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Abstract

Background: The STOP-BANG questionnaire is a validated, eight-point dichotomized scale used to screen preoperative
patients for obstructive sleep apnoea. Sleep apnoea causes hypoxaemia, and nocturnal oxygen desaturation is diagnostic
in these patients. We tested the hypothesis that STOP-BANG score is associated with hypoxaemia after noncardiac surgery.
Methods: This analysis was a sub-study of VISION, a prospective cohort study of perioperative cardiovascular events. With
institutional review board approval, we included 630 patients in the final analysis. We assessed the association between the
STOP-BANG score and postoperative hypoxaemia, defined as integrated area under the curve of Sp,, saturation of 90% per h
using median quantile regression. Secondarily, we selected a subset of STOP-BANG questions that best predicts postoperative
hypoxaemia using ‘Least Absolute Shrinkage and Selection Operator’ method, and then assessed the association between the
new score based on the selected questions and the primary outcome using quantile regression.

Results: The median [q1, q3] area under Sp,, of 90% per h was 0.09 [0.02, 0.39] %-h. The STOP-BANG score was not associated
with hypoxaemia, with a multivariable slope coefficient of 0.002 (95% CI: —0.01, 0.01) %-h for a unit increase in the score (P=0.76).
Secondarily, no association was found between the new score based on the two retained STOP-BANG questions, treatment for
hypertension and neck circumference >40 cm, and the primary outcome with a multivariable slope coefficient of 0.03 (98.3% CI:
—0.01, 0.06) %-h/score (P=0.07).

Conclusions: The STOP-BANG score does not predict hypoxaemia in adults recovering from noncardiac surgery.

Clinical trial registration: NCT00512109.
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Editor’s key points

e Obstructive sleep apnoea is a risk factor for postoperative
hypoxaemia

e The STOP BANG questionnaire can identify obstructive
sleep apnoea

e The STOP BANG questionnaire doesn’t seem to predict
postoperative hypoxaemia

Postoperative hypoxaemia was recognized as a significant problem
almost five decades ago.” Prospective cohort studies suggest that
oxygen desaturation is common, and often severe and prolonged.”
Many factors are associated with postoperative desaturation
including type of surgery,” duration and type of anaesthesia,” obes-
ity,” and pre-existing pulmonary compromise.® An additional fac-
tor, one thought to be especially important, is obstructive sleep
apnoea (OSA).” ©

OSA is a disorder characterized by recurrent periods of com-
plete airflow cessation (apnoea) or partial airflow cessation (hy-
popnea) associated with oxygen desaturations (hypoxemia) or
arousals from sleep.’ Recent literature concludes that OSA is as-
sociated with postoperative cardiac events, respiratory failure,
and critical care admission.'®"® This association is especially
concerning because up to 20% of elective surgical patients have
OSA, most of whom lack a formal diagnosis.® ** General anaes-
thesia, especially in combination with opioids,"® may contribute
to a decreased response to hypopnoea or apnoea after surgery,
leading to higher rates of hypoxaemia in OSA patients. Although
various pre-surgical screening surveys for OSA are available,"®
the best-known, most sensitive, specific,” and consistently vali-
dated approach is the STOP-BANG questionnaire.® **%°

We thus tested the primary hypothesis that there is an as-
sociation between OSA severity (as assessed by an increasing
STOP-BANG score)'” and hypoxaemia (defined as integrated oxy-
gen saturation <90%) within 48 h after a noncardiac surgery. Sec-
ondarily, we evaluated whether a subset of questions from the
STOP-BANG questionnaire was sufficient to predict postoperative
hypoxaemia. Both questions were defined a priori.

Methods

Our analysis was a sub-study of the Vascular events In Surgery
patlents cOhort evaluatioN (VISION), a 40 000-patient prospective
cohort study, focused on perioperative cardiovascular events
(NCT00512109).”* ?> We have previously reported the incidence,
severity, and duration of postoperative hypoxaemia in the
same subset of the VISION patients.? With Cleveland Clinic Insti-
tutional Review Board (IRB) and the VISION steering committee
approval, we consented and enrolled 1250 patients who were at
least 45 yr of age and were undergoing noncardiac inpatient sur-
gery with general and/or regional anaesthesia, at the Cleveland
Clinic Main Campus. A deliberate cross-section of surgical pa-
tients was selected to reflect the noncardiac surgical population
at our institution. We excluded patients who were not expected
to stay at least one night in the hospital, who received only
local or topical anaesthesia, who received monitored anaesthesia
care, or had previously participated in the VISION study. As most
institutions regard oxygen saturations <90% in a patient on the
surgical ward as cause for concern and respiratory intervention,
we chose this as our primary threshold value. However, we also
performed sensitivity analyses on oxyhaemoglobin saturation
(Spo,) <85%, <95% and a time-weighted average (TWA) of Sp, .
A formal statistical analysis plan was formulated before this

sub-study, and the project was approved by the Cleveland Clinic
Institutional Review Board.

Patient characteristics and morphometric characteristics
were recorded in our pre-anaesthetic clinical evaluation. We
recorded all eight components of the STOP-BANG score (Supple-
mentary Appendix 3) preoperatively. The questionnaire consists
of eight yes/no questions scored as zero or one for a maximum
score of eight and a minimum score of 0. STOP-BANG scores
greater than three have a 93% sensitivity for moderate OSA, but
a specificity <50%."” OSA screening thus tends to over-diagnose
a fraction of normal patients.

Intraoperatively, our Perioperative Health Documentation
System electronically recorded surgical and anaesthetic details.
We attempted to record postoperative Sp,, continuously for up
to 48 h, or until hospital discharge (whichever occurred earlier).
Saturation monitoring started upon discharge from the post-
anaesthesia care unit, step-down unit, or critical care unit. The
pulse oximeter (Model Nellcor OxiMax N-600x, Covidien, Dublin,
Ireland) was mounted on a wheeled i.v. pole, along with an unin-
terruptible power supply and computer; the entire unit weighed
about 32 kg. Importantly, all caregivers involved with these pa-
tients were completely blinded to pulse oximeter readings and
all alarms were disabled. These data were recorded internally,
and subsequently transferred to a secure database. Pulse oxim-
eter waveforms were recorded, but data were averaged to one-
min values for this analysis.

Patients were encouraged to remain connected continuously,
but were allowed to disconnect the system when mobilized or
attending to personal hygiene. Study personnel visited each pa-
tient at least four times daily, including nights and weekends, to
promote compliance, but of course it was always a patient’s pre-
rogative to discontinue study participation.

Data analysis

Among 1250 patients who met the inclusion criteria, we excluded
patients who had fewer than 12 h of continuous monitoring, gaps
in the saturation monitor records exceeding 4 h, or overall unre-
corded time exceeding 30% of total monitoring time.

The primary outcome was defined as the integrated area under
the curve of Sp,, saturation of 90% per h. This outcome charac-
terizes both the duration and severity of hypoxemia because both
longer duration and lower Sp,,, would result in a larger area under
the threshold of 90%, while adjusting for the duration of Sp,, mon-
itoring. Linear interpolation was used when measurements were
missing.

We used multivariable median quantile regression with boot-
strapped standard errors to assess the association between the
primary outcome and the STOP-BANG score which ranged from
zero to eight.”” We expected the primary outcome to be highly
skewed and thus selected quantile regression instead of ordinary
least squares linear regression, because the technique is robust.

Ten pre-specified confounders were controlled for in the ana-
lysis including: type of surgery, duration of surgery, ASA score,
Mallampati score, Sp,,, atincision, preoperative diagnosis of con-
gestive heart failure, intraoperative opioid dose (in i.v. morphine
equivalents, the conversions are provided in Supplementary
Appendix 1), use of intraoperative neuromuscular blocking agents,
use of nitrous oxide, and postoperative epidural analgesia (Sup-
plementary Appendix 4). Additionally, we conducted three sensi-
tivity analyses, in which the outcomes were area under an Sp,
saturation of (i) 95% and (ii) 85% per h, and (iii) time-weighted
average (TWA) of Sp,,. The significance criterion was 0.017 for
each sensitivity analysis (i.e. 0.05/3, Bonferroni correction).
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Secondary analyses

We selected a subset of the STOP-BANG questions that best pre-
dicts postoperative hypoxaemia, using ‘Least Absolute Shrinkage
and Selection Operator’ method.?* The penalty parameter was
chosen to minimize the 10-fold cross-validation error (optimize
prediction). Then, we evaluated the association between the
new score (summing up the selected STOP-BANG questions)
and the area under Spg, of 90% per h, using the median quantile
regression. In addition, we assessed the associations between the
STOP-BANG score and (i) use of continuous positive airway pres-
sure (CPAP) therapy and (ii) use of oxygen administration by
mask from postoperative day (POD) one to POD three, each
using a multivariable logistic regression. In each secondary ana-
lysis, we adjusted for the same set of pre-specified confounders
as in the primary analysis. In the CPAP and oxygen use analyses,
we also adjusted for preoperative use of CPAP or use of home oxy-
gen by mask. The Bonferroni correction was used to adjust for the
multiple analyses; thus the significance criterion was 0.017 for
each secondary analysis.

This study was a sub-study of the VISION trial; we included all
patients meeting the inclusion/exclusion criteria. With 630 avail-
able patients, we had more than 90% power to detect a Pearson’s
correlation of 0.13 or greater, between the primary outcome and
the STOP-BANG score assuming a null correlation of zero, at a
0.05 significance level. SAS software version 9.4 (SAS Institute,
Cary, NC, USA) and R software version 3.1.2 (The R Foundation
for Statistical Computing, Vienna, Austria) were used for statis-
tical analyses and graphics.

Results

Among patients who met inclusion criteria, 1250 consented to
participate. However, only 630 patients were included in the
final analyses (Fig. 1); by far the most common reason for exclu-
sion was that patients chose to discontinue monitoring. Qualita-
tively, patients were most likely to discontinue monitoring when
they had recovered from the acute effects of surgery and began to
mobilize. Patient characteristics and perioperative characteris-
tics of the analysis cohort (N=630) are provided in Table 1. Patient
characteristics and perioperative characteristics of the consented
cohort (N=1250), compared with the analysed cohort (N=630) and
the excluded cohort (N=620) are provided in Supplementary

1250 patients
met our inclusion criteria

Excluded
— 328 patients with no Sp02 measurements

or <12 h of total monitoring time
— 141 patients with intervals of missing

Sp02 >30 min comprising >30% of
total monitoring time

— 138 patients with maximum interval of
missing Sp02 >4 h

— 13 patients had missing covariables

4
630 patients
analysed

Fig 1 Study Flow Chart.

Appendix 2. The excluded patients were comparable with the
analysed patients as is evident from the absolute standardized
differences (ASD) in Supplementary Appendix 2.

Approximately 10% of patients with STOP-BANG score of zero
or one averaged at least 10 min per h with raw Sp,,, values below
90%, and approximately 5% of them averaged at least 20 min per
h with raw Sp,, values below 90%. Likewise, approximately 18%
of patients with STOP-BANG score of two or three, 20% of patients
with score of four or five, and 22% of patients with score of six to
eight averaged at least 10 min per h with raw Sp,, <90% (Fig. 2A).
Consistent results were seen with duration of hypoxaemia with
cut-offs of Spy, of <95% (Fig. 2B) and Sp,, of <85% (Fig. 2C). The
distribution of Sp, as a function of postoperative time and in-
creasing STOP-BANG scores is displayed in Fig. 3. Generally, mea-
sured Sp,, values decreased as postoperative time increased,
irrespective of STOP-BANG scores.

The median STOP-BANG score was three [q1, q3: 2, 5], and the
median area under the curve of an Sp,, saturation of 90% per h
was 0.09 [0.02, 0.39] %-h. The unadjusted association between
STOP-BANG score and area under the curve of an Sp,, saturation
of 90% per h is displayed in Fig. 4. No significant association was
detected between the STOP-BANG score and the median area
under the curve of an Sp,, saturation of 90% per h (P=0.76). The
estimated multivariable slope coefficient was 0.002 (95% CI:
—0.01, 0.01) %-h/score, which was the estimated change in the
median area under Sp,, of 90% per h for a unit increase in the
STOP-BANG score. Consistent results were found in all three sen-
sitivity analyses: no significant association was found between
the STOP-BANG score and area under an Sp,, saturation of 95%
per h (0.03 (98.3% CI: -0.08, 0.13); P=0.56), under 85% per h
(0 (~0.001, 0.002); P=0.79), or time-weighted average of Sp,
(~0.07 (~0.20, 0.07); P=0.32) (Table 2).

After variable selection by minimizing prediction error using
the ‘Least Absolute Shrinkage and Selection Operator’ method,
only two of the eight STOP-BANG questions remained, which
were ‘Are you or have you been treated for high blood pressure’
and ‘Neck circumference >40 cm’. Again, no significant associ-
ation was found between the new score based on these two se-
lected questions and the median of area under Sp, of 90% per
h, with a multivariable slope coefficient of 0.03 (98.3% CI: —0.01,
0.06) %-h/score (P=0.07, Supplementary Appendix 5).

Forty-seven (7.5%) patients used CPAP therapy and 15 (2.4%)
patients received oxygen administration by mask from POD one
to POD three. Higher (worse) STOP-BANG scores were associated
with increased odds of using CPAP postoperatively: 1.54 (98.3% CI:
1.06, 2.24), P=0.006, but not using oxygen mask: 1.18 (0.79, 1.77),
P=0.03 (>significance criterion of 0.017). A total of 426 (68%) pa-
tients received oxygen by nasal cannula, but usually just for a
few postoperative h.

Discussion

Overnight polysomnography is the ‘gold standard’ for detection
of OSA.?® However, its use in our prospective cohort study was
precluded by its cost and complexity. Instead, we used the
STOP-BANG score. In the earliest version of the score (2008), a
score of greater than or equal to three was considered a positive
screen for OSA.” More recently, the same investigators con-
cluded that the risk of moderate/severe OSA increased from
36% at a STOP-BANG score of three to 60% at a STOP-BANG
score of seven.' Increasing STOP-BANG scores thus correlate
with higher probability of moderate-to-severe OSA.

Cyclical oxygen desaturation occurs in all patients with OSA
and is a part of the standard diagnostic definition of this
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Table 1 Patient characteristics and perioperative characteristics
of the analysis cohort (N=630). Summary statistics were
presented as mean (sp), median [q1, 3], median [q1, q3] (min,

max) and No. (%), as appropriate. Superscripts represent number

of patients with missing value.

Variable No. (%) Summary
statistics
Age, yr mean (range) 63 (54, 91)
Gender, male 355 (56)
ASA physical status
I 4(1)
II 170 (27)
III 387 (61)
v 69 (11)
Mallampati score
I 197 (31)
1 337 (54)
11 87 (14)
v 5(1)
Preoperative comorbidities
Deep vein thrombosis 53 (8)
Atrial fibrillation 53 (8)
Stroke 24 (4)
Coronary artery disease 112 (18)
Congestive heart failure 37 (6)
Recent catheterization (<12 months) 25 (4)
Aortic stenosis 9(1)
Peripheral vascular disease 49 (8)
Diabetes 118 (19)*
Peptic ulcer 26 (4)°
Tobacco use 345 (55)!
Sleep apnoea 116 (18)
Hypertension 393 (62)
Chronic obstructive pulmonary disease 56 (9)
Dialysis 3(1)
Asthma 67 (11)
Interstitial lung disease 8(1)
Lobectomy 5(1)
Pneumonectomy 5(1)
Tuberculosis 9(1)
Cystic fibrosis 4(1)
Pulmonary sarcoidosis 4(1)
Lung cancer 11 (2)
Surgical Characteristics
Most frequent types of surgery
Major spine surgery 112 (18)
Intra-abdominal surgery 102 (16)
Stomach surgery 67 (11)
Major hip-pelvic surgery 61 (10)
Knee arthroplasty 58 (9)
Duration of surgery, h 4.0[3.1,5.2]
Endoscopic surgery 174 (28)
Open surgery 478 (76)
Minimum invasive surgery 27 (4)
General anaesthesia 561 (89)
Spinal anaesthesia 64 (10)
Nerve block anaesthesia 42 (7)
Epidural anaesthesia 65 (10)
Baseline systolic blood pressure, mm Hg 139.5 (23.4)
Baseline heart rate, bpm 74.5 (12.8)
Baseline Sp, 98.6 (1.7)
Use of nitrous oxide 60 (10)
Continued

Table 1 Continued

Variable No. (%) Summary
statistics
Average PEEP, mm Hg 3.9 (1.7)%
Total dose of opioid (IV morphine 25 [18, 34]
equivalent), mg
Total dose of neuromuscular blocking 82.5 [55, 110]
agent(rocuron), mg
Postoperative analgesia
Use of epidural analgesia 97 (15)
Use of patient-control analgesia 253 (40)
Use of opioid
Fentanyl 249 (40)
Morphine/Hydromorphone 215 (34)
Meperidine 8 (1)
None 158 (26)
Postoperative events
Adult respiratory distress syndrome 1(<1)
Pneumothorax 0(0)
Respiratory failure 11(2)
Re-intubation 9 (1)

pathology.’ *° Based on this premise we proposed our hypothesis
that higher STOP-BANG scores (more predictive of OSA), would
also predict worse desaturation in OSA patients postoperatively.
Nonetheless, our results did not support increasing STOP-BANG
scores in predicting hypoxaemia defined as an area under Sp,, of
<90% in adults recovering from noncardiac surgery. These results
were similar when the analysis was conducted on the basis of
area under an Sp,of 95% or 85%, or a time-weighted average of
Spo, over the entire postoperative monitoring period (Table 2).

OSA patients have a breathing pattern characterized by eithera
near-complete cessation (>90% reduction) of airflow and/or a par-
tial cessation of airflow (>30% reduction) for a duration of at least
10 s and associated with a desaturation of at least 3% or an arousal
from sleep.”” However, nadir oxygen desaturation in OSA patients
may not descend below 90%. For example, an OSA patient who
normally has an oxygen saturation of 98% while awake and cycles
down to 94% during flow reduction periods, meets the criteria for a
polysomnography diagnosis of OSA — without ever having an
Spo, of <90% and thus reaching our desaturation threshold. The
choice of threshold, though, does not seem to be critical as results
were consistent when analyses were conducted based on area
under <95% and <85%. Furthermore, time-weighted average Sp,
was 94.6% with no significant correlation to STOP-BANG score.

We chose an area under Sp,,, <90% per h as our primary out-
come, as this defines the outcome both in terms of severity and
duration of hypoxaemia. For example, an oxygen saturation of
80% for 10 min (1.7%-h) is presumably worse than an oxygen
saturation of 88% for 15 min (0.5%-h), and the difference is well
reflected in area-under-the-curve analyses. Median area under
the 90% saturation curve was 0.09%-h which corresponds to, for
example, five min per h with a saturation of 89% or one min per
h with a saturation of 85%. The multivariable slope coefficient
for area under 90% saturation was 0.002%-h/score which means
that for every unitincrease in STOP-BANG score, the Sp,,, decreases
by <0.1% for one min per h, an amount that was both non-signifi-
cant and obviously clinically meaningless. The clinical correlate of
the trivial reduction in saturation with increasing STOP-BANG
scores is that higher scores do not predict more hypoxaemia.
High STOP-BANG scores per se thus do not appear to be a sound
basis for special postoperative monitoring or treatment.
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Fig 2 Incidence of patients with an average number of min per h in hypoxaemia >X during monitoring. The threshold for hypoxaemia is (a) 90%, (8) 95%, and (c) 85%.
The green line represents patients with STOP-BANG score of zero or one; the blue line represents patients with STOP-BANG score of two or three; the pink line
represents patients with STOP-BANG score of four or five; and the orange line represents patients with STOP-BANG score of six to eight.

Our results are somewhat surprising in that previous stud-
ies have linked OSA with both postoperative desaturation and
complications. Liao and colleagues’ concluded in a retrospective
matched cohort study that patients with diagnosed OSA have an
increased incidence of postoperative complications, the most
common of which was oxygen desaturation. Kaw and collea-
gues'®, in a meta-analysis of 3942 patients saw that postoperative
desaturation; respiratory failure, postoperative cardiac events and
ICU transfers were higher in patients with OSA. Mutter and collea-
gues™?, in a recent matched cohort analysis found increased risk of
postoperative respiratory complications, in patients with both di-
agnosed and undiagnosed OSA. All of these relationships are com-
plicated by slight increases in pain sensitivity in OSA patients
which, in turn, might promote opioid administration.”® Chia and
colleagues™ confirmed the direct association of preoperative
STOP-BANG scores with postoperative ICU admission, however,
the STOP-BANG scores likely influenced physician behaviour, so
a causal relationship should not be assumed.

A further consideration is that patients with higher STOP-
BANG scores are generally sicker than those with lower scores?’
and that may explain their propensity for ICU admission.”* We
included a cross - section of surgical patients in our analysis to
avoid a bias towards a healthier patient population. Indeed, al-
most three quarters of our patient population was ASA III & IV
(Table 1). In addition, OSA patients have a myriad of cardiovascu-
lar perturbations and a predisposition to metabolic syndrome
that may contribute to poor outcomes postoperatively.”*~* None-
theless, a study in which four different screening tools for OSA
was used preoperatively observed no association between posi-
tive screening with any tools and 30-day or one-year mortality.'®
Animportant consideration here was ‘self-reported’ OSA diagno-
sis and perioperative optimization programs for patients with a
higher STOP-BANG score or a diagnosis of OSA, which could
have influenced outcomes. Thus while STOP-BANG is an effect-
ive screening tool for OSA and OSA itself has been linked to mor-
bidity and mortality, our data suggest that hypoxaemia is not

necessarily the mechanism. However, the clinical implications
of this conclusion deserve cautious interpretation. Overnight
polysomnography continues to be the ‘gold-standard’ for OSA
and ventilatory patterns on such a study are clearly predictive
of OSA. Indeed, we did not screen our patients with a sleep
study and limited our outcomes associated with OSA and the
STOP BANG score to only oxygen saturation.

As a secondary outcome we determined whether combina-
tions of questions might adequately predict our primary
outcome, area under an Sp,, of 90%. But as even the full STOP-
BANG questionnaire failed to predict hypoxaemia, it is unsurpris-
ing that no subset of the components would be sufficient, and
none proved statistically significant or clinically useful.

We limited the analysis to patients in whom prolonged peri-
ods of continuous Sp,, monitoring were available. A conse-
quence is that about half the enrolled patients were excluded,
mostly because patients often chose to discontinue monitoring
when they became mobile. The fact that our monitoring unit
was bulky and difficult to carry around during mobilization and
physical therapy sessions may have also contributed to early dis-
continuation by some patients. Indeed, such future investiga-
tions need more portable and patient-friendly equipment, and
such equipment is already being marketed.

The population included in the analysis was relatively high-
risk. This is evident from the fact that median patient age was
64 yr, 72% were ASA physical status III or IV, the median duration
of surgery was 4.0 h, and general anaesthetic used for 89% of the
operations. Excluding patients who dropped out reduces our abil-
ity to characterize the overall incidence of postoperative hypox-
aemia. But to the extent that hypoxaemia is predicted by STOP-
BANG score, it should thus have been especially evident in the
high-risk patients we studied. We did not observe this relation-
ship, however, which suggests that other factors may be more
importantly associated with postoperative desaturation.

We further limited analysis to patients cared for on routine
surgical wards. We thus excluded the post-anaesthesia care
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Fig. 3. Distribution of Sp,, over postoperative time for patients with STOP-BANG score of (a) zero or one, (B) two or three, (c) four or five, and (D) six to eight. Curves

estimated using quantile regression with restricted cubic splines.

unit (where OSA patients often desaturate”’) and critical care and
monitored units because patients in these situations are continu-
ously monitored, critical oxygen desaturations are identified
early, and corrective measures instituted promptly. However,
saturation monitoring was initiated on these patients once they
were discharged from the post-anaesthesia care unit, step-down
unit, or critical care unit. We were thus most interested in what
happens to these patients once they were intermittently moni-
tored on the regular nursing floors, and where oxygen desatur-
ation may be more common and may go unnoticed.”

Linear interpolation was used when Sp,,, measurements were
missing; this is a commonly accepted way to account for con-
secutive missing values with non-missing value before and
after within a specific level. However, it is of limited use if missing
time intervals are prolonged; the median of the longest missing
time interval in our study was 0.8 [Q1, Q3: 0.3, 1.9] h. Additionally,
linear interpolation assumes randomly missing values and does
not account for non-random missing data.

Only 7.5% of our study patients received CPAP postopera-
tively. However, we do not know which of these were prescribed
home CPAP and, much less which actually used CPAP routinely.
However, it would be unusual in our hospital to start CPAP de novo
postoperatively; thus most of these patients likely used CPAP at

home and brought their personal devices with them, though
home-use may have been inconsistent. As would be expected,
there was a strong relationship between higher (worse) STOP-
BANG scores and postoperative CPAP use; for each unit increase
in the score, the odds of CPAP use increased 1.54 (98.3% CI: 1.06,
2.24), P=0.006.

Oxygen was rarely given via face-mask in our patients (only
2.4%). This was not associated with increasing odds of a higher
STOP-BANG score: 1.18 (CI: 0.79, 1.77), P=0.03 (> significance cri-
terion of 0.017). In contrast 68% were given postoperative oxygen
with a nasal cannula — although typically only for a few h. Al-
though the delivered fraction of inspired oxygen with a nasal
cannula is fairly low, any supplemental oxygen has the potential
to reduce the incidence, severity, and duration of hypoxaemia.
One might thus expect that oxygen administration would be
highly associated with the STOP-BANG score, as supplemental
oxygen would be a reasonable strategy for avoiding anticipated
desaturation. Though this additional oxygen via a nasal cannula
was given for only a few h postoperatively, we would not expect it
to affect our final outcome where we monitored patients for 48 h
or until hospital discharge, whichever came earlier. In addition,
there was no association between STOP-BANG score and oxygen
use via a face-mask, suggesting that other factors dominated
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decisions to give supplemental oxygen, more than what could be
delivered with a nasal cannula.

Chung and colleagues® have shown that sleep disordered
breathing is worst on the third postoperative day, and that
sleep disordered breathing does not return to baseline until the
seventh postoperative night. Few of our patients remained hospi-
talized by the third postoperative day, and even fewer still toler-
ated monitoring. It thus remains possible that STOP-BANG scores
could correlate with hypoxaemia, but only after most patients are
already home. Bolden and colleagues®®, though, reported that
16% of patients desaturate to an Sp,, <90%, most often in the
first 24 postoperative h. Most of their patients had only one or
two episodes of desaturation to <90% which was immediately
corrected by nursing intervention.*® As continuous saturation
measurements were blinded in our patients, they would not
have provoked clinical intervention. Interestingly, patients in

2.0 1

1.5

1.0 1

0.5 4

Area under SpO2 of 90% per h (%-h)

0 1 2 3 4 5 6
STOP-BANG score

8

T
7

Fig. 4. Boxplot of Area under Sp,, of 90% per h for each STOP-BANG score
category. No significant association was found between the STOP-BANG
score and the median area under Sp,, of 90% per h, with a multivariable
slope coefficient of 0.002 (95% CI: -0.01, 0.01; P=0.76) %-h for a unit
increase in the score.

Bolden and colleagues®® who were given i.v. opioids, had more
than a ten-fold risk of desaturation events, which is perfectly
consistent with our general conclusion that factors such as
opioids may have a stronger association with postoperative de-
saturation than STOP-BANG scores. Further, a recent closed
claims analysis by Lee and colleagues®” showed that a majority
of patients who died from respiratory events postoperatively
were given opioids. However, consistent with our data, was the
observation in this analysis that only a quarter of the patient
population either had or was at high risk for OSA.

A limitation to our analysis is that integrated Sp,, below 90%
may not be the best measure to correctly identify the episodic de-
saturation thatbest characterizes obstructive sleep apnoea. How-
ever, it is an accurate measure of the severity and duration of
hypoxaemia. Shorter desaturations may indicate sleep apnoea,
but per se are unlikely to be clinically meaningful.

A positive STOP-BANG score indicates increased risk of OSA,
not that a particular patient actually has OSA. However, our pri-
mary purpose was not to evaluate the association between OSA
and postoperative hypoxaemia; instead, it was to determine
whether hypoxaemia could be predicted using information readily
available to clinicians. Our results show that STOP-BANG scores
do not predict hypoxaemia. A corollary is that patients with high
and low STOP-BANG scores are at comparable risk. Clinicians
therefore cannot easily predict which patients are most likely to
desaturate postoperatively, and restrict attention and special
monitoring to a single group. Instead, our results suggest that all
postoperative patients are at risk and probably deserve better
monitoring than they currently get in most hospitals.*® *°

It remains possible that oxygen was more often given to pa-
tients who were thought to have high risk for OSA. However,
while oxygen therapy via a face-mask was used in only 2.4% of
the subjects, importantly, its use was not associated with
STOP-BANG score. The STOP BANG score is a clinical risk predict-
or for the occurrence of OSA. And while periodic nocturnal hyp-
oxaemia is a required feature of OSA, there are other causes in
postoperative patients — most obviously opioids. Our results
suggest that these other factors may be more associated with
postoperative desaturation than STOP-BANG scores.

In summary, we demonstrate that progressively greater STOP-
BANG scores — increasing the likelihood of clinically important
OSA — did not predict the amount of postoperative hypoxaemia
in a cross section of surgical inpatients. Results were similar
whether hypoxemia was defined at a desaturation threshold of
95, 90, or 85%. Our surprising conclusion is thus that increasing

Table 2 Primary Analysis- Association between STOP-BANG score and area under Sp,, of 90%. Sensitivity analysis - Association between
STOP-BANG score and area under an Sp,, saturation of 95% and 85% per h, and time-weighted average of Sp,, using median quantile
regression with boot-strapped standard errors (N=630). *Summary statistics are presented as median [q1, g3]. 'For a unit increase in the
STOP-BANG score. *We used the Bonferroni correction adjusting for multiple analyses; the significance criterion was 0.017 for each

sensitivity analysis (i.e. 0.05/3)

Outcome Summary Univariable analysis Multivariable analysis
statistics® Slope coefficient’ P-value* Slope coefficient” P-value*
(95% CI)* (95% CI)*
Primary analysis
Area under an Spy, of 90% perh, %-h  0.09 [0.02, 0.39] 0.005 (—0.01, 0.02) 0.55 0.002 (~0.01, 0.01) 0.76
Sensitivity analysis
Area under an Spy, of 95% perh, %-h  1.19 [0.49, 2.31] 0.06 (~0.03, 0.15) 0.10 0.03 (-0.08, 0.13) 0.56
Area under an Sp,,, of 85% perh, %-h  0.01 [0.00, 0.06] 0.00 (-0.002,0.002) 072 0.00 (-0.001,0.002)  0.79
Time-weighted average of Sp,,, % 94.6 [93.1, 96.0] —0.14 (-0.28, 0.01) 0.06 —0.07 (-0.20, 0.07) 0.32

9T0Z ‘0z NBnYy Uo ARIqIT IUWN|Y J1UND pUeRAS|D e /Blo'sfeulnolploixoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/

STOP-BANG as a predictor of postoperative hypoxemia | 639

STOP BANG scores (a validated marker of the risk of OSA status)
are not a strong predictor of postoperative desaturation.

Authors’ contributions

Study design/planning: AKK., DS, ZS,].Y., AK, P].D, LS.
Study conduct: AKX, D.LS., AJ.N,, BD.H., AK.

Data analysis: J.Y.

Writing paper: AKXK., DIS., AJN.,,]Y,BDH, AK,PJ]D,LS.
Revising paper: all authors

Supplementary material

Supplementary material is available at British Journal of Anaesthesia
online.

Declaration of interest

L.S. received research funding from Foundation for Anaesthesia
Education and Research and received research funding from
Anaesthesia Quality Institute. L.S. is supported by a Mentored
Research Training Grant for Health Services Research from the
Foundation for Anaesthesia Education and Research (FAER),
and the Anaesthesia Quality Institute (AQI).

Funding

This study was supported by Covidien (Dublin, Ireland) through
funding and by providing the study monitors. None of the
authors has a personal financial interest in this research.

References

1. Marshall BE, Millar RA. Some factors influencing post-
operative hypoxaemia. Anaesthesia 1965; 20: 408-28

2. Sun Z, Sessler DI, Dalton JE, et al. Postoperative Hypoxemia Is
Common and Persistent: A Prospective Blinded Observational
Study. Anesth Analg 2015; 121: 709-15

3. Xue FS, Li BW, Zhang GS, et al. The influence of surgical sites
on early postoperative hypoxemia in adults undergoing
elective surgery. Anesth Analg 1999; 88: 213-9

4. Moller JT, Wittrup M, Johansen SH. Hypoxemia in the posta-
nesthesia care unit: an observer study. Anesthesiology 1990;
73: 890-5

5. Rose DK, Cohen MM, Wigglesworth DF, DeBoer DP. Critical re-
spiratory events in the postanesthesia care unit. Patient, sur-
gical, and anesthetic factors. Anesthesiology 1994; 81: 410-8

6. Jarzyna D, Jungquist CR, Pasero C, et al. American Society for
Pain Management Nursing guidelines on monitoring for opi-
oid-induced sedation and respiratory depression. Pain Manag
Nurs 2011; 12: 11845 e10

7. Liao P, Yegneswaran B, Vairavanathan S, Zilberman P,
Chung F. Postoperative complications in patients with ob-
structive sleep apnea: a retrospective matched cohort study.
Can J Anaesth 2009; 56: 819-28

8. Singh M, Liao P, Kobah S, et al. Proportion of surgical patients
with undiagnosed obstructive sleep apnoea. Br ] Anaesth 2013;
110: 629-36

9. DempseyJA, Veasey SC, Morgan BJ, O’Donnell CP. Pathophysi-
ology of sleep apnea. Physiol Rev 2010; 90: 47-112

10. Kaw R, ChungF, Pasupuleti V, et al. Meta-analysis of the asso-

ciation between obstructive sleep apnoea and postoperative
outcome. Br ] Anaesth 2012; 109: 897-906

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chia P, Seet E, Macachor JD, Iyer US, Wu D. The association of
pre-operative STOP-BANG scores with postoperative critical
care admission. Anaesthesia 2013; 68: 950-2

Vasu TS, Doghramji K, Cavallazzi R, et al. Obstructive sleep
apnea syndrome and postoperative complications: clinical
use of the STOP-BANG questionnaire. Arch Otolaryngol Head
Neck Surg 2010; 136: 10204

Mutter TC, Chateau D, Moffatt M, et al. A matched cohort
study of postoperative outcomes in obstructive sleep apnea:
could preoperative diagnosis and treatment prevent compli-
cations? Anesthesiology 2014; 121: 707-18

Finkel KJ, Searleman AC, Tymkew H, et al. Prevalence of un-
diagnosed obstructive sleep apnea among adult surgical pa-
tients in an academic medical center. Sleep Med 2009; 10:
753-8

ChungF, Liao P, Elsaid H, Shapiro CM, Kang W. Factors asso-
ciated with postoperative exacerbation of sleep-disordered
breathing. Anesthesiology 2014; 120: 299-311

Lockhart EM, Willingham MD, Abdallah AB, et al. Obstructive
sleep apnea screening and postoperative mortality in a large
surgical cohort. Sleep Med 2013; 14: 407-15

Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a
tool to screen patients for obstructive sleep apnea.
Anesthesiology 2008; 108: 812-21

Farney RJ, Walker BS, Farney RM, Snow GL, Walker JM. The
STOP-Bang equivalent model and prediction of severity of
obstructive sleep apnea: relation to polysomnographic mea-
surements of the apnea/hypopnea index. J Clin Sleep Med
2011, 7: 459-65B

ChungF, Subramanyam R, Liao P, et al. High STOP-Bang score
indicates a high probability of obstructive sleep apnoea. Br ]
Anaesth 2012; 108: 768-75

ChungF, Yang, Liao P. Predictive performance of the STOP-
Bang score for identifying obstructive sleep apnea in obese
patients. Obes Surg 2013; 23: 2050-7

Botto F, Alonso-Coello P, Chan MT, et al. Myocardial injury
after noncardiac surgery: a large, international, prospective
cohort study establishing diagnostic criteria, characteristics,
predictors, and 30-day outcomes. Anesthesiology 2014; 120:
564-78

Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association be-
tween postoperative troponin levels and 30-day mortality
among patients undergoing noncardiac surgery. JAMA 2012;
307: 2295-304

Koenker R, Bassett G. Regression Quantiles. Econometrica 1978;
46: 33-50

Tibshirani R. Regression Shrinkage and Selection via the
Lasso. Journal of the Royal Statistical Society Series B
(Methodological) 1996; 58: 267-88

Berry RB, Budhiraja R, Gottlieb D], et al. Rules for scoring
respiratory events in sleep: update of the 2007 AASM Manual
for the Scoring of Sleep and Associated Events. Delibera-
tions of the Sleep Apnea Definitions Task Force of the Ameri-
can Academy of Sleep Medicine. J Clin Sleep Med 2012; 8:
597-619

Doufas AG, Tian L, Davies MF, Warby SC. Nocturnal intermit-
tent hypoxia is independently associated with pain in subjects
suffering from sleep-disordered breathing. Anesthesiology 2013;
119: 1149-62

Pereira H, Xara D, Mendonca J, Santos A, Abelha FJ. Patients
with a high risk for obstructive sleep apnea syndrome: post-
operative respiratory complications. Rev Port Pneumol 2013;
19: 144-51

9T0Z ‘0z 1SnBny uo ARelg 1 luwn|y 21UlD puepAR|D R /BI0'seuinolployxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/lookup/suppl/doi:10.1093/bja/aew029/-/DC1
http://bja.oxfordjournals.org/lookup/suppl/doi:10.1093/bja/aew029/-/DC1
http://bja.oxfordjournals.org/

640

| Khanna et al.

28.

29.

30.

31

32.

33.

Dincer HE, O’'Neill W. Deleterious effects of sleep-disordered
breathing on the heart and vascular system. Respiration 2006;
73:124-30

Hung J, Whitford EG, Parsons RW, Hillman DR. Association of
sleep apnoea with myocardial infarction in men. Lancet 1990;
336: 2614

Doherty LS, Kiely JL, Swan V, McNicholas WT. Long-term ef-
fects of nasal continuous positive airway pressure therapy
on cardiovascular outcomes in sleep apnea syndrome. Chest
2005; 127: 2076-84

Leung RS, Bradley TD. Sleep apnea and cardiovascular dis-
ease. Am ] Respir Crit Care Med 2001; 164: 2147-65

Young T, Finn L, Peppard PE, et al. Sleep disordered breathing
and mortality: eighteen-year follow-up of the Wisconsin
sleep cohort. Sleep 2008; 31: 1071-8

Drager LF, Togeiro SM, Polotsky VY, Lorenzi-Filho G. Obstruct-
ive sleep apnea: a cardiometabolic risk in obesity and the
metabolic syndrome. ] Am Coll Cardiol 2013; 62: 569-76

34.

35.

36.

37.

38.

39.

Marshall NS, Wong KK, Liu PY, et al. Sleep apnea as an inde-
pendent risk factor for all-cause mortality: the Busselton
Health Study. Sleep 2008; 31: 1079-85

Chung F, Liao P, Yegneswaran B, Shapiro CM, Kang W. Post-
operative changes in sleep-disordered breathing and sleep
architecture in patients with obstructive sleep apnea.
Anesthesiology 2014; 120: 287-98

Bolden N, Smith CE, Auckley D, Makarski J, Avula R. Peri-
operative complications during use of an obstructive sleep
apnea protocol following surgery and anesthesia. Anesth
Analg 2007; 105: 1869-70

Lee LA, Caplan RA, Stephens LS, et al. Postoperative opioid-in-
duced respiratory depression: a closed claims analysis.
Anesthesiology 2015; 122: 659-65

Stoelting RK. Continuous Postoperative Electronic Monitoring
and the Will to Require It. Anesth Analg 2015; 121: 579-81
Sessler DI. Preventing respiratory depression. Anesthesiology
2015; 122: 484-5

Handling editor: P. S. Myles

9T0Z ‘0z 1NBnY U0 ARIqIT IUWN|Y J1UND pUeRAS|D e /Blo'sfeulnolploixoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


