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Hiatal reconstruction is safe and effective 
for control of reflux after laparoscopic sleeve 
gastrectomy
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Abstract 

Background:  Gastroesophageal reflux is a known complication following laparoscopic sleeve gastrectomy (LSG) as 
anatomical changes predispose to reduced lower esophageal sphincter pressure and development of hiatus hernia. 
The mainstay of surgical management has been Roux-en-Y gastric bypass (RYGB) which is not without risk. Hiatus 
hernia repair (HHR) with surgical reattachment of the oesophagus to the crura, recreating the phreno-esophageal 
ligament is a simple procedure specifically targeting a number of anatomical changes responsible for reflux in this 
population.

Methods:  We conducted a single centre retrospective analysis of adult patients with post-sleeve reflux refractory to 
medical treatment, managed with either HHR, RYGB or One-anastomosis Duodenal switch (OADS). PPI use and symp-
toms of reflux were assessed at early and mid-term time points via validated questionnaires.

Results:  99 patients were included, of these the surgical procedure was HHR alone in 58, RYGB in 29 and OADS in 
12. At early follow-up control of reflux symptoms was achieved in 72.4% after HHR, 82.1% after RYGB and 100% after 
OADS with no significant difference between groups (p = 0.09). At mid-term followup (median 10 months IQR 7–21) 
there was no significant difference in the presence of symptomatic reflux as determined by post-op Visick score nor a 
difference in PPI use. The GerdQ score was significantly lower after OADS as compared to HHR and RYGB (4.6 ± 2.3 vs 
7.7 ± 2.2 vs 8.7 ± 3.5, p = 0.006).

Conclusion:  HHR with reconstruction of the phreno-esophageal ligament is a safe and effective procedure for 
patients with reflux after LSG, that avoids more complex operations such as RYGB and OADS and their associated 
long-term sequelae.
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Introduction
Laparoscopic sleeve gastrectomy (LSG) is the most com-
mon bariatric procedure performed worldwide [1] and 
demonstrates excellent results in reducing weight and 
obesity-related morbidity [2, 3]. The early outcomes of 

LSG are on par with Roux-en-Y gastric bypass (RYGB) 
[4], and its popularity is driven by comparatively reduced 
perioperative complications by being a less technically 
demanding procedure and the reduced risk of malnutri-
tion and less requirement for strict nutritional surveil-
lance and supplementation [5, 6].

One of the most common complications of LSG is 
gastro-esophageal reflux  disese (GERD). The incidence 
of symptomatic reflux has been reported as high as 57% 
within 10  years of surgery and this has been shown to 
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have a negative impact on quality of life and to increase 
the risk of Barrett’s esophagus [7]. De novo hiatus hernias 
seem to have a strong correlation with the development 
of reflux after LSG [7, 8]. Patients who have no or mini-
mal reflux soon after surgery can develop progressive 
reflux symptoms years after surgery despite achieving 
and maintaining clinically significant weight loss.

The lower esophageal sphincter (LES) plays a key 
role in preventing gastric contents refluxing up into the 
esophagus. There are three components of the LES that 
contribute towards this anti-reflux mechanism. Firstly, 
the intrinsic sphincter consists of smooth muscle fibres 
that remain tonically contracted and provide a baseline 
pressure differential between the stomach and esophagus 
[9]. The second component is the external crura-these 
skeletal muscle fibres extending from the diaphragm are 
superimposed with those fibres of the intrinsic sphinc-
ter [10]. The external crura ensure maintenance of the 
LES pressure at times when the pressure differential may 
favor movement of contents from the stomach up into 
the esophagus such as during inspiration or valsalva. The 
third contributor to the LES is the phreno-esophageal 
ligament which holds the LES complex together. Fibres 
of the phreno-esophageal ligament originate from both 
the abdominal and thoracic surfaces of the diaphragm, 
inserting into the esophageal adventitia [11].

Anatomical changes during LSG impair normal physi-
ology and lead to the development of reflux. The shape 
of the gastric tube and loss of the gastric fundus predis-
pose to telescoping of the stomach into the chest (Fig. 1a) 
[12]. The phreno-esophageal ligament is often disrupted 
during LSG thus resulting in weakening of the structural 
framework between the intrinsic sphincter and exter-
nal crura. Separation of these two components which 
occurs with hiatal hernia results in a hypotensive LES. 
The reduced volume of the gastric tube also results in 
higher intragastric pressures, which the impaired LES is 
less likely to be able to withstand [13]. Sleeve morphology 
also has a role in post-LSG reflux, with incisura steno-
sis (Fig. 1b) and/or proximal tube dilation being a likely, 
albeit poorly defined driver of reflux and regurgitation in 
some patients.

In approaching the management of intractable reflux 
after LSG, the default strategy has been conversion 
to RYGB. This is due to the noticeable improvement 
in symptoms of GERD and reduction in use of PPIs 
seen in patients who have undergone RYGB for obe-
sity [14], however reflux symptoms can return in up 
to half of these patients in longer term follow-up [15]. 
For patients who do not require additional weight loss, 
RYGB is not an insignificant undertaking-revision bari-
atric surgery comes with increased risks of anastomotic 
leak, bleeding and reoperation [16], along with long 

term risks specific to RYGB such as internal hernias, 
marginal ulceration and nutritional deficiencies [17]—
all of which often play a role in the decision for LSG 
over RYGB when selecting a primary weight loss pro-
cedure. Conversion of LSG to RYGB doesn’t seem to 
guarantee reflux control with many patients still taking 
PPI in short term follow-up [18].  Additionally the lit-
erature present minimal objective data, with the major-
ity of LSG to RYGB studies failing to report PPI use 
or symptom scores [19, 20]. The sole study looking at 
objective data and post-conversion analysis saw persist-
ing reflux symptoms in nearly a third of patients con-
verted to RYGB from LSG, with persisting abnormal 
esophageal acid exposure despite normal hiatal anat-
omy and manometry post-conversion [21].

We hypothesize that a more simplified surgical 
approach involving hiatal hernia repair with cruroplasty 
and phreno-esophageal ligament repair or esophagopexy 
(HHR) would sufficiently address the anatomical changes 
that result in reflux after LSG in patients who lack ana-
tomic contraindications to such surgery and who do not 
require further weight-loss, or otherwise prefer to avoid 
RYGB. The aim of this study was to compare reflux out-
comes in patients with previous LSG who subsequently 

Fig. 1  a 3D CT scan post sleeve gastrectomy demonstrating hiatal 
hernia. b 3D CT scan post sleeve gastrectomy demonstrating small 
hiatal hernia and angularis stenosis
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underwent HHR, RYGB or one-anastomosis duodenal 
switch (OADS) for medically refractory reflux.

Methods
Participants
This is a retrospective cohort study involving adult 
patients (> 18 years) with previous LSG who underwent 
revision surgery for medically refractory reflux. Ret-
rospective chart review of a single high volume bariat-
ric centre was performed. Inclusion criteria included 
(1) LSG performed between 2010 and 2020 (2) Failure 
of maximal medical therapy (twice daily proton pump 
inhibitors (PPIs) lifestyle and dietary advice) requiring 
subsequent surgical intervention. All patients under-
went workup which included gastroscopy and/or one of a 
combination of 3D functional computerized tomography, 

manometry and esophogeal pH studies to assist in deter-
mining the most suitable surgical approach. An example 
of the workup algorithm we used as a guide is demon-
strated in Fig. 2. Retrospectively identified patients were 
recruited to participate at mid-term follow-up which 
involved completing two validated reflux symptom ques-
tionnaires, either online or via telephone.

Outcomes and follow‑up
Early assessment occurred at first post-operative clinic 
follow-up within 30  days. The primary outcome at this 
point was the presence of gastroesophageal reflux symp-
toms (heartburn, dysphagia, regurgitation) and PPI use. 
Patients were categorized into four separate groups 
depending on the type of resolution at follow-up which 
included (1) symptom free without ongoing PPI therapy, 

Fig. 2  Post-sleeve reflux algorithm to guide workup after failure of medical therapy. HH hiatus hernia, HHR hiatus hernia repair, RYGB Roux-en-Y 
gastric bypass, OADS one-anastomosis duodenal switch
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(2) Occasional symptoms but well controlled with break-
through PPI use, (3) Symptoms controlled with ongoing 
reliance on regular PPI therapy and (4) Breakthrough 
reflux symptoms while taking PPI therapy. For midterm 
follow-up patients were contacted between January 2021 
and March 2021 to participate in phone or online sur-
veys. The primary outcomes included the GERDQ ques-
tionnaire and a Post-op Visick score along with PPI use. 
Secondary outcomes included perioperative mortality 
and morbidity (30 days) along with reinterventions for 
either operative complications or persistence of reflux 
symptoms.

Reflux questionnaires
The Post-op Visick score is a simple validated method to 
assess the efficacy of surgical intervention for symptoms 
of GERD [22]. In particular it has been shown to accu-
rately reflect patient quality of life after anti-reflux sur-
gery and address the main symptom of reflux-heartburn 
[22, 23]. The post-op Visick score simply asks patients 
to select one of four statements that best describes their 
symptoms of reflux—(1) No symptoms, resolved, (2) 
Mild occasional symptoms not requiring treatment, 
(3) Frequent symptoms requiring regular or daily treat-
ment, (4) severe or daily symptoms despite daily medical 
treatment.

The second survey participants completed was the 
GerdQ questionnaire which has been demonstrated to be 
a useful non-invasive tool in the diagnosis of reflux and 
in the implementation of further investigative or man-
agement strategies [24, 25]. The questionnaire consists of 
four questions related to reflux symptoms and two ques-
tions relating to the impact of reflux symptoms on quality 
of life, specifically impact on sleep and requirement for 
additional medications. Patients are asked to indicate the 
frequency for each question that relates to the previous 
seven days (Table 1). A score less than 8 suggests a low 

probability of reflux, while a score 8 or higher suggests a 
high probability of reflux [26]. The possible scores range 
from 0 to 18.

Surgical approach
The decision of which anti-reflux operation to perform 
was determined by the treating surgeon in accordance 
with specific patient preferences and additional indica-
tions such as weight regain, sleeve stenosis or dilation of 
the gastric tube (Fig. 2). For laparoscopic HHR the hiatus 
hernia was dissected out and reduced followed by poste-
rior cruroplasty and esophagopexy whereby small bites 
of esophagus and crura are taken with a non-absorbable 
suture from 6 o’clock to the 11 o’clock position in an anti-
clockwise direction, holding 1–2 cm of esophagus inside 
the abdominal cavity. Reinforcement of hiatus hernia 
repair alone was with light microporous mesh fashioned 
in a “V” shape to support the cural repair, while for RYGB 
or OADS no mesh was used. For laparoscopic RYGB the 
hiatus was dissected and repaired as above and a tran-
sected lesser curvature pouch was created over a 38 fr 
bougie with the majority of cases banded with placement 
of a silastic ring at 7.5–8 cm. An antecolic divided omega 
Roux loop was raised for gastroenterostomy and an 
enteroenterostomy followed by internal defect closure. 
OADS was performed by initially repairing any hiatus 
hernia and mobilizing the distal part of gastric tube and 
post-pyloric duodenum. The small bowel was then meas-
ured and divided 330 cm proximal to the terminal ileum 
for the common limb. The duodenum was then divided 
1 cm beyond the pylorus with division of the right gastric 
artery to allow the tube to straighten out into the midline, 
followed by a handsewn pyloroenterostomy anastomosis.

Statistical analyses
Baseline characteristics are presented as a raw percent-
age (%) or for continuous variables as mean and standard 

Table 1  GerdQ questionnaire template

Question Frequency score (points) for 
symptoms

0 day 1 day 2–3 days 4–7 days

1. How often did you have a burning feeling behind your breastbone (Heartburn)? 0 1 2 3

2. How often did you have stomach contents (liquids or food) moving upwards to your throat or mouth (regur-
gitation)?

0 1 2 3

3. How often did you have pain in the centre of the upper stomach? 3 2 1 0

4. How often did you have nausea? 3 2 1 0

5. How often did you have difficulty getting a good nights sleep because of your heartburn and / or regurgita-
tion?

0 1 2 3

6. How often did you take additional medication for your heartburn and / or regurgitation, other than what your 
doctor told you to take (e.g. Gaviscon, Rennie)

0 1 2 3
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deviation. Comparison of categorial variables was per-
formed using Fisher’s Exact test (when values < 5) or Chi 
Squared test and comparison of means with ANOVA. A 
p-value < 0.05 was considered to be significant. All sta-
tistical analyses were performed using STATA 16 (Stata-
Corp. 2019. Stata Statistical Software: Release 16. College 
Station, TX: StataCorp LLC).

This study had ethics approval (Approval number 
HC200283) from the University of New South Wales.

Results
There were 99 patients included in the study who under-
went surgical management of reflux after previous LSG. 
The procedures included HHR in 59%, RYGB in 29% 
and OADS in 12%. 11 patients subsequently underwent 
a redo anti-reflux procedure due to persistent or delayed 
return of reflux symptoms. Two patients proceeded to 
HHR after RYGB; One patient after OADS was converted 
to RYGB; In the HHR group, four patients were con-
verted to RYGB, three to OADS and one had redo HHR.

The mean age of patients at time of LSG was 
43 ± 11  years with the majority female, account-
ing for 82%. There were no significant differences in 
baseline characteristics between each group, includ-
ing the presence of reflux prior to LSG (Table  2). The 
mean time between LSG and anti-reflux procedure was 
63.8 ± 37.6 months.

Table 3 demonstrates the primary anatomical findings 
based on pre-operative 3D-CT or endoscopy.

There were no perioperative deaths. Two patients in 
the RYGB group had early post-operative gastrointestinal 
bleeds requiring diagnostic endoscopy. Both were related 
to the proximal anastomosis, however only one required 
endoscopic intervention with clipping of a vessel. One 
patient in the RYGB group was converted to laparotomy 
due to insufficient space in the peritoneal cavity after 
insufflation. One patient in the OADS group required 

a revision procedure with lengthening of the common 
channel due to persistent profuse diarrhea. There were 
no perioperative complications in the HHR group.

At early follow-up the percentage of patients who 
reported adequate control of reflux symptoms, with or 
without an ongoing requirement for PPI therapy was 
72.4% of patients in the HHR group, 82.1% after RYGB 
and 100% after OADS with no significant difference dem-
onstrated between each group (p = 0.09) (Table  4). Fig-
ure 3 demonstrates the degree of symptom control based 
of the four early primary outcome measures. The propor-
tion of patients who had ceased PPI was 38% for HHR, 
28% for RYGB and 25% for OADS, with no significant dif-
ference between groups (p = 0.6).

A total of 43 patients completed mid-term follow-
up symptom surveys at a minimum of 6  months (mean 
18.5 ± 18.7  months) with a mean age of 43.8 ± 10.6. 37, 
(90%) were female. A total of 24 underwent HHR, 11 
RYGB and 7 OADS.

The mean post-op Visick score was 2.17 ± 0.99, with 
no significant difference demonstrated between groups 
(Table 5).

The GerdQ scores are shown in Table  5. There was 
a significant difference between groups (F = 5.83, 
p = 0.006), however this was driven by the OADS group. 

Table 2  Baseline characteristics at time of laparoscopic sleeve gastrectomy

HHR hiatus hernia repair, RYGB Roux-en-Y gastric bypass, OADS one-anastomosis duodenal switch, PPI proton pump inhibitors, HTN hypertension

HHR % (n = 58) RYGB % (n = 29) OADS % (n = 12) p-value

Females 84.5 (49) 79.3 (23) 75 (9) 0.6

Age 43.1 + -11.1 44.9 + -11.1 39.9 + -10.4 0.43

Smoker 5.66 (3) 15.4 () 25 (3) 0.25

Ex-smoker 15.1 (8) 11.5 (3) 16.7 (2) 0.25

HTN 35.2 (19) 27 (7) 25 (3) 0.77

Hypercholesterolemia 16.7 (9) 19.2 (5) 25 (3) 0.75

Type 2 diabetes 16.7 (9) 7.7 (2) 0 0.3

Insulin resistance 14.8 (8) 24 (6) 33.3 (4) 0.28

Sleep apnoea 18 (9) 18.2 (4) 20 (2) 1

Prior reflux 29.6 (16) 32.1 (9) 18.2 (2) 0.71

Table 3  Primary anatomical findings determined by 3D-CT or 
endoscopy

HHR hiatus hernia repair, RYGB Roux-en-Y gastric bypass, OADS one-anastomosis 
duodenal switch, PPI proton pump inhibitors, HTN hypertension

HHR % 
(n = 58)

RYGB % 
(n = 29)

OADS 
(n = 12)

Hiatus hernia 72 (42) 34 (10) 33.3 (4)

Sleeve stenosis 1.7 (1) 21 (6) 33.3 (4)

Dilated proximal gastric tube 7 (4) 14 (4) 33.3 (4)

Nil abnormality detected 19 (11) 31 (9) 0
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In subgroup analysis there was no difference in GerdQ 
scores between the HHR and RYGB groups (p = 0.36).

Ongoing daily use of PPI was similar between groups 
being 45.8% (HHR), 45.5% (RYGB) and 57.2% (OADS).

Discussion
De novo gastroesophageal reflux is seen frequently in 
long term follow-up after LSG [27], however the pub-
lished literature is heterogeneous regarding the proce-
dures refluxogenic potential. While early development 
of reflux has been reported as a frequent early post-op 
complication by some authors [28–30], others have 
shown that clinical reflux can be uncommon after LSG 
when combined with routine hiatal repair [31]. Objective 
pH and manometry data pre and post LSG with liberal 
use of hiatal reconstruction also show that lower esopha-
geal sphincter function and esophageal acid exposure 
can remain unchanged pre-and post-operatively [32]. 
As telescoping of the sleeve tube in the years after sur-
gery is frequently observed and is strongly associated 
with the development of reflux symptoms [33], the con-
cept that a patient who has developed reflux symptoms 
some years after LSG may be adequately treated by cor-
recting this acquired anatomic abnormality is worthy of 
consideration.

While RYGB is an effective procedure to control symp-
toms of reflux after LSG, this study demonstrates that 
HHR is an alternate approach that could be consid-
ered as first line surgical management in appropriately 
selected patients. It is a reasonably simple procedure that 
allows maintenance of the sleeve anatomy and aims to 
directly address a dominant underlying cause of reflux 
after sleeve, that is, the disruption of the LES complex. 
It provides symptomatic outcomes non-inferior to those 
achieved with RYGB and OADS at both early and mid-
term follow-up.

Surgical reinforcement of the disrupted LES to address 
severe reflux is not a new idea. In 1964 Rampal described 
his technique of ligamentum teres cardiopexy (LTC), 
whereby the ligamentum teres is mobilised off the liver 

and anterior abdominal wall and slung and secured 
around the gastro-esophageal junction [34]. The tech-
nique has re-surfaced for post-sleeve reflux as a RYGB 
alternative [35, 36]. In this study cohort, phreno-esoph-
ageal ligament reconstruction by esophagopexy with 
a non-absorbable suture is analogous to the ligamen-
tum teres approach and seems to deliver similar reflux 
control.

Our findings demonstrate that all three surgical 
approaches are very safe. The HHR group had no sig-
nificant early complications, compared to three in the 
RYGB group and one in the OADS group. Clearly the 
early and late risks involved with RYGB (or OADS), such 
as deep surgical site infections, intestinal complications, 
nutritional deficiencies [37], dumping syndrome [38] are 
greater than for HHR alone. These procedures are them-
selves associated with ongoing risk for further operative 
intervention [39] and in this cohort 24% of patients in 
the RYGB group went on to further surgery due to late 
complications at a mean of 20 months. This compares to 
13.8% of HHR group who went on to further surgery at 

Table 4  Control of reflux symptoms at early follow-up after anti-
reflux procedure

HHR hiatus hernia repair, RYGB Roux-en-Y gastric bypass, OADS one-anastomosis 
duodenal switch

Reflux symptom free 
% (n)

Symptomatic 
reflux % (n)

HHR (58) 72.4 (42) 27.6 (16)

RYGB (29) 82.1 (23) 17.9 (5)

OADS (12) 100 (12) 0

Fisher’s exact = 0.09

Fig. 3  PPI requirement and early control of reflux at early follow-up. 
HHR hiatus hernia repair, RYGB Roux-en-Y gastric bypass, OADS 
one-anastomosis duodenal switch

Table 5  Late outcomes of reflux symptoms and PPI use 
after surgical management of reflux after laparoscopic sleeve 
gastrectomy

HHR hiatus hernia repair, RYGB Roux-en-Y gastric bypass, OADS one-anastomosis 
duodenal switch, PPI proton pump inhibitors

HHR (25) RYGB (11) OADS (7) p-value

Visick score 2.2 ± 0.9 2.2 ± 1.2 1.85 ± 1.2 0.72

GerdQ 7.7 ± 2.2 8.7 ± 3.5 4.6 ± 2.3 0.006

PPI use (%) 45.5 45.8 57.2 0.88
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a mean of 25  months due to recurrence or persistence 
of reflux only, as there were no other late complications. 
Importantly, HHR does not preclude future additional 
anti-reflux procedures being performed such as RYGB or 
OADS should symptoms persist.

While this study demonstrates that HHR alone can 
adequately control reflux after LSG, workup and appro-
priate patient selection is paramount. In this cohort, 
patients who presented with PPI resistant reflux symp-
toms underwent upper endoscopy and 3D CT and/or 
manometry before discussing which therapeutic options 
may be open to them. Patients without significant weight 
regain, a sleeve stenosis resistant to pneumatic dilation to 
at least 30–35 mm and without esophageal motility dis-
turbances were offered HHR as preferred surgical ther-
apy, with RYGB or OADS surgery planned as a back-up 
if the patient was unhappy with their outcomes. OADS 
was offered to patients with weight regain without signif-
icant sleeve dilation or if a functional angularis stenosis 
was noted that could be corrected by straightening  out 
the sleeve tube. An additional relevant factor related to 
patient preferences to be converted to RYGB or OADS 
rather than HHR, whereas others with some degree of 
esophageal dysfunction or sleeve asymmetry chose HHR 
over RYGB as a preference.

Limitations
The retrospective nature of this study is a limitation, how-
ever sufficient data have been generated to create sufficient 
equipoise to justify an RCT in the future. We have a limited 
sample size, and while we identified a total of 99 eligible 
patients for late follow-up, over half were unable to be con-
tacted or did not wish to participate. A further limitation is 
the highly selected nature of the patient cohort and the use 
of subjective primary outcomes to identify patients with 
symptomatic GERD via patient questionnaires, as opposed 
to demonstrating more objective follow-up evidence such 
as endoscopic or pH study findings of GERD. Ideally future 
studies would combine both subjective and objective 
assessment at both pre- and post-operative timepoints.

Conclusion
This study demonstrates HHR (Cruroplasty with mesh 
reinforcement and esophagopexy) is a safe procedure 
that may result in equal efficacy and superior safety as 
compared to RYGB or OADS in the management of 
appropriately selected patients with medically refractory 
gastroesophageal reflux following LSG, warranting further 
studies to evaluate this approach.

Acknowledgements
Nil.

Author contributions
BI and MT designed study. BI and DC collected and analysed data. BI, DC 
and MT wrote main manuscript. BI prepared figures and tables. All authors 
reviewed final manuscript. All authors read and approved the final manuscript.

Funding
Partial funding provided by the Upper Gastrointestinal & Metabolic Research 
Foundation.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study and its protocols were approved by the University of New South 
Wales Human research ethics committee (Approval number HC200283). All 
methods were carried out in accordance with the approved ethics protocol 
and the Declaration of Helsinki. Informed consent was obtained from all 
participants in accordance with the approved ethics protocol.

Consent for publication
All participants gave consent for their deidentified data to be included and 
published.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Faculty of Medicine and Health, The University of Sydney, Sydney, NSW, 
Australia. 2 Department of Surgery, St George Hospital, Sydney, NSW, Australia. 
3 Department of Surgery, Faculty of Medicine, The University of New South 
Wales, Sydney, NSW, Australia. 4 Upper GI Surgery, St George Private Hospital, 
Suite 3, Level 5, 1 South, Sydney, NSW 2217, Australia. 

Received: 19 June 2022   Accepted: 12 September 2022

References
	1.	 Angrisani L, Santonicola A, Iovino P, Ramos A, Shikora S, Kow L. Bariatric 

surgery survey 2018: similarities and disparities among the 5 IFSO chap-
ters. Obes Surg. 2021;31:1937–48.

	2.	 Zhang N, Maffei A, Cerabona T, Pahuja A, Omana J, Kaul A. Reduction 
in obesity-related comorbidities: is gastric bypass better than sleeve 
gastrectomy? Surg Endosc. 2013;27:1273–80.

	3.	 Peterli R, Wölnerhanssen BK, Peters T, et al. Effect of laparoscopic sleeve 
gastrectomy vs laparoscopic Roux-en-Y gastric bypass on weight loss 
in patients with morbid obesity: the SM-BOSS randomized clinical trial. 
JAMA. 2018;319:255–65.

	4.	 Salminen P, Helmiö M, Ovaska J, et al. Effect of laparoscopic sleeve 
gastrectomy vs laparoscopic Roux-en-Y gastric bypass on weight loss at 5 
years among patients with morbid obesity: the SLEEVEPASS randomized 
clinical trial. JAMA. 2018;319:241–54.

	5.	 Lager CJ, Esfandiari NH, Subauste AR, et al. Roux-En-Y Gastric Bypass vs. 
sleeve gastrectomy: balancing the risks of surgery with the benefits of 
weight loss. Obes Surg. 2017;27:154–61.

	6.	 Weng T-C, Chang C-H, Dong Y-H, Chang Y-C, Chuang L-M. Anaemia and 
related nutrient deficiencies after Roux-en-Y gastric bypass surgery: a 
systematic review and meta-analysis. BMJ Open. 2015;5: e006964.

	7.	 Felsenreich DM, Kefurt R, Schermann M, et al. Reflux, sleeve dilation, and 
Barrett’s esophagus after laparoscopic sleeve gastrectomy: long-term 
follow-up. Obes Surg. 2017;27:3092–101.

	8.	 Felsenreich DM, Ladinig LM, Beckerhinn P, et al. Update: 10 years of sleeve 
gastrectomy-the first 103 patients. Obes Surg. 2018;28:3586–94.

	9.	 Petrov RV, Su S, Bakhos CT, Abbas AE-S. Surgical anatomy of paraesopha-
geal hernias. Thorac Surg Clin. 2019;29:359–68.



Page 8 of 8Indja et al. BMC Surgery          (2022) 22:347 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	10.	 Mittal RK, Zifan A, Kumar D, Ledgerwood-Lee M, Ruppert E, Ghahremani 
G. Functional morphology of the lower esophageal sphincter and 
crural diaphragm determined by three-dimensional high-resolution 
esophago-gastric junction pressure profile and CT imaging. Am J Physiol 
Gastrointest Liver Physiol. 2017;313:G212–9.

	11.	 Mittal R, Vaezi MF. Esophageal motility disorders and gastroesophageal 
reflux disease. N Engl J Med. 2020;383:1961–72.

	12.	 Laffin M, Chau J, Gill RS, Birch DW, Karmali S. Sleeve gastrectomy and 
gastroesophageal reflux disease. J Obes. 2013;2013: 741097.

	13.	 Yehoshua RT, Eidelman LA, Stein M, et al. Laparoscopic sleeve gastrec-
tomy–volume and pressure assessment. Obes Surg. 2008;18:1083–8.

	14.	 Frezza EE, Ikramuddin S, Gourash W, et al. Symptomatic improvement in 
gastroesophageal reflux disease (GERD) following laparoscopic Roux-en-
Y gastric bypass. Surg Endosc. 2002;16:1027–31.

	15.	 Holmberg D, Santoni G, Xie S, Lagergren J. Gastric bypass surgery in the 
treatment of gastro-oesophageal reflux symptoms. Aliment Pharmacol 
Ther. 2019;50:159–66.

	16.	 Lazzati A, Bechet S, Jouma S, Paolino L, Jung C. Revision surgery after 
sleeve gastrectomy: a nationwide study with 10 years of follow-up. Surg 
Obes Relat Dis. 2020;16:1497–504.

	17.	 Fischer L, Hildebrandt C, Bruckner T, et al. Excessive weight loss after 
sleeve gastrectomy: a systematic review. Obes Surg. 2012;22:721–31.

	18.	 Carandina S, Soprani A, Montana L, et al. Conversion of sleeve gastrec-
tomy to Roux-en-Y gastric bypass in patients with gastroesophageal 
reflux disease: results of a multicenter study. Surg Obes Relat Dis. 
2020;16:732–7.

	19.	 Iannelli A, Debs T, Martini F, Benichou B, Ben Amor I, Gugenheim J. Lapa-
roscopic conversion of sleeve gastrectomy to Roux-en-Y gastric bypass: 
indications and preliminary results. Surg Obes Relat Dis. 2016;12:1533–8.

	20.	 Quezada N, Hernández J, Pérez G, Gabrielli M, Raddatz A, Crovari F. 
Laparoscopic sleeve gastrectomy conversion to Roux-en-Y gastric bypass: 
experience in 50 patients after 1 to 3 years of follow-up. Surg Obes Relat 
Dis. 2016;12:1611–5.

	21.	 Felsenreich DM, Steinlechner K, Langer FB, et al. Outcome of sleeve gas-
trectomy converted to Roux-en-Y gastric bypass and one-anastomosis 
gastric bypass. Obes Surg. 2022;32:643–51.

	22.	 Rijnhart-De Jong HG, Draaisma WA, Smout AJPM, Broeders IAMJ, Gooszen 
HG. The Visick score: a good measure for the overall effect of antireflux 
surgery? Scand J Gastroenterol. 2008;43:787–93.

	23.	 Velanovich V, Karmy-Jones R. Measuring gastroesophageal reflux disease: 
relationship between the Health-Related Quality of Life score and physi-
ologic parameters. Am Surg. 1998;64:649–53.

	24.	 Jones R, Junghard O, Dent J, et al. Development of the GerdQ, a tool for 
the diagnosis and management of gastro-oesophageal reflux disease in 
primary care. Aliment Pharmacol Ther. 2009;30:1030–8.

	25.	 Jonasson C, Moum B, Bang C, Andersen KR, Hatlebakk JG. Randomised 
clinical trial: a comparison between a GerdQ-based algorithm and an 
endoscopy-based approach for the diagnosis and initial treatment of 
GERD. Aliment Pharmacol Ther. 2012;35:1290–300.

	26.	 Bergquist H, Agréus L, Tillander L, et al. Structured diagnostic and treat-
ment approach versus the usual primary care approach in patients with 
gastroesophageal reflux disease: a cluster-randomized multicenter study. 
J Clin Gastroenterol. 2013;47:e65-73.

	27.	 Mandeville Y, Van Looveren R, Vancoillie P-J, et al. Moderating the enthu-
siasm of sleeve gastrectomy: up to fifty percent of reflux symptoms after 
ten years in a consecutive series of one hundred laparoscopic sleeve 
gastrectomies. Obes Surg. 2017;27:1797–803.

	28.	 Howard DD, Caban AM, Cendan JC, Ben-David K. Gastroesophageal reflux 
after sleeve gastrectomy in morbidly obese patients. Surg Obes Relat Dis. 
2011;7:709–13.

	29.	 Braghetto I, Lanzarini E, Korn O, Valladares H, Molina JC, Henriquez A. 
Manometric changes of the lower esophageal sphincter after sleeve 
gastrectomy in obese patients. Obes Surg. 2010;20:357–62.

	30.	 Thereaux J, Barsamian C, Bretault M, et al. pH monitoring of gastro-
oesophageal reflux before and after laparoscopic sleeve gastrectomy. Br J 
Surg. 2016;103:399–406.

	31.	 Page PL, Martin D, Taylor C, et al. Does hiatal repair affect gastroesopha-
geal reflux symptoms in patients undergoing laparoscopic sleeve 
gastrectomy? Surg Endosc. 2018;32:2373–80.

	32.	 Chern TY, Chan DL, Maani J, Ferguson JS, Talbot ML. High-resolution 
impedance manometry and 24-hour multichannel intraluminal 

impedance with pH testing before and after sleeve gastrectomy: de novo 
reflux in a prospective series. Surg Obes Relat Dis. 2021;17:329–37.

	33.	 Saba J, Bravo M, Rivas E, Fernández R, Pérez-Castilla A, Zajjur J. Incidence 
of de Novo Hiatal Hernia after laparoscopic sleeve gastrectomy. Obes 
Surg. 2020;30:3730–4.

	34.	 Rampal M, Perillat P, Rouzaud R. Preliminary notes on a new technic for 
surgical treatment of hiatal hernias: cardiopexy by the round ligament. 
Mars Chir. 1964;16:488–91.

	35.	 Stylopoulos N, Rattner DW. The history of hiatal hernia surgery: from 
Bowditch to laparoscopy. Ann Surg. 2005;241:185–93.

	36.	 Hawasli A, Foster R, Lew D, Peck L. Laparoscopic Ligamentum Teres cardi-
opexy to the rescue; an old procedure with a new use in managing reflux 
after sleeve gastrectomy. Am J Surg. 2021;221:602–5.

	37.	 Lupoli R, Lembo E, Saldalamacchia G, Avola CK, Angrisani L, Capaldo 
B. Bariatric surgery and long-term nutritional issues. World J Diabetes. 
2017;8:464–74.

	38.	 Ramadan M, Loureiro M, Laughlan K, et al. Risk of dumping syn-
drome after sleeve gastrectomy and Roux-en-Y Gastric bypass: early 
results of a multicentre prospective study. Gastroenterol Res Pract. 
2016;2016:2570237.

	39.	 Lewis KH, Arterburn DE, Callaway K, et al. Risk of operative and nonopera-
tive interventions up to 4 years after Roux-en-Y Gastric bypass vs vertical 
sleeve gastrectomy in a nationwide US commercial insurance claims 
database. JAMA Netw Open. 2019;2: e1917603.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Hiatal reconstruction is safe and effective for control of reflux after laparoscopic sleeve gastrectomy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participants
	Outcomes and follow-up
	Reflux questionnaires
	Surgical approach
	Statistical analyses

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


