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Abstract
Background The magnetic sphincter augmentation (MSA) device has become a common option for the treatment of gas-
troesophageal reflux disease (GERD). Knowledge of MSA-related complications, indications for removal, and techniques 
are puzzled. With this study, we aimed to evaluate indications, techniques for removal, surgical approach, and outcomes 
with MSA removal.
Methods This is an observational singe-center study. Patients were followed up regularly with endoscopy, pH monitoring, 
and assessed for specific gastroesophageal reflux disease health-related quality of life (GERD-HRQL) and generic short-
form 36 (SF-36) quality of life.
Results Five patients underwent MSA explant. Four patients were males and the median age was 47 years (range 44–55). 
Heartburn, epigastric/chest pain, and dysphagia were commonly reported. The median implant duration was 46 months 
(range 31–72). A laparoscopic approach was adopted in all patients. Intraoperative findings included normal anatomy (40%), 
herniation in the mediastinum (40%), and erosion (20%). The most common anti-reflux procedures were Dor (n = 2), Toupet 
(n = 2), and anterior partial fundoplication (n = 1). The median operative time was 145 min (range 60–185), and the median 
hospital length of stay was 4 days (range 3–6). The median postoperative follow-up was 41 months (range 12–51). At the 
last follow-up, 80% of patients were off PPI; the GERD-HRQL and SF-36 questionnaire were improved with DeMeester 
score and esophageal acid exposure normalization.
Conclusion The MSA device can be safely explanted through a single-stage laparoscopic procedure. Tailoring a fundoplica-
tion, according to preoperative patient symptoms and intraoperative findings, seems feasible and safe with a promising trend 
toward improved symptoms and quality of life.
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Introduction

The magnetic sphincter augmentation (MSA), first intro-
duced in 2007 and approved by FDA in 2012, has gained 
progressive acceptance as valuable therapeutic alternative 
for the surgical management of gastroesophageal reflux 

disease (GERD) [1, 2]. The MSA has been shown to be safe 
and effective with relief of reflux symptoms, discontinua-
tion of daily proton pump inhibitors (PPIs), and reduction 
of esophageal acid exposure [3–6]. Compared to the tradi-
tional fundoplication, the MSA seems associated with less 
gas bloat symptoms with an increased ability to belch and 
vomit [7].

Concerns about possible complications and erosion of a 
foreign body placed at the gastroesophageal junction (GEJ) 
led to initial criticism because the past experience with 
the Angelchick and gastric banding devices [8, 9]. Previ-
ously published studies demonstrated that the rate of MSA 
removal ranges from 1.1 to 6.7% [11–13]. Principal reasons 
for MSA explant have been reported to be recurrent or per-
sistent GERD, dysphagia, intractable chest/epigastric pain, 
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or device erosion into the esophageal mucosa [13]. While 
the use of the MSA is increasing worldwide [14], studies 
focusing on device failure, techniques for removal, and out-
comes remain essential in this stage of the adoption of the 
MSA device into surgical practice.

The purpose of this single-center cohort study was to 
analyze our experience with MSA removal and describe 
the surgical technique, intraoperative technical aspects, and 
medium-term follow-up results.

Patients and methods

A retrospective, observational cohort study was designed 
and approved by the Institutional Review Board (ICSA-
IRA#2020–106). The prospectively collected database at 
our tertiary care University hospital was queried to identify 
all adult patients (≥ 18-year-old) that underwent MSA device 
removal from November 2015 to January 2021. The study 
was conducted according to the principles of Helsinki dec-
laration and informed consent obtained from all included 
patients. Patients’ characteristics, timing from the index 
operation, operative variables, and postoperative course 
were analyzed. Preoperative evaluation included chest X-ray 
with bead count, barium swallow study, and upper endos-
copy. High resolution manometry and 24 h pH monitoring 
were performed preoperatively in patients with no evidence 
of device erosion. Chest computer tomography was per-
formed in one patient with device erosion.

A gastrografin swallow study was performed on postop-
erative day 1. If negative patients were allowed to resume 
a semiliquid diet, follow-up visits were scheduled 2 months 
after discharge and then every 6 months after surgery. Bar-
ium swallow study and upper endoscopy were performed for 
investigational purposes every year after the operation or in 

case of recurrent symptoms. An ambulatory pH impedance 
study was performed yearly after the procedure. Disease-
specific gastroesophageal reflux disease health-related qual-
ity of life (GERD-HRQL) and generic short-form 36 (SF-36) 
questionnaires were administered before surgery and during 
follow-up [15–17].

Surgical technique

The patient is positioned supine and in reverse Trendelen-
burg position. The surgeon stands within patient legs. Pneu-
moperitoneum is established with a Veress needle, and the 
abdomen is entered through the prior port-sites. Adhesions 
and scar tissue between the stomach, the left lobe of the 
liver, and the diaphragm are divided to expose the anterior 
aspect of the GEJ. The scar tissue at the GEJ corresponding 
to the underneath MSA device is identified (Fig. 1A). A 
monopolar electrocautery hook is used to open the fibrotic 
scar tissue for about 1 cm to expose at least a couple of ante-
rior titanium beads (Fig. 1B). The incision may be enlarged 
à la demande laterally to expose more titanium beds. The 
harmonic scalpel is then used to cut the titanium wire, while 
in some cases, the MSA device can be opened by open-
ing the clasp with an anticlockwise movement (Fig. 1C). 
While this scalpel is not designed to be used in contact with 
metal or plastic instruments or objects, this off-label tech-
nique has been the only reported strategy to cut the MSA 
titanium wire. Therefore, caution should be paid to avoid 
thermal visceral injuries in this phase. The sphincter may be 
removed entirely or in two pieces (Fig. 1D). The total bead 
count in the explanted device should be confirmed, while the 
device is removed. Concomitant intraoperative endoscopy 
is used to identify the GEJ and to check the integrity of the 
esophageal mucosa. An anterior Dor or posterior Toupet 
fundoplication with crural repair are performed depending 

Fig. 1  A–D The scar tissue at 
the gastroesophageal junction 
corresponding to the underneath 
MSA device is identified (A). A 
monopolar electrocautery hook 
is used to open the fibrotic scar 
tissue to expose at least a couple 
of titanium beads (B). The 
titanium wire, connecting the 
independent sphincter beads, 
is sectioned with an ultrasonic 
scalpel (C). The MSA may 
be removed entirely or in two 
pieces (D)
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on preparative patient symptoms and intraoperative findings. 
A low-pressure Dor fundoplication is preferred in patients 
with predominant dysphagia and chest pain, while in case 
of heartburn, evidence of hiatus hernia, or recurrent GERD 
at the preoperative pH study with pathologic esophageal 
acid exposure, a posterior Toupet fundoplication with cru-
ral repair is performed. Finally, in case of MSA erosion, an 
anterior partial plication is fashioned and used as a patch 
to cover and protect the fibrotic capsule incision in attempt 
to reduce the risk of esophageal leak development (Sup-
plementary Video).

Statistical analysis

The Statistical Package for Social Science (SPSS, Version 
23, SPSS, Inc., Chicago, IL) was used for data analysis [18]. 
Quantitative variables were expressed as median and range. 
Fisher’s exact test was performed where appropriate. A 
p < 0.05 was considered significant.

Results

During the study period, 32 MSA devices were implanted 
at our institution and five patients underwent MSA explant. 
One patient (3.1%) was from our center, while the other four 
were referred from other institutions. Demographic and clin-
ical characteristics of the patients’ population are presented 
in Table 1. Four patients were males and the median age 
was 47 years (range 44–55). The median body mass index 
(BMI) was 23.1 kg/m2 (range 20.9–24.3). Reasons for MSA 
explant were recurrent heartburn (n = 3), epigastric/chest 
pain (n = 3), dysphagia non-responding to esophageal dila-
tion (n = 2), regurgitation (n = 2), and device erosion (n = 1). 
The median implant duration was 46 months (range 31–72). 
High resolution esophageal manometry and 24-h pH imped-
ance monitoring were performed in four patients with no 
evidence of underlying motility or lower esophageal sphinc-
ter disorders. Compared with preoperative data, the 24-h 
pH impedance study was improved but still pathologic in 
the two patients complaining heartburn and regurgitation. In 
one of these patients, preoperative endoscopy shows grade A 
esophagitis with 2 cm hiatus hernia. The preoperative gas-
trografin swallow study shows a delayed esophageal empt-
ing without esophageal dilation in one patient. One patient 
underwent device removal for mucosal erosion 31 months 
after MSA implant. The patient complained intermitted dys-
phagia and chest pain. The upper endoscopy showed the 
presence of erosion with one beds migrated into the esopha-
geal lumen.

All patients underwent a single-stage laparoscopic 
removal with intraoperative endoscopic assistance. Signifi-
cant operative findings included normal anatomy (40%), 

herniation in the mediastinum (40%), and erosion (20%). 
Hiatus hernia was found and repaired in two patients (40%). 
The most common anti-reflux procedure performed in con-
junction with MSA device removal was an anterior Dor fun-
doplication (DF) (n = 2) followed by Toupet fundoplication 
(TF) and crural repair (n = 2). In the patient that experienced 
MSA erosion, an anterior partial fundoplication was per-
formed (n = 1) after removal. The median operative time was 
145 min (range 60–185), and the median hospital length of 
stay was 4 days (range 3–6). There were no intraoperative 
complications, the intraoperative blood loss was negligible, 
and none of the patients required postoperative transfusion. 
None of the patients experienced esophageal leak. There was 
no morbidity related to the procedures nor mortality.

The median postoperative follow-up was 41  months 
(range 12–51). At the last follow-up, the median GERD-
HRQL was significantly improved compared to preoperative 
data (6 ± 1.8 vs. 24 ± 9.3; p < 0.05), 80% of patients were 
off PPI, and patients’ quality of life assessed with the SF-36 
questionnaire was improved (Fig. 2).

Discussion

This study shows that MSA device can be safely explanted 
through a single-stage laparoscopic procedure. An anterior 
Dor or Toupet fundoplication can be safely performed in 
case of dysphagia/chest pain or recurrent GERD, respec-
tively, while in case erosion, an anterior partial plication may 
be beneficial to prevent the development of esophageal leak.

After its introduction into clinical practice, the MSA 
device has progressively gained popularity and emerged 
as a valuable therapeutic alternative to fundoplication in 
patients with GERD [19, 20]. Several single-arm trials have 
established consistent and long-term improvement of GERD 
symptoms scores, esophageal acid exposure, quality of life, 
and decreased use of PPI [2–6, 21, 22]. Given the purpose 
of the MSA and its conceptual similarity to the Angelchik 
device, there have been concerns about the possibility of 
complications and esophageal erosion. Previous studies 
reported MSA removal because recurrent GERD symptoms, 
dysphagia, and erosion [10–12, 23–25]. The incidence of 
device removal in the literature ranges from 1.1 to 6.7% 
[10–12]. Specifically, a recent safety analysis of the first 
1000 MSA reported a reoperation and removal rate of 3.4% 
because postoperative dysphagia non-responding to endo-
scopic dilation, recurrent GERD symptoms, and mucosal 
erosion [11]. Another study by Smith et al. stated an overall 
removal rate of 2.7% because of dysphagia (1.6%), GERD 
(0.6%), and erosion (0.15%) up to 1.4 years mean follow-up 
[12]. Other authors described a removal rate of 6.7%, most 
commonly for reflux and dysphagia [10]. It has been shown 
that different factors seem associated with an increased risk 
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of device removal such as device undersizing, minimal hiatal 
dissection, and patient-specific risk factors (i.e., steroid use, 
poorly controlled diabetes) [14].

In case of device erosion, different solutions for MSA 
removal have been described ranging from single-stage 
endoscopic retrieval to hybrid endo-laparoscopic two-stage 
strategies [26–29]. In case of dysphagia or recurrent GERD 
symptoms, a single-stage laparoscopic approach under endo-
scopic assistance has been reported [10, 30]. In our expe-
rience, the most challenging operative phase is the mobi-
lization and extraction of the posterior part of the device 
that may result strongly adherent to the posterior esopha-
geal wall. Any attempt to avoid iatrogenic mucosal inju-
ries related to inadvertent device tractions should be made. 
Therefore, we prefer to mobilize the device laterally on the 
left or right side in order to expose more possible beads. 
Finally, the wire is sectioned, and the remaining posterior 
part of the device is extracted contralateral.

After MSA removal, different surgical strategies have 
been reported with Dor fundoplication, Toupet fundoplica-
tion, Nissen fundoplication, reconstruction of the His angle, 
MSA reimplantation with hiatal repair, or no additional anti-
reflux procedures [10, 13, 14]. However, a robust evidence-
based indication on the superiority of one approach over 
another is still lacking, and a precise treatment algorithm 
is still to be defined after MSA removal. In our experience, 
the choice of the most suitable anti-reflux procedure was 
based on preoperative patients’ symptoms, esophageal acid 
exposure on pH monitoring, and/or residual anatomy after 

explant. Specifically, a low-pressure Dor fundoplication with 
right crus exposure and minimal esophageal mobilization 
was preferred in patients with predominant dysphagia and 
chest pain. In these patients, the His angle is reconstructed 
by suturing the fundus to the left side of the esophagus and 
left crus. The fundus is then rolled over the top of the esoph-
agus and sutured to the hiatus and right crus. Differently, 
in case of heartburn, hiatus hernia, recurrent pathologic 
GERD assessed with preoperative pH study, or intraopera-
tive evidence or hiatus hernia a posterior Toupet fundoplica-
tion with crural dissection and hiatus reapproximation was 
performed. Finally, in case of erosion, an anterior partial 
plication with minimal GEJ dissection was preferred. The 
gastric fundus was used to create an anterior patch to cover 
anteriorly the fibrotic capsule incision in attempt to reduce 
the risk of esophageal leak. In these cases, we believe that 
complete esophageal dissection is unnecessary and danger-
ous because the inflammatory fibrotic reaction at the GEJ 
enhanced by the device erosion.

Medium-term outcomes assessed with 24-h pH study 
after MSA removal showed normalization of the DeMeester 
score and esophageal acid exposure. This effect may be theo-
retically related to both the presence of a fibrotic reaction 
around the GEJ, as described by Tatum et al. [13], in con-
junction with fashioning a “patient-tailored” fundoplication 
according to preoperative symptoms and intraoperative find-
ings. A promising trend toward improved symptoms, quality 
of life, patients’ satisfaction, and PPI suspension was noticed 
in our patient cohort. Therefore, “tailoring” a fundoplication 
according to preoperative symptoms, esophageal acid expo-
sure, and/or residual anatomy after explant seems promising 
in improving symptoms, quality of life, and esophageal acid 
exposure in the medium-term follow-up. Limitations of the 
study are the retrospective designs, the limited and heteroge-
neous patient population, and narrow follow-up. Therefore, 
caution should be paid while interpreting our results. Future 
multicenter studies are warranted to deeply assess which is 
the most suitable surgical strategy to adopt in case MSA 
should be removed.

Conclusion

The MSA device can be safely explanted through a single-
stage laparoscopic procedure. Tailoring a fundoplication, 
according to preoperative patient symptoms and intraopera-
tive findings, seems feasible and safe with a promising trend 
toward improved esophageal acid exposure, symptoms, and 
quality of life in the medium term follow-up.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00423- 021- 02294-7.

Fig. 2  Preoperative and postoperative quality of life according to the 
36-item short-form health survey health questionnaire. Each item is 
evaluated on a 0 to 100 scale. FC, functional capacity; PA, physical 
aspect; BP, bodily pain; GH, general health; VT, vitality; SF, social 
function; RE, role emotional; MH, mental health
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