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Abstract Background: Intragastric balloons represent an endoscopic therapy aimed at achieving weight 
loss by mechanical induction of satiety. Their exact role within the bariatric armamentarium 

remains uncertain. 
Objective: Our study aimed to evaluate the use of intragastric balloon therapy alone and before 
definite bariatric surgery over a 16-year period. 
Setting: A large city academic bariatric center for super-obese patients. 
Methods: Between January 2000 and February 2016, 207 patients underwent ORBERA intragas- 
tric balloon placement at esophagogastroduodenoscopy. Four surgeons performed the procedures, 
and data were entered prospectively into a dedicated bariatric database. Patients’ weight loss data 
were measured through body mass index (BMI) and excess weight loss and recorded at each 
clinic review for up to 5 years (60 mo). Treatment arms included intragastric balloon alone with 
lifestyle therapy or intragastric balloon and definitive bariatric surgery: gastric banding, sleeve 
gastrectomy, or Roux-en-Y gastric bypass. An additional treatment arm of analysis included the 
overall results from intragastric balloon followed by stapled procedure. 
Results: One hundred twenty-nine female and 78 male patients had a mean age of 44.5 ( ±11.3) 
years and a mean BMI of 57.3 ( ±9.7) kg/m 

2 . Fifty-eight percent of patients suffered from type 2 
diabetes. Time from initial or first balloon insertion to definitive surgical therapy ranged between 
9 and 13 months. Seventy-six patients had intragastric balloon alone, and 131 had intragastric 
balloon followed by definitive procedure. At 60 months postoperatively the intragastric balloon 
alone with lifestyle changes demonstrated an excess weight loss of 9.04% and BMI drop of 3.8; 
intragastric balloon with gastric banding demonstrated an excess weight loss of 32.9% and BMI 
drop of 8.9. Intragastric balloon and definitive stapled procedure demonstrated a BMI drop of 17.6 
and an excess weight loss of 52.8%. Overall, there were 3 deaths (1.4%), 2 within 10 days due 
to acute gastric perforation secondary to vomiting and 1 cardiac arrest at 4 weeks postoperatively. 
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Conclusion: Intragastric balloons can offer effective weight loss in selected super-obese patients 1 

within a dedicated bariatric center offering multidisciplinary support. Balloon insertion alone offers 2 

only short-term weight loss; however, when combined with definite bariatric surgical approaches, 3 

durable weight loss outcomes can be achieved. A strategy of early and continual vigilance for 4 

side effects and a low threshold for removal should be implemented. Surgeon and unit experience 5 

with intragastric balloons can contribute to “kick starting” successful weight loss as a bridge to 6 

definitive therapy in an established bariatric surgical pathway. (Surg Obes Relat Dis 2018;xxx:xxx–7 

xxx.) © 2018 American Society for Bariatric Surgery. Published by Elsevier Inc. All rights 8 

reserved. 9 
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As global rates of obesity and its associated metabolic Q2 
11 

dysfunction have risen [1] , there have been several surgi- 12 

cal approaches designed to decrease obesity in light of Q3 
13 

the limitations with diet and lifestyle therapies. While 14 

bariatric surgery demonstrates very consistent rates of obe- 15 

sity decrease and control, the perceived degree of operative 16 

trauma associated with these operations and the significant 17 

anesthetic and operative risk associated with super-obese 18 

(SO) patients has led to alternative approaches to man- 19 

age dietary caloric intake. One approach based on an en- 20 

doscopic insertion platform includes intragastric balloons 21 

(IGB) designed to induce persistent mechanical satiety in 22 

obese patients. 23 

A collaborative analysis showed that a raised body mass Q4 
24 

index (BMI) is associated with an average mortality in- 25 

crease of roughly 30% per 5 kg/m 

2 in BMIs > 25 kg/m 

2 
26 

[2,3] . Supported by a wealth of evidence including ran- 27 

domized control trials and observational studies, bariatric 28 

surgery has been in the U.S. clinical guidelines since 1991 29 

[4] . Surgery has been shown to be the only effective long- 30 

term approach to obesity and carries additional benefits, 31 

such as reduction in mortality and co-morbidities includ- 32 

ing sleep apnea, cardiovascular risk factors, and diabetes 33 

[5–8] . However, there are significant risks involved with 34 

bariatric surgery [5] , and there has therefore been interest 35 

in developing less invasive methods, such as endoscopic 36 

interventions, one of which is the IGB. 37 

The first commercially available balloon was the Garren- 38 

Edwards gastric bubble. Made of polyurethane and filled 39 

with 200 to 220 mL of air, these were first put to use in the 40 

United States in 1985 [9] . However, they had significant 41 

adverse effects and disappointing weight loss results. They 42 

were therefore removed from the market [9,10] . New and 43 

improved devices have been developed since, with a variety 44 

of balloons currently available, each consisting of 1 or 2 45 

silicon-based spheres filled with air, helium, or fluid. Most 46 

are endoscopically placed; however, newer models can be 47 

swallowed with an attached catheter. Balloons are in regu- 48 

lar use throughout Europe; in contrast, the U.S. Food and 49 

Drug Administration only approved the first new balloon in 50 

July 2015 [11] . So far in the United States, 3 balloons have 51 

been approved: ReShape Integrated Dual Balloon System, 52 

Orbera Intragastric Balloon System, and the Obalon bal- 53 

loon system [12] . 54 

IGBs are relatively new tools for U.S. bariatric teams, 55 

and there is a need for further data to evaluate their ef- 56 

fectiveness and determine which role they fulfill within 57 

bariatric pathways. Meta-analyses show that the IGBs ap- 58 

proved in the United States meet minimum requirements 59 

for incorporation into clinical practice [13] ; however, there 60 

is a lack of data looking at the long-term weight loss 61 

post-IGB removal [14] . IGBs have been shown to produce 62 

significant weight loss of between 34% and 50% excess 63 

weight loss (EWL) initially [12] . However, the results are 64 

short lasting, with evidence of weight gain postremoval 65 

[10] . Results 12 months after removing the Orbera bal- 66 

loon have been between 14.2% and 27.2% EWL [10] . The 67 

morbidities noted are flatulence, abdominal fullness, ab- 68 

dominal pain, abdominal discomfort, and gastric ulceration 69 

[15] . 70 

IGB patients in the United Kingdom in our central city 71 

(London) bariatric unit’s pathway are of the SO category 72 

and classified with a BMI > 50 kg/m 

2 . These patients suf- 73 

fer from complex health issues, and bariatric procedures 74 

in this population are often unsatisfactory [16] and accom- 75 

panied by increased morbidity and mortality [17–19] . A 76 

retrospective analysis from 1 bariatric center identified that 77 

in a 5-year period the SO population had 4 times the num- 78 

ber of complications experienced in the obese group, and 79 

80% of all deaths related to bariatric surgery occurred in 80 

the SO group [20] . In addition to the increased morbid- 81 

ity and mortality, SO patients also stay longer in hospi- 82 

tal, have increased readmission rates, and require longer 83 

operation times [21,22] ; they therefore accrue increased 84 

costs. 85 

The increased risks associated with SO patients are re- 86 

lated to greater technical difficulty in surgery, increased 87 

prevalence of co-morbidities, and limited mobility [20] of 88 

patients during the immediate recovery period. Due to 89 

these risks, most centers require a preoperative weight 90 

loss of approximately 10%, which has been shown to re- 91 

duce risks [22] and reduce postoperative complications 92 

[23] . Weight loss has also been shown to be associ- 93 

ated with a reduction in liver size [24] , which reduces 94 
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surgical complexity [25] , and shorter operating times 95 

[26,27] , shorter hospital stays [28] , and less deviation from 96 

planned surgery [29] . Methods to achieve this goal include 97 

diet and exercise, pharmacologic interventions, hospital- 98 

ization with calorie restriction, and the use of endoscopic 99 

bariatric procedures, such as the insertion of IGBs. IGBs 100 

have been shown to effectively reduce liver size in SO pa- 101 

tients [30] , and a recent systematic review concluded that 102 

they were more effective than low-calorie diets [31] . There- 103 

fore, IGBs appear to be a beneficial addition to a bariatric 104 

pathway by reducing the need for invasive operations at 105 

SO weight categories by presenting them at lower, more 106 

manageable levels of obesity (morbid obesity and lower), 107 

thereby reducing operative risks. 108 

The purpose of this study was to describe our results 109 

using IGBs alone and before definite weight loss surgery 110 

in a large city academic bariatric center. 111 

Methods 112 

Intragastric balloon technique and follow-up 113 

After the bariatric multidisciplinary decision to per- 114 

form IGB therapy, informed consent was obtained from 115 

patients. General anesthesia was administered, and com- 116 

plete diagnostic gastroduodenoscopy was performed 117 

assessing the esophagus, stomach, and duodenum. If 118 

no contraindications to balloon insertion were present 119 

(e.g., macroscopically visible gastrointestinal pathology 120 

or large hiatus hernia), the endoscope was removed and, 121 

with anesthetic guidance, a prerolled silicone balloon 122 

(ORBERA; Apollo Endosurgery, Inc.) was inserted into 

Q5 
123 

the stomach. The endoscope was then reintroduced; under 124 

direct observation, the balloon placed at the fundus was 125 

filled with saline mixed with 2% methylene blue (500 mL 126 

for an initial balloon and 700 mL for a second balloon). 127 

Patients were admitted for monitoring of tolerance to 128 

the balloon, initial intravenous antiemetics, and proton 129 

pump inhibitors. If patients recovered well, they would 130 

be discharged with view to early clinic review within a 131 

week and prescription of a liquid diet for 2 weeks after 132 

insertion. Specific post-IGB medication prescribed was 133 

based on our institutional protocol and consisted of an 134 

antihistamine (cyclizine), an antimuscarinic (hyoscine), a 135 

dopamine receptor antagonist (metoclopramide), a 5 HT3 136 

receptor antagonist (ondansetron), and, when necessary, an 137 

NK1 receptor antagonist (Aprepitant). Urgent readmission 

Q6 
138 

and balloon explantation was performed if there were any 139 

signs of persistent nausea, fluid intolerance, uncontrolled 140 

vomiting, or risk of perforation. Six months after insertion, 141 

the balloon was removed. Based on extent of weight loss 142 

and progress, either a second balloon was inserted to 143 

achieve further weight loss or, if adequate weight loss was 144 

achieved (minimum 20% EWL), patients found by the 145 

MDT to be appropriate and willing would undergo defini- Q7 
146 

tive bariatric surgery (gastric banding, sleeve gastrectomy, 147 

or Roux-en-Y gastric bypass). After initial follow-up 148 

within the first week of insertion, patients would have a 149 

baseline monthly follow-up. If necessary, more frequent 150 

and ad hoc follow-up would be instigated based on regular 151 

communication with the patient and clinical status. 152 

Methods and statistical analysis 153 

Patient demographic characteristics, weight indices, clin- 154 

ical status, and metabolic scores were entered prospectively 155 

into an institutional bariatric database setup at the mil- 156 

lennium and completed for review of all patients over a Q8 
157 

16-year period. Institutional review board approval for data 158 

review and analysis was obtained. The mean and stan- 159 

dard error of BMI and the EWL of patients was calcu- 160 

lated at baseline and at sequential monthly time points 161 

after insertion of IGBs for up to 60 months (5 yr) af- 162 

ter initial insertion. As patients did not attend follow-up 163 

assessments at exactly equivalent time points after inser- 164 

tion of IGBs, overall patient results at set postinsertion 165 

time points were imputed and calculated using polynomial 166 

regression. All analyses were performed in the statistical 167 

package R (R Core Team, Vienna, Austria). Patient weight 168 

loss results were tabulated and presented graphically. Anal- 169 

ysis included the results of IGB alone with lifestyle ther- 170 

apy or IGB and definitive bariatric surgery (gastric band- 171 

ing, sleeve gastrectomy, or Roux-en-Y gastric bypass). An 172 

additional treatment arm of analysis included the overall 173 

results from IGB followed by a definitive stapled proce- 174 

dure (either sleeve gastrectomy or Roux-en-Y gastric by- 175 

pass) as this would allow comparison of results with gas- 176 

tric banding due to the differential mechanisms associated 177 

with weight loss between the 2 categories of procedures. A 178 

subgroup of patients required 2 balloons before definitive 179 

surgery; however, due to the limited number of patients 180 

in this group, it was not possible to perform a statistical 181 

comparison of those who had 1 versus 2 balloon insertions 182 

before surgery. 183 

Results 184 

Patient characteristics 185 

Two hundred seven patients were included in the study, 186 

of whom 76 (31%) underwent IGB placement only, 51 187 

(21%) had IGB followed by gastric band, 53 (22%) had 188 

IGB followed by gastric bypass surgery, and 27 (11%) 189 

had IGB followed by gastric sleeve surgery. The choice 190 

of intervention was based on a discussion in a dedicated 191 

bariatric MDT as well as patient preference. Although 192 

the aim of the insertion of gastric balloons was to ulti- 193 

mately prepare patients for definitive bariatric surgery, in 194 

certain cases the decision was made not to proceed with 195 

further intervention. This depended on clinical status and 196 
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Table 1 
Demographic characteristics of patients included in study, according to surgical procedure Q9 

Total Balloon only Band Bypass Sleeve 

Number of patients 
n (%) 207 (100) 76 (37) 51 (25) 53 (26) 27 (13) 

Age 
Mean (SD) 44.9 ( ±11.6) 44.7 ( ±13.0) 45.8 ( ±10.8) 42.6 ( ±10.7) 48.2 ( ±10.0) 

Sex 
Male 78 (38%) 32 (42%) 20 (39%) 17 (32%) 9 (33%) 
Female 129 (62%) 44 (58%) 31 (61%) 36 (68%) 18 (67%) 

Race ∗
White 142 (69%) 50 (66%) 40 (78%) 38 (72%) 14 (52%) 
Black 18 (9%) 5 (7%) 3 (6%) 6 (11%) 4 (15%) 
South Asian 10 (5%) 4 (5%) 2 (4%) 3 (6%) 1 (4%) 
Mixed/other 20 (10%) 9 (12%) 4 (8%) 4 (8%) 3 (11%) 
Not stated 17 (7%) 8 (11%) 2 (4%) 2 (4%) 5 (19%) 

T2D 

None 127 (61%) 45 (59%) 36 (71%) 30 (57%) 16 (59%) 
Impaired glucose tolerance 10 (5%) 2 (3%) 1 (2%) 5 (9%) 2 (7%) 
Oral treatment 48 (23%) 20 (26%) 8 (16%) 12 (23%) 8 (30%) 
Insulin 13 (6%) 5 (7%) 5 (10%) 3 (6%) 0 (0%) 
Missing 9 (4%) 4 (5%) 1 (2%) 3 (6%) 1 (4%) 

Initial weight, kg 
Median (IQR) 161.4 (143.0–178.4) 163.5 (141.2–184.7) 150.6 (139.9–169.2) 161.4 (148.0–173.0) 175.8 (164.5–193.2) 

Initial BMI, kg/m ², mean 
(SD) 

57.5 ( ±9.8) 57.7 ( ±11.5) 53.9 ( ±6.9) 57.3 ( ±8.1) 64.4 ( ±9.3) 

Time before next procedure, 
mo, median (IQR) 

11.5 (8.1–16.1) N/A 11.1 (8.0–17.1) 13.1 (9.0–16.8) 9.5 (7.5–12.8) 

Follow-up 
Mean follow-up time, mo 44.3 ( ±37.1) 20.5 ( ±20.7) 69.6 ( ±37.2) 57.9 ( ±37.7) 36.7 ( ±28.5) 

SD = standard deviation; T2D = type 2 diabetes; IQR = interquartile range; BMI = body mass index; N/A = . 
∗ Self-reported. 

inappropriate weight loss with balloon, as determined by 197 

the MDT. 198 

Mean age was 44.5 (standard deviation [SD] ±11.3) 199 

years, ranging from a mean of 42.6 (SD ±10.7) for the 200 

bypass group to 48.2 (SD ±10.0) for the sleeve group. 201 

The majority of patients were female (64%). Most patients 202 

(68%) were white. 203 

Starting weight median was 161.4 kg (interquartile range 204 

[IQR], 143.0–178.2), with a mean BMI of 57.3 (SD ±9.7) 205 

kg/m 

2 . 206 

Follow-up was performed at regular intervals, depending 207 

on the protocol of the final surgery performed. Overall, 208 

there was a total of 2734 data points at which the patients 209 

were weighed. The mean follow-up time was 50.5 months 210 

( ±40.1), ranging from a mean of 20.5 months for IGB 211 

alone to a mean of 69.6 months for those undergoing IGB 212 

followed by gastric band insertion. 213 

For those patients (69%) in whom a second procedure 214 

was performed, the mean time from initial IGB insertion 215 

to conversion to second procedure was 11.1 months (IQR, 216 

8.0–16.1). The second procedure was performed at a min- 217 

imum of 3 weeks and maximum of 2 months postremoval 218 

of IGB. In the interval, the patients were put on a liver 219 

shrinkage diet. Further demographic characteristics of the 220 

patient populations are shown in Table 1 . 221 

Weight loss 222 

We assessed weight loss according to decrease in BMI 223 

and EWL (in percent) in the following groups: IGB 224 

alone, IGB + gastric banding, IGB + sleeve gastrectomy, 225 

IGB + Roux-en-Y gastric bypass, and IGB + stapled pro- 226 

cedures (either sleeve gastrectomy or Roux-en-Y gastric 227 

bypass). The choice was made to combine the analysis of 228 

the stapled procedures in a separate analysis arm due to 229 

their distinct metabolic effects. The weight loss measured 230 

at specific follow-up time points can be seen in Table 2 . 231 

Balloon only and lifestyle interventions 232 

Thirty-one percent of patients were in the group that un- 233 

derwent balloon insertion combined with lifestyle interven- 234 

tion alone. Their EWL after 12 months was 17.6% (stan- 235 

dard error ±1.8), and this was maintained at 24 months, 236 

with EWL of 17.2% (standard error ±2.1). However, 237 

follow-up > 2 years showed some reduction in weight loss, 238 

with an EWL at 60 months of 9% only ( Fig. 1 ). 239 

Balloon and gastric banding 240 

Fifty-one patients had balloon insertion and gastric 241 

banding. The band was inserted at a mean of 11.1 months 242 
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Table 2 
Weight loss results according to decrease in body mass index (BMI) and excess

BMI decrease 

Follow-up, mo 2 6 
Proportion of postoperative follow-up 98% 91% 

IGB + lifestyle 4.3 5.0 
IGB + gastric banding 4.7 5.8 
IGB + sleeve gastrectomy 5.4 8.1 
IGB + Roux-en-Y gastric bypass 3.9 7.8 
IGB + stapled procedure 4.1 8.0 

Excess weight loss, % 

Follow-up, mo 2 6 1

I 1
I 2
I 3
I 3
I 3

a243 

l244 

h245 

a246 

B247 

248 

s249 

p250 

t251 

o252 

h253 

w254 

B255 

256 

g257 

(258 

t259 

t260 

B261 

262 

o263 

y264 

E265 

266 

3267 

t268 

t269 

a270 

M 271 

272 

w 273 

c 274 

o 275 

a 276 

D 277 

278 

fi 279 

g 280 

d 281 

b 282 

I 283 

t 284 

t 285 

d 286 

d 287 

288 

p 289 

a 290 

p 291 

l 292 

m 293 

t 294 

c 295 

a 296 

a 297 

e 298 

r 299 

a 300 

o 301 

5 302 
GB + lifestyle 14.2 14.5 
GB + gastric banding 16.2 19.4 
GB + sleeve gastrectomy 10.6 19.6 
GB + Roux-en-Y gastric bypass 11.2 22.1 
GB + stapled procedure 10.5 21.3 

IGB = intragastric balloon. 

fter IGB insertion (IQR, 8.0–17.1). In this group weight 
oss at month 12 was 22.9% EWL. After 60 months this 
ad increased even further to 32.9% EWL. This was equiv- 
lent to a change in BMI of −8.9 kg/m 

2 ( Fig. 1 ). 

alloon and sleeve gastrectomy 

Twenty-seven patients had IGB insertion followed by 

leeve gastrectomy. The definite surgical procedure was 
erformed a mean of 9.5 (IQR, 7.5–12.8) months after ini- 
ial IGB insertion. This cohort had lost a mean of 31.6% 

f excess weight after 12 months. At year 5, this number 
ad increased to 39.8% EWL, with a peak at 36 months 
ith mean EWL 43.7% ( Fig. 1 ). 

alloon and Roux-en-Y gastric bypass 

Fifty-three patients had IGB followed by Roux-en-Y 

astric bypass. On average the bypass was performed 13.1 

IQR, 9.0–16.8) months after IGB insertion. At 12 months 
hese patients had an average of 35.9% EWL. At 5 years 
his had increased to a mean of 56.0% EWL ( Fig. 1 ). 

alloon and stapled procedures 

Combining the 2 stapled procedures gives a total number 
f 80 patients. This cohort had a mean of 35.0% EWL at 
ear 1 and 52.8% EWL at year 5 ( Fig. 1 ). 

arly explant rate 

The early explant rate in this cohort of patients was 
.8%, with 8 explants within 14 days after insertion for 
he following reasons: (1) excess vomiting, (2) fluid in- 
olerance, (3) coffee ground vomiting, and (4) persistent 

bdominal pain. i
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 weight loss 

12 18 24 36 60 
83% 66% 61% 45% 30% 

6.1 6.6 6.8 5.4 3.8 
7.0 7.7 8.0 7.5 8.9 
12.6 18.1 22.2 20.1 14.1 
12.5 16.1 18.5 19.5 18.4 
13.0 16.8 19.2 19.7 17.6 

2 18 24 36 60 

7.6 17.9 17.2 12.0 9.0 
2.9 25.2 26.2 25.4 32.9 
1.6 41.7 47.1 43.7 39.8 
5.9 46.6 53.8 58.4 56.0 
5.0 45.4 51.6 54.8 52.8 

ortality 

The mortality rate in this cohort of patients was 1.4%, 
ith a total of 3 deaths over 16 years. Two of these oc- 

urred within 10 days due to acute gastric perforation sec- 
ndary to excess vomiting. One patient suffered cardiac 
rrest at 4 weeks postoperatively. 

iscussion 

Our results demonstrate the long-term weight loss ef- 
cacy of IGB when used as an initial weight loss trig- 
er in the context of an established bariatric pathway with 

efinitive bariatric procedures (such as Roux-en-Y gastric 
ypass and sleeve gastrectomy). While the application of 
GBs before definite bariatric surgery is an accepted prac- 
ice in some centers [32–34] , our results further support 
his approach, with additional evidence demonstrating the 
urability of IGBs in SO as a bridge to definitive proce- 
ures through a stapled weight loss operation. 

The weight loss effects of IGBs have been reported in 

revious studies with high variability in reported outcomes 
nd differ considerably with the reported outcomes of sta- 
led bariatric operations where there are more consistent 
ong-term weight loss effects at 1 and 5 years [8] . This 
ay be partly explained by the predominant retrospec- 

ive reporting and the heterogeneity of patient demographic 
haracteristics, co-morbidities, and initial BMIs. One meta- 
nalysis of 16 studies revealed an average of 32.1% EWL 

t balloon removal [35] , while a 2016 systematic review 

stimated EWL at 36.2% [22] . However, the long-term 

esults of IGBs without subsequent bariatric procedures 
re more disappointing, with 1 study demonstrating that 
nly 23% of participants retained an EWL of > 20% after 
 years, despite 83% of patients having had this degree of 

nitial weight loss [36] , whereas 85% of patients with class 303 

alloon outcomes in super-obesity: a 16-year city center 
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 321 

 322 

 323 
Fig. 1. Excess weight loss results after intragastic balloon insertion. (a) B
(d) Balloon and Roux-en-Y gastric bypass. 

III obesity demonstrated weight regain within 2 years of
balloon treatment [37] . 

Our data are consistent with these studies demonstrat-
ing that IGBs give fast short-term weight reduction, with
EWL after 18 months at 17.9% (BMI decrease of 6.1
from baseline); however, the effects are transient, and
the majority of patients regain weight after removal. At
5 years after IGB insertion, the average EWL was only
9% (BMI decrease of 3.8 from baseline). Conversely
with IGB and subsequent stapled bariatric procedure, the
Please cite this article as: Hutan Ashrafian et al., Intragastric 
hospital series, Surgery for Obesity and Related Diseases (201
only. (b) Balloon and gastric banding. (c) Balloon and sleeve gastrectomy

5-year average EWL was 52.8% (BMI decrease of 17.6
from baseline). Based on our data, we suggest the use of
definite bariatric surgery after IGB removal to continue
weight loss and maintain a lower weight over a long time
period. 

Our results also demonstrate superior weight loss effect
with Roux-en-Y gastric bypass (EWL of 56% and BMI de-
crease of 18.4) compared with sleeve gastrectomy (EWL of
39.8% and BMI decrease of 14.1) after IGB insertion. Yet
patients undergoing either of these as a stapled bariatric
balloon outcomes in super-obesity: a 16-year city center 
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procedure demonstrated superior weight loss results com- 324 

pared with IGB with lifestyle and IGB with gastric band- 325 

ing. However, these results were not directly comparable 326 

as the study patients were not matched for this compar- 327 

ison, and further research is necessary to assess any dif- 328 

ference between postoperative outcomes in IGB patients 329 

who undergo these procedures. Additionally, as with pa- 330 

tients undergoing bariatric surgery without IGBs, our co- 331 

hort who had IGBs also demonstrated a degree of weight 332 

regain over a 5-year period. Nonetheless, it is likely that 333 

the mechanisms of weight loss and metabolic enhance- 334 

ment in patients undergoing a definitive bariatric oper- 335 

ation after balloon weight may resemble that of weight 336 

loss in nonballoon patients. These include the immediate 337 

BRAVE effects (bile flow changes, restriction of stomach 338 

size, anatomic gastrointestinal rearrangement, vagal manip- 339 

ulation, enteric hormonal modulation) of surgery that then 340 

lead to the multiple downstream effects of metabolic pro- 341 

cedures ranging, including changes in the gut microbiome 342 

to local metabolic physiology shifts (intestinal gluconeo- 343 

genesis) and adipokine fluxes [38] . 344 

While the application of IGBs has been applied as a safe 345 

approach to reduce weight, and thereby reduce bariatric 346 

operative risk [39] , these endoscopically inserted devices 347 

carry their own risks. Systematic reviews have estimated 348 

early removal at between 3.5% and 7% [13,22] . The most 349 

common complications included nausea/vomiting, abdomi- 350 

nal pain, and GORD. Serious complications are rarer; how- Q10 
351 

ever, they include events such as mortality, gastric perfora- 352 

tion, gastric necrosis, and bowel obstruction [22] . Adverse 353 
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The mortality rate noted in our cohort (1.4%) is be- 379 

low that noted by other researchers in SO patients at 30 380 

days postoperatively ( ∼2% in some centers) [18] , although 381 

other rates of 1.4% have also been quoted [20,42,43] . How- 382 

ever, as this surgical approach nevertheless represents a 383 

significant risk, decisions about such management should 384 

be taken by a dedicated bariatric team and the management 385 

approach mentioned earlier should be stringently adopted. 386 

Close patient monitoring and urgent intervention upon sus- 387 

picion of significant side effects is essential. Other methods 388 

for reducing weight preoperatively may also be considered, 389 

such as the use of a very low calorie diet (VLCD). This is 390 

less invasive than IGBs, but it does present its own issues, 391 

such as frequent side effects and poor adherence. Further- 392 

more, a recent systematic review showed that IGBs are 393 

more effective than VLCD in reducing liver volume before 394 

surgery; however, the authors do note the need for further 395 

high-powered evidence in comparing weight loss methods 396 

and the practicality of a VLCD approach. Based on our 397 

anecdotal experience of poor adherence to the VLCD ap- 398 

proach in SO patients, we believe that IGBs offer a better 399 

method of triggering weight loss before bariatric surgery 400 

in this group of patients. Furthermore, it has been noted 401 

by other researchers that due to the need for significant 402 

preoperative weight loss in the SO cohort of patients, the 403 

use of IGB is likely to be the most effective method in 404 

this cohort [31] . 405 

Our study carries limitations of the lack of randomiza- 406 

tion and inequality in numbers of patients between groups, 407 

as well as the methodologic bias of performing retrospec- 408 
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vents may be more common in the SO population due to 

he risk profile of these patients, including a higher preva- 
ence of serious co-morbidities. 

A strategy of early and continual vigilance for side 
ffects and a low threshold for removal should be imple- 
ented. This includes suspicion of persistent vomiting, 

ain and signs preempting perforation, and other serious 
vents. While we had an early explant rate of 3.8%, 
ur overall series had 3 mortalities. This resulted in our 
nstitutional implementation of a strict 1-week liquid 

iet after IGB insertion, early clinic review within 7 

ays of discharge, and regular communication with pa- 
ients through telephone reviews by our nurse clinician. 
urthermore, medical management is key in lowering 

ncidence of complications, and a regime of antiemetics 
nd long-term proton pump inhibitors has been noted to 

educe these symptoms [40,41] . Our institutional protocol 
ncludes rigorous antivomiting blockade of the neurologic 
omiting pathway. These include antihistamines (e.g., 
yclizine), antimuscarinics (e.g., hyoscine), dopamine re- 
eptor antagonists (e.g., metoclopramide or domperidone), 
 HT3 receptor antagonists (e.g., ondansetron), and, where 
ecessary, NK1 receptor antagonists (e.g., Aprepitant). All 
atients also receive proton-pump inhibitor therapy while 

he balloon is in situ. b 431 

Please cite this article as: Hutan Ashrafian et al., Intragastric b
hospital series, Surgery for Obesity and Related Diseases (2018
ive analysis. These data allow us to look at the weight loss 
aintained several years beyond previous studies. How- 

ver, these patients had a variable follow-up, and there is 
ikely to be a tendency toward longer follow-up for those 
atients who were unsatisfied with their results or expe- 
ienced complications. Therefore, the data may underesti- 
ate the true weight loss achieved for these groups in the 

ong term. 
A further limitation is the lack of data on complications 

n this study. Due to the long-term nature of data collec- 
ion, there has not been a consistent way of cataloguing 

orbidity associated with the procedures. We are there- 
ore unable to comment on this aspect beyond noting the 
ortality. 

onclusion 

In this paper, we report our long-term, single-institute 
xperience in using the IGB alone and as a precursor to 

efinite bariatric surgery for SO patients at a large city spe- 
ialist bariatric center. We show a small effect in weight 
oss when using IGB and lifestyle changes alone, and these 
ffects appear to be short term. However, a large and sus- 
ained weight loss effect is shown when IGBs are com- 
ined with definite bariatric surgery, in particular stapled 
alloon outcomes in super-obesity: a 16-year city center 
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procedures. We suggest that IGBs have utility in a wider 432 

bariatric context and are an effective bridge to definitive 433 

therapy but require appropriate follow-up in a dedicated 434 

center. The future in this field includes more robust re- 435 

search in higher quality studies identifying the exact weight 436 

and metabolic outcomes and side-effect characteristics of 437 

these procedures at multiple weight categories and patient 438 

co-morbidities. The role of the IGB is gaining increased 439 

definition; however, its role continues to evolve in an era of 440 

multiple new antiobesity and metabolic enhancing strate- 441 

gies designed to combat the growing problem of worldwide 442 

obesity and its associated metabolic dysfunction. 443 
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