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Abstract
Introduction and Purpose Sleeve gastrectomy (SG) is gaining
ground in the field of bariatric surgery. Data are scarce on its
impact on esophagogastric physiology. Our aim was to eval-
uate the impact of SG on esophagogastric motility with high-
resolution impedance manometry (HRIM) and to assess the
usefulness of HRIM in patients with upper gastrointestinal
(GI) symptoms after SG.
Methods A retrospective analysis of 53 cases of HRIM per-
formed after SG was conducted. Upper GI symptoms at the
time of HRIM were scored. HRIM was analyzed according to
the Chicago classification v3.0. A special attention was devot-
ed to the occurrence of increased intragastric pressure (IIGP)
after water swallows and reflux episodes as detected with
impedance. A measurement of sleeve volume and diameter
was performed with CT scan in a subgroup of patients.
Results IIGP occurred very frequently in patients after SG
(77 %) and was not associated with any upper GI symptoms,
specific esophageal manometric profile, or impedance reflux.

Impedance reflux episodeswere also frequently observed after
SG (52 %): they were significantly associated with gastro-
esophageal reflux (GER) symptoms and ineffective esophage-
al motility. The sleeve volume and diameters were also signif-
icantly smaller in patients with impedance reflux episodes
(p<0.01).
Conclusion SG significantly modified esophagogastric motili-
ty. IIGP is frequent, not correlated to symptoms, and should be
regarded as a HRIM marker of SG. Impedance reflux episodes
were also frequent, associated with GER symptoms and esoph-
ageal dysmotility. HRIMmay thus have a clinical impact on the
management of patients with upper GI symptoms after SG.
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Sleeve gastrectomy (SG) is gaining ground in the field of
bariatric surgery [1, 2]. Digestive comfort is thought to be
much better than after gastric banding [3]. However, digestive
symptoms such as gastroesophageal reflux disease (GERD),
vomiting, regurgitations, food intolerance, or epigastric pain
are also reported after this type of surgery [4–6].

Sleeve gastrectomy reduces gastric volume and decreases
the gastric ability to relax during meals (accommodation) due
to gastric fundus removal. This leads in turn to increased gas-
tric pressure when the remaining stomach is full and thus may
induce various upper gastrointestinal (GI) symptoms [7–9].

High-resolution manometry (HRM) has greatly helped to
understand the functional gastric and esophageal complica-
tions occurring after laparoscopic gastric banding [10, 11].
The combination of HRM and intraluminal impedance mon-
itoring (HRIM) allows the assessment of pressure as well as
bolus clearance and reflux episodes within the esophagus and
the proximal stomach [12–14].
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Our aim was thus to describe the esophageal HRIM pat-
terns after SG, in order to understand the impact of SG on
esophagogastric physiology, and to evaluate the diagnostic
impact of this technique in patients suffering from upper GI
symptoms after SG.

Methods

A retrospective search of prospectively established databases
of HRM in two tertiary care centers was performed to identify
cases of HRIM done after SG. All cases were included pro-
vided they did not undergo any additional surgical procedure
between SG and the HRIM. Anthropometric measures were
noted at the time of HRIM, as well as the frequency of both-
ersome heartburn, regurgitations, epigastric pain, nausea and
vomiting, and dysphagia, ranked on a 4-points Lickert scale:
0=never, 1=once a week, 2= less than four times a week, and
3=at least four times a week. Symptoms scoring 2 or 3 were
considered significant.

HRIM was performed with a Manoscan™ (Medtronic
France, Boulogne-Billancourt, France, 36 pressure sensors
plus 9 electrode rings for impedance, 27 patients in France)
or a Sandhill-HRiM Insight catheter (Sandhill Scientific Inc,
Highlands Ranch, CO, USA, 32 pressure sensors plus 9 elec-
trode rings, 26 patients in Italy) passed through the nose after
local anesthesia. A 30-s period without swallowing was ana-
lyzed for baseline esophagogastric junction (EGJ) pressure
and morphology, and 10 water swallows (5 ml) were per-
formed in supine position for the analysis of esophageal peri-
stalsis and EGJ relaxation. Impedance manometry studies
were retrospectively reviewed by four investigators unaware

of the symptoms of the patients. Analyses were performed
with the Manoview 3.0.1 software or the Sandhill Bioview
5.6.3.0 software with the usual standardized metrics, includ-
ing the Chicago classification of esophageal motility disorders
with HRM (version 3.0, CC3) [15–17]. EGJ morphology was
classified based on the presence of axial cranial separation
between lower esophageal sphincter (LES) and crural dia-
phragm (CD), measured in centimeters, as follow: Type I, no
separation between the LES and the CD; Type II, minimal
separation (>1 and <2 cm); Type III (hiatal hernia), ≥2 cm of
separation [18]. A special attention was devoted to the in-
crease of intragastric pressure after water swallows: an in-
creased pressure of more than 30 mmHg was considered as
significant, if not associated with a simultaneous intrathoracic
pressure (indicating an episode of cough or nausea); duration
and maximal pressure were recorded. Intraesophageal varia-
tions of impedance after each water swallow were analyzed to
identify complete or incomplete bolus clearance and reflux
episodes [19]. In order to evaluate the potential role of the size
of the gastric sleeve on upper GI symptoms, 15 patients also
underwent a specific abdominal CT scan at the time of ma-
nometry, after ingestion of effervescent salts (tartric acid and
calcium carbonate in less than 10 ml of water) and oral ad-
ministration of 320 mg of phloroglucinol as previously de-
scribed [20], the volumes of the gastric remnant, the sleeved
part of the stomach and of the antrum, as well as the diameter
of the sleeve were computed (Fig. 1).

Statistical Analyses

Data were analyzed using JMP (version 11.0, SAS institute
Inc., Cary, NC, USA). Continuous data were expressed as

Fig. 1 3D-gastric CT scan with
ingestion of gas: schematic
representation for measurements
(d diameter in millimeter, V1
sleeve volume in milliliter, V2
antrum volume in milliliter) on
the left, and corresponding 3D-
gastric CT scan image
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mean (SD) unless otherwise indicated. Parametric or non-
parametric tests were used as appropriate to compare groups.
A p value <0.05 was considered statistically significant.

Results

Patients

Fifty-three consecutive cases of esophageal HRIM performed
after SG in two centers from March 2012 to April 2015 were
reviewed. Six of these patients (11 %) had a laparoscopic
gastric banding before sleeve gastrectomy. Esophageal testing
was performed as part of a systematic follow-up, or because of
unexplained upper GI symptoms. There were 37 females,
mean age 37 years (SD 12), with a mean body mass index
(BMI) of 32 kg/m [2] (SD 5) at the time of HRIM. The median
delay between SG and HRIM was 11 months (range 1 to
50 months), and the mean percentage total weight loss be-
tween SG and HRIM was 19 (range 10–34). The results of
upper GI endoscopy performed at the time ofmanometry were
available in 42 patients (81 %): 37 were normal, and there
were three cases of endoscopic hiatal hernia, three cases of
erosive esophagitis (two grade A and one grade B according
to the Los Angeles classification), and one case of mild gastric
stenosis. Twenty-nine patients (55%) had significant upper GI
symptoms at the time of HRIM: epigastric pain was the most
frequent symptom (18/53, 34 %), followed by typical symp-
toms of GERD (heartburn and/or regurgitation) in 15 (28 %),
dysphagia in 14 (26 %), nausea and/or vomiting in 9 (17 %),
and belching in 2 (4 %). Post-prandial fullness was present in

the majority of patients (39/53, 74%) but was not counted as a
symptom, since it is the direct result and objective of SG.

Esophageal HRIM Results

Esophageal HRM was normal in 30 patients, disclosed inef-
fective esophageal motility (IEM) in 20, and hypercontractile
(jackhammer) esophagus in 3 patients. There was no case of
outflow obstruction of the EGJ or achalasia (median integrat-
ed relaxation pressure, IRP=4 mmHg (range 0–13)). A hiatal
hernia, defined as the presence of EGJ type III morphology,
was present in 14 cases. Significant bolus pressurization be-
tween both components of the EGJ was present in 7 cases
(Fig. 2).

A typical aspect of increased intragastric pressure (IIGP)
occurring after 5 ml water swallow (during the lower esopha-
geal sphincter (LES) after contraction) was present in 41 cases
(77 %), and the percentage of single swallows associated with
IIGP for each subject ranged from 10 to 100 %, with a median
of 30 % (Fig. 3). Esophageal bolus clearance during single
swallows was similar whether IGP was present or not.
Impedance reflux episodes were detected during the mano-
metric protocol in 53 % of patients, ranging from 1 reflux
out of 10 single swallows to 10 out 10 per patient (median
20 %) (Fig. 4).

Comparisons Between Clinical and HRIM Data

Tables 1 and 2 summarized the differences of HRIM results
between patients with and without epigastric pain and GERD,
respectively; there were no significant differences for the other
clinical symptoms (data not shown). Interestingly, patients

Fig. 2 Esophageal high-
resolution manometry after sleeve
gastrectomy. Typical
supradiaphragmatic
esophagogastric junction
enlargement with bolus
pressurization between lower
esophageal sphincter (LES) and
crural diaphragm after a 5-ml
water swallow
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with typical GER symptoms had significantly more water
swallows followed by IIGP (although the percebtage of pa-
tients with this phenomenon was similar in the groups with
and without typical GER symptoms) and more water swal-
lows followed by impedance reflux. Using ROC curve anal-
ysis, we found that 20 % or more of reflux episodes occurring
after water swallows was the best cut-off to identify subjects
with GER symptoms (AUC=0.918 (95 % CI 0.8–0.977),
p<0.0001).

There was no difference in terms of symptoms, re-
sults of esophageal manometry, CT scan sleeve volume
and diameter between patients with and without IIGP.
The occurrence of IIGP was similar whatever the delay
between HRIM and SG. However, in two cases, a clear
and definite relationship could be established between
epigastric pain felt by the patients during water swal-
lows and IIGP. These two cases were then operated on
to transform the SG into gastric bypass, with resolution
of the epigastric pain syndrome afterwards.

With regard to impedance reflux episodes, the demo-
graphics were similar between patients with and without (data
not shown). Forty percent of patients with impedance reflux
episodes had typical symptoms of GERD versus only 5 %,
(p= 0.0022) of those without impedance reflux episodes.
Among the HRIM variables, the mean IRP and the distribu-
tion of esophageal motility disorders as defined by the CC3
were significantly different between the two groups, while the
mean distal contractile integral (DCI) tended to be lower in
patients with impedance reflux episodes (Table 3). The per-
centage of IIGP after water swallows was higher in the group
of patients with reflux episodes, but the difference in terms of
percentage of patients with IIGP after water swallows, al-
though higher in the reflux group, did not reach statistical
significance. On CT scan, the measured sleeve volume and
the sleeve diameter were significantly smaller in the group
of patients with impedance reflux (N=8) than in those without
impedance reflux (N = 4) (141 (23) ml vs 247 (32) ml,
p=0.022; 36 (2) mm vs 47 (3) mm, p=0.017, respectively).

Fig. 3 Esophageal high-
resolution manometry after sleeve
gastrectomy. Typical increased
intragastric pressure (IIGP) after
single swallows of 5 ml of water.
The gastric pressure clearly
increased above 30 mmHg during
the after-contraction of LES
occurring after a swallow. In this
case, this phenomenon was
associated with epigastric pain

Fig. 4 Esophageal high-
resolution manometry with
impedance after sleeve
gastrectomy. Impedance reflux
episodes are observed in pink
after each single swallow (white
arrow indicating the retrograde
progression of intra-luminal
esophageal impedance variation).
The yellow arrows indicate the
position of the lower esophageal
sphincter (LES)
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Discussion

This study points out the potential usefulness of
esophagogastric HRIM for the diagnostic work-up of patients
with upper GI symptoms after SG. The compliance of the
gastric sleeve is clearly reduced, as evidenced by the increased
intragastric pressure after 5 ml water swallows. Interestingly,

this IIGP was present only after the completion of the swal-
lows, during the LES after-contraction, and not during the
relaxation period of the EGJ. This may explain why this phe-
nomenon was not associated with symptoms (dysphagia or
GER). Thus, it should be considered more as a manometric
marker of SG, rather than a pathological finding with clinical
implications, except in cases when painful symptoms clearly

Table 1 Demographics and
HRMI data in patients with and
without epigastric pain at the time
of HRMI performed after sleeve
gastrectomy. Data are expressed
as mean (SD)

Epigastric pain No epigastric pain p

Number 18 35

Female (sex) 83 % 63 % 0.11

Age (years) 43 (3) 34 (2) 0.0114*

BMI (kg/m2) 32 (1) 33 (1) 0.50

Delay between SG and HRM (months) 12 (3) 12 (2) 0.94

EGJ baseline pressure (mmHg) 8 (2) 17 (2) 0.0016*

IRP (mmHg) 3 (1) 5 (1) 0.0882

DCI (mmHg.cm.s) 1879 (400) 1430 (287) 0.37

Number of patients with hiatal hernia (%) 8 (44 %) 6 (17 %) 0.036*

Chicago classification

IEM (%) 4 (22 %) 16 (46 %) 0.21
Jackhammer (%) 1 (6 %) 2 (6 %)

Normal (%) 13 (72 %) 17 (48 %)

% of IIGP after single swallows 33 (6) 29 (5) 0.65

Number of patients with IIGP (%) 16 (89 %) 25 (71 %) 0.13

% of reflux after single swallows 15 (7) 16 (4) 0.87

Number of patients with HRMI reflux (%) 6/13 (91 %) 19/34 (56 %) 0.55

EGJ Esophagogastric junction, IRP integrated relaxation pressure of the esophagogastric junction, DCI distal
contractile integral, IEM ineffective esophageal motility, BMI body mass index

Table 2 Demographics and
HRMI data in patients with and
without typical GER symptoms at
the time of HRMI performed after
sleeve gastrectomy. Data are
expressed as mean (SD)

GER symptoms No GER symptom p

Number 15 38

Female (sex) 11 (73 %) 26 (68 %) 0.72

Age (years) 39 (3) 36 (2) 0.48

BMI (kg/m2) 31 (1) 33 (1) 0.29

Delay between SG and HRM (months) 16 (3) 10 (2) 0.10

EGJ baseline pressure (mmHg) 6 (2) 18 (1) <0.0001*

IRP (mmHg) 2 (1) 5 (1) 0.005*

DCI (mmHg.cm.s) 1313 (439) 1688 (276) 0.47

Number of patients with hiatal hernia (%) 7 (47 %) 7 (18 %) 0.041*

Chicago classification 0.091
IEM (%) 9 (60 %) 11 (29 %)

Jackhammer (%) 1 (7 %) 2 (5 %)

Normal (%) 5 (33 %) 25 (66 %)

% of IIGP after single swallows 42 (7) 26 (4) 0.0494*

Number of patients with IIGP (%) 12 (80 %) 29 (76 %) 0.77

% of reflux after single swallows 38 (6) 9 (3) 0.0001*

Number of patients with HRMI reflux (%) 10/11 (91 %) 15/36 (42 %) 0.0022*

EGJ esophago-gastric junction, IRP integrated relaxation pressure of the esophagogastric junction, IIGP
Increased intragastric pressure, DCI distal contractile integral, IEM ineffective esophageal motility

OBES SURG (2016) 26:2449–2456 2453



occur associated with IIGP. Vidal et al. recently suggested that
sleeve volume increased between 1 and 12 months after SG,
and the more this volume increased the less body weight de-
creased [21]. It would thus be expected to see IIGP after swal-
lows decrease as the delay between SG andHRM increases, but
our results did not confirm this hypothesis. The prevalence of
IIGP was similar in early HRM performed less than 6 months
after surgery and late HRM performed more than 12 months
after SG. Del Genio et al. [8] described that reflux episodes after
SG were linked to increased intragastric pressure (Bbounded^
reflux): our results did not confirm convincingly this observa-
tion, although the percentage of water swallows followed by
IIGP was significantly higher in the group of patients with
impedance reflux episodes. Indeed, we did not find a significant
correlation between the occurrence of IIGP and reflux imped-
ance episodes. In some instances, a shortening of the esophagus
with enlarged EGJ could be detected, similarly to the descrip-
tion made initially by Burton et al. after gastric banding [11,
22]. In these cases, the pressurization of the bolus within the
supradiaphragmatic enlargement appears as a clear indicator of
the impact of the SG on esophageal bolus clearance and transit.
Thus, the reduced compliance of the gastric sleeve may impact
on the anatomy and the physiology of the EGJ in some cases.
However, in our series, the pressurization of the enlarged EGJ
(or hiatal hernia) present in seven cases was not associated with
dysphagia or other upper GI symptoms. Toro et al. have recent-
ly shown that the sleeve volume and compliance may vary
greatly between subjects and that these variables do not appear
to be associated with the efficacy of the bariatric procedure on
weight loss [23]. They did not find a correlation between the
sleeve volume and its compliance. Our small series comparing
the sleeve volume as measured with CTscan and compliance as
measured as the percentage of increased intragastric pressure
after single swallows showed the same absence of correlation
between these two variables.

With regard to reflux, our study demonstrated the useful-
ness of HRIM for a rapid assessment of GER occurrence after
SG. Despite conflicting results in the literature, it seems rather
clear that SG may induce GERD Bde novo,^ or increase GER
symptoms already present before surgery [4, 24–28]. Our re-
sults based on the evaluation of impedance reflux episodes
after 10 single swallows of 5 ml water showed that this test
may be sufficient to confirm the absence of reflux: indeed only
5 % of the patients without reflux episodes at HRIM reported
GER symptoms. These data are confirmed by the fact that
patients with impedance reflux episodes had more frequently
manometric abnormalities observed in patients with proven
GERD, such as low baseline EGJ pressure, decreased DCI,
and ineffective esophageal motility [29–32]. Manometric hia-
tal hernia was also more frequently observed in the group of
patients with GER symptoms: these small hiatal hernias (or
enlargement of the EGJ) were probably the consequence of
the SG, as the presence of a significant hiatal hernia was
regarded as a contraindication to SG in our series [33].

There are some limitations to this study: its retrospective
nature is one of them. HRIM was performed as part of a
routine work-up after SG in most patients, and as a diagnostic
tool in patients with unexplained upper GI symptoms: this
may create a bias in the interpretation of our data. However,
as previously mentioned, the delay between SG and HRIM
was not correlated with IIGP or the prevalence of impedance
reflux episodes. Furthermore, this approach allowed us to
compare HRIM results in asymptomatic and symptomatic pa-
tients, and thus to describe manometric abnormalities such as
IIGP not correlated to clinical symptoms. Finally, we did not
compare the results of HRIM with the gold standard for
GERD diagnosis, i.e., prolonged esophageal pH-impedance
monitoring.

In conclusion, this retrospective series describe typical re-
sults of HRIM after SG. Increased intragastric pressure after

Table 3 Manometric data in
patients with and without
impedance reflux on HRMI
performed after sleeve
gastrectomy

Positive impedance reflux Negative impedance reflux p

Number 25 22

Hiatal hernia (%) 7 (28 %) 5 (23 %) 0.679

Mean EGJ baseline pressure (mmHg) 14 (2) 18 (2) 0.145

Mean IRP (mmHg) 4 (1) 6 (1) 0.022*

Mean DCI (mmHg.cm.s) 1231 (342) 2232 (364) 0.051

Chicago classification 0.033*
IEM (%) 12 (48 %) 3 (14 %)

Jackhammer (%) 1 (4 %) 2 (9 %)

Normal (%) 12 (48 %) 17 (77 %)

% of IIGP after single swallows 41 (5) 22 (6) 0.019*

Number of patients with IIGP (%) 22 (88 %) 15 (68 %) 0.095

EGJ Esophago-gastric junction, IRP integrated relaxation pressure of the esophagogastric junction, DCI distal
contractile integral, IEM ineffective esophageal motility, IIGP increased intragastric pressure after 5 ml water
swallow
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water single swallows is very common and most of the time
not associated to clinical symptoms. Impedance reflux epi-
sodes are also very frequent after water single swallows and
associated with GERD symptoms and manometric abnormal-
ities usually found in GERD patients. HRIM may thus be
useful to explore upper digestive symptoms occurring after
SG, and outcomes data are needed to confirm this hypothesis.
Meanwhile, we propose that HRIM should be performed after
SG whenever bothersome upper GI symptoms are not ex-
plained by upper GI endoscopy and/or barium swallow.
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