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Background and Objectives: Gastro-oesophageal reflux disease (GERD) consists in the passage of gastric
acid content from the stomach to the oesophagus, causing burns and deteriorating the quality of life. La-
paroscopic Sleeve Gastrectomy (LSG) could induce de novo GERD and worsen pre-existing GERD because
of the higher gastric pressurisation, reduction of stomach volume and a wider His-angle. In the proposed
work, various computational gastric 2D models were developed to understand the effects of variables
such as the His-angle, the antral dimension, and the bolus viscosity on the reflux increase.
Methods: Fluid-Structure Interaction (FSI) computational models which couple the solid mechanics of
the gastric wall, and the fluid domain of the bolus, have been developed to shed light on biomechanical
aspects of GERD after LSG. A closure was imposed to the lower oesophageal sphincter (LES) mimicking
what happens physiologically after food intake.
Results: Results showed that the configuration prone to higher reflux flow was the post-surgical 65°
model with a staple line starting directly from the pylorus without antral preservation, for all considered
viscosities. Increasing viscosity, reflux flow decreased. Post-surgical refluxes were higher than pre-ones
and decreased with increasing antrum preservation.
Conclusions: These results could be a starting point for analysis of anatomical features, bariatric surgery
and GERD occurrence. Further studies based on 3D geometries need to be performed.

© 2023 Elsevier B.V. All rights reserved.
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1. Introduction

Gastro-oesophageal Reflux Disease (GERD) has a global impact
on health costs and worsen health-related quality of life. Ranges
of GERD prevalence estimates were 18.1-27.8% in North America,
8.8-25.9% in Europe, 2.5-7.8% in East Asia, 8.7-33.1% in the Mid-

Abbreviations: GERD, Gastro-oesophageal Reflux Disease; LSG, Laparoscopic
sleeve gastrectomy; EGJ, Esophago-gastric junction; BS, Bariatric surgery; CFD, com-
putational fluid dynamics; LES, Lower oesophageal phincter; FSI, Fluid-structure in-
teraction.
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dle East, 11.6% in Australia and 23.0% in South America [1]. Dis-
ease manifestations vary depending on the severity and magnitude
of reflux [2]. The Montreal Definition of GERD states that it is a
condition developed when the reflux of stomach contents causes
troublesome symptoms and/or complications [3]. The spectrum of
GERD has expanded into a group of syndromes differentiated by
manifestations of reflux disease [2]. In the literature, magnetic res-
onance imaging and high-resolution manometry can assess esoph-
agogastric motility and the extent of GERD. A wider His-angle, a
larger Esophago-Gastric Junction (EGJ) opening, a slower gastric
emptying rate and a smaller Lower oesophageal Sphincter (LES)
pressure promote GERD [4]. The increase in prevalence of severe
obesity and the subsequent larger Bariatric Surgery (BS) demand
may worsen the appearance of reflux disease, since pre-operative
GERD diagnosis is a risk factor for post-operative oesophageal dis-
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ease after BS and bariatric procedures and endoluminal bariatric
therapies have been associated with increased GERD symptoms
[5,6].

In 2015-2016, the prevalence of obesity in US was 39.8% in
adults and 18.5% in youth [7] and it is one of the risk factors for
GERD, which has resulted in a significant increase in the incidence
of GERD worldwide [8]. Laparoscopic Sleeve Gastrectomy (LSG) is a
well-established primary bariatric procedure [9] that is considered
easy to perform and allows for early discharge [10]. However, LSG
has shown the highest rate of de novo GERD [6], due to both an
increase in the EGJ angle, a significant reduction of the stomach.
In fact, about 6 months after LSG, the angle between EGJ and gas-
tric fundus (His-Angle) tends to increase from approximately 35°
to 51°, while the gastric capacity is reduced by more than 80%, re-
sulting in intragastric pressure enhancement. These changes seem
to be correlate to reflux events [11]. A factor which can counter-
balance this event is a faster gastric emptying, which depends on
post-LSG antral dimension. The final antrum size is linked to the
distance from the pylorus to the division line between the sleeved
stomach, which becomes the new stomach, and the resected stom-
ach, or the portion which is removed from the bariatric patient.
This distance varies from 2 to 6 cm [12] depending on the sur-
geon’s evaluation. A higher antral preservation (6 cm from pylorus)
showed a faster gastric emptying rate, but less incidence of GERD
symptoms (with no significant difference) with respect to patients
whom antral resection of 2 cm from pylorus was adopted [13].
In general, rapid gastric emptying with asymptomatic deglutitive
is common following LSG [14]. Starting from these considerations,
different tricks in LSG procedure have been introduced to decrease
GERD-related side effects, such as the use of a staple-line rein-
forcement product, oversewing of the staple line, different bougie
sizes and different distances from the pylorus where stapling is ini-
tiated [15]. On the other hand, the Montpellier bariatric team has
recently proposed the Nissen-Sleeve (N-Sleeve) to offer patients
an alternative in case of contraindication to Roux-en-Y gastric by-
pass (RYGBP) [16,17] and, in general, new LSG techniques propos-
ing fundoplication are spreading [18,19]. However, these two lat-
ter techniques are not well-established yet and they are performed
only in bariatric patients with severe GERD. More studies are nec-
essary to assess their effectiveness and reliability.

In the literature, solid mechanical computational models of the
gastric district were fully described [20-23], but computational
fluid dynamics (CFD) and fluid-structure interaction (FSI) compu-
tational models of stomach that correlate EGJ, BS and GERD still
lack. Most of CFD studies stressed on the flow dynamics during
the process of mixing liquid foods with the gastric juice [24,25] or
to investigate the change of the flow dynamics in respect to vis-
cosity [26] taking into account the active contractile behaviour of
the gastric wall. An initial CFD work on the EGJ was published but
it did not consider a dynamic change in the EG], relegating it to
only a preliminary study [27]. For these reasons, the aim of this
paper is to fill the gap evaluating computationally the fluid dy-
namics of the bolus respect to the His-angle and the viscosity, in
pre- and post-surgical conditions, accounting for FSI phenomena.
The post-surgical analysis considered a 40-Fr LSG procedure and
its state-of-art possible post-surgical configurations depending on
the distance between the pylorus and staple line. Computational
models could highlight the main issues related to BS improving the
success rate without performing preliminary time-consuming and
expensive experimental campaigns on animal and human beings
[28].

2. Materials and methods
2.1. Geometrical models

From a pre-surgical average stomach geometry reported in liter-
ature [21,29], a 2D model was extracted by means of Solidworks®
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(Dassault Systemes, 2018), and a 20 mm-withd and 138 mm-long
oesophageal tract was added, which included the LES region (about
30 mm length [30-33]), which is a high-pressure zone located in
the distal part of oesophagus in the distal part. The mean thick-
ness of the gastric and oesophageal wall was 1.3 mm, providing
for the solid region of the model. Multiple geometries were real-
ized by differing the inclination of the oesophageal tract, which
led to different His-angles, measured as the angle formed by the
closest part of the fundus to oesophagus and the oesophageal tract
as drawn in the Fig. 1b. Angles ranged between 25° and 65°, with
two intermediate situations (30° and 45°), to analyse similar val-
ues reported by Quero et al. [11] (Fig. 1a to 1d). The sleeved stom-
achs were drawn as extension of the oesophageal tract (Fig. 1e),
simulating the use of a 40-Fr (13.3 mm) bougie size [21,34], then
variating the antrum region. The configurations were identified as
“post”, “post 2cm” and “post 6cm” when the LSG staple line started
directly from the pylorus or it was 2 and 6 cm distant from the py-
loric value, respectively.

The bolus was assumed as a viscous liquid which occupies all
the intraluminal volume of both stomach and oesophagus. One in-
ternal point was added to all the geometries in the corpus, for the
application of the intraluminal pressure conditions.

2.2. FSI governing equations

Fluid-Structure Interaction multiphysics coupling combines
fluid flow with structural mechanics to capture the interaction be-
tween the fluid and the solid structure, thus it appears as an addi-
tional condition on the boundaries between the fluid and the solid.

The equations of motion for a single-phase fluid are the con-
tinuity equation and the momentum equation, respectively (in di-
vergency form):

ap
§+V'(P Utuig) =0 (1)
ou i
z)fé <+ OUfpiq - VUi =—-Vp+V
2
: (M(Vufluid +(V Uﬂuid)T) - §M(V : Ufluid)’) +F (2)

where p is the density (kg/m3), Ugyiq 1s the velocity vector (m/s), p
is pressure (Pa), F is the volume force vector (N/m3). These equa-
tions are applicable for incompressible as well as for compressible
flow with density and viscosity variations. The hypothesis of an in-
compressible fluid and a constant density p simplifies the previous
equilibrium equations in:

PV - Ugpig =0 3)
U fryiq
P53 + 0 (Uptuia - V)tgpyia = V -
T
[—PI + M(Vufzuid + (Vuguia) )] +F (4)

These equations describe the fluid-dynamic physics. To couple
the solid mechanics physics in order to have a multiphysics model
(FSI), the following equation has to be added:

—-V.o=F (5)

o is the stress tensor, defined as J~!FSFT, where F is the defor-
mation gradient, J is the Jacobian defined as the det(F), and S is the
second Piola-Kirchhoff. S is defined as the partial derivative of the
strain energy potential (W) respect to the Green-Lagrange strain

tensor : S = gTW. Finally, F, is the force per unit volume (N/m?3).
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Fig. 1. 2D models of pre- and post-surgical configurations (post, post 2 cm and post 6 cm), considering different His-angles: 25° (a), 30° (b and e), 45° (c) and 65° (d).

Table 1
Material properties: Ogden coefficients for the different stom-
ach regions and oesophagus.

Region o [-] 1 [kPa]
Oesophagus 6.74 75.58
Fundus 8.11 7.98
Corpus 8.64 9.52
Antrum 6.95 5.94

2.3. Solid mechanics constitutive formulation

From the results obtained during experimental activities on hu-
man tissues of patients with morbid obesity during uniaxial tests
[23,35], average mechanical behaviours were derived by combing
the circumferential and longitudinal behaviour of the different re-
gions composing the stomach (fundus, corpus and antrum) in or-
der to simplify the gastric tissues as an isotropic hyperelastic mate-
rial. These stress-strain curves were fitted with a first order Ogden
material model (N = 1) and the parameters obtained are reported
in Table 1. The form of the Ogden strain energy potential W is re-
ported in the following equation:

2 sy =g = 1
w:?f(x$+xg+xg_3) +5(le’—1)2

_ - -1
where ; are the deviatoric principal stretches A;=] /3A;; A; are
the principal stretches; and i, o and D are material parameters.

2.4. Fluid behaviour

Comsol Multiphysics 5.4 (Comsol Inc., Burlington, MA, USA) was
the software utilized to run the FSI simulations. An incompress-
ible homogeneous single-phase laminar flow characterized by a
density of 1000 kg/m3 was assigned. Different dynamic viscos-
ity values were tested to simulate the intake of different kind
of food [36]. The chosen values were 0.1, 1 and 10 Pa-s, which
indicate different types of fluid food: orange juice, yogurt, and
rice pudding, respectively. A No-Slip condition (ug,q - n = 0 and
[ = pl 4+ (Vuguia + (Vugea)") 1n = 0) was imposed to have a
fluid velocity equal to zero in proximity of the solid domain walls.

2.5. Boundary conditions and constrains

Interpolation functions (namely, oesophagus, corpus_pre and cor-
pus_post, as reported in Fig. 2) were established to characterize the
main esophagogastric regions in terms of pressure, obtained from
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Fig. 2. Interpolation functions established to characterize the main esophago-
gastric regions in terms of pressure. * indicated that the pressures were extracted
from Quero et al. [11], while ** was set by means of high-resolution manometry
measurements in post-prandial conditions [37-39].

high-resolution manometry measurements in post-prandial condi-
tions [11,37-39]. The first function imposes the prescribed pres-
sure in the inlet, while the second or the third define the intra-
gastric pressure in pre- either post-surgical configuration. To sim-
ulate the action of diaphragm muscles on the distal part of the
oesophagus to close the gastroesophageal junction, a prescribed
displacement was applied to LES region, which corresponded to a
closure of 90% of the internal diameter. The duration of the simu-
lation (which does not correspond to a real physiological time for
the gastric response, but only from a computational reliability) was
imposed equal to 100 s to reach the equilibrium response. From 0
to 1.5 s, the oesophagus and corpus reached the maximum pres-
sure and then remained constant, while from 0 to 7.5 s the LES
reached the maximum closure and then remained constant (Fig. 2).
An external boundary spring foundation condition was imposed to
enforce the role of surrounding organs, with the only exception for
the LES region. The inlet was set in the proximal part of the oe-
sophagus, while the outlet was defined in the connection of the
stomach to duodenum, with null velocity as boundary condition
(thus considering no stomach emptying). An additional prescribed
displacement condition was applied at the solid domains next to
inlet and outlet port imposing a null displacement.

2.6. Meshing operation

A triangular extra-fine mesh was chosen which accounted for a
minimum element size of 0.02 mm up to a maximum of 2.15 mm
with a grow factor of 1.08 for the gastric district, while for the oe-



I. Toniolo, A. Berardo, M. Gagner et al.

sophageal tract the minimum and the maximum size were 0.25
and 0.4 mm, respectively. The discretization to finite elements was
finer to properly characterize the region where the reflux took
place. A boundary layer of five elements was imposed to prop-
erly define the interface behaviour of the liquid phase. The moving
mesh was imposed selecting the whole fluid domain.

Mesh sensitivity analysis was performed with the automatic
meshing tool provided by the software, from an extra coarse to
extra fine mesh (from a maximum element size of 39 and 23 mm,
to 0.2 and 0.2 mm, for the mechanical and fluid domain respec-
tively). The mesh analysis revealed that the results of extra fine
and very fine mesh did not vary significantly. Hence, the chosen
element size fall into the values reported at the initial of the para-
graph, related to a very fine mesh for the gastric region, while to
an extra-fine mesh for the gastro-oesophageal region, where the
reflux flow was measured.

2.7. Numerical simulations

Simulations were performed with Comsol Multiphysics 5.4
(Comsol Inc., Burlington, MA, USA), time-dependant, direct (PAR-
DISO method), non-linear (automatic Newton method) and fully-
coupled solver, with time step automatically computed which var-
ied along the simulation between 0.018 s to 3 and 297,749 degrees
of freedom.

2.8. Data processing

Reflux flow was computed as integral calculated on the half of
the “horizontal” line, which delimited the most proximal part of
oesophagus. To calculate the simplified 3D flux through the oe-
sophagus from the 2D model, the first Pappa-Guldino theorem was
applied [40] in order to compute the transversal area of the oe-
sophagus canal from 2D model by considering a 360° rotation of
the half distal oesophagus curve.

3. Results

When considering food intake, a pressure drop between the
stomach and oesophagus is established leading to a flux from
the stomach to the oesophagus canal that can be linked to po-
tential gastric reflux (Fig. 3). From the FSI simulations, the fluid
flux (cm?3/s) at the equilibrium was obtained, once the LES closes
almost completely (90%) and the velocity stabilizes (Fig. 2, after
100 s). The flow calculated at the proximal part of the oesophagus
depends on physiological features, e.g., His-angle, pressure drop
along the canal and by viscosity. In addition, if LSG is performed,
a considerable variation of the post-surgical stomach shape is in-
duced, with a strong volumetric capacity reduction, which leads to
a higher pressurization in correspondence of a less amount of food
(Fig. 3c) [11]. In addition, the stomach change into a tubular shape
may alter the His-angle, with significant changes in the velocity
field (Fig. 3b).

When comparing all the pre-surgical configurations, the final
flux increases accordingly to the increase in the His-angle, up to
two orders of magnitude (Fig. 4, green bars).

However, lower values of the flux were observed in the post-
surgical models, both imposing a gastric pressure in the post-
surgical models equal to that characterizing the pre-surgical stom-
ach (2800 Pa) and in case of a higher pressure, typical of sleeved
stomachs (4466 Pa) (Fig. 4b and a, respectively).

Fig. 4a shows the variation of the flux when moving from 25°
to 65° in pre- and post-surgical models with a different intragastric
pressure (2800 Pa and 4466 Pa respectively) and 1 Pa-s fluid vis-
cosity. Results highlighted a flux increase up to 170 times for 25°
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until about 2 times for 65°, with a pronounced decreasing trend as
the His-angle widened.

When the intragastric pressure was the same between pre- and
post-surgical models, only in the presence of the 65° it was ob-
served a higher flux (20% more) before the LSG rather than the
corresponding post-surgical model (Fig. 4b). On the contrary, in the
other configurations, the flux resulted almost 80 times greater in
25°, until about 12% more in 45° (same viscosity as Fig. 4a). Fig. 4c
and d reported the flux variations when a fluid with a smaller or
grater viscosity (0.1 and 10 Pa-s, respectively) was considered. With
a greater viscosity, the flux in post-surgical configurations with ref-
erence to the pre-surgical ones, increased up to 206% (25°), 268%
(30°), 145% (45°) and 91% (65°), while numbers became evenly
greater with a 0.1 Pa-s viscosity.

Furthermore, post-surgical configurations differed in the
antrum size, in order to assess its influence in flux amount. Mod-
els with the major antrum dimension (post 6 cm configuration)
recorded the lowest flux amongst all post-surgical conformations
with same His-angle. However, these values did not change sig-
nificantly, showing a feeble decreasing trend at the increase in
antrum region size (Fig. 4, blue, yellow and dark blue bars).

4. Discussion

Among the bariatric operations performed worldwide, LSG is
associated with higher risk of postoperative GERD and esophagi-
tis compared with other bariatric operations [5]. LSG provides a
strong reduction in the volumetric capacity of the stomach, which
impacts on the intragastric pressure and widens the His-angle in
the long run. The anatomy and the orientation modification, com-
bined with the increase in intragastric pressure, promote reflux
events also in patients with severe obesity, who did not suffer
from GERD before LSG. The top five ranked GERD predictors af-
ter LSG are age, weight, preoperative GERD, size of orogastric tube,
and distance of first stapler fringe from the pylorus [41]. In the
proposed work, only the factors which can be introduced in a FSI
simulations were considered, namely bougie size, and distance of
first stapler fringe from the pylorus, viscosity and His-angle.

From the simulations, a reverse fluid flux from the stomach to
the oesophagus canal was observed due to the imposed initial con-
ditions consisting in a pressure drop among the two regions and a
partially closed (90%) LES. The aim was to analyse how the reverse
flux varied according to pre- and post-surgical configurations, His-
angle, antral dimension and bolus viscosity.

Accordingly to clinical evidence [4], a wider His-angle in the
pre-surgical configuration resulted in a greater flux flow, stating
that the physiological shape of the stomach could represent one
of the first causes for possible reflux (e.g., GERD).

Including the effects of shape modification after LSG, even
higher flux values were observed, both if considering or not the
higher pressurisation of post-surgical configurations due to vol-
ume reduction and the completely removal of fundus (the most
compliant region) (Fig. 4b and a, respectively). In the first anal-
ysis, the only affecting variable was the stomach geometry and
the post-surgical models recorded higher values of reflux flow,
with the only exception for 65° Indeed, the variation between pre-
and post-surgical configurations of the flux flow decreased when
moving from 25° (7300%) to 45° (12%) and became even nega-
tive for 65°(—11%). This outcome suggested that the potential re-
flux is strongly influenced by a high variation of the His-angle,
combined with the volume reduction; however, when wider an-
gles were present (i.e., 65°), this effect became slighter, indicating
that reflux increase could be generated by other factors.

However, LSG induces also an increase in intragastric pressure
(in-vivo manometry reported approximately double values [11] af-
ter LSG), thus the combination of greater pressure with the His-
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Fig. 3. Colormaps of the velocity (for the fluid domain) and the displacement (for the solid domain) in the 45° His-model in pre- and post-surgical configurations at different
moments of the simulation: initial (t = 0 s), in the middle of the LES closing (¢t = 3.75 s) and at the equilibrium final point (t = 100 s) in case of viscosity equal to 1 Pa-s.

The intragastric pressure was 2800 Pa in (a) and (b), while it was 4466 Pa in (c).

angle variations proved the maximum flux flow with respect to
the previous scenario (Fig. 4). Even if to date no clinical measure-
ments were obtained to quantify the reflux, these results propose
that this potential inverse flux could be directly linked to reflux
events, being in agreement with the “de novo” GERD after LSG.

If a larger antrum region was preserved after the surgery, a
lower final flux was observed for all the His-angle configurations
respect to other post-surgical configurations, which could discour-
age reflux after food intake. This effect is induced by a closer sim-
ilarity of the final gastric shape to the pre-surgical one, where
lower flux flows were recorded. Therefore, geometrical features
(e.g., His-angle, fundus removal and antral final dimension) ap-
peared to affect the fluid-dynamics of the stomach, promoting the
rising of the liquid contents, even if no higher pressures are in-
cluded.

Another key factor in enhancing potential reflux from the stom-
ach is fluid viscosity. As expected by Eq. (4), the flux magni-
tude varied inversely proportional to fluid viscosity, with signifi-
cant changes when moving from lower (0.1 Pa-s) to higher (10 Pa-s)
values. Accordingly to the here reported results, Shimizu et al.

[42] observed that semisolid formulae with viscosity around 6 Pa-s
significantly reduced the incidence of gastroesophageal reflux, thus
reducing the risks of GERD. Moreover, a marked delay in oe-
sophageal transport with increasing viscosity of the bolus was also
reported in [43], where, with conventional oesophageal manom-
etry and impedance monitoring, the effect of bolus viscosity on
oesophageal motility and bolus transit was assessed, confirming
that the velocity of oesophageal bolus transport and motility de-
creased with increasing bolus viscosity. Viscosities adopted within
this study referred to common fluid food, with reference to these
previous studies.

However, after a meal, the viscosity is not the only food vari-
able promoting or reducing reflux, but also pH and the presence
of solid particles should be considered for a better and complete
understanding of the bolus effects in potential reflux events. Other
assumptions were realized in the present work, since we limited
to 2D stomach model instead of the 3D, thus not including the in-
fluence of a realistic and complete geometry of the organ. Addi-
tional aspects should be further discussed, as the influence of the
adopted boundary conditions, and the lack of gastric active motility
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Fig. 4. Reflux flows of the pre- and post-surgical models when the intragastric pressure was 2800 Pa for physiological models and 4466 Pa for sleeved stomachs. Bolus
viscosity was equal to 1 Pa:s (a), Reflux flows of the pre- and post-surgical models when the intragastric pressure was 2800 Pa in all models and bolus viscosity was equal
to 1 Pa-s (b), Reflux flows of the pre- and post-surgical models when the intragastric pressure was 2800 Pa for physiological models and 4466 Pa for sleeved stomachs. Bolus
viscosity was equal to 0.1 Pa:s (c), Reflux flows of the pre- and post-surgical models when the intragastric pressure was 2800 Pa for physiological models and 4466 Pa for

sleeved stomachs. Bolus viscosity was equal to 10 Pa-s (d).

and gastric emptying, which could lead to possible overestimations
of the expected flux due to the absence of both mixing effects and
flux through pylorus.

This is a simplification of a realistic situation, since liquids usu-
ally pass through the pyloric sphincter after few minutes from the
ingestion [44], but justified since the aim was to analyse the worst
configuration with the maximum reflux (since no other fluxes are
occurring in the same time). Gastric emptying will be added in
the future studies because its role in GERD development. Notwith-
standing, the interest was primary focused to unveil the potential
factors in enhancing the flux rather than to quantify this latter. In-
deed, since no measurements of the reflux flow are available from
a clinical point of view, it is possible to infer that, despite this sim-
plification, the proposed models are able to draw the attention on

the effects of single and combined features on the potential gas-
troesophageal reflux, especially after quite invasive bariatric surg-
eries.

5. Conclusions

Within this work we provided a computational evaluation of
several effects that could induce or reduce a potential reflux from
the stomach to the oesophageal canal during a post meal simula-
tion, especially for people affected by morbid obesity candidates
for LSG. As reported in some works [6,8,11], after LSG patients
could develop "de novo” GERD due to non-negligible morpholog-
ical changes of the His-angle and stomach volume. Moreover, the
sleeved stomach after LSG usually shows higher intragastric pres-
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sures after food intaking with respect to pre-surgical ones, even
though the amount of food is significant lower. These aspects ap-
peared relevant to generate a greater flux, both as single, but also
as coupled effects. Moreover, other factors may be crucial for reflux
events too, such as the bolus viscosity. Being the first yet prelimi-
nary fluid-structure interaction study of the digestive tract, this re-
search aimed at analysing how geometry and fluid properties com-
bined with LSG affected the reflux events in a coupled solid and
fluid-dynamic point of view, suggesting that His-angle greatly af-
fects the reflux flow in the presence of the same fluid viscosity. In
addition, also fluid viscosity plays an important role in the reverse
flux, changing it of some orders of magnitude lower (with an in-
crease in the viscosity) or higher (with a decrease in viscosity). For
a complete characterization, future studies should consider a 3D
geometry, based on in vivo organ segmentation [45], the pressure
contribution of antrum region and pylorus, and possible correla-
tions to pH and gastric motility. However, this first computational
assessment was able to clarify the role of these key points in stom-
ach fluid dynamics, showing the importance to forecast possible
GERD development, especially after LSG, for a better clinical prac-
tice.
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