent a variety of other con-

urrent procedures (Table 2).
A greater proportion of CPAP patients died

uring the study period, and UPPP patients sur-
ived almost 22 days longer, on average, than
PAP patients (Table 1). Throughout the study
eriod the UPPP survival appears to be better than
he CPAP survival (Fig 1). These curves are not

P
754)

UPPP
(n � 2,072)

CPAP versus UPPP
P value

12 51 � 11 �0.001
97 0.02
82 0.56

3.1 1.1 � 2.0 �0.001
1.21 2.81 � 1.17 0.03
.1%) 71 (3.4%) �0.001

asty.
CPA
� 18,

57 �
98
82

2.0 �
.75 �
339 (7
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djusted for confounding variables like age and
omorbidity.

After adjustment for several known confound-
rs of mortality, CPAP patients had a 31% greater
robability of being dead at any time during the
tudy period compared with UPPP patients (Table
). Age, gender, and comorbidity all have a sig-
ificant independent impact on survival. A later
reatment date decreases the chances of dying dur-
ng the study period, simply due to reduced op-
ortunity to die. Reported race was not associated
ith survival, but “unknown” race was associated
ith a significantly increased survival (data not

hown).

ISCUSSION
These results suggest that UPPP (sometimes

ith concurrent surgery) provides greater long-
erm survival than provision of CPAP. The sur-
ival advantage persists even after adjusting for
ge, gender, race, date of treatment, and comor-
idity.
This study has unique features. The large sam-

le size expands on previous single-site survival
tudies that had cohorts of less than 500 pa-
ients.1,3,15 The large sample size allows for ad-
ustment for confounding variables while main-
aining statistical power. OSA is a chronic
isorder and mortality is a distant outcome. To
ccurately measure mortality, an adequate sample
s necessary. The study sample draws from a broad
eographic distribution throughout the United
tates. It includes a broad array of practice styles,
iagnostic protocols, CPAP management proto-
ols, surgeons, perioperative protocols, hospitals,
nd demographics. This heterogeneity of the pop-

ABLE 2. Common concurrent procedures with
vulopalatopharyngoplasty (UPPP)

Procedure No. (%)

UPPP 2,072 (100)
Tonsillectomy* 781 (38)
Septoplasty 720 (35)
Turbinate procedure 499 (24)
Tracheotomy 39 (2)
Tongue procedure 32 (2)

Tonsillectomy is often considered part of UPPP and is not always
oded separately.
lation strengthens the generalizability of the find-
ngs.

Most important, this study adjusts for several
mportant confounding variables. The CPAP and
PPP patients, on average, were quite different.
he CPAP patients tended to be older and sicker.

direct comparison on the survival of these
roups may be biased because these confounding
ariables bias against CPAP survival. Our data
onvey the importance of adjustment. Without
djustment, UPPP patients had greater than double
he survival relative to CPAP. With adjustment,
PPP patients experienced a survival benefit ap-
roximately 30% greater than CPAP patients.
It is critical to adjust for comorbidity because it

s related to treatment choice and has an important
mpact on survival. In the sleep apnea literature,
he most rigorous comorbidity adjustments have
imply included a tally of several cardiovascular
nd other miscellaneous diseases. Here, we used
he Deyo modification of the Charlson Comorbid-
ty Index, which has been validated to prognosti-
ate mortality.17,18 This index provides state-of-
he-art adjustment for this complex, but important,
onfounding variable.

This study has several important limitations.
dministrative data are known to have errors in

oding that may result in misclassification of pa-
ients. The observational cohort study design has
nherent limitations associated with uncontrolled
onditions. Known and unknown confounding
ariables that we are unable to control may have
ffected the outcome. For example, we did not
ave data on OSA severity, which may affect
reatment choice and outcome. However, more
evere OSA is presumably related to mortality in
art by causing other comorbid conditions, like
ardiovascular disease. Thus, our comorbidity ad-
ustment may have accounted for some of the
ossible effect of disparate OSA severity between
reatment groups. There may be other unknown
ariables that confounded our results.
Complete comorbidity data were limited to fis-

al years 1997 through 2001, thus restricting our
ohort to patients treated in fiscal years 1998
hrough 2001. An earlier cohort would provide
onger-term outcomes. To test the robustness of
ur findings, we also performed an analysis of
atients with treatment dating back to 1991. Un-
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djusted analyses of this fuller cohort shows an
dentical unadjusted hazard ratio (data not shown).
owever, adjustment for partial comorbidity data

vailable only from inpatient records was incon-
istent. Results depended on how we defined co-
orbidity, which affected the proportion of pa-

ients excluded due to missing data. Some
nalyses showed superior survival for UPPP pa-
ients, and other analyses showed equivalent sur-
ival for UPPP and CPAP patients. In no analysis

ig 1. Survival curves for uvulopalatopharyngoplasty (UPP
f UPPP and CPAP patients alive in the time (years) after
atients had significantly better survival than CPAP patien

ABLE 3. Mortality hazard (Cox regression)

Variable
Reference

group

Therapy (CPAP) UPPP
Age at treatment (yr) One year prior
Sex (male) Female
Race (white) Nonwhite
Date of treatment (yr) One year prior
Comorbidity Index One less index score

PPP, Uvulopalatopharyngoplasty; CPAP, continuous positive airw
o the reference group; CI, confidence interval.
Adjusted for age at treatment, sex, race, date treatment initiated, an
id CPAP show superior survival (data not
hown).

Our population sample included only veterans
reated at VA medical facilities. Results in vet-
rans may not generalize to the entire US adult
opulation. We did adjust for some of the
nown characteristics (eg, gender and comor-
idity) of VA populations that may confound
he relationship between treatment choice and
utcome.

continuous positive airway pressure (CPAP). Proportion
ent (UPPP operation or provision of CPAP device). UPPP

djusted HR
(95% CI)

Adjusted* HR
(95% CI)

P value
(adjusted
model)

(1.66-2.68) 1.31 (1.03-1.67) 0.03
(1.07-1.08) 1.06 (1.06-1.07) �0.001
(1.52-4.99) 1.82 (1.01-3.30) 0.048
(1.00-1.35) 0.98 (0.84-1.13) 0.77
(0.88-0.98) 0.92 (0.87-0.97) 0.001
(1.10-1.12) 1.09 (1.08-1.10) �0.001

ure; HR, hazard ratio, the hazard of being dead at any time relative

rbidity.
P) and
treatm
Una

2.11
1.07
2.76
1.16
0.93
1.11

ay press

d como
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It should be noted that we did not have data to
ocument physiologic improvement after surgical
reatment. UPPP rarely provides complete normal-
zation of polysomnography parameters,14 and there-
ore some may believe it does not have a role in the
reatment of OSA. The results from this study dem-
nstrate that the physiologic improvement of OSA,
ven without cure, is valuable. The lack of physio-
ogic cure of OSA should not be grounds for decid-
ng against surgical treatment, as this surgery appears
o improve survival. Other studies suggest surgical
herapies also improve reaction time, quality of life,
nd motor vehicle crash risk while not providing
hysiologic cures.19,20

Special note should be made of the fact that we
id not know patients’ adherence to CPAP therapy.
his study shows that UPPP is superior to the pro-
ision of CPAP, but we cannot (and should not)
onclude that UPPP is superior to the use of CPAP.
t is likely that there was a large proportion of CPAP
atients who did not use the device and thus were
ntreated. It is also likely, based on previous studies,
hat CPAP use improves survival.1,3,10,15

Thus the results from our study strongly sug-
est, at the very least, that OSA patients who do
ot use CPAP should be evaluated for surgical
herapy. Even those who use CPAP, but inade-
uately, should be evaluated for surgical therapy.
his conclusion is consistent with a recent 7-year
rospective cohort study that showed that inade-
uate CPAP use (defined as objective CPAP use
50% of estimated sleep time) resulted in much

reater incidence of cardiovascular disease com-
ared with adequate CPAP use or with adequate
mprovement on steep study following UPPP.4 In
hat cohort, only 36% of CPAP patients had ade-
uate use, whereas 50% of UPPP patients had
dequate improvement on sleep study 1 to 2 years
fter UPPP.

Unfortunately, the minimum CPAP use that is
dequate is currently unknown. Emerging data
uggest that there is monotonic improvement in
utcome with use (eg, 8 hours per night is better
han 7 hours per night, and 7 hours is better than
hours).21,22 The previous standard of 4 hours per
ight over 70% of days (20 hours per week)11,12 is
learly inadequate, as it provides treatment during
nly 36% of the expected 56 hours of sleep time
er week. It is important for clinicians to try to
dentify inadequate CPAP users to offer other
reatment to improve OSA patients’ ultimate out-
ome. OSA is a disorder best managed with a
ultidisciplinary approach.

ONCLUSIONS
Surgical therapy for sleep apnea provides better

urvival than provision of CPAP therapy to all
omers. We are unable to draw conclusions about
he relative benefit of UPPP compared with pa-
ients’ adherent to CPAP therapy. OSA patients
ho do not use CPAP (or who use it inade-
uately), however, should be evaluated for surgi-
al therapy. Although surgical therapy may not
ompletely correct the physiologic abnormalities
f OSA, it appears to improve the long-term clin-
cally important outcome of survival.
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