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ABSTRACT
Background. Obesity is a vastly growing global health concern. In 2014, 39%
of the adult population in the world was overweight (BMI ≥25kg/m2) or obese
(BMI≥30kg/m2). The most efficient means of obesity management is bariatric
surgery. Bariatric procedures have evolved a lot since the first weight-loss
operation in the 1950s. Nowadays, the three most commonly performed
operations in the world are Sleeve gastrectomy (SG), Roux-en-Y gastric bypass
(RYGB) and one anastomosis gastric bypass (OAGB). All these operations have
been reported to have excellent weigh-loss results and remission of
comorbidities. Distinct adverse effects are, however, typical to each technique.
Sleeve gastrectomy has been shown to cause gastro-esophageal reflux disease
(GERD). OAGB, on the other hand, has been suspected to cause a potentially
cancerogenic form of GERD (bile reflux). Objective evidence of increased bile
reflux after OAGB is, however, lacking. A scintigraphic method could be a good
method for detecting postoperative bile reflux after OAGB, but it has not been
applied in previous studies. Gastric bypass operations (such as RYGB and
OAGB) entail a risk of leaving a significant lesion in the excluded portion of
the stomach or duodenum. Pre- and postoperative endoscopies are reliable
methods for investigating the upper gastrointestinal tract for significant
lesions and for detecting signs of GERD. There is no clear consensus on
whether a preoperative esophago-gastro-duodenoscopy (EGDS) should be
done routinely prior to bariatric surgery and how frequently significant
findings are detected.
Aims. This thesis aims at finding out how often significant findings are
detected in preoperative EGDS and evaluating whether preoperative EGDS
should be routinely done for all patients prior to bariatric surgery. This thesis
also aims at finding out whether a scintigraphic method is feasible for
detecting bile reflux and to what extent bile reflux is found after OAGB.
Patients and methods. In Study I, 13 consequtive OAGB patients were
invited to undergo a bile reflux scintigraphy and postoperative upper
gastrointestinal endoscopy (UGE) at mean 10.7 months after OAGB. In Study
II, findings of all (n=1275) preoperative EGDSs prior to all bariatric operations
during a 9.5-year period are reported. All reoperations after SG for the same
period are studied in the same cohort. Study III is a part of an open-label
randomised controlled clinical trial comparing RYGB and OAGB (RYSA trial).
In Study III, 40 patients underwent preoperative EGDS prior to OAGB. A bile
reflux scintigraphy as well as postoperative UGE were studied six months after
OAGB.
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Results. In Study II, at least one significant finding regarding SG was
detected in 23.0% of patients and in 1.6% regarding gastric bypass in a
preoperative EGDS. Reflux symptoms were reported for 49.0% of patients
with a significant EGDS finding. During the follow-up of Study II, 26 SG
patients required a reoperation, half of them due to GERD.
Scintigraphy verified bile reflux into the gastric pouch after OAGB was found
in 55.5% and 31.6% of patients in Studies I and III, respectively. One patient
also had bile reflux activity in the esophagus in Study III. Postoperative UGE
after OAGB reveiled lesions suggestive of GERD in 39.5% patients in study III.
Conclusions. Significant findings in asymptomatic patients regarding SG are
often encountered in preoperative EGDS. On the contrary, significant findings
regarding gastric bypass are quite rarely found and these are associated with a
known risk factor for gastric pathology. Based on this evidence, preoperative
EGDS should be done for all patients prior to SG and only for patients with a
known risk for gastric pathology prior to gastric bypass.
Bile reflux scintigraphy is a reliable tool for detecting bile reflux after OAGB.
Roughly one-third of patients had GERD lesions in endoscopy and bile reflux
in scintigraphy after OAGB.
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TIIVISTELMÄ
Tausta. Lihavuus on kasvava maailmanlaajuinen terveysongelma. Vuonna
2014, 39% mailman aikuisista oli ylipainoisia (painoindeksi yli 25kg/m2) tai
lihavia (painoindeksi yli 30kg/m2). Lihavuuskirurgia on tehokkain keino
hoitaa lihavuutta. Lihavuuskirurgiset tekniikat ovat kehittyneet valtavasti
1950-luvulla tehtyjen ensimmäisten laihdutusleikkausten jälkeen. Nykyisin
kolme yleisintä leikkaustekniikkaa ovat mahalaukun kavennusleikkaus (sleeve
gastrektomia, SG), Roux-en-Y mahalaukun ohitusleikkaus (RYGB) ja yhden
suoliliitoksen mahalaukun ohitusleikkaus (OAGB). Aiemmissa tutkimuksissa
on havaittu, että kaikilla yllä mainituilla leikkauksilla saavutetaan loistava
painonpudotustulos
sekä
teho
liitännäissairauksiin.
Jokaisella
leikkaustekniikalla on kuitenkin myös mahdollisia haittavaikutuksia.
Mahalaukun
kavennusleikkaus
aiheuttaa
mahahappojen
refluksia
ruokatorveen (GERD) kun taas OAGBn on epäilty aiheuttavan sappirefluksia,
joka voi altistaa jopa ruokatorvisyövän kehittymiselle. OAGB-leikkauksen
jälkeistä sappirefluksia ei kuitenkaan ole aiemmissa tutkimuksissa mitattu.
Sappirefluksin gammakuvaus voisi olla hyvä tapa tutkia sappirefluksia
OAGBn jälkeen, mutta sitä ei ole aiemmin käytetty tähän tarkoitukseen.
Mahalaukun ohitusleikkaus (kuten RYGB ja OAGB) sisältää riskin, että
ohitettuun mahalaukkuun tai pohjukaissuoleen jää muutos, jota ei päästä
tähystyksin tutkimaan. Ruokatorven, mahalaukun ja pohjukaissuolen
tähystys on luotettava tapa tutkia maha-suolikanavan yläosan merkkejä
refluksista sekä muista poikkeavuuksista. Toistaiseksi ei ole selkeää
yhteisymmärystä siitä, tulisiko kaikille potilaille tehdä tähystys ennen
lihavuuskirurgista leikkausta ja kuinka usein tähystyksessä löytyy poikkeavia
löydöksiä ennen lihavuusleikkausta.
Tavoite. Tämän väitöstutkimuksen tavoite on selvittää, kuinka usein
tähystyksessä löytyy merkittävä löydös ennen lihavuusleikkausta sekä
määritellä, tuleeko tähystys tehdä kaikille potilaille ennen lihavuusleikkausta.
Väitöstutkimus pyrkii myös selvittämään, voiko sappirefluksia OAGBleikkauksen jälkeen mitata luotettavasti sappirefluksin gammakuvauksella ja
miten yleistä sappirefluksi on OAGB:n jälkeen.
Potilaat ja menetelmät. Väitöskirjan ensimmäisessä osatyössä, 13
peräkkäistä OAGB-potilasta kutsuttiin sappirefluksin gammakuvaukseen sekä
leikkauksen jälkeiseen tähystykseen. Toisessa osatyössä raportoitiin kaikkien
ennen lihavuusleikkausta tehtyjen tähystysten (n=1275) löydökset 9.5 vuoden
seuranta-aikana.
Lisäksi tuona
aikana
SG-leikkauksen
jälkeiset
uusintaleikkaukset raportoitiin samassa potilasaineistossa. Kolmas osatyö on
osa satunnaistettua kontrolloitua kliinistä tutkimusta, jossa verrataan RYGBja OAGB-leikkauksia (RYSA-tutkimus). Kolmannessa osatyössä 40 potilaalle,
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jotka ovat randomoitu OAGB-ryhmään, tehtiin tähystys ennen leikkausta sekä
sappirefluksin gammakuvaus ja uusi tähystys kuusi kuukautta OAGBleikkauksen jälkeen.
Tulokset. Toisessa osatyössä havaittiin tähystyksissä 23.0%:lla potilaista
merkittävä löydös SG:n suhteen ja 1.6%:lla potilaista merkittävä löydös
ohitusleikkauksen suhteen. Näistä 49.0%:lla oli oireita. Seuranta-aikana 26
potilasta joutui uusintaleikkaukseen SGn jälkeen. Näistä puolet tehtiin
refluksioireiden vuoksi.
Sappirefluksia
mahalaukkupussiin
havaittiin
sappirefluksin
gammakuvauksessa 55.5%:lla potilaista ensimmäisessä osatyössä ja 31.6%:lla
potilaista kolmannessa osatyössä. Yhdellä potilaalla sappirefluksia havaittiin
myös ruokatorvessa kolmannessa osatyössä. OAGB-leikkauksen jälkeisessä
tähystyksessä havaittiin sappirefluksin aiheuttamiksi sopivia mikroskooppisia
muutoksia 39.5%:lla potilaista kolmannessa osatyössä.
Johtopäätökset. Mahalaukun kavennusleikkauksen kannalta merkittäviä
löydöksiä havaittiin noin joka neljännellä potilaalla tähystyksessä ja näistä
noin puolet olivat oireettomia. Toisaalta, ohitusleikkaukselle merkittäviä
löydöksiä oli vähän ja näillä potilailla oli olemassa tunnettu riskitekijä
mahalaukun poikkeavalle löydökselle. Näiden tulosten perusteella voidaan
sanoa, että tähystys tulisi tehdä kaikille potilaille ennen SG-leikkausta, mutta
ennen ohitusleikkausta tähystykset voidaan keskittää potilaille, joilla on
tunnettu riskitekijä.
Sappirefluksin gammakuvaus on tulosten perusteella luotettava tapa tutkia
sappirefluksia OAGB-leikkauksen jälkeen. Sappirefluksiin viittavia löydöksiä
löydettiin noin kolmanneksella potilaista gammakuvauksissa sekä
tähystyksissä OAGB-leikkauksen jälkeen.
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1 INTRODUCTION
Obesity is currently one of the biggest global health concern. Since 1975, the
prevalence of adult obesity has doubled and in 2014, approximately 39% of the
adult population in the world was overweight or obese. Between 1975 and
2014, the prevalence of obesity has risen from 6.4% to 14.9% and from 3.2%
to 10.8% in men and women, respectively (1).
Obesity is associated with several comorbid conditions, including type 2
diabetes (T2DM), dyslipidemia, arterial hypertension (HTA), non-alcoholic
steatohepatosis, osteoarthrosis, obstructive sleep apnea syndrome (OSAS)
and asthma. These conditions may eventually lead to coronary artery disease,
congestive heart failure, kidney failure, liver failure or cerebral stroke (2).
Obesity is also a known risk factor for several cancers (3,4). All these factors
combined lead to a significantly shortened life expectancy. In fact, obesity and
overweight have been estimated to have caused 3.4 million deaths worldwide
in 2010 (5,6). Overall, obesity is a huge economic burden with an annual
estimated global cost of 2.0 trillion US dollars in 2014 (7).
As all people battling with obesity know, losing weight is difficult and
maintaining weight-loss is almost impossible. This was nicely demonstrated
on the TV show The Biggest Loser, where 16 contestants competed to see who
would be able to lose the most weight during a 30-week competition. During
the competition, the participants lost a mean of 58.3 kilograms (kg), but their
metabolism slowed down and after 6 years most participants had regained the
lost weight. Interestingly, even after the weight-regain, their metabolism still
had not returned to the baseline value, which means that the participants will
be prone to gain even more weight in the future (8,9).
The science of obesity treatment has evolved tremendously and today the
understanding of the mechanisms of weight-loss is constantly increasing
among scientists and clinicians. Since conservative means of weight-loss are
often ineffective in the long run, the only way to achieve sustained weight-loss
is to undergo bariatric surgery. This has been proven in several large cohort
series and randomised controlled trials (10–12).
Bariatric surgery has gone through an enormous evolution since the first
weight-loss operations in 1953 where weight-loss was surgically induced by
bypassing almost the entire small bowel. Nowadays, several bariatric surgery
techniques exist, with an annual number of performed operations being over
600,000 globally (13). Currently, the most commonly performed bariatric
operations are sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB) and
one anastomosis gastric bypass (OAGB) (13).
Bariatric surgery is extremely effective in helping patients lose weight and
reach remission or improved control of their obesity-related comorbidities.
Every surgery entails a risk of adverse events, however. SG has been shown to
induce gastro-esophageal reflux disease (GERD), whereas RYGB can cause
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micronutrient deficiencies, postprandial hyperinsulemic hypoglycemia and
internal herniations. The third most common operation, OAGB, has been
feared to cause bile reflux, (reflux of bile acids and pancreatic juices into the
gastric pouch and esophagogastric junction, EGJ), which may lead to
carcinogenesis.
Different forms of bariatric surgeries have distinct beneficial effects as well
as distinct risk profiles. Therefore, obesity treatment needs to be tailored for
each patient. Preoperative endoscopic evaluation can reveal significant
findings, which must be taken into consideration when planning a bariatric
operation.
This thesis focuses on studying GERD related to bariatric surgery. The
thesis is based on three studies, that investigate pre- and postoperative
endoscopic findings suggestive of GERD. In additon to these, bile reflux after
OAGB is studied with a novel scintigraphic method. Additionally, the
significance of applying preoperative esophago-gastro-duodenoscopy (EGDS)
prior to bariatric surgery is reported.
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2 REVIEW OF THE LITERATURE
2.1 OBESITY
A person whose body weight is above ideal is in general considered overweight
or obese. The pathophysiology of obesity is mostly due to excess adipose tissue,
which can also be called adiposity. The amount of pathologic adipose tissue is
not easily measured outside of research facilities, thus, the most common
measure of obesity has become the body mass index (BMI, the weight in
kilograms (kg) divided by the square of the height in metres (m)). According
to the World Health Organisation’s (WHO) international adult classification
of BMI (Table 1), the normal adult range of BMI is 18.5–24.99kg/m2. Obesity
is defined as having a BMI of 30kg/m2 or higher and morbid obesity (class II
obesity) as having a BMI of 35kg/m2 or higher (Table 1). Weight-loss can be
determined with either total weight-loss (TWL), total BMI loss or excessweight-loss (%EWL), defined as a percentage of lost additional weight
compared to the weight that corresponds to a BMI of 25kg/m2.
Table 1.
International classification of adult underweight, overweight and obesity according
to body mass index (BMI).

Classification

BMI (kg/m²)
Principal Cutoff Points

Underweight
Severe thinness
Moderate thinness
Mild thinness
Normal range

<18.50
<16.00
16.00-16.99
17.00-18.49
18.50-24.99

Overweight
Preobese

≥25.00
25.00-29.99

Obese
Obese class I

≥30.00
30.00-34.99

Obese class II

35.00-39.99

Obese class III

≥40.00

Additional Cutoff Points
<18.50
<16.00
16.00-16.99
17.00-18.49
18.50-22.99
23.00-24.99
≥25.00
25.00-27.49
27.50-29.99
30.00-32.49
32.50-34.99
35.00-37.49
37.50-39.99
≥40.00

Adopted from World Heath Organisation. BMI classification. 2016.

Obesity is one of the leading health concerns globally. In 2013, 2.1 billion
individuals were overweight (BMI≥25kg/m2) or obese (BMI≥30kg/m2). The
prevalence of obesity in the world has nearly doubled over the past three
decades, and 11% of men and 15% of women were obese in 2014 (14). The
prevalence of obesity in the United States was 39.8% in adults and 18.5% in
youth in 2015–2016. The prevalence was higher in middle-aged compared to
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younger adults (42.8% and 35.7%, respectively) (15). In Finland, at least 2.5
million people (age >30 years) were overweight or obese according to a survey
in 2017 (FinTerveys 2017). The percentage of BMI >35kg/m2 in the Finnish
adult population was 6% and 10% for men and women and BMI >40kg/m 2
was 1% and 3% for men and women, respectively (16).
Based on the FINRISK surveys conducted in 1997, 2002, and 2007, T2DM
incidence in Finland was 10.24 in men and 7.04 in women per 1000 personyears. Excess baseline BMI (≥25.0 kg/m2) explained 69% and 63% of T2DM
incidence in men and women, respectively (2).
Obesity is a deadly disease. According to the Framingham heart study, with
follow-up from 1948 until 1990, overweight 40-year-old female and male
nonsmokers lost 3.3 and 3.1 years of life expectancy, respectively, because of
overweight. Obese 40-year-old female and male nonsmokers lost 7.1 and 5.8
years, respectively, because of obesity (17).
According to a collaborative analysis of prospective studies including
900,000 adults in 2009 on cause-specific mortality and BMI, the mortality
was lowest at BMI 22.5–25kg/m2. Each 5kg/m2 increase in BMI was on
average associated with an approximately 30% increase in overall mortality.
The same increase in BMI was associated with a 40% increase in vascular, a
10% increase in neoplastic, and a 60–120% increase in diabetic, renal and
hepatic mortality (18).
Cancer risk also increases significantly in association with obesity. Each
5kg/m2 increase in BMI is almost linearly associated with several cancers
(uterine, gallbladder, kidney, cervix, thyroid and leukemia). Moreover, BMI is
positively associated with colon, liver, ovarian and postmenopausal breast
cancers. In fact, it has been estimated that 41% of uterine and >10% of colon,
liver, kidney and gallbladder cancers could be attributable to excess weight (4).
Obesity is a huge financial burden on individual people, cities and nations
(19,20). In 2014, the global economic impact of obesity was estimated to be
2.0 trillion dollars or 2.8% of the global gross domestic product (7). It has been
shown in a population-based model that an increased number of bariatric
surgeries for patients with T2DM induces a cost savings of roughly 5.4 million
US dollars per 1000 patients (21).

2.1.1 COMORBIDITIES OF OBESITY
Obesity is a major risk factor for several chronic diseases. The effects of obesity
are multifactorial and several factors have synergistic effects in the
pathophysiology of obesity. Below is a simplified description of these effects
that lead to several comorbid conditions.
Excess adipose tissue triggers a cascade of elevated adipokine and
proinflammatory cytokine production, which leads to impaired insulin
signalling and insulin resistance, which escalates into T2DM (22,23).
Excess adipose tissue also increases lipid production and releases fatty
acids, which causes dyslipidemia and lipotoxicity. This ultimately may lead to
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coronary artery disease and non-alcoholic fatty liver disease, steatohepatitis
and chirrhosis (23–25).
Obesity causes elevated blood pressure through activation of the
sympathetic nervous system and renin-angiotensin-aldosterone system
(23,26). All these factors combined result in congestive heart failure, chronic
kidney disease and cerebral stroke (27,28).
Excess body weight puts a burden on joints, which leads to osteoarthrosis.
Increased soft-palate tissue induces sleep apnea (3,29,30).
Increased intra-abdominal pressure and continuous gastric distension due
to excess intra-abdominal fat and overeating disrupt gastroesophageal
sphincter function, which may lead to hiatal hernia (HH) and GERD. It can
eventually cause Barrett’s esophagus (BE) and esophageal adenocarcinoma
(EAC) (31–33).

2.1.2 NON-SURGICAL TREATMENT OF OBESITY
People suffering from obesity are often faced with certain prejudices about
their disease. It is often stated that obesity is a self-inflicted condition, and
overweight and obese people should be able to lose weight without any outside
assistance. Most obese people (69% of women and 59% of men, according to a
large Swedish study) want to lose weight but cannot do it by themselves (34).
According to a systematic review, obese patients reported that doctors often
assume their only problem is unhealthy eating habits. Patients also reported
that doctors assumed all their symptoms were due to obesity without
conducting a proper history or examination. This creates concern in patients
that serious illness may be missed (35).
According to guidelines of obesity management, clinicians should provide
a comprehensive lifestyle intervention in order to achieve a 5–10% reduction
in body weight (36). This includes >14 counselling sessions during a six-month
period either individually or in groups, a low-calorie diet (typically 1200–1500
kcal/d and 1500–1800 kcal/d for women and men, respectively), over 150
minutes of physical activity per week and behavioural therapy (23). In the
LookAHEAD study, 68% of participants lost at least 5% of their initial weight
and 37% of these participants lost at least 10% during the first year (37). After
the initial intervention, these patients are in need of continuous support in
order to be able to maintain the achieved weight-loss (38).
Currently there are several medications with weight-loss indication that
have been approved by the Food and Drug Adminstration. These include
phentermine, phentermine/topiramate, lorcaserin, liraglutide and
naltrexone/bupropion (39).
According to a systematic review and meta-analysis, at one year a
minimum 5% weight-loss was observed in 23% of participants in the placebo
group and in 75% taking phentermine-topiramate (8.8kg EWL), 63% taking
liraglutide (5.3kg EWL), 55% taking naltrexone-bupropion (5.0kg EWL), 49%
taking lorcaserin (3.2kg EWL) and 44% taking orlistat (2.6kg EWL). All these
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medications were associated with significant excess weight-loss compared
with placebo at 12 months (40). In Finland, pharmacotherapy is indicated
together with other lifestyle interventions in BMIs over 27kg/m2 with
comorbidities and in BMIs over 30kg/m2 regardless of comorbidities (41).

2.2 BARIATRIC SURGERY
Conservative management of obesity is often not enough to reach adequate
weight-loss and effect on comorbidities of obesity, whereas bariatric surgery
is the most effective means of obesity management. It has been shown in
several randomised controlled trials and in large cohort series that bariatric
surgery is superior to conservative treatment of obesity. Bariatric surgery
induces a better weight-loss and has a greater effect on comorbidities,
especially improved glycemic control and reduced risk of mortality for
cardiovascular disease and even cancer (10–12,42–44).
Surgical treatment of obesity was already being performed in the 1950s.
During the following decades, the techniques have evolved. The number of
annually performed bariatric surgeries rose rapidly after the 1990s. This was
due to the application of laparoscopic techniques and a concurrent spread of
obesity, which was reaching pandemic proportions. At the same time,
overwhelming evidence of the benefits of bariatric surgery was published. A
brief history of bariatric surgery is described in chapter 2.2.2.
Bariatric surgery has also been called weight-loss surgery because for a long
time it was considered solely a surgical intervention aimed at helping patients
lose excess weight through food-intake restriction and malabsorption.
Typically, most of the weight-loss happens during the first year after bariatric
surgery. An example of the natural course of weight-loss and regain after
bariatric surgery is given in Graphic 1. A rapid weight-loss during the first 6
months and a slight weight regain after 18 months is usually observed and
after that a plateau is reached. During the evolution of bariatric surgery, it has
become clear that the actual effects of bariatric surgery go far beyond pure
weight-loss. Bariatric surgery effects gut–brain signalling through gut
hormones and gut microbiota, reduction of proinflammatory cytokines as well
as the hormonal effects on glycemic control and cellular changes in
mitochondrial activity. Hence, bariatric surgery is nowadays aptly called
metabolic surgery (45–52).
The underlying mechanisms for improved glycemic control after bariatric
surgery include favourable changes in gut hormones (increased glucagon-like
peptide-1 secretion, augmented postprandial peptide Y and oxyntomodulin
levels) and bile acid signalling. Bariatric surgery increases glucose metabolism
and reduces glucose transport in the intestine. Alterations in gut microbiota
and changes in nutrient sensing improve insulin sensitivity (47,52).
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Bariatric surgery also lowers the risk of cancer, particulary obesity-related
cancers such as colon cancer, endometrial cancer and postmenopausal breast
cancer (42,53).

Graphic 1

Illustration of the natural course of weight-loss after bariatric surgery.

2.2.1 INDICATIONS FOR BARIATRIC SURGERY
The National Institute of Health (NIH) established eligibility criteria for
bariatric surgery for adults aged 18–60 years, and these criteria are still widely
used today (54). According to these criteria, patients are eligible for bariatric
surgery with a BMI between 35 and 40 kg/m2 and at least one comorbidity.
These include T2DM, hypertension, dyslipidemia, OSAS, polycystic ovarian
disease, osteoarthritis and cardiovascular risk factors. Bariatric surgery is also
indicated in BMIs above 40kg/m2 regardless of comorbidities. These criteria
have been used in Finland according to Finnish treatment recommendations
for obesity (Käypä Hoito) (41).
Lately, these criteria have been challenged. According to the
recommendations of the International Diabetes Federation and over 50 other
diabetes-treating organisations, bariatric surgery should be offered in BMIs
<35kg/m2 with poorly controlled T2DM (55). This is now endorsed in the
international clinical practise guidelines of 2019 (56). According to the
recently released Finnish Current Care Guidelines (Käypä Hoito), bariatric
surgery should be considered for patients in the BMI range of 30–35kg/m2
when T2DM is poorly controlled (41).
Age criteria has also been challenged. Several randomised trials and cohort
series have proven that bariatric surgery is safe and effective in patients above
60 years (57–59). In Finland, the upper age limit for bariatric surgery has been
65 years.
Childhood obesity is a growing concern, and the need to perform bariatric
surgery on adolescents has become prevalent. In general, bariatric surgery is
indicated for adolescents with severe obesity according to the same criteria as
adults. Excellent results for bariatric surgery in adolescents have been shown
in prospective randomised trials (60,61). Previously bariatric surgery was not
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performed for adolescents in Finland, but according to treatment guidelines,
bariatric surgery can be considered for adolescents aged 13–18 years with
BMIs >35kg/m2 and one significant comorbidity or BMIs >40kg/m2 and
significant weight-related impairment in the quality of life regardless of
comorbidities (41). The collaboration with pediatricians and pediatric
psychologists is important when considering bariatric surgery for adolescents.

2.2.2 CONTRAINDICATIONS FOR BARIATRIC SURGERY
During the last decades the safety of bariatric surgery has greatly improved.
According to a nationwide study in Finland, mortality within the first year
after bariatric surgery is lower compared to other common operations,
including cholecystectomy, prostatectomy, hysterectomy, knee and hip
arthroplasty, colorectal and gastric resections and coronary artery bypass (62).
The most serious perioperative complications are sepsis due to
anastomotic leak, shock due to postoperative hemorrhage and
cardiopulmonary events (43). Thromboembolic disease is the leading cause of
perioperative mortality (incidence 0.34%) (63). Patients with increased risks
for cardiopulmonary and thromboembolic events must be carefully evaluated
prior to bariatric surgery and surgery is contraindicated if the risk for adverse
events is considered too high (64).
Patients requiring immunosuppressive medication or corticosteroids have
an increased risk of major perioperative complications of bariatric surgery,
including hemorrhage and anastomotic leaks. Steroid use is associated with
increased morbidity and mortality. The risk is lower in SG compared to RYGB.
Immunosuppressant and corticosteroid use are not strict contraindications,
but must be considered in preoperative planning (65,66).
Patients require a life-long vitamin and micronutrient substitution and a
commitment to a diet with restricted portion size and regular surveillance after
bariatric surgery (67,68). Bariatric surgery is often contraindicated due to
severe eating disorders and psychiatric diseases and these conditions must be
carefully assessed prior to bariatric surgery (69).

2.2.3 HISTORY OF BARIATRIC SURGERY
The first bariatric surgery procedure was the jejuno-ileal bypass (JIB) in 1953
performed by Varco and later published by Kremen et al. (70). In JIB, most of
the length of the small intestine was bypassed with an end-to-end jejuno-ileal
anastomosis. An ileo-cecostomy was applied to drain the bypassed segment of
the bowel. The weight-loss results were excellent, but the patients suffered
from numerous side effects reminiscent of short-bowel syndrome. These
included malabsorption of micronutrients and electrolyte imbalances,
diarrhea, kidney stones, and steatohepatis.
The JIB was later entirely abandoned after the advent of RYGB. The first
report of a gastric bypass with a horizontal gastric division and a retrocolic

22

loop gastro-jejunostomy was published by Mason and Ito in 1966 (71). During
the next ten years, the gastric bypass evolved into a RYGB procedure through
simultaneus pioneering work in separate university clinics by Alden, Griffen
and Pories. In 1994, Wittgrove et al. published the first report of a laparoscopic
RYGB (72).
Printen and Mason introduced a horizontal partial gastroplasty with a
greater curvature conduit in 1973 (73). In 1981, Laws and Piatadosi performed
the gastroplasty vertical with outlet restriction by a silastic ring. A
modification of this procedure was later named vertical banded gastroplasty
(VBG) by Mason.
During the 1980s and 1990s, VBG and RYGB were the two bariatric
operations of choice, but later the VBG was replaced by the adjustable gastric
band (AGB) in the 1990s and 2000s (74). Later, AGB and VBG were largely
dismissed due to weight regain, band slippage and perforations.
In 1979, Scopinaro developed a procedure aimed at achieving the weightloss of JIB without the complications of short-bowel syndrome. The procedure
was called the bilio-pancreatic diversion (BPD) and it consisted of a horizontal
semi-gastrectomy with a 250cm alimentary limb anastomosed to a long biliopancreatic limb leaving a 50cm common ileal channel (75). In 1997, Marceau
et al. converted this procedure into a vertical sleeve gastrectomy with crossstapling of the duodenum and a 100cm common ileal channel. One year later,
D.S. Hess and D.W. Hess modified this procedure into a duodenal switch (DS)
or BDS/DS, which included a sleeve gastrectomy, duodenal division, a
proximal duodeno-ileostomy and an approximately 100cm-long common ileal
channel (76). BPD and DS are extremely effective metabolic operations, but
they are technically demanding and prone to micronutrient deficiencies,
malnutrition and bowel dysfunction (77,78).
A few years later, SG was also performed without DS and since then SG has
become the most recent dominant bariatric operation. It was first reported as
a freestanding operation by Regan et al. and soon popularised by Gagner in
2003 (79). In SG, a narrow gastric conduit is created without bowel
manipulation.
In 2001, Rutledge published his personal series on a bariatric procedure
that he had named the mini-gastric bypass (MGB). The procedure consisted of
a long tubular gastric pouch and a wide end-to-side anastomosis to a loop of
jejunum (80). Despite the growing popularity of MGB among bariatric
surgeons, MGB is still considered a controversial procedure. Even using the
name “MGB” has been challenged, and according to the statement by
International Federation for the Surgery of Obesity and Metabolic Disorders
(IFSO), this procedure should be called one anastomosis gastric bypass
(OAGB) instead of MGB (81).
In 2010, Torres et al. published their experience of single-anastomosis
duodeno-ileal bypass with sleeve gastrectomy (SADI-S) (82). In SADI-S, a
sleeve gastrectomy is followed by an end-to-side duodeno-ileal anastomosis,
leaving a 200cm-long common channel. The idea behind this technique is to

23

have the malabsorptive effect of DS with fewer anastomoses, making it less
prone to complications. Because the duodeno-ileal anastomosis is distal to the
intact pylorus, there should be no bile reflux into the stomach or esophagus
(82). The SADI-S can be done as a two-stage operation.
Sleeve gastrectomy has now become the most popular bariatric operation.
According to the IFSO survey, 609,897 primary bariatric operations were
performed in 2016 and the most commonly performed operations were: SG
(53.6%), RYGB (30.1%) and OAGB (4.8%) (13).

2.2.4 SLEEVE GASTRECTOMY
Sleeve gastrectomy has been the most commonly performed bariatric
operation since it overtook RYGB in 2014 (13,83). During the last years, the
annual amount of RYGB operations has been fairly constant, but the annual
amount of SG operations has increased tremendously, together with the
increase in total number of annual bariatric operations. Initially, SG was
mainly utilised in the super-obese as either a stand-alone procedure or as the
first step in a two-stage approach (79,84,85). Later, it has been adopted as a
standard freestanding operation in the bariatric surgery repertoire. SG has
been considered technically simple and less prone to complications compared
to bariatric bypass techniques (86).

2.2.4.1 Technique
A typical SG procedure is illustrated in Figure 1. The operation is done
laparoscopically using four laparoscopic trocars and a liver retractor. The
short gastric vessels are ligated along the greater curvature of the stomach. A
narrow gastric conduit is formed by dividing the stomach with linear staplers
along a 32–40Fr calibration bougie. The gastric conduit begins 3–6cm
proximal to the pylorus, thus preserving an intact pylorus and most of the
antrum. Approximately 1cm of cardia is preserved laterally at the angle of His
near the EGJ. The resected part of the stomach is removed (86).

2.2.4.2 Results
Two recent randomised controlled trials, SLEEVEPASS and SM-BOSS,
compared SG and RYGB. After five years, the %EWL in the SG group was 49%
and 61.1% in the SLEEVEPASS and SM-BOSS trials, respectively. Partial or
total T2DM remission was observed in the SG group in 37% andf 61.5%,
remission of HTA in 29% and 62.5% and remission of dyslipidemia in 20%
and 42.6% in SLEEVEPASS and SM-BOSS trials, respectively. The quality of
life (QOL) increased significantly five years after SG in both trials. The SMBOSS trial reported remission of OSAS and joint pain in 45.8% and 55% of

24

patients, respectively. Results of recent randomised controlled trials are
summarised in Table 2 (87,88).
In a cohort series of 134 SG patients, %EWL was 53.2% and TWL was 27.5%
after 10 years. Resolution of T2DM was observed in 57.7% of patients (89).

2.2.4.3 Indications and contraindications
Indications for a primary SG operation were published in 2008 (90). In 2014,
expert surgeons completed a survey on their views of SG. Of the respondents,
97.5% endorsed SG as a stand-alone procedure with general indications of
bariatric surgery (91). SG has been especially endorsed for patients with
inflammatory bowel disease, because it does not include bowel manipulation.
There are, however, no randomised controlled trials or large cohort series to
support or contradict this policy (92). SG is indicated when an endoscopic
access to bile and pancreatic ducts is necessary at follow-up.
Contraindications for SG are GERD and hiatal hernia (93,94). Opinion on
these contraindications, however, varies between surgeons (91).

2.2.4.4 Adverse effects
According to several studies, SG has a smaller risk for early complications
compared to RYGB (88,95). A leakage after SG is, however, difficult to manage
(56). Long-term adverse effects mainly include GERD, both de novo and
worsening of the pre-existing symptoms. BE development and weight regain
after SG have been reported as well (93,94). During a ten-year follow-up after
SG, 57% of patients had reflux symptoms, there was a 14% prevalence of BE
and a reoperation rate of 33% was reported (96).

A)

Figure 1

B)

Sleeve gastrectomy. A) illustration. B) Laparoscopic view showing creation of the
gastric conduit by dividing the stomach along a calibration bougie.

25

2.2.5 ROUX-EN-Y GASTRIC BYPASS
Roux-en-Y gastric bypass became popular during the 1990s after the
introduction of the laparoscopic technique by Wittgrove and technical
modifications by Lönroth et al. (72,97). The effects of RYGB have been well
proven in several cohort series and randomised controlled trials and RYGB is
considered a gold standard of bariatric surgery (87,88,98–100). There has
been some discussion about the optimal lengths of the biliopancreatic (BP)
and alimentary limbs and the common channel (101–105).

2.2.5.1 Technique
The RYGB technique is illustrated in Figure 2. Four laparoscopic trocars and
a liver retractor are applied. The stomach is divided with a linear stapler
horizontally 5cm below the EGJ. This division is continued towards the angle
of His, creating an approximately 40ml gastric pouch. A BP limb is measured
with a marked dissector and anastomosed end-to-side to the gastric pouch
with a linear stapler. The anterior defect is hand-sewn in two layers. An
alimentary limb is measured and a side-to-side enteroanastomosis is created
with a linear stapler and the anterior defect is hand-sewn. The connection
between the anastomoses is divided with a linear stapler. The mesenteric
defect at the enteroanastomosis and the Petersen space are closed with
titanium clips (106).

2.2.5.2 Results
One cohort study by Duvoisin et al. reported 28.6% TWL at 10 years (100).
Another series by Kothari et al. reported 56% %EWL at 10 years. During the
follow-up, the highest %EWL (70%) was reported at 18 months (107).
Two recent randomised trials (SLEEVEPASS and SM-BOSS trials)
compared RYGB and SG at five years. %EWL in the RYGB group was 57% and
68.3% in SLEEVEPASS and SM-BOSS trials, respectively. The weight-loss was
superior compared to SG, but it did not reach statistical significance according
to predetermined statistical criteria in either trial. Partial or complete T2DM
remission was observed in the RYGB group for 45% and 67.9% of patients in
the SLEEVEPASS and SM-BOSS trials, respectively. Improved QOL was
observed in both trials and it did not significantly differ between the groups
(87,88). Remission of HTA was observed in 51% and 70.3% and remission of
dyslipidemia was observed in 40% and 62.3% in SLEEVEPASS and SM-BOSS
trials, respectively. Another recent randomised trial (YOMEGA trial)
compared RYGB and OAGB procedures. Mean excess BMI loss at two years
was 85.8% in the RYGB group, which was not significantly greater than the
OAGB group. T2DM remission was observed in 42% in the RYGB group (99)
(Table 2).
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2.2.5.3 Indications and contraindications
General indications for bariatric surgery apply for RYGB (43). The effect on
comorbidities, such as T2DM, has been proven in numerous studies and the
RYGB technique is nowadays well standardised. Preoperative severe GERD is
considered a special indication for RYGB (56).
RYGB is contraindicated when a gastric or duodenal pathology requires
follow-up or treatment or if endoscopic access to bile or pancreatic ducts is
necessary. Smoking and excess alcohol and other substance abuse need to be
extremely cautiously considered for each patient. Crohn’s disease and other
inflammatory bowel disease have been considered contraindications for
RYGB, although there have been differing opinions in the literature (108,109).

2.2.5.4 Adverse effects
Early complications of RYGB include bleeding, anastomotic leakage and
occlusion with risk of gastric perforation as well as pulmonary and
cardiovascular complications (56). Long-term adverse effects include internal
herniations, adhesions, marginal ulcers and strictures, micronutrient
deficiencies, postprandial hypoglycemia and occult abdominal pains (12,110).
During a ten-year follow-up, adverse effects (anastomotic stricture,
marginal ulcer, internal hernias, adhesions) were reported in 21.3% of cases
and 14.6% of patients required a re-laparoscopy (100). Recent randomised
controlled trials have reported adverse effects requiring a reoperation in 17.3%
and 15.1% of patients (87,88). The reoperations were due to internal hernia
suspicion in 100% and 50%. In the SM-BOSS trial, five patients (4.8%)
underwent relaparoscopy with pouch-revision and one patient (1.0%)
underwent bypass reversal due to insufficient weight-loss and severe dumping
syndrome (88).
A)

Figure 2

B)

Roux-en-Y gastric bypass. A) Illustration. Black arrow indicates the route of ingested
food and liquids. Green arrow indicates the flow of bilio-pancreatic fluids.
B) Laparoscopic view showing the gastric pouch and the gastrojejunostomy.
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2.2.6 ONE ANASTOMOSIS GASTRIC BYPASS (OAGB)
In 2001, Rutledge published his personal series of 1,274 cases with a gastric
bypass technique, he had named “the mini-gastric bypass (MGB)” (80). In
2004, a modification of the MGB, called one-anastomosis gastric bypass
(OAGB), was published by Carbajo et al. (111).
Both MGB and OAGB resembled the old Mason’s loop gastric bypass from
the 1960s and the Billroth II reconstruction, which had been applied in gastric
surgery since the 1900s. Improved glycemic control and lower incidence of
cardiovascular events have been reported after a Billroth II reconstruction
(112,113). Many patients suffered, however, from bile reflux and bilious
vomiting after the Billroth II reconstruction and the Mason’s loop gastric
bypass, which was the main reason for applying an entero-enterostomy or
creating a Roux-en-Y reconstruction (72,114,115).
The idea of the original OAGB was to achieve the desired effects of a gastric
bypass with no risk of bile exposure to the gastric cardia and esophagus, and
without the need for an entero-enterostomy. This would be achieved by
combining a low-pressure gastric conduit with a Billroth II–type gastroenterostomy. In OAGB, the gastro-enterostomy is placed distally in the gastric
conduit and not next to the esophagus, as in the Mason’s loop bypass or the
Billroth II reconstruction in order to prevent bile exposure to the cardia and
esophagus (116).
From the very beginning, the MGB/OAGB technique had its promoters and
critics. While many cohort series were published with excellent results on
weight-loss and effect on T2DM, critical views on the possible harmful effects
(especially potential bile reflux) had risen (117–121). Even the name of the
procedure has been a topic of dispute. Proposed names in addition to MGB
and OAGB have been single-anastomosis gastric bypass (SAGB) and omegaloop gastric bypass, among others. In 2018, the IFSO proposed that in order
to unify the terminology, all procedures similar to the original techniques by
Rutledge and Carbajo should be called OAGB in scientific papers and
presentations. Now, over 20 years after the first operation, OAGB is the third
most common bariatric operation, according to a 2016 IFSO survey. The
debate over the procedure still, however, continues (119).

2.2.6.1 Technique
The original technique by Rutledge includes an approximately 15cm long
gastric pouch “as wide as the esophagus” and a wide end-to-side anastomosis
with a 150-200cm long BP limb (116).
In HUH, the OAGB is done with four laparoscopy ports and a liver
retractor. The stomach is divided beginning at the crow’s foot at the lesser
curvature. A tubular-shaped gastric pouch is created by dividing the stomach
along a 38–40Fr bougie towards the angle of His. A side-to-side anastomosis
between a 210cm BP limb and the gastric pouch is created with a 45mm stapler
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and the anterior defect is hand-sewn in two layers. The mesenteric opening is
not closed (Figure 3) (106).

2.2.6.2 Results
In 2005, Rutledge reported results of a cohort of 2,410 patients with a mean
follow-up of 38.7 months. Excess weight-loss was 80% and absolute weightloss 59kg for the first year. He stated that >95% of patients maintained their
weight-loss within 10kg up to 5 years. Improvement of T2DM was reported for
83% of patients (120). This cohort series has been criticised because the lostto-follow-up data was not presented and the results were quite vaguely
reported without exact numbers or a description of statistical analyses.
According to a systematic review of published cohort series of OAGB
comprising 12,807 cases, %EWL at 5 years was 76.6%. Resolution/remission
of T2DM was observed in 83.7% of patients (122).
A recent randomised trial (YOMEGA trial) compared OAGB and RYGB.
%EWL at 2 years was 87.9% and 85.8% for OAGB and RYGB groups,
respectively. Complete or partial T2DM remission was obseved in 70% and
42% in OAGB and RYGB groups, respectively. QOL was significantly improved
in both groups. The difference in QOL improvement was not statistically
significant between groups, however (Table 2) (99).

2.2.6.3 Indications and contraindications
OAGB is now an established bariatric operation according to IFSO and the
American Society for Metabolic and Bariatric Surgery (ASMBS) (81,123).
General indications of bariatric surgery apply to OAGB. Pre-existing GERD
and hiatal hernia are contraindications. According to IFSO and ASMBS
guidelines, OAGB and its association with postoperative GERD requires
additional studies (81,123). Another contraindication is any gastricor
duodenla pathology which requires follow-up or treatment or if endoscopic
access to the biliary system is needed after the surgery. Substance abuse and
inability to commit to postoperative follow-up and treatment after bariatric
surgery are contraindications, as in other gastric bypass surgeries.

2.2.6.4 Adverse effects
The main criticism of OAGB has been the possible adverse effects of the
procedure. In 2007, Johnson et al. published a report of surgical revisions
after OAGB (121). It included 32 patients from the area where the original
series of OAGB (MGB) took place. Reported complications were bile reflux
gastritis (n=20), malnourishment/micronutrient deficiencies (n=8) and
marginal ulcers (n=5) (121). The report by Johnson et al. did not reveal details,
how the complications were diagnosed or whether bile reflux was somehow
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measured. After this report, the fear of bile reflux after OAGB became an active
topic of debate (119). The largest systematic review of OAGB by Mahawar et
al. listed postoperative reflux symptoms in 0.6–10% of cases. Marginal ulcers
and malnourishment were observed in 2.7% and 0–3.8% of cases with higher
percentages of iron-deficiency anemia (up to 30%). Early complications of
OAGB include anastomotic leakage, bleeding, cardiovascular and pulmonary
complications (56). There has been a lot of discussion regarding whether the
length of the BP limb is important in lowering the risk of malnourishment and
micronutrient deficiencies. Currently, BP limbs above 200cm are not
recommended in routine use (124–128).
A)

B)

Figure 3

One anastomosis gastric bypass. A) Illustration. Black arrows indicate the route of
ingested food and liquids. Green arrows indicate the flow of biliopancreatic fluids.
B) Laparoscopic view showing the long tubular-shaped gastric pouch.

Table 2.
Summary of results of recent randomised controlled trials comparing sleeve
gastrectomy, Roux-en-Y gastric bypass and one anastomosis gastric bypass.

Operation

Trial

SM-BOSS*
SLEEVEPASS**
SM-BOSS*
Roux-en-Y gastric bypass
SLEEVEPASS**
YOMEGA***
One anastomosis gastric bypass YOMEGA***
Sleeve gastrectomy

Excess weight loss
2 years
5 years
61.1%
49 %
68.3%
57 %
85.8%
87.9%

*
Peterli R et al, JAMA 2018;319(3):241–54
** Salminen P et al, JAMA 2018;319(3):255–65
*** Maud R et al, Lancet 2019;393(10178):1299–309
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Diabetes remission
2 years
5 years
61.5%
37 %
67.9%
45 %
42 %
70 %

Adverse events
2 years
5 years
15.8%
19 %
20.4%
26 %
26.4%%
48.8%

2.2.7

PREOPERATIVE WORK-UP PRIOR TO BARIATRIC SURGERY

Protocols for preoperative work-up differ markedly between countries and
clinics. A six-month conservative treatment of obesity is required prior to
bariatric surgery according to the Finnish Current Care Guidelines. The goal
is to educate patients on the required dietary and lifestyle modifications in
order to achieve a safe and effective long-term management of obesity. The
conservative treatment can be organised as group or individual visits or as an
on-line therapy. A 5% TWL is required during the conservative treatment (41).
International clinical practice guidelines do not mandate a conservative
treatment prior to bariatric surgery. According to international clinical
guidelines, a pre-procedure weight-loss or medical nutritional therapy may,
however, be recommended in selected cases (56).

2.2.7.1 Choosing the right type of surgery
According to international clinical practice guidelines, the type of bariatric
surgery should be selected based on individualised goals of therapy, available
local-regional expertise, patients’ preferences and personalised risk
stratification that prioritises safety (56). The Finnish Current Care Guidelines
do not provide recommendation for the selection of bariatric surgery
technique (41). Because there is no clear guideline recommendation on which
specific procedure should be performed, the decision is usually left for the
surgeon together with the patient to decide based on all the aspects mentioned
above. Thus, the surgeon has to consider all potential benefits and risks and
make a case-by-case decision on the treatment method together with the
patient.

2.2.7.2 Multi-professional evaluation
It has been shown that multidisciplinary care is mandated in order to succeed
in obesity treatment (129,130). Obesity treatment requires collaborative
efforts of general practitioners, nurses, nutritionists, physiotherapists,
psychologists/psychiatrists, endocrinologists, anesthetists and bariatric
surgeons. Especially prior to bariatric surgery, a multi-professional evaluation
is needed. An example of a preoperative checklist recommended by
international clinical practice guidelines is given in Table 3 (56).
Prior to surgery, an endocrinologic assessment by an internist is
recommended. Medications should be optimised to achieve a sufficient control
of diabetes, dyslipidemia and HTA. Thyroid and liver function should also be
evaluated (41,131).
Risks for anesthesia need to be evaluated by an anesthetist (132). All
patients should be screened for OSAS and the risk for deep vein thrombosis
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(56). Electrocardiogram is recommended for all patients, and necessary
cardiologic consultations should be done (41,131).
A formal psychosocial–behavioural evaluation as well as a nutritional
evaluation is needed in order to achieve required nutritional and behavioural
changes before and after bariatric surgery (56).
Fertile women need to be counselled about immediately improved fertility
after bariatric surgery and the need of contraception 12 to 18 months after
bariatric surgery (56).
Table 3.
Preprocedure checklist prior to bariatric surgery recommended by international
treatment guidelines.
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2.2.7.3 Preoperative weight-loss
Studies have shown that preoperative calorie restriction induces significant
preoperative weight-loss and a marked reduction in liver size. This, however,
has not been shown to reduce the risk for perioperative complications (121).
Preoperative weight-loss has been recommended only in selected cases
according to international guidelines (56). In Finland, a six-month
conservative treatment is mandatory prior to bariatric surgery. This aims at
achieving long-term obesity management by educating patients about
nutritional and lifestyle modifications. A 5% TWL is mandated during the
conservative treatment. A further preoperative very-low calorie diet (VLCD) is
utilised at the discretion of the surgeon (41).

2.2.7.4 Screening for gastrointestinal pathology. Endoscopic
evaluation and preoperative imaging
There have been differences in the recommendations regarding screening for
gastrointestinal (GI) pathology prior to bariatric surgery. The European
Association for Endoscopic Surgery (EAES) recommends routine EGDS or
radiologic evaluation with a barium swallow prior to bariatric surgery (133).
The Society of American Gastrointestinal and Endoscopic Surgeons (SAGES)
recommends EGDS evaluations only when suspicion of gastric pathology
exists (134). According to international treatment guidelines of 2019, all
clinically significant GI symptoms should be evaluated prior to surgery with
imaging studies, EGDS or upper GI series. These guidelines also recommend
that EGDS may be considered prior to SG for all patients. Screening for
Helicobacter pylori is recommended in areas of high prevalence (56).
Routine preoperative imaging is not recommended, but abdominal
ultrasonography (US) is indicated in cases of elevated liver enzymes or
symptomatic biliary disease. US or elastography can be considered to identify
non-alcoholic liver disease (56,135).
In HUH, all patients undergo EGDS prior to SG and OAGB. Patients with
a known risk factor for upper GI pathology undergo EGDS prior to RYGB. H.
pylori is screened for and eradicated prior to bariatric surgery.

2.3 GASTROESOPHAGEAL REFLUX DISEASE (GERD)
Gastroesophageal reflux disease (GERD) is defined as effects caused by the
regurgitation of duodenal and gastric contents into the esophagus and
stomach. The origin of refluxate can be gastric, when it contains pepsin and
gastric acid, or duodenal (bile reflux or duodenogastric reflux), when it
contains bile acids and pancreatic enzymes (136,137). Complications of GERD
include gastritis, esophagitis, esophageal strictures and BE, which is
potentially a precursor of EAC (136–140).
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Other conditions with either established or proposed association with
GERD include dental erosions, laryngitis, asthma, pharyngitis, sinusitis,
pulmonary fibrosis and recurrent pneumonia. Typical symptoms include
heartburn (burning retrosternal sensation), regurgitation (perception of bitter
or acidic liquid refluxing upwards into the esophagus, throat or mouth) and
chest pain (137).
The prevalence of GERD has been reported at 8.8–25.9%, 18.1–27.8% and
2.5–7.8% in Europe, North America and East Asia, respectively (141). The
incidence of GERD is approximately 5 in 1000 person-years (142).
Obesity (BMI>30kg/m2) and age >50 years have been defined as the most
important risk factors. Other risk factors include smoking, use of non-steroidal
anti-inflammatory drugs (NSAID), heavy alcohol consumption, low
socieconomic status and low education level (143).

2.3.1 PATHOPHYSIOLOGY OF GERD
Under normal circumstances, the flow of gastric and duodenal juices into the
esophagus is prevented by the anatomical and physiologic gastro-esophageal
barrier. It consists of the lower esophageal sphincter (LES), the crural
diaphragm and the back-stroke valve mechanism of the EGJ. Reflux into the
esophagus is caused by one or several mechanisms: transient LES relaxations,
low LES pressure, swallow-associated LES relaxations and straining during
periods of low LES pressure. A small amount of gastroesophageal reflux
during normal swallows and physical straining is physiologic. Under normal
circumstances, the refluxate is cleared from the esophagus by a synchronous
action of esophageal peristalsis and relaxation of the gastro-esophageal barrier
together with gastric emptying. When the gastro-esophageal barrier and the
clearance mechanism by the esophagus and stomach are compromised, the
esophageal mucosa is repeatedly or continuously predisposed to the harmful
effects of the refluxate (144).
Increased intra-abdominal pressure and repeated overdistension of the
stomach lead to distension of the crural diaphragm, which compromises the
back-stroke mechanism of the EGJ. This can result in a sliding hiatal hernia
and GERD (144). In obesity, the pressure gradient from the abdomen towards
the esophagus is increased due to higher intra-abdominal pressure, which
impairs the integrity of the gastroesophageal barrier and is often associated
with a sliding hiatal hernia (144,145). In case of a giant hiatal hernia, most of
the gastroesophageal barrier is compromised, causing severe GERD (146).
Gastric and duodenal juices are a caustic mixture of digestive enzymes, bile
and gastric acid. These agents enhance each other’s harmful effects on the
esophageal mucosa. Gastric acid dilates the intercellular spaces of esophageal
squamous epithelium, which exposes the gastrointestinal stem cells to bile
acids and digestive enzymes. This can lead to metaplastic and dysplastic
transformation (147). The dilated intercellular spaces allow the acidic juices to
come in contact with nerve endings that cause a burning sensation (147). This
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chain of events is accompanied by influx of inflammatory cells, which can
result in the deterioration of the LES musculature and lead to an increasing
incompetence of the gastroesophageal barrier. The clinical findings of this
vicious circle are esophagitis with or without erosions or ulcerations,
esophageal strictures and intestinal metaplasia (148–150).

2.3.2 GERD AND THE RISK OF CANCER
Upstream reflux of gastric and duodenal contents has been shown to promote
histological changes, which can lead to carcinogenesis (150–152).
The above-described synergistic effects of gastric and duodenal juices
promote the transformation of esophageal squamous epithelium into
intestinal type (BE) (153,154). The American definition of BE is intestinal
metaplastic mucosa with goblet cells in the esophagus (155). The Japanese
definition of BE is columnar epithelium continuous from the stomach with or
without intestinal metaplasia (156). The same factors that induce the
formation of BE, induce dysplastic changes in the BE mucosa. This malignant
potential of BE can ultimately lead to EAC. According to available data, 10.5–
15% of patients with GERD develop BE (157). In one study, the incidence of
BE in patients with GERD was 9.9 per 1000 person-years (158). The annual
incidence of esophageal EAC in non-dysplastic BE is estimated at 0.1–0.3%
(155).
Reflux of duodenal contents into the stomach causes chronic gastritis,
which is a risk factor for gastric cancer. In particular, adenocarcinoma of the
gastric cardia is associated with similar metaplastic changes as in the
carcinogenesis of EAC (159,160).

2.3.2.1 Cancer after bariatric surgery
A review in 2019 reported all GI tract cancers following different types of
bariatric surgery. Twenty-nine cases of GI tract cancer were reported after
RYGB, five cases after SG and only one case after OAGB. The review concluded
that bariatric surgery reduces obesity-related cancer risk and GI tract cancers
are rarely found after bariatric surgery. The clinical presentation of cancer may
be misleading after bariatric surgery, however, and cancers are often
discovered in advanced stages. A detailed description of tumor localisations as
well as time between bariatric surgery and cancer diagnosis is given in Table
4 (164).
One case of gastric carcinoma and one case of EAC have been reported,
which were not included in the 2019 review (162,163). Notably, the case of EAC
was diagnosed 1.5 years after OAGB, and no preoperative EGDS had been
done. It is unlikely that this case of cancer was due to postoperative GERD.
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In a Swedish nationwide cohort study, the incidence of EAC was not
elevated after bariatric surgery compared to a corresponding background
population (165).
Table 4.
Gastro-intestinal tract cancers after bariatric surgery according to Ebrahimi et al.
Obes Surg (2019) 29:2678-2694.

Localization of the tumor

Total number of
gastro-intestinal
tract cancers after
bariataric surgery

esophagus

Sleeve gastrectomy

5

1

Roux-en-Y gastric bypass

29

3

One anastomosis gastric bypass

1

Bilio-pancreatic diversion

8

Jejuno-ileal bypass

4

Vertical banded gastroplasty

8

1

1

6

Adjustable gastric banding

8

2

1

3

esophagogastric
junction

stomach or
gastric
pouch

bypassed
stomach

3
4

3

pancreas
colon,
and
rectum and
duodenum
anus
1

14

4

Time between
bariatric surgery and
cancer diagnosis
mean 2.2 years

1

mean 7.9 years

8

mean 13 years

4

betweeen 8-40 years

1

mean 9 years

mean 10.5 years
2

mean 3.4 years

2.3.3 GERD DETECTION
Gastro-esophageal reflux and, more specifically, bile reflux can be investigated
in various ways. According to the Lyon consensus statement, no individual
method is by itself sufficient for assessing GERD, but combined information
from several available methods is required (166). All methods of assessing
GERD have their pros and cons, which are described in the following
paragraphs.

2.3.3.1 Endoscopy
The most common way to study the upper GI tract is EGDS (or upper
gastrointestinal endoscopy after gastric bypass, UGE). A flexible optic
endoscope is introduced into the esophagus, stomach and duodenum under
video-assisted visual control. Photographic documentation and mucosal
biopsies can be obtained during the endoscopy (167). Endoscopy can reveal
erosive or non-erosive esophagitis, metaplastic and dysplastic changes and
malignancies of the upper GI tract (140,155,168). The type and size of a hiatal
hernia can also be evaluated (169).
Endoscopy is the most versatile method for studying the upper GI tract.
The downside is the invasiveness and that it does not provide comprehensive
information about the functionality of the upper GI tract.
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2.3.3.2 Combined 24h Impedance and pH measurement
A combined 24h Impedance and pH measurement is a good way to study
GERD quantitatively. It detects both acidic and non-acidic GERD and also how
proximal the refluxate reaches in the esophagus. A 2.1mm thick probe is
inserted through the nose into the stomach. The probe contains several
sensors that detect the amount of liquid, gas and mixed contents of the
refluxate and it’s acidity during a 24h period. The measurement provides exact
information about the amount and acidity of the refluxate and the correlation
of symptoms to objective findings (170,171). A DeMeester acidic reflux score
and a symptom-association probability index can be calculated from the
obtained data (166,172–174).

2.3.3.3

Esophageal high-resolution manometry

Esophageal and EGJ function can be best evaluated by high-resolution
manometry (HRM). In HRM, a thin probe is inserted through the nose into
the stomach. The probe contains sensors spaced 3-5cm apart. These sensors
record contractions during swallowing and in resting state. HRM provides
information of esophageal motility and EGJ function. It reveals possible
defects in the synchronous effect of esophageal peristaltic clearance with LES
relaxations as well as increased transient LES relaxations in the presense and
absense of esophageal clearance (175).
HRM can be done together with impedance and pH measurements. The
main limitations are the cost of the measurements and heterogeneity in the
interpretation of measurement results (166).

2.3.3.4 Radiographic imaging
A computed tomography (CT) scan and barium upper GI series are used for
evaluating upper GI pathology. A CT scan is useful in determining upper GI
anatomy, grading of hiatal hernia and diagnosing upper GI malignancy. It is
not, however, considered a standard tool in the diagnosis of GERD or bile
reflux (140,166,176). Barium upper GI series provides a dynamic imaging of
the upper GI tract. It is useful in the diagnosis and grading of hiatal hernia and
esophageal dysmotility disorders and it is in wide use internationally as a tool
for preoperative assessment prior to bariatric surgery (56,177). In Finland, it
is mainly applied in assessing late complications after esophageal and gastric
surgery.

2.3.3.5 Scintigraphy
Scintigraphy is an imaging method where an active isotope tracer is
administered either orally or intravenously. The activity of the tracer is
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detected by a gamma camera. This imaging can be combined with a singlephoton emission computed tomography (SPECT) and CT scan (178,179).
In hepatobiliary scintigraphy (bile reflux scintigraphy, BRS), an intravenously injected radioisotope tracer (typically 99Technetium) is bound to bile
in the liver. As bile is secreted into the duodenum, the fate of bile flow can be
detected by the gamma camera and SPECT-CT imaging. Scintigraphic imaging
detects whether bile refluxes into the stomach or esophagus (178,180–184).
Scintigraphy has been found to be a reliable tool in studying bile reflux in
unoperated patients and as a postoperative evaluation of bile reflux after
bariatric surgery (178,179,181,185,186).

2.3.3.6 Questionnaires and self-reported symptoms
Typically, the reflux of gastric and duodenal juices causes heartburn and
regurgitation. Regurgitation of gastric and duodenal contents can lead to
vomiting with possibly bilious contents. Gastric and duodenal reflux also
causes bloating, dysphagia, nausea, sense of satiety and/or a sensation of
abdominal discomfort that can be difficult for patients to describe accurately.
Most of these symptoms, especially pain and abdominal discomfort, are,
however, not specific symptoms of gastric or duodenal reflux (187).
There are several questionnaires for assessment of upper GI symptoms and
specifically reflux symptoms. The most commonly used are the
Gastroesophageal Reflux Disease Questionnaire (GerdQ), Reflux Disease
Questionnaire (RDQ) and Gastrointestinal Symptom Rating Scale (GSRS)
(188–190). The questionnaires are good tools for general practitioners to
diagnose GERD, especially the GerdQ, which was developed to be a simple tool
for general practitioners (Table 5). None of these questionnaires are designed
to differentiate between GERD and bile reflux, however. Moreover, there are
no questionnaires that are specifically validated for postoperative follow-up of
reflux symptoms.
Table 5.
The original GerdQ questionnaire. Respondents enter the frequency scores after
reflecting on their symptoms over the previous week. A sum score 8 is suggestive of
gastroesophageal reflux disease. Adopted from Jones et al. Aliment Pharmacol Ther 30, 10301038 (2009).

Question
1. How often did you have a burning feeling behind your breastbone (heartburn)

Frequency score (points) for symptom
0 day
1 day
2-3 days
4-7 days
0
1
2
3

2. How often did you have stomach contents (liquid or food) moving upwards to
your throat of mouth (regurgitation)?

0

1

2

3

3. How often did you have pain in the centre of the upper stomach?

3

2

1

0

4. How often did you have nausea?

3

2

1

0

5. How often did you have difficulty getting a good night's sleep because of your
heartburn and/or regurgitation

0

1

2

3

6. How often did you take additional medication for your heartburn and/or
regurgitation, other than what the physician told you to take? (such as Tums,
Rolaids, Maalox?)

0

1

2

3
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2.3.4
NON-OPERATIVE MANAGEMENT OF GERD
In most cases of GERD, the symptoms remain stable or reside during a fiveyear observation period (191). An empirical 1–2 week proton-pump-inhibitor
medication (PPI) has been commonly used as an aid for diagnosis of GERD. It
is, however, no longer recommended due to lack of sensitivity and specificity
(187). H. pylori should be tested for and eradicated prior to anti-reflux
therapies (192,193). Infrequent reflux episodes can usually be managed with
over-the-counter medications (alginate-antacid combinations and antacids).
Additonal self-care measures include lifestyle changes (e.g., small meals and
avoidance of late meals, avoidance of any precipitating factors, sleep position
optimisation with pillows) (192,194). Controlled weight reduction is of
extreme importance (195). All medications that may worsen reflux symptoms
should be discontinued after clinical evaluation (e.g., NSAIDs,
anticholinergics, calcium-channel blockers).
A formal PPI therapy of 8 weeks is recommended as the first-line treament
of GERD after proper diagnosis of GERD if there is no suspicion of
malignancy. H2-receptor antagonists can be used as an additional
symptomatic medication. When there is no response to PPIs, additional
investigations should be made to rule out other conditions, especially upon
alarming features, such as dysphagia, painful swallowing, iron-deficiency
anemia, GI bleeding, recurrent pulmonary and bronchial symptoms,
unintentional weight-loss, new onset of atypical symptoms, epigastric mass,
lymphadenopathy and family history of upper GI malignancy (192).

2.3.5 SURGICAL TREATMENT OF GERD
When conservative treatment of GERD is insufficient or not possible due to
side effects or interactions, surgical treatment is indicated. Other indications
for anti-reflux surgery are giant hiatal hernias and extra-esophageal
symptoms with established causality with GERD, such as recurrent aspiration
due to regurgitation (192,196). Prior to anti-reflux surgery, significant
esophageal dysmotility disorders must be ruled out (194,197).

2.3.5.1 Normal-weight patients
A laparoscopic fundoplication is the gold standard of anti-reflux surgery
(196,198,199). There are several modifications of fundoplication techniques.
In general, a laparoscopic fundoplication technique includes dissection of the
hernia sac and mediastinal moblisation of the esophagus with special care to
preserve the anterior and posterior branches of the vagal nerves. After a
sufficient length of intra-abdominal esophagus is obtained, a cruroplasty is
done with non-absorbable sutures. A complete (360) or partial (270 or 180)
wrap of the mobilised gastric fundus is constructed around the intraabdominal esophagus posteriorly (Nissen or Toupet technique) or anteriorly
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(Dor and Watson technique). Use of an esophageal bougie is recommended
(196,200–202).

2.3.5.2 Overweight and obese patients
Standard laparoscopic fundoplication is feasible in overweight and obese
patients (BMI>25kg/m2 and >30kg/m2, respectively), and according to a
meta-analysis, there is no significant difference between obese and non-obese
patients in reoperation rates (203). Fundoplication is, however, technically
more demanding and time-consuming in the obese. These patients should be
carefully evaluated pre-operatively and the surgery left for experienced
surgeons (204). On the other hand, worse outcomes and an increase in
complications have been reported (205–207). According to a study of 27,264
patients, RYGB is superior to fundoplication in morbidly obese patients as an
anti-reflux procedure (208). According to a survey by members of SAGES,
bariatric surgery is preferred for morbidly obese patients with GERD (209).
Several techniques combining bariatric surgery with a modification of a
fundoplication have been published, but currently they are not recommended
as mainstream operations (210,211).
In conclusion, RYGB is the preferred surgical technique for patients with
morbid obesity (BMI>35kg/m2), especially with comorbidities. The patient
has to be motivated for dietary and lifestyle modifications required after a
gastric bypass. Laparoscopic fundoplication can be considered for overweight
and obese patients in the BMI range 25–35kg/m2.

2.3.6 GERD AFTER BARIATRIC SURGERY
Bariatric surgery is generally considered a viable treatment for GERD, but
some bariatric surgery techniques may actually worsen existing reflux
symptoms or induce de novo reflux symptoms.

2.3.6.1 GERD after sleeve gastrectomy
Sleeve gastrectomy includes resection of most of the stomach, leaving a narrow
gastric conduit with most of the antrum and an intact pylorus. The angle of
His is altered and thus the integrity of the gastro-esophageal barrier is
compromised. This results in increased intragastric pressure, which puts
pressure on the gastro-esophageal barrier and may result in worsening of preexisting reflux symptoms or de novo GERD (212,213). Postoperative GERD is
a major side effect of SG. Several studies have reported high incidences of
esophagitis and BE after SG. BE is often found in asymptomatic patients
(93,214). De novo non-dysplastic BE has been reported in 17.2% and 14% of
patients in two cohort series with five- and ten-year follow-ups, respectively
(96,214). A scintigraphic study has shown bile reflux after SG (184). Even
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though there is overwhelming evidence of postoperative reflux problems,
there is no consensus on whether preoperative GERD and/or hiatal hernia
should be a contraindication for SG (56,86,91). BE is, however, an absolute
contraindication for SG (86).

2.3.6.2 GERD after Roux-en-Y gastric bypass
Roux-en-Y gastric bypass is the preferred operation for obese patients with
reflux symptoms. In RYGB, the stomach is divided below the cardia, which
disconnects the EGJ and esophagus from the acid- and pepsin-producing cells
of the stomach, thus eliminating GERD. Biliopancreatic juices are diverted
away from the EGJ and esophagus due to the Roux-en-Y construction where
the EGJ and esophagus are at least 100cm upstream from the
enteroanastomosis. Long-term follow-up in cohort series have shown that
GERD is significantly improved after RYGB (98,100). BE is also significantly
improved after RYGB, according to a systematic review (215).

2.3.6.3 GERD after one anastomosis gastric bypass
Since the first report on OAGB (MGB), there has been a lot of debate about the
risk of postoperative GERD after OAGB (119). In particular, postoperative bile
reflux is a major concern. In a review comprising 12,807 cases, GERD was
reported in 2.0% of patients. In OAGB, a long tubular gastric pouch is created,
leaving a connection between the EGJ and esophagus with some of the gastric
acid and pepsin-producing cells. Biliopancratic juices are also in direct contact
with the gastric pouch, possibly causing bile reflux into the gastric pouch. The
postoperative GERD after OAGB is most likely caused by the reflux of a
mixture of gastric and biliopancreatic juices. According to a position statement
by IFSO and a review by ASMBS, postoperative GERD remains a concern and
prospective randomised trials with long follow-up are required (81,123).

2.3.6.4 Management of GERD after bariatric surgery
General principles of GERD management apply after bariatric surgery. Firstline treatments are lifestyle and dietary changes with over-the-counter
medications. If symptoms persist, treatment with PPIs is indicated. When
reflux symptoms cannot be controlled with these conservative measures, a
reoperation may be considered. After SG, the first option is to convert into
RYGB (94). Conversion to RYGB is also the treatment of choice with
intractable GERD after OAGB (216). Another option is to create a Braun
entero-anastomosis in order to divert bile flow away from the gastric pouch
(121,122). It is possible to restore normal anatomy after OAGB (or RYGB), but
it is rarely performed (217).

41

3 AIMS OF THE STUDY
This doctoral thesis focuses on detecting postoperative GERD after bariatric
surgery and on investigating preoperative endoscopy findings prior to
bariatric surgery. Specific aims are listed below.

1. To find out if a scintigraphic method is feasible in detecting
postoperative bile reflux after one anastomosis gastric bypass (Studies I
and III)
2. To report findings of preoperative endoscopies prior to bariatric surgery
(Study II)
3. To determine whether preoperative endoscopies should be done for all
patients prior to bariatric surgery or whether preoperative endoscopies
can be directed at a certain group of patients (Study II)
4. To investigate the prevalence and extent of bile reflux after one
anastomosis gastric bypass (Studies I and III)
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4 MATERIALS AND METHODS
The studies in this thesis were conducted in HUH in collaboration with the
University of Helsinki (UH) during 2014–2019.
The thesis consists of three studies with differing study designs:
• Prospective study (I)
• Retrospective study (II)
• Prospective study as a part of a prospective randomized trial (III)

4.1 STUDY DESIGNS
4.1.1 PROSPECTIVE STUDY (STUDY I)
The first study is a prospective series of the first 13 patients who had
undergone OAGB at HUH between December 2014 and April 2015. The
operations were performed in the bariatric surgery unit of HUH at Peijas
Hospital, Vantaa, Finland. The operation technique was similar to the
technique described in chapter 2.2.3.1, except for the length of the BP limb,
which was 275cm.
Standard follow-up after bariatric surgery included clinical visits 1, 3, 6 and
12 months postoperatively. In addition to the standard follow-up, all patients
were prospectively invited for a bile reflux scintigraphy 8–13 months after the
operation and a GerdQ was filled out. All patients with a positive scintigraphy
or upper GI symptoms were invited for an additional endoscopic assessment
with biopsies.

4.1.2 RETROSPECTIVE STUDY (STUDY II)
The second study is a retrospective analysis of all preoperative endoscopies
(n=1275) prior to all bariatric operations in HUH (n=1474) between December
2007 and May 2016. Data on comorbidities and all reoperations after SG was
collected for the same period. All the operations were performed at the
bariatric surgery unit of HUH in Peijas Hospital, Vantaa, Finland (until
January 2016) and in Meilahti Hospital, Helsinki, Finland (from January
2016). The operation techniques of RYGB and SG have been described in
chapters 2.2.1.1 and 2.2.2.1, respectively.

4.1.3 PROSPECTIVE STUDY (RYSA TRIAL) (STUDY III)
The third study is a prospective study, which is a part of a prospective
randomised controlled trial comparing the safety and efficacy of RYGB and
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OAGB (RYSA Trial) (106). According to RYSA trial protocol, 120 patients are
randomised into RYGB (n=60) and OAGB (n=60) groups with a ten-year
follow-up. The trial is carried out in two academic bariatric surgery clinics (80
patients in the bariatric surgery unit of HUH, Helsinki, Finland and 40
patients in the bariatric surgery unit of Oulu University Hospital, Oulu,
Finland). The primary end-point is %EWL at two years. The study protocol
includes clinical visits at 1, 3, 6, 12, 24, 60 and 120 months. All patients will be
followed-up for ten years with analysis of weight, comorbidities, blood tests,
body composition and questionnaires. Extensive metabolic analyses (mixed
meal tests, energy expenditure, biopsies of muscle and subcutaneous fat,
urine, saliva and fecal samples) are analysed for patients treated in HUH
(n=80) (106).
A part of the RYSA trial is addressing the issue of postoperative GERD,
especially bile reflux after OAGB. The patients in the OAGB arm of HUH
(n=40) are included in Study III. The patients in Study III have been operated
on at HUH between November 2016 and December 2018. The OAGB
operation technique is described in chapter 2.2.3.1. In Study III, postoperative
bile reflux is studied prospectively. All patients underwent an EGDS
preoperatively with screening for upper GI symptoms. Six months after the
operation the patients had an additional endoscopy with biopsies, a bile reflux
scintigraphy and a screening for upper GI symptoms.

4.2 DATA COLLECTION
Preoperative and postoperative data on weight, BMI, age, gender and
comorbidities (T2DM, OSAS, asthma, HTA, dyslipidemia, osteoarthrosis) as
well as upper GI symptoms (heartburn, nausea, vomiting, reflux and
regurgitation, epigastric pain) was collected retrospectively (Studies I and II)
and prospectively (Study III). The GerdQ (Table 5) was analysed
prospectively (Study I). EGDS data included macroscopic evaluation of the
esophagus, EGJ, stomach and duodenum with histopathologic analysis of the
obtained biopsies. Postoperative UGE after RYGB and OAGB included a
macroscopic evaluation of the esophagus, EGJ, gastric pouch,
gastrojejunostomy and jejunum with histopathologic analysis of the obtained
biopsies. Data on EGDS/UGE was collected retrospectively (Study II) and
prospectively (Studies I and III). Data on bile reflux scintigraphies included a
report of bile reflux amount and duration in the gastric pouch and esophagus
during the 90-minute scan. This data was collected prospectively (Studies I
and III).
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4.3 GERD DETECTION
4.3.1 ENDOSCOPY
Upper GI endoscopies (preoperative EGDS and postoperative UGE) were done
with a flexible endoscope (Olympus Q190, Tokyo, Japan) without sedation in
an outpatient setting. Endoscopies were performed by members of the
bariatric surgery team (Studies I and III) or by a gastroenterologist at the
referring institution (Study II). Esophagus, EGJ, stomach and duodenum are
carefully described with photographs at EGDS. At postoperative UGE,
esophagus, EGJ, gastric pouch, gastrojejunostomy and jejunum are
investigated. Biopsies of all areas are obtained for histopathologic assessment.
All findings that needed to be taken into consideration prior to bariatric
surgery were considered clinically significant in preoperative EGDS (Studies
II and III). Findings that were suggestive of GERD or bile reflux, were
considered significant in the postoperative UGE (Studies I and III) (Table 6).
Table 6.
Significant findings in preoperative esophago-gastro-duodenoscopy (EGDS) and
postoperative upper gastro-intestinal endoscopy (UGE).

EGDS
UGE
esophagitis
esophagitis
esophagus and
inflammation
inflammation
esophagogastric junction gastric and intestinal metaplasia gastric and intestinal metaplasia
hiatal hernia
ulcers
stomach
atrophic gastritis
neoplasms
stricture
gastric pouch and
ulcer
gastrojejunal anastomosis
foveolar hyperplasia
inflammation

4.3.2 BILE REFLUX SCINTIGRAPHY
Bile reflux scintigraphy (BRS or hepatobiliary scintigraphy) is used for
detecting bile flow through the intestine. The scan begins with intravenous
administration of a radioisotope tracer. The tracer binds itself to bile in the
liver, which can then be detected with a gamma camera. As bile is secreted into
the intestine, the flow of bile from the liver into the intestine and throughout
the intestine as well as possible reflux into the gastric pouch and esophagus
can be detected.
In Studies I and III, the scintigraphy was done after a 12h fasting period.
Patients lay in supine position while a radioisotope tracer was given
intravenously (Mebrofenin labeled with 99mTechnetium, Bridatec, GE
Healthcare Life Sciences Core Imaging, Pittsburgh, PA, USA). After injection,
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a 60min dynamic scan with a gamma camera followed by a 30min SPECT-CT
scan was acquired. The beginning and end of a possible bile reflux activity in
the gastric pouch and esophagus was recorded using the images from the
dynamic series. Bile reflux in the gastric pouch and esophagus were localised
in SPECT-CT scans. The amount of bile reflux was calculated as the percentage
of tracer activity induced maximum count rate per pixel in the gastric pouch
or esophagus compared to the maximum count rate per pixel induced by the
tracer in the whole liver. All scintigraphies were quantified by a nuclear
physicist and analysed by a nuclear medicine physician. Examples of dynamic
gamma camera images and SPECT-CT scans are given in Figures 4 and 5,
respectively.

Figure 4

Dynamic gamma camera images of a bile reflux scintigraphy after OAGB. Bile tracer
activity is shown in the gastric pouch suggesting postoperative bile reflux.

Figure 5

SPECT-CT scan of a bile reflux scintigraphy after OAGB. Bile tracer activity is
detected in the esophagus suggesting postoperative bile reflux.
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4.3.3 QUESTIONNAIRES AND SELF-REPORTED SYMPTOMS
GerdQ is a six-item questionnaire, designed for use by general practioners for
diagnosing GERD (Table 5). All items of the GerdQ are scored and scores 8
are considered suggestive for GERD. In Study I, a validated translation of
GerdQ (Finnish and Swedish) was used.
Self-reported upper GI symptoms (heartburn, reflux, regurgitation,
epigastric and retrosternal pain, difficulty in swallowing, nausea and
vomiting) were analysed in Studies I–III. Symptom data was collected at
preoperative and follow-up visits by a bariatric surgeon (Studies I and III) or
by the endoscopist at preoperative EGDS (Study II).

4.4 STATISTICAL ANALYSIS
In Studies I and III, the Fisher’s exact test was used to analyse dependence of
categorical variables in contingency tables. Associations between categorical
and continuous variables with BRS and UGE findings were analysed with the
binary logistic regression and one-sample T test, respectively.
In Study II, parametric tests were used to analyse the statistical signiﬁcance
of the EGDS ﬁndings. Comparisons of means between groups of signiﬁcant
versus normal/nonsigniﬁcant EGDS ﬁndings as well as the availability of
EGDS report versus the whole sample were analysed with independent
samples t tests. Dependence of categorical variables with signiﬁcant EGDS
ﬁndings and availability of EGDS report were analysed with χ2 tests. Binary
logistic regression models were used to determine whether signiﬁcant EGDS
ﬁndings were associated with any of the co-morbidities, psychiatric diseases,
age, sex, or BMI. P<o .05 was considered statistically signiﬁcant.

4.5 ETHICAL CONSIDERATIONS AND STUDY
APPROVALS
Studies I and III included additional visits and invasive investigations
(endoscopies and scintigraphies). Informed consent was obtained for all
participants in Studies I and III. Study I was reviewed by the surgical ethics
committee of HUH and approved by the scientific board of HUH. Study III is
a part of the RYSA trial, which was reviewed by the surgical ethics committee
of HUH and approved by the scientific boards of HUH and Oulu University
Hospital. The RYSA trial is registered in clinicaltrials.org, identifier
NCT02882685.
Study II did not include any additional visits or investigations. The surgical
ethics committee of HUH reviewed the study design and the scientific board
of HUH approved Study II.
All studies were carried out according to the Helsinki Declaration and its
later amendments.
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5 RESULTS
5.1 PATIENT DEMOGRAPHICS
Study I comprised 13 patients, who were invited for a BRS and UGE at mean
10.7 (8.6–13.0) months after OAGB. Nine patients (69.2%) agreed to
participate in BRS and UGE.
Study II is a retrospective analysis of all primary bariatric operations
during a 9.5-year period (n=1474). Operations included 1047 (71.0%) RYGB,
407 (27.6%) SG and 20 (1.4%) others including OAGB, DS and gastric balloon.
Study III is a prospective study of 40 patients. All 40 patients had EGDS
preoperatively and 38 patients (95%) had a postoperative UGE and BRS.
Patient demographics for Studies I–III are given in Table 7.
Table 7.

Patient demographics of Studies I–III.

5.2 REFLUX SYMPTOMS
In Study I, two patients (22.2%) had a postoperative GerdQ score 8 and one
patient (11.1%) had postoperative swallowing difficulty. Nine patients (22.5%)
had postoperative reflux symptoms and four patients (10%) had eating
difficulties after OAGB in Study III. In Study II, 294 patients had a significant
EGDS finding and 49.0% (144 patients) had upper GI symptoms. In Study III,
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six patients (15%) had reflux symptoms prior to surgery. Upper GI symptoms
are reported together with preoperative EGDS findings in Table 8.

5.3 PREOPERATIVE ENDOSCOPY FINDINGS
In Study II, EGDS reports were available for 1275 (86.5%) patients. During
2013–2016, 163 (11.1%) patients were operated on without a preoperative
EGDS. This is due to the HUH policy at the time, where EGDS was not
performed for patients <60 years without GI symptoms or risk of neoplasia.
For 36 patients (2.4%), the EGDS report was not available. A description of all
preoperative EGDS findings are given in Table 8. There was a significant
finding in 314 (24.6%) preoperative EGDS. Of these, 294 (23.0%) and 20
(1.6%) were significant regarding SG and gastric bypass, respectively. Upper
GI symptoms were seen in 144 (49.0%) patients with a significant finding in
EGDS. H. pylori was found in 108 biopsies (8.5%).
Of all reported variables (T2DM, dyslipidemia, HTA, OSAS, asthma,
psychiatric disease, age, sex, BMI), only HTA was statistically significantly
associated with a significant EGDS findings.
In Study III (the RYSA trial), we assessed 145 patients at HUH in order to
be able to recruit the required 80 patients for the prospective trial. All these
patients were referred to the bariatric surgery unit by endocrinologists and
internists. The principal investigator of the RYSA trial decided if they were
eligible for the trial. Patients in the trial had no history of GERD findings or
symptoms prior to bariatric surgery consult (106). In preoperative EGDS of
145 asymptomatic patients considered for the RYSA trial, 6 cases of BE (4.1%),
6 cases (4.1%) of reflux esophagitis and 7 cases (4.8%) of HH were found.
Table 8.
Preoperative esophago-gastro-duodenoscopy (EGDS) findings in Study II and
corresponding upper gastrointestinal symptoms.

Gastrointestinal symptoms (reflux, regurgitation,
dyspepsia, nausea and bloating) at EGDS
No
Yes
Not reported

n (%)

All EGDS reports

1275

Significant finding in EGDS

314 (24.6%)

Significant finding for SG

294 (23.0%)

105 (35.7%)

144 (49.0%)

45 (15.3%)

Hiatal Hernia
Esophagitis
Barrett´s esophagus
Esophagusdysplasia
Findings significant for gastric bypass

197 (15.5%)
88 (6.9%)
47 (3.7%)
3 (0.2%)
20 (1.6%)

66 (33.5%)
34 (38.6%)
19 (40.4%)
2 ((66.7)
14 (70.0%)

100 (50.8%)
42 (47.7%)
22 (46.8%)
1 /33.3%)
6 (30.0%)

31 (15.7%)
12 (13.6%)
6 (12.8%)
0
0

Peptic ulcer
12 (0.9%)
8 (66.7%)
4 (33.3%)
Atrophic gastritis
7 (0.5%)
6 (85.7%)
1 (14.2%)
GIST
1 (0.1%)
0
1 (100%)
n=Number of cases, SG=Sleeve gastrectomy, GIST=Gastrointestinal stromal tumor
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0
0
0

5.4 ENDOSCOPY FINDINGS AFTER OAGB
In Study I, postoperative UGE was done for seven patients. Three patients had
considerable symptoms (difficulty in swallowing, reflux, heartburn). The UGE
showed marginal ulcer, gastritis and BE, which was also found preoperatively.
Four patients with bile reflux activity in the gastric pouch underwent UGE at
mean 14.4 months after OAGB. Three UGEs were normal. One patient had
mild esophagitis, which was also found preoperatively.
In Study III, preoperative EGDS was done for all 40 patients and
postoperative UGE for 38 patients (95%). A normal finding in preoperative
EGDS with normal biopsies was found in 24 patients (60.0%), whereas 15
(39.5%) had a new abnormal finding in postoperative UGE. All endoscopic
findings of Study III are given in Table 9. Examples of postoperative UGE
findings are shown in Figure 6.
Table 9.
Findings of preoperative esophago-gastro-duodenoscopy
postoperative upper gastrointestinal endoscopy (UGE) OAGB in Study III.

Number of patients
normal
Anastomosis
Inflammation
Ulcer
Foveolar hyperplasia
Stricture
Stomach/gastric pouch
Gastritis levis
Foveolar hyperplasia of inflammation
Benign polyp
Helicobacter pylori -gastritis
Gastro-esophageal junction
Inflammation
Gastric metaplasia
Intestinal metaplasia
Esophagus
Esophagitis

A)

Figure 6

Preoperative
EGDS
40
24 (60.0%)

(EGDS)

UGE at 6 months
after OAGB
38 (95%)
15 (39.5%)

De novo findings
at UGE

7 (18.4%)
4 (10.5%)
1 (2.6%)
1 (2.6%)

7 (18.4%)
5 (10.5%)
1 (2.6%)
1 (2.6%)

8 (20%)
0
2 (5%)
3 (7.5%)

8 (21.1%)
0
0

5 (13.2%)
0
0

4 (10%)
1 (2.55)
1 (2.5%)

6 (15%)
3 (7.5%)
0

6 (15.8%)
3 (7.9%)
0

5 (12.5%)

9 (22.5%)

6 (15.8%)

B)

and

C)

Examples of upper gastrointestinal endoscopy findings after OAGB. A) Esophagitis.
B) Anastomotic ulcer. C) Inflammation and foveolar hyperplasia of the gastic pouch.
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5.5 BILE REFLUX SCINTIGRAPHY FINDINGS
Bile reflux scintigraphies were performed at mean 10.7 months (Study I) and
at 6 months (Study III) after OAGB. Bile tracer activity was detected in the
gastric pouch in 55.5% (5 out of 9 patients) and 31.6% (12 out of 38 patients)
in Studies I and III, respectively. One patient (2.6%) also had bile tracer
activity in the esophagus in Study III (Figure 5). Bile reflux activity in the
esophagus was not found in Study I.
Bile reflux activity in the gastric pouch began at 42.8min (range 23–58) and
36.2min (range 16–54) in Studies I and III, respectively. The highest activity
was observed at mean 54.8min (48–58) and 50.2min (38–60), respectively.
Bile reflux activity was observed until the end of the 90min scan in all positive
scintigraphies. The highest observed bile reflux activity in the gastric pouch
compared to the maximal tracer activity in the liver was mean 6.0% (1–8%)
and 5.2% (1–21%) in Studies I and III, respectively. The only observed bile
reflux activity in the esophagus was 1% of maximal activity in the liver. An
example of a SPECT-CT scan with a positive finding in the gastric pouch as
well as the rate of bile tracer activity in the gastric pouch and liver during the
scan of one patient is shown are shown in Figure 7.
A)

B)

Figure 7

A) SPECT-CT scan of one patient showing bile tracer activity on the gastric pouch
after OAGB. B) Time-activity curve of the dynamic series of bile reflux scintigraphy
six months after OAGB. Bile tracer acitivity in the gastric pouch and liver are shown
(red and yellow lines, respectively). A subsequent rise of tracer activity is seen due
to the reuptake of bile acids into the liver through enterohepatic cycle.
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5.6 ASSOCIATION OF QUESTIONNAIRES,
SCINTIGRAPHY FINDINGS, ENDOSCOPIC FINDINGS
AND REFLUX SYMPTOMS
In Study I, five scintigraphies were positive. Two patients had GerdQ scores
>8, and one of them had a positive scintigraphy. The other patient had nonacidic reflux in a 24h Impedance measurement and significant reflux
symptoms. Two other patients had significant reflux symptoms after OAGB,
but their GerdQ scores were <8 and scintigraphy was negative. One had a
marginal ulcer and the other had intestinal metaplasia in UGE and acidic
reflux at 24h Impedance measurement. The latter patient had a similar finding
in preoperative EGDS.
In Study II, 49.0% of patients with a significant EGDS finding regarding
SG (hiatal hernia, esophagitis, BE) had upper GI symptoms at endoscopy and
35.7% did not have any symptoms (symptoms at EGDS were not reported for
15.3% of patients).
In Study III, 8 patients (21.1%) had a positive scintigraphy and a new
abnormal finding in postoperative UGE, whereas 19 patients (50%) had
neither a new finding in UGE nor a positive scintigraphy (P=0.022, Fisher’s
exact test). Eight patients (20%) experienced de novo upper GI symptoms six
months after OAGB. Six of them had esophagitis and one had an anastomotic
stricture in UGE. Five patients with de novo symptoms had a positive
scintigraphy. In Study III, associations between de novo symptoms after
OAGB and postoperative UGE and BRS findings were both statistically
significant, P=0.0005 and P=0.022, respectively (Fisher’s exact test).

5.7 REOPERATIONS AFTER BARIATRIC SURGERY
In Study I, one patient with intractable reflux symptoms was converted to
RYGB 12 months after OAGB. GerdQ score was 12 and 24h Impedance/pH
measurement showed a continuous non-acidic reflux, but the scintigrapy was
negative.
In Study II, 53 patients underwent SG despite a significant preoperative
EGDS finding (hiatal hernia, esophagitis, BE). None required a reoperation
during the follow-up (median 4.18 years). Ten (18.9%) had, however, several
additional visits due to reflux symptoms. A reoperation was done for 26 (2.6%)
SG patients. Four were originally planned as a two-stage operation (SADI-S).
Thirteen were converted into RYGB due to de novo reflux symptoms.
Complete symptom resolution after reoperation was observed in ten patients,
but three experienced nausea and epigastric pain. Eight were converted to
RYGB due to insufficient weight-loss and one patient was converted to RYGB
due to stenosis caused by spiral stapling in initial operation.
In Study III, no reoperations were done after OAGB during the six-month
follow-up.
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6 DISCUSSION
6.1 IS PREOPERATIVE ENDOSCOPY NECESSARY
PRIOR TO BARIATRIC SURGERY?
In general, a preoperative EGDS is indicated in order to discover a pre-existing
upper GI pathology that has to be taken into consideration in surgery
planning.
Significant EGDS findings regarding a gastric bypass (RYGB or OAGB)
include lesions in the stomach and duodenum that either require immediate
treatment (i.e., gastric or duodenal ulcers, malignant/premalignant tumors in
the stomach or duodenum) or endoscopic follow-up (atrophic pangastritis,
lesions with malignant potential).
Significant findings regarding SG include lesions that either are a sign of
pre-existing GERD or predispose to postoperative GERD. These include hiatal
hernia, esophagitis, esophageal ulcers and BE.
Significant preoperative EGDS findings regarding OAGB are a combination
of SG and RYGB.

6.1.1 ENDOSCOPY PRIOR TO SLEEVE GASTRECTOMY
In Study II, of the 1275 preoperative endoscopies, endoscopic findings of
GERD were found in 294 (23.0%). Of these, 197 (15.5%) were hiatal hernias,
88 (6.9%) esophagitis, 47 (3.7%) BE and 3 (0.2%) esophageal dysplasia. In the
evaluation of 145 asymptomatic patients for Study III, 19 (13.1%) had GERD
findings. Hiatal hernia, esophagitis and BE were detected in 4.8%, 4.1% and
4.1%, respectively. A recent study of preoperative EGDS findings showed
higher incidences of these lesions: hiatal hernias, esophagitis and BE were
found in 32.5%, 33.6% and 15.0% of preoperative EGDS, respectively. Three
cases (0.5%) of distal esophageal adenocarcinoma were also found according
to this paper (218). Despite the high number of endoscopic findings of hiatal
hernia, less than half of them (15.1%) were evident intraoperatively (218). The
paper does not provide details regarding how a possible hiatal hernia was
evaluated intraoperatively. In Study II, 49.0% of patients with endoscopic
GERD findings were symptomatic. Upper GI symptoms were reported for
50.8% of patients with a hiatal hernia, 47.7%, with esophagitis and 46.8% with
BE (Study II). Other studies have also reported that symptoms are not
associated with preoperative endoscopy findings (218,219).
Obesity is a major risk factor of GERD due to increased intra-abdominal
pressure and distension of the EGJ (141,145,220,221). Impairment of EGJ
function in obese patients has been confirmed in studies using high-resolution
manometry and impedance measurements (222,223).
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SG induces gastric restriction, which can increase intragastric pressure and
promote GERD (224,225).
Several studies have shown that SG induces a worsening of pre-existing
GERD symptoms and induces de novo GERD findings (88,93,226,227). BE
has been reported after SG in 14–15% of patients (93,96). In general, GERD
and especially BE are considered at least a relative contraindication to SG
(86,91,93,227,228).
In Study II, 53 patients underwent SG despite a significant finding in
preoperative EGDS suggestive of GERD. None of them required a reoperation
during the follow-up, but ten (18.9%) had several additional visits due to
postoperative reflux symptoms.
The findings in this thesis support the previously reported conclusion that
SG should be avoided in patients with pre-existing GERD and thus a
preoperative EGDS is indicated in order to detect GERD for all patients
planned to undergo SG.

6.1.2 ENDOSCOPY PRIOR TO ROUX-EN-Y GASTRIC BYPASS
In our study of 1275 preoperative endoscopies over nearly ten years, we found
a significant EGDS finding regarding RYGB in 20 patients (1.6%) (Study II).
These included peptic ulcers, atrophic pangastritis and GI stromal tumors. All
patients, but one, were either symptomatic or had a predisposing risk factor
for upper GI pathology (age >50 years, H. pylori infection, NSAID use,
smoking, chronic kidney, lung or heart disease, family history of upper GI
malignancies or previous known upper GI pathology). These risk factors for
gastric pathology have been well established (229,230). We did not find any
malignant tumors in our series. The retrospective study (Study II) included
only patients that had undergone bariatric surgery and it is possible that there
might have been patients with a malignant lesion in EGDS before being
referred to bariatric surgery evaluation and thus were excluded from bariatric
surgery.
A recent study of 636 endoscopies reported 3.5% peptic ulcers and 6.8%
gastric and duodenal polyps. H. pylori gastritis was found in 22.4%, with a
positive urease test in 18.6%. This suggests that 3.8% of H. pylori gastritis
were diagnosed solely in EGDS. They also found one case of gastric carcinoma
(0.16%) and five benign tumors (0.79%). The incidence of gastric pathology
was higher compared to our study. The EGDS findings were not significantly
associated with any comorbidity or BMI in either our study (Study II) or in this
recent analysis (218).
Gastric lesions can often be asymptomatic. In our series, fourteen patients
(70%) with a gastric lesion in EGDS did not have symptoms at the time of
EGDS. Previous reports have shown similar findings (219,231).
RYGB is the gold standard operation for patients with preoperative GERD
(215,232–236). Thus, it is not obligatory to search for asymptomatic GERD
prior to RYGB. It has been argued that BE prevalence is high among bariatric
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patients, and preoperative EGDS should therefore be routinely done for all
patients (218). According to that statement, EGDS would be applied as a
screening investigation and not as a preoperative assessment. Moreover,
intestinal metaplasia has been reported to transform back to normal
epithelium after RYGB (237).
According to several reports and meta-analyses, significant gastric and
duodenal findings are rare at preoperative EGDS, and these patients either
have symptoms or a predisposing factor for upper GI pathology (218,219,238).
The findings of this thesis support the conclusion that a preoperative EGDS
prior to RYGB can be directed at patients with upper GI symptoms and/or a
predisposing factor for upper GI pathology.

6.1.3

ENDOSCOPY PRIOR TO ONE ANASTOMOSIS GASTRIC
BYPASS
OAGB includes a gastric bypass and the same principles apply as with RYGB
regarding preoperative endoscopic findings of the stomach and duodenum. It
is controversial whether endoscopic findings of pre-existing GERD should be
a contraindication to OAGB. According to advocates of OAGB, it is a viable
surgical treatment for GERD. OAGB includes a wide gastrojejunostomy, which
results in a low-pressure gastric pouch and the pressure gradient is towards
the jejunum and not upwards into the EGJ and esophagus (116,239). This is
supported by the findings in high-resolution manometry and impedance
studies by Tolone et al. (240). If there is an existing EGJ insufficiency prior to
OAGB, the intragastric pressure gradient after OAGB may, however, be
towards the EGJ and esophagus. This would result in GERD and postoperative
bile reflux. The IFSO position statement and ASMBS literature review on
OAGB do not take a stand regarding preoperative GERD as a contraindication
to OAGB (81,123). According to a survey of 210 surgeons that perform OAGB,
71.0% routinely perform preoperative EGDS. Of the respondents, 12.9%
consider BE an absolute contraindication for OAGB, whereas 4.3% and 7.6%
consider hiatal hernia and GERD an absolute contraindication (125).

6.2 REOPERATIONS DUE TO GERD AFTER BARIATRIC
SURGERY
6.2.1 AFTER SLEEVE GASTRECTOMY
In Study II, 26 patients (6.4%) required a reoperation after SG during a mean
follow-up of 4.18 years; 13 (3.2%) were due to postoperative reflux symptoms.
None of them had GERD findings in preoperative EGDS. All of them were
converted into RYGB. Ten patients (76.9%) reported no reflux symptoms after
reoperation.
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Reoperations after SG due to postoperative GERD during a five-year
follow-up were 5.8% and 8.4% in two randomised controlled trials
(SLEEVEPASS and SM-BOSS, respectively) (87,88). In both randomised
trials, the reoperations were conversions to RYGB. In a cohort of 103 SG
patients with a 10-year follow-up, reoperation rate due to postoperative reflux
was 11.3%. These patients were converted into RYGB and complete remission
of reflux symptoms was reported after the reoperation (96). Conversion to
RYGB has become a standard treatment in managing postoperative GERD
after SG (235).
It has been stated that application of preoperative EGDS may reduce the
need of reoperation after SG (241). In Study II, 53 patients (18.0%) underwent
SG despite a preoperative endoscopic finding of GERD. None of them required
reoperation during the follow-up. In the SM-BOSS trial, patients with severe
GERD were excluded. Of included SG patients, 43.6% had reported
preoperative reflux symptoms. Symptom remission at 5 years after SG was
seen in 25% and symptom worsening in 31.8%. Of patients without
preoperative reflux symptoms, 31.6% were experiencing de novo GERD at 5
years after SG (88). Overall, 5 years after SG, even after exclusion of patients
with severe GERD, the rate of symptomatic GERD was 50.5%. It is likely that
routine use of preoperative EGDS does reduce the need for reoperation due to
postoperative GERD after SG.

6.2.2 AFTER ROUX-EN-Y GASTRIC BYPASS
Reoperations after RYGB due to GERD have not been reported. In the SMBOSS trial, 60.4% of patients with mild preoperative reflux symptoms
experienced remission of reflux symptoms after RYGB. De novo reflux
symptoms were reported for 10.7% patients without preoperative reflux
symptoms (88).

6.2.3 AFTER ONE ANASTOMOSIS GASTRIC BYPASS
In Study I, one patient needed a reoperation due to postoperative GERD after
OAGB. In the YOMEGA trial, two patients were converted into RYGB due to
severe GERD during a two-year follow-up (99). A systematic review of 12,807
OAGB operations reported 0.6–10% (mean 2.08%) of patients with
postoperative GERD. Most of these patients were managed conservatively
with PPIs and dietary modifications. Reoperations due to GERD were reported
for 0.6–1.6% (122). None of these trials aimed at determining whether
preoperative endoscopic findings were associated with postoperative reflux
symptoms. Moreover, the distinction between gastric and bile reflux was not
made. Postoperative GERD after OAGB can be managed by converting to
RYGB with or without shortening of the gastric pouch (216,242,243). The
other viable option is to create a Braun jejunostomy between the efferent and
afferent loop of the jejunum in order to diminish bile reflux in the gastric
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pouch (121,244). In conclusion, there is not enough evidence to define the role
of preoperative EGDS prior to OAGB.

6.3 BILE REFLUX AFTER ONE ANASTOMOSIS
GASTRIC BYPASS
There has been continuous debate since the first report of MGB/OAGB on
whether bile reflux into the gastric pouch and esophagus is a reason to
discontinue performing these operations. Opinions have mainly been based
on cohort series and two randomised controlled trials that have reported
reflux symptoms and reoperations due to GERD (117,119,245–247).
Previously, no objective findings regarding postoperative bile reflux after
OAGB have been reported, however. We studied bile reflux in two studies
(Study I and III) using a scintigraphic method, endoscopies and symptoms
(self-reported and questionnaire-based).

6.3.1 BILE REFLUX SCINTIGRAPHY
In scintigraphic scans, we found bile reflux in the gastric pouch in 55.6% (5
out of 9 patients) and 31.6% (12 out of 38 patients) in Studies I and III,
respectively. In Study III, one patient (2.6%) also had bile reflux activity in the
esophagus at the end of the scan. In Study I, none had bile reflux activity in
the esophagus.
The only other report on bile reflux scintigraphy after OAGB, by Eldredge
et al., reported bile reflux in the gastric pouch in 75% (6 out of 8 patients). One
of the patients also had bile reflux activity in the esophagus. The amount of
gastric pouch bile reflux activity was 2.0%. In our studies, the mean amount
of bile reflux activity in the gastric pouch was 6.0% and 5.2% in Studies I and
III, respectively; the findings of Eldredge et al. are similar (181).
Other scintigraphic studies after bariatric surgery have been done after SG
by Braghetto et al. and after RYGB by Sundbom et al. and La Vella et al.
(184,186,248). Braghetto et al. detected bile reflux in the stomach after SG in
7 out of 22 symptomatic patients (31.8%). They did not report on
quantification of the bile reflux (184). Sundbom et al. detected bile reflux in
the excluded stomach after RYGB in 8 out of 22 patients (36%). They did not
detect any reflux in the gastric pouch (186). La Vella et al. reported findings of
17 patients who had undergone remnant stomach resection after RYGB due to
remnant gastritis. Seventeen patients were studied with a scintigraphy and all
of them (100%) had bile reflux in the excluded stomach. No bile reflux was
found in the gastric pouch of any of the patients (248).
Previously, scintigraphies have been done in unoperated people. Chen et
al. compared healthy volunteers (n=19) and patients with known bile reflux
(n=28). Scintigraphy was positive in all except one. The amount of bile reflux
ranged 0–8% and 5–27% in healthy individuals and unoperated patients with
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bile reflux, respectively (178). When compared to the size of an unoperated
stomach and a gastric pouch after OAGB, the proportionate amount of bile in
an unoperated stomach is far less than the amount of bile in the gastric pouch
after OAGB because the volume of a gastric pouch is approximately one-tenth
of an unoperated stomach.
Based on the findings of Studies I and III and the available literature, bile
reflux scintigraphy is a reliable method to evaluate postoperative bile reflux
after OAGB.

6.3.2 ENDOSCOPIC FINDINGS
In Study III, postoperative UGE was done for 38 patients 6 months after
OAGB. De novo findings in UGE were discovered in 39.5% of patients. These
findings were mostly not evident macroscopically. Histopathologic de novo
findings included esophagitis (6 patients, 15.8%), EGJ inflammation (6
patients, 15.8%), gastric metaplasia at the EGJ (3 patients, 7.9%), foveolar
hyperplasia in the gastric pouch (5 patients, 13.2%), inflammation of the
anastomosis (7 patients, 18.4%), marginal ulcer (4 patients, 10.5%) and
foveolar hyperplasia and stricture of the anastomosis (1 patient each, 2.6%).
In Study I, postoperative UGE was done for patients with a positive
scintigraphy and for two symptomatic patients with negative scintigraphy.
Esophagitis, gastritis, marginal ulcer and BE were found in four different
patients (14.3% each).
In the YOMEGA trial, UGE was done two years after surgery for 52% of
study participants (58 OAGB patients and 63 RYGB patients) (99). In OAGB
patients, esophagitis was found in 10% and pouch gastritis in 19%. In RYGB
patients, esophagitis and pouch gastritis were found in 3% and 6%,
respectively. Bile in the gastric pouch was found during UGE in 16% of OAGB
patients and no RYGB patients (99). These findings are similar to those in
Studies I and III.
These results show that various signs of inflammation can be observed in
the gastric and esophageal mucosa after OAGB. The report on YOMEGA trial,
as well as large cohort series on OAGB, do not give a more detailed description
of the histopathologic findings after OAGB.
Foveolar hyperplasia has been shown to be induced by bile exposure to the
mucosa (249–251). Marginal ulcer and inflammation are not specific markers
of bile reflux, but they can be related to the OAGB technique with a long
tubular gastric pouch (252). It has not been established whether marginal
ulcers and inflammation are related solely to the anatomical properties of the
long pouch (i.e., blood supply and tension of the anastomosis) or if bile
exposure plays a role.
It has been previously demonstrated in rat models that bile exposure
induces changes in the stomach, EGJ and esophagus that lead to formation of
intestinal metaplasia (152,253). Bile exposure has also been shown to be
associated with development of intestinal metaplasia in human studies
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(150,153–155,254). Development of EAC is more likely through intestinal
metaplasia of the esophagus, but cardiac-type mucosa can also have
carcinogenic potential (152).
According to Studies I and III, as well as previous reports, bile reflux is
often found after OAGB. Bile exposure induces histopathologic changes in the
gastric pouch and in the mucosa of the EGJ and distal esophagus. Such
changes can even progress into malignant lesions in the future. In our studies,
malignant lesions were not found. According to our findings and current
literature, bile reflux in the gastric pouch after OAGB is common, but bile
reflux rarely affects the esophagus.

6.3.3

REFLUX SYMPTOMS AND DISTINCTION BETWEEN BILE
REFLUX AND GASTRIC REFLUX
In Study I, the GerdQ score was applied for reflux symptom detection after
OAGB. Two patients had GerdQ scores >8. One of them had a positive
scintigraphy. Two other patients had significant reflux symptoms, but the
GerdQ score was <8, both of them had a negative scintigraphy. One of them
had a marginal ulcer and the other one had intestinal metaplasia in the
postoperative UGE. GerdQ did not seem to be associated with self-reported
reflux symptoms, scintigraphy findings or UGE findings. Due to small cohort
size, this could, however, not be statistically analysed. In fact, GerdQ was
developed as a tool for general practitioners to detect GERD in non-operated
patients (190). Due to the findings in Study I, GerdQ was not applied in Study
III.
In Study II, reflux symptoms were not significantly associated with
preoperative EGDS findings. Of the 294 patients with a significant EGDS
finding regarding SG, 49.0% had upper GI symptoms, whereas 30% of the 20
patients with a significant finding regarding RYGB had upper GI symptoms. It
has been previously shown that asymptomatic bariatric patients often have
significant findings in EGDS (238,255).
In Study III, reflux symptoms were reported based on interviews during
outpatient visits. No questionnaire was utilised due to the fact that currently
there are no validated questionnaires to distinguish postoperative bile reflux
from other reflux symptoms. All available questionnaires (GerdQ, GSRS,
RDQ) are mainly designed to detect GERD symptoms in general and not
precisely for detecting bile reflux–specific symptoms (187–190).
In Study III, postoperative new upper GI symptoms were reported for eight
patients at six months after OAGB. The reported symptoms (nausea and/or
vomiting, regurgitation, eating problems and reflux) were significantly
associated with scintigraphic and new endoscopic findings postoperatively
(P=0.022 and P=0.0005, respectively). No reoperations needed to be done
during the six-month follow-up. Some of these patients may eventually require
a reoperation, which will be investigated after a longer follow-up of the same
trial.
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In previous studies that have reported postoperative reflux symptoms after
OAGB, there has not been a clear description of symptoms or how reflux
symptoms correlate with objective findings. A large meta-analysis by Mahawar
et al. reported reflux symptoms in 0.6–10% of the patients (122). The
distinction between gastric and bile reflux was not made. Most of the patients
with reflux symptoms had been managed with PPIs and dietary modifications,
essentially with conservative GERD treatments without reoperations (122).
Carbajo et al. reported reflux symptoms in 2.0% of 1200 patients after OAGB
(256). All of them were managed conservatively (256). Taha et al. reported
reflux symptoms in 18 of 1520 patients (1.2%) (257). Fifteen were treated
conservatively and three (0.2%) required a reoperation with a Braun
jejunostomy (257). Musella et al. reported 3.1% patients with reflux symptoms
of a total 974 OAGB patients (258). Four patients (0.4%) with marginal ulcers
required a conversion to RYGB (258). Chevallier et al. reported 7 cases (0.7%)
of bile reflux after 1000 OAGB cases (259). All were converted into RYGB
(259).
In conclusion, based on this data and the findings of Studies I and III, the
distinction between gastric and bile reflux cannot be made solely based on
symptoms. When applying a precise method for bile reflux detection, however,
the symptoms are associated with objective findings.

6.3.4

IS THE RISK OF POSTOPERATIVE BILE REFLUX A REASON TO
DISCONTINUE ONE ANASTOMOSIS GASTRIC BYPASS
OPERATIONS?
The original gastric bypass by Mason and Ito in 1966 consisted of a horizontal
gastric pouch anastomosed to a jejunal loop (71). Over the years, many
patients suffered from bilious vomiting, which resulted in the Roux-en-Y
modification of the bypass technique (260). In 1997, Rutledge developed the
MGB (OAGB) operation with significant modifications to the gastric pouch
and gastrojejunal anastomosis. According to papers by Rutledge et al., the key
features of MGB/OAGB are a long narrow pouch, where the distal end of the
pouch is below the crow’s foot and a wide gastrojejunal anastomosis
(80,111,116). These features have been said to prevent bile reflux towards the
cardia and esophagus. Manometric studies by Tolone et al. have shown that
the intragastric pressure gradient is directed away from the EGJ after OAGB,
and that the EGJ function is not compromised after OAGB (240,261). On the
other hand, a long pouch has been shown to be prone to marginal ulcer
formation (252). A long gastric pouch includes more acid-producing cells,
which can lead to postoperative GERD.
It has been shown in several animal and human studies that continuous
bile exposure to the gastric cardia and distal esophagus can eventually lead to
premalignant lesions of BE and even gastric adenocarcinoma of the cardia or
EAC (150,152–155,262–265). To date, there has been one report of EAC after
OAGB and one report on adenocarcinoma of the gastric cardia (GCAC) after

60

OAGB. The patient that was diagnosed with EAC did not undergo preoperative
EGDS and was a heavy smoker (162). Whereas the patient with GCAC, did
undergo preoperative EGDS with esophagitis. He had reflux symptoms
preoperatively (266). The global incidence of EAC is 0.7 per 100,000 personyears (267). The incidence of GCAC varies between gender and ethnicity
(between 0.5 and 8.1 per 100,000 person-years in African-American women
and Chinese men, respectively). There has not been a report of the actual
number of OAGBs that have been performed thus far, but it is estimated that
over 30,000 OAGBs are being performed annually (13). Therefore, it is likely
that over 100,000 OAGBs have been performed altogether. With the above
incidences of EAC and GCAC, it is suspected that a few new cases of carcinoma
arise, even without the surgery-induced additional risk–increase over the
years. There are no reports on BE incidence after OAGB, which would be more
informative than carcinoma incidence in order to determine whether OAGB
poses a real risk of developing EAC or GCAC.
Based on the available literature and Studies I and III, postoperative GERD
findings and symptoms are fairly often encountered after OAGB. It is difficult
to define whether these symptoms are caused by reflux of duodenal contents
into the gastric pouch and esophagus (bile reflux). Objective findings suggest
that the gastric pouch is often exposed to bile, but bile exposure seems to be
transient and limited to the distal part of the pouch.
Currently there is no evidence that performing OAGB should be
discontinued due to risk of postoperative bile reflux. Prospective studies with
rigorous follow-up including regular UGE studies are mandated.

6.4 STRENGTHS AND LIMITATIONS OF THE STUDIES
Studies I-III have several strengths. Studies I and III are currently the only
prospective studies that have combined bile reflux scintigraphy with
postoperative UGE after OAGB. Preoperative EGDS is also included in Study
III. Study III is part of a prospective randomised trial, with a minimun followup of ten years. During the follow-up, it can be determined if the
histopathologic findings detected in Study III will develop into premalignant
lesions. During the follow-up, the need for reoperation due to intractable
reflux after OAGB will be reported.
In Studies I and III, all operations and follow-up visits including
endoscopies have been performed by a small team of surgeons with standard
protocols for treatment and reporting. Study III has an exceptionally high
follow-up rate of 95%.
Study II consists of all patients, who underwent bariatric surgery in HUH
during a period of 9.5 years. Study II includes 97% of preoperative endoscopies
performed during that period.
There are some limitations to these studies. Study I included a small
number of patients and even though scintigraphies and endoscopies were
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done prospectively, most of the data was collected retrospectively. Study III
included a significantly larger number of patients, but still the number of
patients is fairly small. Scintigraphies are invasive and expensive imaging
studies that expose patients to radiation, so it would have been ethically
questionable to include a high number of patients in Studies I and III. Studies
I and III did not include a routine use of a 24h impedance and pH
measurement. It would have provided additional information about
postoperative GERD after OAGB and would have aided in distinguishing
between gastric and duodenal reflux. The scintigraphic method used in
Studies I and III has some room for improvement. The amount of bile reflux
was to some extent an approximate calculation, because it was based on planar
images with possible disruption of activity of overlapping intestine or
background activity. Studies I–III are limited due to lack of a control group.
Study II is limited due to some heterogeneity in reporting of the endoscopic
findings.

6.5 FUTURE PROSPECTS
It is very important that future studies address the issue of possible
premalignant lesions due to bile reflux after OAGB. This can be achieved by
including endoscopic follow-up to all prospective trials on OAGB.
Patients in Study III are enroled in a randomised controlled trial
comparing OAGB and RYGB. During the ten-year follow-up the evolution of
reflux symptoms and histopathologic findings will be studied. Effects of OAGB
and RYGB regarding weight-loss and effect on comorbidities as well as longterm complications will be compared.
The necessity of preoperative EGDS especially prior to OAGB, needs to be
studied further, preferably in a prospective setting.
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7 CONCLUSIONS

1. Studies I and III show that bile reflux scintigraphy is feasible in
objectively detecting postoperative bile reflux after OAGB.
2. According to the findings in Study II, approximately one-quarter of
patients had a significant finding in preoperative EGDS. Most of these
findings were significant regarding SG.
3. Based on the findings in Study II, preoperative endoscopies should be
done for all patients prior to SG, whereas preoperative EGDS prior to
a gastric bypass can be directed at patients with a predisposing risk
for gastric pathology.
4. Bile reflux was detected in the scintigraphy in roughly one-third of
patients after OAGB in Study III. One case of esophageal bile reflux
was discovered. Endoscopic findings after OAGB included
histopathologic lesions suggestive of GERD in over one-third of
patients.
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