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Abstract
Background: Endoscopic bariatric therapies can help address widening management gaps in obesity. Their ability to facilitate
weight loss is largely tied to influences on appetite through perturbations of gastric emptying and accommodation. As these tools
gain traction in obesity therapy, their physiologic underpinnings require exploration, which may enhance efficacy, tolerance, and
patient-tailored care.
Methods: We prospectively assessed consecutive subjects with fluid-filled intragastric balloons (IGBs) (n= 18) placed between
October 2016 and June 2017 or underwent endoscopic sleeve gastroplasty (ESG) (n= 23) fromMarch 2018 to June 2018. Patients
underwent physiologic appraisal at 3 months with 13C-spirulina-based gastric emptying breath test to determine time to half
emptying (T50), as well as maximum tolerated volume (MTV) of a standard nutrient drink test. Changes in T50 and MTV at 3
months were compared with percent total body weight loss (%TBWL) at 3 and 6 months using best-fit linear regression.
Results: The change in T50 at 3 months correlated with %TBWL at 3 months for IGB (P= 0.01) and ESG (P= 0.01) but with
greater impact on%TBWL in IGB compared to ESG (R2= 0.42 vs. 0.26). Change in T50 at 3 months was predictive of weight loss
at 6 months for IGB (P= 0.01) but not ESG (P= 0.11). ESG was associated with greater decrease in MTV compared to IGB
(340.25± 297.97 mL vs. 183.00± 217.13 mL, P= 0.08), indicting an enhanced effect on satiation through decreased gastric
accommodation. Changes in MTV at 3 months did not correlate with %TBWL for either IGB (P= 0.26) or ESG (P= 0.49) but
trended toward significance for predicting %TBWL at 6 months for ESG (P= 0.06) but not IGB (P= 0.19).
Conclusion: IGB and ESG both induce weight loss but likely through distinct gastric motor function phenotypes, and gastric
emptying may predict future weight loss in patients with IGB.
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Introduction

The prevalence of obesity and obesity-related illness is
increasing worldwide, underscoring an urgent need for the
study of the principles of obesity and development of
effective strategies for combating its rise.[1] Fundamental
to understanding the mechanisms of obesity is the control
of appetite. Major contributing factors to the balance of
caloric intake are understood through the paradigms of
satiation –– the sense of feeling full during a meal that
leads to meal termination, as well as satiety –– the degree
of fullness that delays consumption of the next meal.
Gastric motor function is known to play a role in appetite:
gastric accommodation, a reduction in gastric tone and an
increase in gastric compliance allow for ingestion of large
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volumes of solids or liquids and impact satiation;
conversely, gastric emptying has been linked to satiety.[2-4]

While there are several interwoven neurohormonal signals
and varied phenotypes within obesity, the prevalent gastric
motor functionperturbations in obese patients appear to be
increased gastric accommodation (decreased satiation) and
accelerated gastric emptying (decreased satiety).[5] This
pattern provides a target for therapeutic intervention to
restore a balance of gastricmotor function to reduce caloric
intake and favor weight loss. Capitalizing on gastric motor
function has already been employed in the pharmacologi-
cal[6] and surgical[7,8] management of obesity.

Endoscopic bariatric therapies (EBTs), given their ability
to maximize weight loss and minimize risk, will play a
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critical role in a comprehensive, multidisciplinary ap-
proach to obesity, but less is known about their effects on
gastric motor function. EBTs span transient space-
occupying devices, such as intragastric balloons (IGBs)
to more durable plication procedures, such as the
endoscopic sleeve gastroplasty (ESG), a full-thickness
suturing technique within and along the greater curvature
of the stomach to create a restricted, tubular gastric
lumen.[9] Given the breadth of EBTs, it is critical to
understand the physiologic underpinnings of these differ-
ent techniques to help illuminate important characteristics
that predict optimal responders to each particular EBT. As
a result, this characterization will allow us to obtain
clinically significant and durable weight loss and maxi-
mize tolerability, helping personalize the optimal treat-
ment approach for each patient.

In this study, patients who underwent IGB placement or
an ESG procedure received a non-invasive physiologic
appraisal with validated techniques for gastric emptying
and satiation. Our aim was to determine if different EBTs
brought about different changes in the gastric motor
function and in turn appetite. Additionally, we investigate
whether these changes correlate with degree of contem-
poraneous weight loss and predict the degree of future
weight loss.
Methods

Ethical approval

This study was done as a collaboration between the Mayo
Clinic (Rochester, MN, USA) and Madrid Sanchinarro
Hospital (Madrid, Spain). This study was approved by
each institution’s institutional review board. Patients were
enrolled after undergoing a detailed explanation of the
study protocol. Informed consent was obtained from all
patients.
Data collection and design

This study included consecutive patients enrolled pro-
spectively for EBTs from a single center, Madrid
Sanchinarro University Hospital, in Madrid, Spain. IGBs
were placed from October 2016 through June 2017, with
data collected for 6 months following the last placement.
ESG was performed fromMarch 2018 to June 2018, with
data collected for 6 months following the last procedure.
IGB placement

The Orbera IGB (Apollo Endosurgery, Austin, TX, USA)
is a spherical structure of silicone filled with an isotonic
saline serum and has a self-sealing valve that is placed and
retrieved endoscopically. After diagnostic endoscopy, the
Orbera was placed with the subject under monitored
anesthesia sedation with similar methodology to that
previously described.[10]
ESG procedure

ESGwas performed with the United States Food and Drug
Administration (FDA)-approved device for full-thickness
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endoscopic suturing system (Apollo Endosurgery, Austin,
TX, USA). During the procedure, with subjects under
general anesthesia, endoscopic sutures were placed in a
retrograde fashion extending from the angle of the
incisura to approximately 1 cm below the gastroesopha-
geal junction leaving a small pouch in the fundus. Between
six and ten sutures were used in a U-shaped pattern,
performed in the following fashion: anterior wall to
greater curvature to posterior wall and then back to
anterior wall 1 to 2 cm proximal to the previous suture
bite. The stitch was then tightened to approximate the
opposing gastric walls through invagination of the gastric
serosal surface, thereby creating a tubular gastric sleeve
with a lumen roughly one-third the volume of the pre-
procedural stomach. The suture was then secured with a
cinching device and held in place by a needle and cinch T-
tag at the respective ends. Post-procedure care for both
IGB and ESG includedmonthly follow-up by a nutritionist
and a psychologist, with additional emphasis on initiating
an exercise program.
Nutrient drink test

Subjects were given a standardized nutrient drink test to
measure satiation. Subjects consumed a liquid nutrient
(Ensure, Abbott Labs [Abbott Park, IL, United States] 1
kcal/mL, 11% fat, 73% carbohydrate, 16% protein) at a
rate of 30 mL/min. The time and volume to reach a
maximum/unbearable level of fullness were recorded
using a digital timer, at which point nutrient consumption
was stopped.
Gastric emptying breath test (GEBT)

The 13C-spirulina test kit is standardized and stable at
room temperature. It consists of 100 mg [13C]–S platensis,
27 g freeze-dried egg mix, six saltine crackers, and 180mL
of water, totaling 238 kcal (16.9 g carbohydrates, 14.4 g
protein, and 11.2 g fat). The meal was fed to test subjects,
and breath samples were collected at baseline before the
meal and at 45, 90, 120, 150, 180, and 240 min by using
a straw to blow into the bottom of each time designated
glass screw cap test tubes to displace contained air. After
recapping the tubes, the 13CO2 breath content at each
time point (test tube) is determined in a centralized
laboratory (AB Diagnostics, Brentwood, TN, USA) and
sent back to the researchers as percent retention of the
ingested solid component of the meal at each time point.
These values are then used to determine the time for 50%
emptying (T50). This FDA-approved GEBT was per-
formed prior to IGB or ESG and 3 months following IGB
or ESG.
Statistical analysis

Continuous variables were described by their means and
standard deviations. Categorical variables were described
by their frequencies. Univariate analysis was applied to
scatterplot and best-fit linear regression lines for inputs of
change in gastric emptying and maximum tolerated
volumes (MTVs) at 3 months to dependent variables
of percent total body weight loss (%TBWL) at 3 and
6 months. All reported P values were two tailed, and
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Table 1: Baseline characteristics of subjects who underwent ESG and IGB.

Variables (%) All (n= 41) ESG (n= 23) IGB (n= 18) P

Age (years) 44.78± 11.20 47.69± 5.06 41.06± 8.81 0.06
Female 38 (93) 20 (87) 18 (100) 0.11
BMI (kg/m2) 38.27± 5.98 41.21± 5.38 34.50± 4.46 <0.01
Weight (kg) 105.63± 17.92 113.40± 17.55 95.70± 13.08 <0.01
BMI at 3 months (kg/m2) 33.17± 5.45 35.76± 5.06 29.87± 4.00 <0.01
TBWL at 3 months (%) 13.32± 3.50 13.30± 3.15 13.35± 3.99 0.97
BMI at 6 months (kg/m2) 32.00± 6.07 35.34± 5.59 28.31± 4.21 <0.01
TBWL at 6 months (%) 16.96± 6.03 16.17± 5.69 17.82± 6.43 0.41
T50 (min) 83.00± 18.81 77.03± 19.21 90.65± 15.63 0.02
Magnitude of change in %50 (min) at 3 months (pre–post) 38.39± 37.61 27.83± 24.27 54.60± 48.47 0.02
Volume (mL) 668.35± 287.65 744.45± 329.07 578.82± 204.51 0.08
Magnitude of change in MTV (mL) at 3 months (pre–post) 268.00± 272.57 340.25± 297.97 183.00± 217.13 0.08

Values were shown as mean ± standard deviation, or n (%). BMI: Body mass index; ESG: Endoscopic sleeve gastroplasty; IGBs: Intragastric balloons;
MTV: Maximum tolerated volume; TBWL: Total body weight loss; T50: time for 50% emptying.
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P values of <0.05 were considered statistically significant.
Statistical analyses were conducted using JMP (SAS
Institute) Software (Cary, NC, USA).
Results

Baseline characteristics

Table 1 provides baseline demographics of the two cohorts.
Then, 18 patients (mean age: 41.06± 8.81 years, 100%
female) underwent placement of the Orbera IGB (Apollo
Endosurgery, Austin, TX, USA) from October 2016
through June 2017 and 23 patients (mean age:
47.69± 5.06 years, 87% female) underwent ESG from
March2018 to June2018.Themeanweight at baselinewas
greater in the ESG group than in the IGB group
(113.40± 17.55 kg vs. 95.70± 13.08 kg, P<0.01), as
wasmean bodymass index (BMI) at baseline (41.21± 5.38
vs. 34.50± 4.46 kg/m2,P<0.01). Baseline gastric emptying
was slower in the IGB group compared with ESG
(90.65± 15.63minvs.77.03± 19.21min,P= 0.02).There
was no significant difference in baseline MTV, which was
578.82± 204.51 mL for IGB and 744.45± 329.07 mL for
ESG.

Changes in gastric motor influences of appetite from
baseline

By 3 months, %TBWL was 13.35%± 3.99% for IGB and
13.30%± 3.15% for ESG (P= 0.97). BMI had decreased
to 29.87± 4.00 kg/m2 for IGB and to 35.76± 5.06 kg/m2

for ESG. For all subjects, gastric emptying was delayed for
both IGB and ESG at 3 months compared to baseline.
Change in time to half gastric emptying from baseline to 3
months (DT503m), calculated as pre–post procedural T50,
was 54.60± 48.47min for IGB and 27.83± 24.27min for
ESG (P= 0.03). Because all patients experienced a delay in
gastric emptying, change was expressed as a magnitude of
change rather than a negative value. All subjects
experienced a decrease in MTV at 3 months. ESG was
associated with greater decrease in MTV from baseline to
3 months (DMTV3m), measured as pre–post procedural
1236
MTV, compared to IGB (340.25± 297.97 mL vs.
183.00± 217.13 mL, P= 0.08), indicting an enhanced
effect on satiation through decreased gastric accommoda-
tion.
Correlation of changes in gastric motor function with %TBWL

Scatterplot and best-fit linear regression lines were
performed for the association between DT503m and
%TBWL3m, respectively, for IGB and ESG [Figure 1].
This demonstrated, for both IGB and ESG, that a greater
change in DT503m corresponded to a greater %TBWL3m,
though the effect was more substantial for IGB compared
to ESG (R2= 0.42 vs. R2= 0.26, respectively). This
observation implies that changes in gastric emptying at
3 months account for about 42% of the variability in
weight loss in subjects who underwent IGB compared to
only about 26% of the variability in weight loss in subjects
who underwent ESG.

Scatterplot and best-fit linear regression lines for the
association between DMTV3m and %TBWL3m, respec-
tively, for IGB and ESG showed a significant relationship
between DMTV3m and%TBWL3m for ESG (P= 0.03) but
not for IGB (P= 0.09) [Figure 2].

Changes in gastric motor function and prediction of weight
loss

Percent TBWL at 6 months (%TBWL6m) was similar for
IGB and ESG (17.82± 6.43% vs. 16.17± 5.69%, respec-
tively, P= 0.41). To determine if the degree of delay in
gastric emptying at 3months could predict weight loss at 6
months, scatterplot and best-fit linear regression lines
were performed for the association between DT503m and
%TBWL6m, respectively, for IGB and ESG [Figure 3].
DT503m was predictive of %TBWL6m for IGB (R2= 0.40,
P= 0.01) but not for ESG (P= 0.11).

Predictive ability of DMTV3m for weight loss at 6 months
was not observed. Scatterplot and best-fit linear regression
lines for the association betweenDMTV3m and%TBWL6m
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Figure 1: Change in T50 and %TBWL for IGB and ESG at 3 months. ESG: Endoscopic sleeve gastroplasty; IGBs: Intragastric balloons; %TBWL: Percent total body weight loss; T50: time for
50% emptying.

Figure 2: Change in MTV and %TBWL for IGB and ESG at 3 months. ESG: Endoscopic sleeve gastroplasty; IGBs: Intragastric balloons; %TBWL: Percent total body weight loss; MTV:
Maximum tolerated volume.
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showed no statistically significant relationship for IGB
(P= 0.11) or ESG (P= 0.22) [Figure 4].

Discussion

In this study, we have observed that both IGB and ESG are
effective weight loss strategies and show a statistically
similar %TBWL at 3 and 6 months, consistent with prior
studies that have used these weight loss strategies[11,12];
however, here, we have presented novel data revealing
distinct physiologic underpinnings of gastric motor
functions and their effects on and ability to predict weight
1237
loss in different forms of EBT. Our study demonstrates
that magnitude of delays in gastric emptying at 3 months
correlates with%TBWL at 3 months for both the IGB and
ESG and predicts %TBWL at 6 months only for the IGB.
Additionally, ESG resulted in a greater decrease in MTV
compared to IGB at 3 months that was predictive of
weight loss at 3 months but was not predictive of weight
loss at 6 months.

The role of gastric emptying has been explored in prior
IGB studies. Mion et al[13] showed that while gastric
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Figure 3: Change in T50 and %TBWL for IGB and ESG at 6 months. ESG: Endoscopic sleeve gastroplasty; IGBs: Intragastric balloons; %TBWL: Percent total body weight loss; T50: time for
50% emptying.

Figure 4: Change in MTV and %TBWL for IGB and ESG at 6 months. ESG: Endoscopic sleeve gastroplasty; IGBs: Intragastric balloons; %TBWL: Percent total body weight loss; MTV:
Maximum tolerated volume.
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emptying decreased following IGB, this did not correlate
with weight loss. The latter finding has since been
contradicted by two subsequent studies. Su et al[14]

showed gastric emptying was delayed (using both solid
and liquid meal nuclear scintigraphy) at 3 months in ten
subjects with obesity undergoing IGB and further
demonstrated that the degree of delay in T50 correlated
to weight loss at 3 months using Spearman correlation.
Gomez et al[15] demonstrated that gastric emptying
(measured by nuclear scintigraphy 2 and 4 months after
1238
IGB placement in 15 subjects with obesity) was delayed in
subjects with a fluid-filled IGB compared to controls.
When dichotomized by change in gastric emptying (<50%
delay vs. >50% delay in emptying), those with >50%
delay in gastric emptying at 2 months saw greater
%TBWL at 6 and 12 months compared to those who
had<50% change in gastric emptying at 2 months, laying
the groundwork for a predictive role of delay in gastric
emptying for future weight loss. A meta-analysis of these
aforementioned three studies revealed fluid-filled IGBs
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delayed T50 by a mean of 116.4 min (95% confidence
interval, 29.4–203.4 min), with a demonstrable associa-
tion on meta-regression between delay in gastric emptying
and weight loss.[16]

Here, we have confirmed the findings of Su et al that fluid
filled IGBs delay gastric emptying and that this degree of
gastric emptying at 3 months correlates with%TBWL at 3
months. We have further provided evidence that change in
gastric emptying at 3 months can predict weight loss at 6
months for IGB. Additionally, we observed that change in
MTV at 3 months was not associated with weight loss at 3
months or 6 months and therefore suggests that gastric
accommodation plays less of a role in weight loss enacted
by IGB placement. The role of delayed gastric emptying
from IGB may explain why most IGBs are associated with
a substantive incidence of upper gastrointestinal symp-
toms, especially abdominal pain and nausea, and may also
explain why early device removal, as recent meta-analysis
of 68 studies of IGB revealed, is around 7.5%.[17]

For the ESG, this study helps fill knowledge gaps in the
mechanisms of action, as physiologic appraisal of ESG is
limited in the published literature. Abu Dayyeh et al[18]

demonstrated in obese patients who underwent ESG that
gastric emptying (by nuclear scintigraphy) was delayed
from baseline by approximately 90 min 3 months
following the procedure. Here, we have demonstrated
that there is a statistically significant delay in DT503m and
that there is a statistically significant correlation with
DT503m and %TBWL3m (P= 0.01). Such an increase in
T50 is important given robust meta-analysis data that
showed surgical sleeve gastrectomy reduced T50, likely
due to high pressure system created by the surgical stapler
and surgical removal of the fundus, which is involved in
gastric accommodation and ghrelin production. Overall,
this finding suggests that the two procedures may have
different mechanistic effects to induce weight loss.[16]

However, the association between the change in DT503m
and %TBWL at 6 months was non-significant (P= 0.11),
suggesting other mechanisms are responsible for the
weight loss beyond 3 months. Indeed, even at 3 months,
the significant correlation between DMTV3m and
%TBWL3m for ESG suggests that change in gastric
accommodation likely accounts for the difference in
variance explained by gastric emptying between the IGB
and the ESG (R2= 0.26 for ESG vs. R2= 0.42 for IGB). All
together this suggests that while the IGB induces weight
loss through changes in gastric emptying, the ESG induces
weight loss through changes in gastric emptying and
gastric accommodation, in addition to other factors not
measured in our study, such as alteration in gut-central
nervous system hormonal and enteric nervous system
signaling.

Prior work by Abu Dayyeh et al[18] demonstrated in four
patients who underwent ESG that there was a decrease in
MTV from baseline to 3 months after ESG, leading to
post-procedural termination of a meal at 11.5± 2.3 min
compared to 35.2± 9.9 min at baseline (P= 0.01). This
change is physiologically plausible, as satiation is linked to
accommodation. Accommodation is a vagally mediated
response that leads to gastric relaxation principally at the
1239
gastric fundus and proximal body, and ESG is a procedure
that brings the suture line up toward the fundus,
theoretically restricting gastric reservoir volume. Looking
to other gastric plication procedures can be instructive in
understanding this principle. One such procedure, the
primary obesity surgical endoluminal (POSE) involves
endoluminal placement of full-thickness tissue plications
in the fundus and distal body, with the hypothetical
consequence of mechanical restriction of the stomach to
accommodate a meal and delaying gastric emptying.[19] In
a study of 18 patients who underwent POSE, MTV was
reduced at both 2 and 6 months post-procedurally from
baseline, though admittedly POSE has a greater focus on
fundic restriction.[20]

The ability to predict weight loss at 6 months from
DT503m for subjects who underwent IGB was an
important finding in this study. Clinical success with an
eye toward durable weight loss from EBTs has been
defined as a % excess weight loss of at least 25% by the
Preservation and Incorporation of Valuable Endoscopic
Innovation Guidelines.[21,22] To that end, it becomes
crucial to identify those patients who will be unlikely to
respond to a particular EBT so that either a different EBT
can be pursued or an additional therapy, such as
adjunctive pharmacologic agents, can be added to
augment weight loss. While larger prospective studies
are needed to provide a more granular and robust
appraisal of degree of physiologic change in gastric motor
function needed to achieve clinical success, our study
reveals that an easily administered office-based gastric
emptying breath test may have a role in identifying those
who will and, more crucially, will not respond sufficiently
to IGB. While we found no statistically significant method
of predicting weight loss at 6 months for the ESG from
either DT503m or DMTV3m, we suspect that larger
prospective trials may identify a role for accommodative
tests in predicting response to ESG.

Limitations to this study include the relatively small
sample size and differences in baseline characteristics
between the two groups, such as patient sex. Further
limitations include notable baseline characteristics that
were both over-represented in this study, as well as those
statistically more represented in one group. First, the IGB
arm contained only females and the ESG contained 87%
female participants. Prior work has demonstrated sex-
based differences in gastric motor function, with women
having smaller MTV than men and greater delays in
gastric emptying compared to men for both liquids and
solids.[23,24] This limits the external and internal validity
of our study as men, having a faster gastric emptying at
baseline, may experience a greater change in gastric
emptying from either IGB or ESG. Sex-based differences in
response to and tolerability of EBTs have not yet been
explored and may play a role in further studies to
maximize a patient-centered approach to EBT. Second,
the internal validity of our study is hampered by a greater
baseline BMI in the ESG group (a product of subjects’
being selected for more intensive therapy with a higher
class of obesity), as it has been demonstrated that obesity
has varying effects on gastric motor function but with a
trend toward increased gastric accommodation (decreased
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satiation) and accelerated gastric emptying (decreased
satiety).[5] Our study was primarily focused on under-
standing the physiologic underpinnings inducing weight
loss with both ESG and IGB. As the most robust weight
loss with EBTs is seen within the first 6months, we utilized
this timeframe to study the physiologic changes associated
with IGB and ESG. However, future studies assessing the
use of these EBTs with longer duration of follow-up
should repeat these procedures at 6 months or 1 year to
provide further information on the durability of these
physiologic changes.

While the mechanism of action for weight loss in IGB and
ESG appears to incorporate delay in gastric emptying,
more so for IGB, and a potential role of satiation in ESG,
the perturbations in gastric motor function do not
completely elucidate the variations in weight loss based
on the linear regression models presented here. Other
studies have explored the influence of appetite regulating
hormones like ghrelin and leptin during the course of IGB
placement without an overwhelmingly compelling narra-
tive to explain weight loss.[13,25,26] Less is known about
the hormonal changes seen in ESG. Abu Dayyeh et al[18]

saw no observable statistical differences in levels of
glucagon-like peptide-1 and peptide YY and fasting and
post-prandial ghrelin from baseline in four subjects 3
months after ESG, though Graus-Morales et al[27] did
demonstrate a significant decrease in leptin at 12 months
assessment after ESG. There is still much to be learned
about the physiologic mechanisms of weight loss in EBTs.

The IGB and ESG are both effective and safe EBTs.
However, the physiologic mechanisms by which both
procedures promote weight loss are still an area of active
research. The findings from this study suggest that
changes in gastric emptying and satiety play a role in
weight loss for both the IGB and ESG, and changes in
MTV and satiation may play an additional role following
the ESG.
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