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Association of Sleep-Disordered
Breathing With Postoperative
Complications*
Dennis Hwang, MD, FCCP; Nawaid Shakir, MD; Baba Limann, MD;
Cristina Sison, PhD; Sumeet Kalra, MD; Lawrence Shulman, DO, FCCP;
Andre de Corla Souza, MD; and Harly Greenberg, MD, FCCP

Background: Obstructive sleep apnea (OSA) is associated with increased perioperative risk, but
the incidence of postoperative complications and the severity of OSA associated with increased
risk have not been established. We investigated the relationship between intermittent hypoxemia
measured by home nocturnal oximetry with the occurrence of postoperative complications in
patients with clinical signs of OSA identified during preoperative assessment for elective surgery.
Methods: This study was performed at a tertiary care hospital. Home nocturnal oximetry was
performed on elective surgical patients with clinical features of OSA. The number of episodes per
hour of oxygen desaturation (or oxygen desaturation index) of > 4% (ODI4%) was determined.
Subjects with five or more desaturations per hour (ODI4%> 5) were compared to those with less
than five desaturations per hour (ODI4%< 5). Hospital records were reviewed to assess the
incidence and type of postoperative complications.
Results: A total of 172 patients were investigated as part of this study. No significant differences
were observed between groups in terms of age, body mass index, number of medical comorbidi-
ties, or smoking history. Patients with an ODI4%> 5 had a significantly higher rate of
postoperative complications than those with ODI4%< 5 (15.3% vs 2.7%, respectively [p < 0.01];
adjusted odds ratio, 7.2; 95% confidence interval, 1.5 to 33.3 [p � 0.012]). The complication rate
also increased with increasing ODI severity (patients with an ODI4% of 5 to 15 events per hour,
13.8%; patients with an ODI4% of > 15 events per hour, 17.5%; p � 0.01) Complications were
respiratory (nine patients), cardiovascular (five patients), GI (one patient), and bleeding (two
patients). The hospital length of stay was similar in both groups.
Conclusion: An ODI4%> 5, determined by home nocturnal oximetry, in patients with clinical
features of OSA is associated with an increased rate of postoperative complications.

(CHEST 2008; 133:1128–1134)

Key words: oximetry; postoperative complications; sleep apnea syndromes; sleep-disordered breathing; surgery

Abbreviations: BMI � body mass index; CPAP � continuous positive airway pressure; ODI � oxygen desaturation
index; ODI4% � oxygen desaturation index of � 4%; ODI4%� 5 � oxygen desaturation index of � 4% with less than
five desaturations per hour; ODI4%� 5 � oxygen desaturation index of � 4% with five or more desaturations per hour;
OSA � obstructive sleep apnea; PACU � postanesthesia care unit; SDB � sleep-disordered breathing; T90% � time
spent with an oxygen saturation of � 90%

O bstructive sleep apnea (OSA) is a common form
of sleep-disordered breathing (SDB) that has

significant consequences in the perioperative set-
ting.1,2 However, strategies to reduce postoperative
risk are difficult to implement since many patients
with SDB and OSA have not received a formal
diagnosis at the time of surgery.3 Published guide-
lines regarding the role of various screening modal-
ities for OSA, and the management of patients with

known OSA undergoing surgery, have been based
largely on expert opinion, reflecting the relative lack
of evidence derived from clinical studies.4 We sought
to determine whether a simple screening protocol
for OSA-related signs and symptoms performed at
the time of preoperative assessment for elective
surgery, followed by home nocturnal oximetry in
selected cases, could identify patients who are at
increased risk of perioperative complications.
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Materials and Methods

Patients

We reviewed the medical records of elective surgery patients
who were at least 18 years of age (performed on an inpatient or
outpatient basis) who underwent preoperative screening for SDB
based on an established clinical protocol at North Shore Univer-
sity Hospital, a tertiary care hospital in New York, between July
2004 and November 2006. During preoperative assessment in
the preanesthesia testing unit, patients without a prior diagnosis
of OSA but with at least two clinical features suggestive of OSA
on a standardized screening questionnaire and physical examina-
tion (eg, snoring, excessive daytime somnolence, witnessed ap-
neas, or crowded oropharynx) were selected for home nocturnal
oximetry testing. The results were interpreted by sleep medicine-
trained physicians prior to the scheduled surgery. Studies that did
not provide at least 4 h of adequate recording time were
excluded. The results of the oximetry studies were made available
to the anesthesia and surgical teams, as well as to the primary care
physician. Because subsequent medical care was provided at the
discretion of the patients’ usual physicians, further follow-up
beyond the surgical period delineated in the charts was not
available to the research team; therefore, the results of formal
polysomnography, which may have been performed after this
hospitalization for further evaluation of oximetry results was not
available for review. Oximeters were programmed to average
measurements over 8-s intervals. This study was approved by the
hospital institutional review board.

Protocol

Chart reviewers were blinded to the results of the oximetry
testing. Demographic information, comorbidities, nocturnal
oximetry results, and surgical outcome data were collected.
Demographic variables included age, sex, race, type of surgery,
height, and weight. For this study, patients were defined as
overweight if they had a body mass index (BMI) of � 27 kg/m2.
Variables from nocturnal oximetry testing included the number
of episodes per hour of oxygen desaturation (or oxygen desatu-
ration index [ODI]) of � 4% (ODI4%) and the percentage of
study time spent with an oxygen saturation of � 90% (T90%). An
oxygen desaturation of � 4% was used to determine the ODI
since this degree of oxygen desaturation has been used in
previous studies.5 Outcomes included the presence or absence of
postoperative complications and hospital length of stay. A com-
plication was defined as an adverse event affecting a major organ
system that required further monitoring, additional diagnostic
testing, or direct therapeutic intervention. Hospital protocol

mandated that patients with SDB determined by an abnormal
nocturnal oximetry test result and patients with an established
diagnosis of OSA undergo prolonged postanesthesia care unit
(PACU) monitoring. Subjects with an ODI4% of � 5 were
compared to those with an ODI4% of �5. Nocturnal oxygen
desaturation severity was rated as follows: mild (ODI4%, 5 to 20);
moderate (ODI4%, 20 to 40); and severe (ODI4%, � 40).

Statistical Analysis

The Fisher exact test was used to determine whether there was
a statistically significant difference in perioperative complication
rates between the ODI4% � 5 and ODI4% � 5 groups. The
Fisher exact test and Mann-Whitney test were used to determine
which of the candidate risk factors were individually associated
with a perioperative complication. The Cochran-Armitage trend
test was used to test for trends across the ODI4% severity groups.
The asymptotic test for the Somer D(C/R), which measures
association between complication (outcome) and ODI4% severity
as the predictor, was also calculated. Spearman correlations were
used to determine the strength of association between variables
(such as ODI and BMI). A logistic regression analysis was
subsequently carried out to determine which of the significant
risk factors found from the univariate screening process were
jointly associated with a complication. A backward-selection
algorithm was applied to arrive at a parsimonious model. In order
to adjust for multiple comparisons, we arbitrarily used p � 0.03
to conclude significance, rather than the usual p � 0.05.

Results

A total of 172 patients aged 27 to 85 years were
evaluated. The overall mean (� SD) age was 54.5 � 13.6
years. Other relevant demographics are included in
Tables 1 and 2; the categories of surgical procedures
are included in Table 3.

Home nocturnal oximetry testing revealed that 98
patients (57%) had an ODI4% with five or more
desaturations per hour (ODI4%� 5) and 74 patients
(43%) had an ODI4% with less than five desatura-
tions per hour (ODI4%� 5). There were 58 patients
(33.7%) with an ODI in the mild range, 30 patients
(17.4%) with an ODI in the moderate range, and 10
patients (5.8%) with an ODI in the severe range.
Due to the small numbers of subjects in the latter
group, data from the severe and moderate ODI4%
groups were combined for analysis. The mean ODI in
the ODI4%� 5 group was 21.9 � 17.4, and the mean
ODI in the ODI4%� 5 group was 1.9 � 1.4. The
T90% was 2.1 � 4.8% in the ODI4%� 5 group, and
17.7 � 25.0% in the ODI4%� 5 group (p � 0.0001).
Overall, 17 patients (9.9%) experienced a perioper-
ative complication. Fifteen of these complications
(88%) occurred among the 98 patients with an
ODI4%� 5, while only 2 of the complications (12%)
occurred among those patients with an ODI4%� 5.
The T90% was also greater in patients who experi-
enced a complication compared to those without a
complication (20.8 � 25.6 vs 9.9 � 19.8, respectively;
p � 0.03). However, all patients with an increased
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T90% also had an increased ODI4%; therefore, the
T90% essentially reflected the degree of intermittent
hypoxia. The categories of complications are shown
in Figure 1, and detailed information on the patients
who experienced a complication is given in Table 4.
A hypoxemic complication was defined by a decrease
in oxygen saturation that required an addition or
increase in supplemental oxygen. An atelectasis
event was identified if it had been recorded in the
clinical or radiographic record. An increased rate of
complications was observed as the severity of SDB
increased. The rate of complications increased from

2.7% among patients without nocturnal oxygen de-
saturation to 13.8% in patients with a mild
ODI4%, and to 17.5% in patients with a moderate-
to-severe ODI4% (p � 0.01).

A trend toward a higher BMI was observed in the
ODI4%� 5 group compared with the ODI4%� 5
group (36.5 � 8.7 vs 34.0 � 9 kg/m2, respectively;
p � 0.054). The former group also had a higher
proportion of patients who were classified as being
overweight with a BMI of � 27 kg/m2 (88% vs 73%,
respectively; p � 0.02); more overweight patients
had an ODI4%� 5 than nonoverweight patients
(61% vs 37.5%, respectively; p � 0.02). There were
no significant differences between the two groups in
age, height, smoking history, type of surgery, number
of inpatient days, and number of medical comorbidi-
ties. There was no significant difference in the pres-
ence of respiratory diseases between the two groups,
and none of the patients in our study were receiving
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Figure 1. Tabulation of the types of complications based on
ODI grouping. A higher number of complications occurred in
patients with an ODI4%�5, the majority of which were respira-
tory or cardiovascular in nature.

Table 2—Demographics*

Variables ODI4% � 5 ODI4% � 5 p Value

ODI 1.9 � 1.4 21.9 � 17.4
Age, yr 52.7 � 14.3 55.9 � 12.9 NS
Weight, kg 97.4 � 26.3 106.6 � 27.1 0.02
BMI, kg/m2 34.0 � 9.0 36.5 � 8.7 0.054
Complication rate, % 2.7 15.3 0.008

*Values are given as the mean � SD or %, unless otherwise
indicated. NS � not significant.

Table 1—Demographics and Clinical Characteristics of
the Study Patients*

Variables ODI4% � 5 ODI4% � 5 Total

Gender
Male 30 (40.5) 55 (56.1) 85
Female 44 (59.5) 43 (43.9) 87

Race
White 48 (66.7) 56 (57.1) 104
Nonwhite 24 (33.3) 42 (42.9) 66

Age group
� 65 yr 14 (18.9) 27 (27.6) 41
� 65 yr 60 (81.1) 71 (72.4) 131

BMI group
� 27 kg/m2 54 (73.0) 86 (87.8) 140
� 27 kg/m2 20 (27.0) 12 (12.2) 32

Smoking status†
Positive smoking history‡ 42 (57.5) 40 (50.6) 82
Negative smoking history 31 (42.5) 39 (49.4) 70

Comorbidities
Hypertension 37 (45.9) 61 (62.2)
Diabetes 9 (12.2) 20 (20.4)
History of MI or stroke 3 (4.1) 3 (3.1)
COPD 4 (5.4) 3 (3.1)
Asthma 13 (17.6) 16 (16.3)
ESRD 1 (1.4) 0 (0)

Total in each ODI group 74 98 172

*Values are given as No. (% of ODI group), unless otherwise
indicated. MI � myocardial infarction; ESRD � end-stage renal
disease.

†Smoking status could not be obtained for several patients; the
analysis was performed only on the 152 patients with an available
smoking history.

‡Current or previous smoker.

Table 3—Categories of Surgery*

Categories ODI4% � 5 ODI4% � 5 Total

Abdominal 32 (43.2) 35 (35.7) 67
Thoracic 5 (6.8) 3 (3.1) 8
Gynecologic 7 (9.5) 15 (15.3) 22
Vascular 3 (4.1) 3 (3.1) 6
Neurosurgical 5 (6.8) 10 (10.2) 15
Urologic 14 (18.9) 19 (19.4) 33
Cardiothoracic 2 (2.7) 4 (4.1) 6
Orthopedic 3 (4.1) 4 (4.1) 7
ENT (non-UPPP) 2 (2.7) 3 (3.1) 5
Other 1 (1.4) 2 (2.0) 3
Total 74 98 172

*Values are given as No. (% of ODI group), unless otherwise indicated.
ENT � ear, nose, and throat; UPPP � uvulopalatopharyngoplasty.
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long-term oxygen therapy. Men had a significantly
higher prevalence of ODI4%� 5 than women (64.7%
vs 49.5%, respectively; p � 0.05). Spearman correla-
tions revealed a significant association between BMI
and ODI4% (r � 0.23; p � 0.003), and between BMI
and T90% (r � 0.22; p � 0.004).

The number of PACU hours was greater in the
ODI4%� 5 group than in the ODI4%� 5 group
(11.1 � 9.5 vs 6.3 � 7.3 h, respectively; p � 0.001), but
this observation was consistent with the existing hospi-
tal protocol requiring that patients with known OSA or
an abnormal nocturnal oximetry test result to be ob-
served for an extended duration in the PACU.

A cross-tabulation of categoric variables was per-
formed, and revealed a significant difference in the
complication rates between the ODI4%� 5 and
ODI4%� 5 groups (15.3% vs 2.7%, respectively;
p � 0.008). Logistic regression analysis was per-

formed to determine which factors were significant
contributors to the complication rate. Factors con-
sidered were ODI4% group (ie, ODI4%� 5 vs
ODI4%� 5), sex, and BMI group (� 27 or � 27
kg/m2). Only the ODI4% grouping was a significant
determinant of the rate of perioperative complications.
The odds ratio for a postoperative complication was 6.5
in the ODI4%� 5 group compared with the ODI4%� 5
group (95% confidence interval, 1.4 to 29.4;
p � 0.015). After adjusting for sex and BMI group-
ing, the adjusted odds ratio of a perioperative com-
plication increased to 7.2 in the ODI4%� 5 group
(95% confidence interval, 1.5 to 33.3; p � 0.012).

Discussion

While OSA is a prevalent condition with the
potential to cause significant adverse effects in the

Table 4—Patients With Adverse Events*

Variables ODI4%
Age,

yr Sex
BMI,
kg/m2 Type of Surgery Complication

ODI 4%� 5 0.2 27 F 46.7 Laparoscopic gastric bypass surgery Transient episodes of unspecified
tachyarrhythmia during the
first 3 postoperative days

3.0 52 F 59.4 Laparoscopy with conversion to open
ventral herniorrhaphy and
adhesiolysis

Hypoxemia treated with
supplemental oxygen and
BPAP

ODI 4%� 5 5.5 49 F 26.2 Total abdominal hysterectomy and
right salpingoophorectomy
cystoscopy with placement of
ureteral catheters

Hypoxemia was observed on
postoperative day 3 and
treated with oxygen
supplementation; atelectasis
was noted

6.0 49 F 39.1 Total abdominal hysterectomy and
bilateral oophorectomy

Intraperitoneal bleeding was
treated with embolization

6.2 39 F 44.9 Laparoscopic gastric bypass surgery Intraperitoneal bleeding which
resolved without surgery

7.6 61 M 33.5 Sigmoid colon resection Hypoxemia and hypotension.
12.9 64 M 37.0 Mitral valve replacement Hypotension and junctional

escape rhythm
13.0 57 M 38.9 Laparoscopic colonic polypectomy Atelectasis
14.5 58 F 41.6 Total abdominal hysterectomy and

bilateral oophorectomy
Atelectasis

18.6 62 M 37.3 Left inguinal herniorrhaphy Wheezing observed which
required treatment with
bronchodilators

24.6 49 F 28.1 Total abdominal hysterectomy and
bilateral oophorectomy

Pneumonia

26.3 53 F 47.9 Gastric bypass surgery GI bleeding
31.9 50 M 29.6 Radical prostatectomy Hypoxemia treated with CPAP
34.1 62 F 31.4 Total abdominal hysterectomy and

bilateral oophorectomy
Atelectasis

34.2 69 M 36.9 Laparoscopic right hemicolectomy Pulmonary embolism; superior
mesenteric vein thrombosis

36.4 55 F 49.5 Exploratory laparotomy, adhesiolysis,
small bowel resection, partial
hepatic resection, gastric bypass

Chest pain (MI was ruled out)

82.4 66 F 46.8 Total abdominal hysterectomy and
bilateral oophorectomy

Hypoxemia treated with CPAP

*F � female; M � male; BPAP � bilevel positive airway pressure. See Table 1 for abbreviation not used in the text.
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perioperative setting, the majority of patients remain
without a diagnosis.3 This necessitates screening
during preoperative assessment to facilitate the im-
plementation of strategies to minimize the postoper-
ative risk. Since clinical history is an unreliable
indicator of the presence of OSA, a more effective
screening modality is necessary.6 Overnight poly-
somnography is the “gold standard” for the diagnosis
of OSA but may be impractical during preoperative
assessment. Home nocturnal oximetry has been
studied as a potential screening tool, although a wide
range of sensitivity and specificity for OSA has been
reported.7–21 Furthermore, prior studies using this
modality did not correlate the results of home
oximetry testing with perioperative outcomes. In the
present study, we directly compared the results of
home nocturnal oximetry with the incidence of
complications after elective surgery. The ODI4%
was the primary metric used to assess SDB. We
demonstrated that an ODI4%� 5, in patients with
clinical features of OSA, independently predicts an
increased rate of postoperative complications, with
an adjusted odds ratio of 7.2 compared to subjects
with an ODI4%� 5.

The cardiorespiratory consequences of OSA may
be exacerbated in the perioperative setting due to
the adverse effects of anesthetics and analgesics on
ventilatory control and upper airway muscle tone, partic-
ularly during the early postoperative period.22–26 In addi-
tion, sleep disturbances, including sleep deprivation
and fragmentation as well as rebound increases in
rapid eye movement sleep during later postoperative
days, may have additional adverse effects on the
cardiac and respiratory systems.27–30 Potential clini-
cal consequences of SDB in the perioperative setting
include upper airway collapse with obstructive ap-
nea, exacerbation of hypoxemia and hypercapnia,
cardiac arrhythmias and ischemia, airway manage-
ment difficulties, encephalopathy, increased rate of
postoperative infections, as well as other adverse
effects.31–46 Case series have suggested that the
perioperative use of continuous positive airway pres-
sure (CPAP) reduces the rate of complications in
OSA patients.42,47 CPAP stabilizes fluctuations in
BP, improves upper airway patency and ventilation,
reduces myocardial ischemia, and decreases the
incidence of cardiac arrhythmias.42,48–50 Mooe et al50

demonstrated that an apnea-hypopnea index of more
than five events per hour was an independent risk
factor for postoperative atrial fibrillation in patients
undergoing coronary artery bypass surgery. Gupta et
al51 found an increased incidence of postoperative
complications, an elevated rate of transfers to an
ICU, and a prolonged overall length of hospital stay
in patients with OSA compared with control subjects
matched for age, sex, and BMI. Receiving CPAP

therapy prior to surgery appeared to reduce the rate
of serious complications and shorten the average
length of hospital stay by about 1 day. The choice of
postoperative analgesia is also an important consid-
eration since narcotics and benzodiazepines have
been shown to adversely affect SDB.25,27

Some of the adverse postoperative events that we
observed can be directly attributed to underlying
SDB. Two patients had oxygen desaturations during
the postoperative period that resolved with CPAP
therapy. The eight other postoperative respiratory
complications consisted of hypoxemia, atelectasis,
pneumonia, bronchospasm, and pulmonary embo-
lism. Cardiac complications included chest pain and
a case of junctional arrhythmia. While the etiology of
these complications is not known, SDB may be a
contributing factor. Of the 15 postoperative compli-
cations observed in the subjects with SDB, only
three complications (intraperitoneal bleeding, two
instances; GI bleeding, one instance) may be consid-
ered to have been unrelated to SDB.

Our study focused on patients with clinical fea-
tures of OSA and nocturnal intermittent hypoxia as
assessed by the ODI4%. While T90% was also
greater in the group with postoperative complica-
tions, this variable was closely associated with the
ODI; therefore, the T90% essentially reflected the
severity of intermittent hypoxia. Thus, conclusions
cannot be made regarding patients with sustained
hypoxia that may occur as a result of underlying
pulmonary dysfunction or hypoventilation. Further-
more, it is worth noting that nocturnal oximetry and
the metrics used in its assessment are insensitive to
forms of SDB that are not associated with decreases of
� 4% in saturation such as inspiratory flow limitation
and apneas/hypopneas that induce lesser declines in
oxygen saturation. Despite these restrictions, this
study suggests that even a mild ODI4% rate, at levels
frequently not considered clinically significant, may
confer an increased risk of postoperative complica-
tions. This is consistent with the previous observa-
tions of Mooe et al50 that an apnea-hypopnea index
of at least five events per hour was associated with an
increased risk of atrial fibrillation after coronary
artery bypass surgery. Furthermore, our study also
suggests that the rate of postoperative complications
increases with increasing severity of SDB.

The limitations of this study include the lack of
polysomnographic confirmation of the nocturnal
oximetry findings, which prevents determination of
the sensitivity and specificity of nocturnal oximetry
for OSA in this setting. As a result, in this study
nocturnal oximetry is more accurately described as a
surrogate marker for SDB rather than as a metric for
the presence of OSA and its severity. However,
numerous studies have previously correlated oxime-
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try testing with the assessment of OSA, and Gyulay
et al11 have suggested that a positive oximetry test
result has a high positive predictive value for OSA. In
addition, the primary variable assessed in our study is
the ODI, which detects a pattern of deoxygenation
and reoxygenation that is most consistent with sleep
apnea-type syndromes, of which OSA is the most
common.52 Therefore, we propose that our use of
nocturnal oximetry testing has strong relevance in
the assessment of OSA. A second limitation includes
the use of nocturnal oximetry only in patients who
were preselected with clinical features of OSA dur-
ing a preoperative evaluation. Thus, the usefulness of
nocturnal oximetry as a screening tool in unselected
preoperative patients cannot be assessed. Despite
these limitations, we demonstrated the potential
usefulness of home nocturnal oximetry in preopera-
tive assessment as the results of this test are inde-
pendently correlated to postoperative complications.
However, we cannot prove a causal relationship
between nocturnal oxygen desaturation and the ob-
served postoperative complications. This issue can
only be resolved by a randomized controlled trial
designed to determine whether the perioperative
treatment of SDB, potentially with CPAP, in patients
with abnormal nocturnal oximetry findings reduces
the incidence of complications. Finally, it is worth
noting that technical factors such as oximetry sam-
pling and averaging rates may affect determination
of the ODI4%.21 This parameter must be standard-
ized in future studies.

In conclusion, we demonstrated that an ODI4%� 5,
measured during home nocturnal oximetry, is indepen-
dently associated with an increased rate of postopera-
tive complications. Future studies are needed to eval-
uate the effect of perioperative treatment of SDB in
patients who are identified to be at risk for this disorder
during preoperative assessment.
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