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Obstructive sleep apnea (OSA) is a common disorder that 
continues to be undiagnosed in many patients,1 including a 

number who require surgery. There is an associated increase in 
perioperative morbidity and mortality in patients with OSA.2-5 In 
addition, patients with OSA are noted to have a higher incidence 
of prolonged length of postoperative hospital stay, which may be 
related to increased incidence of complications.6

Analgesic agents utilized during the perioperative period can de-
crease pharyngeal tone as well as depress ventilatory responses to 
hypoxia and hypercarbia.2,3 The American Society of Anesthesiolo-
gists has recently published practice guidelines that include recom-
mendations regarding the perioperative management of OSA.7 The 
guidelines include presumptive diagnosis of OSA based on elevated 
body mass index, increased neck circumference, snoring, craniofa-
cial abnormalities affecting the airway, daytime hypersomnolence, 

and abnormalities on airway exam. Although these findings are 
prevalent in patients with OSA, the added risk of coexistent disease 
markers has not been validated in the clinical setting, and the rela-
tive sensitivity and specificity is not known. The American Society 
of Anesthesiologists recommends close attention to airway man-
agement, extubation when the patient is fully awake and strong, 
and use of regional anesthesia whenever possible. The American 
Academy of Sleep Medicine Practice Review from 2003 has simi-
lar recommendations.8 The American Society of Anesthesiologists 
guidelines include postoperative care of patients who are suspected 
to be at high risk with observed pulse oximetry or in a monitored 
setting, as well as caution with the use of opioids. The American 
Academy of Sleep Medicine guidelines recommend careful atten-
tion during the first 24 hours and caution that patient-controlled 
analgesia may not be appropriate.

Identifying patients at risk prior to surgery as well as deter-
mining how to best monitor patients at risk for postoperative 
cardiorespiratory events are major concerns. Clinical prediction 
formulas can help identify patients and have good sensitivities 
(> 85%) but typically have had low specificities (<55%).9 One of 
these clinical prediction formulas was developed by Flemons et 
al and requires neck circumference, history of hypertension, and 
reported clinical symptoms to generate a likelihood ratio (Figure 
1).10 Using this formula, a sleep apnea clinical score (SACS) of 
15 or higher has a likelihood ratio of 5.17 and a posttest prob-
ability of 81% that a patient has OSA.10 When used to evaluate 
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Figure 1 
OSA Questionnaire

Patient Name:  

Clinic #: ___ - ___ ___ ___ - ___ ___ ___ 

Date:  

Ask the patient the following questions, and use the subsequent table to estimate risk of OSA. 

 1. Do you have high blood pressure or have you been told to take medication for high blood pressure? 
 Yes 
 No 

 2. People who have shared (or are sharing) my bedroom tell me that I snore.  Please pick the best response 
for the frequency of your snoring: 

 I don't know 
 Never 
 Rarely (1-2 times per year) 
 Occasionally (4-8 times per year) 
 Sometimes (1-2 times per month) 
 Often (1-2 times per week) 
 Usually (3-5 times per week) [equals 1 "Historical Feature"] 
 Always (every night) [equals 1 "Historical Feature"] 

 3. I have been told by other people that I gasp, choke, or snort while I am sleeping.  Please pick the best 
response for the frequency of any of these symptoms: 

 I don't know 
 Never 
 Rarely (1-2 times per year) 
 Occasionally (4-8 times per year) 
 Sometimes (1-2 times per month) 
 Often (1-2 times per week) 
 Usually (3-5 times per week) [equals 1 "Historical Feature"] 
 Always (every night) [equals 1 "Historical Feature"] 

 4. Neck measurement.  (We will measure you.)  ___ ___ cm 
Total number of Historical Features:  _____ 

Prediction of OSA
(Circle the patient's score.) 

Sleep Apnea Clinical Score 
 Not Hypertensive Hypertensive
 Historical Features* Historical Features* 

Neck Circ (cm) None One Both None One Both 
<30 0 0 1 0 1 2 

30/31 0 0 1 1 2 4 
32/33 0 1 2 1 3 5 
34/35 1 2 3 2 4 8 
36/37 1 3 5 4 6 11 
38/39 2 4 7 5 9 16
40/41 3 6 10 8 13 22
42/43 5 8 14 11 18 30
44/45 7 12 20 15 25 42
46/47 10 16 28 21 35 58
48/49 14 23 38 29 48 80
>49 19 32 53 40 66 110

  *Historical Features: 1.  Habitual snoring 
  2.  Partner reports of gasping, choking, or snorting 

Probability of Sleep Apnea
 Low - Sleep Apnea Clinical Score <15 
 High - Sleep Apnea Clinical Score >15

TOTAL SLEEP APNEA CLINICAL SCORE:  ______ 

Figure 1—Flemons Criteria (Preoperative Evaluation Clinic evaluation form). OSA refers to obstructive sleep apnea.
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patients undergoing evaluation for sleep apnea in another outpa-
tient setting, the Flemons criteria had a sensitivity of 76% and a 
positive predictive value of 73%.9

The postanesthesia care unit (PACU) is an area specifically for 
cardiopulmonary monitoring of postoperative patients, as well as 
pain management. Our goal was to apply a preoperative instru-
ment to identify patients at risk of perioperative cardiorespiratory 
events and monitor these patients in the PACU for evidence of 
immediate postoperative respiratory episodes. We wished to de-
termine if combining preoperative evaluation with PACU obser-
vations is predictive of oxygen desaturation in the first 24 to 48 
hours postoperatively. Our hypothesis was that patients identified 
as high risk by preoperative screening and subsequent respiratory 
events in the PACU would be more likely to have significant oxy-
gen desaturation postoperatively than would be patients who did 
not have preoperative indicators or PACU events.

METHODS

This protocol began as a clinical practice improvement initia-
tive at our institution to better identify patients at risk for hav-
ing OSA. Patients presenting to preoperative evaluation clinic for 
inpatient surgery were assessed with the Flemons criteria, which 
includes historical features (habitual snoring, choking, or gasp-
ing), hypertension, and neck circumference (Figure 1). A SACS 
was generated for each patient, and patients with scores of 15 or 
higher were categorized as “high risk.” The practice initiative oc-
curred between September 29, 2004, and August 10, 2005. Fol-
lowing Institutional Review Board approval, all patients who con-
sented to chart review for investigational purposes were eligible 
for enrollment. Only those patients without a previous diagnosis 
of OSA were included in the investigation.

On the day of surgery, the anesthesiologist was aware of the 
patient’s risk stratification based upon the SACS. Alteration of the 
type of sedation, anesthetic, and method of airway management 
was not required for the purpose of this practice initiative. After the 
operation, patients were assessed in the PACU for recurrent respi-
ratory events that included bradypnea (< 8 respirations/minute); 
apnea, defined by a complete cessation of breathing on respiratory 
waveform and witnessed by PACU nurse (> 9 seconds); desatura-
tions < 90% on pulse oximeter while on supplemental oxygen via 
nasal cannula of 4 liters or less for 30 seconds; inability to wean to 
a nasal cannula; and pain-sedation mismatch (high pain score with 
high sedation score using Ramsay > 3 and visual analog scale > 5, 
Figure 2).11,12 Pain-sedation mismatch was included as an indica-
tor because these patients may be at increased risk for respiratory 
complications if given additional analgesics despite a high seda-
tion score after discharge from the PACU. Patients were assessed 
by PACU nurses at 3 time points in their PACU stay: 30, 60, and 
90 minutes after extubation or PACU admission. The evaluation 
was continuous for the duration of the stay in PACU, and events 
were observed by PACU nurses during their assessments of the 
patients. If patients experienced repeated events at 2 or 3 of these 
intervals or at PACU discharge (Group 3, see below), they were 
sent to a monitored bed, and pulse oximetry was recorded. Pa-
tients who had high SACS but had no events, no repeated events, 
or events that resolved before PACU discharge (Group 2 below) 
were sent to the floor, and pulse oximetry was recorded. Patients 
who preoperatively had been determined to be low risk (Group 1 
below) were not routinely assessed in the PACU for events and 

were sent to the floor with routine care. Because we were attempt-
ing to formulate a practice initiative, we focused on the high-risk 
group of patients.

Using the baseline SACS and PACU monitoring results, pa-
tients were classified into 1 of 3 mutually exclusive groups: Group 
1 patients were those who were at low risk of having OSA (SACS 
< 15), Group 2 patients had a high risk of having OSA (SACS ≥ 
15) but had no recurrent PACU events,

Group 3 patients had a high risk of having OSA (SACS≥15) 
and had recurrent PACU events.

During the last phase of our practice initiative, for comparative 
purposes, a sample of 30 consecutive consenting patients who 
were considered to be low risk (SACS < 15) had PACU events 
monitored and underwent postoperative recording of pulse oxim-
etry. These “low-risk” patients were considered to be the control 
group, and their data were compared with that of the “high-risk” 
(SACS ≥ 15) group of patients.

Pulse oximetry was obtained on 41 Nellcor 595 oximeters 
(Nellcor, Pleasonton, Calif.) with a sampling rate of 2 seconds. 
Data were analyzed using SCORE software system (version 1.1a 
Mallinckrodt 1999), and an oxygen desaturation index (ODI) was 
calculated. ODI was defined as the number of desaturations per 
hour of recording, and a desaturation was defined as a decrease in 
saturation of 4% or greater for 10 seconds or more. An ODI was 
calculated for each patient for 24 to 48 hours after PACU discharge. 
The length of oximetry recording varied from 24 to 48 hours and 
was primarily affected by hospital length of stay. An ODI above 10 
was chosen to indicate a high frequency of oxygen desaturation.

Data collected included age, sex, type of operation, type of 
anesthetic (general vs spinal for the surgical procedure and post-
operative catheter for analgesia after surgery), American Society 
of Anesthesiologists Classification, body mass index, and SACS. 
Postoperative data collected included PACU events (Figure 2), 
length of hospitalization, recorded pulse oximetry, and unplanned 
intensive care unit (ICU) admissions. Unplanned ICU admissions 
included those patients who were not sent directly to the ICU 
from the PACU, but, instead were those who, at the discretion of 
the treating physician, required ICU admission at other times in 
the hospitalization. Characteristics were compared across the risk 
groups using the Kruskal-Wallis test for age, body mass index, 
and neck circumference and using the χ2 test for all other charac-
teristics. The percentage of patients with an ODI higher than 10 
was summarized for each of these patient groups using a point 
estimate and 95% confidence interval (CI). ODI was compared 
across risk groups using the Kruskal-Wallis test, with ODI as a 
continuous variable and the χ2 test with ODI as a dichotomous 
variable (≤ 10 vs > 10). In all cases, a p value ≤ 0.05 was used to 
denote statistical significance.

RESULTS

Initiation of the protocol began with screening patients in the 
preoperative evaluation clinic to determine SACS in order to gain 
comfort with this assessment tool. A total of 2206 patients were 
screened, and data from 22 were excluded from analysis due to 
missing perioperative information or cancellation of surgery. Of 
these, 1923 had a low SACS and 251 had a high SACS. The fre-
quency of unplanned ICU admission for low those patients with 
a SACS was 0.5%, compared with 8.8% for those with a high 
SACS, which was significantly different (p < 0.001, RR = 16.9, 
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PACU Data Sheet 

Date:____________
Patient's Name:___________________ Clinic Number:  __ - __ __ __- __ __ __ 

Time of Admission to PACU (military time)_______

Time of Extubation________ 

Initial evaluation:  30 minutes after extubation or PACU admission (whichever occurs later): 

Time:_______ 

____ Hypopnea < 8 respirations/minute (3 episodes) 
____ Apnea > 9 seconds  (1 episode) 
____ Desaturations < 90% on pulse oximeter (3 episodes) on Nasal Cannula 
____ Ramsay score > 3 and Pain scale Score >5 
____ No events 

   Ramsay Score   
Second Evaluation: 30 minutes after initial evaluation (60 minutes after extubation or PACU 

admission) 

Third Evaluation: 30 minutes after second evaluation (90 minutes after extubation or PACU 
admission) 

 0           10  
               
               

No pain         Worst pain 

Visual analog scale (VAS): a 100 mm line with “no pain” at the beginning, and “worst pain” at 
the end.  Patients place a mark to estimate their pain, and the distance from the origin (no pan) is 
measured. 

Modified Ramsay 
Sedation Scale 

Patient anxious and irritated, or restless, or both 1 

Cooperative, oriented and tranquil 2 

Responds to commands only 3 

Brisk response to light glabellar tap or loud auditory stimulus 4 

Sluggish response to a light glabellar tap or loud auditory stimulus 5 

No response to a light glabellar tap or loud auditory stimulus 6 

Figure 2—Postanesthesia Care Unit (PACU) Evaluation Form

95% CI 8.2-35.2). Thus, SACS was able to identify patients at 
higher risk of unplanned ICU admission.

After full implementation of the protocol, including preop-
erative and postoperative segments, complete data (preoperative, 
PACU, and oximetry for 24 hours or longer) was obtained on 115 
of 195 high-risk patients, defined by a SACS of ≥ 15 without a 
known diagnosis of OSA. The remaining 80 patients were among 
the earliest in the clinical pathway, and the oximetry either mal-
functioned or was not collected as intended, due to unfamiliarity 
with the clinical practice protocol. Complete data were obtained 
on 25 of the 30 consecutive low-risk patients (SACS < 15) studied 
toward the end of the project.

Table 1 depicts the demographics of the population divided by 
preoperative risk and PACU events. None of the patients with a low 
SACS had recurrent PACU events (group 1). The patients with a 
high SACS were divided into those without recurrent PACU events 
(group 2) and those with recurrent events (group 3). Compared with 
low-risk patients, patients at high risk for OSA (group 2 and 3) had 
higher body mass index (p < 0.001), but there was not a significant 
difference in body mass index between the high SACS without re-
current events and those with recurrent events. There was also a 
significant difference in neck circumference between the low-risk 
and the high-risk groups (p = 0.001), but no significant difference 
between the 2 high-risk groups. There was a significantly higher 
number of patients receiving postoperative regional analgesia in the 

high-risk group without recurrent PACU events (group 2), com-
pared with the high-risk groups with recurrent events (group 3) (p 
= 0.019). There were no other significant baseline differences be-
tween the high-risk and low-risk groups (Table 1).

Surgical procedures included orthopedic, urologic, gyneco-
logic, colorectal, plastics, and otorhinolaryngoscopic procedures 
(Table 1). This case mix and patient demographics are typical of 
those seen at the hospital in which this data were collected. All 
were inpatients with hospital length of stay ranging from 1 to 10 
days. Unplanned ICU admission during hospitalization occurred 
in 5 of the 115 (4.3%) patients in the high-risk group and 0 of the 
25 patients in the low-risk group (p = 0.59).

Among the patients with complete data, the percentage of pa-
tients with ODI > 10 following PACU discharge differed signifi-
cantly across the 3 study groups (p = 0.005), with group 1 having 
an incidence of ODI > 10 of 12%, (95% CI 3%-31%), group 2 
having an incidence of 37% (95% CI 27%-48%), and group 3 
having an incidence of 57% (95% CI 34%-77%). The incidence 
of ODI > 10 was significantly higher in groups 2 and 3, compared 
with group 1 (p = 0.017 and p = 0.001, respectively). Although 
the observed difference in the incidence of ODI > 10 for group 
2 and group 3 was in the hypothesized direction, this difference 
was not statistically significant (p = 0.088). Mean ODI was sig-
nificantly different between group 1 (5.8 with median 5.3) and 
pairwise comparison to groups 2 (10.0 with median 8.3) and 3 
(11.4 with median 10.3) (p = 0.001 and p < 0.001, respectively). 
There was not a significant difference between the mean ODI in 
groups 2 and 3 (p = 0.113).

DISCUSSION

In our clinical practice improvement project, patients with a 
preoperative indicator of increased risk (SACS score ≥ 15) and 
recurrent immediate postoperative respiratory events (group 3) 
had the highest incidence of an ODI > 10 after surgery. Although 
there was not a statistically significant difference between high-
risk patients without recurrent PACU events and those with re-
current PACU events, there was a higher mean and median ODI 
in those with recurrent events. Patients without a preoperative 
indication of increased risk and no PACU events (group 1) had 
the lowest incidence of ODI > 10 and were unlikely to require 
unplanned ICU admissions during the postoperative period.

Because OSA is not uncommon, it is vitally important to de-
velop risk-stratification methods so that resources may be used 
wisely to safeguard patients undergoing surgical procedures. 
Death and cardiorespiratory complications have been associ-
ated with OSA during the postoperative period, and some have 
advocated intensive monitoring be used for most patients with 
OSA.2 In a retrospective study, patients undergoing hip and knee 
replacements with OSA were found to have a 24% incidence of 
complications, compared with 9% of those without OSA, includ-
ing cardiac events, complications requiring transfer to and ICU, 
and respiratory events requiring support such as continuous posi-
tive airway pressure or intubation.5 Serious complications (car-
diac and respiratory) have been reported in up to 8.7% of patients 
undergoing uvulopalatopharyngoplasty, the most common surgi-
cal treatment for OSA.13; in addition, mortality has been reported 
to be 1.6% of those patients undergoing UPPP.13 One of the most 
powerful factors associated with prolonged length of stay in pa-
tients undergoing gastric bypass surgery is OSA.6
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We intended this clinical practice improvement project to sys-
tematically alert anesthesiologists to OSA risk and, secondly, 
to assist in gathering data about resources needed to adequately 
monitor patients following discharge from the PACU for future 
planning. Our results suggest that those patients in groups 2 or 3 
are most at risk for having respiratory events, as defined by ODI 
greater than10; even patients who snore or have a high body mass 
index but a low-risk score (Group 1 patients) are unlikely to re-
quire postoperative monitoring. Our findings should be confirmed 
in a larger group of patients, including other those at institutions.

It may be suggested that utilization of both a preoperative 
screening and PACU monitoring is unnecessary. However, we 
felt that it made sense to combine a validated clinical prediction 
rule stratifying risk for OSA with a physiologic observation of the 
effects of surgery and analgesia on respiratory events (addition of 
a challenge to respiration) postoperatively. The Flemons criterion 
was selected for initial assessment of patients because of our fa-
miliarity with the tool, its simplicity, and its relatively favorable 
specificity and sensitivity in identifying patients with OSA. Use 

of other screening and monitoring tools may provide greater util-
ity in identifying patents at risk in the perioperative period. One 
screening tool, the Berlin Questionnaire, shows promise in iden-
tifying patients with OSA.14 Future investigators may consider 
using the Berlin Questionnaire to identify patients at risk for the 
having OSA in the perioperative period and may wish to compare 
results with the use of the Flemons score. The PACU was chosen 
as the physiologic triage point because of available respiratory 
monitoring, low patient-to-nurse ratio, and the quantity of opioid 
drugs used during the postoperative period.

We chose to use the ODI as a surrogate marker for postopera-
tive apnea-related events.15 An ODI > 10 was used as a cut-off 
for classifying patients as having clinically significant episodes of 
hypoxia. ODI from continuous pulse oximetry has been evaluated 
as 1 method to determine which patients should receive polysom-
nography for the diagnosis of OSA. In the outpatient setting, an 
ODI of 10 or above has been reported to have sensitivities of 
71% to 85% and specificities of 90% to 93%;  overall, the ODI 
correlates well with a polysomnographically determined apnea-
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Table 1—Patient Demographics According to Risk Groupa

Characteristic Group
  1 2 3
  No recurrent events  No recurrent events  Recurrent events
  with SACS < 15 with SACS ≥ 15 with SACS ≥ 15
   (N=25) (N=92) (N=23) p Valueb

Sex, n (%)    0.274
 Male 18 (72) 78 (85) 20 (87)
 Female 7 (28) 14 (15) 3 (13)
Age, mean ± SD, y 59.6 ± 8.5 59.9 ± 9.7 59.8 ± 9.9 0.792
ASA Score, n (%)    0.073
 1 2 (8) 1 (1) 2 (9)
 2 18 (72) 51 (55) 12 (52)
 3 5 (20) 40 (43) 9 (39)
BMI, mean ± SD, kg/m2 29.9 ± 4.5 35.9 ± 7.5 36.4 ± 7.6 < 0.001c

 20.0-24.9, no. (%) 2 (8) 2 (2) 0 (0)
 25.0-29.9, no. (%) 13 (52) 15 (16) 5 (22)
 30.0-34.9, no. (%) 8 (32) 36 (39) 6 (26)
 ≥ 35.0, no. (%) 2 (8) 39 (42) 12 (52)
Neck circumference, mean ± SD, cm 40.4 ± 3.5 45.3 ± 2.7 44.9 ± 2.5 < 0.00d

Anesthesia, n (%)    0.082
 General 22 (88) 71 (77) 22 (96)
 Spinal 3 (12) 21 (23) 1 ( 4)
Postoperative regional analgesia, n (%)    0.036e

 Yes 13 (52) 64 (70) 10 (43)
 No 12 (48) 28 (30) 13 (57)
Type of operation, n (%)    0.199
 Plastic 0 (0) 0 (0) 1 (4)
 Colorectal 3 (12) 4 (4) 1 (4)
 Otorhinolaryngology 1 (4) 2 (2) 2 (9)
 GYN 2 (8) 4 (4) 2 (9)
 Urologic 7 (28) 20 (22) 4 (17)
 Orthopedic 12 (48) 62 (67) 13 (57)

aFlemons criteria was used to classify patients as having low (SACS < 15) or high (SACS ≥ 15) risk of OSA. SACS refers to Sleep Apnea Clinical 
Score. Recurrent events were defined as described in text.
bCharacteristics are compared across risk groups using the Kruskal-Wallis test for age, body mass index, and neck circumference and using the χ2 
test for all other characteristics. For type of operation, the categories compared were orthopedic, urologic, and other, with the other category includ-
ing plastic, colorectal, otorhinolaryngologic, and gynecologic. 
cPairwise group comparisons: 1 vs 2 p<0.001; 1 vs 3 p<0.001; 2 vs 3 p = 0.745
dPairwise group comparisons: 1 vs 2 p<0.001; 1 vs 3 p<0.001; 2 vs 3 p = 0.359
ePairwise group comparisons: 1 vs 2 p = 0.101; 1 vs 3 p = 0.555; 2 vs 3 p = 0.019
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hypopnea index.16-18 Although postoperative desaturation events 
correlate with obstructive apneas, other respiratory events such 
as central apneas contribute. However, Rosenberg et al19 reported 
that only a fraction of obstructive and central apneas are associ-
ated with desaturation events, so the ODI likely underestimates 
the apnea-hypopnea index.

Other than neck circumference, which is part of the SACS, there 
were no other baseline demographics that were significantly differ-
ent between the low-SACS and high-SACS groups. Neck circum-
ference did not differ between the patients with high SACS without 
PACU events and the patients with high SACS with PACU events.

There was, however, a significant difference in the number of 
patients with and without recurrent PACU events among those who 
were in the high-SACS groups and had some form of postopera-
tive regional analgesia. Postoperative analgesia is provided via a 
regional catheter that is placed specifically to aid in postoperative 
pain control. Fewer patients with a high SACS and who had post-
operative regional analgesia had recurrent PACU events, as com-
pared with those patients who had high SACS but no postoperative 
regional analgesia. It may be that those patients who had only intra-
venously administered analgesics in the PACU (as opposed to those 
who had postoperative regional analgesia) were more likely to have 
the immediate effects of respiratory depression secondary to intra-
venously administered opioid analgesics. This difference may be 
related to the opioid-sparing properties of regional analgesia and 
avoidance of the systemic respiratory effects that occur with the 
use of intravenously administered narcotics.20,21 The ODI was not 
significantly different between the high-SACS groups without and 
with recurrent events, perhaps suggesting that SACS is more pre-
dictive of a possibility of sleep-related disturbances than events.

There are several limitations to our study. First, there was sub-
stantial data loss. Because our protocol was instituted as a practice 
initiative, complete data were not retrievable in every patient; as 
clinicians grew familiar with the protocol and with the data col-
lection, the quality of data collection improved, but we do not 
believe that data loss introduced any systematic bias in our data. 
After the protocol had been in place for several months, complete 
data were obtained on a consistent basis.

Secondly, the surgeons and anesthesiologists were not blinded 
to the patients’ SACS. This may have altered their anesthetic man-
agement toward safer practices in patients with higher risk.7 This 
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would be expected to reduce the postoperative complication rate 
and reduce the likelihood of unplanned ICU transfer. However, 
we would regard risk reduction as a positive and desired effect 
of the protocol, and, even with this, the value of a “low-risk” 
score was predictive of no need for the ICU. Thus, the informa-
tion gained from the protocol remains clinically useful in terms of 
planning postoperative care and monitoring.

Although there was limited data collection for the study group, 
there was a strong association between high SACS and unplanned 
ICU admission. Despite the limited data collection, this was a 
significant finding based on our initial evaluation of all patients 
enrolled in our protocol. This is an area that will need further 
investigation to determine if this can help guide our identification 
of patients who may be at risk in the perioperative period.

We have demonstrated a clinical practice protocol that deter-
mines the risk of repetitive oxygen desaturation events and strati-
fies risk of an unplanned ICU transfer. Although our study pro-
vides a starting point for risk stratification, several questions for 
postoperative risk assessment and monitoring needs remain. For 
example, will special monitoring and intervention for high-risk 
patients in the postoperative period prevent patients with post-
operative hypoxemia from having cardiorespiratory-related com-
plications and death? Additional studies are needed to determine 
if there is a direct relationship between ODI in the first 24 to 48 
hours after surgery and the incidence of cardiorespiratory com-
plications and death. If so, the level of monitoring and personnel 
required to prevent perioperative complications remains to be de-
fined. Our investigation does not provide information on when a 
patient who is thought to be at risk for postoperative hypoxemia 
or has documented postoperative hypoxemia should receive a for-
mal sleep study, though, most sensibly, patients identified as high 
risk should be referred for evaluation by a sleep specialist. Very 
importantly, all medical institutions will need to know if the safe 
perioperative care of patients with OSA or who are at high risk for 
having  OSA will require additional ICU resources.
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Table 2—Oxygen-Desaturation Index According to Risk Groupa

  1 2 3
  No recurrent events  No recurrent events  Recurrent events
  with SACS < 15 with SACS ≥ 15 with SACS ≥ 15
ODI (n=25) (n=92) (n=23) p Valueb

Continuous     <0.001c

 Mean ± SD 5.8 ± 4.2 10.0 ± 6.7 11.4 ± 5.3
 Median (IQR) 5.3 (2.9, 7.4) 8.3 (5.1, 13.0) 10.3 (5.1, 15.1)
Categorical, n (%)     0.005d

 ODI ≤ 10 22 (88) 58 (63) 10 (43)
 ODI > 10 3 (12) 34 (37) 13 (57)

aFlemons criteria was used to classify patients as having low (SACS < 15) or high (SACS ≥ 15) risk of obstructive sleep apnea (OSA). SACS refers 
to Sleep Apnea Clinical Score. Recurrent events were defined as described in text.
bThe Oxygen desaturation index (ODI) is compared across risk groups using the Kruskal-Wallis test, with ODI treated as a continuous variable and 
the χ2 test with ODI dichotomized (≤ 10 vs >10). 
cPairwise group comparisons: 1 vs 2 p = 0.001; 1 vs 3 p<0.001; 2 vs 3 p = 0.113
dPairwise group comparisons: 1 vs 2 p = 0.017; 1 vs 3 p = 0.001; 2 vs 3 p = 0.088
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