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Abstract
Background  Bariatric surgery on patients with body mass index (BMI) ≥ 50 kg/m2, historically known as superobesity, is 
technically challenging and carries a higher risk of complications. Bridging interventions have been introduced for weight 
loss before bariatric surgery in this population. This systematic review and meta-analysis aims to assess the efficacy and 
safety of bridging interventions before bariatric surgery in patients with BMI ≥ 50 kg/m2.
Methods  MEDLINE, EMBASE, Web of Science, and Scopus were searched from database inception to September 2018. 
Studies were eligible for inclusion if they conducted any bridging intervention for weight loss in patients with BMI greater 
than 50 kg/m2 prior to bariatric surgery. Primary outcome was the change in BMI before and after bridging intervention. 
Secondary outcomes included comorbidity status after bridging interventions and resulting complications. Pooled mean 
differences (MD) were calculated using random effects meta-analysis.
Results  13 studies including 550 patients met inclusion criteria (mean baseline BMI of 61.26 kg/m2). Bridging interventions 
included first-step laparoscopic sleeve gastrectomy (LSG), intragastric balloon (IGB), and liquid low-calorie diet program 
(LLCD). There was a reduction of BMI by 12.8 kg/m2 after a bridging intervention (MD 12.8, 95% CI 9.49–16.1, P < 0.0001). 
Specifically, LSG demonstrated a BMI reduction of 15.2 kg/m2 (95% CI 12.9–17.5, P < 0.0001) and preoperative LLCD by 
9.8 kg/m2 (95% CI 9.82–15.4, P = 0.0006). IGB did not demonstrate significant weight loss prior to bariatric surgery. There 
was remission or improvement of type 2 diabetes, hypertension, and sleep apnea in 62.8%, 74.6%, and 74.6% of patients, 
respectively.
Conclusions  First-step LSG and LLCD are both safe and appropriate bridging interventions which can allow for effective 
weight loss prior to bariatric surgery in patients with BMI greater than 50 kg/m2.
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The global population’s mean body mass index (BMI) has 
been increasing steadily since 1980 [1]. Between 2000 and 
2005, the prevalence of patients with BMI ≥ 50 kg/m2, his-
torically known as superobesity, increased by 75% within 
the United States [2]. Along with this trend, the incidence 
of bariatric procedures within North America has been 
steeply rising for decades [3–5]. Within the cohort of patients 
with BMI ≥ 50.0–59.9 kg/m2 and BMI ≥ 60 kg/m2 (super-
superobesity) who elect for bariatric surgery, there exists an 
increased rate of complications compared to patients with a 
lower BMI [6, 7]. It has been speculated that this is a result 
of the greater technical challenge associated with surgery in 
the presence of increased liver size, visceral fat, and thicker 
abdominal wall [8]. Furthermore, conventional bariatric proce-
dures have been demonstrated to be significantly less effective 
for patients with BMI ≥ 50 kg/m2 [9–11]. This represents a 
serious concern for the patients and surgeons undertaking such 
procedures. As a result, various bridging options and two-step 
operations have been developed to make complex malabsorp-
tive bariatric procedures less technically challenging [8].

Currently, there are several bridging and two-step proce-
dures being utilized to ensure the success of bariatric proce-
dures [6, 12–22]. These include preoperative intragastric bal-
loon (IGB) insertion [12–14], liquid low-calorie diets (LLCD) 
[15, 16], first-step restrictive bariatric procedures such as lapa-
roscopic sleeve gastrectomy (LSG), or medical therapies (e.g., 
liraglutide, naltrexone) prior to malabsorptive surgery [17–22]. 
This initial step can vary widely between surgeons’ and institu-
tions’ preferences with no clear consensus regarding the best 
option. Although evidence suggests bridging programs make 
the following bariatric surgery less technically challenging, 
particularly through a reduction in liver volume [23–25], there 
is a lack of evidence comparing the effects of various bridging 
therapies. Furthermore, there is a lack of knowledge regarding 
the long-term effectiveness of bariatric surgery with and with-
out the use of bridging. Considering the current gaps within 
the literature, it is difficult to make generalizable clinical rec-
ommendations regarding an ideal first step for patients with 
BMI ≥ 50 kg/m2.

Based on the increasing number of patients with 
BMI ≥ 50 kg/m2, a synthesis of available evidence on bridging 
interventions before bariatric surgery is warranted. Our objec-
tive is to comprehensively review and meta-analyze the current 
literature regarding bridging interventions used for patients 
with BMI ≥ 50 kg/m2 prior to their final bariatric procedure.

Methods

Search strategy

We searched the following databases covering the period 
from database inception through September 2018: 

MEDLINE, EMBASE, Web of Science, and Scopus. Search 
strategy included keywords such as “superobesity,” “super-
superobesity,” “bariatric surgery,” “BMI > 50,” and similar 
phrases (complete search strategy is available on Online 
Appendix 1). We also searched the references of published 
studies and searched gray literature manually to ensure that 
relevant articles were not missed. We did not discriminate 
full texts by language. This systematic review and meta-
analysis was reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).

Outcomes

The primary outcome was preoperative BMI loss from the 
bridging intervention. Secondary outcomes included (1) 
complications related to the bridging intervention and (2) 
resolution or improvement of obesity-related comorbidities 
such as diabetes, hypertension, and obstructive sleep apnea 
(OSA).

Eligibility criteria and data abstraction

Articles were eligible for inclusion if they implemented any 
intervention (e.g., including first-step bariatric surgery) to 
reduce preoperative weight prior to receiving bariatric sur-
gery in patients with superobesity. Historically, superobesity 
was defined as a baseline BMI ≥ 50 kg/m2 and super–super 
obesity as a BMI ≥ 60 kg/m2. Exclusion criteria were (1) 
patients with a BMI < 50 kg/m2, (2) patients who did not 
receive any preoperative weight loss intervention before 
bariatric surgery, (3) case-series/reports, expert opinions, 
basic science, and review articles, and (4) studies including 
less than 5 patients.

Two reviewers independently screened the searched titles, 
abstracts, and full texts following inclusion and exclusion 
criteria. Discrepancies that occurred at the title and abstract 
screening stages were resolved by automatic inclusion to 
ensure that all relevant papers were not missed. Discrep-
ancies at the full-text stage were resolved by consensus 
between two reviewers and if disagreement persisted, a 
third reviewer was consulted. Two reviewers independently 
conducted data abstraction onto a standardized spreadsheet 
designed a priori. The following data were abstracted from 
included studies: study characteristics (author, country, 
year of publication, study design, follow-up time), patient 
demographics (pre-bridging intervention BMI, post-bridg-
ing intervention BMI, post-bariatric surgery BMI), bridging 
procedure characteristics (type, procedure time, complica-
tions), and outcomes. Disagreement between reviewers was 
resolved by a consensus or by a third reviewer.
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Risk of bias assessment

Methodological Index for Non-Randomized Studies 
(MINORS) tool was used to assess the risk of bias for indi-
vidual studies included in the study [26].

Statistical analysis

All meta-analysis performed was conducted using the Der-
Simonian and Laird random effects model for continuous 
variables. The level of significance was set at P < 0.05. 
Pooled effect estimates were obtained by calculating the 
mean difference (MD) in outcomes along with their respec-
tive 95% confidence intervals (CI) to confirm the effect size 
estimation. Studies that did not report mean and standard 
deviations (SD) were estimated using reported median and 
interquartile ranges through Wan et al’s estimation method 
[27]. Moreover, when original data only provided the mean, 
we used the largest standard deviation (SD) in the group of 
studies in the analysis [28]. Assessment of heterogeneity 
was completed using the inconsistency (I2) statistic. I2 value 
greater than 50% was considered to have a high degree of 
heterogeneity. Subgroup analysis was conducted based on 
the type of bridging interventions. All statistical analysis 
and meta-analysis were performed on Cochrane’s Review 
Manager 5.3 software (London, United Kingdom).

Results

Study characteristics

From 5832 potentially relevant citations identified, a total of 
13 studies were included (6 prospective cohorts, 7 retrospec-
tive cohorts) representing a total of 550 patients (Fig. 1). 
All studies were non-comparative in design. Bridging inter-
ventions included first-step LSG (9 studies, total n = 453), 
IGB (2 studies, total n = 62), and LLCD programs (2 stud-
ies, total n = 35). Preoperative LLCD programs consisted of 
a < 800–900 kcal/day diet until bariatric surgery. The exact 
duration of preoperative LLCD that patients were on before 
surgery was not specified in either of the studies. Insertion 
of IGB consisted of inflation of the balloon with saline and 
methylene blue to 600 ml with removal in approximately 
5 months [13] or removal no sooner than 6 months [14]. The 
studies included had homogenous indications for bridging 
interventions, which included BMI > 50.0–59.9 kg/m2 or 
BMI > 60 kg/m2. Included studies were conducted between 
2003 and 2018 with a median follow-up period of 12 months 
(range 6 months to 84 months) across all outcome meas-
urements. When a study reported more than one follow-up 
time point, we chose to analyze the time point closest to 
12 months. The weighted mean age of the patients at the 
time of surgery was 46.3 years. The weighted mean BMI 

Fig. 1   PRISMA diagram—
transparent reporting of 
systematic reviews and meta-
analysis flow diagram outlining 
the search strategy results from 
initial search to included studies
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at baseline was 61.3 kg/m2 and 47.5 kg/m2 after bridging 
intervention, with a mean percentage total weight loss of 
22.4% after the bridging intervention. The weighted mean 
BMI after bariatric surgery was 39.0 kg/m2, with mean abso-
lute percent reduction of 36.4% from baseline to bariatric 
surgery. Bariatric procedures conducted after the bridging 
intervention included Roux-en-Y gastric bypass (RYGB (7 
studies), LSG (1 study), and biliopancreatic diversion and 
duodenal switch (BPD-DS; 5 studies). The characteristics 
of included studies in this systematic review are reported in 
detail in Table 1.

Primary outcome

All studies reported mean BMI before and after bridging. 
Pooled change in mean BMI demonstrated a significant 
reduction by 12.8 kg/m2 after the bridging intervention 
(95% CI 9.49 to 16.1, P < 0.0001) (Fig. 2). Subgroup analy-
sis by the type of bridging intervention demonstrated a sig-
nificant change in BMI in patients who underwent first-step 
LSG (MD 15.2 kg/m2, 95% CI 12.9 to 17.5, P < 0.0001) or 
preoperative LLCD (MD 9.8 kg/m2, 95% CI 9.82 to 15.4, 
P = 0.0006). Insertion of IGB did not demonstrate any sig-
nificant change in BMI (MD 10.8, 95% CI − 1.5 to 23.1, 
P = 0.08).

To examine whether bridging therapy allowed for suc-
cessful weight loss after bariatric surgery, we conducted a 
meta-analysis of mean BMI after bridging therapy and BMI 
after bariatric surgery. There was a significant decrease in 
BMI by 6.71 kg/m2 (95% CI 1.22 to 12.2, P = 0.02) after 
bariatric surgery (Fig. 3). Heterogeneity was high across all 
outcomes (range of I2 from 52% to 99%).

Secondary outcomes

Comorbidities such as diabetes, hypertension, and OSA were 
reported in the included studies. In studies that reported 
comorbidity prevalence, remission, or improvement of dia-
betes occurred in 62.8% (48/62) of patients, 74.6% (50/67) 
with hypertension, and 80.0% (28/35) with OSA after bridg-
ing intervention alone (Table 3).

There were complications associated with bridging inter-
ventions. Patients who received LSG (n = 396) had com-
plications such as leakage (n = 5; 1.3%), bleeding (n = 10; 
2.5%), conversion to laparotomy (n = 3; 0.8%), pulmonary 
embolism (n = 2; 0.5%), fistula (n = 1; 0.3%), splenic injury 
(n = 1; 0.3%), incisional hernia (n = 1; 0.3%), and death 
(n = 2; 0.5%). In patients who received IGB (n = 62) two 
complications were reported, those being an unplanned 
intensive care unit (ICU) admission (n = 1; 1.6%) and con-
version to laparotomy (n = 1; 1.6%). There were no com-
plications reported for LLCD (n = 35) (Table 2). In total, 
patients that received LSG, IGB, and LLCD as a bridging Ta

bl
e 

1  
C

ha
ra

ct
er

ist
ic

s o
f i

nc
lu

de
d 

stu
di

es

BM
I b

od
y 

m
as

s i
nd

ex
, E

W
L 

pe
rc

en
ta

ge
 e

xc
es

s w
ei

gh
t l

os
s

A
ut

ho
r, 

ye
ar

C
ou

nt
ry

St
ud

y 
ty

pe
N

A
ge

%
 fe

m
al

e
Fo

llo
w

-u
p 

tim
e 

(m
o)

Pr
e-

br
id

gi
ng

 B
M

I
Po

st-
br

id
gi

ng
 B

M
I

Po
st-

ba
ria

tri
c 

su
rg

er
y 

B
M

I
EW

L 
af

te
r b

rid
gi

ng
 (%

)
EW

L 
af

te
r 

su
rg

er
y 

(%
)

Re
ga

n,
 2

00
3

U
SA

R
7

43
42

.9
11

63
 ±

 8.
77

50
 ±

 11
.4

7
44

 ±
 10

.8
33

46
C

ot
ta

m
, 2

00
6

U
SA

P
12

6
49

.5
 ±

 10
53

12
, 1

8
65

.4
 ±

 9
49

 ±
 8

39
 ±

 8
45

 ±
 17

55
Si

le
cc

hi
a,

 2
00

6
Ita

ly
P

41
44

.6
 ±

 9.
7

68
12

57
.3

 ±
 6.

5
40

.8
 ±

 8.
5

35
.7

 ±
 10

.3
–

–
Si

le
cc

hi
a,

 2
00

8
Ita

ly
R

87
41

.8
 ±

 10
.2

2
57

.5
6,

 1
2,

 1
8,

 2
4

60
.2

 ±
 7.

2
42

.7
 ±

 5.
8

38
.7

 ±
 8.

1
–

–
H

ue
rta

, 2
00

9
U

SA
P

5
54

.7
 ±

 2.
6

0
7.

3 
(1

–1
2)

64
.3

 ±
 2.

1
51

.6
 ±

 2.
1

41
 ±

 2
44

.2
89

Ia
nn

el
li,

 2
00

9
Fr

an
ce

P
15

43
.6

 (2
2–

59
)

93
.3

24
 (3

–3
1)

54
 ±

 8.
20

40
.3

 ±
 14

.8
2

33
.1

43
 (3

0.
9–

67
)

64
.6

C
ol

lin
s, 

20
10

U
SA

R
30

53
 (3

4–
53

)
10

12
 to

 1
8

56
 ±

 1
49

 ±
 0.

7
–

28
.8

–
D

ap
ri,

 2
01

1
B

el
gi

um
R

31
45

.8
 ±

 10
.1

67
.7

28
.8

 ±
 21

.4
58

.3
 ±

 6.
7

47
.1

 ±
 7.

2
34

.5
 ±

 5.
8

31
.6

 ±
 12

.2
54

.8
 ±

 16
A

le
xa

nd
ro

u,
 2

01
2

G
re

ec
e

R
28

39
.6

 ±
 10

.2
68

.3
12

59
.5

 ±
 3.

5
44

.2
 ±

 8.
7

33
.6

 ±
 2.

7
55

.5
 ±

 16
.8

71
.9

 ±
 4.

3
M

uk
he

rje
e,

 2
01

2
U

K
R

61
46

 (2
4–

61
.5

)
67

.2
6,

 1
2

60
 ±

 7.
88

45
–

39
 (3

4–
51

)
–

Ze
rr

w
ec

k,
 2

01
2

Fr
an

ce
R

23
44

 ±
 10

.8
65

6,
 1

2
65

 ±
 3.

8
60

.5
 ±

 4.
3

–
–

–
K

ha
n,

 2
01

3
U

K
P

39
45

 ±
 1.

4
74

.4
6

69
.3

 ±
 14

62
.3

 ±
 1.

3
54

.1
 ±

 1.
2

–
–

A
hm

ed
, 2

01
8

U
SA

P
57

50
 (2

1–
73

)
68

.4
6,

 1
2,

 2
4,

 3
6,

 4
8,

 6
0,

 
72

, 8
4

57
.7

 ±
 4.

08
46

.1
 ±

 5.
5

37
.3

 ±
 10

.5
–

–



3582	 Surgical Endoscopy (2019) 33:3578–3588

1 3

Fig. 2   Random effect meta-analysis of change in body mass index (BMI) before and after bridging intervention in superobese and super-super-
obese patients

Fig. 3   Random effect meta-analysis of change in body mass index (BMI) after bridging intervention and after bariatric surgery in superobese 
and super-superobese patients
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intervention had 6.3%, 3.2%, and 0% rates of complications, 
respectively (Table 3).

Risk of bias

The mean MINORS score of included studies was 12.7 (SD 
0.85), which indicates a fair quality of evidence for non-
randomized studies [26]. A comprehensive list of MINORS 
for included studies is available in Table 2. In brief, all 13 
studies had a clearly stated objective with unbiased assess-
ment of study endpoint. Most of the studies included consec-
utive patients (12/13 studies) with prospective collection of 
data (10/13), had an established protocol prior to the study 
(11/13 studies), and had less than 5 to 10% of loss to fol-
low-up (6/13 studies). The mean follow-up was longer than 
12 months in 10/13 studies. However, most studies lacked 
a prospective calculation of study size (2/13 studies) and 
none of the studies had blinding of their outcome assess-
ments (Table 4).

Discussion

This systematic review and meta-analysis demonstrated that 
bridging interventions such as first-step LSG and preopera-
tive LLCD resulted in a significant reduction (P < 0.0001) of 
BMI prior to bariatric surgery for patients with BMI greater 
or equal to 50. However, IGB has no significant effect in 
reducing preoperative BMI. After these bridging interven-
tions, planned bariatric surgery also results in a significant 
decrease in BMI after surgery. Moreover, our review also 
reveals that bridging interventions alone are helpful in 
remission or improvement of obesity-related comorbidities 
such as diabetes, hypertension, and OSA.

To our knowledge, this is the first meta-analysis to 
explore the effectiveness and safety of bridging interven-
tions for patients with BMI ≥ 50 kg/m2. Although none 
of the included studies directly compared the outcomes 
between bridging interventions, there are several studies 
in the literature that investigated these interventions as a 
primary procedure for weight loss. In a retrospective study 
comparing LSG versus IGB on patients with BMI ≥ 50 kg/
m2, LSG resulted in significantly greater weight loss as well 
as lower complication rate than IGB after 6 months [29]. 
Hence, this study supports our review’s finding of LSG 
being a useful first-step bridging intervention for patients 
with BMI ≥ 50 kg/m2. In a study by Coffin et al., patients 
with BMI greater than 45 kg/m2 were randomized to IGB 
insertion as a bridging intervention versus standard medical 
care prior to RYGB [30], which revealed that IGB resulted in 
a significantly higher weight loss than standard medical care 
after 6 months. Similarly, in a meta-analysis of by Moura 
et al., the effectiveness of IGB was compared to a sham/

diet in an overweight population [31]. They found that there 
was a small, but statistically significant BMI decrease in the 
IGB group compared to the sham/diet group [31]. These 
studies could not be included in our review due to a lower 
BMI cut-off, but the result from this study contradicts the 
present review which determined no statistically significant 
reduction in BMI from IGB. However, this could be due to 
the fact that the study population did not consist of patients 
with BMI ≥ 50 kg/m2, for which IGB may be less effective 
to achieve weight loss [31]. In a systematic review and meta-
analysis by Brethauer et al., they found that LSG is a safe 
and effective intervention when used as the first stage to a 
more complex bariatric procedure and also found that LSG 
resulted in an improvement or remission of type 2 diabetes in 
70% of cases, along with significant improvements in hyper-
tension and OSA [32]. Overall, the work of Brethauer et al. 
serves to reinforce the present review’s determination that 
bridging interventions such as first-step LSG can be an effec-
tive tool in the treatment of patients with BMI ≥ 50 kg/m2.

Currently, there are no specific guidelines or recom-
mendations on preoperative planning and management of 
patients with BMI ≥ 50 kg/m2 who are undergoing bariatric 
surgery. Therefore, the present study provides an overview 
of which bridging interventions could be utilized to ensure 
good surgical outcomes in patients with BMI ≥ 50 kg/
m2. Patients with BMI ≥ 50 kg/m2 often have larger liver 
volume, intraperitoneal fat, or increased intra-abdominal 
pressure which makes laparoscopic bariatric procedures 
technically challenging. Depending on the surgeon or the 
volume of the center, patients with BMI ≥ 50 kg/m2 are 
sometimes considered to be non-surgical candidates. In 
a multicenter randomized study by Van Nieuwenhowe 
et al., prescribing a 14-day very low-calorie diet regimen 
before RYGB leads to a significantly lower perceived dif-
ficulty of the procedure as well as postoperative complica-
tion rates than the control group in patients with obesity 
[33]. Therefore, a reduction of BMI using bridging inter-
ventions would help mitigate these intraoperative barri-
ers and make bariatric surgery less difficult in patients 
with BMI ≥ 50 kg/m2. Moreover, long-term weight regain 
or failure to achieve primary weight loss goals is preva-
lent in patients with BMI ≥ 50 kg/m2 [34–36]. Therefore, 
using LSG as a first-step surgery or giving patients LLCD 
prior to malabsorptive bariatric surgery may lead to better 
weight loss outcomes. Increased BMI has been associated 
with a greater number of complications (wound infection, 
sepsis, pneumonia, pulmonary embolism, etc.) preceding 
bariatric surgery [37]. Decreasing patient BMI prior to 
bariatric procedures can decrease surgical complications 
for patients with BMI ≥ 50 kg/m2. Moreover, patients with 
BMI ≥ 50 kg/m2 suffer comorbidities such as type 2 dia-
betes, OSA, hypertension, and hyperlipidemia to a greater 
degree than patients with obesity [38]. The findings of 
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this review demonstrate that bridging interventions such 
as LSG and LLCD alone can resolve or improve these 
comorbidities prior to receiving the intended bariatric 
surgery. However, despite its effectiveness, some patients 
may be hesitant to pursue more than one surgery. Further-
more, patients may be deterrent of the cost and compli-
ance of preoperative LLCD as an average 12-week LLCD 
programs can range from $108 USD to $2120 USD [39]. 
Therefore, first-step LSG is a surgical option or preop-
erative LLCD is a medical bridging option that clinicians 
could discuss with patients with BMI ≥ 50 kg/m2 when 
choosing for a bridging intervention prior to undergoing 
definitive bariatric surgery.

Our review findings should be interpreted in light of 
the following limitations. Firstly, our review had very few 
patients undergoing bridging with IGB or LLCD, meaning 
the results may be underpowered in the analysis. Third, 
due to this study including both BMI ≥ 50.0–59.9 kg/m2 
(superobesity) and BMI ≥ 60 kg/m2 (super-superobesity), 
there was a wide range of variability in the initial BMI of 
patients (range of 54.0 kg/m2 to 69.3 kg/m2). Furthermore, 
the two IGB studies in this review included BMI ≥ 60 kg/
m2 populations only, and thus we cannot predict what 
the effectiveness of IGB would be specific to patients 
with BMI ≥ 50.0–59.9 kg/m2. Fourth, high heterogene-
ity was present for the IGB and LLCD analysis. This can 
be attributed to the varying initial BMI, differences in 
study design, and different bridging interventions used 
between trials. Finally, the present review only examines 
each bridging intervention individually as there are no 
studies in the current literature comparing one bridging 
intervention to another. As a result, no direct compari-
son or conclusions can be made regarding which bridging 
intervention would be the most effective for patients with 
BMI ≥ 50 kg/m2. Future research studies could examine 
the effect of more than one bridging interventions (e.g., 
prescribing preoperative LLCD along with first-step LSG) 
for patients with BMI ≥ 50 kg/m2. Furthermore, upcoming 
research may examine the use of novel bridging interven-
tions, such as medical therapies, prior to bariatric surgery 
in patients with BMI ≥ 50 kg/m2. Currently, the use of sub-
stances such as liraglutide and naltrexone have been used 
proceeding bariatric surgery to induce additional weight 
loss, but it may be an area of interest to investigate its role 
in preoperative weight loss before bariatric surgery [40].

Conclusion

First-step LSG or preoperative LLCD are both safe and 
efficacious bridging intervention prior to bariatric sur-
gery in patients with BMI ≥ 50 kg/m2. However, there are 
no comparative studies to suggest which intervention is LR
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superior. Our review also suggests that IGB was ineffective 
for preoperative weight loss in patients with BMI ≥ 60 kg/
m2. Future comparative studies or adequately powered ran-
domized controlled trials are warranted to identify which 
bridging interventions may be most beneficial in patients 
with BMI ≥ 50 kg/m2.
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