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Background: The prevalence of obstructive sleep apnoea (OSA) is increasing worldwide. Bariatric surgery
is an option where conventional measures to achieve weight loss fail. We compared peri-operative outcomes
in patients living with obesity with and without OSA undergoing bariatric surgery.

Methods: Retrospective cohort study of consecutive patients undergoing bariatric surgery at a tertiary
referral centre. Data were extracted from electronic patient records. Primary outcomes were the rate of peri-
operative complications and level of respiratory support. Secondary outcomes were length of stay (LOS), and
the highest level of care required.

Results: A total of 302 patients underwent surgery [age 47 (+11.6) years, 238 (78.8%) female, body mass
index (BMI) 48.1 (+7.8) kg/m’]. A total of 101 (33.4%) patients had moderate or severe OSA, or mild OSA
with significant sleepiness, and were prescribed continuous positive airway pressure (CPAP), whilst 201
(66.6%) had mild OSA without symptoms or no OSA and weren’t. Patients requiring CPAP were more
obese (BMI 50.2 vs. 47.0 kg/m’, P=0.002). Complications were analysed individually and according to the
Clavien-Dindo classification. The incidence of each individual complication did not differ between groups.
When grouped into Clavien-Dindo grades, only grade I complications differed: CPAP 9% wvs. non-CPAP
2.6%, P=0.02). LOS was longer in the CPAP group [3 (1.5) vs. 2 (1.0) days, P=0.002].

Conclusions: The rate of peri-operative complications in patients with OSA undergoing bariatric surgery
is low and can be addressed by the provision of CPAP therapy in most cases. However, a longer LOS and

more frequent Grade I complications requires selection of appropriate post-operative monitoring.
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Introduction

Obesity affects 13% of adults worldwide and its prevalence
is predicted to increase (1). 2019 data from England showed
that 36% of adults over the age of 16 were classified as
overweight and 28% as obese (2). The prevalence of sleep-
disordered breathing (SDB), including obstructive sleep
apnoea (OSA), is higher in patients eligible for bariatric
surgery than with normal weight (3,4), with a prevalence of
around 70% (3,5).

OSA is characterised by repetitive desaturations during
sleep due to obstruction of the upper airway, causing
repetitive arousals, sleep fragmentation and resulting in
daytime symptoms (e.g., excessive daytime sleepiness) (6).
Management of OSA involves lifestyle modifications,
weight loss, and primary airway therapy [e.g., mandibular
advancement devices (MAD) or continuous positive airway
pressure (CPAP)].

Substantial weight loss can significantly reduce the
severity of OSA in patients living with obesity, and
sometimes resolve it entirely (5). Following bariatric
surgery, resolution or improvement of OSA is seen in over
75% of patients (7). In the UK, the National Institute for
Health and Care Excellence (NICE) guidelines recommend
bariatric surgery as an option for patients with a body mass
index (BMI) above 40 kg/m’, or 35-40 kg/m’ and another

significant co-morbidity, such as hypertension, after failing

Highlight box

Key findings

¢ In patients undergoing bariatric surgery, there is a similar rate of
post-operative complication rates between those with significant
OSA prescribed CPAP and those without OSA.

What is known and what is new?

* Post-operative complication rates are higher in patients with
obesity with concomitant OSA compared to those without.

® The use of CPAP in the post-operative period in patients with
obesity and OSA undergoing bariatric surgery mitigates the
increased risk of complications in this period, when compared with
obese patient without OSA.

What is the implication, and what should change now?

* Screening for OSA in patients undergoing bariatric surgery should
become routine practice. Those identified as having clinically
significant OSA should be provided CPAP in the post-operative

period to mitigate the increased risk of complications.
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Video 1 Video abstract to this study.

to achieve or maintain clinically significant weight loss
following non-surgical interventions (8).

Guidelines recommend pre-operative screening for OSA
prior to bariatric surgery (9), however the impact of OSA
on peri-operative outcomes remains unclear. Most of the
evidence suggests that patients with OSA are at higher risk
of cardiovascular and respiratory complications, as well
as transfer to intensive care units (ICU) (10,11) following
surgery compared to patients without OSA. These include
postoperative hypoxaemia (12), respiratory infections, atrial
fibrillation, intubation and ventilation (13), as well as longer
length of stay (LOS) (12). However, some studies found no
difference between those two groups with regards to the
frequency of ICU admissions postoperatively, overall LOS,
and post-operative complications (14,15), or even found a
slight benefit in those with OSA on CPAP (16). The use of
primary airway therapy (e.g., CPAP) in patients with OSA in
the peri-operative setting is felt to protect against some of the
complications seen following surgery (14), most importantly
cardiovascular and respiratory events, which seem to be more
frequent with increasing severity of OSA (13).

We sought to analyse peri-operative outcomes (overall
LOS, respiratory and non-respiratory post-operative
complications, maximum level of respiratory support, the
highest level of care, and mortality) of patients living with
obesity undergoing bariatric surgery in our tertiary referral
centre and compared clinical outcomes in those patients
who had OSA and required CPAP therapy to those who
did not. Here’s a video abstract to this study (Video 1).
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1501/rc).
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Assessed for eligibility (n=878)

| Excluded (n=576)

¢ No surgical intervention (n=576)

Analysed (n=302)

Y

Offered CPAP therapy
(n=101)

v

Not offered CPAP
therapy (n=201)

Figure 1 Patient selection flowsheet. CPAP, continuous positive airway pressure.

Methods
Data collection

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This was
a retrospective study registered as a service review and
approved by the institutional review board of Guy’s and
St Thomas’ NHS Foundation Trust (Approval No. LIRB:
2021/12240) and individual consent for this retrospective
analysis was waived. Data were collected from the electronic
patient records of all patients referred to the Lane Fox
Unit (Respiratory High Dependency Unit, St Thomas’
Hospital, London, UK) and to the Sleep Disorders Centre
(Guy’s Hospital, London, UK) for pre-operative screening
of SDB prior to bariatric surgery (June 2014 to February
2021). The strategy employed in the pre-operative
screening process has been outlined elsewhere (3). Patients
referred for bariatric surgery completed a STOP-BANG
questionnaire and those who scored >4 points were referred
for a nocturnal pulse oximetry for two consecutive nights (3).
Data collected included demographic data, sleep study data,
co-morbidities, post-operative complications, maximal level
of respiratory support, LOS, mortality, and the highest
level of care (Appendix 1). Respiratory support data were
included only if there was available documentation for the
daily oxygen requirements during the whole inpatient stay.
Complications are presented according to the Clavien-
Dindo classification of post-operative complications. The
follow up period was until discharge from hospital and these
data were obtained from the electronic patient records.

All sleep data were analysed and reviewed by a sleep
technician and a physician with a specialist interest in sleep
who recommended the appropriate treatment. OSA was
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classified based on the 4% oxygen desaturation index (ODI);
it was mild with an ODI of 5.0-14.9 events/hour, moderate
with an ODI of 15.0-29.9 events/hour, and an ODI of
30 events/hour and above classified as severe OSA. Patients
were generally offered CPAP therapy if they had moderate
or severe OSA, or mild OSA with significant associated
symptoms. Patients with no OSA, or mild OSA without
significant symptoms were not offered CPAP therapy. The
CPAP device offered was a ResMed AirSense 10 Autoset
(ResMed, San Diego, California, USA) and the non-invasive
ventilation (NIV) device offered was a ResMed Lumis
150 VPAP ST-A (ResMed, San Diego, California, USA).

In- and exclusion criteria

Cases were included if they were older than 18 years and
had been referred for bariatric surgery and undergone pre-
operative screening for OSA. Cases were excluded if they
had not had their surgery at the time of data collection
(Figure I).

Outcomes

The primary outcome parameters were the frequency of
post-operative complications and the maximum level of
respiratory support required during the inpatient stay.
Secondary outcomes were the overall LOS, the maximum
level of care received during the inpatient stay, and
mortality.

Statistical analysis

Data are presented as mean [standard deviation (SD)],
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Demographics and sleep data CPAP (n=101) Non-CPAP (n=201) P value
Age, years, mean (SD) 50 (10.0) 46 (12.0) 0.004

Male sex, n (% total cohort) 34 (33.7) 30 (14.9) <0.001
BMI, kg/m®, mean (SD) 50.2 (9.0) 47.0 (6.9) 0.002

Pre-operative weight, kg, mean (SD) 142.2 (29.3) 131.0 (24.1) 0.001

Weight loss at 12 months, kg, mean (SD) 40.3 (18.6) 31.0 (16.1) 0.003

Weight loss at 12 months, % pre-operative weight, mean (SD) 27.5(9.2) 23.3 (10.5) 0.015

No OSA, n (% total cohort) 0 103 (51.2) <0.001
Mild OSA, n (% total cohort) 4 (4.0 98 (48.8) <0.001
Moderate OSA, n (% total cohort) 52 (51.5) 0 <0.001
Severe OSA, n (% total cohort) 35 (34.7) 0 <0.001
Combined OSA & OHS, n (% total cohort) 10 (9.9) 0 <0.001
Epworth Sleepiness Score, points, mean (SD) 9.7 (4.9) 6.9 (4.6) <0.001
Mean SpO,, %, mean (SD) 92.1 (4.5) 95.5(1.2) <0.001
3% ODI, events/hour (SD) 37.7 (22.8) 8.8 (4.7) <0.001
4 % ODI, events/hour (SD) 29.8 (21.0) 5.7 (3.2) <0.001
PRI, events/hour (SD) 42.7 (20.8) 29.2 (14.3) <0.001
Time < SpO, of 90%, % total sleep study (SD) 17.6 (18.8) 1.4 (2.0) <0.001

CPAP, continuous positive airway pressure; BMI, body mass index; SD, standard deviation; OSA, obstructive sleep apnoea; OHS, obesity
hypoventilation syndrome; ODI, oxygen desaturation index; PRI, pulse rise index; SpO,, peripheral blood oxygen saturations; time < SpO,
of 90%, time spent with oxygen saturations less than 90% as a percentage of the total sleep study time.

or median [interquartile range (IQR)] following testing
for normality. Statistical significance was calculated using
Student’s #-test for continuous variables, and a chi-squared
test or a Mann-Whitney U test for non-continuous
variables. Data were collected and analysed using Microsoft
Excel v16.43 (Microsoft Corporation, Washington, USA)
and SPSS (Version 28.0.1.0, IBM, New York, USA).
Statistical significance was defined as P value of <0.05.
Where data were missing, calculations were performed with
the subjects with available data only.

Results

A total of 878 patients were referred for assessment, of
which 302 patients underwent bariatric surgery during the
observation period (Figure I). Of the 302 patients, 34.1%
had no OSA, 33.8% had mild, 17.2% moderate, and 11.6%
severe OSA. 3.3% had concomitant OSA and obesity
hypoventilation syndrome (OHS). A total of 101 (33.4%)
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patients had either moderate or severe OSA, or had mild
OSA with significant symptoms, and were offered CPAP.
Two hundred and one (66.6%) patients either had no OSA,
or had mild OSA without significant symptoms, and were
not offered CPAP (Table 1).

CPAP vs. no CPAP

Of the 101 patients in the CPAP group, 85 (84.2%)
were prescribed long-term CPAP, seven (6.9%) were
recommended to be extubated onto CPAP following
surgery, and nine (8.9%) were referred for further
assessment due to suspected OHS. Of those, seven were
prescribed CPAP and two were established on NIV. Of
the 201 patients in the non-CPAP group, 184 (91.5%)
were prescribed no airway therapy, and 17 (8.5%) were
recommended a MAD independent of any surgery. Patients
requiring CPAP therapy were older, more frequently male,
had a higher BMI, and lost more weight following bariatric
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Table 2 Comorbidities
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Co-morbidity CPAP? (n=101) Non-CPAP?(n=201) P value
Hypertension 47 (46.5) 54 (26.9) <0.001
Type 2 diabetes mellitus 43 (42.6) 58 (28.9) 0.017
Depression and/or anxiety 35 (34.7) 51 (25.4) 0.09
Asthma 11 (10.9) 18 (9.0) 0.59
GORD 8(7.9) 8 (4.0) 0.15

“, data are presented as total numbers of patients with the comorbidity (% of total cohort). CPAP, continuous positive airway pressure;

GORD, gastro-oesophageal reflux disease.

Table 3 Type of surgery

Type of surgery CPAP? (n=101) Non-CPAP?(n=201) P value
Sleeve gastrectomy 55 (54.5) 115 (57.2) 0.65
RYGB 43 (42.6) 69 (34.3) 0.16
Gastric band 2(2.0) 15(7.5) 0.05
Gastric band removal 1(1.0 2 (1.0) 0.997

% data are presented as the total number of patients undergoing each surgery (% of total cohort). CPAP, continuous positive airway

pressure; RYGB, Roux-en-Y gastric bypass.

intervention than those in the non-CPAP group (1able I).

Comorbidities

The most common comorbidities were hypertension and
type 2 diabetes, all of which were more frequent in the CPAP
group. Anxiety and depression, asthma and gastro-oesophageal
reflux disease were similarly common in both groups (Zable 2).

Type of surgery

The most frequent surgical intervention was a sleeve
gastrectomy (n=170, 56.3% of total cohort), followed by
roux-en-y gastric bypass (n=112, 37.1%), gastric band
insertion (n=17, 5.6%), and three (1.0%) gastric band
removals due to intolerable side-effects. There was no
significant difference in the type of surgery undergone
between both groups (Table 3).

Post-operative complications

The observed post-operative respiratory complications
included respiratory infections, exacerbation of airways
disease, and development of acidotic hypercapnic
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respiratory failure requiring the use of acute NIV. Non-
respiratory complications included acute kidney injury
(AKI), acute liver injury (ALI), upper gastrointestinal
bleeding, intra-abdominal bleeding, and wound infections
requiring antibiotic therapy.

There was no between group difference in the rate of
individual complications. However, when analysed according
to the Clavien-Dindo grades there was a difference in grade
I complications that were more frequent in the CPAP group,
with no difference in the grade II and IVa complications.
There were no complications for the other grades. No
patient required any organ support and there were no deaths
during the follow up period in either cohort (7able 4).

Respiratory support

Patients in the CPAP group patients more frequently
required the composite of any oxygen or respiratory support
than those in the non-CPAP group (60.6% vs. 26.3%,
P<0.001) (Tible 5).

Ward level requirements and LOS

The majority of patients were managed in a general surgical
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Table 4 Post-operative complications according to the Clavien-Dindo classification

Post-operative complication CPAP (n=89)* Non-CPAP (n=190)* P value
Grade 1 (total combined) 8(9.0) 5(2.6) 0.02
AKI 3(3.4) 1(0.5) 0.06
Upper Gl bleed 1(1.1) 1(0.5) 0.58
Intra-abdominal bleed 2(2.2) 1(0.5) 0.19
Acute liver injury 2(.2) 2(1.1) 0.43
Grade Il (total combined) 4 (4.5) 4(2.1) 0.27
Intra-abdominal bleed 1(1.1) 2(1.1) 0.96
Respiratory infection 2(.2) 1(0.5) 0.19
Wound infection 1(1.1) 0 0.14
Exacerbation of OAD 0 1(0.5) 0.49
Grade |Va (total combined) 3(3.4) 1(0.5) 0.06
T2RF 1(1.1) 0 0.14
Intra-abdominal bleed 1(1.1) 0 0.14
Respiratory infection 1(1.1) 1(0.5) 0.58

¢, data are presented as total number of patients with each complication (% of total cohort with available data). CPAP, continuous positive
airway pressure; AKI, acute kidney injury; Gl, gastrointestinal; OAD, obstructive airways disease; T2RF, type 2 respiratory failure.

Table 5 Maximum level of post-operative respiratory support.

Respiratory support CPAP?(n=33) Non-CPAP?(n=76) P value
No oxygen 13 (39.4) 56 (73.7) <0.001
Nasal cannula 15 (45.5) 17 (22.4) 0.02
Other oxygen 3(9.1) 2 (2.6) 0.14
CPAP 1(3.0) 1(1.3) 0.54
NIV 1(3.0) 0 0.13
Reintubation 0 0 n/a

¢, data are presented as total number of patients requiring each level of support (% of total cohort with available data). CPAP, continuous
positive airway pressure; NIV, non-invasive ventilation; n/a, not applicable.

ward and there was no between group difference (P=0.06):
85 (96.6%) and 187 (99.5%) patients were managed in
a general surgical ward, whilst three (4.5%) and one
(0.5%) required unplanned ICU level care, in the CPAP
(one patient for severe type 1 respiratory failure due to
infection requiring high-flow oxygen, one due to de novo
hypercapneic respiratory failure requiring NIV, and one
due to major intra-abdominal bleeding) and non-CPAP (one
patient developed severe type 1 respiratory failure due to
respiratory infection requiring high-flow oxygen) groups,
respectively. The overall median LOS was 2 (1.0) days, with
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patients in the CPAP cohort having a longer median LOS [3
(1.5) vs. 2 (1.0) days; P=0.002].

Discussion

About one third of the patients undergoing bariatric
surgery required respiratory support with CPAP for OSA.
Those with a higher BMI and symptom burden were more
likely to have significant OSA requiring CPAP therapy.
They were also more likely to have comorbidities, but also
benefitted more from the intervention, as they lost more

7 Thorac Dis 2023;15(2):802-811 | https://dx.doi.org/10.21037/jtd-22-1501
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weight independent of the type of surgery. In this study, the
number of peri-operative complications following bariatric
surgery was low, with a rate of 2-3%, and balanced between
the two groups, with only minor complications being more
common in patients with more severe OSA and CPAP
therapy. Patients prescribed CPAP therapy were more likely
to require supplemental oxygen postoperatively. Although
there was no difference in the required level of ward care
between the two groups, patients with CPAP therapy had a
slightly longer LOS.

Clinical significance

Patients with OSA seem to be at higher risk of post-operative
complications than those without OSA, with respiratory
and cardiovascular complications predominating (10,11).
Post-operative hypoxaemia and ventilatory disturbances
are common in the general surgical population (17).
Several factors, including pre-operative apnoea-hypopnoea
index, have been associated with the severity of post-
operative SDB (18). Increased airway collapsibility and
airway oedema in patients with untreated OSA are likely to
pose added difficulties to the anaesthetist for intubation (19)
and ventilation (20), with OSA an independent risk factor
for both (21). Anaesthetic drugs exacerbate these problems
by reducing muscle tone, impairing the arousal response,
and reducing ventilatory drive (22). Optimal positioning at
induction, extubating patients when they are completely or
almost awake, and CPAP use in the immediate post-operative
period, are recommended by consensus guidelines (9).

A systematic review of studies assessing peri-operative
complications of bariatric and non-bariatric surgery
described associations between OSA and hypoxaemia and
reintubation (22), whilst in another study there was no
impact of prior CPAP use on outcomes following non-
cardiac surgery, albeit post-operative CPAP use was not
assessed (12). Pre-operative use of CPAP may help reduce
post-operative complications through a reduction in
airway oedema (23). Having at least mild OSA with clinical
symptoms leads to higher rates of respiratory and other
complications, and the risk seems to increase with ODI (24).
Mokhlesi et al. showed how patients with SDB had higher
rates of emergency intubation, acute CPAP/NIV use,
atrial fibrillation, and respiratory failure following bariatric
surgery; data on the post-operative CPAP use was not
available (16). Another prospective study found that OSA
increased the risk of a composite endpoint of death, venous
thromboembolism, re-intervention, and failure to be

© Journal of Thoracic Disease. All rights reserved.
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discharged at 30 days following bariatric surgery, despite
routine post-operative use of CPAP in all patients with
OSA (25). Two meta-analyses concluded that respiratory
and cardiac complications, as well as ICU transfers, were
more frequent in patients with OSA (10,11). LOS and
infection rates also seem to be more frequent in patients
with OSA (22). In the current study, higher risk ratios for
use of oxygen and LOS in patients with significant OSA
may also be confounded by the higher BMI and increased
level of comorbidities in general, not attributable directly to
the OSA.

The use of CPAP might mitigate against these
deleterious effects. Weingarten er /. found no association
between the diagnosis of OSA and post-operative
complications following bariatric surgery, where 93%
of OSA patients used post-operative CPAP therapy and
were closely monitored (14). In a different study, the need
for ICU-level care did not differ between those with and
without OSA where patients with OSA were given CPAP if
they desaturated post-operatively (15). A previous analysis
of a smaller dataset also showed no increased risk of
respiratory complications in patients with significant OSA
compared to those without, with the authors concluding
that the use of CPAP contributed to this outcome (26).
In the current analysis, there was no difference in post-
operative complications between groups and the pragmatic
approach to offer CPAP to patients with moderate and
severe OSA, or symptomatic milder OSA, seems to provide
safe peri-operative care. Appropriate identification of
OSA by screening all surgical candidates, including using
nocturnal oximetry alone without a full polysomnogram (27),
and institution of CPAP in those with OSA, is therefore
likely to improve outcomes for these patients in the post-
operative period (28). Using CPAP after bariatric surgery
is safe and does not lead to higher rates of surgery-related
complications, such as anastomotic leaks (29). Weight loss
was highest in the CPAP group, and this was an unexpected
finding which differs from that of a recent study (30), in
which the OSA group also had a higher BMI but lost less
weight. It is likely that this observation was due to the
different weight at baseline and not due to the use of CPAP
as patients with OSA do not typically experience a beneficial
change in weight (31), they more likely experience a weight
gain (32), in patients who do not undergo bariatric surgery.

Finally, patients living with obesity and OSA represent a
complex cohort who, as observed in our dataset, frequently
have multiple other co-morbidities that could impact on
clinical outcomes following surgery. Whether there is a
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causal relationship between OSA and clinical outcomes in
the peri-operative setting, or whether other comorbidities
confound the results, either individually or in conjunction
with each other, is not entirely clear from the current
evidence. However, CPAP would be expected to have the
most meaningful impact on respiratory and cardiovascular
complications (22). In our analysis, the use of post-
operative CPAP in patients with OSA might have led to an
assimilation in clinical outcomes between the two cohorts
and helped to minimise risks.

Limitations

Our study was limited by a number of factors. There were
data missing for complications and level of respiratory
support. Data for complications were available for 89
(88.1%) patients and 190 (94.5%), on respiratory support
were available in 33 (32.7%) and 76 (37.8%) patients, and
on wards managed in 88 (87.1%) and 188 (93.5%), in the
CPAP and non-CPAP groups, respectively. Respiratory
support data were only used if there was documented
evidence for each day of the inpatient stay. Several patients
were operated in the independent sector or were operated
before full electronic documentation was implemented
at our institution. For these there was only access to
discharge summaries noting whether there had been any
complications, with no daily information on respiratory
support. We included this data as evidence for complications
but could not conclude the level of respiratory support
required. However, it would be reasonable to assume that
were patients to have been intubated, developed an acute
need for NIV, or required high levels of oxygen, this would
have been documented in a discharge summary. None
did, however, so it is likely that none needed this level of
support. Pre- and post-operative data on CPAP compliance
were limited, and the overall number of complications
was small; however, our sample size approximates to those
in other studies (10) and, as a result, our findings should
be considered with caution but reflect valid findings in
clinical services. The limited differences observed in the
complications according to the Clavien-Dindo grades
may also be due to the low sample size, as, when grouped
together, there was a more marked effect. Differences in
respiratory outcomes might have been attributable to CPAP
use, although we cannot infer a causal relationship. Better
compliance by some patients in the CPAP group might have
further contributed to more beneficial outcomes compared
to others with poor compliance. OSA was diagnosed
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using nocturnal oximetry and not the gold-standard
polysomnography which is likely to have underdiagnosed
the prevalence of OSA in our cohort. Nonetheless, this is
normal practice at our institution and in the wider NHS
and other healthcare systems and has been shown to be
effective (27) and supported in NICE (33) and other consensus
guidelines (9). Our data only refers to bariatric surgery and
therefore cannot be generalizable to other types of surgery.

Conclusions

Significant OSA is common in morbidly obese patients.
Complications following bariatric surgery are relatively
rare but require close monitoring, particularly in the at-
risk cohort of patients with higher weight and increased
level of comorbidities. Peri-operative CPAP therapy might
minimise associated risks in their management. Further
prospective studies would be useful to test the best strategic
use of resources in the management of morbidly obese
patients with OSA perioperatively.
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Supplementary

Appendix 1 Variables collected

Variables collected were:

1
2)

DB W N =

3)

)
1
2
3
4
5)

6)

4.
5.
6.

For
only if

Demographic data: Gender, age (years), pre- and post-operative weight (kg), Height (cm), BMI (kg/m?).
Sleep data: Sleep studies were performed at home and were either two nights of pulse oximetry using a Pulsox
300i (Konica Minolta sensing Inc, Hachioji, Tokyo, Japan) or a respiratory polygraphy for a single night using an
ApneaLink (ResMed, San Diego, California). If there was any clinical suspicion of obesity hypoventilation syndrome
(OHS), individuals were referred for an overnight transcutaneous capnography monitoring using TCM5 FLEX
(Radiometer Ltd, Crawley, England). Data collected and calculated from the sleep study were:
. 3% and 4% oxygen desaturation index (ODI, events/hour).
. Mean oxygen saturations (SpO,, %).
. Time with saturations of SpO, <90% as a % of the recorded sleep time (T90).
. Epworth Sleep Score (ESS, points/24).
. Obstructive sleep apnoea (OSA) severity:

i. Classified into no OSA (4% ODI <5 events/hour)

ii. Mild (4% ODI 5-14.9 events/hour)

iii. Moderate (4% ODI 15-29.9 events/hour)

iv. Severe (4% ODI >30 events/hour)
. Pulse rise index (PRI): number of pulse rises >6 beats per minute (events/min).
. Treatment recommended by the sleep specialist analysing the sleep data:

i. None required

ii. Mandibular advancement device (MAD) for symptoms

iii. Continuous positive airway pressure (CPAP) therapy

iv. Extubation onto CPAP

v. Referral for assessment to further investigate potential coexisting obesity hyperventilation syndrome
Co-morbidities: Hypertension, Depression and Anxiety, Type 2 Diabetes mellitus, Asthma, Chronic Obstructive
Pulmonary Disease (COPD), gastro-oesophageal reflux disease (GORD).
"Type of surgery:
. Roux-en-Y-gastric bypass (RYGB)
. Sleeve gastrectomy (SG)
. Gastric banding (GB)
. Gastric band removal (GB removal)
Post-operative complications (respiratory and non-respiratory) during the inpatient stay. They were classified
according to the Clavien-Dindo Classification (34).
Maximal level of respiratory support required during inpatient stay. Data were excluded if there was no documentation
of the respiratory status throughout the whole of the admission:
. No oxygen
. Nasal cannulae (oxygen supplied via nasal cannulae up to 6L per min of oxygen)
. Other oxygen (oxygen supplied via face mask, venturi mask, humidified circuit, or high-flow oxygen via nasal
cannulae)
CPAP
Bilevel positive pressure ventilation/non-invasive ventilation (INIV)
Intubation and ventilation (after post-operative extubation)
patients already on CPAP or NIV following pre-operative screening, they were considered to require CPAP or NIV
they used it for an indication other than their OSA or OHS (e.g., because of an acute respiratory failure due to an

infection).
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7) Highest level of care:
1. Intensive Care Unit/High Dependency Unit (level 2 or 3)
2. General surgical ward (level 1)

8) Length of in-hospital stay (days).

9) Inpatient mortality.
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