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I. Introduction

Obesity is a rising public health challenge of the past decades.** Far from being a
condition controlled by individual choices and caused only by environmental factors,
obesity involves multiple biological systems that are in a constant fight to protect us from
losing body weight. Obesity is defined as excess accumulation of body fat (estimated by
the Body Mass Index (BMI), which is weight in kilograms divided by height in meters
squared). Above an optimal BMI comprised between 22.5 and 25 kg/m?, each 5 kg/m2
higher BMI is on average associated with 30% higher overall mortality.® In France, 47.3%
of the global population is overweight (Body Mass Index [25-30] kg/m?), and 17% suffers

from obesity (BMI > 30 kg/m2).©®

The accumulation of fatty tissues in the neck narrows the upper respiratory tract, that is
more likely to collapse in the supine position during sleep.() This phenomenon leads to
an obstructive sleep breathing disorder strongly associated with obesity: obstructive sleep
apnea.® Obstructive episodes lead to hypopnea, apnea and intermittent hypoxia (with
acute drop of oxygen saturation)®, often followed by transient brain arousal and
awakenings that have multiple acute and chronic adverse consequences:. excessive
daytime sleepiness, car accidents, deterioration in quality of life and chronic sympathetic

activation resulting in premature mortality by cardio-vascular events.(19

In the peri-operative setting, obstructive sleep apnea and obesity are now recognized as
independent risk factors of respiratory complications: difficult mask ventilation, difficult
intubation and related complications, postoperative pulmonary complications including
atelectasis, pneumonia, acute respiratory distress syndrome and intensive care unit

admission.(1-20)

Continuous Positive-Airway-Pressure (CPAP) therapy, with a device that provides a
continuous jet of air to the airway as the person breathes, helps to keep the throat from
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narrowing during sleep. This device is considered the first-line therapy for severe
obstructive sleep apnea. 112122 However, adherence to treatment is challenging : about

two thirds of patients report bad adherence.@

The key to obstructive sleep apnea resolution among patients with obesity is weight-
loss.(?42% Surgical procedures are more effective than medical procedures to achieve a
sustainable weight loss.?®) Weight loss by non-surgical means is non-satisfactory and
non-sustainable, while bariatric surgery has been proven to be the most effective mean
for durable weight loss. In addition to weight loss, bariatric surgery results in cure or
improvement of obstructive sleep apnea in a significant proportion of patients.?”-2% Rate
of use of Sleeve gastrectomy has increased regularly and represented 61.1% of all
bariatric operations in 2018, taking the share of adjustable gastric banding.G% The middle
and long-term benefits obtained with Sleeve gastrectomy regarding excessive weight-
loss and resolution of comorbidities including obstructive sleep apneas result in a
postoperative shift from high risk to lower risk in the American Society of
Anesthesiologists (ASA) risk category.®1-42 This decrease in the ASA risk category is
especially relevant for anesthesiologists, meaning a decrease in postoperative
complications when the patient will experience other surgeries, months or years following

the bariatric surgery.

An issue remains, as about half of patients experience de novo-gastroesophageal reflux
symptoms after sleeve gastrectomy, leading to heartburn and regurgitation symptoms,
chronic esophagitis, metaplasia and neoplasia, and proton-pump inhibitor
dependence.®3-48) An alternative to sleeve gastrectomy with concomitant anti-reflux
fundoplication (Nissen-Sleeve Gastrectomy) has recently emerged as a new valid option
to treat preexisting gastroesophageal reflux disease or prevent de novo-

gastroesophageal reflux apparition after sleve gastrectomy.®9-51)
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The relationship between gastroesophageal reflux and sleep apnea is often overlooked.
Peri-operative and long-term respiratory outcomes of patients with severe sleep
obstructive sleep apneas following Nissen-sleeve have never been studied yet.
The aim of this study was to investigate if the Nissen-Sleeve was associated with higher
rate of CPAP discontinuation at 3 years after surgery, in comparison with Sleeve
gastrectomy. The secondary objectives were to investigate if the Nissen-Sleeve was
associated with a decrease in the rate of patients reporting gastroesophageal reflux
symptoms and post-operative surgical and respiratory complications. We made the
hypothesis that the Nissen-Sleeve would be associated with a decrease of CPAP

requirement at 3 years after surgery, in comparison with Sleeve gastrectomy.
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Il. Materials and methods

Study design & setting

This single center, observational, historic-prospective cohort-based study was carried out

at the University Hospital of Saint-Eloi, Montpellier, France.

Patients Selection

All consecutive patients who underwent Nissen-Sleeve gastrectomy or Sleeve
gastrectomy as part of routine clinical care from 1st January 2018 to January 2019 were
assessed for eligibility. Patients with unknown obstructive sleep apneas status or no

indication for CPAP-therapy were not included.

The year 2018 to include patients was chosen as the indications of adding a Nissen-
fundoplication to standard Sleeve gastrectomy evolved in our institution from patients with
preoperative gastroesophageal reflux disease only to a less restrictive indication. This
resulted in about a half/half distribution between Nissen-Sleeve and Sleeve gastrectomy

during this year.

Data collection & variables

Data were collected prospectively through an observational cohort including all patients
having a bariatric procedure in our institution. The study project has been approved by

the appropriate ethics committee ‘Comité-de-Protection-des-Personnes (N° ID-RCB

: 2011-A01324-37). The need for informed consent was waived by the ethics committee.
The cohort was registered on clinicaltrials.gov “NCT02310178". The data were collected
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during systematic pre and post-operative check-in by a multidisciplinary medical and
paramedical team dedicated to bariatric surgical patients. The patients who did not fulfill
their check-ins and whose personal data was outdated were tracked. They were
contacted privately by phone call conducted by a single medical assistant, blinded from
the type of surgery, at 3-years follow-up between January and June 2021. Missing
baseline characteristics were completed retrospectively using the patient's medical

record.

All patients were screened for obstructive sleep apnea before surgery by either intra-
hospital or ambulatory nocturnal polygraphic assessment. Obstructive sleep apnea status
and apnea-hypopnea index values were evaluated by patient’'s chosen sleep-physicist
using his routine definition criteria. The demographic profile and comorbidities were
collected during multidisciplinary (surgeon, endocrinologist, anesthesiologist) medical
consultation conducted between 1 week and 3 months before surgery.
Ideal body weight (kg) and excess body weight (kg) were calculated using Devine

formula.

Per-operative data were collected through the anesthetic per-operative and post-
anesthesia care unit (PACU) report file: surgery duration (from incision to closure),
positive pressure pre-oxygenation, rapid sequence induction, type of neuromuscular
blocker used, difficult mask ventilation, Cormack score, minimal post-induction oxygen
saturation, minimal mean non-invasive arterial pressure, per-operative surgical
complication, Sequential Acute Physiologic Score Il (SAPS-Il) on monitored care unit
admission, in PACU: CPAP use, oxygen support and length of stay. Post-operative
complications were collected prospectively and retrospectively based on medical record

(DxCare®).
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Long-terms outcomes were collected on systematic post-operative ambulatory one-day-
hospitalization visit proposed yearly for each patient. Missing variables were collected
during a private phone-teleconsultation conducted by a physicist blinded to the type of
surgery. Patients were asked about CPAP discontinuation, if they undergo sleep study
before discontinuation, about self-reported CPAP adherence, about residual obstructive
sleep apnea manifestation (American Association of Sleep Medicine, International
Classification of Sleep Disorder-3 criteria and STOP-BANG questionnaire without neck
circumference as this data was not collected), about current sleep-physicist follow-up,
current weight, nadir weight, physical activity habits (Short-Form-36 quality of life
guestionnaire physical activity assessment and resulting metabolic equivalent (eqMET)
categorization), gastroesophageal reflux symptoms (occasional or daily heartburn or
regurgitation) and anti-acid intake (occasional or daily), insulin or oral antidiabetic

discontinuation and if their antihypertensive treatment was lightened or discontinued.

The primary endpoint was self-reported CPAP discontinuation. The main secondary
endpoint was self-reported gastroesophageal reflux symptoms. The other secondary
endpoints were long-term and peri-operative criteria. Long-term endpoints collected were:
Nocturnal polygraphy before discontinuation, post-operative apnea-hypopnea index, self-
reported sleep disturbance, high residual obstructive sleep apnea syndrome probability,
medical sleep follow-up, proton-pump-inhibitor intake, Short-form health survey (SF-36)
physical activity score, metabolic equivalent category, Insulin or oral antidiabetic
discontinuation, anti-hypertensive medication discontinuation, underwent an other
surgery under general anesthesia since bariatric procedure, excess body-weight. Peri-
operative endpoints were: Surgery duration, intraoperative surgical complication, SAPS
I, PACU CPAP use, PACU morphine titration, PACU length of stay, PACU oxygen

therapy, intra-hospital postoperative complication, intra-hospital length of stay.
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Statistical analysis

Expecting a difference of first-attempt success of 35% between Sleeve gastrectomy and
Nissen-Sleeve groups (from 45% to 80%),?® we calculated the sample size as 29 per
group, using a x2 test, with an a level of 0.05 and a power of 0.80. We decided to include
at least 40 surgeries per period (total of 80 surgeries) to compensate for missing data and
matching procedure and calculated that the one-year period of 2018 would allow to

include at least the required number of surgeries.

All quantitative variables were described with median and interquartile range (25™-75th
percentile) and compared with non-parametric test (Wilcoxon/Mann-Whitney). Qualitative
variables were described with percentage (%) and compared with x2 or exact Fisher test
as appropriate. In case of missing values, the number of available values was clearly

stated for each variable.

A matching procedure was performed to form two groups with equivalent baseline
characteristics and limit selection bias between Nissen-Sleeve and Sleeve-gastrectomy
groups. Patients with Nissen Sleeve were matched to patients with Sleeve gastrectomy,
according to the following three criteria: gender, gastroesophageal reflux symptoms and

body mass index +5%.

Main and secondary outcomes were evaluated in all matched patients except those whom
data was either not found in medical report file and patients were unreachable by e-mail
or phone. For the main outcome and the main secondary outcome, a x2 test was used to
compare Nissen-sleeve and Sleeve-gastrectomy groups. Odds ratio with corresponding
95% confidence interval were computed. For the other outcomes, a x2 test, exact Fisher
test or Mann-Whitney test was used according to the type of outcome (qualitative or

guantitative).
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The statistical analysis was performed with the help of statistical software: SAS version

9.3, SAS Institute; Cary, NC). P value <0.05 was considered statistically significant.

Ill. Results

Study participants

Two-hundred and twenty-three patients underwent bariatric surgery between 15t January
2018 and 31" December 2018. Seven patients underwent other bariatric procedure than
Nissen-Sleeve or Sleeve-Gastrectomy (1 gastric bypass, 4 Toupet-Sleeve and 2
unspecified other bariatric interventions). Twelve patients had missing preoperative data
about obstructive sleep apnea and were not included, 118 patients had no severe

obstructive sleep apnea requiring CPAP.

Baseline characteristics of the 46 Nissen-Sleeve and 40 Sleeve gastrectomy eligible for

analysis are presented in Table 1.

Thirty-three Nissen-Sleeve patients were matched with 33 Sleeve Gastrectomy patients.
The matching procedures was performed on variables that were statistically different
between groups before matching (Table 1): gender, gastroesophageal reflux symptoms
and BMI. The effectiveness of matching was 81% on gender category, 70% on
gastroesophageal reflux symptoms and 100% on BMI (x5%). Flow chart of the study

participants is presented in Figure 1.

Baseline characteristics of the matched cohort

Baseline characteristics of the matched cohort are reported in Table 2 and peri-operative

characteristics of the matched cohort are reported in Table 3.
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Median age at the time of surgery was 51 (44-58) years, 74% were classified ASA Ill and
26% ASA Il. Their median BMI was 42 (38-46) kg/m? preoperatively, corresponding to a
median excess body weight of 56 (46-69) kg. The two groups were clinically comparable
after matching. There was no difference of baseline excess body weight between groups

(Figure 2).

Main primary outcome

At 3 years follow-up, CPAP therapy status was known for 63 patients. Among them, 43/63
(68%) had discontinued their CPAP therapy: 25/31 (81%) and 18/32 (56%) in the Nissen-
Sleeve and Sleeve Gastrectomy group respectively (p=0.038, odds ratio 3.24

95%CI(1.04-10.05)). Results on the main-primary outcome are shown in Figure 3.

Main secondary outcome

In the Nissen-Sleeve group, 30 (91%) patients did not report any gastroesophageal reflux
symptoms, 3 (9%) reported symptoms. In the Sleeve gastrectomy group, 14 (42%) did
not report any gastroesophageal reflux symptoms, 19 (47%) reported symptoms. The
difference was statistically significant (p<0.001, odds ratio 13.6 95% CI (3.4-53.6).

Results on the main secondary outcome are shown in Figure 4.

Other long-term secondary outcomes

Before CPAP discontinuation, 13/43 (30%) did not underwent nocturnal polygraphy (7/25
and 6/18 patients in Nissen-Sleeve and Sleeve Gastrectomy groups respectively,
p=0.202). Post-operative apnea-hypopnea index were available for 13 patients, median

apnea-hypopnea index was 21 (7.4-32), 17.5 (7.4-22), 40.2 (5.6-68) in overall, Nissen-
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Sleeve and Sleeve Gastrectomy groups respectively (p=0.091). The results on long-term
outcomes are shown in Table 4. There was no difference of excess body weight between

groups 6 months, 1 year and 3 years following surgery (Figure 2).

Peri-operative secondary outcomes

Median Surgery duration was 105 minutes (89-130) in the Nissen-Sleeve and 95 minutes
(70-110) in the Sleeve Gastrectomy groups (p=0.070). Non-invasive positive pressure
pre-oxygenation was performed in 10 (15%) of patients, rapid sequence induction in 12%
of cases. Difficult mask ventilation occurred in 6/62 (11%) cases. Thirteen (20%) cases
were scored Cormack 3 or 4. Twenty-four (36%) received Morphine during PACU stay, 2
(3%) had CPAP-therapy during PACU. Fifty-six (85%) required oxygen during the first
post-operative night. The median length of stay in monitored care unit and hospital was
1 (1-1) and 4 (4-4) nights respectively. There was no difference between groups. The

results on secondary outcomes are shown in Table 5.
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IV. Discussion

For the first time, we reported in this matched historic-prospective cohort study, that the
rate of CPAP discontinuation was higher in the Nissen-Sleeve group than in the Sleeve
gastrectomy group: 25/31 (81%) and 18/32 (56%) respectively (p=0.038) (Figure 2, Table
4), despite similar baseline characteristics. Meanwhile, the rate of gastroesophageal
reflux symptoms was thirteen times lower in the Nissen-Sleeve group than in the Sleeve-
gastrectomy group, with no difference on other long-term respiratory outcomes or peri-

operative outcomes.

Other studies that investigated this outcome after bariatric surgery owed almost similar
rates of CPAP discontinuation. In these studies, factors including younger age, lower pre-
procedure weight and greater weight loss were found to positively predict self-reported
obstructive sleep apnea remission.2-%% Those variables were equivalent between the
two groups assessed in the present study, Nissen-Sleeve and Sleeve gastrectomy
groups. Of the 43 CPAP discontinuations, 30 (70%) patients underwent nocturnal
polygraphy, however in the other 13 cases (30%) no objective measure of sleep events
like apnea-hypopnea index was performed. While CPAP is considered a valuable patient-
centered endpoint to evaluate improvements in obstructive sleep apnea, CPAP
discontinuation might likely be inappropriate, as potentially in relation with a subjective
feeling of obstructive sleep apnea resolution consecutive to weight loss. In a meta-
analysis by Greenburg et al.®®), of twelve studies including 342 patients who underwent
bariatric surgery, mean body-mass-index dropped from 55.3 to 37.7 kg/m?2 while the mean
apnea-hypopnea index dropped from 54.7 event/h to 15.8 events/h. They conclude that
despite improvement of apnea-hypopnea index values in nearly all cases after surgery,
residual obstructive sleep apnea might persist in mild or moderate forms in the vast
majority of cases.(®6:57) In the present study, median baseline apnea-hypopnea index was

48 (39.0-60.9) event per hour, and dropped to 21 (7.4-32) in a small sample of 13 post-
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operative apnea-hypopnea index values available, which is consistent with moderately
severe persisting obstructive sleep apnea (Table 4). Nastatek et al.®® recently studied
modification of obstructive sleep apnea severity and CPAP compliance around bariatric
surgery in a prospective study. One third of the original sample underwent postoperative
polysomnography, with residual obstructive sleep apnea in most cases. Compliance to
CPAP rate was less than 50%. Two thirds of the original sample did not undergo post-
operative polysomnography.®® In the present study, at 3 years follow-up, 60% of patients
with previous severe obstructive sleep apnea had no regular sleep follow-up, whereas
71% had high probability of residual obstructive sleep apnea (STOP-BANG > 2, with
limitations regarding neck-circumference measurement in the setting of phone
consultation, or more than 2 AASM diagnosis criteria, Table 5). These results highlight
the need for more frequent and probably more effectively enforced follow-up visits after
bariatric surgery. This could be accompanied by CPAP compliance analysis and
identification of possible issues influencing CPAP therapy (value of pressure, mask fit,
psychosocial factors affecting CPAP use).®® Failing to recognize or treat persistent
obstructive sleep apnea may significantly impact health and quality of life, leading to

ensuing weight gain and increased cardiovascular risks.(©%)

Our main secondary outcome was self-reported gastroesophageal reflux. As expected,
self-reported gastroesophageal reflux was significantly lower after Nissen-Sleeve (3
patients, 9%) than after Sleeve-gastrectomy (19 patients, 58%). Those results are
consistent with previous studies.%61) De novo reflux might impact patients’ quality of life,
requiring lifelong proton pump inhibitor medication, increases the risk of esophagitis and
formation of Barrett’'s metaplasia. Gastroesophageal reflux disease is one the most
common reason for conversion to gastric bypass. For the same reason, preoperative
reflux is still considered a relative contra-indication to Sleeve-gastrectomy, and hinders

its widespread.(®?
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In the present study, peri-operative surgical complications occurred in only 2 cases: one
intraoperative minor bleeding of the splenic artery and one major hemorrhagic shock that
occurred in PACU following a Nissen-Sleeve gastrectomy. No symptomatic respiratory
complication occurred. The 3 patients with respiratory complications (Table 5) were
asymptomatic pleural effusion and atelectasis. These observations are consistent with
previous studies about post-operative complications after bariatric surgery. In a multi-
center prospective database from the American College of Surgeons,®® respiratory
complications occurred in 0.6% for post-operative pneumonia and 0.6% for postoperative
respiratory failure. In the sample of 66 patients reported in the present study, post-
operative pulmonary complications were unlikely to happen in any group. As expected,

no pulmonary embolism was reported.

The most dreadful post-operative complication of this procedure is gastric leak, which
implies a long hospital stay, interventions, morbidities and sometime mortality. The
International Sleeve Gastrectomy Expert Panel Consensus Statement 2011, reported a
leak rate of 1.06%,©4 but it can vary between 1% and 3%.©% The present study sample
is small and no gastric leak or perforation occurred. Increased risk of post-operative
respiratory or surgical complication when associating fundoplication remains of debate

as no comparative study still exists.1.66)

Besides these limitations, the strength of the current study is that it’s the first to investigate

potential respiratory benefits of combining fundoplication to standard Sleeve gastrectomy.

Recent researches have reported that obstructive sleep apnea and gastroesophageal
reflux symptoms are closely related. However, the exact causative relationship between
them remains contradictory.(®768) Obstructive sleep apnea and gastroesophageal reflux
disease are common chronic diseases among patients with obesity and share several

similar risk factors. The prevalence of gastroesophageal reflux in obstructive sleep apnea
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patients is significantly higher than in the general population; however, no temporal or
causal relationship has ever been demonstrated between gastroesophageal reflux and
obstructive sleep apnea.®® One recent study found that gastroesophageal reflux is
independently associated with obstructive sleep apnea, even while controlling for
potentially related conditions. The strongest relationship was seen when using the
strictest definitions of gastroesophageal reflux disease and obstructive sleep apnea in a

study that was performed by 24h-pH monitoring and nocturnal polysomnography.(®

However, gastroesophageal reflux and obstructive sleep apnea might be related because
of the positive effects that result from their treatment, although pathogenesis could not
reveal the exact causal associations. The causal relationship of CPAP treatment on
nocturnal gastroesophageal reflux symptoms resolution is well established. In the study
of Tawk et al,(") one-week CPAP use seemed to be effective in obstructive sleep apnea
patients with heartburn symptoms. The underlying mechanism might be negative
mediastinal pressure during obstructive events favoring gastroesophageal reflux

episodes, thus mitigated by positive airway pressure therapy.(1-74)

It would be controversial to say whether treatment of gastroesophageal reflux could
improve obstructive sleep apnea. Treatment of gastroesophageal reflux disease in
obstructive sleep apnea patients improves sleep quality, but only few studies found
significant difference in obstructive events.(">-77) Effective treatment of gastroesophageal
reflux disease could improve subjective sleep parameters, such as sleep duration and
sleep quality regardless of any effect of apnea/hypopnea events. Out of the bariatric
setting, Nissen fundoplication was found improving patient’s perception of their sleep

quality, with polysomnographic modifications of sleep architecture.(’®

The strengths of this study is that it is the first study to investigate obstructive sleep apnea

after Nissen-Sleeve. The 3 years assessment of the main outcome was blinded to the
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type of surgery and there was few missing data. The potential selection bias was
mitigated by a matching procedure to ensure comparability.
The major weaknesses are, on one hand, that the study sample is too small to evaluate
the post-operative complications rate that are uncommon. On the other hand, a
systematic polysomnography would have been useful to quantitatively evaluate sleep

events and obstructive apnea resolution.

V. Conclusion

This study showed a higher rate of CPAP discontinuation 3 years after Nissen-sleeve
than after Sleeve-gastrectomy. Self-reported post-operative gastroesophageal reflux
symptoms were also significantly reduced. A causal association between those two

endpoints remains to be further investigated.
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Tables:

Table 1: Main Characteristics of the 86 patients with CPAP before Matching

procedure
Overall Nissen- Sleeve
(N=86) Sleeve Gastrectomy p value
(n=46) (n=40)
Age at the time of surgery, years 0.744

Median 50.5 (44.5-56) 51.5 (45-56) 49 (42.5-57)

Range 16-76 16-71 16-76
ASA category, n (%) 0.541

I 0 (0%) 0 (0%) 0 (0%)

Il 22 (26%) 13 (28%) 9 (23%)

11 64 (74%) 33 (72%) 31 (78%)

v 0 (0%) 0 (0%) 0 (0%)

Body mass index, kg/m? 0.020

Median 41.5 (38-46) 40.5 (38-44) 43.5(39-47.5)

Range 34-64 34-61 34-64
Gender, n (%) 0.022

Female 54 (63%) 34 (74%) 20 (50%)

Male 32 (37%) 12 (26%) 20 (50%)

Diabetes, n (%) 0.344

No 54 (63%) 31 (67%) 23 (58%)

Yes 32 (37%) 15 (33%) 17 (42%)

Hypertension, n (%) 0.181

No 30 (35%) 17 (37%) 13 (33%)

Yes 56 (65%) 29 (63%) 27 (67%)

Self-reported CPAP adherence n, (%) 0.539

No 24/81 (30%)  14/33 (33%)  10/38 (36%)

Yes 57/81 (70%)  29/33 (67%)  28/38 (74%)
Apnea-Hypopnea-Index, event/hour* 0.205

Median 48 (37-60.9) 48 (32-58) 48 (40-70)

Range 9.8-108 9.8-108 20-103
Gastroesophageal reflux symptoms , 0.014
n (%)

No 45 (52%) 18 (39%) 27 (68%)

Yes 41 (48%) 28 (61%) 13 (32%)
Proton-pump-inhibitor intake, n (%) 0.041

No 50 (58%) 21 (46%) 29 (73%)

Yes 36 (42%) 25 (54%) 11 (27%)

Abbreviations: ASA = American Society of Anesthesiologists; CPAP = Continuous Positive Airway

Pressure

* Apnea-Hypopnea-Index was available for 29 patients in the group Nissen-Sleeve and 23 patients in the

group Sleeve gastrectomy.
Quantitative variables are presented as median and interquartile range (25" percentile -75" percentile)

and Range (minimal and maximal value). Qualitative variables are expressed in numbers and %.
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Table 2: Baseline characteristics of the 66 patients with CPAP after matching
procedure

Overall Nissen-Sleeve Sleeve Gastrectomy p
(N=66) (n=33) (n=33) value
Age at the time of surgery, years 0.938

Median 51 (44-58) 52 (44-55) 50 (43-60)

Range 16-76 16-71 16-76
ASA category, n (%) 0.778

I 0 (0%) 0 (0%) 0 (0%)

Il 17 (26%) 8 (24%) 9 (27%)

11 49 (74%) 25 (76%) 24 (73%)

v 0 (0%) 0 (0%) 0 (0%)

Body mass index, kg/m? 0.884

Median 42 (38-46) 42 (38-45) 42 (34-46)

Range 34-64 34-61 34-64
Body mass index category, n (%) 0.792

30-40 21 (32%) 11 (33%) 10 (30)

40-50 39 (59%) 19 (58%) 20 (61%)

>50 6 (9%) 3 (9%) 3 (9%)

Excess Body Weight, kg 0.899

Median 56 (46-69) 56 (45-68) 56 (48-70)

Range 43-84 37-109 38-126
Gender, n (%) 0.215

Female 37 (56%) 21 (64%) 16 (48%)

Male 29 (44%) 12 (36%) 17 (52%)

Diabetes, n (%) 0.211

No 39 (59%) 22 (67%) 17 (42%)

Yes 27 (41%) 11 (33%) 16 (48%)

Hypertension, n (%) 0.181

No 25 (38%) 16 (48%) 9 (32%)

Yes 41 (62%) 17 (52%) 24 (68%)s
Respiratory disease, n (%) 0.682

Asthma 6 (18%) 2 (6%) 4 (12%)

Chronic obstructive pulmonary disease 2 (6%) 1 (3%) 1 (3%)

Pulmonary embolism 2 (6%) 2 (6%) 0 (0%)

Self-reported CPAP adherence n, (%) 0.637

No 18/65 (28%) 10/32 (33%) 11 (39%)

Yes 47/65 (72%) 23/32 (72%) 24 (72%)
Apnea-Hypopnea-Index, event/hour* 0.264

Median 34.6-61.9 445 (32-58.5) 46.8 (39.5-70)

Range (min-max) 9.8-108 9.8-108.0 20.0-103.0
Gastroesophageal reflux symptoms , n 0.618
(%)

No 38 (58%) 18 (55%) 20 (61%)

Yes 28 (42%) 15 (45%) 13 (39%)

Occasional 8 (12%) 1 (3%) 7 (21%)
Daily 20 (30%) 14 (42%) 6 (18%)
Proton-pump-inhibitor intake, n (%) 0.306
No 42 (64%) 19 (58%) 23 (70%)
Yes 24 (36%) 14 (42%) 10 (30%)
Occasional 6 (9%) 4 (12%) 2 (6%)
Daily 18 (27%) 10 (30%) 8 (24%)

Abbreviations: ASA = American Society of Anesthesiologists; CPAP = Continuous Positive Airway
Pressure

* Apnea-Hypopnea-Index was available for 24 patients in the group Nissen-Sleeve and 20 patients in the
group Sleeve-gastrectomy.

Quantitative variables are presented as median and interquartile range (25" percentile -75" percentile)
and Range (minimal and maximal value). Qualitative variables are expressed in numbers and %.
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Table 3: Peri-operative characteristics of the study population after matching

procedure
Overall Nissen-Sleeve Sleeve Gastrectomy p
(N=66) (n=33) (n=33) value

Positive pressure pre-oxygenation, n 0.492
(%)

No 56 (85%) 29 (88%) 27 (82%)
Yes 10 (15%) 4 (12%) 6 (18%)

Rapid sequence induction, n (%) 0.425
No 51/58 (88%) 25/30 (83%) 26/28 (93%)

Yes 7/58 (12%) 5/30 (17%) 2/28 (7%)

Mask ventilation, n (%) 0.513
Not performed 6/55 (11%) 5/30 (14%) 2/26 (8%)

Easy 43/55 (78%) 23/30 (79%) 20/26 (77%)
Difficult 6/55 (11%) 2/30 (7%) 4/26 (15%)

Neuromuscular blocking agent, n (%) 1.000
Cisatracurium 49/50 (98%) 26/27 (96%) 23/23 (100%)
Suxamethonium 1/50 (2%) 1/27 (34%) 0/23 (0%)

Cormack score, n (%) 0.757
1-2 53 (80%) 27 (82%) 26 (79%)

3-4 13 (20%) 6 (18%) 7 (21%)
Yes 45 (78%) 25 (83%) 20 (71%)

Minimal SpO2, %* 0.223
Median 94 (90-97) 95 (91-97) 93 (89-95)

Range 57-100 83-100 57-100

Minimal mean arterial pressure, 0.313

mmHg**

Median 62 (55-70) 62 (55-68) 62 (58-71)
Range 34-97 34-84 47-97

Abbreviations: SpO2 = pulsed oxygen saturation (%)

* Minimal SpO2 was available for 26 patients in the group Nissen-Sleeve and 26 patients in the group
Sleeve gastrectomy.

** Minimal mean arterial pressure was available for 26 patients in the group Nissen-Sleeve and 26
patients in the group Sleeve gastrectomy.

Quantitative variables are presented as median and interquartile range (25" percentile -75" percentile)
and Range (minimal and maximal value). Qualitative variables are expressed in numbers and %.
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Table 4: Long term outcomes (3 years after surgery) after matching procedure

Overall Nissen- Sleeve p value
(N=66) Sleeve Gastrectomy
(n=33) (n=33)
Obstructive sleep apnea related outcomes
CPAP discontinuation, n (%) 0.038

No 20/63 (32%) 6/33 (19%) 14/32 (44%)

Yes 43/63 (68%) 25/33 (81%)  18/32 (56%)

Nocturnal polygraphy before discontinuation, 0.202

n (%)

No 13/43 (30%) 6/25 (24%) 7/18 (39%)

Yes 30/43 (70%) 19/25 (76%)  11/18 (61%)
Post-operative apnea-hypopnea index, 0.091

event/hour*

Median 21 (7.4, 32) 17.5(7.4,22) 40.2 (5.6, 68)

Range 7.4-97 2-32 5-97
Self-reported sleep disturbance, n (%) 0.430

No 39/62 (63%) 21/31 (68%)  18/31 (58%)

Yes 23/62 (37%) 10/31 (32%)  13/31 (42%)

High residual OSAS probability, n (%)

STOP-BANG > 2 44162 (71%) 22/31 (71%)  22/31 (71%) 1.000

AASM clinical criteria > 2 46/62 (74%) 23/31 (74%)  23/31 (74%) 0.836
Medical sleep follow-up, n (%) 0.196

No 37/62 (60%) 21/31 (68%) 16/31 (52%)

Yes 25/62 (40%) 10/31 (32%)  15/31 (48%)

Gastroesophagal reflux disease related outcomes
Gastroesophageal reflux symptoms , n (%) <0.001

No 44 (67%) 30 (91%) 14 (42%)

Yes 22 (33%) 3 (9%) 19 (58%)
Proton-pump-inhibitor intake, n (%) <0.001

No 46 (70%) 30 (91%) 16 (48%)

Yes 20 (30%) 3 (9%) 17 (52%)

Other outcomes
SF-36 physical activity score (/30)*** 0.369

Median 28 (26-29) 28 (26-29) 27 (26-29)

Range 10-30 17-30 10-30
Metabolic equivalent category, n (%) 0.826

<4 8/60 (13%) 3/30 (10%) 5/30 (17%)

>4 52/60 (87%) 27/30 (90%)  25/30 (83%)

4-7 26/60 (43%) 13/30 (43%)  13/30 (43%)

27 26/60 (43%) 14/30 (47%)  12/30 (40%)
Insulin or oral antidiabetic discontinuation, n 0.687
(%)

No 10/27 (37%) 5/11 (45%) 5/16 (31%)

Yes 17/27 (63%) 6/11 (55%) 11/16 (69%)
Anti-hypertensive medication 0.965
discontinuation, n (%)

No 25/41 (61%) 10/17 (59%)  15/24 (62%)

Yes 16/41 (39%) 7117 (41%) 9/24 (38%)

Underwent an other surgery under general 0,921

anesthesia since bariatric procedure, n (%)

No
Yes

21/39 (54%)
18/39 (46%)

9/17 (53%)
8/17 (47%)

12/22 (55%)
10/22 (45%)

Abbreviation: PACU = Post-Anesthesia Care Unit Abbreviations; SAPS Il: Sequential Acute

Physiologic Score Il 2; SF: Short-Form; OSAS: Obstructive Sleep Apnea Syndrome
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* Post-operative Apnea-Hypopnea-Index was available for 7 patients in the group Nissen-Sleeve
and 6 patients in the group Sleeve gastrectomy.

*STOP-BANG Score: 1 point per item, loud snoring, sleepiness, remarked obstructive events,
hypertension, BMI > 35, Male gender and age above 50 years. Neck-circumference was not
available.

*** SF-36 physical activity score was available for 30 patients the group Nissen-Sleeve and 31
patients in the group Sleeve gastrectomy. 10 item, Score varies between 10 (extremely limited
physical activity) and 30 (no limitation in daily physical activity)

Quantitative variables are presented as median and interquartile range (25th percentile -75th
percentile) and Range (minimal and maximal value). Qualitative variables are expressed in
numbers and %.
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Table 5: Peri-operative outcomes after matching procedure

Overall Nissen-Sleeve Sleeve p
(N=66) (n=33) Gastrectomy value
(n=33)
Surgery duration, minutes* 0.070
Median 101 (81-120) 105 (89-130) 95 (70-110)
Range 36-183 53-180 36-183
Intraoperative surgical complication, n 1.
(%) 00
0
Hemorrhage 2 (3%) 1 (1.5%) 1 (1.5%)
Other 0 (0%) 0 (0%) 0 (0%)
Sequential Acute Physiologic Score 0.880
”**
Median 13 (11-18) 13 (10.5-18) 13 (11-18)
Range 6-40 6-40 6-29
PACU CPAP use, n (%) 1.000
No 62/64 (97%) 31/32 (97%) 31/32 (97%)
Yes 2/64 (3%) 1/32 (3%) 1/32 (3%)
PACU morphine titration, n (%)
No 42 (64%) 19 (58%) 23(70%)
Yes 24 (36%) 14 (42%) 10 (30%)
Dose, mg 7 (4-10) 8 (4-10) 6 (5-8) 0.280
PACU length of stay, number of nights 0.320
Median (25th,75th %-ile) 1(1-1) 1(1-1) 1(1-1)
Range (min-max) 1-7 1-7 1-2
PACU oxygen therapy, n (%) 0.608
No 10 (15%) 4 (12%) 6 (18%)
Yes 56 (85%) 29 (88%) 27 (82%)
Intra-hospital postoperative 1.000
complication, n (%)
Respiratory 3 (5%) 1 (3%) 2 (6%)
Atelectasis 1 (2%) 0 (0%) 1 (3%)
Pleural effusion 2 (3%) 1 (3%) 1 (3%)
Hemorrhage 1 (2%) 1 (3%) 0 (0%)
Intra-hospital length of stay, number 0.725
of nights
Median 4 (4-4) 4 (4-4) 4 (4-4)
Range 3-10 3-10 3-5

Abbreviation: PACU = Post-Anesthesia Care Unit Abbreviations
* Surgery duration was available for 31 patients in the group Nissen-Sleeve and 33 patients in the group

Sleeve gastrectomy.

** Sequential Acute Physiologic Score Il was available for 28 patients in the group Nissen-Sleeve and 23
patients in the group Sleeve gastrectomy.
Quantitative variables are presented as median and interquartile range (25" percentile -75" percentile)

and Range (minimal and maximal value). Qualitative variables are expressed in numbers and %.
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Figures:

Figure 1. Flow diagram of Study Participants

bariatric surgery in 2018
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Figure 1 : Flow Diagram of Study Participant.
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Excess Bpdy Weight (kg)

Figure 2. Excess body weight loss, in kilograms, at preoperative assessment
(n=66), 6 months (n=44), 1 year (n=65), 3 years (n=66).
P values at each time-point were not significant.
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Figure 3: Percentage of patients who discontinued their CPAP at 3 years follow-up after
Nissen-Sleeve or Sleeve-Gastrectomy.
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Percent of Patients reporting
gastrosophagal reflux symptoms

Figure 4: Percentage of patients reporting gastroesophagal reflux symptoms before and
after (3 years) surgery.
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Résumeé

Introduction : La clé de la rémission du syndrome d'apnée obstructive du sommeil
(SAOS) chez les patients avec obésité est la perte de poids. La Sleeve-gastrectomie est
un moyen efficace pour perdre I'excés de poids, améliorer le SAOS et diminuer les
recours a la pression positive continue (PPC). Une fundoplicature de Nissen
concomitante a récemment été proposée pour diminuer le reflux gastrooesophagien
(RGO) post-opératoire. L’objectif de cette étude était d'évaluer le taux d'arrét du
traitement par PPC ainsi que le devenir post-opératoire des patients aprés une Nissen-

Sleeve, en comparaison avec une Sleeve gastrectomie.

Méthodes : Dans cette étude monocentrique rétrospective, les patients appareillés par
PPC opérés d'une Nissen-sleeve ou d’une Sleeve-gastrectomie au CHU de Montpellier
en 2018 ont été inclus. Chaque Nissen-sleeve a été appariée a une Sleeve-gastrectomie
selon le sexe, les symptdmes de RGO et l'indice de masse corporelle.. Le critere de
jugement principal était I'arrét de la PPC aprés 3 ans de suivi. Le critére de jugement
secondaire principal était la symptomatologie de RGO. Les complications postopératoires

respiratoires et chirurgicales ont aussi été évaluées.

Résultats : Quatre-vingt-six patients ont répondu aux criteres d'inclusion. Trente-trois
patients opérés de Nissen-Sleeve ont été appariés avec 33 patients opérés de Sleeve-
gastrectomie. L'arrét de I'appareillage par PPC était significativement plus élevé dans le
groupe Nissen-Sleeve (25/31, 81%) par rapport au groupe Sleeve-gastrectomie (18/32,
56%, p=0,038). Le nombre de patients présentant des symptdmes de RGO a 3 ans était
significativement plus bas aprés Nissen-Sleeve (3/33, 9 %) qu’aprés Sleevegastrectomie
(19/33, 58 %, p<0,0001). Aucune différence significative n'a été rapportée concernant les

complications postopératoires respiratoires et chirurgicales.

Conclusion : Chez les patients avec SAOS appareillé, la Nissen-Sleeve était associee

a plus d’arrét de I'appareillage par PPC a 3 ans, par rapport a une Sleeve-gastrectomie.

Mots clés : chirurgie bariatrique # Nissen-Sleeve » syndrome d’apnées obstructive du sommeil «
Pression positive continue « fundoplicature « obesité « reflux gastro-oesophagien » péri-opératoire.
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