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Chapter1

INTRODUCTION

Obesity, related diseases and treatment

Obesity is a major global health problem, and prevalence continues to rise at an
alarming rate. Currently, 650 million people worldwide are affected with obesity,
defined as body mass index (BMI) of =30 kg/m?.(1) As obesity is a multifactorial
and complex disease, it synchronously increases prevalence of obesity-related
comorbidities, placing a heavy burden on global public health, life expectancy and
quality of life.(2) Many disorders are related to obesity, including type 2 diabetes
(T2DM), hypertension, hypercholesterolemia, heart failure, atrial fibrillation, non-
alcohol fatty liver disease, joint disorders, chronic kidney disease and obstructive
sleep apnea (OSA). Prevention of obesity should be the cornerstone of the
strategy to deal with this global health issue. Unfortunately, no effective programs
to prevent overweight and obesity have been developed to date. Treatment has
historically focussed on the believed origin of obesity: a disbalance of increased
food ingestion and limited energy expenditure. Conservative treatment with
diets, combined lifestyle interventions or drug treatment have targeted this
imbalance, and seem to achieve mild changes of body weight, but do not generate
sustainable results. New drugs developed for treatment of diabetes mellitus,
such as glucagon-like peptide 1 agonist (GLP-1) receptor agonist and sodium-
glucose cotransporter-2 (SGLT-2) inhibitors, show promising results in weight loss
and improvement of T2DM, but do not play a defined role in the treatment for
obesity yet.(3) Therefore, bariatric surgery is currently the only treatment option
that induces significant and sustainable weight loss. Bariatric surgery was first
introduced in 1953, and has undergone various changes ever since.(4) Initially,
the term bariatric surgery comes from the Greek words 'baros’ meaning weight,
and ‘iatros’ meaning doctor, referring to the significant reduction of body weight.
Nowadays, it is increasingly referred to as metabolic surgery due to significant
reduction or resolution of most comorbidities. Over the years, techniques have
refined and bariatric procedures now have an acceptable rate of complications,
with a 30-day mortality rate <0.2%.(5) Annually, almost 700,000 procedures are
performed worldwide, and the most commonly used procedures are currently
the Sleeve Gastrectomy and the Roux-en-Y gastric bypass. Both procedures limit
food intake and alter gut hormone regulation, and the gastric bypass additionally
induces nutrient malabsorption. All effects of bariatric surgery improve long-
term survival of obese persons compared to controlled matched obese patients
who do not undergo bariatric surgery, but also increases general quality of life.
(6) Bariatric surgery can be considered in adults with a BMI of 240 kg/m?, or
for patients with a BMI =35 kg/m? who additionally have an obesity-related
comorbidity that is expected to improve after surgically induced weight loss.(7)
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Vertical Sleeve Gastrectomy Gastric Bypass

¥ food

Figure 1: The most commonly performed bariatric procedures: sleeve gastrectomy and Roux-en-Y
gastric bypass

Obstructive sleep apnea

Of all obesity-related comorbidities, OSA is perhaps the most common; with
prevalence of approximately 60-70% in literature.(8-10) This high prevalence
can be explained by the close relationship between obesity and OSA. This
sleep-breathing disorder is characterized by recurrent collapses of the upper
airway during sleep, resulting in complete or partial cessations of breathing,
respectively called apneas or hypopneas. These breathing cessations lead to
hypoxia, causing frequent arousals from sleep and henceforth result in excessive
daytime sleepiness.(11) No curative treatment options for OSA exists, but
treatment with continuous positive airway pressure (CPAP) is considered the
golden standard, and is recommended once moderate or severe OSA is detected.
Other options such as mandibular advancement devices, tongue stimulators,
or surgical procedures that enlarge the upper airway by partial resection of
the palate and pharynx are applied too, but cannot be considered as curative
treatment options. However, following weight loss, OSA can completely resolve,
or be reduced in severity. Due to the close-knit relation between obesity and
OSA, it may come as no surprise that remission and even resolution of OSA
occurs in a high percentage of patients following surgically induced weight loss,
in 60-75% of OSA patients.(12, 13)

Studies in bariatric populations all note the same phenomenon: the prevalence
of OSA is extremely high, but the majority of patients is unaware of this diagnosis
until preoperative sleep studies is performed.(14) This creates a clinical challenge,
as untreated OSA increases the risk of peri- and postoperative desaturations
and subsequent complications. Currently, the best perioperative management
of patients without known OSA remains unclear. Although mandatory OSA
screening using poly(somno)graphy of bariatric surgical patients has been
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advocated, sleep studies are costly and time consuming. An alternative
strategy is using a screening questionnaire that select patients with high risk of
undetected OSA. These questionnaires are easy to use, limit the utilization of
hospital resources, but are unfortunately unable to render both high specificity
and sensitivity rates in the general population, let alone patients with severe
obesity. Patient evaluated to bariatric surgery score high in many criteria in
these questionnaires due to high bodyweight and frequent obesity-related
comorbidities, thus making distinction between high-risk patients unreliable.(15)
An alternative is continuous postoperative pulse oximetry without preoperative
screening for OSA. Using this strategy, patients do not undergo preoperative
screening diagnostics, but receive supplemental oxygen via nasal cannula after
surgery, and are monitored during the first postoperative night for the incidence
of desaturations. The hypothesis is that hypoxemic periods can be stopped
in an early phase, thus preventing postoperative complications. No literature
comparing perioperative strategies for OSA is available. A consensus-based
guidelines are currently highest level of evidence, which is an strong indicator
that much research can be done in this research area.(16)

)

Normal breathing Hypopnea: partial Apnea: complete
obstruction of the airway obstruction of the airway

Figure 2: Pathogenesis / functional aetiology of obstructive sleep apnea

Cardiovascular disease in obesity

Cardiovascular (CV) risk factors such as diabetes, hypertension, dyslipidaemia and
systemic inflammation are common in obese persons. As a result, CV diseases
and related mortality are also related to obesity.(17) Among these CV diseases,
coronary artery disease, atrial fibrillation (AF), heart failure (HF), myocardial
infarction and stroke are frequently present in obese subjects, especially
compared to their peers with a healthy BMI.(18) However, many studies on
prevalence of specific CV disease in bariatric patients are mostly retrospectively
conducted. Most bariatric clinics do not thoroughly assess each patient for CV
disease, because bariatric patients are generally relatively young compared to
average patients that are affected by CV disease. Current prevalence data on
CV disease in the bariatric population usually stems from large nation-wide
registries, and therefore might be incomplete. This is probably the reason why
current guidelines give hardly any direction to clinicians which patients need to
be preoperatively screened, and what the true effect of bariatric surgery is on
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(development of risk factors for) CV disease.(19) As weight reduction can resolve
or reduce a substantial amount of CV risk factors and thus potentially prevent
development of CV diseases, bariatric surgery poses an opportunity to conduct
research to the reversibility of various CV diseases.
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AIM AND OUTLINE OF THIS THESIS

The purpose of this thesis is to gain further insight into both pulmonary and
cardiovascular comorbidities in bariatric patients and to optimize perioperative
care. In particular, Part A will focus on obstructive sleep apnea; whether
preoperative assessment is needed in order to safely undergo bariatric surgery,
and if so, what type of assessment is necessary and cost-efficient. In Part B,
preoperative assessment of the presence of a CV disease is evaluated, and
additionally the effect of weight loss on the incidence of CV disease in obese
patients in reported.

Part A - Obstructive sleep apnea in patients undergoing bariatric surgery

To answer the question what the best type of perioperative care is for
undiagnosed OSA in patients undergoing bariatric surgery, we looked into the
different strategies that are currently used. Outcomes that we were particularly
interested in were optimal patient care with an optimal safety profile regarding
postoperative complications, optimize quality of life, and efficient use of available
healthcare resources. In Chapter 2 we retrospectively evaluate perioperative care
of potential OSA patients undergoing bariatric surgery without preoperative
OSA screening. Instead, patients were postoperatively monitored using
continuous pulse oximetry. In Chapter 3 we compare two different types of
preoperative screening. We analysed whether less-invasive, home-based testing
with polygraphy is also suited for preoperative OSA screening in the bariatric
population, and we did so by comparing the results following polygraphy testing
with the results from the golden standard, the in-hospital test polysomnography.
In Chapter 4 we retrospectively analyse the patients that have already undergone
formal sleep studies, and aimed to identify risk factor for prevalence of OSA and
predict postoperative complications.

With the growing obesity epidemic, utilization of resources should be accounted
for, and the balance between too little and too much diagnostic efforts should
be assessed. Therefore, in the POPCORN study, we compared continuous
pulse oximetry monitoring with routine preoperative OSA assessment with
sleep studies in terms of complications and quality of life, we analysed cost-
effectiveness. In this way, justification of expenses can be made based on actual
data instead of assumption-based calculations. In Chapter 5 we describe the
research protocol of the POPCORN study, and in Chapter 7 we report the
primary outcomes; cost-effectiveness expressed in costs vs. quality-adjusted
life years (QALYs), and surgical outcomes such as postoperative complications,
intensive care admissions and quality of life. In Chapter 6 we report on secondary
outcomes of the patient group that underwent polygraphy and consequent
CPAP treatment, and see the impact of routine screening on actual implications
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in daily life. We analysed the adherence to CPAP of patients newly diagnosed with
OSA, and compare these outcomes to patients who have been CPAP users for
years, and express this in hours per night of CPAP use, but also to (sleep related)
quality of life.

Part B - Cardiovascular diseases and risk factors in bariatric patients

The majority of patients that suffer from CV disease are older than the average
bariatric patients, with an mean age of 40-45 years. Even so, patients that undergo
bariatric surgery usually have many risk factors for development of CV disease
and together with high BMI, one could argue these patients are biologically
older than their non-obese peers. Therefore, in Chapter 8 we screened the
'elderly’ bariatric population for the prevalence of CV disease using NT-proBNP
assessment in all in consecutive patients 50 year and older, to evaluate actual
CV disease prevalence and related echocardiographic features. In Chapter 9 we
used a different approach to evaluate the influence of abundant body weight on
the risk of development of CV disease, by performing a systematic review and
meta-analysis that assessed the incidence of mortality and CV disease following
bariatric surgery and compare this to obese controls.
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ABSTRACT

Introduction

Obstructive sleep apnea (OSA) is common but often undiagnosed in obese
patients undergoing bariatric surgery, and is associated with increased risk of
cardiopulmonary complications. The aim of this study is to evaluate the safety
of continuous postoperative pulse oximetry (CPOX) without preoperative OSA
screening in bariatric patients.

Methods

Retrospective, single-center cohort study of all consecutive patients who
underwent bariatric surgery between 2011 and 2017. All patients were
postoperatively monitored with CPOX and received oxygen supplementation.
Patients with no history of OSA (the "CPOX" only group) were compared to
patients with adequately treated OSA as a reference group. The primary outcome
was the incidence of cardiopulmonary complications within 30 days after surgery.
Secondary outcomes included overall 30-day complications, mortality, intensive
care unit (ICU) admissions, readmissions and length of stay.

Results

In total, 5682 patients were included, 89.6% (n=5089) had no history of OSA,
10.4% (n=593) had adequately treated OSA. Cardiopulmonary complications
occurred in the CPOX group and OSA group in 0.6% (n=31) and 0.8% (n=5),
respectively (p=0.171). No mortality occurred due to cardiopulmonary
complications. In both groups, one patient required ICU admission for respiratory
failure (p=0.198). Non-cardiopulmonary complications occurred in 6.4% in the
CPOX group and 7.8% in the OSA group (p=0.792). Mortality, ICU admissions,
readmissions and length of stay were not significantly different between groups.

Conclusions

These data suggest that CPOX monitoring without preoperative OSA-screening
is a safe and effective strategy in perioperative care of bariatric patients. Future
studies are needed to assess whether this strategy is also cost-effective.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-breathing disorder in obese
patients undergoing bariatric surgery, with a reported prevalence of 35-94%(1-
6). OSAis characterized by recurrent complete or partial collapses of the upper
airway during sleep, resulting in cessations of breathing, hypoxia, hypercapnia
and arousals from sleep(7). The presence of (untreated) OSA is associated with
postoperative desaturations, cardiopulmonary complications and the need for
reintubation, subsequent morbidity and mortality(8, 9). This can be the result of
several anesthetic agents, difficult intubation and postoperative obstruction of
the upper airway(8, 10).

Considering that the majority of patients with OSA are undiagnosed and thus
untreated at the time of bariatric surgery, and more than 700,000 bariatric
procedures are performed yearly worldwide(11), it is surprising that optimal
perioperative care of these patients remains unclear. As data is scarce, a
consensus-based guideline is currently the highest form of evidence and
advocates mandatory preoperative OSA screening with polysomnography before
bariatric surgery. Patients with OSA are subsequently treated with continuous
positive airway pressure (CPAP)(12). However, sleep studies used in this approach
are costly and time consuming. Alternatively, questionnaires have been proposed
for risk stratification of OSA, in order to apply extensive diagnostics only in high-
risk patients. However, these questionnaires are inconsistently reliable in terms of
specificity and sensitivity(13). In addition, no data is available on the effectiveness
of these preoperative interventions in long-term outcomes of OSA.

Our protocol for perioperative management of bariatric patients is based on the
assumption that every patient potentially has OSA. Consequently, diagnostic
measures to assess OSA (e.g. sleep questionnaires and polysomnography) are
not employed in the preoperative work-up of patients undergoing bariatric
surgery. This perioperative management strategy focuses on maintaining
adequate saturation rates during the first night after surgery using continuous
postoperative pulse oximetry (CPOX) monitoring and non-invasive supplemental
oxygen via a nasal cannula.

Therefore, the aim of this study is to assess the safety of postoperative CPOX
monitoring, without performing extensive preoperative OSA screening in a large
cohort of morbidly obese patients undergoing bariatric surgery. These results
will be compared to those of patients with known and adequately treated OSA.
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METHODS

Patient selection

All consecutive patients who underwent bariatric surgery between November
2011 and September 2017 in Rijnstate Hospital were reviewed for this single-
center, retrospective cohort study. Patients were divided into two groups, based
on whether or not they had a prior OSA diagnosis. Patients with no history of
OSA were included in the "CPOX" group, and did not undergo preoperative OSA
screening for OSA. Patients with known and adequately treated OSA served as
the reference group; adequate treatment was defined as CPAP or treatment
with a similar treatment modality with positive airway pressure (PAP). Patients
were excluded if they were known to have OSA, but did not receive adequate
treatment for OSA. Patients were also excluded if relevant data regarding
follow-up of the first 30 days after surgery were missing. The protocol of this
retrospective study was reviewed and approved by the Medical Ethics Committee
of Rijnstate Hospital Arnhem.

Standard perioperative protocol

Rijnstate Hospital (in the Netherlands) comprises a high-volume bariatric center,
performing 1000-1300 bariatric procedures per year. All patients are treated
according to the local protocol for peri- and postoperative care, which was
implemented in November 2011 and is based on the principles of enhanced
recovery after bariatric surgery (ERABS), also referred to as 'fast-track’ surgery(14).
Additionally, our local protocol includes routine postoperative CPOX monitoring,
starting directly after a patient's arrival on the surgical ward and is continued
during the first postoperative night. CPOX monitoring is performed using a
Draeger Infinity Delta monitor (Draeger Medical Systems Incorporated, USA).
In addition to monitoring, all patients receive 2L/min of supplemental oxygen
via a nasal cannula. Heart frequency and saturation rates are displayed at the
patient’s bedside and in the nurses’ office, where audible alarms go off when a
desaturation occurs of <92% Sp02, lasting >10 seconds. In case of a desaturation,
the attending nurse performs a clinical evaluation and consults the attending
physician when clinically relevant desaturations occur. Patients with adequately
treated OSA are also postoperatively monitored by CPOX, and supplemental
oxygen is added to the ventilation of the CPAP machine. Patients are generally
discharged on the first day after surgery.

Outcomes

The primary outcome was the incidence of cardiopulmonary complications within
30 days after bariatric surgery. These complications included the following: acute
respiratory failure, aspiration, the need for tracheal reintubation, atelectasis,
pneumonia, arrhythmias such as atrial fibrillation (AF), myocardial infarct, heart
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failure, tachycardia/bradycardia combined with clinical deterioration, malignant
hypertension defined as systolic blood pressure >200 mmHg or diastolic blood
pressure >120 mmHg with or without secondary organ damage.

The secondary outcomes were overall 30-day complications, mortality,
transfers to intensive care unit (ICU) or medium care unit (MCU), reoperations,
readmissions and length of stay. Complications were prospectively registered in
a database by a specialized bariatric nurse. These data were reviewed anew for
this study by SvV and IA. In addition, the ICT team conducted searches in patient
files for deaths, ICU and MCU admissions, readmissions and reoperations. All
patients had standard follow-up appointments, at ten days and six weeks after
surgery, during which potential complications were also evaluated. The severity of
all complications was assessed using the Clavien-Dindo Classification(15). Minor
complications were defined as class 1 or 2, for which required interventions did
not exceed antibiotic treatment or intravenous fluids. Major complications were
defined as all complications of class 3A and higher, defined as complications
requiring at least an intervention under local anesthesia. In case of multiple,
consecutive complications, the initial complication was listed.

Statistical analysis

Normally distributed data are described using means with standard deviation,
and non-normally distributed data are described in median and interquartile
range (IQR). Unpaired t-tests were used for comparison of continuous data
with normal distribution between the CPOX group and the OSA group. Non-
normally distributed data were compared using a Mann Whitley U test and
discrete data using Chi Square tests or Fisher's exact tests. All tests were two-
tailed and p-values <0.05 were considered statistically significant. Univariate
logistic regression analysis was used to determine associations between potential
confounders and the primary outcome. Data was analyzed using IBM SPSS
Statistics, version 25.0 for Windows (SPSS, Chicago, IL).

RESULTS

During the study period, a total of 5918 patients underwent laparoscopic
bariatric surgery at our institution. Of these, 178 patients were excluded due
to a pre-existent OSA diagnosis with inadequate treatment and 58 patients
due to missing follow-up data (Supplementary Table 1). In total, 5682 patients
were included; 5089 patients (89.6%) had no pre-existent OSA diagnosis and
593 patients (10.4%) were already diagnosed with OSA and received adequate
treatment. The groups were significantly different regarding gender, age,
preoperative BMI, prevalence of DM and surgical procedure (Table 1). The
majority of patients (72%) underwent laparoscopic Roux-en-Y gastric bypass
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(LRYGB), while 13.3% underwent laparoscopic sleeve gastrectomy (LSG). The
remaining patients (14.7%) underwent revisional surgery; either conversion of a
laparoscopic adjustable band to a LRYGB, or a single anastomosis duodeno-ileal
bypass following LSG.

Table 1. Baseline patient characteristics

Total CPOX OSA p-value
(n=5682) (n=5089,89.6%)  (n=593,10.4%)
Female (n,%) 4531(79.7) 4239 (83.3) 292 (49.2) <0.001
Age, years (mean, SD) 44.8 +10.8 441+10.8 511+8.6 <0.001
BMI, kg/m2 (mean, SD) 439 6.4 438 6.3 4571+6.8 <0.001
Waist circumference, cm 1291144 128.2 £14.2 136.8 £14 <0.001
(mean, SD)
Diabetes Mellitus (n,%) 1400 (24.6) 142 (22.4) 258 (43.5) <0.001
Type of surgery
LRYGB (n,%) 4089 (72) 3615 (71) 474 (79.9) <0.001
LGS (n,%) 755 (13.3) 684 (13.5) 71(12)
Revision surgery (n,%) 838 (14.7) 790 (15.5) 48 (8.1)

BMI body mass index, LRYGB laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve
gastrectomy, = standard deviation

Primary outcomes

Cardiopulmonary complications within 30 days after surgery occurred in 0.6%
(n=31) of the CPOX group and in 0.8% (n=5) of the OSA group (p=0.171), though
none of these were fatal (Table 2). Although the incidence of major complications
was low in both groups and no significant difference was detected, there was a
trend towards a higher incidence of major complications in patients with OSA
(CPOX 0.04% (n=2) vs. OSA 0.33% (n=2), p=0.057). The incidence of minor
cardiopulmonary complications was similar between the two groups, 0.57% vs.
0.51%, respectively (p=0.844). In both groups, one major complication led to an
ICU admission (Table 3). In the CPOX group, ICU admission was necessary in a
patient who developed respiratory failure immediately after surgery. This patient
developed hypoxemia, hypercapnia and decreased awareness, and required
reintubation. The patient was extubated and discharged to the clinical ward the
next day. In the OSA group, ICU admission with reintubation was necessary for
respiratory failure due to an acute episode of severe asthma immediately after
surgery. The patient was extubated the next day and was discharged to the clinical
ward on the third postoperative day. The remaining major complications (n=2)
resulted in MCU admissions; one patient in the CPOX group suffered from new
onset AF, unresponsive to medication, and therefore required cardioversion. New
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onset AF was also the reason for medication and cardioversion in one patient
in the OSA group.

Table 2. Cardiopulmonary complications

CPOX (n,%) OSA (n,%) p-value

All cardiopulmonary complications 31(0.61) 5(0.84) 0171

Major CDC 2(0.04) 2(0.33) 0.057

Minor CDC 29(0.57) 3(0.51) 0.844
Pulmonary complications 18 (0.36) 1(0.17) 0.714

Respiratory failure 1(0.02) 1(0.17)

Bronchial spasms 1(0.02) 0(0)

Pneumonia 14 (0.28) 0(0)

Acute bronchitis 1(0.02) 0(0)

Upper airway infection 1(0.02) 0(0)
Cardiologic complications 13 (0.26) 4(0.67) 0.093

Atrial fibrillation 7(0.14) 2(0.34)

Atrial flutter 1(0.02) 0(0)

Supraventricular tachycardia 2(0.04) 0(0)

Malignant hypertension 1(0.02) 1(0.17)

Bradycardia 1(0.02) 1(0.17)

Intraoperative ST-segment elevation 1(0.02) 0(0)
Requiring readmission 9(0.18) 1(0.17) 0.947
Requiring ICU admission 1(0.02) 1(0.17) 0.198
Requiring MCU admission 5(0.10) 2(0.34) 0.161

CDC complication severity according to Clavien Dindo Classification. Minor CDC: class 1-2. Major
CDC = class 3A, ICU intensive care unit, MCU medium care unit.

Table 3. Predictors of cardiopulmonary complications

OR 95% ClI p-value
Gender 1126 0.512-2.476 0.769
Age 1.038 1.005-1.072 0.023
BMI 1.043 0.999-1.088 0.055
Waist circumference 1.018 0.996-1.040 0.105
OSA 0.721 0.279-1.861 0.499
Diabetes Mellitus 0.742 0.364-1.511 0.410
Type of surgery 1.073 0.416-2.767 0.884

OR odds ratio, Cl confidence interval, BMI body mass index, OSA obstructive sleep apnea
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Ten patients with cardiopulmonary complications were readmitted, nine in the
CPOX group and one in the OSA group (p=0.947). Reasons for readmission were
dyspnea due to pneumonia (n=6) or severe upper airway infection (n=1) and new
onset AF (n=3, of which two were CPOX patients, and one was an OSA patient).
In univariate logistics regression analysis, age proved to be the only parameter
that was associated with an increased risk for cardiopulmonary complications
(odds ratio (OR) 1.038, 95% CI 1.005-1.072, p=0.023). For each year gained in
age, the odds of developing a cardiopulmonary complication increased 1.038-
fold (Table 3). Outcomes of other variables were not significantly associated with
complications, which included: prior diagnosis of OSA (p=0.499), BMI (p=0.055),
gender (p=0.769), waist circumference (p=0.105), DM (p=0.410) and type of
surgery (p=0.884).

Secondary outcomes

Complications within 30 days of surgery, other than cardiopulmonary
complications, occurred in the CPOX and OSA group in 6.4% (n=326) and 8.6%
(n=51), respectively (p=0.219). No significant differences were found in the
incidence of major and minor complications (p=0.288 and p=0.530, respectively),
as shown in Table 4. Of all the complications, four had a fatal outcome. Three
patients (0.05%) in the CPOX group died of abdominal sepsis, due to leakage of
the gastrojejunostomy (n=2) and following bowel obstruction with consecutive
cecum perforation (n=1). One patient in the OSA group (0.17%) died due to
postoperative hemorrhage of the spleen. Admissions to the ICU or MCU were
not significantly different (p=0.098 and p=0.582, respectively), neither were the
rates of readmissions, despite being slightly higher in the OSA group 4.6% vs.
3.4% in the CPOX group (p=0.161). Reoperations rates were 3.4% in the OSA
group vs. 2.1% in the CPOX group (p=0.078). Median length of stay was similar in
both groups; patients were generally admitted for one day, with an interquartile
range between 1and 2 days, p=0.597.
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Table 4. Complications, other than cardiopulmonary

CPOX (n,%) OSA(n%) p-value

Mortality 3(0.06) 1(017) 0357 2 I
Complications 326 (6.4) 46 (7.8) 0.792

Major complications 173 (3.4) 25(4.2) 0.288

Minor complications 153 (3.0) 21(3.5) 0.530
Requiring reoperation 109 (2.1) 20 (3.4) 0.078
Requiring readmission 174 (3.4) 27 (4.6) 0.161
Length of stay, days* 1(1-2) 1(1-2) 0.597
Nature of complication

Bleeding 141(2.7) 21(3.5)

Dysphagia / stenosis of GJ-anastomosis 65(1.3) 6(1.0)

Postoperative abdominal pain 34(0.6) 0(0)

Staple line / anastomotic leakage 32(0.6) 7(1.2)

Superficial SSI 15(0.3) 5(0.8)

Deep SSI 6(0.12) 0(0)

Gastrointestinal ulcer 7(0.14) 0 (0)

Constipation 6(0.12) 3(0.5)

Perforation of small bowel 4(0.08) 1(0.2)

Acute kidney injury 3(0.06) 0 (0)

Pancreatitis 3(0.06) 1(0.2)

Thromboembolic events 3(0.06) 0(0)

Bowel herniation 2(0.04) 1(0.2)

Acute cholecystitis 2(0.04) 0 (0)

Nephrolithiasis 1(0.02) 0(0)

Delirium 1(0.02) 0 (0)

Epileptic insult 1(0.02) 0 (0)

uUTlI 0(0) 1(0.2)

CDC complication severity according to Clavien Dindo Classification, Minor CDC class 1-2, Major
CDC = class 3A, GJ Gastrojejunal anastomosis, SSI surgical site infection. *median (interquartile
range)
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DISCUSSION

In this study, we evaluated the safety of CPOX monitoring without preoperative
OSA screening as perioperative care in >5000 morbidly obese patients without
a pre-existing OSA diagnosis by examining outcomes and comparing them to
those of bariatric patients with known, and adequately treated, OSA. The main
finding of this study is that the incidence of cardiopulmonary complications in
this group of patients was low (0.6% of CPOX patients) and not different from
the observed 0.8% in the OSA group (p=0.171). Furthermore, there was no
mortality related to cardiopulmonary complications in either of the groups. In
both groups, one ICU admission was necessary for respiratory failure. To our
knowledge, the present study is one of the largest studies on the use of CPOX
without extensive preoperative OSA screening as perioperative care in patients
undergoing bariatric surgery.

Previous studies that described cardiopulmonary complication rates following
bariatric surgery reported incidences ranging from 0.0-10.2% (16-23). There
are several potential explanations for this wide range in the literature and the
favorable outcomes of this retrospective study. First, in two cited articles only
cases of open abdominal procedures were described. Open surgery is known to
have a higher overall complication rate, as well as increased cardiopulmonary
complication rates(17,18). Second, ERABS protocols, promoting non-opioid pain
relief and early mobilization, had not been implanted when these studies were
conducted(14, 24). Thus, peri- and postoperative desaturations and pulmonary
complications are potentially reduced, as opioids and other anesthetics
deteriorate postoperative ventilation by decreasing muscular pharyngeal tone
and impair ventilatory response to hypoxemia and hypercapnia(8, 10).

The incidence of unscheduled ICU admissions in our cohort was 0.37%, which
compares favorably to previous studies of bariatric surgery, with reported
incidences of 0.0-2.4%(22, 25, 26). This is further supported by a recent meta-
analysis of CPOX application in general surgery. In this study, CPOX resulted in
reduced incidences of hypoxemia and showed a trend towards less ICU transfers
when compared to regular care(27).

Readmission rates in this study were 3.6% in the CPOX group and 4.8% in the
OSA group, which is lower than reported in a recent meta-analysis by Malczak
et al, who reported a readmission rate of 6.5% in hospitals using ERABS
protocols(23). These low readmission rates suggest that CPOX protocols can
be safely administered to patients that do not live the proximity of a bariatric
center. Therefore, implementation of CPOX would also be feasible in countries
geographically different from the Netherlands. Only a few studies have described
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CPOX monitoring in bariatric surgical patients. Mostly, CPOX was used in addition
to thorough preoperative OSA screening(28-30). One study by Jensen et al.(21)
replaced CPAP treatment with CPOX and supplemental oxygen in bariatric
patients with OSA. The outcomes were compared to those of bariatric patients
with no history of OSA. In these patients neither preoperative OSA screening
was performed nor preventive measures were applied to prevent adverse
events. No significant difference was observed in pulmonary complications. The
authors therefore stated that bariatric patients, regardless of OSA diagnosis, can
be safely monitored with CPOX and additional oxygen supply. In our opinion,
bariatric patients with no history of OSA should always receive care (e.g. CPOX
monitoring) to prevent potential adverse outcomes related to undetected OSA.

We acknowledge that our study also has some limitations. First, patients
with OSA, even when adequately treated, have a higher risk of developing
postoperative complications than patients without OSA(31). This must be taken
into account when comparing the control group (only patients with OSA) to the
CPOX group (patients with and without OSA). Second, continuous saturation
measurements were not routinely logged in patient files and were therefore
unavailable for retrospective analysis. Clinical parameters such as frequency,
duration and severity of desaturations are relevant outcomes, especially in
future decision making to determine which patients do not require supplement
oxygen in addition to CPOX monitoring. This needs to be further evaluated in
prospective studies.

In addition to the safety of perioperative care strategies, cost-efficiency
should also be considered. Despite the well-known health benefits associated
with bariatric surgery, obesity treatment and perioperative care have become
a large burden on health care costs and use of hospital resources. Currently,
there is inconclusive evidence that supports routine screening for OSA in
asymptomatic bariatric patients. This creates a dilemma, as the incidence
of postoperative adverse events potentially improves when thorough OSA
screening and treatment are applied, while healthcare resource utilization will
increase. Therefore, more cost-effective ways to manage these patients are
needed. In theory, CPOX monitoring without preoperative OSA screening
may lead to a substantial reduction in hospital resources because indications
for polysomnography or postoperative admission to medium or high-care
facilities will be tempered. The associated cost savings can be used to cover the
investments needed to facilitate CPOX monitoring, oxygen supplementation
and education of the clinical nursing staff. To address the aforementioned
cost and safety issues, we are now conducting a large prospective multicenter
cohort study that will assess the cost-effectiveness of routine preoperative OSA
screening vs. postoperative CPOX monitoring with oxygen supplementation
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in morbidly obese patients undergoing bariatric surgery (the Netherlands Trial
register, https://www.trialregister.nl, identification no. NTR6991).

In conclusion, this study demonstrated a low incidence of cardiopulmonary and
overall complications in a cohort of 5089 bariatric surgery patients who were
monitored with CPOX without preoperative OSA screening, and this incidence
was not higher than in patients with adequately managed OSA. These findings
suggest that CPOX is a safe strategy for the perioperative management of
bariatric patients without a pre-existing OSA diagnosis. Prospective clinical
studies are needed to assess if this strategy is not only safe, but more also cost-
effective compared to routine OSA screening.
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SUPPLEMENTARY MATERIAL

Supplementary table 1. Baseline characteristics and main outcomes of all excluded patients

Excluded patients (n=238)

Reason for exclusion
OSA without treatment (n,%)
Incomplete follow-up data (n,%)
Baseline characteristics (n=236)

Gender, female (n,%)

Age (mean, SD)

BMI, kg/m2 (mean, SD)

30 day outcomes (n=178)*

Mortality (n,%)

ICU admissions (n,%)

Cardiopulmonary complications (n,%)
Other complications (n, %)

No-ICU complications (n,%)
Cardiopulmonary complications (n,%)
Bleeding (n,%)

Staple line / anastomosis leakage (n, %)
Dysphagia / stenosis of GJ-anastomosis (n, %)
Abdominal pain (n,%)

Outcomes of primary admission (n=58)**

Mortality (n,%)

Cardiopulmonary complication (n,%)

Other complications (n,%)

178 (75.4)
58 (24.6)

150 (63.6)
477 £13.3
44.6 £7.6

0(0)
3(17)
1(0.6)
2(11)
15 (8.4)
1(0.6)
9 (5.)
2(11)
2(11)
1(0.6)

CRCHC

OSA obstructive sleep apnea, BMI body mass index, ICU intensive care unit, GJ gastrojejunostomy

*Patients with a prior OSA diagnosis without adequate treatment
**Patients with incomplete data regarding 30 day follow-up
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ABSTRACT

Introduction

Preoperative assessment of obstructive sleep apnea (OSA) in patients scheduled
for bariatric surgery can be performed by in-laboratory polysomnography (PSG)
or by portable polygraphy (PP) at home. We aimed to evaluate the association
between PSG/PP, OSA diagnosis, and implementation of continuous positive
airway pressure (CPAP) therapy.

Methods

All patients who underwent bariatric surgery from 2015 through 2017 were
retrospectively reviewed. Patients underwent preoperative PSG or PP, based on
prevailing protocols or at the physician’s discretion. Logistic regression analyses
were performed to determine predictors of CPAP implementation. OSA-related
postoperative complications were analyzed in both groups.

Results

During the study period, 1464 patients were included. OSA was diagnosed in 79%
of 271 patients undergoing PSG, compared to 64% of 1193 patients undergoing PP
(p<0.001), with median apnea-hypopnea index (AHI) of 15.8 and 7.7, respectively.
CPAP treatment was initiated in 52% and 27% of patients, respectively, p<0.001.
Predictors (with adjusted odds ratio) in multivariate regression analysis for
CPAP implementation were: male gender (5.15), BMI=50 (3.85), PSG test (2.74),
hypertension (2.38), and age=50 (1.87). OSA-related complications did not differ
between groups (p=0.277).

Conclusion

Both PSG and PP are feasible options for preoperative OSA assessment in
bariatric patients. When PP is performed, some underdiagnosis may occur as
cases of mild OSA may be missed. However, clinically relevant OSA is detected
by both diagnostic tools. No difference in OSA-related complications was found.
PPis a safe, less invasive option and can be considered as a suitable measure for
OSA assessment in this population.
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INTRODUCTION

Obstructive sleep apnea (OSA) is the most prevalent sleep-related breathing
disorder in obese patients scheduled for bariatric surgery with an estimated
prevalence of 60-70% (1, 2). OSA is characterized by recurrent collapses of the
upper airway during sleep, resulting in partial (hypopnea) or complete (apnea)
cessations of breathing. In the general population, OSA is treated in order to
minimize symptoms and reduce long-term morbidity and complications. In
surgical patients, detecting and treating OSA is also performed to prevent
complications. Undiagnosed or untreated OSA increases perioperative risk,
as opioids and sedatives administered during general anesthesia can induce
respiratory depressant effects during the first night after surgery (3-5). These
effects can result in severe hypoxemia and long-lasting apneas and can
consecutively cause serious cardiopulmonary or thromboembolic complications
and even death (5).

Strategies that aim to prevent these rare but serious complications mostly consist
of preoperative OSA-screening and subsequent treatment with continuous
positive airway pressure (CPAP) for patients with moderate or severe OSA (6). The
preoperative screening for OSA in the bariatric population varies from the use
of questionnaires, e.g.,, STOP-BANG, alternative non-invasive screening devices
such as wearables, portable polygraphy up to the gold standard in-laboratory
polysomnography (PSG) (7-9). Despite the effectiveness and thorough approach
of a preoperative PSG, it is a time-consuming measurement, costly, and often
limited in availability. A less comprehensive alternative to diagnose OSA is
portable polygraphy (PP), a portable monitoring device that is less invasive and
less expensive. Both forms of sleep study establish the apnea-hypopnea index
(AHI), which is most accepted as indicative of disease severity.

The crucial difference between these sleep studies is that PSG does not only focus
on respiratory efforts but simultaneously conducts an electroencephalography.
Hence, PSG has the ability to distinguish between an awake state and sleep and
can measure accurate sleeping time to calculate the AHI. PP denominates the
AHI through total recording time (e.g. self-reported sleeping time) instead of
objective sleeping time, which generally reduces the AHI. Still, PP identifies
moderate or severe OSA and is recommended in patients with a high pre-test
probability for OSA, such as the bariatric population (9, 10).

Both PSG and PP testing are widely applied in bariatric clinics, but it is unclear
whether this has a substantial impact on diagnosing clinically relevant OSA, without
compromising the prevention of major cardiopulmonary and thromboembolic
complications in bariatric patients. We hypothesize that clinically relevant OSA
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that could induce postoperative complications, will be detected by both PSG
and PP. The aim of this study was to evaluate the prevalence of OSA (AHI=5
events/hour) detected by PSG (the gold standard), compared to PP in patients
scheduled for bariatric surgery. In addition, we analyzed the implementation of
CPAP treatment and OSA-related adverse postoperative outcomes.

METHODS

Study design and patient population

This is a retrospective review of a prospectively maintained database that contains
all consecutive patients who underwent bariatric surgery and preoperative
OSA assessment between January 2015 and January 2018 in a high-volume
bariatric center: OLVG, Amsterdam, the Netherlands. This database contained
general patient characteristics, OSA-specific data, and surgical outcomes such
as complications. Patients were excluded if they had undergone PSG or PP
before surgical consultation, or because they did not undergo PSG or PP before
revisional surgery. During the study period, a transition in preoperative OSA
assessment using PSG to PP was made (temporal changes from PSG to PP will
be reported in table 1). Patients were referred for either PSG or PP based on
the availability of resources, the prevailing protocol, waiting lists for PSG tests,
and at the discretion of the treating physician as no formal protocols for the
referral selection were used. Patients were divided into two groups based on
the type of sleep study used for OSA assessment. The local ethical committee
gave permission to perform this retrospective study, without the need for formal
informed consent as data was used anonymously.

Sleep studies performed

Patients undergoing polysomnography were admitted for a full-night sleep
study using the Embla recorder (Flaga Medical devices, Reykjavik, Iceland). PSGs
were performed either attended or unattended and comprised measurements
of respiratory efforts (thoracic and abdominal sensors), sleep architecture
(electroencephalogram, electrooculogram, and submental electromyogram),
leg and body position (motion sensor), oxygen saturation, and heart rate (pulse
oximetry), airflow and snoring (pressure sensor).

Portable polygraphy was performed at home using the Vivisol recorder (Dolby
Vivisol, Stirling, United Kingdom) / Embla. The same parameters were measured,

except for sleep architecture.

In case of incomplete results, sleep studies were repeated and the results of the
complete measurement were used for the analyses.
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Prevalence and severity of OSA were based on AHI: an AHI<5 excluded OSA
prevalence, while 5>AHI<15 defined mild, 15>AHI<30 moderate, and AHI=30 severe
OSA. Patients diagnosed with moderate or severe OSA were treated with CPAP.
Patients with mild OSA were treated with CPAP in case of clinically significant deviant
PSG or PP metrics, other than AHI, such as time during sleep study that saturation
levels were <90% SpO,, or in case of reported excessive daytime sleepiness.

Outcomes

The primary outcome is the prevalence of OSA detected by PSG compared to
the OSA prevalence detected by PP, expressed as odds ratio (OR) and adjusted
odds ratio (aOR). Secondary outcomes were exact outcomes of sleep studies,
i.e, AHI and oxygen desaturation index (ODI), the prevalence of consequent
initiation of CPAP treatment, and postoperative clinical outcomes within 30 days
of surgery, such as general complications and readmissions. Finally, an analysis
of specific complications that could be OSA-related i.e., pulmonary, cardiac or,
thromboembolic complications was performed.

Statistical analysis

Baseline characteristics were displayed using the number of cases (n) and percentages
(%). Normally and non-normally distributed data were described using means with
standard deviation (SD) and medians with interquartile range (IQR), respectively.
Continuous data were analyzed using independent t-tests, Mann Whitney U test, or
Kruskal-Wallis test, depending on distribution normality. Binary data were analyzed
with Chi-Square analysis or Fishers’ exact test, depending on the expected value.
Univariable logistic regression was performed to analyze the odds ratio (OR) for
the association of OSA diagnosis and CPAP therapy following PSG or PP tests. To
correct for confounders and formulate an adjusted odds ratio (2OR), multivariable
logistic regression analysis was performed. All associated factors with a p-value of
<0.1in univariable analysis were used for multivariable analysis. A p-value of <0.05
was considered statistically significant. Statistical analyses were performed by using
IBM SPSS Statistics, version 25.0 for Windows (SPSS. Chicago, IL).

RESULTS

A total of 1598 patients underwent bariatric surgery during the study period, of
which 1464 patients were included in this analysis. Patients were excluded due
to previously conducted PSG or PP in other centers (n=114), or because they did
not undergo PSG or PP before revisional surgery (n=20). Analysis of these 1464
patients revealed that 271 patients (18.5%) underwent PSG and 1193 patients
(81.5%) underwent PP. Patients who underwent PSG were more often male, were
older on average and presented with a higher prevalence of hypertension. These
and other baseline characteristics are shown in Table 1.
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Table 1. Baseline Characteristics

PSG PP p-value
n=271(18.5%) n=1193 (81.5%)
Gender, female (n,%) 206 (76.0) 1015 (85.1) 0.001
Age, years (mean, SD) 472 £11.8 435=12.0 <0.001
BMI, kg/m? (mean, SD) 42858 43364 0.169
Waist circumference, cm (mean, SD) 1269 +12.5 1259 +14.5 0.289
Comorbidities (n,%)
Hypertension 103 (38) 344 (28.8) 0.003
Dyslipidemia 53 (19.6) 175 (14.7) 0.051
Type 2 Diabetes 56 (20.7) 229 (19.2) 0.581
GERD 68(25.) 320 (26.8) 0.594
COPD 7(2.6) 26(2.2) 0.652
History of CVD 26 (9.6) 76 (6.4) 0.065
Alcohol consumption (n,%) 67 (24.7) 333(27.9) 0.326
Smoking (n,%)
Current 44(16.2) 254 (21.3) 0.078
Former 14 (42.0) 364 (30.5) <0.001
Year of sleep study
2015 59 (13.5) 378 (86.5) <0.001
2016 127 (27.0) 343(73.0) <0.001
2017 85 (15.7) 472 (84.7) <0.001
Type of procedure (n,%)* <0.001
LRYGB 196 (72.3) 813 (68.1) 0.191
LSG 51(18.8) 232 (19.5) 0.865
One-Anastomosis bypass 2(0.7) 2(0.2) 0.158
Revisional surgery
Conversion LAGB to LRYGB 12 (4.5) 103 (8.6) 0.018
Conversion LAGB to LSG 2(0.7) 25(27) 0.207
Other* 8(3.0) 18 (1.5) 0123

*All procedures were performed laparoscopically

**Qther: placement of minimizer-ring, single-anastomosis duodenal ileal bypass, pouch revision,
conversion of vertical band gastroplasty to LRYGB, band removal, LSG to LRYGB, elongation of
alimentary limb.

BM!I Body mass index, COPD Chronic obstructive pulmonary disease, CVD cardiovascular
disease, GERD gastroesophageal reflux disease, LAGB laparoscopic adjustable gastric band,
LRYGB laparoscopic Roux-en-Y gastric bypass, LSG Laparoscopic sleeve gastrectomy, PP portable
polygraphy, PSG polysomnography
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Outcomes of sleep studies

Results of sleep studies showed significantly higher median AHI of 15.8 and ODI
of 17.2 events/hour in the PSG group, compared to median AHI of 7.7 and median
ODI of 11.3 events/hour in the PP group, respectively (P<0.001). [Table 2] Overall,
OSA (AHI=5) was diagnosed in 79% of patients who underwent PSG compared
to 64% of patients undergoing PP (p<0.001). Mild OSA was diagnosed in 26% of
patients undergoing PSG compared to 37% of PP patients, p<0.001. Moderate
and severe OSA was diagnosed in 26% and 27% of PSG patients, compared to
14% and 13% of PP patients, both p<0.001, respectively.

In univariable regression analysis, several significant predictors for OSA
prevalence following PSG testing were identified: male gender, age =50 years,
and hypertension. After multivariate analysis, male gender (aOR 13.9) and age>50
years (aOR 4.0) remained significant.

For OSA prevalence following PP, in univariable analysis male gender, age
>50 years, BMI =50 kg/m?, hypertension, dyslipidemia, type 2 diabetes,
gastroesophageal reflux disease (GERD), alcohol consumption, and history of
cardiovascular disease (CVD) were significant. [Table 3] After multivariable logistic
regression, the following predictors remained significant: male gender (adjusted
odds ratio (aOR) 5.7), age =50 years (aOR 3.5), BMI =50 kg/m? (aOR 3.1), and
hypertension (aOR 2.3).
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Table 2. Outcomes of sleep studies and surgery

PSG PP p-value
n=271 n=1193
P(S)G parameters
AHI (median, IQR) 15.8 (6.3-32.6) 77 (3.2-16.6) <0.001
ODI (median, IQR) 17.2(8.9-29.2) 11.3(5.4-21.2) <0.001
No OSA (AHI <5) n,% 57 (21.0) 429 (36.0) <0.001
Overall OSA (AHI=5) n,% 214.(79.0) 764 (64.0) <0.001
Mild (AHI 5-15) 71(26.2) 440 (36.9) <0.001
Moderate (AHI15-30) 70 (25.8) 170 (14.2) <0.001
Severe (AHI =30) 73(27.0) 154 (12.9) <0.001
CPAP implementation (n,%) 140 (51.7) 325 (27.2) <0.001
Surgical outcomes (n,%)
Complications <30days 27 (10.0) 121(10.1) 0.930
OSA-related complications* 4(1.5) 9(0.8) 0.277
Pulmonary 3(10) 6(0.5)
Cardiac 1(0.4) 1(0.1)
Thromboembolic 0 2(0.2)
Bleeding 8(3.0) 42 (3.5) 0.853
Anastomotic leakage 6(22) 15 (1.3) 0.254
GJS stenosis 1(0.4) 11(0.9) 0.707
Wound infection 0 6(0.5) -
Intra-abdominal abscess 0 5(0.4) -
Perforation 0 6(0.5) -
Other** 8(3.0) 27(2.3) 0.066
Severity of complications
Minor (CDC £2) 14 (5.2) 59 (5.0) 0.968
Major (CDC 23A) 13(4.8) 61(57) 0.487
Readmission 17 (6.3) 83(7.0) 0.790

* OSA-related complications include e.g., pneumonia, acute respiratory insufficiency, atrial
fibrillation, deep venous thrombosis, pulmonary embolism.

** Other complications include e.g., gastrointestinal ulcer, internal herniation, postoperative pain,
gallstones, gastroesophageal reflux, acute kidney failure, urinary tract infection.

AHI apnea hypopnea index, CDC Clavien Dindo Classification, CPAP continuous positive airway
pressure, ODI oxygen desaturation index, OSA obstructive sleep apnea, PP portable polygraphy,
PSG polysomnography
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CPAP implementation

The disparities of OSA severity between the PSG and PP group were consequently
found in CPAP implementation, as 51.7% of PSG patients started CPAP treatment
before surgery, compared to 27.2% of PP patients, p<0.001. Patients undergoing
PSG had an odds ratio of CPAP implementation of 1.9, compared to patients
undergoing PP.

Predictors for CPAP implementation that were significant in the univariable
analysis were male gender, age =50 years, BMI =50 kg/m?, PSG as a diagnostic
tool (compared to PP), hypertension, dyslipidemia, type 2 diabetes, GERD, alcohol
consumption, and history of CVD. [Table 3] Predictors for CPAP implementation
that remained significant in the multivariable analysis were male gender
(@aOR 5.15), BMI =50 (aOR 3.58), PSG as preoperative assessment (aOR 2.74),
hypertension (@OR 2.38), age =50 years (aOR 1.87).

Surgical outcomes

Complications within 30 days of surgery occurred in 27 patients who underwent
PSG (10.0%) and 121 patients who underwent PP (10.1%), p=.930. [Table 2] No
differences in the type of complications that occurred between groups were
found (e.g,, anastomotic leakage or bleeding) and no differences in severity of
complications, defined as minor or major based on Clavien Dindo classification,
were found. The incidence of readmissions did not differ between groups
(p=0.790). OSA-related complications occurred in 11 patients (0.8%), but with
no difference between patients who underwent PSG or PP, p=0.277 [Table
2]. In the PSG group, these complications were pneumonia (n=3) and cardiac
arrhythmias (n=1). In the PP group, the complications were pneumonia (n=4),
respiratory failure (n=1), bronchospasm with consequent failed detubation (n=1),
atrial fibrillation (n=1), deep venous embolism (n=1), and pulmonary embolism
(n=1).
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DISCUSSION

The present study found that patients who undergo preoperative PSG prior
to bariatric surgery are diagnosed with OSA more frequently than those who
underwent preoperative PP. Clinically significant OSA, i.e. moderate or severe
OSA, was diagnosed more frequently in patients who underwent PSG than PP.
This led to a significant difference in CPAP implementation, and patients who
underwent PSG had a 1.9-fold higher odds ratio to receive CPAP treatment before
surgery than those that underwent PP. However, OSA-related complications did
not differ between both groups.

To our knowledge, this is the first study that compares a large cohort of patients
undergoing either PSG or PP testing before bariatric surgery. Oliveira et al. (11)
described the diagnostic accuracy of PP monitoring at home for OSA diagnosis
and compared it to PSG by performing both sleep studies during preoperative
work-up in the same bariatric patient with OSA symptoms. They found a higher
diagnostic accuracy when higher AHI cut-off values were used. For AHI =30 the
sensitivity and specificity were 67% and 100%, while for an AHI between 5-30
these outcomes were much lower: 40% and 81%, respectively. Due to the small
sample size, high drop-out rate (26 of 58 patients, 45%), and a preselected study
population with a high pre-test probability for OSA, no definitive conclusions
could be drawn from their study. Malbois et al. (12) compared nocturnal oximetry
to portable OSA monitoring in 68 bariatric patients and found a positive and
negative predictive value of 100% and 95%, but they did not conduct PSG for
comparison.

Despite a significant difference in perioperative use of CPAP between patients
who underwent PSG and PP tests, postoperative complications did not differ
between groups. A possible explanation why postoperative outcomes were
similar despite a discrepancy in OSA diagnosis and CPAP initiation could be that
patients with severe and clinically relevant OSA are identified both by PSG and
PP. This is also suggested by the data of the previously mentioned trial by Oliveira
etal. (11). To strengthen this hypothesis, a relationship between OSA severity and
OSA-related complications in untreated patients has to be assumed. However,
several studies attempted to analyze this relationship, but the outcomes are
conflicting. In the largest cohort study, Mutter et al. compared 2640 surgical
patients with OSA to 16,220 controls and found a 2.3 odds ratio for patients
with severe OSA (AHI =30) to develop respiratory complications compared to
controls (13). However, in two smaller studies comparing surgical patients with
no OSA to known OSA patients, no correlation between OSA severity and AHI
was found (14, 15). It should be noted that these three studies comprised patients
who underwent surgical interventions other than bariatric procedures, and thus

50

Preoperative assessment of obstructive sleep apnea in bariatric patients

are not optimally suited to be compared to bariatric patients. This is because
patients undergoing bariatric surgery have a higher probability of undiagnosed
OSA, compared with the patient population undergoing general surgery who
have a low or intermediate risk of undiagnosed OSA.

The present findings should be interpreted in light of the following limitations.
First, the retrospective study design precludes comparing PP and PSG outcomes
within the same patient. Second, we did not perform a sample size calculation for
the secondary outcome: occurrence of OSA-related complications. Therefore,
any interpretation of the prevention of these complications warrants some
caution, as cardiopulmonary and thromboembolic complications can result in
significant morbidity, or even in fatalities, but are very rare following bariatric
surgery. In addition, the percentage of patients using CPAP was different
between PSG and PP groups, and this might influence the outcomes as well.
Third, extensive preoperative OSA screening has been standard care in many
bariatric centers. Historically, like in our hospital, PSG was initially always used as
OSA screening due to its status as golden standard diagnostic, but in recent years,
a shift towards more ambulatory tests has occurred. This partially explains the
uneven distribution of patients in the study groups, as patients who underwent
PSG testing only comprised 18.5% of the total cohort. In addition, we observed
that patients with a high probability for OSA (e.g., male, older patients with higher
prevalence of hypertension) were more likely to undergo PSG than PP, which
was most likely a result of selection bias, as patients were referred for PSG or
PP at the physician’s discretion. Although we attempted to correct for these
confounding factors in logistic regression analyses, other factors (such as implicit
bias by physicians) may have also played a part in decision making for either PSG
or PP, that were not identified as confounders.

A prospective trial that randomized bariatric patients to either PSG or PP prior
to surgery would have been ideal. However, by performing univariable and
multivariable analysis, we were able to correct for potential confounders, and
thus feel able to draw some conclusions from data of this large cohort.

The benefits of extensive preoperative OSA evaluation attempting to prevent
postoperative complications should be carefully weighed against the overuse
of diagnostic tools and hospital resources. The need to detect undiagnosed
severe OSA to avoid preventable complications is paramount, but the results
of this study suggest that complications can also be prevented by less invasive
diagnostics, despite a lower sensitivity for OSA diagnosis. On the other hand,
one could question whether preoperative screening is necessary or not, when
alternatives to OSA screening and CPAP treatment would also lead to comparable
outcomes. Such an alternative is continuous monitoring of saturation levels
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in all patients after bariatric surgery to prevent apneas or hypopneas. One
argument for this strategy is that up to 93.5% of patient completely resolves
their OSA within a year of surgery (16). A currently active study, the POPCORN
study, compares routine preoperative assessment of OSA by performing PP and
CPAP initiation to postoperative monitoring with continuous pulse oximetry and
supplemental oxygen without preoperative OSA assessment in bariatric patients,
with outcome parameters of cost-effectiveness, complications, and quality of
life (17). Future studies should focus on elucidating the balance between safety
and invasiveness to optimally manage undiagnosed OSA in bariatric patients in
the perioperative period.

Conclusion

Both PSG and PP are feasible options for preoperative diagnosis of OSA in
bariatric patients. When PP is performed, some underdiagnosis may occur. Cases
of mild OSA might be missed but this seems to be acceptable. However, clinically
relevant OSA is detected by both diagnostic tools, and no difference in OSA-
related complications was found, taking into consideration that patients were
treated with CPAP when OSA was diagnosed. PP is a safe, but less invasive option
and can thus be considered as a suitable measure for preoperative assessment
of OSA in this population.

Conflict of interest
All authors declare that they have no conflict of interest.

Statement of informed consent
Given the retrospective design of this study, informed consent was not required.

Ethics Approval
This study was approved by the Institutional Review Board of the OLVG.

52

Preoperative assessment of obstructive sleep apnea in bariatric patients

REFERENCES:

1. de Raaff CA, Pierik AS, Coblijn UK, de Vries N, Bonjer HJ, van Wagensveld BA. Value
of routine polysomnography in bariatric surgery. Surgical endoscopy. 2017;31(1):245-8.

2. Peromaa-Haavisto P, Tuomilehto H, Kossi ], Virtanen J, Luostarinen M, Pihlajamaki J,
etal. Prevalence of Obstructive Sleep Apnoea Among Patients Admitted for Bariatric
Surgery. A Prospective Multicentre Trial. Obesity surgery. 2016;26(7)1384-90.

3. Mason M, Cates CJ, Smith |. Effects of opioid, hypnotic and sedating medications on
sleep-disordered breathing in adults with obstructive sleep apnoea. The Cochrane
database of systematic reviews. 2015(7):CD011090.

4. Cozowicz C, Chung F, Doufas AG, Nagappa M, Memtsoudis SG. Opioids for Acute
Pain Management in Patients With Obstructive Sleep Apnea: A Systematic Review.
Anesthesia and analgesia. 2018,127(4):988-1001.

5. Kaw R, Michota F, Jaffer A, Ghamande S, Auckley D, Golish |. Unrecognized sleep
apnea in the surgical patient: implications for the perioperative setting. Chest.
2006;129(1):198-205.

6. de Raaff CAL, Gorter-Stam MAW, de Vries N, Sinha AC, Jaap Bonjer H, Chung F,
et al. Perioperative management of obstructive sleep apnea in bariatric surgery: a
consensus guideline. Surgery for obesity and related diseases : official journal of the
American Society for Bariatric Surgery. 2017;13(7):1095-109.

7. Chung F, Abdullah HR, Liao P. STOP-Bang Questionnaire: A Practical Approach to
Screen for Obstructive Sleep Apnea. Chest. 2016;149(3):631-8.

8. de Vries CEE, de Raaff CAL, Ruys AT, de Vries N, Hilgevoord AAJ, van Wagensveld BA.
Validity of a simple sleep monitor for diagnosing OSA in bariatric surgery patients.
Surgery for obesity and related diseases : official journal of the American Society for
Bariatric Surgery. 2018;14(7):1020-5.

9. Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al. Clinical
Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep Apnea: An
American Academy of Sleep Medicine Clinical Practice Guideline. Journal of clinical
sleep medicine : JCSM : official publication of the American Academy of Sleep
Medicine. 2017:13(3):479-504.

10. Corral J, Sanchez-Quiroga MA, Carmona-Bernal C, Sanchez-Armengol A, de la
Torre AS, Duran-Cantolla J, et al. Conventional Polysomnography Is Not Necessary
for the Management of Most Patients with Suspected Obstructive Sleep Apnea.
Noninferiority, Randomized Controlled Trial. American journal of respiratory and
critical care medicine. 2017;196(9):1181-90.

11. Oliveira MG, Treptow EC, Fukuda C, Nery LE, Valadares RM, Tufik S, et al. Diagnostic
accuracy of home-based monitoring system in morbidly obese patients with high
risk for sleep apnea. Obesity surgery. 2015;25(5):845-51.

12. Malbois M, Giusti V, Suter M, Pellaton C, Vodoz JF, Heinzer R. Oximetry alone versus
portable polygraphy for sleep apnea screening before bariatric surgery. Obesity
surgery. 2010;20(3):326-31.

13. Mutter TC, Chateau D, Moffatt M, Ramsey C, Roos LL, Kryger M. A matched cohort
study of postoperative outcomes in obstructive sleep apnea: could preoperative
diagnosis and treatment prevent complications? Anesthesiology. 2014;121(4):707-18.

14. Weingarten TN, Flores AS, McKenzie JA, Nguyen LT, Robinson WB, Kinney TM, et al.
Obstructive sleep apnoea and perioperative complications in bariatric patients. British
journal of anaesthesia. 2011;106(1):131-9.

53




Chapter 3

15. Kaw R, Pasupuleti V, Walker E, Ramaswamy A, Foldvary-Schafer N. Postoperative
complications in patients with obstructive sleep apnea. Chest. 2012,141(2):436-41.

16. Pajecki D, Dalcanalle L, Souza de Oliveira CP, Zilberstein B, Halpern A, Garrido AB, Jr,, et
al. Follow-up of Roux-en-Y gastric bypass patients at 5 or more years postoperatively.
Obesity surgery. 2007,17(5):601-7.

17. van Veldhuisen SL, Kuppens K, de Raaff CAL, Wiezer MJ, de Castro SMM, van
Veen RN, et al. Protocol of a multicentre, prospective cohort study that evaluates
cost-effectiveness of two perioperative care strategies for potential obstructive
sleep apnoea in morbidly obese patients undergoing bariatric surgery. BM] Open.
2020;10(10):e038830.

54

Preoperative assessment of obstructive sleep apnea in bariatric patients

55




& CHAPTER 4

oredictors associated with
structive sleep apnea in
of routine obstructive




Chapter 4

ABSTRACT

Purpose

Obstructive sleep apnoea (OSA) is a breathing disorder resulting in blockage of
airflow and hypo-oxygenation. The incidence of OSA in patients with class 2 or 3
obesity (BMI>35) is 60-70%. Unfortunately, most bariatric patients are unaware
they suffer from OSA. Untreated OSA can lead to perioperative cardiopulmonary
complications and most clinics perform routine preoperative OSA screening.

The aim of this study was to identify predictors associated with moderate
to severe OSA in bariatric patients and asses the incidence of OSA-related
complications in patients who underwent OSA screening and CPAP therapy if
indicated.

Methods

All consecutive patients who underwent primary bariatric surgery between
September 2013 and September 2019 were included. Univariable and multivariable
logistic regression analysis was performed to identify potential predictors for
moderate to severe OSA, defined as an Apnoea Hypopnea Index (AHI) >15 using
sleep studies.

Results

A total of 2872 patients who underwent bariatric surgery were included for
analysis. Overall, OSA was identified in 62.5% of all patients and moderate
to severe OSA (AHI >15) in 28.6%. Independent predictors for moderate to
severe OSA were male gender (p<0.001), age (p<0.001), preoperative BMI
(Body Mass index) (p<0.001), preoperative waist circumference (p<0.001),
hypertension (p<0.001), and dyslipidaemia (p=0.046). The incidence of OSA-
related complications was low (0.8%) and not significantly different among the
different OSA severity classes.

Conclusion

Male gender, age, preoperative BMI, waist circumference, hypertension and
dyslipidaemia were independent predictors for moderate to severe OSA. The
incidence of OSA-related complications was low (0.8%) in the present OSA
screened population.
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INTRODUCTION

Obstructive sleep apnoea (OSA) is a breathing disorder resulting in blockage of
airflow to the lungs and subsequent reduced blood oxygenation. Around 2-4%
of the general adult population and 60-70% of the patients with class 2 or 3
obesity (Body Mass Index above 35) suffer from OSA 2. This high prevalence
in is explained by obesity which is the most significant risk factor for OSA 34,
Many patients with obesity are unaware they suffer from OSA and untreated
OSA can lead to daytime fatigue, weight gain and perioperative cardiopulmonary
complications ®.

Many clinics perform preoperative OSA screening and initiate treatment before
bariatric surgery as recommended in an international consensus guideline to
decrease perioperative risks caused by untreated OSA ¢. The recommended
golden standard sleep study for OSA screening is a polysomnography (PSG).
The first choice treatment is Continuous Positive Airway Pressure (CPAP) in case
of diagnosed moderate or severe OSA, which is defined as an Apnoea Hypopnea
Index (AHI) above 15 7. However, the PSG is often replaced by the less costly
polygraphy (PG) whereas clinics without the sufficient resources for sleep studies
use OSA screening questionnaires i.e. the STOP-BANG in patients undergoing
bariatric surgery %8 However, none of these questionnaires have reached an
acceptable high accuracy of > 90% to be used as a stand-alone diagnostic
tool 10 At the same time, some experts question the value of preoperative
OSA screening and CPAP therapy in the bariatric population if patients are
continuously monitored after bariatric surgery.

In the last years the approach towards OSA screening in the bariatric population
has been influenced by different factors including the high costs of sleep studies,
available resources and expertise, availability of continuous postoperative
monitoring and more important evidence of a high OSA resolution rate of almost
75% within the first year after bariatric surgery’.

The aim of this study was to identify preoperative predictors for moderate to
severe OSA in a large cohort of patients who underwent bariatric surgery and
to analyze the incidence of OSA-related complications after surgery in patients
who underwent OSA screening and CPAP therapy if indicated.

METHODS

Aretrospective study was performed using data from all consecutive patients who
underwent primary bariatric surgery including laparoscopic Roux-en-Y gastric
bypass (RYGB), sleeve gastrectomy (SG) and omega loop bypass (OAGB-MGB)
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and adjustable gastric band (ABG) between September 2013 and September
2019 in a single high-volume bariatric center in the Netherlands. The data used
for this retrospective analysis was obtained from a large prospectively entered
database of all patients undergoing bariatric surgery. Permission to perform the
study with registration number WO 20.068 was obtained from the local ethical
committee called ACWO, without the need of formal patient informed consent
as data was used anonymously.

All patients underwent preoperative OSA screening by either PSG or PG following
the national guidelines ¢. The incidence of OSA in patients was assessed using
data from medical records and results of the PSG and PG prior to surgery. OSA
was diagnosed according to the international guidelines by the average number
of apnoeas and hypopneas which occur during the hours of sleep. This forms
the AHI and provides an indication of the severity of OSA with the following
categories; no OSA (AHI <5), mild OSA (AHI 5-14.9), moderate (AHI 15-29.9), and
severe OSA (AHI =30). All patients with an AHI of 15 or higher were referred
to a pulmonologist to start CPAP therapy. The patient’s toleration of CPAP
therapy before surgery was evaluated by a pulmonologist with the criteria that
the CPAP device had to be used for minimal 4 hours per night for at least 2
consecutive weeks with lowering of the AHI index under 15 as a result. A small
number of patients with mild OSA were also referred for CPAP therapy in case
of severe sleep related clinical symptoms or prolonged desaturations SaO2 <
90% monitored by PSG or PG.

Patients who received CPAP therapy after the sleep study were documented
and recorded in the database. The CPAP therapy compliance during hospital
admission was obtained from patient records. In case the CPAP device was
taken to the hospital by the patient, the device was brought to the operating
room to be applied directly after surgery when oxygen supply was discontinued.
Patients were scored CPAP complaint during admission if the CPAP device was
used at least during the first consecutive night after surgery as the length of the
hospital stay was variable with most patients only staying for one night. The CPAP
compliance was scored as missing in case of unclear reporting.

Patients were screened for eligibility for bariatric surgery by a multidisciplinary
team. All patients underwent assessments and were consulted by a medical
doctor, physical therapist, dietician and psychologist. All patients attended a
6-week lifestyle program before surgery and follow up was performed during an
intensive 18-month lifestyle program after surgery and thereafter yearly medical
check-up until 5 years after surgery. Work-up before surgery included blood
tests, Helicobacter Pylori test and screening for OSA using PSG or PG, followed
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by an appointment at the pulmonologist for CPAP therapy if indicated. From 2015
the PSG was replaced by remote PG. No other OSA screening tools were used.

All patients were consulted by the anaesthesiologist for preoperative assessment.
Preoperative factors such as comorbidities, medication, AHI, alcohol consumption
and smoking were documented. Bariatric procedures were performed by four
bariatric surgeons using standardized techniques for the laparoscopic RYGB, SG,
OAGB-MGB and ABG ™.

All data was analysed using SPSS 22.0 for Windows (SPSS Inc. Chicago lllinois,
USA). Patient characteristics are described as the mean with standard deviation
(SD) for normally or medians (min- max. range) for non-normally distributed
variables. Categorical data are presented in number of patients with percentages
(%). Differences in complications were assessed using Chi-square test. A p
value of < 0.05 was considered significant. Univariable and multivariable logistic
regression according to the TRIPOD statement was used to identify predictors for
moderate to severe OSA (binary outcome), using the stepwise backward method
(17). Based on the best discriminatory cut-off value, each continuous variable was
converted into a dichotomous variable. Variables in the univariable analysis with
a Pvalue under < 0.1 were added to the multivariable model. Associated factors
are presented including the odds ratio (OR) and independent predictors including
the adjusted odds ratio (aOR) with 95% confidence intervals (Cl).

RESULTS

Study population
Overall, 3356 patients were operated during the study period. Three hundred
forty-five patients (10.8%) who underwent revisional surgery and 138 patients
(4.1%) without a documented AHI or CPAP status were excluded leaving 2872
patients eligible for analysis. Patients underwent various bariatric procedures as
showed in table 1.
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Table 1. Baseline characteristics

Variable Total patients
(n=2872)
Gender (%):

Female 2318 (80.7)
Male 554 (19.3)
Age (SD); year 43.8 (+12.0)
Preoperative BMI (SD); kg/m? 434 (£5.9)
Preoperative waist (SD); cm 123.3 (£21.0)
Hypertension (%) 969 (33.7)

NIDDM (%) 316 (11.0)
IDDM 236 (8.2)
Dyslipidaemia (%) 504 (17.5)
GERD (%) 669 (23.3)
COPD (%) 71(2.5)
Vascular disease (%) 74 (2.6)
Cardiac diseases (%) 220 (7.7)
Smoking (%) 503 (17.5)
Yes 937 (32.6)
Former 1431(49.9)
No
Alcohol consumption (%) 864 (30.1)
Procedure (%)
RYGB 2248 (78.3)
SG 618 (21.5)
AGB 3(0.1)
OAGB-MGB 3(0.)

% = the corresponding percentages; SD = standard deviation

BMI = Body Mass Index; NIDDM =Non-Insulin Dependent Diabetes Mellitus; IDDM = Insulin
Dependent Diabetes Mellitus; GERD = Gastro Esophageal Reflux Disease; COPD = Chronic
obstructive Pulmonary Disease; RYGB = Roux-en-Y Gastric bypass; SG= Sleeve Gastrectomy;
AGB= Laparoscopic adjustable gastric band; OAGB-MGB = Omega Loop Gastric bypass

Prevalence OSA

Overall OSA (AHI = 5) was present in 1795 patients (62.5%) and moderate to
severe OSA (AHI =15) in 823 patients (28.6%) (Table 2). Eight hundred and two
out of 2872 patients (279%) received CPAP therapy before surgery including 66
patients (8.2%) with mild OSA (AHI < 15) who also received CPAP therapy because
of severe sleep-related symptoms or prolonged desaturations. A total of 823
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patients (28.6%) were diagnosed with moderate to severe OSA (AHI >15). In 736
patients (89.4%) with moderate to severe OSA CPAP therapy was initiated and
implemented after evaluation of the tolerance of CPAP. Overall, 722 out of 802
patients (90.0%) were CPAP therapy compliant during hospital admission. Ten
patients (1.2%) with moderate to severe OSA used a mandibular advancement
device (MAD). The remaining 77 patients with moderate to severe OSA (9.6%)
did not tolerate CPAP therapy before surgery. These patients were monitored
on the Intensive Care Unit postoperatively. Subgroup analysis of CPAP therapy
compliance in the moderate to severe group showed no significant difference
between age groups (p=0.295), OSA severity (p=0.394) or AHI score (p=0.409).

Table 2. OSA classification, CPAP therapy implementation and compliance

OSA severity Patients CPAP therapy CPAP therapy
(n=2872) implementation compliance
(n=802) (n=722)
No OSA (AHI < 5) (%) 1077 (37.5) 0(0) n.a.
Mild OSA (AHI 5 -15) (%) 972 (33.8) 66 (8.2) 58 (879)
Moderate OSA (AHI15 - 30) (%) 394 (13.7) 327 (40.8) 289 (88.4)
Severe OSA (AHI = 30) (%) 429 (14.9) 409 (50.0) 375(91.7)

% = the corresponding percentages; n = number; n.a.= not applicable.
OSA = Obstructive Sleep Apnoea; AHI = Apnoea-Hypopnoea Index; CPAP = Continuous Positive
Airway Pressure

Predictors for moderate to severe OSA

Univariable and multivariable analysis was performed to assess predictors for
moderate to severe OSA. All 823 patients with moderate to severe OSA were
analysed and compared to 2049 patients without moderate to severe OSA. In
the univariable analysis, several significant predictors associated with moderate
to severe OSA were found (table 3). Significant independent predictors in the
multivariable analysis include including male gender (p<0.001), age > 495 year
(p<0.001), preoperative BMI (Body Mass Index) > 45 (p<0.001), preoperative waist
circumference >130 cm (p<0.001), hypertension (p<0.001) and dyslipidaemia
(p=0.046). Gender had the highest aOR of 3.7 (table 4).
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Table 3. Univariable logistic regression; factors associated with moderate to severe OSA. (n=2872)

Variable AHI <15 AHI =15 OR 95% ClI p-value
Gender (%): 474 [3.90-5.76] <0.001
Female 1811(88.4) 507 (61.6)
Male 276 (11.6) 316 (38.4)
Age (SD); year 415 (£11.8) 49.2 (10.8) 1.06 [1.05-1.07] <0.001
Age = 49(%); year 631(30.8) 490 (59.5) 3.31 [2.80-3.91] <0.001
Preoperative BMI 429 (£5.3) 447 (£71) 1.05 [1.04-1.07] <0.001
(SD); kg/m?
Preoperative BMI > 600 (29.3) 337(40.9) 1.68 [1.42-1.99] <0.001
45(%); kg/m?
Preoperative waist 123.9 (12.6) 133.5(14.3) 1.05 [1.05-1.06] <0.001
(SD); cm
Preoperative waist 489 (23.9) 393 (47.8) 292 [2.46-3.4¢] <0.001
>130 (%); cm
Hypertension (%) 562 (27.4) 407 (49.5) 259 [219-3.06] <0.001
NIDDM (%) 198 (9.7) 118 (14.3) 1.56 [1.23-2.00] <0.001
IDDM (%) 136 (6.6) 100 (12.2) 195 [1.48-2.55] <0.001
Dyslipidaemia (%) 280 (13.7) 234(27.2) 236 [1.94-2.88] <0.001
GERD (%) 472 (23.0) 197 (23.9) 1.05 [0.87-1.27] 0.605
COPD (%) 46 (2.2) 25(3.0) 136 [0.83-2.54] 0.218
Vascular disease (%) 44 (2.) 30 (3.6) 173 [1.08-2.76] 0.024
Cardiac diseases 125 (6.0) 95 (11.5) 2.01 [1.52-2.66] <0.001
(%)
Smoking (%) 113 [1.03-1.24] <0.001
Yes 366 (17.9) 137 (16.6)
Former 636 (31.0) 301(36.6)
No 1047 (51.1) 385(46.8)
Alcohol 578 (28.2) 286 (34.8) 1.36 [114-1.61] <0.001

consumption (%)

95% Cl = 95% confidence interval, p value <0.05 is significant.

% =the corresponding percentages;, n = number; AHlI=Apnoea-Hypopnoea-Index;
OSA = Obstructive Sleep Apnoea; BMI = Body Mass Index; NIDDM =Non Insulin Dependent
Diabetes Mellitus; IDDM = Insulin Dependent Diabetes Mellitus; GERD = Gastro Oesophageal
Reflux Disease; COPD = Chronic Obstructive Pulmonary Disease.
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Table 4. Multivariable logistic regression analysis; Predictors for moderate to severe OSA (AHI >15)

Variable B aOR 95% ClI p-value
Male gender 1.28 3.60 [2.90-4.47] <.001
Age =49 years 1.07 292 [2.40-3.57] <.001
Preoperative BMI = 45 kg/m?2 0.45 157 [1.28-1.92] <.001
Preoperative waist =129 cm 0.68 198 [1.61-2.44] 0.004
Hypertension 0.45 140 [111-1.76] <.001
Dyslipidaemia 0.24 1.27 [1.00-1.60] 0.046

All variables with a p < 0.1 were added to the multivariable analysis. A p value of p <0.05 was
considered significant.

Regression coefficient= B, aOR= adjusted odds, 95% Cl = 95% confidence interval;

OSA = Obstructive Sleep Apnoea; AHI = Apnoea-Hypopnoea Index; BMI = Body Mass Index

Postoperative complications

Overall 237 patients (8.3%) had a (30-day)postoperative complication including
22 patients (0.8%) with OSA-related complication as presented in table 5. We
found no significant difference in overall complications (p= 0.076) and OSA-
related complications (p=0.100) among OSA severity groups. Two patients died
after a non-OSA related complication resulting in a mortality rate of 0.1%. Both
patients died due to uncontrollable sepsis after anastomotic leakage.
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Table 5. Postoperative complications within 30 days

OSA severity classes No OSA Mild OSA Moderate OSA Severe OSA
(AHI < 5) (AHI'5-15) (AHI15 -30) (AHI = 30)

Overall complications (%) 74 (6.9) 79 (8.1) 40 (10.2) 44 (10.3)
CDC >2 (%) 43 (4.0) 40 (4.) 26 (6.6) 25(5.8)
Cardiovascular & respiratory ~ 8(0.7) 3(0.3) 5(1.3) 6(1.4)
complications (%)

Pneumonia (%) 5(0.5) 3(0.3) 2(0.5) 3(0.7)

Acute respiratory 1(0.1) 0(0.0)

insufficiency

Acute cardiac arrest (%) 0(0.0) 1(0.0) 0(0.0) 0(0.0)

Atrial fibrillation (%) 1(0.0) 0(0.0) 0(0.0) 0(0.0)

Deep venous thrombosis 0(0.0) 0(0.0) 0(0.0) 1(0.2)

(%)

Pulmonary embolism (%) 1(0.1) 0(0.0) 2(0.5) 0(0.0)

OSA = Obstructive Sleep Apnoea; AHI = Apnoea-Hypopnoea Index; CDC= Clavien-Dindo
classification

DISCUSSION

This is the largest study to date to analyze predictors for moderate to severe OSA
in patients who underwent bariatric surgery. Obstructive Sleep Apnoea (defined
as AHI >5) was present in 62.5% of patients, and 28.6% of patients was diagnosed
with moderate to severe OSA (AHI=15). Independent predictors for OSA were
male gender, age, preoperative BMI, hypertension, waist circumference and
dyslipidaemia. OSA-related complications after screening and treatment (CPAP
initiation) were low with a range of 0.3t01.4% and comparable to patients without
OSA. The OSA-related complications did not differ among the OSA classes after
screening and CPAP therapy if necessary.

Many previous studies have identified obesity as a predominant risk factor*4. The
moderate to severe OSA rates in previous studies vary between 31.8% and 40.4%
and are comparable to the present study """, Previous studies have also identified
male gender, age, preoperative BMI, hypertension and waist circumference as
independent predictors for moderate to severe OSA 7B The present study
found dyslipidaemia as a new independent predictor for moderate to severe
OSA in patients undergoing bariatric surgery (p=0.046). Evidence supporting
the existence of the possible relationship between OSA and dyslipidaemia, and
potential underlying mechanisms have been evaluated in a recent systematic
review . The conclusion of the review was that data so far suggests OSA affects
the lipid metabolism by intermittent hypoxia based on animal studies but that
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clinical evidence supporting the link between OSA and dyslipidaemia so far
is limited. They also describe that the lipid profile may be improved by CPAP
therapy but that the exact mechanism has not been clarified . The present
study now shows that dyslipidaemia is a predictor in general practice since
the patients first undergo routine laboratory test and then subsequent OSA
screening. A study discussed by Karkinski et al. also showed that the effect of
OSA on the lipid metabolism is more intense in obese patients than non-obese
patients ?°. Two other studies found that an elevated level of free fatty acids
was independently associated with increased AHI levels. However, the precise
pathways for altered lipid metabolism in patients with moderate to severe OSA
severity remains unclear.

Many studies have attempted to create OSA prediction models in order to
exclude low risk patients for OSA and avoid unnecessary testing %= A study
testing the discriminatory ability of the commonly used STOP-BANG score for
identifying moderate to severe OSA showed that a STOP-BANG score of 4 has
the highest sensitivity of 86% with a low specificity of 28 % in patients with
morbid obesity™. Duarte et al. compared the predictive value of three different
models: the STOP-BANG (snoring, tiredness, observed apnoeas, hypertension,
BMI>35, age>50, neck circumference, male gender), the two-item No-Apnoea
(neck circumference and age), and the NoOSAS model (neck circumference,
obesity, observed apnoea, snoring, age, and male sex) in patients eligible for
bariatric surgery. The discriminatory accuracy of the three models, which was
assessed by the Area Under the Curve (AUC), were 0.74 (0.691-0.788), 0.79 (0.740-
0.829) and 0.76 (0.711-0.805), respectively ?. A fourth model created by Dixon
et al. consisted of six variables: BMI=45, age, observed apnoeas, HbA _26%,
fasting plasma insulin 228 umol/L, and male sex reached the highest accuracy
with an AUC of 0.91 in bariatric patients with OSA symptoms compared to
polysomnography . However, Kolotkin et al. were unable to confirm this high
diagnostic accuracy in an external validation study and found an AUC of 0.73
(95% CI1 0.675-0.786). Overall, most of the studies developing or validating OSA
prediction models have moderate accuracy and therefore it is unlikely that these
prediction models can substitute routine sleep studies i.e. PG or PSG in these
patients. The use of routine OSA screening questionnaires as a stand-alone
diagnostic tool should be discouraged due to the low accuracy but may be used
to exclude low risk patients before PSG or PG.

Overall, OSA-related complications after screening and CPAP initiation were low
and not significantly different among different OSA severity classes. These results
are in line with the previously published study of Weingarten et al. which showed
no association between pulmonary complications and OSA severity in a OSA
screened and treated population 2. The question arises what the complications
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rate is if no screening is performed but only intense postoperative continuous
monitoring.

Clearly, the present study has several limitation. It was not possible to asses all
previously described associated factors of OSA due to the retrospective nature.
This made it impossible to validate other screening models such as the STOP-
BANG questionnaire, since neck circumference, snoring, observed nocturnal
apnoeas and some necessary blood values were not recorded. In addition,
this study might be underpowered to analyse the effect of OSA screening on
complications since the OSA-related complications occur seldom and causality
between OSA and these complications cannot always be proven. Another
limitation is the use of the AHI, a commonly reported measurement to describe
OSA severity. Despite its general clinical acceptance to use for defining the
severity of OSA, it is questionable if the AHI is the best clinical measurement to
describe the severity of OSA. Recent findings indicate that other OSA-related
parameters such as length of apnoeas and degree of oxygen desaturation index
(ODI) play a more important role in classifying OSA severity ¢. At last, in this
study we were unable to assess the effect of screening and CPAP therapy in
avoiding potential OSA-related complications compared to non-treated patients
or patients who are instead continuously monitored after surgery.

Itis questionable if future studies should focus on the refinement or development

of tool to predict OSA since all previous questionnaires have not been able to
achieve high predictive accuracy. Alternatively, the focus could be shifted towards
strategies where OSA screening is omitted such as perioperative continuous
monitoring. In this approach all patients are treated as potential OSA patients and
provided intense postoperative monitoring with pulse oximetry and additional
oxygen supplementation if necessary during the first postoperative night(s) %
This strategy may be more pragmatic and cost-efficient in patients undergoing
bariatric surgery considering the high OSA prevalence, low chance of severe
complications and the high OSA resolution after weight loss 7. This is currently
being investigated in the POPCORN trial were this novel approach is compared
with standard care that includes preoperative OSA screening using sleep studies
and CPAP therapy in case of moderate or severe OSA %3,

In conclusion, gender, age, preoperative BMI, waist circumference, hypertension
and dyslipidemia are independent factors associated with moderate to severe
OSA. The incidence of OSA-related complications in patients who underwent
OSA screening and CPAP therapy if indicated was low (0.8%). The routine use
of OSA screening questionnaires as an substitute for sleep studies should be
discouraged as none have reached high accuracy in the bariatric population.
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Alternatively, future studies should focus on the safety and cost-effectiveness
of novel perioperative OSA strategies in which OSA screening in omitted.
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ABSTRACT

Introduction

Despite the high prevalence of obstructive sleep apnea (OSA) in obese patients
undergoing bariatric surgery, OSA is undiagnosed in the majority of patients
and thus untreated. While untreated OSA is associated with an increased risk
of per- and postoperative complications, no evidence-based guidelines on
perioperative care for these patients are available. The aim of the POPCORN
study (Post-Operative Pulse oximetry without OSA sCreening vs. perioperative
continuous positive airway pressure (CPAP) treatment following OSA scReeNing
by polygraphy (PG)) is to evaluate which perioperative strategy is most cost-
effective for obese patients undergoing bariatric surgery without a history of
OSA.

Methods and analysis

In this multicentre observational cohort study, data from 1380 patients who
will undergo bariatric surgery will be collected. Patients will either receive
postoperative care with pulse oximetry monitoring and supplemental oxygen
during the first postoperative night, or they receive care that includes preoperative
PG and CPAP treatment in case of moderate or severe OSA. Local protocols
for perioperative care in each participating hospital will determine into which
cohort a patient is placed. The primary outcome is cost-effectiveness, which
will be calculated by comparing all health care costs to the quality-adjusted-life-
years (QALYs, calculated using EQ-5D questionnaires). Secondary outcomes are
mortality, complications within 30 days after surgery, readmissions, reoperations,
length of stay, weight loss, generic quality of life (QOL), OSA-specific QOL, OSA
symptoms and CPAP adherence. Patients will receive questionnaires before
surgery and 1,3, 6, and 12 months after surgery to report QALYs and other patient
reported outcomes.

Ethics and dissemination

Approval from the Medical research Ethics Committees United was granted in
accordance with the Dutch law for Medical Research Involving Human Subjects
Act (WMO) (reference number W17.050). Results will be submitted for publication
in peer-reviewed journals and presented at (inter)national conferences.

Trial registration number
NTR6991, registered at the Netherlands Trial register, https://www.trialregister.nl.
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INTRODUCTION

Obesity is a health care issue of epidemic proportions that is rapidly increasing.
Worldwide, more than 650 million people are affected by obesity, defined as
body mass index (BMI) = 30 kg/m?, with subsequent morbidity and mortality(1).
Many conservative and life-style interventions that are aimed at reducing weight
are available but most lack effectiveness and durable results. To date, bariatric
surgery is the only effective treatment for obesity that achieves sustainable,
long-term weight loss(2, 3).

Obesity is the main risk factor for obstructive sleep apnea (OSA), a sleep-
breathing disorder with recurrent breathing cessations that occur when
the pharyngeal airway collapses completely or partially. These collapses are
respectively called apneas and hypopneas. The number of breathing cessations
per hour of sleep, the apnea hypopnea index (AHI), indicates the severity of OSA
(4, 5). Intermittent hypoxemia, hypercapnia and arousals from sleep are a result
of breathing cessations, which lead to excessive daytime sleepiness, cognitive
impairment and increased risk of cardiovascular disease. The golden standard for
OSA diagnosis is an in-laboratory polysomnography (PSG), but in recent years
home-based polygraphy (PG) has also been validated as a diagnostic tool(6).
Currently, the best treatment for OSA is positive airway pressure (PAP), most
commonly provided as continuous PAP (CPAP), and aims to maintain an open
airway during sleep. Hereby, arousals from sleep will be reduced, which improves
daytime functioning with less excessive sleepiness, as well as quality of life and
cognitive functioning(7).

OSA s highly prevalent in patients who are eligible for bariatric surgery, affecting
approximately 60-70%, compared to OSA prevalence of 3-17% in the general
adult population(8-10). Due to the strong correlation of OSA and obesity, weight
loss should be recommended to all obese patients with moderate or severe
OSA(1, 12). Bariatric surgery is highly effective for this disease, as 60-85%
patients achieve complete remission of OSA or significant reduction of their
disease severity(2, 13-16).

Perioperative care for bariatric patients with OSA pose a clinical challenge, given
that the majority is asymptomatic or experiences unrecognized symptoms, and is
consequently untreated(17). Opioids administered during general anesthesia can
induce long-lasting apneas in patients with untreated OSA. As a result, (untreated)
OSA is associated with a higher risk of cardiopulmonary and neurovascular
complications, as well as higher overall mortality and morbidity in general surgery
populations(18, 19). Evidence that this phenomenon of increased perioperative
risk also exists in bariatric patients is thin, and most studies do not mention
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whether precautions were taken to prevent OSA-related adverse events(20).
More recent prospective studies and reviews demonstrate a consistently low
incidence of cardiopulmonary and neurovascular complications following
bariatric surgery, and statistical analyses fail to indicate a direct causative link
to OSA(21-23).

Evidence-based guidelines for perioperative care of potential OSA in bariatric
patients are lacking(24). Therefore, a wide variety of perioperative modalities
has emerged, that all aim to minimize the risk of serious adverse events related
to untreated OSA. One of the options is routine preoperative assessment of
OSA in every bariatric patient by performing PSG or PG. Newly diagnosed
moderate or severe OSA patients will consequently be treated with CPAP.
Another option relies on questionnaires to identify patients at high risk of
OSA who subsequently undergo PG. These questionnaires, such as the STOP-
BANG or Berlin questionnaire, are frequently used, but none of these screening
tools has been able to render both high sensitivity and specificity. Therefore,
its applicability remains controversial(25-27). Another alternative is routine,
postoperative continuous monitoring with pulse oximetry with supplemental
non-invasive oxygen administration but without preoperative OSA assessment.
In this approach, all patients receive the same intervention to achieve adequate
saturation levels in the early post-operative phase(21).

Obesity and obesity-related disorders increasingly demand utilization of available
health care resources. Justification of high screening expenses for OSA is
debatable given the low incidence of OSA-related complications, despite the
high prevalence of OSA. In addition, CPAP adherence rates are poor even in
patients with symptomatic OSA, ranging between 29-83%(28). While specific
data are lacking, adherence rates are putatively even lower in asymptomatic
bariatric patients, which questions the actual protective effect that is added by
preoperative initiation of CPAP. In contrast, adequate treatment with CPAP in
symptomatic OSA patients positively influences societal costs, as symptomatic
patients without treatment use more health care resources, suffer more
unemployment and are more prone to work-related or traffic accidents(29-31).
However, routine screening and treatment of asymptomatic patients is not
likewise supported by conclusive evidence(27, 32). Deliberate consideration is
needed when comparing outcomes such as safety, costs and patients’ satisfaction
between different perioperative strategies for OSA care in bariatric patients.

RATIONALE

The primary aim of the POPCORN study (Post-Operative Pulse oximetry without
OSA sCreening vs. OSA scReeNing) is to evaluate the most cost-effective
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perioperative strategy for bariatric patients who have no history of OSA. We will
compare postoperative continuous pulse oximetry without OSA screening with
routine OSA screening by PG and subsequent application of CPAP. This study will
provide evidence that will enable clinicians to make an evidence-based decision
on perioperative care of patients with no known OSA undergoing bariatric
surgery. This paper describes the design and protocol of the POPCORN study.

METHODS AND ANALYSIS

Study design

The POPCORN study is a prospective, multicentre, observational cohort study
that evaluates two cohorts of bariatric patients who have no history of OSA.
The first cohort consists of patients who are postoperatively monitored with
continuous pulse oximetry (CPOX cohort) who do not undergo a PG or PSG. In
the second cohort, all bariatric patients undergo a preoperative PG and in case
of moderate or severe OSA receive consequent treatment with CPAP before and
after surgery (PPG cohort) (Figure 1).

Pre-operative «——————— Post-operative —— >

first 24h 12 months

INTERVENTION

Surgery | pulse oximetry

/ 4
Barlatric
patients _ first24h . 12 months .
\. o OsA+ —> [ CPAP | surgery | cPAP
[rs] [ran oo ]
\; s . Su‘“y lp::r:::‘qqofoﬂ
USUAL CARE
> < —p
first 24h 12 months

PG = polygraphy (sleep study to diagnose OSA)
OSA = obstructive sleep apnea
CPAP =

P way p

Figure 1: Flowchart of the POPCORN study
PG Polygraphy, OSA obstructive sleep apnea, CPAP continuous positive airway pressure
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Recruitment procedures and consent

In total, 1380 obese patients scheduled to undergo bariatric surgery will be
included for participation in the POPCORN study. For study participation, a
subject must meet the following inclusion criteria: (A) preoperative BMI > 35
kg/m? combined with an obesity-related comorbidity or preoperative BMI
>40 kg/m?(33), (B) Age =18 years, (C) undergo a primary bariatric procedure.
Potential subjects will be excluded from participating in the following situations:
(A) previous bariatric surgery, such as laparoscopic adjustable gastric banding;
(B) inability to speak or read the Dutch language; (C) concomitantly performed
procedures during bariatric surgery that increase the risk of postoperative
complications and costs, such as cholecystectomy or paraesophageal hernia
repair; (D) Use of treatment options for OSA other than PAP modalities, such as
a mandibular advancement device or positional therapy.

In both cohorts, 690 patients will be included. Local protocols of participating
hospitals will determine which strategy of perioperative care is used and this will
consequently determine the allocation of patients into one of the two cohorts.
Seven hospitals in the Netherlands will collaborate to recruit all study-patients.
Of the participating hospitals, the only hospital that applies CPOX without
preoperative OSA screening is Rijnstate Hospital, Arnhem, who will recruit
patients for the CPOX arm. For the PG cohort, patients are recruited from the
other participating hospitals (St. Antonius Hospital, Nieuwegein; Onze Lieve
Vrouwe Hospital, Amsterdam; Dutch Obesity Clinic, the Hague; Zuyderland
Hospital, Heerlen; Rode Kruis Hospital, Beverwijk and Mdxima Medical Centre,
Veldhoven). Written or digitally signed informed consent will be obtained from
all participants enrolled in this study. Recruitment has started in April 2018 and
is expected to be completed in March 2020.

Continuous pulse oximetry (CPOX) - cohort

Bariatric patients in the CPOX cohort receive no preoperative screening for OSA:
no PG, polysomnography or questionnaires for risk stratification are conducted.
Postoperatively, bariatric patients return to the surgical ward where continuous
surveillance with pulse oximetry is immediately started, with supplemental
oxygen provided via a nasal cannula (2 L/min SpQO,). Pulse oximetry is performed
using a Draeger Infinity Delta monitor (Draeger Medical Systems Incorporated,
USA). Clinical desaturations are defined as <92% SpQ,, lasting at least 10 seconds.
A desaturation sets off an alarm that alerts the attending nurse who will perform
a clinical evaluation. Long-lasting apneas can either be terminated by awaking
the respective patient, or by providing additional supplemental oxygen via the
non-invasive nasal cannula. In case of a serious desaturation that cannot be
managed appropriately by these minor interventions, patients can be admitted
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to the intensive care unit for potential reintubation at discretion of the treating
physician.

Preoperative polygraphy (PPG) - cohort

The PPG cohort will consist of bariatric patients that are preoperatively screened
for OSA with a polygraphy or polysomnography. Patients with moderate or
severe disease, defined as AHI=15 and AHI =30 events/hour, CPAP treatment
is initiated. In patients with mild disease, defined as AHI 5-14 events/hour, CPAP
is only advised in presence of clinically significant symptoms such as excessive
sleepiness and unrefreshing sleep(34). In patients where an AHI of <5 events/
hour is observed, OSA is excluded and no additional perioperative precautions
are needed. [Figure 1] In mild, moderate and severe disease, automatic or bi-
level continuous airway pressure (APAP and BiPAP) are considered qualitatively
equal, compared to CPAP. Therefore, if CPAP treatment is unsuccessful, APAP
and BiPAP are also defined as optimal treatment in the perioperative phase.

Enhanced Recovery After Bariatric Surgery Protocols

All participating hospitals will use per- and postoperative protocols during
the study period that are based on the principles of Enhanced Recovery After
Bariatric Surgery (ERABS)(35). These principles underline aspects of care that
enable quick recovery after surgery to minimize per- and postoperative opioid
administration and to stimulate early postoperative mobilization. To prepare
patients for the bariatric procedure and the associated lifestyle changes, all
centres have comparable pre-and postoperative programs for bariatric care.
This enlarges a patients’ knowledge and expectations on the procedure, the
admission and alarm signs for adverse events.

Surgical procedures

Laparoscopic Roux-en-Y gastric bypass (LRYGB) is the most performed procedure
in all participating hospitals, followed by laparoscopic sleeve gastrectomy (LSG).
LRYGB and LSG are both stomach-reducing procedures, and thus induce
significant restriction on food intake. Both procedures influence metabolic and
hormonal responses that additionally contribute to weight loss. Furthermore,
LRYGB has an additional malabsorptive element as food bypasses the duodenum
and a part of the ileum. Both procedures are performed in a protocolled fashion
and will be very similar in all participating hospitals.

Primary outcomes

Cost-effectiveness of CPOX compared with standard care with PPG is the
primary outcome and will be evaluated during the period from baseline to 12
months after surgery from a societal perspective. Effectiveness of perioperative
care (e.g. CPOX and PPG) will be expressed in quality-adjusted-life-years (QALYSs).
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The QALYs will be calculated using the EuroQol 5 Dimensions - 3 level (EQ-5D-
3L) questionnaire, which rates a person’s autonomy and well-being on 5 scales;
mobility, self-care, usual activities, pain/discomfort and anxiety/depression(36).
All scores will be calculated using the subset that was validated for the Dutch
population of the EQ-5d-3L(37) . Additionally, patients indicate their general
health of that day on a Visual Analog Scale (VAS). The EQ-5D score creates a so
called utility between 0-1, indicating 1 as the highest form of well-being, and 0
as the lowest form of well-being, i.e. death.

Direct and indirect costs during the entire study period will be assessed for each
individual study subject. Direct costs will be extracted from hospital files and
electronic patient records. These costs will be carefully evaluated with regard to
the relationship with obesity or OSA. Any unrelated costs will not be considered
for the cost-effectiveness analysis. Uncertainty regarding the involvement
of OSA or obesity on certain health care costs will be resolved by discussion
between authors SvV, EJH and KK.

In addition, we aim to collect health care costs outside the hospital and so called
indirect costs which refer to lost resources and opportunities (for instance
inability to work) resulting from OSA. These costs will be evaluated using two
questionnaires: the Productivity Costs Questionnaire (PCQ) and the Medical
Costs Questionnaire (MCQ). The PCQ is a validated questionnaire that assesses
the relationship of general income and productivity to physical and mental well-
being (38). The MCQ is used to measure extramural medical costs, e.g. visits to
a general practitioner or dietician, or medical care in another hospital than the
bariatric centre. The PCQ and MCQ questionnaires are conducted at 3 and 12
months postoperatively.

Secondary outcomes

Mortality, morbidity, complications, intensive care unit (ICU) admissions, length
of hospital stay, OSA-related symptoms, adherence to CPAP and quality of life
(QOL) are all secondary outcomes.

Baseline morbidity will be documented and remission of OSA evaluated after
12 months in the patient files, e.g. comorbidities resolution and weight loss
progression during the first postoperative year. Weight loss will be expressed as
percentage excessive weight loss (%EWL), percentage total weight loss (% TWL)
and change in BMI.

Complications
All complications that occur within 30 days of the bariatric procedure will be
analysed.
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Distinction will be made in each complication whether it could be caused by
(untreated) OSA; this will mainly entail pulmonary, cardiac, thromboembolic
and neurovascular complications. Uncertainty regarding these decisions will be
solved by discussion between authors SvV, EJH en KK. If the authors conclude
that a pulmonary, cardiac, thromboembolic or neurovascular complication is not
a result of OSA, this will be described in the manuscript. Severity of complications
will be registered according to the Clavien-Dindo Classification (39).

Quality of life (QOL)

Generic QOL will be measured using the EQ-5D-3L, and the Rand-Short
Form 36-items questionnaire, which assesses general health in nine different
aspects, including physical activity and bodily pain(40). Sleep-related QOL will
be assessed with the Functional Outcome Sleep Questionnaire-10(41). This 10-
item questionnaire measures the effect of tiredness and sleepiness on QOL
and scores are obtained through a 4-point Likert scale. The outcome score
ranges from 5 to 20: low scores indicate poor QOL that is greatly influenced by
daytime sleepiness, while high scores inversely indicate good QOL uninfluenced
by daytime sleepiness(42).

OSA-related outcomes
The main symptom of OSA, daytime sleepiness, will be assessed by the Epworth
Sleepiness Scale questionnaire(43). Patients report the likelihood of falling asleep
during eight daytime activities on a Likert scale of 0-3, indicating results that
range from normal daytime sleepiness (score 0-5) to severe excessive daytime
sleepiness (score 16-24).

Pre- and postoperative PGs (or PSGs) during the study period will be analysed
for AHI, AHI in supine position, oxygen desaturation index, total sleeping
time in supine position, mean oxygen saturation, lowest oxygen saturation,
time of saturation <90% SpO,, number of episodes of saturation <90% SpO,
and number of episodes with >4% saturation drop below mean saturation.
Additional factors that could contribute to disease-load or probability are also
monitored; previous ENT surgery that provides a wider pharyngeal girth (i.e.
uvulopalatopharyngoplasty), smoking status, alcohol consumption and daily use
of opioids and benzodiazepines will also be registered.

CPAP adherence

Due to known discrepancies between patient reported adherence to treatment
and objective treatment adherence data, we will obtain both objective and
subjective data on CPAP adherence. Adherence will be expressed in days per
week of CPAP treatment and hours per night. To obtain objective data, we will
consult online databanks for collection of day-to-day adherence rates. CPAP
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devices automatically send adherence data and corresponding AHIs to an online
databank, which health care providers in the Netherlands use to monitor their
patients. In addition, electronic patient records will be evaluated for physicians’
recommendation regarding (dis)continuation of CPAP during follow-up.

Subjective data on CPAP adherence will be collected through patient reported
outcomes measurements. By using questionnaires, insight can be obtained
regarding patients’ motives for treatment discontinuation.

Data management

Handling of data was prospectively addressed in a data management plan
with the aim of generating data in accordance with the FAIR criteria: Findable,
Accessible, Intra-operable and Reusable.

Sample size calculation

A non-inferiority design was chosen to evaluate whether CPOX with no
preoperative PG is non-inferior to preoperative PG in bariatric patients. In
patients with moderate or severe OSA, CPAP treatment is part of standard care.
The primary outcome is QALY difference compared to costs, where QALYs are
measured by the EQ-5D. Therefore, the sample size calculation is based on a
predefined non-inferiority margin of 0.03 on the EQ-5D score. Based on an
EQ-5D score of 0.68 in the usual care group, QALYs of OSA patients before and
after one year of CPAP treatment, and calculating with 80% power to detect the
predefined non-inferiority margin at a one-sided a level of 0.05, there are 621
patients needed in each study group(44). Assuming a loss to follow up of 10%,
the total study population will be set at 1380 patients, resulting in 690 patients
per arm.

Analysis of primary outcome measures

An extensive cost-effectiveness analysis (CEA) and budget impact analysis (BIA)
will be performed. The cost-effectiveness analysis adheres to the Dutch guideline
(45) and reporting will adhere to the CHEERS checklist(46). The BIA will adhere
to current Dutch guidelines and also guidelines as published by Sullivan et al.
(47). We aim to perform a trial based economic evaluation in which we do not
extrapolate costs and effect outside the study period. The effect of the CEA
will be expressed in change of QALYs during the study period, and this outcome
will be compared to the total costs of each individual patient. Outcomes will be
average cost per patient, differences between groups and incremental costs
per QALY. An incremental cost-effectiveness ratio analysis will be performed to
compare the outcomes (in QALY) rendered by the CPOX and the PPG strategy
to the costs related to each perioperative strategy.
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Sensitivity analysis will be carried out to correct all potential confounders, such
as gender, age, preoperative BMI, comorbidities, choice of bariatric centre,
intraoperative and postoperative administered opioids, smoking status, previous
ENT surgery. One-way sensitivity analyses will be illustrated graphically using
tornado diagrams; probabilistic sensitivity analyses (PSA) will be illustrated in
cost-effectiveness planes and so called cost-effectiveness acceptability curves.
Bootstrapping will be used if deemed necessary.

Cost assessment
This analysis will be performed using a societal perspective.

« lIdentification: we aim to identify all health care utilization for every included
patient within the study period. All consumption potentially related to
obesity, bariatric surgery, and obstructive sleep apnea will be identified in
this total set of health care consumption. The latter comprised a fast amount
of health care resources that are potentially related to OSA: costs resources
related to sleep medicine, cardiovascular disease, pulmonary disease, ear-,
nose and throat disease, and work- or traffic related accidents.

«  Measurement: utilization of health care resources within the hospital
were gathered by using each hospital billing system (detailed health care
consumption data send to insurance companies). Additional medical costs
that were made in a different hospital or outside of hospitals (i.e. visits to
the general practitioner, dietician, physical therapist) were scored based
on patients’ answers in the Medical Cost Questionnaire. The outcomes
were scored in a numerical manner, for example 0, 1, 2 visits to the GP, etc.
These results were analysed and valued based on a fixed national cost as
documented in the Dutch Health Care Institute guideline.

+  Evaluation of costs: Unit costs used are derived from the guidelines
commissioned by the Dutch Health Care Institute (Zorginstituut Nederland).
Moreover, additional unit costs are gathered from the Dutch Health Care
Authority (Nederlandse Zorg Autoriteit; https://www.nza.nl/)

Analysis of secondary outcome measures

Baseline characteristics of patients will be documented with mean/standard
deviation or median/range, depending on normality. The number of
desaturations, both cardiopulmonary and general complications, interventions,
total hospital stay and total costs between both groups will be analysed with the
independent t-test/Mann-Whitney U test. Compliance of CPAP and opioids use
will be evaluated with chi-square testing. Mixed model analysis will be performed
to evaluate the weight loss, severity of OSA symptoms and CPAP adherence at
different time points. Predictive values for cardiopulmonary complications will
be evaluated with logistic regression analysis, starting with a univariate analysis.
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All variables with a significance level p < 0.2 will be included in a multivariate
analysis. Within this analysis, only seven independent variables may be included
as ten event cases are allowed per dependent predictor. Statistical significance
is defined as p < 0.05.

To correct for potential confounder between these (non-randomized) cohorts, all
outcomes will be analysed by propensity score matching or multivariate analysis,
depending on the secondary outcome of interest (48).

Loss to follow-up or replacement of participants

Study participants will be replaced with new participants in case of A)
cancellation of the surgery, B) uncompleted preoperative questionnaire, or C)
when positive airway pressure treatment is switched to a different modality
such as a mandibular advancement device. Patients who do not complete the
postoperative questionnaire at 12 months after surgery due to other reasons, will
be considered lost-to-follow-up.

Patient and public involvement

Patients and the public were not involved in the design, or conduct, of our
research. However, a non-profit organization for OSA patients was consulted in
the final phase of designing this study. The organization underlined the need for
this research and requested no significant changes to the protocol. In addition,
OSA patients who previously underwent bariatric surgery in the hospital that
initiated this study were invited to share their opinion on the questionnaires and
OSA outcomes.

Ethics and dissemination

The Medical Ethics Committee United (MEC-U) approved this study, in
accordance with the Dutch law Medical Research Involving Human Subjects
Act (WMOQO), Medical Research in Humans (MEC-U, W17.050). In addition, local
Medical Ethics Committees of each participating hospital also reviewed and
approved the study protocol.

Findings of the POPCORN study will be disseminated to all disciplines that are
involved in care for bariatric surgery, through articles in peer-reviewed journals,
national and international congresses, and revising the national guidelines of
the Netherlands.

DISCUSSION

The POPCORN study is a prospective observational cohort study that evaluates
the cost-effectiveness of two strategies of perioperative care in bariatric patients
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without a pre-existent OSA diagnosis: CPOX without extensive preoperative
OSA screening vs. mandatory PG, potentially followed by CPAP treatment. The
outcomes will enable the development of new, evidence-based guidelines on
perioperative care for bariatric patients with no known OSA. The secondary
outcomes, such as (cardiopulmonary) complications, OSA-related symptoms
and quality of life, will provide an overview of the correlation between cost-
effectiveness and clinical outcomes that are highly relevant in the decision
making for perioperative care in bariatric patients.

Best practice regarding perioperative care in bariatric patient has been an ongoing
debate for many years, with high prevalence and potential detrimental effects
of undetected OSA on one side and substantial costs of related perioperative
care and CPAP treatment on the other(27, 49, 50). No comparative studies
between different perioperative strategies have been conducted to evaluate
outcomes of postoperative complications or cost-effectiveness. In a recent
review, conducted by the US preventative task force, no effectiveness of OSA
screening in patients who are asymptomatic or who experience unrecognized
symptoms was found(27). Despite improvements in intermediate outcomes
such as AHI or sleepiness symptoms, no improvement in final health outcomes
have been demonstrated, such as mortality or serious adverse events. The
paucity in evidence regarding beneficial outcomes is especially relevant when
cost-effectiveness is regarded. The obesity epidemic and its related costs are
continuously expanding, and this underlines the need for optimal use of available
health care resources. With no confirmative data on positive influence of OSA
screening in bariatric patients with no known OSA, and approximately 700.000
bariatric procedures annually worldwide, clarification on this topic is needed.

The perioperative strategies evaluated in the POPCORN study are both widely
used in general practice and it is expected that results of this study will lead to
evidence-based recommendations and guidelines.

The strength of this study is that a general, bariatric population is evaluated. In
both cohorts, large groups of bariatric patients are prospectively observed, while
little exclusion criteria are applied. In addition, the follow-up period in this study
that investigates a perioperative intervention is relatively long. Previous studies
that describe preoperative assessment and treatment of OSA mainly reported
prevalence of newly detected OSA and related adverse outcomes restricted to
the direct perioperative period (51). The follow-up duration of one year after
surgery enables us to investigate long-term clinical outcomes of a perioperative
regime. Interesting comparisons are to be made between the preoperatively
diagnosed OSA patients and the unscreened bariatric patients in terms of

85




Chapter 5

sleepiness symptoms, daytime productivity, general quality of life and health
care resource utilization.

Ideally, a randomized controlled trial would have been conducted, in which
all patients would undergo a preoperative PG. Consecutive randomization
would have determined the type of perioperative care: CPOX monitoring or
treatment based on the PG outcome. However, this was considered unethical,
as randomization into the CPOX cohort would result in withholding appropriate
treatment from patients with confirmed OSA diagnosis, which is associated with
many health care hazards (30, 31, 52). Despite the non-randomized design of
the POPCORN trial, the large sample size will provide sufficient data to render a
balanced statement that will be representable for the general bariatric population
in the Netherlands. Furthermore, it is expected that implementation of these
perioperative strategies is also feasible in countries other than the Netherlands.

In addition to the non-randomized design of the POPCORN study, another
limitation is that preoperative weight loss programs can result in changes in
comorbidities. This can be particularly true for OSA, a comorbidity that is greatly
influenced by weight loss. Each participating hospital applied local protocols
which advocates weight loss before surgery, but in absence of a strict program
we do not expect major changes in weight between preoperative (OSA)
assessment and the surgical procedure. In conclusion, the POPCORN study will
conclude which perioperative strategy is most cost-effective for obese patients
scheduled for bariatric surgery and who have an unknown OSA status. These
data will contribute to evidence-based guidelines which are urgently needed in
this particular field of bariatric care.
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Data sharing statement

After completion of the project, the research data will be stored and shared
via EASY, a certified sustainable data archive of Data Archiving and Networked
Services (DANS). In EASY each dataset will receive a Digital Object Identifier
(DOI). The preferred formats of DANS (e.g. PDF/A, Unicode text, DB tables, SPSS
Portable) and the Dublin Core Metadata standard will be used.
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ABSTRACT

Purpose

Obstructive sleep apnea (OSA) is highly prevalent but mostly undiagnosed in
obese patients scheduled for bariatric surgery. To prevent cardiopulmonary
complications, many clinics perform pre-operative OSA-screening. Consequently,
adequate adherence to continuous positive airway pressure (CPAP) therapy
is essential, but challenging. We aimed to evaluate CPAP adherence and its
influence on postoperative outcomes.

Methods

In a prospective multi-center cohort study we compared different perioperative
strategies for handling undiagnosed OSA in bariatric patients. In this subgroup
analysis patients newly diagnosed with OSA were compared to those with
pre-existing OSA. We assessed inadequate CPAP adherence, defined as <4
hours/night, between the preoperative period and 6 months postoperative.
Cardiopulmonary complications and (un)scheduled ICU admissions were also
evaluated.

Results

In total, 272 patients with newly diagnosed OSA (67.4%) and 132 patients with
pre-existing OSA (32.6%) were included. Before surgery, 41 newly diagnosed
patients used CPAP inadequately, compared to 5 patients with pre-existing OSA
(15% vs. 4%,p=0.049). Six months after surgery inadequate CPAP use increased
to 73% for newly diagnosed patients and 39% for patients with pre-existing
OSA, respectively(p<0.001). Incidences of cardiopulmonary complications,
scheduled and unscheduled ICU admissions were similar in the two study groups
(p=0.600,p=0.972, and p=0.980, respectively).

Conclusion

Inadequate CPAP adherence is higher in bariatric patients newly diagnosed with
OSA when compared to patients with pre-existing OSA. Strategies to increase
CPAP adherence may be valuable when considering routine OSA-screening
and CPAP therapy in patients undergoing bariatric surgery. Further studies are
needed to improve current guidelines on peri-operative OSA management of
obese patients.
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INTRODUCTION

Obesity has become a health issue of pandemic proportions, with currently 650
million people that are obese worldwide (1). Treatment of obesity is difficult,
and initially starts with conservative strategies such as life-style interventions,
diet and occasionally drugs. However, as these interventions lack sustainable
effectiveness, bariatric surgery can be considered in patients with morbid
obesity (2). Bariatric procedures, such as Roux-en-Y gastric bypass and sleeve
gastrectomy, are currently the only treatment options that result in significant
weight loss that is sustained during long-term follow-up (3). In addition, many
obesity-related comorbidities are positively affected by weight reduction or even
completely resolved.

Obstructive sleep apnea (OSA) is associated with obesity (4). Obese patients
scheduled for bariatric surgery have an excessively high prevalence of OSA
compared to the general population (60-83% vs. 1-9%) of which the majority
is undiagnosed (5, 6). Unrecognized and untreated OSA is associated with
an increased risk of perioperative cardiopulmonary and thromboembolic
complications in patients undergoing surgery (7). These complications are
relatively rare, and occur in 1.3% of patients following bariatric surgery. However,
these complications can lead to potentially fatal outcomes, which is especially true
for major cardiac adverse events, and occur approximately in 0.1% of all bariatric
patients (8, 9). The exact attributable risk for developing these complications due
to OSA is unclear, as no randomized studies have been conducted to evaluate
this causative link, but observational data show increased odds ratios for these
complications in OSA patients compared to those without OSA (10).

To prevent OSA-related complications, guidelines advise to perform preoperative
screening in bariatric patients who report symptoms of OSA using questionnaires,
polysomnography or home sleep apnea testing (HSAT) (11, 12). Patients with a
high apnea-hypopnea index (AHI), or in case of HSAT respiratory event index
(REI), indicating moderate or severe disease, should be treated with continuous
positive airway pressure (CPAP) (12). Some studies describing patients undergoing
general surgery have shown that adequate CPAP therapy decreases the risk of
perioperative complications (13). Additionally, CPAP therapy may reduce excessive
daytime sleepiness, cognitive impairment and cardiovascular risk profile during
the pre-and postoperative months (14). Although the benefits of CPAP seem
apparent, studies describing CPAP adherence and subsequent influence on
perioperative outcomes in bariatric patients are scarce.

Data on non-surgical, general OSA patients shows that adherence to CPAP is
often poor, with reported adherence rates between 15-71% (15, 16). CPAP is often
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rejected by patients due to side effects such as nasal congestion, claustrophobia,
or mucosal dryness. Although it is unclear if adherence rates differ between
the bariatric surgery population and patients with symptomatic OSA, it can be
postulated that the latter group is more compliant. Bariatric patients often do not
experience symptoms related to OSA, or do not recognize these symptoms as
a result of OSA, and therefore may subjectively benefit less from CPAP therapy
(14). Therefore, they could be at risk for poor adherence to CPAP. In addition,
many bariatric patients are aware of the effectiveness of bariatric surgery on OSA
prevalence, as reduction or complete remission of OSA occurs in 68.4 - 92.2%
(17). This may also encourage patients to stop CPAP prematurely, before OSA
remission is proven by a polysomnography or HSAT. Currently, there is only a
consensus-based guideline, that recommends postoperative polysomnography
to evaluate whether CPAP can be safely discontinued (11). In this guideline, the
timing of postoperative reevaluation is left up to the discretion of the treating
physician, based on weight loss and reported symptoms.

The aim of this study was to evaluate CPAP adherence in bariatric patients with
newly diagnosed OSA before and after surgery, and to compare these results to
patients who have been diagnosed with OSA in the past. We hypothesized that
newly diagnosed patients might have lower adherence to CPAP, and this could
lead to and increased rate of postoperative complications.

MATERIAL AND METHODS

Study Design and Subjects

In this multicenter, observational, prospective cohort study, consecutive
patients referred for bariatric surgery were recruited from seven centers in the
Netherlands between April 2018 and December 2019. Patients with no prior
history of OSA were eligible for participating in the POPCORN study, a study
that evaluates cost-effectiveness of two different strategies of perioperative
management of OSA in patients undergoing bariatric surgery. This study is
registered at the Netherlands Trial Register, https://www.trialregister.nl/trial /6805,
and was approved by the Medical research Ethics Committees United, reference
number W17.050 (18). The primary outcome of the POPCORN study is cost-
effectiveness, and these results are not yet complete. In this current paper,
we present secondary outcomes in all patients that were diagnosed with OSA.
The secondary outcomes are CPAP adherence, reasons to discontinue CPAP,
postoperative complications, ICU admissions, outcomes of questionnaires on
sleep-scores and sleep-related quality of life. Data on weight loss are presented
as percentage total body weight loss (%TBWL), and as percentage excess
weight loss (%EWL). Patients undergoing preoperative HSAT were diagnosed
with OSA, and CPAP was initiated, if they had REI =15. Some patients with REI
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5-15, who reported excessive daytime sleepiness, CPAP treatment was offered
too. These patients will be referred to as Group A. Four of seven participating
hospitals performed HSAT in patients that were pre-selected by STOPBANG-
questionnaires, while the higher volume centers screened all consecutive patients
eligible for bariatric surgery, regardless of STOPBANG scores. During the same
time period, consecutive patients who presented with pre-existing OSA and
current CPAP therapy were recruited as controls (Group B). Inclusion criteria
were A) eligibility for primary bariatric surgery according to the current IFSO
guidelines, B) age >18 years, C) Dutch language proficiency. Exclusion criteria
were D) absence of OSA on HSAT, E) OSA treatment other than CPAP, or variable
/ bilevel positive airway pressure, F) revisional bariatric procedure, H) concomitant
procedures that could enhance risk of (cardiopulmonary) complications, such as
repositioning of an intrathoracic stomach. All patients provided either written or
digitally-signed informed consent.

Outcomes and Data Collection

In this current analysis, we aimed to evaluate the prevalence of patients with
inadequate adherence to CPAP (defined as < 4 hours per night) during the
preoperative phase, and during the first six months after surgery. We also analyzed
the incidence of cardiopulmonary complications, scheduled/unscheduled
admissions to the ICU or medium care unit (MCU), and perioperative measures
to prevent complications in patients with inadequate CPAP use. Furthermore,
reasons to stop CPAP therapy within six months after surgery were documented.
Predictors to stop CPAP therapy were also analyzed. Data were extracted
from hospital files, and telemonitoring of CPAP usage was used to determine
adherence to CPAP in terms of hours/night and date of potential discontinuation,
if available. Patient reported outcomes were retrieved from questionnaires:
the Epworth sleepiness scale (ESS) and the functional outcomes of sleep
questionnaire (FOSQ), 10-items edition, and patients were asked whether they
still used CPAP treatment, and if not; which data CPAAP was ceased, reasons
for discontinuation, and whether they had undergone a new HSAT (19, 20).
Questionnaires were sent to patients pre-operatively, and after surgery at 1, 3
and 6 months. Weight at baseline and all other timepoints was documented,
and weight loss was represented as %TBWL, defined as weight loss divided by
weight before surgery, and also as %EWL. This percentage was calculated as loss
of excess weight (defined as weight above the ideal weight, i.e. =BMI 25 kg/m?)
divided by excess weight before surgery.

Statistical Analysis

Data are presented as means + standard deviations (SD) or medians and
interquartile ranges (IQR). Comparison of continuous data were performed using
independent t-tests or Mann Whitney U test. Binary data were analyzed with chi-
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square test or a Fishers' exact test. To identify predicting factors for inadequate
use of CPAP, we performed univariable and multivariable logistic regression.
Variables in the univariable analysis with a p value under <0.10 were added to the
multivariable model. Risk factors are presented including the odds ratio (OR) and
adjusted odds ratio (aOR) with 95% confidence intervals (Cl). A p value of < 0.05
was considered as statistically significant. Statistical analyses were performed by
using IBM SPSS Statistics, version 25.0 for Windows (SPSS. Chicago, IL).

RESULTS

Of 542 patients that underwent a preoperative HSAT prior to bariatric surgery,
272 patients (50.2%) were diagnosed with OSA and consequently treated with
CPAP (group A). In this group, median time from preoperative HSAT to bariatric
surgery was 125 days. During the study period, 132 patients with pre-existing
OSA and CPAP therapy were recruited (group B). In this group, median time
between HSAT and bariatric surgery was 1013 days. Patients in group B were more
often male, with higher mean REl and lower mean preoperative BMI and higher
prevalence of asthma. [Table 1]
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Inadequate CPAP use

Before surgery, 41 patients in group A (15%) used their CPAP device insufficiently,
compared to 5 patients (4%) in group B (p=0.049) [Table 2]. Time between the
start of CPAP therapy until surgery did not affect CPAP adherence in newly
diagnosed patients. One month postoperatively, 43% patients in group A
were inadequate users, compared to 20.5% in group B (p<0.001). At 3 months
after surgery, results similarly differed between group A and B: 57.7% vs. 379%
(p<0.001). At 6 months after surgery, 199 Patients in group A (73%) were
inadequate CPAP users, compared to 51 (39%) patients in group B (p<0.001). At
that time, six patients were lost to follow-up, and one patient in group A died 156
days after surgery due to a stroke.

Postoperative outcomes

Total postoperative complications were similar in patients with newly diagnosed
OSA and patients with pre-existing OSA (9.6% vs. 8.3%, p=0.689) [Table 1].
Cardiopulmonary complications were also similar between study groups
(n=2, 0.7% vs. n=2, 1.5%, p=0.600). To analyze the influence of CPAP use on
cardiopulmonary complications, we also combined group A and B, and made
comparisons between adequate and inadequate CPAP users. Complications
between these two groups (3/357 vs. 1/47, p=. 212) showed no significant
difference.

Distribution of minor and major complications based on the Clavien-Dindo
Classification (21) did not differ between group A and B. Scheduled ICU
admissions of group A (n=4) were due to severe chronic obstructive pulmonary
disease, non-adherence to CPAP (n=2), and severe OSA (REI>100), and in group B
(n=2) due to severe OSA (REI>80) and congestive heart failure. Unscheduled ICU
admissions in group A (n=2) were anastomotic leakage and diabetic ketoacidosis,
and in group B one patient was admitted to the ICU due to severe postoperative
desaturations, despite adequate CPAP therapy. Admission to the MCU was
required in one patient in group A for postoperative CPAP intolerance, despite
adequate preoperative adherence.

Other interventions to prevent OSA-related complications in inadequate CPAP
users before surgery mostly consisted of mandatory use of CPAP during hospital
admission as a prerequisite to undergo surgery, despite the patients’ inability to
adhere to CPAP at home (group A; n=23, group B; n=4). The remaining patients
that were inadequate CPAP users were all postoperatively monitored with
continuous pulse oximetry and received supplemental oxygen as needed (group
A, n=18, group B, n=1).
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Table 2. Inadequate use of CPAP before and after surgery

1
—Newly diagnosed with OSA
Group A Group B p-value 1o o J“Pro-oyxisugm OSA diagnosis
(n=272) (n=132) ®
Before surgery (n,%) g
Inadequate CPAP use 42 (15.4) 5(3.8) 0.049 E 08
CPAP discontinued 23(8.4) 0 ®
CPAP use <4h/night 19 (70) 5(3.8) %
Adequate CPAP use 230 (84.6) 127 (96.2) o 098
P
1 month postoperative (n,%) <0.001 §
Inadequate CPAP use 17 (43.0) 27(20.5) 8’
T 04
CPAP discontinued* 81(29.8) 12(91) 2
(<]
CPAP use <4h/night 36 (13.2) 15 (11.4) 2
Adequate CPAP use 155 (56.9) 105 (79.5) 3 o’
©
3 months postoperative (n,%) <0.001 g
e
Inadequate CPAP use 157 (57.7) 50 (37.9) o
CPAP discontinued* 130 (47.8) 22(16.7) 00
CPAP use <4h/night 27 (99) 28(21.2)
0 S0 100 150 200 2350
Adequate CPAP use 15 (42.3) 82 (62.1)
i Days to CPAP discontinuation
6 months postoperative (n,%) <0.001
Inadequate CPAP use 199 (73.2) 51(38.6)
CPAP discontinued* 180 (66.2) 45 (34.0) Figure 1: Kaplan Meier Curve illustrating the time-to-event, i.e.,, CPAP discontinuation between 2
) ) ’ months before surgery and at six months after surgery (p<0.001).
CPAP use <4h/night 20(74) 6(4.6) Patients newly diagnosed with OSA are indicated in blue. Patients with a pre-existent OSA diagnosis
Adequate CPAP use 71(26.1) 76 (57.6) are indicated in
Missing** 2(07) 5(3.8) red. The day of surgery is indicated by the intermittent line. CPAP Continuous Positive Airway

Pressure, OSA Obstructive Sleep Apnea
Group A: newly diagnosed OSA patients, group B: patients with a pre-existent OSA diagnosis.

* cumulative number of patients who discontinued CPAP therapy

** Missing data: 6 lost to FU, 1 fatality (156 days after surgery) CPAP use

CPAP continuous positive airway pressure, OSA obstructive sleep apnea During the pre-operative phase, rates of patients who stopped using CPAP
differed between the two groups; 8.4% of group A stopped CPAP therapy, while
all patients in group B used their CPAP device [Table 2]. Six months after surgery,
the percentage of patients who stopped CPAP therapy increased to 66.2% and
34.0% in group A and B, respectively (p<0.001) [Figure 1].

Reasons to stop CPAP therapy also differed between the two study groups
[Figure 2]. The majority of patients stopped CPAP therapy without consultation
of a physician (group A=39% vs. group B=55%, p=0.004). None of these patients
attended a postoperative appointment in an outpatient clinic, either because
there were no scheduled appointments or because patients cancelled on their
own initiative. Another reason to stop CPAP was intolerance to CPAP, which
occurred in 23% in group Avs. 9.4% in group B (p=0.002). In total, 30.5% (n=83)
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49% vs. group

0.737). Based on symptom reduction after significant weight loss,

21.9% of group A and 10.9% of group B were advised by their physician to stop

0.351). A few patients

stopped CPAP therapy despite contrary advise of their physician. In these specific

0.021).

0.497).

0.003), just like patients with baseline REI=30 (aOR

32) of group B underwent a postoperative HSAT. Al

patients underwent HSAT between 3 and 6 months, and an additional 10.3%
respectively. Following these HSATs, remission of OSA proven in 12.5% of group
cases, moderate to severe OSA was diagnosed on a postoperative HSAT although
A univariable logistic regression was performed to identify predictors to stop
CPAP and correct for potential confounders [Table 3]. The strongest predictor
in multivariable analysis was preoperative diagnosis of OSA: aOR 2.9 (p<0.001).
In contrast, patients with preoperative BMI =45 kg/m?were less likely to cease

and 8.3% indicated they had an HSAT scheduled for >6 months postoperative,
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Group A Group B

mCPAPIntolerance

m OSA remission confirmed by HSAT

m CPAP therapy stopped with physican's
consent®

m CPAPtherapy stopped without
physiian's consent®

m CPAP therapy stopped against
physiian's advise

Figure 2: Motivation to stop CPAP therapy of group A (newly diagnosed OSA patients) and group
B (patients with a pre-existent OSA diagnosis). * No postoperative HSAT performed

CPAP Continuous Positive Airway Pressure, HSAT Home Sleep Apnea Testing, OSA Obstructive
Sleep Apnea

Outcomes of questionnaires and weight

All outcomes of questionnaires were evaluated for both groups, with further
subdivision based on whether they still used CPAP at time of the questionnaire
(Table 4). There were no significant changes in outcomes of ESS, FOSQ, weight
or BMI between group A and B, that were consistently observed at all timepoints.
FOSQ scores were significantly lower for group A at baseline and after surgery at 1
and 3 months, while this difference disappeared at 6 months postoperative. Initial
BMI of patients newly diagnosed with OSA who used CPAP before surgery was
lower compared to patients who did not use their CPAP device, this difference
was not seen during all follow-up visits. In patients with pre-existent OSA,
no significant distinction could be made between CPAP users and non-user
regarding the self-reported outcomes retrieved from questionnaires.

As sensitivity analyses, we performed subgroups analyses of newly diagnosed
patients. We compared patients based on whether preselection for HSAT was
performed with STOPBANG-questionnaires or not. We found no difference in
CPAP adherence at any time-point, neither were any postoperative outcomes
different (i.e. all complications, cardiopulmonary complications, or weight loss).
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DISCUSSION

Preoperative OSA assessment and subsequent CPAP therapy is perceived to
prevent OSA-related complications in obese patients undergoing bariatric
surgery, while not conclusively proven. Although 15% of newly diagnosed bariatric
patients in this large cohort study did not adequately adhere to CPAP before
surgery, this did not lead to an increased number of postoperative complications
when compared to patients with pre-existing OSA and CPAP therapy. Six months
after surgery, the percentage of patients with inadequate adherence to CPAP
increased to 73% in newly diagnosed patients, which was significantly higher than
the 39% of patients with pre-existent OSA.

In absence of robust literature on CPAP adherence in bariatric patients who are
diagnosed with OSA in the preoperative phase, the true efficacy of routine OSA
screening and consequent CPAP therapy remains to be elucidated. In recent
years, OSA prevalence in bariatric patients has been extensively reported in
studies that performed routine preoperative polysomnography or HSAT (6,
22). However, limited data is available on consequent perioperative outcomes
related to preoperative OSA screening, such as cardiopulmonary complications
and related morbidity and mortality (23, 24). In addition, without accurate data
on CPAP adherence and well-designed prospective studies, it seems unjust to
assume that CPAP therapy should be applied routinely to prevent postoperative
complications. In a study by Guralnick et al,, low adherence to CPAP was reported
in 104 preoperatively diagnosed patients, as 33% was adherent after 30 days of
CPAP therapy (25). However, it is unclear how many patients in their study failed to
adjust to CPAP before hospital admission, as CPAP was initiated only 4 days prior
to surgery. In our cohort, we observed that 15% of patients had no or inadequate
use of CPAP at time of surgery. It is important to note that some studies, like
ours, perform polygraphy on all patients, instead of pre-selecting patients with
a high pre-test probability for OSA, by first applying a screening questionnaire.
This means that patients in our cohort are overall less likely to have OSA, and
this might negatively influence the adherence rate. To optimize treatment
of OSA and CPAP therapy in bariatric care additional educational, behavioral
or troubleshooting interventions should be considered (16, 26). In addition,
postoperative adherence to CPAP might be enhanced by regularly adjusting
CPAP pressures, as surgically induced weight loss changes the pressure demand
(27). However, all patients in our cohort used CPAP, while other modalities that
also provide positive airway pressure (PAP) may be more suitable for patients with
changing pressure demands, such as automated PAP. This potentially increases
the ease of continuing CPAP during weight loss. Although these strategies may
improve CPAP adherence, they will also require additional time from hospital
staff and an increase in costs.
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In the present study, the majority of patients stopped CPAP therapy without
consulting their OSA physician, and often had no scheduled postoperative
follow-up. Postoperative HSATs are important to monitor disease remission, as
bariatric patients were often asymptomatic or did not recognize OSA symptoms
to begin with. Timmermans et al. showed that remission of OSA (i.e., AHI <15
events/hour) after bariatric surgery is unrelated to improvement of sleepiness
symptoms, weight loss or even self-initiated discontinuation of CPAP therapy (28).
As our observational study showed, many patients cease their CPAP therapy due
to these motives, emphasizing the need for clear guidelines on postoperative
follow-up for this patient group to confirm either persistence or remission of OSA.
We found that many of our patients did not receive a follow-up appointment or a
postoperative polygraphy. As a possible explanation, this may be due to the fact
that no guideline recommends a specific timeline in which patients should be
re-evaluated (11). It could also derive from the relatively short follow-up duration
that is being investigated in our study; six months after surgery might be too
short to experience significant weight loss and perform consecutive polygraphy.
Additionally, as the follow-up period of this study took place during the COVID-
19 pandemic, is it possible that this type of elective care was postponed due
to limited resources. In addition, we found that patients with pre-existing OSA
were significantly more likely to stop CPAP than newly diagnosed patients
without consultation of a physician, which could be explained by the fact that
these patients are no longer regularly seen by their OSA physician, and thus a
scheduled postoperative HSAT was omitted. These patients were presumably
symptomatic at the time of diagnosis, which may have encouraged them to stop
CPAP therapy when their OSA complaints resolved after substantial weight loss.

We acknowledge that our study has several limitations. First, the control group
consisted of patients with pre-existing OSA before surgical consultation.
These patients differed from newly diagnosed OSA patients in several baseline
characteristics and more often reported OSA symptoms before HSAT.
Although we aimed to correct for these differences in the logistic regression,
it is possible that other factors that were not identified in our cohort also
acted as confounders, such as neck circumference, pre- or postmenopausal
status. Second, complications related to (untreated) OSA are rare, which is in
concordance with the findings in the present study. This is a common finding in
bariatric populations that adhere to Enhanced Recovery After Bariatric Surgery,
a guideline that promotes bariatric surgery with low administration of drugs that
induce breathing cessation, as well as early mobilization for optimal pulmonary
recovery(9). Therefore, it is likely that a clinically relevant impact of CPAP therapy
will only be visible in study populations with a much larger sample size. This
also makes a future randomized trial that evaluates OSA-related complications
quite unlikely or even infeasible, as sample size calculation using previous data
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of OSA-related complications in a bariatric cohort, i.e. 0.6- 0.8%(29), results in
group-sizes of 27,634 patients, containing 55268 patients in total. Third, it should
be noted that the complication rate is potentially negatively influenced by a
specific element of our perioperative strategy, i.e. pre-operatively diagnosed
OSA patients who did not use CPAP, or used it insufficiently, were advised to use
CPAP during the first night postoperatively. Patients that do not tolerate CPAP
well, are at risk of enhanced sleep deprivation. This fragmentation of sleep can
further aggravate the increase of AHI that is observed in the first postoperative
week, long after patients are discharged from the hospital (30). Fourth, the
adherence data of this study is partly based on questionnaires outcomes. We
tried to refrain from using this data as questionnaires are less objective than
data gained from telemonitoring. As we did not have objective quantifiable data
through telemonitoring for all patients, this may have influenced our outcomes.
Future studies should try to solely use adherence data from telemonitoring, as
this is more objective and additionally has potential to better provide tailored
advice for CPAP patients (31).

Rates of inadequate or no adherence in bariatric patients who are newly diagnosed
with OSA were high in both the pre- and postoperative period. Given that routine
preoperative OSA screening in all bariatric patients and consequent CPAP
implementation is a time-consuming and costly intervention, the percentage
of inadequately adherent patients suggests that this approach may not be the
most cost-effective modality to prevent OSA-related complications. Future
studies should elucidate whether optimization of CPAP use is the best strategy
to minimize detrimental effects of untreated OSA in bariatric patients, or if
alternative strategies to prevent OSA-related complications (i.e., no preoperative
screening but for example intense postoperative monitoring, or development of
an algorithm that has higher specificity and sensitivity than the existing screening
questionnaires) can be used in bariatric practice (32).

Conclusion

Our results indicate that patients who are newly diagnosed with OSA are more
likely to stop therapy or inadequately apply CPAP before and after surgery,
compared to bariatric patients with pre-existing OSA. Strategies to increase
CPAP adherence and scheduled post-operative HSATs may be of value when
considering routine HSAT screening and subsequent peri-operative CPAP in
patients undergoing bariatric surgery. Further studies focusing on efficacy and
cost-effectiveness are needed to improve current guidelines on peri-operative
OSA management in morbidly obese patients.
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ABSTRACT

Importance

Undetected obstructive sleep apnea (OSA) is highly prevalent in patients
undergoing bariatric surgery and increases operative risks. Screening for OSA
using preoperative polygraphy (PG) with subsequent continuous positive airway
pressure (CPAP) is costly and time-consuming. Postoperative continuous pulse
oximetry (CPOX) monitoring without OSA-screening is a less invasive, and is
hypothesized to be a safe and cost-effective alternative.

Objective
To evaluate cost-effectiveness of CPOX compared with PG and CPAP as
perioperative care for bariatric patients.

Design

Multicenter, prospective, observational cohort study with a non-inferiority
design, with follow-up from baseline to one year postoperative. Propensity score
matching was used to minimize selection bias.

Setting
Seven high-volume bariatric surgery centers in the Netherlands.

Participants
Adult patients with no prior OSA diagnosis.

Intervention/Exposure

In the intervention group, patients were postoperatively monitored using CPOX
and received supplemental oxygen, without preoperative PG. In the control
group, patients underwent preoperative PG and when OSA was diagnosed, CPAP
was started. Patients were placed into a cohort based on local hospital protocols.
A cost-effectiveness analysis was performed using quality adjusted life years
(QALY) and healthcare costs.

Main outcomes

In total, 1390 patients were included, and 1090 patients remained after propensity
score matching. QALYs were similar at baseline; both CPOX and PG group
scored 0.77, and at one-year postoperatively, as scores increased to 0.87 and
0.88, respectively. Postoperative complications, and in particular OSA-related
complications, did not differ between groups, neither did unanticipated ICU
admissions or readmissions. The mean cost per patient/year in the CPOX group
was €3,048, vs. €3,582 in the PG group; mean difference €-534 (95% CI €-896 to
€-137). Higher costs in the PG group resulted from sleep studies, CPAP therapy,
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and subsequently more outpatient clinic appointments. Using outcomes of
all 1390 patients in sensitivity analyses, similar findings for cost-effectiveness,
complications and ICU admissions were observed.

Conclusion and relevance

This nationwide cohort study shows that CPOX and PG are similar in effectiveness,
as CPOXis not associated with a higher complication or readmission rates. CPOX
has lower costs from a healthcare perspective, and can therefore be considered
a cost-effective alternative to routine OSA screening in this population.

Trial registration
Netherlands Trial Register, NTR6991, https://www.trialregister.nl/trial/6805
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INTRODUCTION

Obstructive sleep apnea (OSA) is the most prevalent sleep-breathing disorder
in surgical patients. As obesity is the main risk factor, it is not surprising that
the prevalence of OSA is up to 70% in patients scheduled for bariatric surgery.
(1-3) Obesity and OSA are both associated with significant healthcare costs.
Identification of OSA in the general population is recommended because
of impaired quality of life (Qol), increased risk of cardiovascular disease, and
consequently increased utilization of healthcare resources throughout life.
(4) However, these recommendations cannot be extrapolated to the bariatric
population in which OSA is expected to reduce in severity or resolve completely
as a result of weight loss.(4-6) The main challenge concerning OSA in bariatric
patients is that the majority is undiagnosed and thus untreated, which increases
the risk of cardiopulmonary and thromboembolic complications.(7, 8)

Most bariatric guidelines advocate preoperative OSA assessment using sleep
studies such as polysomnography (PSG) or polygraphy (PG). If moderate or
severe OSA is diagnosed, continuous positive airway pressure (CPAP) therapy
is advised to prevent perioperative OSA-related complications. These guideline
recommendations are mainly based on low-quality evidence, or are only
consensus-based.(9, 10) Because sleep studies are costly and time-consuming,
and in most high-volume bariatric centers limited in availability, OSA screening
questionnaires have been developed. Unfortunately, these questionnaires lack
high sensitivity and specificity in bariatric patients.(11,12) An alternative to routine
sleep studies or screening questionnaires is postoperative monitoring with
continuous pulse oximetry (CPOX) and non-invasive supplementation of oxygen,
without any form of OSA assessment before surgery. This strategy focusses on
the early postoperative phase and oxygenation, and the termination of singular,
long-lasting apneas that are feared by some clinicians.(13)

To date, no high-quality comparative studies are available that have evaluated
the efficacy or cost-effectiveness of these perioperative strategies in
bariatric patients with undetected OSA. In addition, no Because OSA-related
complications are rare but potentially life-threatening, this creates a difficult
discussion about whether an invasive and expensive perioperative strategy is
justified.

We hypothesized that postoperative CPOX with supplemental oxygen can
prevent desaturations leading to OSA-related complications, and can be cost-
effective, compared with assessment with preoperative PG of all bariatric
patients with consequential CPAP therapy.
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METHODS

Study design

This is a prospective, multicenter, observational cohort study that was conducted
in seven bariatric centers in the Netherlands. Patients were approached for
study participation if they had no prior OSA diagnosis and fulfilled the criteria
to undergo bariatric surgery (body mass index (BMI) =40 kg/m?, or BMI>35 kg/?
in presence of obesity-related comorbidity).(14) Exclusion criteria were previous
bariatric surgery, the inability to speak the Dutch language, or undergoing
concomitant procedures during bariatric surgery that could increase the risk of
complications, such as hiatal hernia repair. The study design has been previously
described.(15) Because of the non-randomized design, the main analyses were
performed between groups that were propensity score-matched. In the logistic
regression to form propensity scores, we used gender, BMI, age, hypertension,
diabetes, hypercholesterolemia, alcohol consumption, and current smoking as
potential confounders. We performed 1:1 nearest neighbor matching with a 0.1-
width caliper. All patients provided written informed consent and the study was
performed in accordance with the Declaration of Helsinki.(16)

Treatment allocation

Patients were placed in a cohort based on local protocols of their respective
hospital. Patients in the CPOX group underwent postoperative continuous
monitoring with CPOX immediately after return to the surgical ward, with
additional oxygen supplied via a nasal cannula (2L/min SpO,). Nurses were
alarmed when saturation levels dropped <92% SpO, during at least 10 seconds.
Following an alarm, the attending nurse performed clinical evaluation, and long-
lasting apneas were stopped by awaking the respective patient, or by providing
additional supplemental oxygen via the non-invasive nasal cannula. If these minor
interventions were not sufficient, the attending physician performed clinical
evaluation, and other treatment options could be initiated, such as admission to
the intensive care unit (ICU) for potential reintubation.

Patients in the PG group all underwent an ambulant PG. Several outcomes were
monitored during PG; such as the occurrence of complete and partial cessations
of breathing, respectively called apneas and hypopneas. The diagnosis of OSA
was defined by the apneas or hypopneas index (AHI); an AHI <5/hour excludes
OSA, AHI=5/hour indicated mild OSA, AHI15-30/hour indicated moderate OSA,
and AHI>30/hour indicated severe OSA. In general, patients with moderate or
severe OSA started CPAP therapy, which patients were required to use after
surgery.
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In this study, the laparoscopic Roux-en-Y gastric bypass and the laparoscopic
sleeve gastrectomy were performed. All participating hospitals based their
anesthetic regime on the principles of early recovery after bariatric surgery
(ERABS). This included the minimization of opioids and other intra-operative
drugs that could influence postoperative oxygenation. All participating bariatric
centers used propofol for initial sleep induction, while using Rocuronium as
muscle relaxant. Some hospitals also used propofol as maintenance of anesthesia.
At the end of the surgical procedure, all participating centers measured residual
relaxation related to neuromuscular blockade with train-of-four count, and
applied reversal drugs, such as Sugammadex/Bridion®, if indicated. In the
postoperative phase, all participating centers administered low-molecular-weight
heparin (nadroparin) to all patients to prevent thrombosis.

Outcomes

The primary outcome was the cost-effectiveness of CPOX compared with PG
from a societal perspective; evaluating health care costs made from baseline
(i.e. start of bariatric care) until one year after surgery. QoL was measured as
quality-adjusted life years (QALYs), where 1 QALY indicates one year in perfect
health, and O QALY indicates death. The QALYs were assessed by using EuroQol
5 Dimensions — 3 level (EQ-5D-3L) questionnaires at several timepoints;
preoperatively, and 1, 3, 6, and 12 months after surgery.(17) Healthcare costs
were derived from hospital records and trial registration. Additionally, patients
were asked to report medical costs outside the hospital (e.g. visits to the general
practitioner or visits to another hospital) in a medical cost questionnaire. To assess
the societal costs related to health, loss of income from a paid job, or productivity
loss in unpaid activities, the productivity costs questionnaire was used (pICQ).(18)
When differences in quality of life did not exceed the non-inferiority margin of
0.03, cost-effectiveness outcomes were expressed as incremental costs and no
Incremental Cost-Effectiveness Ratio (ICER) values were calculated. Robustness
of total cost outcomes was assessed using the 95% Credibility interval (Cl) of the
cost difference between both groups. All cost outcomes were analyzed from a
societal perspective and a healthcare perspective. The healthcare perspective
excluded productivity costs.

The secondary outcomes were surgical: complications until 30 days
postoperatively, in particular cardiopulmonary and thromboembolic
complications, as they can be the result of untreated OSA. In addition, admissions
to the intensive or medium care unit (respectively ICU and MCU) were reported,
length of stay, readmission, and reoperations. Outcomes of PG will also be
documented, with AHI, oxygen desaturation index (ODI), and indication for CPAP
treatment.
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Sample size calculation

This study had a non-inferiority design to assess whether postoperative CPOX
without a PG was non-inferior to PG in bariatric patients. As CPAP therapy should
be initiated in patients with moderate or severe OSA, it should not only mitigate
complication risks but also increase the general QoL. Sample size calculation
is based on QALYs (obtained by using the EQ-5D score) reported in a study
comparing CPAP to best supportive care alone (e.g. advice on sleep hygiene) in
patients with OSA. The mean QALY in the CPAP group was 0.68 (95%CI 0.64 -
0.72).(19) We predefined a non-inferiority margin of 0.03 on the EQ-5D score,
meaning that the upper boundary of the 95% ClI of the absolute difference
between the primary endpoint (i.e. the EQ-5D score) in the two study groups
would be lower than 0.03. Calculating with 80% power to detect the predefined
non-inferiority margin at a one-sided level of 0.05, 621 patients are needed in
each study group. Assuming a loss to follow up of 10%, the total study population
will be set at 1380 patients (690 per arm).

Statistical analysis

Data were analyzed using SPSS 25.0 for Windows, R (4.4) packages mice (3.14.0).
Data were expressed as mean = standard deviation, or median with interquartile
ranges, based on normality. Baseline characteristics and complication parameters
were compared between the two groups with an unpaired t test for continuous
data or a chi-squared test for binary data. A p-value of <0.05 was considered
significant. The 95% credibility interval was calculated using Monte Carlo
simulations.

Health economic analysis

Data regarding QoL and cost data were analyzed from the inclusion date until
one year after surgery. Data on all other healthcare costs (i.e. visits to other
hospitals and general practitioners) and productivity losses were measured from
the date of operation until one-year of follow-up. Unit costs of both healthcare
costs and societal costs were translated into the year 2020 euros, using the Dutch
consumer price index and are reported in the supplementary file; tables S1, S2,
and Table 2. Missing data were imputed using 20 imputation sets. Next, the mean
of the imputation sets was used as an outcome measure. Monte Carlo bootstrap
simulation was performed 5,000 times by randomly (with replacement) selecting
patients and randomly (without replacement) selecting 20 out of 200 imputation
sets. Again, the mean of both groups was calculated. The 95% credibility interval
was assessed using the percentile method on the simulation mean outcomes
for both total costs and total QoL. As a sensitivity analysis, these analyses were
repeated in the total number of included patients (N=1380), and in all complete
cases analysis. Study conduct and reporting adhered to the Consolidated Health
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Cost-effectiveness

At baseline, there were no differences in EQ-5D scores between the CPOX and
PG group, both mean scores were 0.77.[Table 2] At one year postoperatively, both
groups had significantly improved in QoL to 0.87 QALY in the CPOX group, and
0.88 QALY in the PG group (difference 0.005, 95%Cl of the difference -0.019
- 0.000).

The total mean per patient cost from a healthcare perspective was lower in
the CPOX group (€3,048) vs. the PG group (€3,582), with a mean difference
per patient of €-534 (95%Cl: €-896 - € -137). [Table 2] This difference mainly
originated in the reduction of sleep studies, initiation of CPAP treatment, and
outpatient clinic visits in the CPOX group.

Per-patient costs from a societal perspective were less clearly pronounced and
favored the PG group. The PG total per-patient costs were estimated at €8,280
vs. €8,413 in the CPOX group, with a mean difference of €134, 95% Cl: €-877 -
€1,063). The cost differences were explained by higher observed productivity
losses in the CPOX group, mainly caused by a small group of patients reporting
higher productivity losses in day-to-day activities, such as caregiving for family
members.

We did not calculate Incremental Cost Effectiveness Ratio's (ICERs), as no
clinically relevant differences between QALY outcomes occurred between
groups. We did perform a budget impact analysis based on the Dutch health care
system. Annually, 12,000 bariatric procedures are performed, and approximately
10% of these patients have a medical history of OSA. Due to the lower costs of
the CPOX group (€-534 per patient), we expect a potential cost saving of in total
€5,767,200 per year in the Netherlands, from a healthcare perspective.
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Surgical outcomes

The incidence of overall postoperative complications was 59% in the CPOX
group, and 7.9% in the PG group, p=0.188. [Table 3] Fatalities within 30 days
of surgery only occurred in the CPOX group, as one patient had a refractory
septic shock due to a anastomotic leakage. Regarding OSA-related complications
there were no significant differences between the groups. In the CPOX group,
six patients experienced cardiopulmonary or thromboembolic events, compared
with eight patients in the PG group (1.1% vs 1.5%, p= 0.789). Other types of
complications, i.e. staple line leakage or bleeding, were also similar between
groups. The severity of complications, based on the Clavien Dindo Classification,
were not significantly different in the incidence of minor complications (class
<2;4.4% vs.4.0%, p=0.440), and major complications (class >3A; 1.8% vs.3.5%,
p=0.065).

Total ICU admissions differed between groups, with a lower ICU admission
rate in the CPOX group: 0.1% vs 1.7% in the PG group, p=0.021. However, this
difference did not remain significant after the distinction between scheduled and
unscheduled (unanticipated) ICU admissions was made. [Table 3] The difference
was mainly explained by scheduled ICU admissions for PG patients, mainly due
to CPAP intolerance; 6/9 patients. MCU admissions, length of stay, readmissions
and reoperations were similar in both groups.
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Table 3. Surgical outcomes

CPOX PG p-value
Complete  PSM Complete  PSM Complete  PSM
case case case
Complications (n,%) 46 (6.6) 32(59) 53(77) 43(79) 0.430 0.188
OSA-related 7(1.0) 6 (1) 8(1.2) 8(1.5) 0.983 0.789
complications*
Pulmonary 6(0.9) 5(0.9) 6(0.9) 6 (1.1)
Cardiac 1(0.1) 1(0.2) 2(0.3) 2(0.4)
Thromboembolic 0 0 0 0
Bleeding 17 (2.4) 11(2.0) 2029 15(2.8) 0.592 0.552
Anastomotic leakage 1(0.1) 1(0.2) 3(04) 2(0.4) 0.380 0.739
GJS stenosis 5(0.7) 4(0.7) 8(1.2) 8(1.5) 0.535 0.476
Wound infection 1(0.1) 1(0.2) 4(0.6) 4(0.7) 0.223 0.289
Postoperative pain 3(0.4) 2(0.4) 3(0.4) 2(0.4) 0.858 0.761
UTI 5(0.7) 3(0.6) 3(0.4) 2(0.4) 0.343 0.417
Other* 7(1.0) 4(0.7) 4(0.6) 2(0.4) 0.134 0.230
Severity of
complications
Minor (CDC <2) 35(5.0) 22(4.0) 28(4.7) 24.(4.4)  0.392 0.440
Major (CDC 23A) 11(1.6) 10 (1.8)  25(3.6) 19 (3.5) 0.016 0.065
ICU admission (n,%) 1(0.7) 1(0.2) 13(1.9) 9(17) 0.001 0.021
Scheduled 0 0 9(13) 6(11) 0.002 0.031
Unscheduled 1(0.7) 1(0.2) 4(0.6) 3(0.6) 0.216 0.624
MCU admission (n,%)** 6 (0.9) 5(0.9) 1(0.1) 1(0.2) 0.124 0.124
Readmission (n,%) 27 (3.9) 20 (3.6) 25(3.6) 19 (3.5) 0.639 0.870
Reoperation (n,%) 7(1.0) 6(1.1) 15(2.2) 11(2.0) 0.134 0.328
Length of stay, indays  1(1-2) 1(1-2) 1(1-1) 1(1-2) 0.051 0.321
(median, IQR)

* CPOX: fever without focus (3), internal herniation (1), kidney stones (1), incisional hernia (1),
constipation (1)

* PPG: Postoperative urinary retention (1), incisional hernia (1), postoperative hyperglycaemia (2)
**all unscheduled admissions

Abbreviations: CDC Clavien Dindo classification, CPOX continuous pulse oximetry, GJS gastrojejunal
stenosis, ICU intensive care unit, IQR interquartile range, MCU medium care unit, OSA obstructive
sleep apnea, PG polygraphy, PSM propensity score matched, UTI urinary tract infection

Sensitivity analysis

For sensitivity analysis, we analyzed all patients (n=1390) included in this study.
This analysis showed findings that were similar to the propensity score-matched
cohorts: QALYs were similar for the CPOX and PG group. [Supplementary
material, Table S2] CPOX was cost-effective from a healthcare perspective;
€-586 compared with PG (95%Cl €-933 - €-242). From a societal perspective
PG was favored by € 379, but the confidence interval was wide, €-1,318 - €450,
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similar to the main analysis in the propensity score matched cohort. In another
sensitivity analysis, using complete cases, the health care costs for CPOX were €
-724 compared with PG, and from a societal perspective, CPOX was unfavorable
compared with the PG group by € -692. [Supplementary material, Table S3]
Monte Carlo bootstrap simulations were performed using the propensity
score matched group and the total group for cost-effectiveness analysis from
a healthcare and societal perspective, and re-established our previous findings.
[Supplementary material, Figures S1, S2, S3, S4]

Secondary outcomes in the cohort that contained all study patients were similar
to the propensity score matched cohort. [Table 3] There were two different
outcomes when compared with the results of the propensity score matched
group. First, the incidence of major complications was 1.6% in the CPOX group vs.
3.6% in the PG group, p=0.0016, while this difference was not significant in main
analysis (p=0.065). Length of stay showed a trend towards longer admissions in
the CPOX cohort in complete case analysis, but this trend disappeared in the
main analysis with propensity score matched cohorts.

DISCUSSION

The present study compared two perioperative care strategies for bariatric
patients with no previous OSA diagnosis, and showed that postoperative CPOX
without preoperative OSA-screening is safe and cost-effective compared with
routine PG and CPAP treatment from a healthcare perspective. No difference
in QoL was seen between groups, while costs were lower in de CPOX group,
and the credibility interval showed that outcomes were robust (€-534, 95%
Cl: €-896 - € -137). In addition, secondary outcomes such as complications
and unanticipated ICU admissions were similar between groups. Hence these
data provide evidence that CPOX is a safe and cost-effective alternative in the
perioperative management of bariatric patients who have no prior OSA diagnosis.

To our knowledge, this is the first study that compared postoperative outcomes
in bariatric patients following routine OSA screening with no screening in
the preoperative setting. Previous studies have mainly evaluated OSA in pre-
selected patient groups or compared optimal care to low-intensity care, which
makes surgical outcomes difficult to compare. For example, Shearer et al. have
underlined that mandatory admission to an intensive care unit is unnecessary
in bariatric patients with OSA, and that these patients can be safely managed at
a general surgery ward with experience of bariatric surgery.(21) More recently,
several studies investigated whether patients with mild or moderate OSA can
safely undergo bariatric surgery without additional measures, when compared
with patients with severe OSA with perioperative CPAP treatment.(22, 23)
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Mostly, these studies did not find any consistent or significant differences in
complications, but the intervention groups were not comparable to the control
groups in disease-severity or a priori risk of complications. One study evaluated
the effect of adding CPOX to standard care in their hospital; with preoperative
OSA screening and consequent CPAP treatment, to standard care alone, and
found significant reduction of cardiopulmonary complications.(24) It is important
to note that the primary outcome was a composite of cardiopulmonary events
that included prolonged hospital stay, which led to a very high event rate of
14.9% and 29.8% in the intervention and control group, and therefore cannot
be compared with general bariatric complication rates.(25) In recent years,
ERABS protocols are increasingly becoming standard care, leading to reduced
administration of opioids and other sedative drugs and encouragement of
early patient mobilization. Consequently, risks of developing cardiopulmonary
complications are potentially reduced, although this has not yet been established
specifically for patients with OSA.(26)

Studies on costs related to sleep breathing disorders such as OSA showed
conflicting results. Mokhlesi et al. report a shorter hospital stay and reduced
costs for OSA patients compared with patients with no OSA diagnosis.(27) This
study was an analysis of a nationwide registry that selected sleep-breathing
disordered patients based on ICD-coding, and did not specify methods used to
identify or manage untreated or suspected OSA patients. Another study found
that OSA was a predictive factor for laparoscopic gastric banding patients to be
readmitted, which resulted in substantial increased costs.(28) Our data did not
show an increased risk of readmission or difference in hospital stay in the CPOX
patients compared with the PG patients.

Some authors advocate less invasive options for managing potentially
undiagnosed OSA patients undergoing bariatric surgery with additional
argument.(29) First, many patients who have undetected OSA before surgery,
will only additionally benefit from CPAP treatment for several months, as weight
loss is expected to reduced disease severity or induce complete remission within
months after surgery. Second, CPAP treatment is not tolerated by all patients,
or not sufficiently used to ensure clinical benefits, such as reduction of day-time
sleepiness or reduction of cardiovascular effects of OSA.(30)

Although the present data show that CPOX is cost-effective in terms of health
care costs, it is unclear whether this is also true from a societal perspective. PG
patients had lower societal costs, in terms of unpaid loss of productivity, during
the period between 3-12 months postoperatively. We initially hypothesized that if
a difference in productivity would occur, this would be in the first postoperative
period, when weight loss induced OSA remission would not yet have been
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achieved during these months. However, productivity loss data showed high
standard deviation within groups, large confidence intervals, low correlation
between intervention and outcome given the timeframe, and the study was
not powered to assess societal perspective of cost-effectiveness. Therefore,
future studies are needed to further evaluate the societal perspective of these
perioperative interventions.

Some limitations of this study should be acknowledged. First, due to the
non-randomized design the groups were not comparable in complete count
analysis for several baseline characteristics that are relevant in OSA prevalence.
In the propensity score matching analysis we were unable to correct for neck-
circumference, which is a well-known risk factor of OSA, due to incomplete
data. This may have had an effect on comparability and pre-probability of
OSA between the two groups. However, we believe that we have formed two
comparable groups based on the other confounders in the propensity score
matching. Second, all patients underwent bariatric surgery in high-volume
centers which leads to low complication rates in general. Therefore, the low
incidence of OSA-related complications (i.e. cardiopulmonary and neurovascular
complications) additionally precludes us to make definitive statements on
influence of perioperative management on these types of complications.
Despite the large sample-size of our cohort, our study lacks statistical power to
analyze these serious but rare complications, and can thus only be interpreted as
hypothesis-generating. Third, cost-effectiveness analyses are depended on the
type of data used for analyses. In this study, the analyses were performed using
declaration data from hospital databases, which is less susceptible to human-
errors than using clinical data directly gained from the trial. However, the pitfall of
this type of data is that health care utilization should be billed properly in hospital
databases and towards health care insurers. An example of missing data is visible
in our outcomes of Table 2, when no expenses are presented for ICU admissions
for the intervention group, even though one CPOX patient was admitted to
the ICU after surgery (Table 3). The actual impact on costs would have been
0.75 cents per patient, which is rather minimal. Although a minor limitation, it
is essential to be mentioned as these limitations should always be kept in mind
when performing costing analyses.

Overall from a healthcare perspective, as per the budget impact analysis,
we expect a potential healthcare cost saving of €5,767,200 per year in the
Netherlands. As is common in cost-effectiveness analyses, purchase costs of
CPOX equipment and one-time training of nurse staff is not included in the
analysis, which could make the exact impact of this perioperative care strategy
on the total costs less pronounced in real life.
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With rising popularity of fast-track and day-care bariatric surgery, we underline
that certain precautions are necessary to prevent severe OSA-induced
complications, even though these might be rare.(31) In addition, with the rising
obesity rates worldwide, an increase of general surgery patient that are also
obese is very likely. This implicates that undiagnosed OSA and its related risks
will become more frequent in the general surgery population, and that results
of this study could potentially be extrapolated to other types of surgery that
includes general anesthesia with breathing-depressing drugs. It is mandatory
that future studies focus on the least invasive, safest and most cost-effective
type of perioperative care of (bariatric) patients potentially at risk for OSA-related
complications.

Conclusion

This nationwide cohort study shows that CPOX is a safe strategy in the
perioperative management of bariatric patients with no prior OSA diagnosis.
CPOX was similar in effectiveness, was not associated with a higher complication
or readmission rates and has lower costs from a healthcare perspective compared
with PG and CPAP therapy. Therefore, postoperative CPOX can be considered a
cost-effective alternative for routine preoperative OSA screening in this bariatric
population.
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Cost effectiveness from a healthcare perspective
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Figure S1: Bootstrap results of 5,000 resamples plotted on the cost effectiveness plane, from a
healthcare perspective, based on propensity score matched cohort.
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Figure S2: Bootstrap results of 5,000 resamples plotted on the cost effectiveness plane, from a
societal perspective, based on propensity score matched cohort.
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Cost effectiveness from a healthcare perspective
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Figure S3: Bootstrap results of 5,000 resamples plotted on the cost effectiveness plane, from a
healthcare perspective, analysis of all patients (N=1390).
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Figure S4: Bootstrap results of 5,000 resamples plotted on the cost effectiveness plane, from a
societal perspective, analysis of all patients (n=1390).
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ABSTRACT

Introduction

Obesity is associated with cardiovascular (CV) risk factors and diseases. Because
bariatric surgery is increasingly performed in relatively elderly patients, a risk for
per- and postoperative CV complications exists.

Objectives
We aimed to assess the value of plasma N-terminal-pro hormone BNP (NT-
proBNP) as a CV screening tool.

Setting
High-volume bariatric center

Methods

Between June 2019 and January 2020, all consecutive bariatric patients aged
>50 years underwent pre-operative NT-proBNP assessment in this cohort
study, to screen for CV disease. Patients with elevated NT-proBNP (=125 pg/ml)
were referred for further cardiac evaluation, including electrocardiography and
echocardiography.

Results

We included 310 consecutive patients (median age 56 years, 79% female, body
mass index 43+6.5 kg/m?). A history of CV disease was present in 21% of patients,
mainly atrial fibrillation (7%) and coronary artery disease (10%). 72 patients (23%)
had elevated NT-proBNP levels, and 67 of them underwent further cardiac
work-up. Of these 67 patients, electrocardiography showed atrial fibrillation in 7
patients (10%). On echocardiography, three patients had left ventricular ejection
fraction (LVEF) <40%, nine patients had LVEF 40-49%, and 13 patients had LVEF
>50% with structural and/or functional remodeling. In two patients, elevated
NT-proBNP prompted work-up leading to a diagnosis of coronary artery disease,
and consequent percutaneous coronary intervention in one patient.

Conclusion

Elevated NT-proBNP levels are present in 23% of patients =50 years undergoing
bariatric surgery. In 37% of them, there was echocardiographic evidence for
structural and/or functional remodeling. Further studies are needed to assess if
these preliminary results warrant routine application of NT-proBNP to identify
patients at risk for CV complications after bariatric surgery.
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INTRODUCTION

Obesity is associated with many cardiovascular (CV) risk factors such as
hypertension, type 2 diabetes (T2D), dyslipidemia, and systemic inflammation -4,
The long-term consequences of these risk factors are increasingly recognized,
and CV diseases such as heart failure, atrial fibrillation, coronary artery disease,
but also valvular heart disease and stroke are common, particularly in the elderly.
Obesity has become one of the largest healthcare problems worldwide. The
prevalence of obesity (i.e. body mass index [BMI] = 30 kg/m?) is currently around
40%, and is still increasing Pl As a result, obesity is increasingly recognized as a
serious, and potentially treatable risk factor for CV disease 7.

Treatment of obesity is difficult, and currently, bariatric surgery is the only
treatment option that renders significant and durable weight loss in obese
patients with relatively low peri- and post-operative complications rates -8,
Anastomotic leakage and bleeding are the most common reported complications
early after surgery, but vascular or cardiopulmonary problems can also occur .
The latter were reported to be present in up to 1.3% of all bariatric patients !,
although a larger study showed that during 90-day follow-up the percentage
of CV deaths was much higher compared to those caused by leakage or bowel
obstruction: 10/36 deaths were "heart related” (28%), and strongly related to CV
risk factors and increasing age €. Although the majority of patients undergoing
bariatric surgery are relatively young, a significant proportion of patientsis older
than 50 years of age, and these patients have a risk for CV diseases "°. Given
the significant number of patients with CV disease who will undergo bariatric
surgery, screening for subclinical or unrecognized CV disease in patients =50
years may be beneficial.

Despite several review articles that have described possible diagnostic procedures
in patients who undergo bariatric surgery, current bariatric guidelines do not
provide details regarding preoperative cardiac work-up 72,

In the present study, we therefore aimed to determine the prevalence and
incidence of CV diseases in patients =50 years who were undergoing bariatric
surgery. Because cardiac examinations are not routinely performed in patients
referred for bariatric surgery, we investigated whether a simple marker could
provide useful information. Therefore, we measured N-terminal pro Brain
Natriuretic Peptide (NT-proBNP) levels in consecutive patients =50 years old
who were scheduled to undergo bariatric surgery. This biomarker is one the most
sensitive markers to detect early CV disease ¥, and has proven to be of important
diagnostic value in patient groups undergoing non-cardiac (vascular) surgery 41,
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METHODS

All patients in the present study were referred to the Department of Bariatric
Surgery, Rijnstate Hospital; Arnhem; the Netherlands, between June 2019 and
January 2020, which is a high-volume bariatric center performing around 1300
bariatric procedures per year. For this prospective cohort study, only patients who
were =50 years old, and who fulfilled the IFSO criteria (BMI = 35 kg/m? with an
obesity related comorbidity or BMI =40 kg/m?), were considered eligible.

The cardiac screening protocol was approved by the Local Ethics Committee,
and all patients gave informed consent. The present study was in concordance
with the principles outlined in the Declaration of Helsinki. In patients who were
deemed eligible, plasma NT-proBNP samples were collected and NT-proBNP
concentrations in blood samples were measured by the Atellica® IM PBNP Essay,
using the Atellica IM Analyzer (Siemens Healthineers, Erlangen, Germany). If
the NT-proBNP value was 125 pg/ml or higher, patients were referred to the
Department of Cardiology, Rijnstate Hospital for further cardiac work-up. This
cut-off point is advocated by the European Society of Cardiology (ESC) for
excluding heart failure. Although several confounders for NT-proBNP levels are
known, including age, fat mass, and sex, this cut-off point has been shown to
provide a reasonable performance ],

If patients were referred to the cardiologist, a 12-lead standard electrocardiogram
(ECG) was performed, as well as an echocardiogram. Transthoracic 2- and
3-Dimensional echocardiography was performed using Epiq Philips (EPIQ 7C
Hardware en software version 5.02). HeartModel software was used to measure
left ventricular (LV) and left atrial global volume at end-diastole and at end-systole,
and to calculate the left ventricular ejection fraction (LVEF). All measurements
were assessed according to the current recommendations for cardiac chamber
quantification and assessment of diastolic function ¥, and included LV systolic
function (in particular LVEF), tricuspid annular plane systolic excursion for right
ventricular function, and left ventricular diastolic function (E, A, E/Aratio, €', and
E/e' ratio), valvular stenosis and/or regurgitation, and the peak pressure gradient
across the tricuspid valve. Left atrial enlargement was defined as >34 ml/m?, LV
hypertrophy as LV mass index >95g/m? for women and >115g/m? for men, and
diastolic dysfunction as mean septal and lateral 'e <9cm/s and/or E/e’ >13, all
according to the current ESC criteria 7,

Heart failure was documented if patients had LVEF <40% ("heart failure with
reduced LVEF, or systolic heart failure”), or LVEF 40-49% ("heart failure with mid-
range EF"), or if they fulfilled the criteria of heart failure with preserved LVEF, i.e.
>50%, and additional echocardiographic evidence for relevant structural heart
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disease, including LV hypertrophy and/or left atrial enlargement and/or diastolic
dysfunction, as described earlier in this section. ',

Besides electrocardiography and echocardiography, additional diagnostic tests or
interventions were performed when deemed necessary. Adverse events during
the first 30 days after surgery were documented. We had particular interest in
cardiovascular and pulmonary adverse events, including severe arrhythmias,
acute heart failure, acute coronary syndrome, stroke or transient ischemic attack,
pneumonia, deep vein thrombosis or pulmonary embolism, acute renal failure
and reintubation. Severity of adverse events were scored according to the Clavien
Dindo Classification, minor and major complications were respectively defined
as class 1-2 and class >3A 9,

Normally and non-normally distributed data were described using means with
standard deviations (SD) and medians with interquartile ranges (IQR). Continuous
data were analyzed using independent t-tests, Mann Whitney U test or a Fishers'
exact test, depending on the distribution. A p value of < 0.05 was considered as
statistically significant. Statistical analyses were performed by using IBM SPSS
Statistics, version 25.0 for Windows (SPSS. Chicago, IL).

RESULTS

Patient characteristics

Between June 2019 and January 2020, NT-proBNP levels were assessed in 310
consecutive patients referred for bariatric surgery (Figure 1). The median age of
patients was 56 years, 72% were female, and mean BMI was 42.6 kg/m?. Patients
had a high prevalence of CV risk factors such as hypertension (58%), dyslipidemia
(35%) and T2D (28%) (Table 1).
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140 Table 1. Baseline characteristics and postoperative outcomes (continued)
Total Elevated NT- Normal NT-
129 (n=310) proBNP (n=72) proBNP (n=238) p-value
# 100 Angina Pectoris / no
k- significant abnormalities
E 80 on CAG 13(4.2) 5(6.9) 8(3.4)
; &5 ® All patients MI/PCl/CABG 18 (5.8) 4(5.6) 14 (5.9)
‘g e eown D Valvular dls‘ease 6(1.9) 3(4.2) 3(1.3) 0.140
z:49 N S— Other cardiovascular
disease 5(1.6) 2(2.8) 31.3) 0.330
0 Medications
0 ACEl or ARB 144 (46.5) 42(58.3) 102 (42.9) 0.023
b'v.@ @f*" Q‘,;\? ‘1}»9 Q',@" g}@ Q’,@‘* 0',,;9 0',,,05"' ’°9°’ ﬁq" :\qq ’Q@ \Q@ Bi'eta-b'locker 81(26.1) 30 (41.7) 51(21.4) 0.001
L PP LA PP SPSHFSHSH 7 Diuretics 102 (329) 31(437) 71(29.8) 0.045
NT-proBNP (pg/ml) Lipid lowering agents 109 (35.2) 27 (37.5) 82 (34.5) 0.673
Oral anticoagulants 24(7.7) 13(18.1) 1(4.6) 0.001
Platelet aggregation
Figure 1: Distribution of NT-proBNP levels inhibitors 48 (15.5) 9 (12.5) 39 (16.4) 0464
NT-proBNP N-terminal-pro hormone brain natriuretic peptide, CVD cardiovascular disease Insulin 33(10.6) 7(97) 26 (109) 0772
GLP-Tagonist 11(3.5) 3(4.2) 8(3.4) 0180
Oral antidiabetic drugs 73(23.5) 13 (18.1) 60 (25.2) 0.267
Table 1. Baseline characteristics and postoperative outcomes Procedure 266 (85.8) 57 (79.2) 209 (87.8) 0646
Total Elevated NT- Normal NT- LRYGB 223(83.8) 46 (80.7) 177 (84.7)
(n=310) proBNP (n=72)  proBNP (n=238) p-value LSG 26 (9.8) 6(10.5) 20 (9.6)
Age (median, IQR) * 559 (53-61)  57(54-62) 56 (53-60) 0.406 Conversion LAGB to LRYGB 14 (5.3) 4(7.0) 10 (4.7)
Gender, female (n,%) 224 (72.3) 57 (79.2) 167 (70.2) 0.088 Conversion LAGB to LSG 2(0.8) 0 2(1.0)
BMI (mean, SD) 42,6 £6.5 43,7 £7.8 421+6.0 0.445 Conversion LSG to SADI 1(0.4) 1(1.8) 0
?g;ijcumference (mean, 128 +13 127 415 128 +13 0171 * Patients may have more than one cardiovascular disease
. ) ACEI angiotensin-converting-enzyme inhibitors, AF atrial fibrillation, ARB angiotensin Il receptor
Smoking (n,%) 0828 blockers, BMI body mass index, CABG coronary artery bypass grafting, CAG coronary angiography,
Current smoking 21(6.8) 6(83) 15(6.3) GLP-Tagonist glucagon-like peptide-1receptor agonists, /QR Interquartile range, LAGB laparoscopic
History of smoking 151(48.7) 34(472) 17(49.2) adjustable gastric band, M/ myocardial infarction, PC/ percutaneous coronary intervention, RYGB
Medical history (n,%) Roux-en-Y gastric bypass, SAD/ single anastomosis duodenal ileal bypass, SD standard deviation ,
Hypertension 179 (57.7) 47 (65.3) 132 (55.5) 0173 SG sleeve gastrectomy
Hypercholesterolemia 107 (34.5) 26 (36.0) 81(34) 0.425
Diabetes 88 (28.4) 18 (25) 70 (29.4) 0.312 Elevated NT-proBNP levels were observed in 72 patients (23%), the distribution
Obstructive Sleep Apnea 84 (271) 18 (25) 66(27.7) 0.272 of NT-proBNP levels is shown in Figure 1. A history of CV disease was present in
Chronic Kidney Disease 13(4.2) 8 (111) 52 0.003 64 of the 310 patients (21%) (Table 1). Patients with elevated NT-proBNP levels

Chronic Obstructive
Pulmonary Disease 19 (6.1) 7(9.7) 12 (5) 0163
History of cardiovascular

more often had a history of CV disease (42% vs 14%) and also used more CV
drugs. There were 31 patients with a history of coronary artery disease, but in

disease(n,%)* 64 (20.6) 30 417) 34(143) <0.001 general NT-proBNP levels were not increased in these patients. A history of
Atrial Fibrillation 27 (87) 17 (23.6) 10 (4.2) <0.001 atrial fibrillation was present in 22 patients, and 17 of them had elevated NT-
History of AF 20 (6.4) 10 (13.9) 10 (4.2) proBNP levels. A history of heart failure was present in only six patients and five of
Current AF 7(23) 7(97) 0 them had elevated NT-proBNP levels. Use of CV drugs, in particular angiotensin
Heart Failure (n,%) 6(19) 5(69) 1(04) 0.003 converting enzyme inhibitors/angiotensin receptor blockers, beta-blockers and
_.Coronaryarterydiseases __ 31(10) 9025 2202 0126 diuretics was more common in patients with elevated NT-proBNP compared to
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patients with normal NT-proBNP values (all p<0.05) . Of the 72 patients who had
elevated NT-proBNP levels, 67 patients were referred for further cardiac work-up
(Figure 2). Two patients dropped out of the study (one patient with a BMI of 83
kg/m?who was not considered eligible for surgery, and one was lost to follow-up).
In three other patients in whom NT-proBNP was marginally increased (between
125 and 150 pg/ml) further cardiac work-up was not performed at the discretion
of the treating physician.

W <40%, n=3
40-49%, n=9
>50% with abnormalities, n=13

m >50% with normal echocardiography,
n=42

Figure 2: Distribution of LVEF in patients who underwent preoperative echocardiography
LVEF left ventricular ejection fraction

Findings during cardiac work-up

Of the 67 patients who were referred for further cardiac work-up, current atrial
fibrillation/flutter was observed in seven patients on their ECG, which was in
line with their medical history. In addition, eight patients had a history of these
arrhythmias, but were in sinus rhythm on ECG.

On echocardiography, three of the 67 patients had systolic dysfunction, i.e. LVEF
<40%, and nine patients had a LVEF of 40-49%, i.e. mild systolic dysfunction,
whereas the majority of patients had LVEF >50%. 25 of 67 patients (37%) had
evidence of structural and/or functional abnormalities on echocardiography.
Only four of these 25 patients had a previous medical history of "heart failure”.

Of the 55 patients with LVEF > 50%, 13 had evidence for structural heart disease
on echocardiography: left atrial enlargement (n=9), left ventricular hypertrophy
(n=4), and/or evidence of diastolic dysfunction (n=3; patients may have more than
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one criterion). Using our work-up, this means that the observed increased NT-
proBNP levels in concert with the echo data, resulted in newly found biochemical
and echocardiographic evidence for heart failure with preserved ejection fraction
(HFPEF) Vin 13 of these 55 patients (Figure 3).

Bariatric patients 2 50 years
(n=310)
NT-proBNP <125 pg/ml
(n=238)
NT-proBNP 2125 pg/m!
{n=72)
L

P Lidoree

.
Echocardiographic parameters Echocardiographic parameters No further cardiac
abnormal (n=25) normal (n=42)* evaluation (n=5)

L} Ll 1
LVEF 250% with abnormalities: LVEF 40-49% LVEF < 40% Surgery cancelled
HFPEF (n=13)** (n=9) (n=3) (n=2)
Enlarged left atrium Not performed at
(n=9) discretion of
physician (n=3)
LV hypertrophy
(n=4)
Diastalic
dysfunction (n=3)

Figure 3: Flowchart and main outcomes of cardiac preoperative evaluation

*"Normal'was defined as'no significant abnormalities found on echocardiogram’ following current
ESC guidelines

** Patients may have more than one criterion

NT-proBNP N-terminal-pro hormone brain natriuretic peptide, LVEF left ventricular ejection
fraction, LV left ventricle

In six of the 67 patients, additional diagnostic tests were done. One patient
with a history of coronary artery bypass surgery had recurrent cardiac events
of chest pain and myocardial ischemia, and underwent percutaneous coronary
intervention. In two additional patients, coronary angiography was performed,
which showed no coronary lesions, but both were found to have heart failure.
Three patients had abnormalities on ECG, which led to 24-hour Holter ECG in
two of them, and a cardiac MRI in the other, none of these three patients was
diagnosed with a new CV disease. All six patients were subsequently accepted
for surgery.

As a result of cardiac work-up, cardiovascular drug regimens were adjusted in

nine patients. in seven patients, new drugs were prescribed (diuretics n=2, statins
n=2, beta blocker n=1, ACE-inhibitor n=1, calcium channel blocker n=1). In the
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remaining two patients, adjustment of beta blocker dosage was instructed for
one, and a diuretic was ceased in another. In five other patients, the treating
cardiologist ordered perioperative instructions on cardiovascular drugs, fluid
balance or oral anticoagulants.

Surgical outcome

Ofthe 310 patients, 266 patients underwent bariatric surgery. In patients with an
increased NT-proBNP, 57 of the 72 patients were operated, whereas 209 of the 238
with normal NT-proBNP were operated. Of the 44 non-operated patients, surgery
was either cancelled (n=12) or postponed (n=32). Reasons for postponement of
surgery were: need for further lifestyle changes or psychological management
(n=10), additional cardiac work-up (n=2), and the covid-19 pandemic (n=20). During
30-day follow-up, no cardiac adverse events occurred. Total adverse events were
found in four patients with elevated NT-proBNP levels, and in 15 with normal
NT-proBNP levels, 7.0% and 7.2%, respectively, and none had a fatal outcome.
Major adverse events occurred only in the group with normal NT-proBNP
levels (5 of 209 patients; 2.4%), and were all surgical complications: stenosis of
jejunojejunostomy (n=2), postoperative hemorrhage (n=1), anastomotic leakage
(n=1), internal herniation (n=1).

DISCUSSION

The main purpose of this study was to determine the prevalence and incidence
of subclinical or unrecognized CV disease in patients =50 years scheduled
for bariatric surgery using plasma NT-proBNP. NT-proBNP was increased
in 72 (23%) of the 310 patients. Of the 67 patients who underwent thorough
cardiac evaluation, echocardiographic evidence of structural and/or functional
remodeling was present in 25 patients (37%), and only four of these 25 patients
had a medical history of heart failure. This means that this non-invasive, simple
and cheap diagnostic tool could be used to detect new of structural and/or
functional remodeling in a high-risk patient population that is evaluated for
bariatric surgery.

Natriuretic peptides such as NT-proBNP and brain natriuretic peptide (BNP)
are most often used for monitoring patients with established heart failure, and
both have important clinical and prognostic value for long-term outcome 2", In
addition, these biomarkers are powerful tools to predict new onset heart failure
221 Interestingly, in addition to heart failure and atrial fibrillation, NT-proBNP
levels also strongly predict other CV events, such as myocardial infarction and
stroke 2. Therefore, NT-proBNP could be a reliable screening tool for CV
disease. However, in our results we mainly observed elevated plasma NT-proBNP
in patients with heart failure or atrial fibrillation, and to a lesser extend in patients
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with coronary artery disease. Therefore, the use of NT-proBNP as a screening
tool for CV diseases may be best used for new-onset heart failure.

NT-proBNP and BNP have been evaluated for their prognostic value as cardiac
screening tools to predict the development of (major) cardiac events % In
our cohort, no CV events occurred in the postoperative phase, though unlikely,
this might have been influenced by alterations in CV drugs during cardiac
work-up. In general, there is limited data available on the incidence of cardiac
complications following bariatric surgery, but in general the incidence is low,
ranging between 0.1-1.7% >2¢. So far, no studies have examined the association
between pre-operative cardiac screening and outcome after bariatric surgery.
Two meta-analyses concluded that single preoperative measurements of either
NT-proBNP or BNP are both good predictors for cardiovascular complications
424 These meta-analyses examined patients that were undergoing non-cardiac
surgery, and several studies did evaluate patients undergoing (major) abdominal
procedures, but not specifically patients undergoing bariatric surgery. Procedures
that were examined in these meta-analyses were mainly classified as high risk
for development of cardiac complications, while bariatric surgery is classified
as a procedure with intermediate risk . Elevated BNP or NT-proBNP levels
were associated with an increased risk for the development of cardiovascular
complications (odds ratio of 19.3 [95% CI 8.5-43.7]) ¥, and an area under the
curve (AUC) of the relative operating characteristic (ROC) for the predictive value
of elevated BNP or NT-proBNP levels was 0.70 (95% CI 0.66 - 0.74) " In a more
recent prospective study including more procedures with an intermediate risk
of cardiac complications, the AUC was 0.88 (95% CI1 0.82-0.93) for preoperative
NT-proBNP measurements 7. Outcomes consistently show that heart failure
is an independent predictor for major adverse cardiac events (MACE) 281 As an
alternative for a single measurement screening tool for major cardiac adverse
events, several risk assessment tools have been tested in non-cardiac surgery
patients, such as the 6-item Revised Cardiac Risk Index that indicates whether
preoperative cardiac assessment should be performed 7. Two newer prediction
models are available as online tools for risk assessment of MACE and integrate
23 and 30 items B%31 However, none of these prediction tools are validated
in bariatric study patients and might not be sensitive enough. Given the lack
of a validated screening tool for CV disease and high prevalence of occult LV
dysfunction (and heart failure) in our cohort, it is somewhat surprising that in the
recently reported Clinical Practice Guidelines for patients undergoing Bariatric
Surgery, standard preoperative evaluation of (high risk) patients in order to detect
occult CV disease -in selected patients- is also not discussed /.

With current acceptably low morbidity and mortality rates in the early phase
after bariatric surgery, and the evident long-term improvements in weight
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loss and CV disease, it is likely that the number of patients eligible for bariatric
surgery will further increase. Moreover, it is conceivable that obese patients with
specific CV diseases such as heart failure and atrial fibrillation, will be considered
candidates for bariatric or metabolic surgery, not just to induce weight loss, but
specifically to treat these comorbidities . Especially for these patients at high-
risk of developing CV complications, accurate pre-operative CV screening is
important. Therefore, NT-proBNP assessment could prove to be the first choice
as a screening tool, since it is cheap, easy and non-invasive.

There are some limitations that merit emphasis. First, this is a single center
study with a relatively small sample size. Therefore, the results may not provide
conclusive evidence whether cardiac screening is beneficial, in terms of reducing
CV morbidity and mortality. Second, patients with normal NT-proBNP levels
were not referred for ECG or echocardiography, therefore the presence of
CV disease is unknown in these patients. However, it has been established
that a normal BNP or NT-proBNP makes it very unlikely that a patient has CV
disease, especially heart failure ", It should also be noted that NT-proBNP is
a stronger predictor for heart failure than coronary artery disease and stroke,
albeit we did identify two patients in our cohort that required intervention for
coronary artery disease while using NT-proBNP %23 Third, the aim of our study
was to examine the value of NT-proBNP as a screening tool for CV disease, and
was consequently not powered to examine a potential association with post-
operative cardiovascular outcome. Fourth, NT-proBNP has an inverse relation
with BMI B2, which means that patients with potential CV disease could have
false negative outcome of cardiac screening with NT-proBNP. This implies that
the reported 23% of patients with elevated NT-proBNP in our study is probably
an underestimation of the actual number of patients with CV disease. Fifth, use
of NT-proBNP as a single screening tool might be less predictive for CV disease
than a prediction model that combines NT-proBNP with levels of additional
laboratory measurements (such as troponins or highly sensitive C-reactive
protein) and presence of comorbidities such as diabetes. However, we aimed to
investigate NT-proBNP a simple and stand-alone diagnostic tool, and we thus
did not add other parameters to the decision whether or not patients should
be referred for cardiac work-up. Last, it is likely that our cohort of patients is
slightly different than the general obese population. General practitioners may
be reluctant to refer a patient for bariatric surgery if they have CV disease such
as congestive heart failure or recent myocardial infarction, due to a higher risk
of fatal complications following bariatric surgery 1.

Conclusion

Elevated levels of NT-proBNP levels are present in almost one fourth of obese
patients aged > 50 years undergoing bariatric surgery. In more than one third
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of them, there was echocardiographic evidence for LV structural and functional
remodeling. Further studies are needed to assess if these preliminary results
warrant routine application of NT-proBNP to identify patients at risk for CV
complications after bariatric surgery.
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ABSTRACT

Aims

Obesity is a global health problem, associated with significant morbidity and
mortality, often due to cardiovascular (CV) diseases. While bariatric surgery is
increasingly performed in patients with obesity and reduces CV risk factors,
its effect on CV disease is not established. We conducted a systematic review
and meta-analysis to evaluate the effect of bariatric surgery on CV outcomes,
in accordance with the Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses guideline.

Methods and Results

PubMed and Embase were searched for literature until August 2021 which
compared bariatric surgery patients to non-surgical controls. Outcomes of
interest were all-cause and CV mortality, atrial fibrillation (AF), heart failure
(HF), myocardial infarction, and stroke. We included 39 studies, all prospective or
retrospective cohort studies, but randomized outcome trials were not available.
Bariatric surgery was associated with a beneficial effect on all-cause mortality
(pooled hazard ratio [HR] of 0.55; 95% confidence interval [Cl] 0.49-0.62, p<0.001
vs. controls), and CV mortality (HR 0.59, 95% CI 0.47-0.73, p<0.001). In addition,
bariatric surgery was also associated with a reduced incidence of HF (HR 0.50,
95% CI10.38-0.66, p<0.001), myocardial infarction (HR 0.58, 95% CI 0.43-0.76,
p<0.001), and stroke (HR 0.64, 95% CI 0.53-0.77,0<0.001), while its association
with AF was not statistically significant (HR 0.82, 95% CI 0.64-1.06, p=0.12).

Conclusion

The present systematic review and meta-analysis suggests that bariatric surgery
is associated with reduced all-cause and CV mortality, and lowered incidence of
several CV diseases in patients with obesity. Bariatric surgery should therefore
be considered in these patients.
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INTRODUCTION

Obesity is rapidly becoming one of the biggest healthcare problems in the
Western World, and is associated with significant morbidity and mortality.(1-4)
In 2016, obesity was associated with 4 million deaths each year.(5) In the United
States, the prevalence of obesity (defined as body mass index [BMI] = 30 kg/m2)
was 40% in adults in 2015-2016(6), and this will rise to around 50% in 2030.(7)

Obesity is associated with increased adipose tissue, also referred to as
adiposopathy(8), and through several mechanisms this may be pathological to
the CV system (figure 1). First, CV disease can be the result of the systemic
effects of adipose tissue, due to the development of risk factors. Second, adipose
tissue may also directly or locally act by epicardial and perivascular effects into
the myocardium and blood vessels. (8, 9) And third, the accumulation of adipose
tissue may cause (organ) compression(1), leading to hypertension and renal
dysfunction(10), and obstructive sleep apnea.(11)

Ofthe CV risk factors associated with obesity, hypertension is the most common,
followed by diabetes. Their prevalences increase with the severity of obesity
and is generally present in 30-40% of patients.(12)Dyslipidaemia and increased
inflammation are also common in obesity (around 20-40%).

CV diseases associated with obesity are atrial fibrillation (AF), heart failure (HF),
coronary artery disease / myocardial infarction, and stroke. The hazard ratio to
develop these CV diseases is at least 1.5-2.0, but this markedly increases to >6.0 in
severe obesity, defined as BMI 240 kg/m2.(13-15) Obesity is also a well-known risk
factor for stroke,(16-18) and has also been associated with increased incidence of
aortic valve stenosis, but much fewer data are available on this topic. (19)

Treatment of obesity is difficult, and initially based on life-style change, diet and
increased physical activity. (20) To achieve a sustained reduction of 5-10% of total
body weight, is difficult if not impossible in most patients.(21) Pharmacological
treatment of obesity can be considered, but only a few drugs have been
approved(2, 20), because of side-effects and safety concerns.(22, 23)

Bariatric (or metabolic) surgery is an accepted treatment for patients with morbid
obesity, i.e. BMI >40 kg/m2, or severe obesity, i.e. 235 kg/m2 in presence of
obesity-associated comorbidities.(24) Since its introduction(25), techniques have
improved, particularly with laparoscopic procedures, which has resulted in a low
incidence of serious complications, and a 30-day mortality rate <0.5%.(20, 26,
27) A recent study of 9,710 patients reported mean total weight loss of around
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25% after surgery.(28) Since obesity is increasingly common in patients with CV
disease(29), the use of bariatric surgery is expected to increase in this population.

The effect of bariatric surgery on CV diseases (or CV mortality) has been
examined in four other systematic reviews and meta-analyses,(30-33) but since
that time important, prospective studies have been published, or recent reviews
did not include all important CV outcomes, and/or did not have substantial
follow-up duration. Therefore, we aimed to perform a comprehensive systematic
review and meta-analysis of the available literature on the effect of bariatric
surgery on CV disease and outcome.

METHODS

This systematic review and meta-analysis was performed according to the 2020
Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA)
guideline.(34) The PRISMA 2020 item checklist is detailed in the Supplementary
material online (Figure S1). We conducted a search in Pubmed and Embase
databases from inception to 28 August 2021. The search strategy composed the
PICO method: Patients of interest were obese, adult (age >18 years old) patients,
Intervention was bariatric surgery, Controls were obese patients who did not
undergo bariatric surgery and Outcomes were defined as all-cause mortality, CV
mortality, and incidence of CV disease, i.e. incident atrial fibrillation (AF), incident
HF, incident myocardial infarction, incident stroke, and incident aortic stenosis.
Further, for clarity reasons we investigated myocardial infarction, and not incident
coronary artery disease, because it is very difficult if not impossible to define
its onset, also this was not uniform across the studies. Somewhat similarly, we
investigated stroke and not incident cerebrovascular disease. A few studies,
however, further differentiated between ischemic vs haemorrhagic stroke, and
thus we also separately investigated the effect on ischemic stroke. The full search
strategy is detailed in the Supplementary material online. The protocol for this
systematic review and meta-analysis was registered to PROSPERO (identification
number: CRD42021277135). Our search was limited to studies conducted in adults,
published in peer-reviewed journals and written in English.

Study selection

Studies were considered eligible if they were designed to study outcomes in
obese patients who underwent a weight loss surgical intervention in comparison
with an age, sex and BMI matched control group who did not undergo a weight
loss surgical intervention. We searched for randomized controlled trials,
prospective or retrospective longitudinal cohort studies, and case-control
studies. For the control group, all non-surgical treatment options for obesity
(e.g.intensive lifestyle intervention, standard of care or no specific therapy) were
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accepted. Studies were excluded if 1) patients were not matched for age, sex and
BMI, 2) the presence of one or more outcome parameters of interest (e.g. HF, AF,
coronary artery disease) was required for inclusion, or 3) if the study groups were
not representative in relation to the general population of patients with obesity
(e.g. patients could only be included in presence of a specific comorbidity, for
instance end-stage renal disease). The third criterium did not apply to T2DM,
thus studies that only included patients with T2DM could be eligible for inclusion.

After removal of duplicates and non-English articles, conference abstracts, case
reports, comments, review articles and editorials, all records were independently
reviewed by two observers (T.G. and G.v.W.), and studies were subsequently
excluded at title, abstract, or full text level. Disagreement was resolved by
consensus. We also reviewed reference lists of included articles for relevant
publications not identified by the initial search. Studies were specifically reviewed
for potential overlap of study populations. If there was overlap of study population
with identical outcome parameters of interest, the study with the longest follow-
up duration for that endpoint was included. If one study population was described
in various articles, but these articles analysed different outcome parameters,
both articles could be included. However, for each study population, the hazard
ratio (HR) for that specific outcome parameter could only be extracted once, so
no overlap in HR of the same outcome within the same study population could
occur. The HR with the longest follow-up duration for a specific endpoint was
chosen.

Data extraction

The following data were extracted: 1) study characteristics (i.e. publication
year, type of bariatric surgery, number of patients, mean age and BMI and the
percentage of patients diagnosed with T2DM for both groups, study design,
study cohort and recruitment period, major inclusion and exclusion criteria,
primary and secondary outcome parameters and follow-up period), 2) event
rate per outcome parameter for each group, 3) unadjusted and adjusted hazard
ratios with their 95% confidence intervals for the association with outcome of
interest, and 4) adjustment variables.

Quality assessment

The risk of bias for each study was assessed by two independent reviewers (Sv.V.
and Gv.W.) using the Newcastle-Ottawa Quality Assessment Scale for Cohort
Studies. Length of follow-up was set at a minimum of 5 years to be evaluated as
adequate. Agreement for the quality assessment between both observers was
tested and disagreement was resolved by consensus. The quality of evidence
was assessed for each outcome parameter using the GRADE (Grading of
Recommendations, Assessment, Development and Evaluations) framework.

71




Chapter 9

(35) All study outcomes were assessed by two reviewers (Sv.V. and T.G.), and
disagreement was resolved by consensus.

Statistical analyses

Continuous variables were reported as means = standard deviation and
categorical data as numbers or percentages. Hazard ratios were Log transformed,
and the confidence interval (Cl) was converted to standard error (SE) = (upper
limit — lower limit) / 3.92. for 95% CI. In random effect models (DerSimonian
and Laird), we analysed adjusted HR to generate pooled HRs for the association
between bariatric surgery for outcome in comparison with controls. The pooled
HRs were calculated using inverse variance weighted averaging and were depicted
in forest plots. For the analyses that included <20 studies, the Hartung-Knapp-
Sidik-Jonkman correction method of the DerSimonian and Laird random effect
models was also applied, based on previous recommendation.(36) We performed
a sensitivity analysis in which pooled HRs were primarily calculated in prospective
and retrospective studies separately. We also performed a sensitivity analysis
using only studies that were assessed to have good or fair quality, according
to the Newcastle-Ottawa Quality Assessment Scale. Heterogeneity among
effect sizes was assessed using the Q-statistic and magnitude of heterogeneity
with 12. (37) Publication bias was tested with funnel plot asymmetry and Egger’s
regression test if a minimum of ten studies was included in the analysis.(38, 39)
Inter-rater agreement for the quality assessment was tested using Cohen'’s
kappa coefficient. Statistical analyses were performed using RevMan 5.4 and
SPSS (Version 26).

RESULTS

Search results

The search strategy yielded 2,966 articles. After removing duplicates and
screening of articles, 39 studies were included in the systematic review. Figure 1
shows the PRISMA flowchart for the literature search. There were no randomized,
controlled trials that have examined the effect of bariatric surgery on mortality
or CV disease. Our systemic search identified observational cohort studies that
reported the effect of surgery. These were in mostly retrospective cohort studies
(40-66), but several prospectively defined (matched) cohort studies(67-78) were
also found. The key characteristics of all included studies are presented in Table 1.
All outcomes regarding mortality and incidence of AF, HF, myocardial infarction,
and stroke of all included studies are available in the supplementary material
(Table S1). In our present search, we have not identified any reports which have
examined the effect of bariatric surgery on incident valvular heart disease such
as aortic stenosis.
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In the quality assessment, 19 studies were assessed as ‘good’ quality, one study
was assessed as ‘fair’ quality, and 19 studies were assessed as '‘poor’ quality

(Supplementary Table S2). The inter-rater agreement on the quality assessment
was good/excellent: overall agreement 91.4% (329/360); Cohen'’s kappa was
substantial: 0.800. The quality of evidence for all outcome parameters were
assessed as "very low" quality. This was based on the observational design of all
included studies and the substantial heterogeneity among studies per outcome
parameter (Supplementary Table S3).

Heterogeneity among effect sizes was high for all outcome parameters
Publication bias could only be assessed for all-cause mortality (given the criterium
of a minimum of 10 studies per outcome parameter for Egger's test and funnel
plots), which showed possible publication bias (Supplementary Table S4).
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' Identification of studies via databases and registers
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Figure 1: Flowchart of literature search according to PRISMA guidelines. BMI body mass index, CV
cardiovascular

Effect on all-cause and cardiovascular mortality

Atotal of 28 studies examined the effect of bariatric surgery on mortality, both
all-cause and CV mortality. Following bariatric surgery, all-cause mortality varied
from 0.0-23.7%, and 1.4-28.2% for controls, with follow-up duration ranging
between 2 years to 24 years (Supplementary Table S1). There were 21 studies
that examined all-cause mortality, and reported adjusted hazard ratios, and were
therefore suited for the meta-analysis, see Figure 2. These 21 studies included
133,524 patients after bariatric surgery, and 263,478 obese controls. The meta-
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analysis showed that patients who had undergone surgery had a pooled HR of all-
cause mortality of 0.55 (95% CI 0.49-0.62, p<0.001, 12=78%) compared to obese
subjects in the control group. Three of these studies only reported adjusted
hazard ratios for separate subgroups (i.e. diabetic vs. non-diabetic, or RYGB vs.
sleeve gastrectomy) and are thus mentioned twice in the forest plot.(49, 54, 65)
Seven studies investigated CV mortality, with incidences of 0.2-8.3% in bariatric
patients and 0.5-12.9% in controls. The results in the meta-analysis showed that
bariatric surgery also reduced CV mortality (HR 0.59, 95% CI1 0.47-0.73, p<0.001,
12="71%, see supplementary material, figure S3).

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI 1V, Rand 95% CI
Adams 2007 -0.5108 0.1015383 5.5% 0.60 [0.49, 0.73] e
Aminian 2019 -0.5276 0.10343498 5.4% 0.59[0.48, 0.72] S
Ardissino 2020 -1.0217 0.33628594 2.3% 0.36 [0.19, 0.70]
Arterburn 2013 -0.6162 0.43906681 1.6% 0.54[0.23, 1.28] T
Arterburn 2015 -0.755 0.10124525 5.5% 0.47[0.39, 0.57] o
Busetto 2007 -1.0217 0.4105709 1.7% 0.36 [0.16, 0.80] .
Carlsson 2020 -0.3567 0.07234064 5.9% 0.70[0.61, 0.81] =
Ceriani 2019 -0.6349 0.30801407 2.5% 0.53[0.29, 0.97] -]
Courcoulas 2021 (RYGB) -0.7985 0.13321158 5.0% 0.45 [0.35, 0.58] e
Courcoulas 2021 (SG) -1.273 0.37706681 2.0% 0.28[0.13, 0.59]
Doumouras 2020 -0.3857 0.08964232 5.6% 0.68[0.57,0.81] S
Fisher 2018 -1.0788 0.40714666 1.8% 0.34[0.15, 0.76] B
Lent 2017 (DM2) -0.821 0.20978544 3.7% 0.44[0.29, 0.66] S
Lent 2017 (no DM2) -0.1744 0.18968827 4.0% 0.84[0.58, 1.22] e
Liakopoulos 2018 -0.5447 0.10880574 5.3% 0.58[0.47,0.72] e
Lundberg 2021 -0.0619 0.09456097 5.6% 0.94[0.78, 1.13] -1
Moussa 2020 -1.3863 0.16963681 4.4% 0.25[0.18, 0.35] e
Pontiroli 2020 -0.7985 0.16087419 4.5% 0.45[0.33, 0.62] S
Rassen 2021 0.1222 0.35139891 2.2% 1.13[0.57, 2.25]
Reges 2018 -0.6931 0.10765163 5.4% 0.50 [0.40, 0.62] e
Singh 2020 -0.3567 0.12278142 5.1% 0.70 [0.55, 0.89] e
Sjoéstrom 2007 -0.3425 0.13591952 4.9% 0.71[0.54, 0.93] ==
Thereaux 2019 (RYGB) -0.4463 0.10343498 5.4% 0.64 [0.52, 0.78] o
Thereaux 2019 (SG) -0.9676 0.13896101 4.9% 0.38[0.29, 0.50] —
Total (95% CI) 100.0% 0.55 [0.49, 0.62] ¢
Heterogeneity: Tau? = 0.06; Chi? = 105.14, df = 23 (P < 0.00001); I> = 78% o :02 051 1=0 5=0

Test for overall effect: Z = 9.41 (P < 0.00001) Bariatric surgery Control

Figure 2: Forest plot of pooled HR of all-cause mortality
DM2 type 2 diabetes mellitus; HR hazard ratio, RYGB Roux-Y gastric bypass; SG sleeve gastrectomy

Effect on atrial fibrillation

A total of seven studies examined the effect of bariatric surgery on incidence
of AF (Supplementary Table S1), which ranged from 0.8-12.4% in patients after
bariatric surgery to 1.3-16.8% in control subjects. Five of these studies were
suitable for the meta-analysis, which accumulated to 24,015 patients following
bariatric surgery and 80,394 controls (Figure 3, upper left panel). The overall
effect in the meta-analysis was a non-significant reduction after bariatric surgery
vs. controls with regard to incidence of AF (HR 0.82, 95% CI 0.64-1.06, p=0.12,
12=76%).

Effect on heart failure
Atotal of 12 studies examined the effect of bariatric surgery on incidence of HF
(Supplementary Table S1). Incidence rates that were reported ranged from 0.4-
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99% in patients following bariatric surgery, as compared to 0.7-15.7% in controls.
For the meta-analysis, eight studies fulfilled criteria and thus a total of 26,002
bariatric patients and 40,657 controls were examined. The pooled HR for incident
HF following bariatric surgery vs. control subjects was 0.50 (95% CI 0.38-0.66,
p<0.001, 12=71%, Figure 3, upper right panel).

It is important to mention that one large study that examined incident HF(78)
was not included in the current meta-analysis since the authors only provided
unadjusted HR in their results. Sundstrém et al. examined 25,804 patients who
had undergone bariatric surgery, and compared them to a 13,701 controls.(78)
During 4 years of follow-up, surgery led to a 46% reduction in HF incidence, but
the overall incidence of events was very low, which may have been due to the
design of the study (i.e. less stringent registration of events).

Effect on myocardial infarction

Nine studies reported on incident myocardial infarction after bariatric surgery
and controls, and six on incident coronary artery disease. Incidence of coronary
artery disease following bariatric surgery ranged from 1.5-13.7%, vs. 2.7-44.7%
in controls (Supplementary Table S1), but these were not analysed further.
Myocardial infarction after bariatric surgery occurred in 0.1-99% of patient,
compared to 0.5-10.0% in controls,. For the meta-analysis of incident myocardial
infarction after bariatric surgery, seven of the nine studies were suitable, involving
101,536 patients following bariatric surgery and 32,2551 controls. Bariatric surgery
was associated with a lower incidence of myocardial infarction when compared to
controls (HR 0.58,95% C1 0.43-0.76, p<0.001, 12= 82%, Figure 3, lower left panel).

Effect on stroke

Incidence of stroke was investigated in 14 studies, and its incidence was much
lower than other CV events (Table 1). Incidence of stroke ranged from 0.5 to
6.1% in bariatric patients, and 0.5 to 6.9% in controls. Nine studies were suitable
for meta-analysis, involving 86,601 bariatric patients, and 318,599 controls. The
pooled analysis showed that bariatric surgery reduced the incidence of (all)
strokes (HR 0.64, 95% CI1 0.53-0.77, p<0.001, 12=80%, Figure 3, lower right panel).

Afew studies further investigated type of stroke, and so we performed additional
analysis in studies that only reported on ischemic stroke. Interestingly, we
observed an even more outspoken protective effect of surgery on ischemic
stroke (HR 0.37, 95% CI 0.17-0.82, p=0.01, 12=92%), compared to the effect on
all strokes combined (Supplementary material, figure S4).
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Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Aminian 2019 -0.24846136 0.1141777  23.0% 0.78[0.62, 0.98] -
Hoskuldsdéttir 2021 -0.52763274 0.14605081  20.6% 0.59 [0.44, 0.79] -
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Rassen 2021 0.64710324 0.28256687 11.8% 1.91[1.10, 3.32] —
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Total (95% CI) 100.0% 0.82 [0.64, 1.06] <
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Benotti 2017 -0.96758403 0.26696016  11.4% 0.38[0.23, 0.64] —
Jamaly 2019 -0.41551544 0.11565588 17.4% 0.66 [0.53, 0.83] -
Liakopoulos 2018 -1.10866263 0.16264689  15.5% 0.33 [0.24, 0.45] —
Moussa 2020 -0.91629073 0.40235948 7.4% 0.40 [0.18, 0.88] I —
Rassen 2021 -0.19845094 0.30992272 9.9% 0.82[0.45, 1.51] 1
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Sensitivity analysis

As expected, small effect modification using the Hartung-Knapp-Sidik-Jonkman
correction in the analyses with <20 studies changed the confidence intervals
but not the overall effect estimate: for CV mortality (HR 0.59, 95% CI1 0.45-0.77,
p=0.004); for AF (HR 0.82, 95% CI1 0.51-1.32, p=0.3); for HF (HR 0.50, 95% CI 0.37-
0.68, p=0.001); for myocardial infarction (HR 0,58, 95% C1 0.42-0.80, p=0.006);
and for stroke (HR 0.64, 95% CI1 0.50-0.82, p=0.003).

In sensitivity analyses, we evaluated each outcome parameter for prospective
and retrospective studies separately. The magnitude and direction of the
pooled effect remained similar to all pooled HRs in comparison to prospective
and retrospective studies for all-cause mortality (prospective studies: HR 0.60,
95% Cl1 0.43-0.83, p=0.002, 12=92%, and retrospective studies: HR 0.54, 95%
C10.48-0.60, p<0.001, 12=59%). The same was observed in the analyses of CV
related mortality (single prospective study: HR 0.78, 95% CI 0.64-0.96, p=0.02,
and retrospective studies: HR 0.55, 95% CI1 0.45-0.66, p<0.001, 12=53%), incident
HF (prospective studies: HR 0.45, 95% CI 0.26-0.78, p=0.004, 12=84%, and
retrospective studies: HR 0.54, 95% C1 0.38-0.77, p<0.001, 12=65%), and all types
of stroke (prospective studies: HR 0.56, 95% C1 0.35-0.90, p=0.02, 12=92%, and
retrospective studies: HR 0.02, 95% CI 0.00-0.31, p=0.005, 12=66%).

Differences in outcomes between prospective and retrospective studies were
seen in incident AF (prospective studies: HR 0.66, 95 % CI 0.57-0.77, p<0.001,
12=0%, and retrospective studies: HR 1.04, 95% CI1 0.69-0.1.56, p=0.87,12=77%),
as well as for incident myocardial infarction (prospective studies: HR 0.57, 95%
Cl 0.45-0.72, p<0.001, 12=42%, and retrospective studies: HR 0.66, 95% CI
0.32-1.35, p=0.25, 12=85%). For both outcomes, a protective effect following
bariatric surgery was only found in prospective studies, and a non-significant
(non-protective) outcome was seen in retrospective studies.

In sensitivity analysis that only assessed the studies of good or fair quality,
outcomes were similarly beneficial following bariatric surgery for all-cause
mortality (HR 0.50, 95% CI 0.43-0.59, p<0.001, 12=80%), CV mortality (HR 0.59,
95% ClI 0.47-0.73, p=0.002, 12=63%), HF (HR 0.51, 95% CI 0.33-0.77, p=0.007,
12=56%), all types of stroke (HR 0.55, 95% CI 0.34-0.88, p=0.01, 12=90%), and
ischemic stroke (single study: HR 0.32, 95% CI 0.25-0.41, p<0.001). For AF and
myocardial infarction, outcomes of this sensitivity analyses (respectively; a
single study on AF: HR 0.69, 95% CI1 0.58-0.82, p<0.001, and multiple studies on
myocardial infarction: HR 0.61, 95% Cl 0.39-0.94, p=0.02, 12=67%) were in line
with the pooled outcome of prospective studies, showing a lowered incidence of
disease after bariatric surgery, but were different to the general pooled outcome.

178

Bariatric surgery and cardiovascular disease: a systematic review and meta-analysis

DISCUSSION

Bariatric surgery is currently the only treatment option that achieves substantial
and durable weight reduction in patients with obesity, in whom there is a
markedly increased incidence of CV disease. The present systematic review
and meta-analysis of 39 controlled cohort studies shows that bariatric surgery
is significantly associated with reduction of not only mortality but also the
incidence of CV disease, although it must be noted that no randomized outcome
trials are available. Nevertheless, the data from the present systematic review
and meta-analysis strongly suggest that bariatric surgery reduces the incidence
of CV disease and lowers mortality during follow-up.

In recent years, four other systematic reviews have been published.(30-33) Zhou
et al.(30) reviewed all studies until 2016 and reported all-cause mortality, cancer
incidence and CV outcomes after bariatric surgery compared with obese controls.
Their findings are in line with the current results, but clearly, their data are older,
and many recent studies were not part of the analysis, particularly since a number
of important studies have been published in the last two years. In addition, for
CV disease they only examined 9 studies, and together these factors are the
main limitation of their review. The meta-analysis by Wiggins et al.(31) published
in 2020 focused on mortality and ischemic heart disease, and on CV risk factors
such as diabetes, but they only included studies that drew their study population
from nationwide registries as opposed to more precise hospital records, thereby
missing many endpoints, and they only included 18 studies. Interestingly, using
this approach, they observed a similar effect of bariatric surgery compared to
controls as we did in the present analysis (i.e. a pooled odds ratio for all-cause
mortality of 0.62 and 0.50 for CV mortality). In the third systematic review by
Pontiroli (32), also published in 2020, the authors conducted a meta-analysis
to evaluate outcome following bariatric surgery, and focused on the important
issue of age at the time of surgery, and how that influences the effect of surgery
on outcome. Using this approach the authors included 9 studies, and observed
that the beneficial effect of surgery on outcome was mainly found in patients
above the median age (around 40). It should be noted, however, that median
follow-up duration in their meta-analysis was 8.7 years, and this may have been
rather short, particularly in younger patients, since CV disease (and associated
mortality) usually occurs later, even in obese patients. The review by Cardoso(33)
from 2017, misses recent studies due to the publication date, and it only uses 8
studies for their outcome analysis. In addition, that study only examined short-
term follow-up, and has very few endpoints.

Despite the potential favourable long-term effect of bariatric surgery, considering
surgery for obesity, however, remains a significant step for patients. With the
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increasing safety and relatively low incidence of (long-term) adverse outcomes,
it can be an attractive alternative, however, for patients with morbid obesity
(79). Bariatric surgery has been shown to reduce CV risk factors, and arguably,
this should be accompanied by a reduction in CV events, but there are no
randomized controlled trials that have prospectively examined the incidence of
CV disease. This is understandable, since the average age of patients undergoing
bariatric surgery is 40 years, and the onset of CV disease in patients below the
age of 50 is relatively low. In other words, despite a probably significant and
clinically relevant patient benefit, randomized controlled trials that examined
the effect of bariatric surgery on CV disease outcome would require long-term
(e.g. 5-10 years or maybe even longer) follow-up. The present meta-analysis
shows a 25-58% reduction of CV events and a 35-40% reduction in mortality. It
would be nice if these findings were supported in large-scale randomised clinical
outcome trials, with substantial follow-up duration. But it will be challenging,
and maybe even unlikely, that such a RCT will be conducted in the near future.
The fact that bariatric surgery is already performed on a large scale (and that
withholding bariatric surgery may sometimes seem unethical for patients with
morbid obesity), will complicate matters further, and make an outcome trial very
difficult. Hence, it will also be unlikely that a future systematic review and meta-
analysis will render higher GRADE assessments for outcome parameters, even
though this current review and future reviews consist of individual high-quality
prospective studies.

An important factor in the beneficial effect of bariatric surgery, is whether this
is only due to the absolute weight reduction, or whether additional, ancillary
effects also play a role. A recent small mechanistic study suggested that
benefits of bariatric surgery were all related to weight loss itself, with no other
independent beneficial effects.(80) Many other studies, however, have suggested
that ancillary factors associated with surgery are of influence, such as an altered
profile in gut hormone expression, enhanced insulin sensitivity, and changed
gut microbioma(81), and the procedure is therefore increasingly referred to as
metabolic surgery.(82) Nevertheless, there is no question that the magnitude
of weight loss is very important, and in one study it was calculated that in non-
surgical obese patients, a 20% decrease in weight was required (only rarely
achieved) to reduce long-term major CV events, while in surgical patients at
least 10% weight reduction was required, which is generally easily achieved,(81)
and underlines the hypothesis that other metabolic mechanisms contribute to
the beneficial effects of surgery.

As pointed out before, despite these potential benefits of bariatric surgery

to prevent (and possibly treat) CV disease, no randomized controlled studies
have primarily investigated the effect of surgery on CV events or outcome.
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At this moment, we are aware of only one ongoing randomized clinical trial
in patients with morbid obesity and AF, who will undergo bariatric surgery six
months prior to AF catheter ablation (Bariatric Atrial Restoration of Sinus Rhythm
[BAROS], ClinicalTrial.gov identifier NCT04050969). In terms of prevention,
bariatric surgery could potentially be useful in any (morbidly) obese patient
with an increased risk of CV disease. Regarding treating clinically present
disease, surgery could possibly be useful to treat patients with HF, but also
AF, as discussed above. The recently published guideline for prevention of CV
disease by European Society of Cardiology(83) states that 'bariatric surgery for
obese high-risk individuals should be considered when lifestyle change does
not result in maintained weight loss’, i.e. a 2A recommendation. This is a major
change from the previous guideline of 2016,(84) in which diet and lifestyle are
advocated as main-stay therapy options, and bariatric surgery did not receive
a formal recommendation. In addition, prevention or treatment of CV disease
has so far not affected the recommendations for surgery.(85) The strongest
recommendation for metabolic surgery is for patients with obesity and type 2
diabetes, and in this patient population, it is now considered a valid addition to
existing standard therapy.(86)

There are some limitations that should be mentioned regarding the present
systematic review and meta-analysis. First, all data regarding bariatric surgery
that are discussed here stem from non-randomized studies, albeit many of them
are prospective in design. Second, some of the studies in obese subjects only
enrolled patients with (type 2) diabetes, which may have affected the findings
(see also Supplementary Table 1). Indeed, it has been suggested that bariatric
surgery may be more effective in terms of reducing outcome in patients with
diabetes, as compared to those without diabetes.(54) However, this was not
reported in another study(74) and the present meta-analysis does not provide an
answer on this. Third, recent studies with new drugs like glucagon-like peptide 1
(GLP1) agonists or sodium glucose cotransporter 2 (SGLT2) inhibitors, have shown
promising results in patients with diabetes and obesity, but no large studies are
currently available on the (additive) effect of bariatric surgery in the population.
But it is conceivable that these drugs may affect outcome in this population.
Fourth, we only examined the effect of surgical techniques combined, and did
not investigate potential differences between techniques. Fifth, we did not
specifically analyse HR of coronary artery disease in addition to MI. This decision
was based on the fact that the data on coronary artery disease was relatively
scarce, and as coronary artery disease can occur silently, this may have been
difficult to report in large (national) cohorts. We hypothesized that coronary
artery disease is underreported to some extent, and therefore future studies
could add valuable information regarding coronary artery disease following
bariatric surgery. Last, some analyses should be interpreted with caution, as some
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sensitivity analyses consisted of single studies analysis, for example CV related
mortality in the analysis of prospective studies.(73) In addition, publication bias
was not assessed for the majority of our outcome parameters, as the Egger’s test
and funnel plots are not appropriate in analysis containing less than 10 studies.
For interpretation of funnel plots, it should be noted that asymmetry can also
originate from other sources than publication bias.(39)

In summary, the results of this systematic review and meta-analysis of 39 studies
suggest that bariatric surgery reduces mortality and incidence of CV disease
in patients with obesity compared to non-surgical treatment. Bariatric surgery
should therefore be considered in these patients.
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Section and Topic Item#  Checklistitem Location where
item is reported
TITLE
Title 1 Identify the report as a systematic review. Pagel
ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts 2
checklist.
INTRODUCTION
Rationale 3 Describe the rationale for the review in 3-4
the context of existing knowledge.
Objectives 4 Provide an explicit statement of the 4
objective(s) or question(s) the review
addresses.
METHODS
Eligibility criteria 5 Specify the inclusion and exclusion 5

criteria for the review and how studies

were grouped for the syntheses.
Information sources 6 Specify all databases, registers, websites, 4

organisations, reference lists and other

sources searched or consulted to identify

studies. Specify the date when each

source was last searched or consulted.

Search strategy 7 Present the full search strategies for Supplementary
all databases, registers and websites, F2
including any filters and limits used.

Selection process 8 Specify the methods used to decide 4-5

whether a study met the inclusion

criteria of the review, including how many

reviewers screened each record and each

report retrieved, whether they worked

independently, and if applicable, details

of automation tools used in the process.
Data collection 9 Specify the methods used to collect 5-6
process data from reports, including how

many reviewers collected data from

each report, whether they worked

independently, any processes for

obtaining or confirming data from study

investigators, and if applicable, details of

automation tools used in the process.
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Data items 10a List and define all outcomes for which 4 Synthesis methods  13a Describe the processes used to decide 5
data were sought. Specify whether all which studies were eligible for each
results that were compatible with each synthesis (e.g. tabulating the study
outcome domain in each study were intervention characteristics and
sought (e.g. for all measures, time points, comparing against the planned groups
analyses), and if not, the methods used to for each synthesis (item #5)).
decide which results to collect. 13b Describe any methods required to 6-7
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assessment of bias in the included studies, including 13d Describe any methods used to synthesize 6-7
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used in the process. extent of statistical heterogeneity, and
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Figure S1. PRISMA 2020 checklist (continued) Figure S1. PRISMA 2020 checklist (continued)
Section and Topic Item#  Checklist item Location where Section and Topic ltem#  Checklistitem Location where
item is reported item is reported
RESULTS Discussion 23a Provide a general interpretation of the 1
Study selection 16a Describe the results of the search and 7+ Figure 1 results in the context of other evidence.
selection process, from the number of 23b Discuss any limitations of the evidence 13-14
records identified in the search to the included in the review.
number of studies included in the review, 23c Discuss any limitations of the review 13-14
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the inclusion criteria, but which were practice, policy, and future research.
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excluded. Registration and 24a Provide registration information for 4 (of note: reg.no.
Study characteristics 17 Cite each included study and presentits  Table 1 protocol the review, including register name and is not yet known)
characteristics. registration number, or state that the
Risk of bias in studies 18 Present assessments of risk of bias for 7+ suppl. Table S4 review was not registered.
each included study. 24b Indicate where the review protocol can 4
Results of individual 19 For all outcomes, present, for each 8-10, figure 243, be accessed, or state that a protocol was
studies study: (a) summary statistics for each suppl. table S1 not prepared.
group (where appropriate) and (b) an 24c Describe and explain any amendmentsto  N/A
effect estimate and its precision (e.g. information provided at registration or in
confidence/credible interval), ideally the protocol.
using structured tables or plots. Support 25 Describe sources of financial or non- 15
Results of syntheses  20a For each synthesis, briefly summarise the 7 financial support for the review, and the
characteristics and risk of bias among role of the funders or sponsors in the
contributing studies. review.
20b Present results of all statistical syntheses  8-10, figure 2+3, Competing interests 26 Declare any competing interests of 15
conducted. If meta-analysis was done, suppl. table ST+54 review authors.
present for each the summary estimate Availability of data, 27 Report which of the following are publicly In part: suppl. Fig
and its precision (e.g. confidence/credible code and other available and where they can be found: S2, table ST,
interval) and measures of statistical materials template data collection forms; data Data collection
heterogeneity. If comparing groups, extracted from included studies; data forms are not
describe the direction of the effect. used for all analyses; analytic code; any  available
20c Present results of all investigations of 7 other materials used in the review.

possible causes of heterogeneity among

study results. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA

20d Present results of all sensitivity analyses  10-11 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021,372:n71. doi:
conducted to assess the robustness of 10.1136/bmj.n71
the synthesized results.
Reporting biases 21 Present assessments of risk of bias due 7
to missing results (arising from reporting S2: Search strategy
biases) for each synthesis assessed.
Certainty of 22 Present assessments of certainty (or 7-1 Pubmed
evidence confidence) in the body of evidence for

("Overweight"[Mesh] OR obes*[tiab] OR overweight[tiab] OR body mass index[tiab] OR BMI[tiab]
OR "Body Mass Index"[Mesh])

each outcome assessed.
DISCUSSION

AND
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("Bariatric surgery”[Mesh] OR bariatric surg*[tiab] OR bariatric operat*[tiab] OR "Gastric
Bypass"[Mesh] OR gastric bypass*[tiab] OR gastroileal bypass*[tiab] OR gastrojejunostom*[tiab] OR
gastroplast*[tiab] OR jejunoileal bypass*[tiab] OR ileojejunal bypass*[tiab] OR intestinal bypass*[tiab]
OR biliopancreatic bypass*[tiab] OR biliopancreatic diversion*[tiab] OR duodenal switch*[tiab] OR
pancreatobiliary bypass*[tiab] OR gastric banding*[tiab] OR stomach banding*[tiab] OR laparoscopic
adjustable silicone banding*[tiab] OR bariatric operat*[tiab] OR bariatric procedure*[tiab] OR
obesity surg*[tiab] OR obesity operat*[tiab] OR sleeve gastrectom*[tiab] OR gastric sleeve*[tiab] OR
metabolic surg*[tiab] OR stomach surg*[tiab] OR weight loss operat*[tiab] OR weight loss surg*[tiab]
OR weight reduction operat*[tiab] OR weight reduction surg*[tiab])

AND

("Control Groups”"[Mesh] OR “Weight Loss"[Mesh] OR “Standard of Care”[Mesh] OR "Conservative
Treatment”[Mesh] OR "Weight Reduction Programs”’[Mesh] OR "Life Style"[Mesh] OR non-
surgical*[tiab] OR nonsurgical*[tiab] OR conventional therap*[tiab] OR conventional care[tiab]
conventional treatment*[tiab] OR standard care[tiab] OR standard therap*[tiab] OR standard
treatment*[tiab] OR regular care[tiab] OR regular therap*[tiab] OR regular treatment*[tiab] OR
conservative treat*[tiab] OR conservative therap*[tiab] OR conservative care[tiab] OR normal
care[tiab] OR normal treatment*[tiab] OR normal therap*[tiab] OR weight low*[tiab] OR weight
reduction*[tiab] OR weight loss[tiab] OR losing weight[tiab] OR control*[tiab] OR medical
intervention*[tiab] OR lifestyle*[tiab] OR diet*[tiab] OR compar*[tiab] OR matched control*[tiab]
OR "Diet, Fat-Restricted”"[Mesh] OR calor*[tiab])

AND

("Mortality”"[Mesh] OR cardiovascular event*[tiab] OR cardiovascular outcome*[tiab] OR "Heart
Failure”[Mesh] OR heart decompensation*[tiab] OR myocardial failure*[tiab] OR heart failure*[tiab]
OR "Atrial Fibrillation”"[Mesh] OR atrial fibrillation*[tiab] OR Auricular Fibrillation*[tiab] OR
"Myocardial Infarction”[Mesh] OR myocardial infarct*[tiab] OR Cardiovascular Stroke*[tiab] OR
Heart Attack*[tiab] OR "Coronary Artery Disease”"[Mesh] OR Coronary Artery Disease*[tiab] OR
Coronary arteriosclerosis[tiab] OR "Aortic Valve Stenosis"[Mesh] OR aortic valve stenosis[tiab] OR
aortic stenosis[tiab] OR aortic valvular stenosis[tiab] OR major adverse cardiac event*[tiab] OR
major adverse cardiovascular event*[tiab] OR major cardiovascular event*[tiab] OR major cardiac
event*[tiab] OR MACE([tiab] OR ischemic stroke*[tiab] OR ischemic cerebrovascular accident*[tiab]
OR ischaemic stroke*[tiab] OR ischaemic cerebrovascular accident*[tiab] OR myocardial
ischaemia*[tiab] OR myocardial ischemia*[tiab] OR mortalit*[tiab])

AND

("Randomized Controlled Trial” [Publication Type] OR “Matched-Pair Analysis"[Mesh] OR "Case-
Control Studies”[Mesh] OR "Propensity Score"[Mesh] OR "Cohort Studies’[Mesh] OR randomi*[tiab]
OR randomly[tiab] OR trial[ti] OR cohort[tiab] OR Propensity Score*[tiab] OR MatchedPair*[tiab] OR
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matched-pair*[tiab] OR paired comparison*[tiab] OR case-control[tiab] OR retrospective*[tiab] OR
prospective*[tiab] OR longitudinal*[tiab] OR observational*[tiab] OR follow-up][tiab])

NOT

("Review” [Publication Type] OR "Systematic Review” [Publication Type] OR “Meta-Analysis”
[Publication Type] OR “Editorial” [Publication Type] OR "Case Reports” [Publication Type] OR
"Comment” [Publication Type]) NOT (("Child"[Mesh] OR "Adolescent”[Mesh] OR “Infant”"[Mesh])
NOT "Adult"[Mesh]) NOT ("Pediatric Obesity"[Mesh] OR "Pregnancy”[Mesh] OR "Conversion to
Open Surgery”"[Mesh] OR “Safety”[Mesh] OR conversion*[tiab] OR safety[tiab] OR technique*[tiab]
OR surgery type*[tiab] OR efficacy[tiab] OR maternal[tiab] OR pregnanltiab])

Embase
(‘'obesity'/exp OR 'body mass'/exp OR (obes* OR ‘overweight’ OR 'body mass index’ OR BMlI):ab,ti,kw)

AND

('bariatric surgery'/exp OR ‘gastric bypass surgery'/exp OR ‘gastrojejunostomy’/exp OR 'stomach
surgery'/exp OR ‘collis gastroplasty'/exp OR 'vertical banded gastroplasty’/exp OR ‘intestine bypass’/
exp OR ‘gastric sleeve'/exp OR 'endoscopic sleeve gastroplasty'/exp OR ‘one-anastomosis gastric
bypass'/exp OR (‘bariatric surg* OR 'bariatric operat* OR 'gastric bypass* OR 'gastroileal bypass*’
OR gastrojejunostom* OR gastroplast* OR 'jejunoileal bypass* OR ‘ileojejunal bypass* OR ‘intestinal
bypass*’ OR 'biliopancreatic bypass*' OR 'biliopancreatic diversion* OR ‘duodenal switch* OR
‘pancreatobiliary bypass*’ OR ‘gastric banding*' OR ‘stomach banding*’ OR 'laparoscopic adjustable
silicone banding*’ OR 'bariatric operat* OR ‘bariatric procedure*’ OR ‘obesity surg*' OR ‘obesity
operat* OR 'sleeve gastrectom*' OR ‘gastric sleeve*’ OR ‘'metabolic surg* OR 'stomach surg* OR
'weight loss operat* OR 'weight loss surg*" OR ‘weight reduction operat*’ OR 'weight reduction
surg*'):ab,ti,kw)

AND

(‘control group/exp OR 'body weight loss'/exp OR (‘non-surgical* OR 'nonsurgical* OR
‘conventional therap* OR ‘conventional treat* OR ‘conventional care’ OR 'standard therap* OR
'standard treat* OR 'standard care’ OR regular therap* OR ‘regular care’ OR ‘regular treat* OR
‘conservative therap* OR ‘conservative treat* OR ‘conservative care’ OR 'normal treat* OR 'normal
care’ OR 'normal therap* OR ‘weight low*" OR ‘weight reduction*" OR 'weight loss' OR ‘losing
weight’ OR‘control*' OR 'medical intervention* OR 'lifestyle*" OR ‘diet*’ OR ‘compar*' OR 'matched

control* OR 'calor*'):ab,ti,kw)

AND
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(‘controlled clinical trial’/exp OR 'Propensity Score'/exp OR 'Cohort Analysis'/exp OR 'intervention
study'/exp OR ‘case control study'/exp OR (randomi* OR randomly OR trial OR cohort OR
'Propensity Score* OR MatchedPair* OR matched-pair* OR 'paired comparison*' OR case-control
OR prospective* OR observational* OR longitudinal* OR retrospective* OR follow-up):ab,ti,kw)

AND

('mortality rate’/exp OR ‘all cause mortality’/exp OR ‘cardiovascular mortality'/exp OR ‘prognostic
factor’/exp OR 'survival rate’/exp OR ‘outcome’/exp OR 'major adverse cardiac event'/exp OR 'heart
failure'/exp OR ‘atrial fibrillation'/exp OR 'heart infarction’/exp OR ‘cerebrovascular accident/exp
OR ‘coronary artery disease'/exp OR ‘coronary artery atherosclerosis’/exp OR 'aortic stenosis'/exp
OR 'heart muscle ischemia’/exp OR (‘cardiovascular event* OR ‘cardiovascular outcome* OR 'heart
decompensation* OR 'myocardial failure* OR 'heart failure*’ OR ‘atrial fibrillation*" OR ‘auricular
fibrillation*” OR 'myocardial infarct*" OR ‘cardiovascular stroke* OR 'heart attack*’ OR 'coronary
NEXT/1 disease*’ OR ‘coronary arteriosclerosis’ OR ‘aortic NEXT/1stenosis’ OR ‘cardiac event* OR
'MACE' OR 'ischemic stroke*' OR ‘ischemic cerebrovascular accident*' OR ‘ischaemic stroke* OR
'ischaemic cerebrovascular accident* OR ‘myocardial ischaemia* OR 'myocardial ischemia*’ OR
mortalit*):ab,ti, kw)

NOT
('review'/exp OR 'meta analysis’/exp OR ‘editorial’/exp OR ‘case report’/exp OR ‘pregnancy'/exp)
NOT ((‘child’/exp OR 'adolescent'/exp OR ‘infant'/exp) NOT ‘adult’/exp) NOT (‘childhood obesity'/

exp OR ‘conversion to open surgery'/exp OR 'risk assessment'/exp OR (conversion* OR safety OR
technique* OR 'surgery type* OR efficacy OR maternal OR pregnan*):ab,ti,kw)
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Figure S3. Forest plot of pooled hazard ratio (HR) of cardiovascular mortality

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Random, 95% CI IV, Random, 95% CI
Adams 2007 -0.67334455 0.09438776 21.5%  0.51(0.42, 0.61) -
Courcoulas 2021 (RYGB) -0.56211892 0.3877551  6.0%  0.57(0.27, 1.22] T
Courcoulas 2021 (SG) -0.27443685 0.14285714 17.8% 0.76 [0.57, 1.01) -
Doumouras 2020 -0.63487827 0.12755102  19.0% 0.53 (0.41, 0.68) -
Eliasson 2015 -0.89159812 0.18112245  15.0% 0.41[0.29, 0.58) ——
Lundberg 2021 -0.24846136 0.10459184  20.8% 0.78 [0.64, 0.96) -
Total (95% CI) 100.0% 0.59 (0.47, 0.73) >
Heterogeneity: Tau® = 0.05; Chi® = 17.36, df = 5 (P = 0.004); ¥ = 71% ?001 °=1 fo 100=

Test for overall effect: Z = 4.92 (P < 0.00001) Bariatric surgery Control

Cl confidence interval;, HR hazard ratio, RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy

Figure S4. Forest plot of pooled HR of ischemic stroke

Hazard Ratio Hazard Ratio
Study or Subgroup _log[Hazard Ratio] SE Weight 1V, Rand 95% CI 1V, Rand: 95% ClI
Ardissino 2020 -3.912023 1.39028316 7.0% 0.02 [0.00,0.31) ¥—~——
Lundberg 2021 -0.38566248 0.12244898  46.5% 0.68 [0.53, 0.86) =
Moussa 2021 -1.13943428 0.12244898  46.5% 0.32[0.25, 0.41) =
Total (95% Cl) 100.0%  0.37[0.17, 0.82) >
Heterogeneity: Tau® = 0.33; Chi® = 24.06, df = 2 (P < 0.00001); I = 92% =° o1 051 130 100:

Test for overall effect: Z = 2.47 (P = 0.01) Bariatric surgery Control

Cl confidence interval; HR hazard ratio
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Bariatric surgery and cardiovascular disease: a systematic review and meta-analysis

Chapter 9
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