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Abstract

Background and Objectives—Obstructive sleep apnea is associated with increased 

complication rates postoperatively. Current literature does not provide adequate guidance on 

management of these patients. This study used the STOP-BANG questionnaire to diagnose 

patients with possible obstructive sleep apnea (score ≥ 3). We hypothesized that a STOP-BANG 

score ≥ 3 would significantly correlate with the number of oxygen desaturation episodes during 

the first 48 hours after total knee arthroscopy.

Methods—The STOP-BANG questionnaire was administered to 110 patients preoperatively. All 

patients underwent spinal-epidural anesthesia with a saphenous nerve block and sedation and were 

connected to the Nellcor Oximax N-600x pulse oximeter for 48 hours postoperatively.

Results—Final analysis included 98 patients. There was no significant difference in the total 

number of desaturation events between STOP-BANG groups (score < 3 versus ≥ 3 and score < 5 

versus ≥ 5). The total number of desaturation events on postoperative day 1 was greater than on 

day 0 (32.8 ± 42.7 vs 4.1 ± 10.0, P < 0.0001). The total number of desaturation events correlated 

with length of hospital stay (r = 0.329, P = 0.0001). Patients with a preoperative serum CO2 ≥ 30 

had significantly longer episodes of desaturation on postoperative day 0 compared to CO2 < 30 

(233.7 ± 410.1 vs 82.0 ± 126.2 seconds, P = 0.044).

Conclusions—A high preoperative value of CO2 should be a warning for possible prolonged 

episodes of desaturation postoperatively. An attempt to limit postoperative desaturation events 

should be made to minimize length of stay.
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by periodic, partial, or complete obstruction 

of the upper airway during sleep1. Compared with patients without OSA, patients with OSA 

tend to have a higher incidence of postoperative complications (including respiratory failure 

and cardiac events),2 increased intensive care unit admission, and increased hospital length 

of stay.3 The most recent guidelines from the American Society of Anesthesiologists suggest 

use of regional anesthesia in patients with OSA.4 Memtsoudis et al found a lower rate of 

postoperative complications in OSA patients receiving neuraxial block, indicating that 

regional anesthesia may provide beneficial effects, but additional evidence is currently 

minimal.5

The STOP-BANG questionnaire has been used to identify those at risk for OSA with high 

sensitivity.6–8 In the clinical setting, the STOP-BANG questionnaire may represent the only 

immediate way to identify potential OSA patients, based on which clinicians must make a 

decision regarding postoperative monitoring. However, little data is available on how this 

assessment correlates to actual risk of oxygen desaturation and postoperative complications 

in patients undergoing knee surgery under neuraxial anesthesia.

The objective of this study was to use the STOP-BANG questionnaire to identify patients at 

risk of OSA without previous diagnosis or treatment and correlate the STOP-BANG score 

with the number of episodes of desaturation and the duration of the apneic period following 

total knee arthroplasty (TKA) with neuraxial anesthesia. In an environment of limited health 

care resources, information such as this could potentially help identify patients with more 

severe disease and presumably higher risk for complications, who should undergo 

respiratory monitoring following TKA. We hypothesized that the STOP-BANG scoring 

model, as a predictor of OSA (score ≥ 3), would significantly correlate with the number of 

oxygen desaturation episodes experienced by patients during the first 48 hours following 

TKA under neuraxial block while on 3L nasal cannula. Therefore, our primary outcome was 

the number of desaturation episodes by STOP-BANG score <3 versus ≥3 and <5 versus ≥5 

(low vs moderate risk and moderate vs high risk, respectively8). Our secondary outcomes 

were the number of complications (pulmonary and cardiac events) and length of stay in the 

postoperative anesthesia care unit (PACU) and hospital.

METHODS

Patient Recruitment

The study was approved by the Institutional Review Board at Hospital for Special Surgery 

(IRB #2012-013), where this single-center trial was conducted. Written informed consent 

was obtained from all patients prospectively enrolled from January 27, 2014, to December 

11, 2014. Eligible patients were between 18 and 90 years of age and scheduled for primary 

unilateral TKA with combined spinal-epidural anesthesia, a regional nerve block, and 

postoperative epidural patient-controlled analgesia (PCA). Exclusion criteria included 

contraindication to regional anesthesia, chronic opioid use for over 1 month, prior diagnosis 

of OSA with planned use of continuous positive airway pressure (CPAP) postoperatively and 

non-English speaking patients.
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Preoperative Data Collection

The STOP-BANG questionnaire was administered and scored preoperatively by a research 

assistant trained in administering the instrument. The results of the questionnaire were 

unknown to the treating anesthesiologist. Patient demographics, medical co-morbidities and 

preoperative serum levels of bicarbonate and hematocrit were also recorded. Following 

completion of the questionnaire, a disposable, adhesive sensor connected to a Nellcor 

OxiMax N-600x pulse oximeter (Covidien, Boulder, CO, USA) was placed on a finger of 

the patient’s non-dominant hand. Baseline oxygen saturation levels were recorded for a 

minimum of 30 minutes prior to surgery and stored on the oximeter.

Intraoperative Procedures and Postoperative Data Collection

The sedation protocol included 5–10 mg of midazolam, up to 50 mg of ketamine, up to 100 

mcg of fentanyl and 15–40 ml/hr of propofol titrated to achieve sedation while maintaining 

spontaneous, adequate ventilation. Prior to the start of surgery, an ultrasound-guided 

peripheral (76 saphenous, 22 femoral) nerve block was performed with 0.25% plain 

bupivacaine (average 20 ml). Patients received combined spinal-epidural anesthesia with 

0.5% bupivacaine (12.5 mg). In addition, 20 mg of famotidine, 4 mg of ondansetron, and 4 

mg of dexamethasone were administered intraoperatively. This standardized multimodal 

analgesia regimen was implemented to provide optimal pain relief and enable faster 

recovery. Postoperatively, patient-controlled epidural analgesia [0.06% bupivacaine plus 10 

mcg/ml hydromorphone] began at 4 mL/hr; 4 mL bolus dose; 10 minute lock-out; 20 mL/hr 

maximum. The basal rate decreased to 2 mL/hr at 07:00 on postoperative day (POD) 1, and 

the epidural was discontinued at 17:00 on POD 1. Oral opioids were also available as 

needed.

Patients were encouraged to remain continuously connected to the Nellcor OxiMax N-600x 

pulse oximeter (Medtronic, Minneapolis Minnesota) during surgery and postoperatively for 

a total of 48 hours. Sensors were disconnected during mobilization and bathroom visits. All 

alarms on the oximeter were disabled. Study personnel visited each patient at least twice on 

POD 0 and 1. Oxygen saturation levels were recorded digitally on the oximeter device and 

downloaded onto a secure database.

Patients were maintained on 3L nasal cannula during the study period, as per hospital 

protocol. Once the oximeter was removed, all data was downloaded and stored on a 

computer. Oxygen desaturation episodes were identified and analyzed by an investigator 

blinded to STOP-BANG score. For the purposes of this study, an oxygen desaturation 

episode was defined as oxygen saturation (SpO2) of less than 88% for a minimum of 20 

seconds.

Postoperative data collection also included duration of stay in the post-anesthesia care unit 

(PACU), length of hospital stay, and incidence of pulmonary complications (presence of 

hypoxia – defined as SpO2 < 85%, pneumonia, or any type of respiratory failure requiring 

ventilation), cardiac complications (presence of postoperative myocardial infarction or 

arrthymias), and neurological complications (presence of postoperative delirium, transient 

ischemic attack or cerebrovascular accident). Approximately 2 years after surgery, patients 
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with STOP-BANG score ≥ 5 and/or patients kept overnight in the PACU due to suspected 

OSA status (and subsequently followed for 48 hours) were contacted and asked if they had 

undergone any testing for OSA since their participation in the study.

Statistical Analysis

Study data were collected and managed using Research Electronic Data Capture (REDCap) 

hosted at Hospital for Special Surgery. REDCap is a secure, web-based application that is 

designed to support data capture for research studies.9

The primary outcome was the number of oxygen desaturation episodes by STOP-BANG 

score <3 vs ≥3 and <5 vs ≥5. Therefore, the power analysis performed was based on a kappa 

statistic which measures the agreement between two tests, using α = 0.05 and 80% power. A 

high agreement between STOP-BANG scoring and number of oxygen desaturation episodes, 

kappa = 0.8, was hypothesized, indicating that a high probability of correctly diagnosing 

patients at high risk of oxygen desaturation postoperatively using the STOP-BANG scoring 

model was expected. Taking into account a 10% dropout rate, the proposed sample size 

required was determined to be 110 patients.

Patients with a STOP-BANG score of 3 or greater were classified as having moderate risk of 

OSA, while patients with a score less than 3 were classified as having low risk.3 Patients 

with a score of 5 or greater were classified as having high risk of OSA.11 The associations 

between OSA status (STOP-BANG score ≥3 vs <3, or STOP-BANG score ≥5 vs <5) and 

patient data (ie, demographics, medical phenotype, preoperative co-morbidities, and 

postoperative data) were assessed using Wilcoxon rank test and Chi-square/Fisher exact test 

for continuous and categorical patient data, respectively. Pearson correlations were calcuated 

for the total number of desaturations with postanesthesia care unit (PACU) length of state 

(LOS) and hospital LOS. The average length of desaturation events and the longest duration 

of desaturation events (POD 0) were compared between two serum CO2 groups (≥30 vs 

<30) using Wilcoxon rank test. Patients who had both a preoperative serum CO2 value > 30 

and a STOP-BANG score > 3 were compared with those who did not have both criteria in 

terms of the average length of desaturation events and the longest duration of desaturation 

events (POD 0) using Wilcoxon rank test.

All statistical analyses were performed with SAS Version 9.3 (SAS Institute, Cary, North 

Carolina, USA). For all statistical tests, a value of P ≤ 0.05 was considered statistically 

significant.

RESULTS

After written informed consent was obtained, a total of 110 patients were enrolled in the 

study. Twelve patients were excluded prior to analysis: 6 patients withdrew during the 48 

hours of monitoring, 3 patients received spinal anesthesia, 2 patients received an IV PCA, 

and 1 patient did not receive a saphenous or femoral nerve block. A total of 98 patients were 

included in the final analysis (Fig. 1).
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Patient Demographics

Groups were categorized using STOP-BANG scores. Of the 98 patients analyzed, 68 

patients (69% of the study population), had a score ≥ 3 whereas 30 patients (31%) had a 

score < 3. Of the 68 patients classified as having a score ≥ 3, 30 patients (44%) had a score ≥ 

5, putting them at high risk for moderate-to-severe OSA (Table 1).

As expected, patients with a STOP-BANG score ≥ 3 were significantly more likely to be 

male, ASA II or III, have a higher BMI and have a history of hypertension than patients with 

a score < 3 (Table 1). They were also found on average to have a higher serum hematocrit 

(Hct) value preoperatively than females (mean ± SD; 40.0 ± 4.2 vs. 38.5 ± 3.2, P = 0.05).

Patients with a STOP-BANG score ≥ 5 were significantly more likely to be male, ASA II or 

III and have a higher BMI than patients with a score < 5 (Table 1). They were also 

significantly more likely to have a history of hypertension, hyperlipidemia, and diabetes 

mellitus. No significant difference was found in preoperative serum Hct values between 

patients with a score ≥ 5 and those with a score < 5.

STOP-BANG Score and Postoperative Desaturation Events

There was no significant difference in the total number of postoperative desaturation events 

in the first 48 hours after surgery between patients with a STOP-BANG score < 3 and ≥ 3 

(mean ± SD; 66.6 ± 62.1 vs 58.6 ± 66.8, P = 0.40) (Table 2). Likewise, no significant 

difference in total number of postoperative desaturation events was found between patients 

with a STOP-BANG score < 5 and ≥ 5 (56.9 ± 53.6 vs 70.2 ± 85.7, P = 0.99). Each 

individual component of the STOP-BANG questionnaire was assessed; there was no 

significant difference in the total number of desaturation events between patients that were 

positive or negative for each component, except gender. Patients with a STOP-BANG score 

of < 3 and ≥ 3 and patients with score of < 5 and ≥ 5 had similar hospital length of stay.

When analyzing the entire patient population, not taking into account the STOP-BANG 

score, a significant positive correlation was found between the total number of postoperative 

desaturation events and hospital length of stay (r = 0.329, P = 0.001) (Table 3). The number 

of desaturation events on POD 1 was significantly greater than the number of events on POD 

0 (mean ± SD; 32.8 ± 42.7 vs 4.7 ± 10.0, P < 0.0001) (Fig. 2). Similarly, the number of 

desaturation events on POD 2 was also greater than the number of events on POD 0 (22.9 

± 31.7 vs 4.7 ± 10.0, P < 0.0001).

Postoperative oral opioid use was greater on POD 1 when compared to POD 0 (60.0 ± 37.0 

vs 13.1 ± 16.9 oral morphine equivalents, P < 0.0001) (Fig. 3). No difference was noted in 

postoperative opioid administration via epidural PCA between POD 0 and POD 1.

Postoperative Monitoring and Complications

A total of 11 patients were observed in a monitored setting overnight due to suspected OSA, 

based on intraoperative respiratory behavior observed by the treating anesthesiologist (Table 

2). Of these 11 patients, 10 had a STOP-BANG score ≥ 3 and 8 had a score ≥ 5. Overall, 

there was a higher likelihood of patients with a STOP-BANG score ≥ 5 staying overnight in 
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the PACU from observations made in the operating room by the anesthesiologist (P = 0.002) 

(Table 2).

The postoperative course of three patients with a STOP-BANG score ≥ 5 was complicated 

by atrial fibrillation, with one concurrently developing postoperative delirium. Three patients 

with a score < 5 developed complications including pulmonary embolism, pneumonia, and 

hypoxia secondary to fluid overload. Only one patient with a score < 3 was kept in a 

monitored setting for suspected OSA due to significant airway obstruction episodes noted in 

the operating room.

Additional Subgroup Analyses

Secondary analyses were performed using preoperative serum CO2 values as grouping 

characteristics rather than STOP-BANG score. Patients with preoperative serum CO2 value 

≥ 30 had significantly longer desaturation events on POD 0 compared to those with serum 

CO2 < 30, (mean ± SD; 233.7 ± 410.1 vs 82.0 ± 126.2, P < 0.044) (Table 4). No difference 

in duration of desaturation events was noted on POD 1 or POD 2 between groups. Patients 

who had both a preoperative serum CO2 value ≥ 30 and a STOP-BANG score ≥ 3 were also 

found to have significantly longer desaturation events on POD 0 compared to patients who 

did not have both criteria, 265.3 ± 439.8 seconds per event vs 81.3 ± 125.1, P < 0.027 (Table 

4).

Polysomnography Testing and OSA Diagnosis

During the follow-up to the study, we were able to contact 30 patients. Two patients (6.5% 

of those contacted) underwent polysomnography testing and were both diagnosed with 

moderate OSA (15 ≤ apnea-hypopnea index (AHI) < 30). One of these patients (STOP-

BANG score 3) was kept overnight in the PACU after surgery due to suspected OSA and the 

other patient’s STOP-BANG score was 5. Another patient subsequently remembered that he 

was diagnosed with severe OSA 10 years prior to his surgery but decided not to have any 

therapy, including CPAP. Twenty-seven out of the 33 patients contacted (81.8%) reported 

that they did not undergo polysomnography testing, and out of that cohort, 2 patients (7.4%) 

suspected they had mild to moderate OSA because of snoring.

DISCUSSION

A STOP-BANG score ≥ 3, used as a predictor of moderate risk of OSA, did not significantly 

correlate with the number of oxygen desaturation events experienced during the first 48 

hours after surgery. Desaturation events were common and increased in frequency on POD 

1.

In this study of patients undergoing unilateral total knee arthroplasty (TKA) under regional 

anesthesia, the possibility of obstructive sleep apnea (OSA), as defined by a STOP-BANG 

score of ≥ 3 was very high (69%). In addition, 44% of these patients had a score ≥ 5, putting 

them at high risk of OSA. This is comparable with previous studies showing a higher 

prevalence of OSA in the orthopedic population compared to the general surgery patient 

population. Particularly, TKA patients may be more prone to OSA, since they have a higher 

incidence of obesity.10 Of note, one third of patients with a score ≥ 5 were suspected to have 
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OSA from obstructive events observed in the operating room by the anesthesiologist. Only 3 

patients with STOP-BANG score < 5 were similarly identified, but one of these patients 

(score 3) was later diagnosed with moderate OSA through polysomnography testing. 

Intraoperative observation can serve as an additional tool in identifying potential OSA 

patients while under sedation.

We used the STOP-BANG scoring model to screen for OSA, since this tool has been well 

validated with a sensitivity of 93% and 100% for moderate and severe OSA, respectively.6 

According to Chung et al,7 a STOP-BANG score of 5 is associated with an odds ratio (OR) 

of 4.8 for moderate/severe OSA and an OR of 10.4 for severe OSA. Patients with a STOP-

BANG score ≥ 5 had a high probability of having moderate to severe OSA.8

Patients with a STOP-BANG score < 3, or low-risk category of OSA had frequent episodes 

of desaturation. Ahmad et al. reported frequent episodes of desaturation in morbidly obese 

patients (BMI 35 – 75 kg/m2) who did or did not have sleep apnea while on supplemental 

oxygen.11 In a study similarly measuring the association between severity of OSA and 

postoperative hypoxemia, Khanna et al also found that greater STOP-BANG score was not 

associated with hypoxemia.12 They concluded that factors other STOP-BANG scores may 

positively associate with postoperative desaturation. In this study, such associations can be 

found between exploratory secondary outcomes and number and duration of desaturation 

events. The number of desaturation events increased significantly on POD 1 in all groups of 

patients. Oral opioid consumption also increased significantly on POD 1, raising the 

possibility that they may be related, although Rosenberg et al showed that rebound of REM 

sleep occurring beyond postoperative day one also contributes to the development of sleep-

disordered breathing and nocturnal episodic hypoxemia.13

Of note, the epidural PCA was discontinued on POD 1; this may have led to a greater 

consumption of oral opioids. In addition, the analgesic effect of the saphenous or femoral 

nerve block was likely no longer in effect by POD 1. The addition of a peripheral nerve 

block to an anesthetic regimen has been reported to decrease the incidence of opioid-related 

respiratory depression while in effect.14, 15 Attempts at using non-opioid analgesics may 

decrease the number of desaturation events on POD 1.

Patients with a STOP-BANG score ≥ 3 had a higher serum hematocrit (Hct) value than 

patients with scores < 3, but there was no correlation with the number or duration of 

desaturation events. Serum CO2 values ≥ 30 did, however, correlate with the duration of 

desaturation events. Preoperative CO2 ≥ 30 should warrant further investigation as a 

screening tool for predicting desaturation events in the postoperative period.

According to the most recent guidelines, the use of preoperative continuous positive airway 

pressure (CPAP) should be considered in patients with sleep apnea.4 A recent meta-analysis 

by Nagappa et al found no significant difference in postoperative adverse events between the 

use of CPAP versus none.16 However, patients on CPAP had a lower postoperative apnea-

hypopnea index (AHI) and a trend toward a shorter length of stay. Athough there was no 

difference in PACU or hospital length of stay between STOP-BANG groups in our study, 

patients with a greater number of desaturation events had a longer length of stay in the 

Jules-Elysee et al. Page 7

Reg Anesth Pain Med. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hospital. Given this correlation between the number of desaturation events and length of 

stay, the use of CPAP should be evaluated in these patients suspected of having OSA.

All 3 patients who developed atrial fibrillation fell in the high-risk category for OSA (score 

≥ 5). In cardiac surgery, OSA has been associated with a higher incidence of atrial 

fibrillation.17 Inflammation, known to be significantly elevated in OSA,18, 19 plays a major 

role in development of atrial fibrillation.20 Further studies to evaluate the relationship 

between OSA and atrial fibrillation in this population may be warranted.

This study is limited by several factors. Polysomnography testing could not be obtained in 

all patients to confirm the diagnosis of sleep apnea. Our study contained a relatively small 

sample size and therefore may not be representative of a general patient population. 

Focusing on desaturation events may not be adequate to predict perioperative complications, 

as patients may desaturate at home after hospital discharge. Apnea events may have been a 

better measurement, especially in light of the standard use of oxygen therapy. However, the 

use of supplemental oxygen must be considered in the context of common practice, hospital 

protocol and clinical care to reduce postoperative complications. Finally, the number of 

complications may have been reduced by the use of regional anesthesia, which has been 

shown to have a positive impact on perioperative outcomes.

In conclusion, this study represents a unique population of patients undergoing TKA only 

under spinal-epidural anesthesia with peripheral nerve block, followed by postoperative 

epidural analgesia. There was no association between STOP-BANG score and number of 

desaturation events, but some secondary results warrant further exploration. While epidural 

analgesia is maintained, the number of desaturation events is low, however it significantly 

increases on POD 1 and POD 2 as oral opioid use also increases. A high preoperative value 

of serum CO2 should alert the physician about the possibility of prolonged episodes of 

desaturation postoperatively, and should trigger further evaluation for sleep apnea. Given the 

correlation between length of hospital stay and the number of desaturation events, 

investigations into a causal relationship should be considered.
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Figure 1. 
Patient flow diagram. OSA = obstructive sleep apnea; CPAP = continuous positive airway 

pressure; ASA = American Society of Anesthesiologists; HTN = hypertension. HCt = 

hematocrit; PACU = post-anesthesia care unit; HLD = hyperlipidemia; DM = diabetes 

mellitus; Afib = atrial fibrillation.
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Figure 2. 
Daily number of desaturation events in postoperative study period. Data plotted as mean ± 

standard error; error bars extend to one standard error of the mean. *P <0.001 compared 

with POD 0. †P=0.04 compared with POD 1. POD = postoperative day.
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Figure 3. 
Oral opioid medication usage, as measured in oral morphine equivalents, on day of surgery 

and POD 1. Data plotted as mean ± standard error; error bars extend to one standard error of 

the mean. *P <0.001 compared with POD 0. POD = postoperative day.
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Table 3

Correlations between total number of desaturation events and LOS

Variables Sample Correlation P Value

Total # desaturation events with PACU LOS −0.16128 0.12

Total # desaturation events with hospital LOS 0.32927 0.001

LOS = length of stay; PACU = postanesthesia care unit.
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