Economics, Education, and Policy

Section Editor: Franklin Dexter

:The Impact of Sleep Apnea on Postoperative
Utilization of Resources and Adverse Outcomes

Stavros G. Memtsoudis, MD, PhD, FCCR*t Ottokar Stundner, MD,* Rehana Rasul, MA, MPH, T
Ya-Lin Chiu, MS,T Xuming Sun, MS,{ Satya-Krishna Ramachandran, MD,¥ Roop Kaw, MD,§
Peter Fleischut, MD, || and Madhu Mazumdar, MS, MA, PhD+t

BACKGROUND: Despite the concern that sleep apnea (SA) is associated with increased risk
for postoperative complications, a paucity of information is available regarding the effect of this
disorder on postoperative complications and resource utilization in the orthopedic population.
With an increasing number of surgical patients suffering from SA, this information is important
to physicians, patients, policymakers, and administrators alike.

METHODS: We analyzed hospital discharge data of patients who underwent total hip or knee
arthroplasty in approximately 400 U.S. Hospitals between 2006 and 2010. Patient, procedure,
and health care system-related demographics and outcomes such as mortality, complications,
and resource utilization were compared among groups. Multivariable logistic regression models
were fit to assess the association between SA and various outcomes.

RESULTS: We identified 530,089 entries for patients undergoing total hip and knee arthro-
plasty. Of those, 8.4% had a diagnosis code for SA. In the multivariate analysis, the diagno-
sis of SA emerged as an independent risk factor for major postoperative complications (OR
1.47; 95% confidence interval [Cl], 1.39-1.55). Pulmonary complications were 1.86 (95% ClI,
1.65-2.09) times more likely and cardiac complications 1.59 (95% Cl, 1.48-1.71) times more
likely to occur in patients with SA. In addition, SA patients were more likely to receive ventilatory
support, use more intensive care, stepdown and telemetry services, consume more economic
resources, and have longer lengths of hospitalization.

CONCLUSIONS: The presence of SA is a major clinical and economic challenge in the postop-
erative period. More research is needed to identify SA patients at risk for complications and
develop evidence-based practices to aid in the allocation of clinical and economic resources.
(Anesth Analg 2014;118:407-18)

leep apnea (SA) is a major challenge in the postopera- among orthopedic patients undergoing joint arthroplasty
tive period. As many as one-fourth of patients under- may be especially high, given that obesity is a widespread
going elective surgery may be affected.! The prevalence comorbidity in this patient population.? Despite the increas-
ing level of concern that SA is associated with increased risk

From the *Department of Anesthesiology, Hospital for Special Surgery, for postoperative complications 27 there remains a paucit
tDivision of Biostatistics and Epidemiology, Department of Public Health, p p, . p o . . 'P y
Weill Medical College of Cornell University New York, New York; of population-based information available in the literature
fDepartment of Anesthesiology, University of Michigan Health System, regarding postoperative outcomes. Most available data are
Ann Arbor, Michigan; §Department of Hospital Medicine, Cleveland Clinic, f lativel 1 1 d d ic instituti
Cleveland, Ohio; and || Department of Anesthesiology, New York-Presbyterian rom 1"6 a %Ve y sma Sam}? e.s and aca emlc 11’15 rtutions,
Hospital, Weill Medical College of Cornell University, New York, New York. thus limiting external validity and applicability. Large-
Accepted for publication October 18, 2013. scale observational studies, using secondary administrative

Ottokar Stundner, MD, is currently affiliated with Department of databases, are increasingly being performed, because they
Anesthesiology and Intensive Care, Paracelsus Medical University, Salzburg, provide more robust information on the impact of specific

Austria. X K X .

Funding: This study was performed with funds from the Hospital for Special dlsea.ses ma more .rep ltesentatlv.e care setting.

Surgery, Department of Anesthesiology, New York, NY, and the Anna-Maria Given the combination of a hlgh PreValenCe of SA among
and Stephen Kellen Physician-Scientist Career Development Award, New orthopedic surgery patientsz and the projection that by 2030

York, NY, (SGM). Contribution of RR, YLC, XS, and MM on this project was e . . .
supported, in part, by funds from the Clinical Translational Science Center >4 million hlp (THA) and knee (TKA) arthroplastles will be

(CTSC), National Center for Advancing Translational Sciences (NCATS) performed in the United States alone,® the joint replacement

grant # UL1-RR024996 and Center for Education, Research, and Therapeutics . . . . . .
(CERTs), Agency for Healthcare Research and Quality (AHRQ) grant # U18 populatlon Is an espec1ally Important group of patients in

HSO16-75. The content is solely the responsibility of the authors and does not need of further investigation.

necessarily represent the official views of the funding sources NCATS and Despite some data suggesting an increased risk for

AHRQ based in Rockville, MD. . A . . .
postoperative pulmonary complications associated with

The authors declare no conflicts of interest. . . . .
, ) , SA among orthopedic patients,” more detailed analysis of
This report was previously presented, in part, at the Postgraduate Assembly

(New York State Society of Anesthesiologists), December 2012, New York, NY. other important outcomes such as utilization of economic
Reprints will not be available from the authors resources remains largely unexplored. Such information is
Address correspondence to Stavros G. Memtsoudis, MD, PhD, FCCP, Depart- important to assess and gain better insights into the clinical

ment of Anesthesiology, Hospital for Special Surgery, 535 East 70th St., New P . . .
York, NY 10021. Address e-mail to memtsoudiss@hss.edu. and economic Impact of SAin patients underg(nng surgery.

Copyright © 2014 International Anesthesia Research Society Theljefore’ we ar_laly_zed_ data on >500,000.pat1ents from
DOI: 10.1213/ ANE.0000000000000051 approximately 400 institutions. We hypothesized that THA

February 2014 e Volume 118 e Number 2 www.anesthesia-analgesia.org 407


mailto:memtsoudiss@hss.edu

Sleep Apnea and Postoperative Outcomes

and TKA patients with SA (1) were more likely to experi-
ence postoperative complications and (2) consumed greater
hospital resources, as represented by an increased likeli-
hood for a longer length of hospital stay and greater use of
economic resources.

METHODS

Database and Study Design

For this study, data from Premier Perspective, Inc.’s
(Charlotte, NC) collected between 2006 and 2010 were
used. This retrospective administrative database contains
discharge information from approximately 400 hospitals®!
and is compliant with the Health Insurance Portability
and Accountability Act. Because data are de-identified, the
study was exempt from review by the Hospital for Special
Surgery IRB. Before distribution, rigorous quality assurance
and data validation procedures are used by the provider to
assure the accuracy of entries. This database has been used
for other studies by our group.'2

Study Population

The study population consisted of all patients in the Premier
Perspective database, undergoing primary THA and TKA,
as identified by International Classification of Diseases-9th
revision-Clinical Modification codes (ICD-9-CM) 81.51 and
81.54, respectively.

Study Variables

The presence of SA was determined by the presence of
respective ICD-9 codes. Appendix 1 lists specific diagnosis
codes included and their individual prevalence.

Patient, procedure, and health care-related char-
acteristics analyzed were age, sex, race (Caucasian,
African-American, Hispanic, other), admission type
(emergent, elective, other), hospital size (<300, 300499,
>500 beds), hospital location (urban, rural), hospital
teaching status, anesthesia type (general, neuraxial,
neuraxial-general, unknown), indication for surgery
(osteoarthritis, rtheumatoid arthritis, other), type of sur-
gery (THA, TKA), year of surgery, and comorbidity prev-
alence (myocardial infarction [MI], cerebrovascular
disease, peripheral vascular disease, renal disease, chronic
obstructive pulmonary disease [COPD], uncomplicated
and complicated diabetes mellitus, uncomplicated and
complicated systemic hypertension, [“complicated” as
defined by the absence or presence of disease-related end
organ complications], cancer, obesity, and pulmonary
hypertension). Overall, comorbidity burden was assessed
with the Deyo adaptation of the Charlson comorbidity
index method for use with administrative data for sur-
gical outcomes.’® In brief, the Deyo Index comprises a
number of comorbidities. Each comorbidity is assigned a
severity weight, and its presence contributes to an over-
all score. A higher score correlates with increased risk of
adverse outcomes.

Individual major postoperative complications stud-
ied were pulmonary embolism, deep venous thrombosis,
cerebrovascular events, pulmonary complications, sep-
sis, cardiac complications (excluding MI), MI, pneumonia
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(including ventilator-associated pneumonia and aspiration
pneumonitis), infectious complications, acute renal failure,
gastrointestinal complications, and mortality. To evaluate
these major complications, a combined outcome variable
(“combined complications”) was created to indicate having
at least one of the complications listed above. A case with
“pulmonary complications” had at least 1 indication of pul-
monary compromise, pneumonia, or pulmonary embolism.
For “cardiac complications,” cases had an indication of car-
diac complications (except MI) or ML

In addition, utilization of critical care, stepdown and
telemetry services (each defined by specific billing records
for these services representing distinctly different levels of
care), blood transfusions, postoperative mechanical ventila-
tion, and noninvasive ventilation were studied. Utilization
of economic resources in U.S. dollars and length of hospi-
talization were compared as continuous variables. Due to
their skewed distributions, they were also dichotomized
such that entries exceeding the 75th percentile were defined
as increased length of hospitalization or increased use of
economic resources, respectively. This approach was used
by our group in various other publications.!!? Furthermore,
using this cutoff was not influenced by the length of hos-
pitalization or patient costs of SA patients. To account for
potential bias in choosing a cutoff for dichotomization,
sensitivity analyses using cutoffs ranging from 50% to 90%
were performed in the univariable analysis, and similar
results were found. ICD-9 CM codes and billing data pro-
vided by the Premier database were used to define the pres-
ence of comorbidities, complications, and other outcomes
and are listed in Appendix 2.

Statistical Analysis

The primary goal of our analysis was to compare different
outcomes between patients with and without SA. All statis-
tical analyses were performed using SAS version 9.3 (SAS
Institute, Cary, NC).

Patient- and Health Care-Related Characteristics
by Presence of SA

Groups with and without SA diagnosis were compared
regarding patient and health care-related characteristics
in the univariable analysis. Means (standard deviation
[SD]) and percentages were described for continuous and
categorical variables, respectively. Length of stay and eco-
nomic resource utilization exhibited a skewed distribu-
tion and were presented using median and interquartile
ranges. Due to the large sample size, a significant differ-
ence of P (< 0.05) for differences between 2 groups using
traditional ¢ tests, Wilcoxon rank sum tests, or y? tests
were very likely to be detected but may not be clinically
meaningful. Therefore, standardized difference (STD) was
calculated to measure group balance.’* A STD <0.1 for a
continuous and 10% for a categorical variable indicated a
negligible difference in the mean or proportion of a vari-
able between groups.'> Due to the large sample size, the
SEs of STDs were very small; therefore, and to support
clarity of presentation, they were not shown. Percentage
of missing data was reported for all study variables, strat-
ified by presence of a SA diagnosis.
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Logistic Regression Analyses

Univariable and multivariable logistic regression analy-
ses were performed to evaluate the association between
patients with and without SA. Separate models were fit-
ted for the binary outcomes: combined complications,
pulmonary complications, cardiac complications, mor-
tality, mechanical ventilation, noninvasive ventilation,
use of blood product transfusion, intensive care utiliza-
tion, stepdown/telemetry service utilization, increased
length of hospitalization, and increased economic
resource utilization. Covariates included for controlling
purposes comprised age, gender, race, admission type,
hospital size, hospital teaching status, hospital location,
anesthesia type, indication for surgery, type of surgery,
year of surgery, and individual comorbidities. The asso-
ciation between each covariate and outcome variable
was performed by univariable analysis. Almost all asso-
ciations had P < 0.05 and were entered into the multi-
variable model. Few covariates (e.g., gender and hospital
characteristic) had P > 0.05 for the outcomes of mortal-
ity, and cardiac complication, but were included in the
model due to the consensus that they were of clinical
importance.'®

In addition to the above-mentioned main effects, we
evaluated the interaction terms of SA with age, gender,
year, COPD, diabetes, obesity, hypertension, and com-
plicated hypertension for each of the outcomes. These
interaction terms were selected based on (1) clinical rel-
evance; (2) STD >10% between SA versus non-SA status;
and (3) sufficient frequency (> 5% prevalence of comor-
bidities in SA) to achieve adequate power and obtain valid
estimates. All interaction effects were included in each
model, and a backward approach was used for testing the
significance of interaction effects while keeping all main
effects in the model. The significance of interaction effects
was measured using a P of 0.004 (Bonferroni-corrected
P =0.05/11 outcomes)" to adjust for multiple outcomes. If
an interaction effect had a P < 0.004, but the correspond-
ing coefficient was very small (e.g., < 0.001), we consid-
ered it quantitatively unimportant and removed it from
the model. For models with significant interaction terms,
the interpretation of SA effect would be conditioned on the
terms interacted with.

Missing data were excluded from analyses, but because
27.6% of cases had “unknown” anesthesia, they were
treated as a separate category and modeled as a sensitivity
analysis.

Crudeandadjusted oddsratios (OR), Bonferroni-corrected
95% confidence intervals (CI) and P values were reported
due to multiple comparisons. Two-sided P < 0.05 (conven-
tional threshold of significance) was used to determine sig-
nificance of variables. Ninety-five percent Cls of estimates
were reported to enable readers to interpret the significance
of the findings; this was done to alleviate the potentially
undue effect a very large sample size might have on the P
values.

Diagnostic of Models
To evaluate independence of individual predictor vari-
ables, the value inflation factor was calculated for each
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predictor variable to determine whether multicollinearity
was present. The final models were validated using the
Hosmer-Lemeshow (H-L) test.! It evaluated adequate cali-
bration of a logistic regression model so that the probability
predictions from the model reflected the true occurrence of
events in the data. The area under the receiver-operating
characteristic curve! (c-statistic) was used to measure the
level of model discrimination between observed data at dif-
ferent levels of the outcome. Discrimination was classified
as perfect, excellent, very good, good, moderate, and poor if
the area under curves were 1.0, 0.9 to 0.99, 0.8 to 0.89, 0.7 to
0.79, 0.6 to 0.69, or <0.6, respectively.” To evaluate whether
populations differed among outcomes, the amount of
patients with multiple outcomes was determined. Statistical
analyses were performed using SAS software version 9.3
(SAS Institute, Cary, NC).

Sensitivity Analysis Based on Propensity Score
Matching

The OR from a matched sample using the propensity score
method was performed as a sensitivity of the results to dif-
ferent statistical approaches. All covariates used in the pri-
mary analysis above were included in the multivariable
logistic regression with the outcome variable of SA versus
non-SA to calculate propensity scores. One SA patient (case)
was matched with 3 non-SA patients (controls) for statistical
efficiency.?! The matched pairs were generated by comparing
the predicted propensity scores between cases and controls
using the SAS macro %onetomanymatch with 8 to 1 digit
match without replacement.”? Based on the matched sam-
ple, the effect of SA on outcomes was tested for significance
using the Cochran-Mantel-Haenszel (CMH) test. To account
for matching samples, common odds ratio, an overall OR
across pairs of matching samples, and Bonferroni-corrected
95% Cls were estimated. For comparison purposes, multi-
variable models with main effects only were performed and
reported.

RESULTS

Characterization by Presence of SA

We identified 530,089 entries for patients undergoing THA
and TKA between 2006 and 2010. Overall, 8.4% had a diag-
nosis code for SA. The prevalence of SA increased from 6.2%
in 2006 to 10.3% in 2010 (Fig. 1). Compared with non-SA

Prevalence of Sleep Apnea Over Time

2010
2009
&
o 2008
2007

2006

12
Prevalence (%)

Figure 1. Figure 1 displays the prevalence of sleep apnea over time.
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Table 1. Patient and Healthcare System-Related Characteristics
Patient and health care system-related demographics

No SA diagnosis SA diagnosis

N 485,843 44,246

% 91.6% 8.4%

Year of procedure® N % N % STD (%)
2006 91,731 18.9 6007 13.6 14.42
2007 97,545 20.1 7709 17.4 6.80
2008 102,177 21.0 9419 21.3 0.63
2009 111,892 23.0 11640 26.3 7.61
2010 82,498 17.0 9471 21.4 11.25

Type of procedure?

THA 162,011 33.3 10,939 24.7 19.08
TKA 323,832 66.7 33,307 75.3

Type of anesthesia
N 36,702 7.6 3332 7.5 0.09
G 269,495 55.5 24,798 56.0 1.16
N+ G 44,762 9.2 4659 10.5 4.41
Unknown 134,884 27.8 11,457 25.9 4.22

Deyo index category?®
0 315,316 64.9 20,662 46.7 37.28
1 80,419 16.6 8894 20.1 9.18
2 68,275 14.1 9531 21.5 19.67
>3 21,833 4.5 5159 11.7 26.53

Average deyo index®® (SD, range) 0.59 (0.92-0-10) 1.00 (1.12-0-8) 40.11

Average age (y)° (SD) 66.16 (11.32) 63.36 (9.56) 26.72

Gender®
Female 304,459 62.7 20,419 46.1 33.63
Male 181,384 37.3 23,827 53.9

Race
White 360,840 74.3 34,231 77.4 7.23
Black 32,844 6.8 3353 7.6 3.17
Hispanic 11,191 2.3 741 1.7 4.50
Other 80,968 16.7 5921 13.4 9.20

Admission type
Emergent 11,430 2.4 978 2.2 0.95
Urgent 19,433 4.0 1821 4.1 0.59
Elective 453,700 93.4 41,373 93.5 0.50
Other 1280 0.3 74 0.2 2.08

Hospital size (no. of beds)
<299 158,567 32.6 12,991 29.4 7.09
300-499 189,123 38.9 19,102 43.2 8.64
> 500 138,153 28.4 12,153 27.5 2.16

Hospital location
Rural 49,240 10.1 4203 9.5 2.14
Urban 436,603 89.9 40,043 90.5

Hospital teaching status
Nonteaching 286,759 59.0 24,537 55,5 7.21
Teaching 199,084 41.0 19,709 44.5

Indication
RA 15,980 3.3 1217 2.8 B
OA 451,184 92.9 41,984 94.9 8.44
Other 18,679 3.8 1045 2.4 8.56

Patient and health care system-related variables for patients without and with a diagnosis of sleep apnea.

SA = sleep apnea; STD = standardized difference; SD = standard deviation; THA = total hip arthroplasty; TKA = total knee arthroplasty; OA = osteoarthritis;
RA = rheumatoid arthritis.

aThe Deyo index was validated for the outcomes of complications, mortality, blood transfusion, use of hospital resources, and other adverse events on a cohort
of surgical patients.'® (Deyo Index = 1*Myocardial Infarction + 1*Cerebrovascular Disease + 1*Peripheral Vascular Disease + 2*Renal Disease + 1*COPD
+ 1*Diabetes + 2*Complicated Diabetes + 1*Dementia + 1*Rheumatoid Disease +1* Mild Liver Disease + 1*Severe Liver Disease + 6*AIDS + 1*Plegia +
1*Cancer).

®Variables met the standardized difference >10% threshold.

patients, individuals with SA were on average younger (SA: carried a higher overall Deyo comorbidity burden (1.00 =
63.4 = 9.6 years vs non-SA: 66.2 + 11.3 years, STD = 26.7%), 1.12 vs 0.59 + 0.92, STD = 40.1%) and had a higher preva-
more frequently male (53.9% vs 37.3%, STD = 33.63%), lence of most individual comorbidities (Table 1, Table 2).
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Table 2. Prevalence of Comorbidities

Prevalence of comorbidities
No SA diagnosis

SA diagnosis

Comorbidity N % N % STD (%)
Myocardial infarction 17,069 3.5 2433 5.5 9.58
Cerebrovascular disease 1136 0.2 98 0.2 0.26
Peripheral vascular disease 8187 1.7 1057 2.4 4.98
Renal disease 243 0.1 23 0.1 0.09
COPD? 64,816 13.3 11,051 25.0 29.89
Diabetes? 79,444 16.4 12,980 29.3 31.30
Complicated diabetes?® 4610 0.9 1108 2.5 11.96
Cancer 8556 1.8 782 1.8 0.05
Obesity? 75,644 15.6 18,708 42.3 61.65
Hypertension® 293,277 60.4 30,862 69.8 19.78
Complicated hypertension? 17,576 3.6 2764 6.2 12.16
Pulmonary hypertension® 2476 0.5 765 1.7 11.61

Prevalence of preexisting comorbidities for patients without and with diagnosis of sleep apnea.
SA = sleep apnea; STD = standardized difference; COPD = chronic obstructive pulmonary disease.
4Variables met the standardized difference >10% threshold.

Table 3. Incidence of Postoperative Complications and Resource Utilization
Incidence of postoperative complications and resource utilization (univariate analysis)

No SA diagnosis SA diagnosis
Event N % N % STD (%) P
Pulmonary embolism 1908 0.4 267 0.6 2.99 <0.0001
Deep venous thrombosis 2665 0.5 266 0.6 0.70 0.15
Cerebrovascular accident 560 0.1 46 0.1 0.34 0.50
Pulmonary complications 2672 0.6 839 1.9 12.27 <0.0001
Sepsis 697 0.1 91 0.2 1.49 0.0011
Cardiac complications (non-Ml) 29,847 6.1 4110 9.3 11.81 <0.0001
Pneumonia 3987 0.8 591 1.3 4.99 <0.0001
All infectious complications 19,738 4.1 1899 4.3 1.15 0.02
Acute renal failure 6741 1.4 1245 2.8 9.96 <0.0001
Gastrointestinal complications 3571 0.7 507 1.1 4.26 <0.0001
Acute MI 1280 0.3 114 0.3 0.11 0.82
30-day mortality 716 0.1 85 0.2 0.79 <0.0001
ICU utilization 14,647 3.0 2713 6.1 14.96 <0.0001
Stepdown and telemetry use 26,847 5.9 4108 9.3 14.39 <0.0001
Mechanical ventilation 1622 0.3 2183 4.9 29.03 <0.0001
Noninvasive ventilation 400 0.1 1665 3.8 27.05 <0.0001
Transfusion 93,958 19.3 6394 14.5 13.07 <0.0001
Median length of stay 3 (IQR: 3-4)d 3 (IQR: 3-4) d 5158 <0.0001
Mean length of stay 3.52 (SD = 1.96) 3.63 (SD = 1.96) <0.0001
Median economic resource utilization $15,005 $15,514 6.45 <0.0001
[IQR:12,314-18,677] [IQR:12,760-19,336]
Mean economic resource utilization $16,457 $17,035 <0.0001
(SD = $9360) (SD = $8555)

The incidence of selected outcomes for patients without and with diagnosis of sleep apnea.
SA = sleep apnea; STD = standardized difference; IQR = interquartile range; Ml = myocardial infarction.

Missing data were limited to the categories of anesthesia
type, race, admission type, and payor type (28.7%, 19.4%,

SA patients more frequently used critical care, telemetry,
and stepdown unit services, and more commonly received

0.3%, and 2.8%, respectively).

SA patients exhibited a higher incidence of major post-
operative complications including pulmonary, cardiac
(non-MI), and renal outcomes. Analysis of the various
subtypes of pneumonia yielded a higher incidence of post-
procedural aspiration pneumonia and/or Mendelson’s syn-
drome (as defined by ICD-9 code 997.39) in the SA group,
compared with the no SA group (0.9% vs 0.6%, P < 0.0001).

February 2014 e Volume 118 e Number 2

postoperative mechanical ventilation and noninvasive
ventilatory support. SA patients received fewer postop-
erative blood transfusions compared with non-SA patients.
Appendix 3 details the incidence of individual cardiac
complications, which suggests that the higher incidence of
atrial fibrillation among SA patients was responsible for the
increased rates in this complication category. Median length
of hospitalization and economic resource utilization was
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Table 4. Results from the Logistic Regression Models—SA Diagnosis Versus Non-SA Diagnosis
Results from the logistic regression models-SA diagnosis versus Non-SA diagnosis

Crude odds ratio

Adjusted odds ratio

Significant interaction

Outcome (corrected 95% Cl)2>¢ (corrected 95% Cl)=° term with SA (PY) c-statistic
Combined complications 1.53 (1.47-1.60) 1.47 (1.39-1.55) None 0.69
Pulmonary complications 2.19 (2.00-2.40) 1.86 (1.65-2.09) None 0.69
Cardiac complications 1.56 (1.48-1.65) 1.59 (1.48-1.71) None 0.74
Mortality 1.27 (0.82-1.98) 1.27 (0.74-2.19) None 0.74
Mechanical ventilation 11.94 (10.64-13.40) See table 5 Complicated hypertension 0.83
(P < 0.0001) COPD
(P < 0.0001)
Noninvasive ventilation 37.13 (30.64-45.00) See table 5 Complicated hypertension 0.88
(P < 0.0001), COPD
(P < 0.0001)
Blood product transfusion 0.71 (0.68-0.74) 0.88 (0.83-0.93) None 0.67
ICU utilization 2.06 (1.92-2.21) See table 5 Gender (P = 0.0002), 0.73
year (P = 0.0007)
Telemetry/stepdown unit utilization 1.76 (1.66-1.86) See table 5 Year (P = 0.0008), complicated 0.68
hypertension
(P < 0.0001), obesity
(P < 0.0001)
Length of stay >75th percentile 1.09 (1.05-1.13) See table 5 Obesity (P = 0.0006) 0.65
Utilization of economic 1.22 (1.18-1.26) 1.14 (1.09-1.19) None 0.60

resources >75th percentile

Multivariable regression for various outcomes. Present diagnosis of sleep apnea (SA) is the effect variable. Reference = no sleep apnea diagnosis.

ICU = intensive care unit; Cl = confidence interval.

2All 95% Cls and the associated P values were both Bonferroni corrected for multiple comparisons

bAll corrected P were <0.0001 except for mortality (P > 0.99).
cAll corrected P were <0.0001 except for mortality (P > 0.99).

4P were raw P values from multivariate regressions and compared with threshold 0.05/11 = 0.004 to determine the statistical significance.

similar among groups. Table 3 lists postoperative complica-
tion and resource utilization rates.

Logistic Regression Analyses

Table 4 details the results of the univariable and multivari-
able logistic regression analysis. Table 5 details the effect of
SA for the models with significant interaction modifications.

Postoperative Complication Outcomes

No significant interaction terms were found for the
models analyzing outcomes of combined complications,
pulmonary complications, cardiac complications, and
mortality. A diagnosis of SA emerged as an independent
risk factor for the outcome of combined complications, as
well as pulmonary and cardiac complications separately,
but not for mortality.

Hospital Resource Utilization Outcomes

Significant interaction terms were detected for the models
assessing outcome of mechanical ventilation (e.g., com-
plicated hypertension, COPD), noninvasive ventilation
(e.g., complicated hypertension, COPD), utilization of
critical care (e.g., gender, year), stepdown/telemetry ser-
vices (e.g., year, complicated hypertension, obesity), and
prolonged length of stay (e.g., obesity). None were found
for the outcomes of the need for blood transfusion and
increased economic resource. The details of ORs condi-
tioned on the modifications are shown in Table 5, and the
SA effect on outcomes will have to be interpreted in the
context of these modifications. When considering inter-
action terms, SA was associated with increased odds for
mechanical ventilation, noninvasive ventilatory support,
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utilization of intensive care unit, stepdown and telemetry
services as well as prolonged length of stay and increased
economic resources.

In the sensitivity analysis including “unknown” anesthe-
sia as a separate category, the results were similar.

Model Diagnostics

The value inflation factors were all <10, indicating that no
multicollinearity was present. The ranges of c-statistics
were 0.7 to 0.9 except for the model evaluating increasing
economic resource utilization (¢ = 0.6), indicating good to
very good discrimination for most outcomes. The percent-
age of patients with multiple outcomes was 0.44% and
22.89% for postoperative complications and resource utili-
zation outcomes, respectively. Among all outcomes, 26.54%
of patients had at least 2 of any of the outcomes evaluated,
indicating differences between outcome populations.

Sensitivity Analysis Based on Propensity Score
Matching

Of 32,789 SA patients in the sample, 28,177 were suc-
cessfully matched to non-SA patients. The propensity
score-matched samples were well balanced (STD< 10%)
between groups in terms of demographic variables and
comorbidities (Appendices 4, 5). The common ORs were
similar to the ORs found in the analysis with main effects
only (Appendix 6).

DISCUSSION

In this study, we were able to show that SA was associated
with higher rates and odds of postoperative complications,
utilization of resources, and length of stay.
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Table 5. Effect of SA Versus Non-SA from Logistic Regression Models with Significant Interaction Terms of

SA Diagnosis Versus Non-SA Diagnosis

Effect of SA versus Non-SA from logistic regression models with significant interaction terms of SA Diagnosis versus Non-SA diagnosis

Interaction terms®
Mechanical ventilation

Complicated hypertension = no COPD = no
COPD = yes
Complicated hypertension = yes COPD = no
COPD = yes
Noninvasive ventilation
Complicated hypertension = no COPD = no
COPD = yes
Complicated hypertension = yes COPD = no
COPD = yes
ICU utilization
Male 2006
2007
2008
2009
2010
Female 2006
2007
2008
2009
2010
Telemetry/stepdown unit utilization
Complicated hypertension = no Obesity = no 2006
2007
2008
2009
2010
Obesity = yes 2006
2007
2008
2009
2010
Complicated hypertension = yes Obesity = no 2006
2007
2008
2009
2010
Obesity = yes 2006
2007
2008
2009
2010
Increased length of hospitalization
Obesity = no
Obesity = yes

Adjusted OR (95% CI)? Adjusted P? c-statistic
13.80 (11.53-16.52) <0.0001

8.01 (6.19-10.36) <0.0001 0.83

5.30 (3.62-7.74) <0.0001

3.07 (2.04-4.64) < 0.0001
46.12 (33.88-62.77) < 0.0001
16.20 (10.95-23.97) <0.0001 0.88
15.62 (8.53-28.60) <0.0001

5.49 (2.92-10.30) <0.0001

1.86 (1.49-2.30) < 0.0001

1.82 (1.49-2.23) <0.0001

2.05 (1.70-2.48) < 0.0001

1.37 (1.13,1.67) <0.0001

1.37 (1.09-1.72) 0.0005 o073

2.28 (1.82-2.84) < 0.0001

2.23 (1.82-2.73) <0.0001

2.52(2.09-3.04) <0.0001

1.69 (1.38-2.05) < 0.0001

1.68 (1.34-2.11) < 0.0001

1.81 (1.47-2.23) <0.0001

1.49 (1.24-1.78) < 0.0001

1.40 (1.19-1.65) 0.0584

1.73 (1.52-1.96) 0.0213

1.54 (1.33-1.78) 0.0268

2.17 (1.73-2.72) < 0.0001

1.78 (1.47-2.17) < 0.0001

1.68 (1.41-2.00) 0.0689

2.07 (1.79-2.39) 0.0262

1.85 (1.58-2.16) 0.0309 0.68

1.25 (0.91-1.73) > 0.99

1.03 (0.76-1.39) > 0.99

0.97 (0.73-1.29) 0.1853

1.19 (0.91-1.57) 0.17

1.07 (0.80-1.41) 0.1773

1.50 (1.08-2.08) 0.0047

1.23 (0.91-1.67) 0.2089

1.16 (0.87-1.55) 0.1901

1.43 (1.08-1.89) 0.1731

1.28 (0.96-1.69) 0.1801

1.12 (1.06-1.18) <0.0001

1.23 (1.15-1.31) < 0.0001 0.65

Multivariable regression for outcomes with significant interactions. Present diagnosis of sleep apnea (SA) is the effect variable. (Reference = no sleep apnea

diagnosis).
COPD= chronic obstructive pulmonary disease.

2All 95% Cls and the associated P were both Bonferroni corrected for multiple comparisons.

bAll interaction terms had P < 0.001.

We observed that SA was associated with a 47%
increased odds for the combined outcome of postop-
erative major morbidity. Increased odds for adverse out-
comes among SA patients have been described,*” but
information on a wide range of outcomes beyond pul-
monary complications in the setting of orthopedic sur-
gery remains rare. While the exact mechanisms by which
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SA confers increased odds for complications remains
unknown, a number of abnormalities have been described
among SA patients that may lower the clinically relevant
injury threshold for various organ systems to exhibit signs
of dysfunction. For example, SA is associated with higher
baseline levels of systemic and pulmonary inflammation,*
decreased pharyngeal sphincter function,® and increased
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sensitivity to the respiratory-depressant effects of opi-
oids.? These and other pathologic states may contribute
to the increased susceptibility of SA patients to periop-
erative insults, such as transfusion and ventilator-related
lung injury, and aspiration. However, it must be noted that
not all our findings corroborate with available literature.
For example, we did not find differences in the rates of
cerebrovascular disease and complications between the 2
groups. Previous research has suggested that the presence
of SA may indeed increase the risk for stroke,? without
allowing for inferences to be made in the postoperative
setting. A factor to be considered when interpreting our
findings is the fact that only patients with a known diag-
nosis of SA are included in our cohort and that use of posi-
tive airway pressure therapy, which may reverse some of
the pathophysiology predisposing to long-term adverse
outcomes, may be more likely used in this population.

In addition, we identified lower rates of blood transfu-
sions among SA patients in our study. Feasible explanations
for this finding are not obvious but warrant further inquiry.
One possibility includes higher starting hematocrit levels
frequently found in SA patients.?”

Recent literature has further suggested a lack of evidence
for increased mortality among SA patients.?? While specu-
lative, an increase in vigilance among clinicians may indeed
lead to better detection of complications in this patient
group perceived to be at risk, thus allowing for interven-
tions to avoid this extreme outcome despite higher compli-
cation rates.

In addition to the increased odds for adverse medical
outcomes, we were able to show an effect of the presence of
SA on increased resource utilization. The argument can be
made that at least some of the increased utilization of ser-
vices is not an indication of higher morbidity but reflects
planned use of monitored settings and perioperative posi-
tive airway pressure equipment in an attempt to reduce
complications. However, despite the recommendation by
the American Society of Anesthesiologists task force on
perioperative care of patients with obstructive sleep apnea
that patients with SA be observed in a monitored setting
postoperatively and treated with positive pressure ventila-
tion in certain cases,® little data are available on the use of
resources such as telemetry, stepdown, and intensive care
units. If the utilization of these resources would have to
be interpreted in this context, the conclusion to be drawn
would point toward a surprisingly low use of periopera-
tive monitoring and use of ventilatory assistance. Indeed,
there remains a paucity of data regarding the adoption of
guidelines for the perioperative care in current practice.
Interestingly, a single published inquiry into the existence
of perioperative policies among anesthesia departments
in Canada concluded that only 28% had such provi-
sions.®® While lack of proof that these interventions lead
to improved outcomes among SA patients may be 1 rea-
son, the additional use of economic resources associated
with implementation of these practices on a wider level
certainly is a contributing factor. It is therefore not surpris-
ing that in our study SA was associated with higher odds
for this outcome.
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Our study is subject to a number of limitations. As a
consequence of retrospective database analysis, clinically
important covariates are not obtainable. However, a very
large sample size provides access to outcomes as seen
in actual practice. A further limitation is the reliance on
ICD-9 coding for the diagnosis of SA. Thus, it is not pos-
sible to correlate the diagnosis with the severity of SA.
This also applies to the severity of various other comor-
bidities. It is also almost certain that the true incidence of
SA is higher than that reported here, as only patients with
a preoperative diagnosis code for SA would have been
entered. This potential misclassification may have lead
to an underestimation of the effects of SA on outcomes.
As mentioned previously, we were unable to determine
whether the utilization of higher levels of care and non-
invasive ventilation were the result of a complication and
thus represented treatment or whether they were used in
a prophylactic manner. The inability to determine causal
relationships makes it impossible to study whether these
interventions are capable of modifying outcomes in our
sample. Thus, the value of these data lies in the estima-
tion of the magnitude of utilization of these resources.
Furthermore, because cause and effect or mechanisms of
adverse events cannot be established from these data, we
are unable to conclusively explain some of the findings.
It is also likely that postoperative complications impact
on the outcomes of mortality and resource utilization.
However, the goal of this analysis was to study the impact
of factors that are known preoperatively and may be con-
sidered before surgery commences. Finally, all comorbidi-
ties and complications are based on the ICD-9-CM coding
system or billing codes (Appendix 1). Although rigorous
quality checks are being performed by the vendor before
release, coding errors or inconsistencies remain a possi-
bility. A problem encountered for some outcomes, such
as thromboembolic events for example, is the fact that
there is no differential coding for an old versus new diag-
nosis, and therefore, we cannot conclusively determine
whether such diagnoses were preexisting. Unfortunately,
a present-on-admission variable, as introduced by many
databases to facilitate this kind of interpretation, is not
available for >70% of entries within our dataset, making
it highly unreliable. However, there is no indication that
this potential bias would affect one of the groups more
than the other.

In conclusion, the preexisting comorbidity is associ-
ated with higher ORs of perioperative complications
(adjusted OR: 1.47; CI, 1.39-1.55), utilization of economic
resources (adjusted OR: 1.14; CI, 1.09-1.19) and pro-
longed length of stay (adjusted OR 1.12 for nonobese SA
patients; CI, 1.06-1.18) among THA and TKA recipients.
Despite a higher rate of advanced monitoring among
SA patients, the overall utilization of stepdown, telem-
etry, or intensive care units was still <17%, at least par-
tially putting into question the adoption of guidelines
and perioperative protocols for the treatment of SA. The
subject of outcomes among SA patients requires further
study to identify patients at risk and determine ways
to prevent complications using evidence-based and
accountable approaches. §§
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Appendix 1. Diagnosis Codes, Prevalence, and
Percent of Total for Sleep Apnea Cohort

Sleep apnea diagnosis codes

Appendix 3. The Incidence of Individual Cardiac

Outcomes for Patients Without and With Diagnosis
of Sleep Apnea

Diagnosis % of SA Incidence of selected cardiac complications/outcomes
code Description diagnoses” No SA diagnosis  SA diagnosis
327.23 Obstructive sleep apnea (adult) (pediatric) 59.43 Event N % N % STD (%)
780.57 Unspecified sleep apnea 39.00 Conduction disorders 10,433 2.15 1155 2.61 3.04
786.03 Apnea 0.60 Atrial fibrillation and 27,357 5.63 3854 871 11.94
780.51 Insomnia with sleep apnea, unspecified 0.35 flutter
780.53 Hypersomnia with sleep apnea, unspecified 0.24 Ventricular fibrillation 80 0.02 10 0.02 0.50
327.24 Idiopathic sleep-related nonobstructive 0.17 and flutter
alveolar hypoventilation Cardiac arrest 269 0.06 57 0.13 2.44
327.26 Sleep-related hypoventilation/hypoxemia in 0.11 Functional disturbances 5 0.001 0 0 0.45
conditions classifiable elsewhere after cardiac surgery
327.27 Central sleep apnea in conditions classified 0.07 Cardiogenic shock 96 0.02 13  0.03 0.58
elsewhere Cardiac complications 3849 0.79 419 0.95 1.67
327.20 Organic sleep apnea, unspecified 0.02 not elsewhere
327.21 Primary central sleep apnea 0.02 classified

?Please note that percentages add up to >100% as a small fraction of

SA = sleep apnea; STD = standardized difference.

patients carried >1 sleep apnea diagnosis.

Appendix 2. International Classification of Diseases-9th Revision-Clinical Modification Diagnosis Codes for

Major Complications and Comorbidities

Complications

Event

Pulmonary embolism

Deep vein thrombosis
Cerebrovascular event

Pulmonary compromise

Sepsis

Cardiac (nonmyocardial infarction)
Acute myocardial infarction
Pneumonia

All infections

Acute renal failure
Gastrointestinal complication
Mechanical ventilation

Blood transfusion

Noninvasive ventilation
Comorbidities

Event

Myocardial infarction
Peripheral vascular disease
Cerebrovascular disease
Dementia

COPD

Rheumatic disease

Peptic ulcer disease

Mild liver disease

Diabetes

Diabetes with complications
Hemiplegia or paraplegia
Renal disease

Malignancy

Moderate or severe liver disease
Aids

Hypertension

Complicated hypertension
Pulmonary hypertension
Obesity

Sleep apnea

ICD-9-CM diagnosis codes

415.1

451.1,451.2,451.8, 451.9, 453.2, 453.4, 453.8, 453.9

433.01, 433.11, 433.21,433.31, 433.81, 433.91, 434.01, 434.11, 434.91, 997.02

514, 518.4, 518.5, 518.81, 518.82

038, 038.0, 038.1x, 038.2, 038.3, 038.40, 038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9, 790.

426.0, 427.41, 427.42,429.4,997.1, 427.4, 427.3, 427.31, 427.32

410.XX

481, 482.00-482.99, 483,485, 486, 507.0, 997.31, 997.39

590.1, 590.10, 590.11,590.8590.81, 590.2, 590.9, 595.0, 595.9, 599.0, 567.0 480, 480.0, 480.1,
480.2, 480.8, 480.9, 481, 482.0, 482.1, 482.2, 482.3, 482.30, 482.31, 482.32, 482.39, 482.4,
482.40, 482.41, 482.42, 482.49, 482.5, 482.8, 482.81, 482.82, 482.83, 482.84, 482.89, 482.9, 483,
483.0, 483.1, 483.8, 485, 486, 487, 997.31, 038, 038.0, 038.1, 038.10, 038.11, 038.12, 038.19,
038.2, 038.3, 038.4, 038.40, 038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9, 790.7, 998.0,
958.4, 998.5, 998.59, 998.89, 785, 785.50, 785.52, 785.59, 999.39, 999.31, 999.3

584, 584.5, 584.9

997.4, 560.1, 560.81, 560.9, 536.2, 537.3

93.90, 96.7, 96.70, 96.71, 96.72, (CPT Code) 94002, 94656, 94003, 94657

99.0, 99.01, 99.02, 99.03, 99.04, 99.05, 99.06, 99.07, 99.08, 99.09, (HCPCS codes) P9010, P9011,
P9012, P9016, P9017, P9019, P9020, P9021, P9022, P9023, P9031, P9032, P9033, P9034, P9035,
P9036, P9037, P9038, P9039, P9040

93.90, 93.91

ICD-9-CM diagnosis codes

412 XX

441.X, 785.4,V43.4, 38.48

430.X-438.X

290.XX

490, 491.X, 492.X, 493.X, 495.X, 500-505, 506.4
710.0, 710.1, 710.4, 714.0, 714.1, 714.2, 714.81, 725
531-534

571.2,571.4X, not 571.42,571.5,571.6

250.0, 250.1, 250.2, 250.3, 250.7

250.4, 250.6

344.1,342.X

582.X, 583.X, 585, 586, 588

140-239.99

456.0-456.29, 572.2-572.8

042

401.1, 401.9, 642.0X

401.0, 402.X-405.X, 642.1, 642.2, 642.7, 642.9

416.X

278.0,278.00, 278.01, 649.1, V85.3, V85.4, V85.54, 792.91
786.03, 780.51, 780.53, 780.57, 327.20-327.27, 327.29
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Appendix 4. Patient and Healthcare System-

Related Characteristics Based on the Propensity
Scoring Matched Samples

Patient and healthcare system-related demographics (based on
propensity matching)

Appendix 5. Comorbidity Incidence Based

Propensity Scoring Matched Samples

Incidence of Comorbid Disease (based on propensity matching)

No SA diagnosis SA diagnosis
STD
N % N % (%)
Total 84,531 75 28,177 25
Average age (year) 63.63 (10.56) 63.70 (9.56) 0.63
(SD)
Gender
Female 13,203 15.6 4071 14.5 2.16
Male 71,328 84.4 24,106 85.6
Race
White 68,623 81.2 22,331 79.3 4.84
Black 5834 6.9 2250 8.00 4.13
Hispanic 1321 1.6 498 1.8 1.60
Other 8753 10.4 3098 11.00 2.07
Average Deyo 0.82 (1.04) 0.87 (1.05) 4.36
index® (SD)
Deyo index category
0 45,444  53.8 14,452  51.3 4.95
1 16,042 19.00 5659 20.1 2.79
2 16,588 19.6 5708 20.3 1.59
>3 6457 7.6 2358 8.4 2.69
Type of procedure
THA 71,328 84.4 24,106 85.6 2.46
TKA 13,203 15.6 4071 14.5
Type of anesthesia
N 8342 9.9 2874 10.2 1.10
G 64,747 76.6 21,397 75.9 1.55
N+ G 11,442 13.5 3906 13.9 0.95
Year of procedure
2006 11,886 14.1 4064 14.4 1.04
2007 15,122 17.9 5103 18.1 0.58
2008 17,690 20.9 5913 21.00 0.14
2009 22,472 26.6 7341 26.1 1.21
2010 17,361  20.5 5756 20.4 0.27
Admission type
Emergent 1867 2.2 694 2.5 1.68
Urgent 3095 3.7 1175 4.2 2.62
Elective 79,321  93.8 26,253 93.2 2.70
Other 248 0.3 55 0.2 1.99
Indication
RA 2151 2.5 829 2.9 2.43
OA 80,487 95.2 26,588 94.4 3.85
Other 1893 2.2 760 2.7 2.95
Hospital size (beds)
<299 25,619 30.3 8610 30.6 0.54
300-499 34,874 413 11,602 41.2 0.16
> 500 24,038 28.4 7965 28.3 0.38
Hospital location
Rural 71,328 84.4 24,106  85.6 2.48
Urban 13,203 15.7 4071 14.5

Hospital teaching status
Nonteaching 71,328 84.4 24,106  85.6 1.25
Teaching 13,203 15.6 4071 14.5

No SA diagnosis SA diagnosis
STD
Comorbidity N % N % (%)
Ml 3611 4.3 1386 4.9 3.09
Cerebrovascular 186 0.2 68 0.2 0.44
disease
Peripherovascular 1580 1.9 595 2.1 1.74
disease
Dementia 57 0.1 21 0.1 0.27
Renal disease 85 <0.1 15 0.1 0.54
Copd 17,087 20.2 5983 21.2 2.52
Diabetes 20,608 24.4 7140 25.3 2.22
Complicated 1366 1.6 490 1.7 0.96
diabetes
Cancer 1354 1.6 500 1.8 1.34
Hypertension 58,936 69.7 19,330 68.6 2.42
Complicated 4181 5.0 1498 5.3 1.68
hypertension
Pulmonary 695 0.8 243 0.9 0.44
hypertension
Obesity 27,886 33.0 9561 33.9 2.00

SA = sleep apnea; STD = standardized difference; COPD = chronic obstructive
pulmonary disease.

Appendix 6. Results Comparisons Between the
Propensity Score Method-Based Sensitivity Analysis

and Multivariable Logistic Regressions with Main
Effects Only

Multivariable
logistic regression with

Propensity
score-matched

samples

main effects only

Common odds ratio

Adjusted odds ratio

Outcome (corrected 95% Cl)2* (corrected 95% Cl)*

Combined 1.45 (1.37-1.53) 1.47 (1.40-1.54)
complications

Pulmonary 1.90 (1.68-2.15) 1.86 (1.68-2.06)
complications

Cardiac 1.54 (1.43-1.66) 1.59 (1.49-1.69)
complications

Mortality 1.20 (0.69-2.07) 1.27 (0.80-2.04)

Mechanical 10.84 (8.97-13.09) 10.26 (9.01-11.69)
ventilation

Noninvasive 27.78 (20.02-38.56)  29.04 (23.55-35.80)
ventilation

Blood product 0.91 (0.86-0.96) 0.88 (0.83-0.92)
transfusion

ICU utilization 1.85 (1.69-2.03) 1.85 (1.71-2.00)

Telemetry/ 1.69 (1.57-1.82) 1.64 (1.55-1.75)
stepdown unit
utilization

Length of stay 1.18 (1.13-1.23) 1.16 (1.12-1.20)

>75th percentile
Utilization of
economic
resources >75th
percentile

1.13 (1.11-1.22)

1.13(1.09-1.18)

THA = total hip arthroplasty; TKA = total knee arthroplasty; OA =
osteoarthritis; RA = rheumatoid arthritis.

aThe Deyo index was validated for the outcomes of complications, mortality,
blood transfusion, use of hospital resources, and other adverse events on a
cohort of surgical patients.?
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Based on the matched sample, the effect of SA on outcomes was tested
for significance using the Cochran-Mantel-Haenszel test common odds ratio
(COR) Bonferroni-corrected 95% confidence intervals and P are reported.
aAll 95% Cls and the associated P were both Bonferroni corrected for
multiple comparisons.

bAll corrected P were <0.0001 except for mortality (P > 0.99).

°All corrected P were <0.0001 except for mortality (P = 0.43).
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