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Abstract
An important percentage of the patient, undergoing primary or revisional bariatric surgery after sleeve gastrectomy, presents
symptomatic gastroesophageal reflux disease (GERD). When and how surgical reinforcement of the lower esophageal sphincter
should be performed to prevent acid reflux is still controversial. Here, we describe laparoscopic ligamentum teres cardiopexy, a
surgical technique that reinforces the lower esophageal sphincter and restores its competence with a new valve, in patients with the
previous conversion of gastric bypass to sleeve gastrectomy and hiatal hernia repair. We present the surgical technique performed
on a patient with initial gastric bypass who underwent sleeve gastrectomy for hypoglycemia and hiatoplasty for severe GERD.
Persistent GERD requested to undergo ligamentum teres cardiopexy. Ligamentum teres cardiopexy combined with the closure of
the gastric crus is a late alternative treatment for GERD in patients with previous sleeve gastrectomy and hiatal hernia.
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Introduction

Laparoscopic sleeve gastrectomy (LSG) is the most frequently
performed bariatric surgery procedure due to its apparent

technical simplicity and favorable weight loss outcomes.
However, there have been reports of increased severity and
prevalence of gastroesophageal reflux disease (GERD) [1, 2].
GERD is a disorder of the upper gastrointestinal tract that is
defined by heartburn and acid regurgitation, which develops
when reflux of the stomach contents causes troublesome
symptoms and/or complications [3]. Management of the com-
plications associated with LSG, including GERD and hiatal
hernias, is mandatory. As per followed practice, LSG predis-
poses patients to GERD, and debate remains if it should or not
be performed in obese patients with preexisting GERD or
hiatal hernia [4]. When GERD appears after sleeve gastrecto-
my (SG), many options have been considered, including hiatal
hernia repair, conversion to gastric bypass, and LINX® mag-
netic sphincter. We would like to reinforce the laparoscopic
surgical alternative that can address postoperative GERD:
cardiopexy using the ligamentum teres to achieve near-
complete restoration of esophagogastric junction (EGJ) func-
tion and rehabilitation of damage caused by SG and hiatal
hernia. We aim to show the technical aspects and discuss the
teres cardiopexy technique utility.
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Patient and Methods

We present the management of GERD post-LSG and the
surgical technique performed on a 56-year-old patient with
initial gastric bypass. Her preoperative weight was 116 kg,
and her body mass index (BMI) was 44 kg/m2. The patient
suffered from severe hypoglycemia and decision was made
to convert the Roux-en-Y gastric bypass (RYGB) to normal
anatomy, including SG. At this stage, in the early short
experience of our department regarding RYGB conversions
to normal anatomy or sleeve, hiatal hernia repair was not
performed systematically. Thus, postoperatively, she had
experienced severe GERD and regurgitation and did not
respond to medical treatment. Endoscopic dilation of the
previous gastrogastric anastomosis was done in order to
attempt better passage through the sleeve in order to avoid
possible stenosis. Endoscopy, barium swallow, and a com-
puted tomography scan revealed severe reflux and regurgi-
tation with hiatal hernia, so we performed complete
hiatoplasty for severe GERD. Postoperatively, she presented
a BMI of 32 kg/m2. Unfortunately, the patient presented
with persistent GERD, and a decision was made to undergo
ligamentum teres cardiopexy. Inform consent was received
from the patient. All procedures were accepted according to
the research committee.

Under general anesthesia, the patient was placed in a supine
position with the hips abducted, using the 4-port technique
with three 5-mm ports, one 10-mm port, and a 30°
laparoscope.

The procedure began by dissecting the adhesions between
the liver and the sleeve stomach. The pars flaccida was dis-
sected with an energy device. The right crus was exposed, and
the esophagus was mobilized for an appropriate intra-
abdominal length. The remaining fundus was dissected from
the left crus, after which the right crus was exposed. The crus
was sealed using a figure of non-absorbable sutures to close
the crus anteriorly over a 36-French bougie tube.

An energy device was used to release the ligamentum teres
from its umbilical connection ensuring that there was enough
length up to the liver with the preservation of its blood supply
(Fig. 1) The ligamentum teres was then passed around the
gastroesophageal junction (GEJ) in a 360° manner (Fig. 2) It
is very important to note that the ligamentum teres is above the
remaining fundus to correct the axis at the angle of His and to
ensure that the ligamentum teres is positioned at the GEJ to
create the new sphincter. Sutures were added to secure the
repair and prevent its displacement.

Then, the suture was performed to fix the apex of the angle
of His, one at the gastroesophageal junction, and one joining
the gastric fundus to the esophagus. The remainder of the
ligamentum teres was fixed over itself with four to six stitches,
forming a necktie cardiopexy (Fig. 3).

All the procedure is shown in the video attached (VIDEO).

Results

Short-term follow-up of the patient indicated a successful pro-
cedure, as evident in the postoperative barium swallow, which
showed no hiatal hernia or reflux. At 6 months, the patient
achieved successful results, defined as a resolution of GERD
symptoms, no proton pump inhibitors use, and a manometric
measurement of over 12 mmHg at 6 months.

Discussion

A national analysis in the USA conducted by Du Pree et al.
showed that 84.1% of patients who had pre-existing GERD
continued to have GERD symptoms post-SG, while 8.6%
developed GERD postoperatively [5]. Multiple mechanisms
have been proposed in the development of worsening GERD
after SG. The mechanisms in which GERDmay improve after

Fig. 1 An energy device was used to release the ligamentum teres from
its umbilical connection

Fig. 2 The ligamentum teres was then passed around the
gastroesophageal junction (GEJ) in a 360° manner
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undergoing SG include the decrease in intraabdominal pres-
sure due to weight loss, reduced acid production related to
resection of the acid-producing gastric fundus, accelerated
gastric emptying, and reduced gastric volume.

Surgical reinforcement of the lower esophageal sphincter at
the GEJ to restore function is necessary to prevent acid reflux.
In patients who have undergone LSG and failed conservative
medical treatment after the development of GERD, the best
option to manage GERD is conversion to RYGB. However,
some patients opt to not undergo bypass and have the option
to have surgical reinforcement of the lower esophageal sphinc-
ter to prevent acid reflux. A recent study showed that patients
with obesity and GERD who underwent LSG improved their
pHmetric and manometric results after weight loss [6].

The ligamentum teres of the liver is a degenerative string of
tissue that exists at the free edge of the falciform ligament of
the liver. It forms a fibrous strand in adults and is a remnant of
the umbilical vein. It receives its blood supply from a small
arterial branch of the hepatic artery, thus preventing long-term
resorption. The cardiopexy procedure was initially called
Btechnique du collet^ (collar technique) and proposed by
Pedinielli [7]. He suggested using a ling around the GEJ that
involved a strip of skin that was cut from the abdominal wall,
slung around the distal esophagus, sutured over it, and then
attached to the anterior abdominal wall. The main objective of
the procedure, once the hiatal hernia is fixed into the abdom-
inal cavity, was to prevent the subsequent reflux. By creating
an artificial valve and restoring the angle of His, the teres
cardiopexy can be useful for GERD. The initial results were
satisfactory; however, the absence of blood supply to the cu-
taneous strip made it necrotic. In 1964, Rampal [8, 9] adopted
this technique using the round ligament. The principle is to
dissect the ligament from its umbilical insertion, while keep-
ing its fat, by severing the falciform ligament. The round

ligament is thus pediculated on the liver and placed around
the left and right cardia, then fixed on itself by ligatures sup-
ported by non-resorbable suture. This procedure was later
proposed in laparoscopy [10].

To avoid gastric acid reflux, it is necessary to restore the
normal anatomy of the EGJ and reinforce the lower esopha-
geal sphincter with surgical procedures. It is important to cre-
ate an artificial valve at the EGJ, preferably behind the esoph-
agus, lengthening the subdiaphragmatic esophagus and main-
taining the sphincter mechanism in the positive pressure envi-
ronment of the abdominal cavity. In patients with SG who
present hiatal hernia and GERD only partially controlled with
proton-pump inhibitors (PPIs), gastric bypass is an accepted
surgical solution [1]. Teres’ cardiopexy alone is not sufficient
for reflux prevention; therefore, the closure of the hiatus must
be performed concomitantly. This has previously been
attempted by Galvez-Valdovinos et al. [11], showing a suc-
cessful resolution of GERD in 86.6% of the patients.
However, if the patient declines this procedure, there are no
other surgical options.

Although this technique is reported to be not effective in the
long term for the normal stomach [12], its purpose with LSG is
to prevent GERD that is caused by intrathoracic migration of
the gastric tube by pulling it caudally with the liver during
inspiration, maintain the LES (lower esophageal sphincter)
intra-abdominally, and lengthen the intraabdominal esophagus.
When a patient after SG might deal with GERD, weight must
be assessed. Full screening of the SG is mandatory, including
gastrografin swallow, pHmetry, manometry, and endoscopy.
The final diagnosis or causes that might affect the overall
GERD should be treated, including hiatal hernia repair, steno-
sis, twists, kinking, and the redundant fundus of previous sur-
gery (or neo-fundus). According to all these data, an RYGB
could be considered as the most effective bariatric procedure
for GERD symptoms as it limits acid production into the small
gastric pouch and reduces esophageal reflux, especially in a
patient with insufficient weight loss [13]. For the resizing of
the upper part of the SG (re-sleeve), Hill plasty and teres liga-
ment cardiopexy should be considered. Some authors have pro-
posed the techniques for patients with well-conformed SG (no
twist nor stenosis) and sufficient weight loss [14].

Conclusions

Cardiopexywith the ligamentum teres ensures the lengthening
of the abdominal portion of the esophagus and anchors the
antireflux assembly within the positive pressure environment
of the abdomen in a strong and flexible way. It seems to be an
advisable procedure for the treatment of gastroesophageal re-
flux. Ligamentum teres cardiopexy combined with the closure
of the gastric crus is a late alternative treatment for GERD in
patients with previous SG and hiatal hernia.

Fig. 3 The remainder of the ligamentum teres was fixed over itself with
four to six stitches
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