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Abstract
Background  Obesity is a well-known risk factor for gastroesophageal reflux disease (GERD). Even though symptoms may 
be mitigated or resolved with the weight loss caused by sleeve gastrectomy (SG), it may be associated with higher incidences 
of postoperative GERD. Ligamentum teres cardiopexy (LTC) is an alternative to Roux-en-Y gastric bypass, the gold standard 
treatment for GERD.
Methods  This study was a retrospective single-center chart review, all patients in this cohort underwent LTC to treat refrac-
tory GERD at our institution. The option for LTC was presented after patients’ refusal to undergo RYGB conversion. We 
collected baseline characteristics, standard demographics, pre-operative tests and imaging, and SG information, as well as 
intraoperative and perioperative data regarding LTC, and postoperative complications.
Results  Our cohort included 29 patients; most were Caucasian (44.8%) females (86.2%). The mean weight and BMI before 
LTC were 216.5 ± 39.3 lb and 36.1 ± 5.4 kg/m2, respectively. Mean total body-weight loss (TBWL) at 12 and 24 months 
were 28.7% ± 9.5% and 28.4% ± 12.4%, respectively. The mean interval between the index bariatric surgery and LTC was 
59.9 ± 34.9 months, mean operative time was 67 ± 18.2 min, and median length of stay (LOS) was 1 day (IQR = 1–2 days). 
Twelve patients (57.1%) were able to discontinue antisecretory medications, while 9 (42.9%) still required them to remain 
asymptomatic. Mortality and reoperation rates were 0% and the incidence of complication was 19.4% (n = 6).
Conclusions  LTC is a safe and effective surgical alternative to treat refractory GERD symptoms after SG.

Keywords  Ligamentum teres cardiopexy (LTC) · Gastroesophageal reflux disease (GERD) · Sleeve gastrectomy (SG) · 
Biliopancreatic diversion with duodenal switch (BPD/DS)

Introduction

Gastroesophageal reflux disease (GERD) is associated with 
obesity; it is estimated that its prevalence reaches up to 
15.4% of the population in North America, and that the 
annual health care costs reach up to $10 billion in the USA 
alone [1]. Even though lifestyle modifications and antisecre-
tory medications may be sufficient to manage symptoms, in 
a subset of patients, Roux-en-Y gastric bypass may be the 
last alternative, remaining the gold standard and consid-
ered the ideal anti-reflux procedure for obese patients [2]. 
The mechanisms that cause obesity-related GERD are not 
completely understood. It is postulated that an increased 
intra-abdominal pressure may induce greater reflux of 
gastric content through an incompetent lower esophageal 
sphincter (LES). Another explanation includes reduced 
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parasympathetic activity in the bariatric population, the 
possible missing link between obesity and GERD [3].

In the context of increasing popularity of sleeve gastrec-
tomy (SG) for weight loss and obesity-related comorbidity 
management, the issue of reflux gains new importance. It is 
estimated that half of all bariatric surgical patients exhibit 
GERD symptoms at baseline, with 25% meeting the crite-
ria for severe GERD [4]. Paradoxically, according to the 
recent literature, despite weight loss, an increase in reflux 
symptoms can occur in the first year after SG, with a grad-
ual improvement in the subsequent years [5]. According 
to recent data, new onset of GERD after SG is detected in 
approximately 10% of patients; however, the incidence of 
worsening pre-existing GERD or the development of novel 
symptoms may exceed that [4].

The pathophysiological mechanisms involved in GERD 
after SG have been studied and include the modification of 
the angle of His, increased intraluminal pressure associated 
to lower LES tone, progression of a hiatal hernia, and nar-
rowing at the junction of the vertical and horizontal portions 
of the sleeve [6]. Regardless of the mechanism, a parcel 
of patients may have their symptoms controlled pharmaco-
logically. When they fail medical management, endoscopic 
and surgical approaches present as alternatives. Part of the 
routine follow-up after bariatric surgery includes detecting 
symptoms of obesity-related intractable reflux as well as 
de novo reflux after SG, for which conversion to RYGB is 
the ultimate resource. Nonetheless, the intestinal rearrange-
ment inevitably increases surgical risk and contributes to the 
ongoing pursuit of safe and effective alternatives. One alter-
native includes using the ligamentum teres hepatis (round 
ligament of the liver), the remnant of the umbilical vein, as a 
“sling” around the LES to calibrate the pressure and mitigate 
symptoms of reflux, as initially described by Rampal et al. 
in 1964 [7]. Our experience on ligamentum teres cardiopexy 
(LTC) is described in a retrospective review, exploring the 
safety and effectiveness entailed by this approach.

Materials and Methods

The Committee for Research and Ethics approved the pro-
tocol. All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and national research committee together 
with the 1964 Helsinki Declaration and its later amend-
ments. This study was a retrospective single-center chart 
review; all data was obtained from prospectively maintained 
databases. Inclusion criteria encompassed previous SG, and 
persistent symptoms after pharmacological management 
failure; patients who did not return for follow-up visits 
were excluded. All patients in this cohort were adults who 

underwent LTC to treat refractory GERD at our institution 
from January 2018 to December 2021.

Refractory cases were defined by pharmacological treat-
ment failure despite optimal proton pump inhibitor (PPI) 
and/or H2 blocker dosage. Surgical alternatives were dis-
cussed between patients and surgeons in preoperative office 
visits; the option for LTC was presented after patients’ 
refusal to undergo RYGB conversion, with their full com-
prehension and informed consent. Preoperative workup 
included upper gastrointestinal series (UGI) with barium, 
esophagogastroduodenoscopy (EGD), and/or CT imaging. 
We collected baseline characteristics, standard demograph-
ics, pre-operative tests and imaging, and SG information, 
as well as intraoperative and perioperative data regard-
ing LTC, and postoperative complications. After surgery, 
patients were scheduled for follow-up visits, when anthro-
pometric and clinical data were gathered, at 1 week; 1, 3, 
and 6 months; and annually thereafter. Statistical analysis 
was performed using means/median and standard deviations/
IQR, using IBM Statistical Package for Social Science (IBM 
Corp. Released 2020. IBM SPSS Statistics for Windows, 
Version 27.0. Armonk, NY: IBM Corp).

Operative Details

Access to the abdominal cavity was achieved using five tro-
cars located at the midline oriented horizontally and spaced 
6–8 cm apart as follows: above the umbilicus, midclavicu-
lar line in the bilateral lower quadrants, subcostal region 
midaxillary line bilaterally, and in the subxiphoid region. 
Adhesions from previous surgery were lysed and the left 
and right crus were exposed posterior to the sleeve. After 
the phreno-esophageal ligament was identified, a mediasti-
nal circumferential dissection of the esophagus was carried 
out, allowing 3–4 cm of intraabdominal esophagus without 
tension. Special care in this step was taken to avoid a poste-
rior vagus nerve injury. The ligamentum teres was carefully 
dissected from the abdominal wall towards the interlobar 
fissure to preserve its blood supply (Fig. 1a), passed through 
a window created behind the esophagus, wrapped around the 
gastro-esophageal junction (Fig. 1b), and finally sutured to 
itself in a 360-degree fashion; the ligament was also secured 
to the right crus and to the stomach to prevent herniation of 
the stomach (Fig. 1c).

Results

Our cohort included 29 patients; of those, 27 underwent SG 
and 2 underwent SG plus second-stage duodenal switch. 
All of them received antisecretory medication prior to LTC. 
Patients’ demographics and mean interval between SG and 
LTC can be seen in Table 1. Most patients in our cohort were 
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Caucasian (44.8%) females (86.2%). The mean weight and 
BMI before LTC were 216.5 ± 39.3 lb and 36.1 ± 5.4 kg/
m2, respectively.

Mean total body-weight loss (TBWL) at 12 and 24 
months were 28.7% ± 9.5 and 28.4% ± 12.4 respectively. 
At the time of SG, 44.8% (n = 13) of patients were taking 
PPI and/or H2 blocker for a previously diagnosed GERD; 
the remaining patients had a median of 3 months (IQR = 
47) between SG and the initial diagnosis of GERD; 63.6% 

of those patients started with symptoms in the first 12 
months. Before LTC, patients with GERD diagnosed post 
SG underwent a pharmacological treatment for a mean 
period of 42.85 ± 25.3 months. Most patients (51.7%; n 
= 15) underwent preoperative upper gastrointestinal (UGI) 
series that achieved inconsistent results, ranging from mild 
to severe reflux; 26.3% of our cohort underwent an esoph-
agogastroduodenoscopy (EGD) that also evidenced incon-
sistent findings that encompassed findings that went from 
no esophagitis and no spontaneous reflux to small volume 
gastroesophageal reflux. Postoperatively, 68% (n = 13) of 
patients underwent either EGD or UGI series; 2 patients 
(10.5%) still presented severe reflux and 1 (5.25%) mild 
reflux. The remaining of the cohort (32%) was clinically 
assessed for GERD resolution.

The mean interval between the index bariatric surgery 
and LTC was 59.9 ± 34.9 months, mean operative time was 
67 ± 18.2 min, and median length of stay (LOS) was 1 day 
(IQR = 1–2 days). Follow-up was possible in all 29 cases, 
with a mean period of 17.3 ± 11.1 months. At their last visit, 
21 patients (72.4%) stated that their symptoms completely 
subsided. Twelve patients (57.1%) were able to discontinue 
antisecretory medications, while 9 (42.9%) still required 
them to remain asymptomatic. Eight patients (31.6%) 
remained symptomatic despite surgical and pharmacologi-
cal treatments, 7 of which endorsed symptom improvement, 
while one had persistent and severe symptoms (Fig. 2).

Most procedures (96.8%) were performed robotically; 
only one case was performed laparoscopically. Mortality and 
reoperation rates were 0%, and the incidence of complication 
was 19.4% (n = 6), as shown in Table 2. In our cohort, one 
patient had early complications on the second postoperative 
day: the patient was seen in the emergency department due 
to chest pain and shortness of breath and was discharged 3 h 
later after symptoms spontaneously subsided. Four patients 
presented with dysphagia between 1 and 12 months after 
surgery and underwent EGD and balloon dilation due to 
stricture at the GE junction. One patient underwent RYGB 
conversion after 10 months due to refractory and severe 
reflux. Two patients were excluded from the study, one for 
loss of follow-up, and the second for death unrelated to LTC.

Fig. 1   a Ligamentum teres dissected from the abdominal wall, b LT 
wrapped around the gastro-esophageal junction, c LT sutured to itself 
in a 360-degree fashion

Table 1   Demographics and mean interval between SG and LTC

Patient characteristics Mean

Gender, female (%) 86.2
Age 50 ± 9.1
TBWL 1 year after SG (%) 28.7 % ± 9.5
TBWL 2 years after SG (%) 28.4% ± 12.4
Pre-LTC weight (lb) 216.5 ± 39.3
Pre-LTC BMI (kg/m2) 36.1 ± 5.4
Interval between SG and LTC (months) 59.9 ± 34.9
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Discussion

Obesity is a well-known risk factor for GERD, with a 
reported incidence of up to 73% of bariatric surgery can-
didates. The pathophysiological mechanisms encompass 
increased intra-abdominal pressure, impaired gastric emp-
tying, decreased LES pressure, and more frequent tran-
sient LES relaxation [8]. Obesity-related GERD symptoms 
may be mitigated or resolved with the weight loss caused 
bariatric surgery; nevertheless, patients who undergo SG 
deserve further investigation as it may be associated with 
higher incidences of postoperative GERD, as well as de 
novo symptoms, up to 78% and 22%, respectively, accord-
ing to Hawasli et al. [9]. Sleeve gastrectomy currently 
stands as the most-performed procedure in the bariatric 
surgery armamentarium, accounting for 61% of all sur-
geries [10]. The short- and mid-term outcomes associated 
with a lower technical complexity and excellent safety 
profile may explain its growing popularity [11, 12]. The 
presence of preoperative GERD symptoms can serve as a 
predictor of greater need for PPI usage after SG [13]. Bou 
Daher et al. explored the association between the sever-
ity of preoperative GERD symptoms and their postopera-
tive resolution, concluding that those with severe reflux 
and erosive disease appear to have a higher probability 

of persistent GERD [8]. Even though patients’ symptoms 
were the most important variable in GERD management, 
78% of our cohort underwent either EGD or UGI series 
prior to LTC as suggested by a recent expert’s consensus. 
In the same study specialists agree that, in spite of test 
results, a conservative treatment option based on patient 
symptoms and severity of GERD plays an important role 
prior to surgery [14].

The gold standard surgical option to mitigate post-sleeve 
reflux has been conversion to RYGB, with a resolution rate 
close to 80% [15]. Due to its additional surgical risks and 
added malabsorptive component, other alternatives such as 
LTC were pursued. Since its first description, the laparo-
scopic and robotic LTC became a surgical option to man-
age reflux and decrease the risk of Barrett’s esophagus in 
patients who previously underwent SG. The procedure 
works like a floating anchor that moves along with the res-
piratory cycle below the level of the esophageal hiatus. This 
system maintains the angle of His, pulling the GEJ forward, 
downward, and toward the right, reproducing the physiologi-
cal work of the gastroesophageal sphincter [7, 16].

In the present study, symptom resolution was achieved in 
57.1% of patients in the absence of antisecretory medication; 
this is lower than the 86.6% and 80% resolution rates pub-
lished by Gálvez-Valdovinos et al. and by Hakwasli et al., 
respectively. Although those rates are comparable to the 
resolution rates achieved by RYGB, authors believe that the 
size of the cohorts and the severity of esophagitis prior to 
LTC may partially explain these encouraging results [17]. 
In a similar study, Mackey et al. achieved results compa-
rable to ours, with 56% of patients discontinuing medica-
tions altogether. The similarity in symptom resolution was 
paired with similar reoperation rates; while we achieved 
0% reoperation with a 360-degree wrap, they recorded a 
6.7% rate, leading their authors to adjust their technique to 
a 270-degree wrap to avoid new reoperations. The rationale 
for this decision includes adequate reflux control, with less 

Fig. 2   Symptom resolution rates

Table 2   Operative time and surgical outcomes

Surgical outcomes Mean

Operative time (minutes) 67 ± 18.2
Length of stay (days), median (IQR) 1 (1–2)
Early complication rate (<30 days) (%) 3.4
Late complication rate (>30 days) (%) 13.8
Mortality rate (%) 0
Conversion to RYGB (%) 3.4
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risk of excessive restriction or esophageal obstruction pro-
vided by a 270-degree wrap, while a 360-degree wrap was 
perceived as too restrictive, not allowing for GEJ distension 
with food boluses [18].

Our cohort included patients that, despite a mean TBWL 
of 28.7% and 28.45% at 12- and 24-month assessments, 
remained symptomatic. The higher BMI of our patients prior 
to LTC when compared to other cohorts may have been a 
contributing factor for our lower resolution rates [9, 16]. 
While 57.1% of our cohort remained asymptomatic in the 
absence of antisecretory medication after a mean follow-
up period of 17.3 months, relevant data has been published 
on symptom recurrence after initial improvement [19]. The 
etiology of this finding is multifactorial; it is postulated that 
it may be greatly impacted by a reduction in the LES pres-
sure, possibly caused by the division of the phrenoesopha-
geal ligaments and blunting of the angle of His [20].

Ligamentum teres cardiopexy is a safe alternative for 
patients with a prior SG and refractory GERD. Before 
considering, TLC patients received pharmacological treat-
ment for mean period of 44.27 ± 26.8 months, aligned with 
experts that believe in a prior minimum of a 12-month medi-
cal and supportive management [14]. The median LOS (1 
day) in our cohort was similar to the results published by 
Mackey et al. (1.3 days), with the same mortality rate of 
0%, and lower reoperation rate (3.4% vs 0%) [17]. The mean 
operative time of 67 min was comparable to the results pub-
lished by a similar study, where it was also associated with 
low early complication rates [16]. The cause of the early 
complication included in this study was thoroughly inves-
tigated in the emergency department; after 3 h, symptoms 
subsided, and the patient was discharged without a diagnosis 
(acute myocardial infarction, GE obstruction and perfora-
tion, hemorrhage, and sepsis were ruled out). The remain-
ing five patients presented with late complications; four of 
them underwent EGD and balloon dilation due to dysphagia 
caused by GE stricture/increased GE pressure, after which 
symptoms resolved. Only one patient in our cohort under-
went conversion to RYGB due to refractory and severe 
GERD despite LTC plus optimized antisecretory regimen, 
the outcome also published in a recent systematic search 
[21]. Although EGD or UGI series have been performed 
in 68% of patients to assess GERD resolution, due to the 
inconsistency of results, remission was evaluated mainly 
using symptomatology.

One limitation of this study, despite being the second 
largest cohort available in the current literature, is the small 
sample size. The descriptive nature of the study does not 
allow any group comparisons and does not permit definitive 
conclusions. Pre- and post-operative tests were not stand-
ardized to confirm or reject LTC effectiveness, and authors 
relied on symptom resolution and antisecretory medication 
discontinuation to determine improvement. The insufficient 

data on this topic magnifies the importance of our contribu-
tion while encouraging further studies with greater samples 
and control groups.

Conclusion

Ligamentum teres cardiopexy is an underutilized surgical 
alternative to treat refractory GERD symptoms in patients 
who decline conversion to RYGB. The symptom improve-
ment and resolution rates point to an effective procedure, 
while the complication and mortality rates attest to its safety. 
The laparoscopic and robotic approaches allow a reduced 
operative time and length of stay. The lack of alternatives to 
treat refractory GERD after SG shines a new light on this 
old procedure, paving the way for surgeons to strengthen 
the level of evidence and to seek new therapeutic options.
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