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Clinical Outcomes and Predictors of
Favorable Result after Laparoscopic

Magnetic Sphincter Augmentation: Single-Institution
Experience with More than 500 Patients

Shahin Ayazi, MD, Ping Zheng, MD, Ali H Zaidi, MD, Kristy Chovanec, BS, Madison Salvitti, MS,
Kirsten Newhams, MD, Toshitaka Hoppo, MD, Blair A Jobe, MD, FACS
BACKGROUND: Magnetic sphincter augmentation (MSA) is a promising surgical treatment for patients with
GERD. The aim of this study was to evaluate the outcomes of MSA in a large cohort of pa-
tients with GERD and to determine the factors predicting a favorable outcome.

METHODS: This was a retrospective review of prospectively collected data of 553 patients who underwent
MSA at our institution in a 5-year period. Preoperative clinical, endoscopic, manometric, and
pH data were used in a univariate analysis. This was followed by a regression multivariable
analysis to determine the factors predicting a favorable outcome. Favorable outcome was
defined as freedom from proton pump inhibitors and �50% improvement in Gastro-
esophageal Reflux Disease-Health-Related Quality of Life (GERD-HRQL) total score.

RESULTS: At a mean (SD) follow-up of 10.3 (10.6) months after MSA, 92.7% of the patients were free
of proton pump inhibitor use and 84% reported at least 50% improvement in their GERD-
HRQL total score. The GERD-HRQL total score was improved from a mean (SD) baseline
value of 33.8 (18.7) to 7.2 (9.0) (p < 0.001) and 76.1% of the patients had normalization of
their esophageal acid exposure. Independent predictors of a favorable outcome after MSA
included age younger than 45 years (odds ratio [OR] 4.2; 95% CI, 1.1 to 15.2; p ¼ 0.0305),
male sex (OR 2.5; 95% CI, 1.1 to 5.7; p ¼ 0.0301), GERD-HRQL total score >15 (OR 7.5;
95% CI, 3.3 to 16.8; p < 0.0001), and abnormal DeMeester score (OR, 2.6; 95% CI, 1.1 to
5.7; p ¼ 0.0225).

CONCLUSIONS: In this largest single-institution series, we demonstrate that MSA implantation is associated
with very good clinical and objective outcomes. Age younger than 45 years, male sex, GERD-
HRQL total score >15, and abnormal DeMeester score are the 4 preoperative factors pre-
dicting a favorable outcome and can be used in patient counseling and MSA use. (J Am Coll
Surg 2020;-:1e11. � 2020 The Authors. Published by Elsevier Inc. on behalf of the
American College of Surgeons. This is an open access article under the CC BY-NC-ND license
[http://creativecommons.org/licenses/by-nc-nd/4.0/].)
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The era of minimally invasive surgical treatment of
GERD began in the early 1990s with laparoscopic Nissen
fundoplication (LNF).1 This procedure still represents the
surgical standard of care for patients with medically re-
fractory GERD. It is a safe, effective, and durable treat-
ment if performed in specialized and high-volume
centers.2,3 But wide variability in outcomes and fear of
long-term side effects, such as inability to belch and
vomit, has limited the widespread adaptation of this pro-
cedure as a primary therapy.4 These factors have impacted
referral patterns and <1% of eligible patients pursue this
surgical treatment.5 Therefore, there has been a drive to
https://doi.org/10.1016/j.jamcollsurg.2020.01.026
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Abbreviations and Acronyms

GEJ ¼ gastroesophageal junction
GERD-
HRQL

¼ Gastroesophageal Reflux Disease-Health-
Related Quality of Life

HH ¼ hiatal hernia
LES ¼ lower esophageal sphincter
LNF ¼ laparoscopic Nissen fundoplication
MSA ¼ magnetic sphincter augmentation
PPI ¼ proton pump inhibitor
RSI ¼ Reflux Symptom Index
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design a less invasive surgical option that is applicable and
acceptable to patients with early progressive disease.
Magnetic sphincter augmentation (MSA) was devel-

oped as an alternative surgical procedure that limits tech-
nical variability and results in consistent clinical
outcomes.6-8 This procedure has the potential to over-
come the limitations of fundoplication, has been broadly
adopted by the surgical community, and is currently
offered in more than 300 centers in the US. The LINX
device (Ethicon, Johnson & Johnson) applies magnetic
force to augment the barrier function of an incompetent
lower esophageal sphincter (LES). It is a simple laparo-
scopic procedure that does not alter gastric anatomy
and can be easily reversed if needed.
Several studies have reported comparable efficacy,

potentially longer durability, and less-burdensome side ef-
fects for MSA compared with LNF.9,10 Currently, there is
a large body of literature outlining the clinical outcomes
of the Nissen procedure and the patient population where
it is most likely to be successful.11,12 However, to date,
there has been no large single-institution data set outlin-
ing the clinical outcomes of patients who underwent
MSA when used in a “real-world” application across the
spectrum of disease severity. In addition, there is a paucity
of data on identifying preoperative factors that predict
successful outcomes after MSA.13 Such data can be used
to guide and refine patient selection and improve preop-
erative patient counseling for the purpose of maximizing
successful outcomes.
This study was designed to evaluate the outcomes of

MSA in a large cohort of patients with GERD who un-
derwent this procedure in a single institution, and to
determine the factors predicting favorable outcomes.
METHODS

Study population

This was a retrospective review of prospectively collected
data of 553 patients who underwent MSA at Allegheny
Health Network hospitals (Pittsburgh, PA) between
June 2013 and September 2018. Approval was obtained
from the Allegheny Health Network IRB (IRB
2018-161) before the start of the study.
Patients with GERD or laryngopharyngeal reflux

symptoms despite being prescribed maximal antisecretory
therapy who were 18 years or older were included in this
study. Objective evidence of reflux disease was based on
increased esophageal acid exposure on pH monitoring
or a positive impedance-pH result based on criteria
described previously.14-16 Patients with a history of esoph-
ageal or gastric surgical procedure; significant esophageal
dysmotility; gross anatomic abnormality, such as esopha-
geal stricture; or a known allergy to titanium were not
included in this study.

Disease-related quality of life measures

All patients were asked to complete validated question-
naires preoperatively and at 6 and 12 months postopera-
tively. The validated questionnaires included
Gastroesophageal Reflux Disease-Health-Related Quality
of Life (GERD-HRQL) and Reflux Symptom Index
(RSI). The GERD-HRQL consists of 16 questions that
specifically address GERD symptoms.17 Each question
has a score ranging from 0 to 5, and the best possible
aggregate score is 0 (asymptomatic) and the worst score
is 80 (very severe symptoms). A total score �15 is consid-
ered abnormal. The RSI was used to assess atypical
GERD symptoms.18 The RSI consists of 9 questions,
and each question has a potential score ranging from
0 to 5. A total score >13 is considered abnormal. Postop-
erative values were then compared with the preoperative
values for each questionnaire and the rate of symptomatic
improvement was calculated.

Preoperative assessment

All patients underwent a comprehensive clinical evalua-
tion with a focus on their foregut symptoms and acid sup-
pression medication use. They completed the
Gastroesophageal Reflux Disease-Health-Related Quality
of Life (GERD-HRQL) and RSI questionnaires. The
routine preoperative objective assessment included the
following tests:

1. Videoesophagram: This imaging study was done to
evaluate gross pharyngeal and esophageal motility,
further delineate the anatomy, assess for any potential
mass or mucosal lesions, diverticulum, and evaluate hi-
atal hernia (HH), esophageal stricture, or scarring
presence.

2. Esophagogastroduodenoscopy with biopsy: Used to
assess the presence of esophagitis, Barrett’s esophagus,
and the presence and size of an HH. HH size was
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recorded in centimeters based on the distance from the
gastroesophageal junction (GEJ) to the crural
impression.

3. High-resolution impedance manometry: High-
resolution manometry technology (4.2-mm diameter;
Medtronic) was used for this test. It was equipped
with 36 pressure transducers, 1 cm apart, to assess
the esophageal body peristalsis (organization and pres-
sure), as well as upper and lower esophageal sphincter
pressures, position, and length as described
previously.19

4. Esophageal pH or impedance-pH monitoring: The
pH tests were performed selectively using either Bravo
pH monitoring (Medtronic) or multichannel intralu-
minal impedance pH monitoring (Sandhill Scientific
Inc).14-16 Proton pump inhibitors (PPIs) were discon-
tinued for 10 days before pH testing. Abnormal distal
esophageal acid exposure was defined as a DeMeester
score >14.7. Impedance-pH testing was used in pa-
tients with predominant symptoms of laryngophar-
yngeal reflux with or without typical reflux
symptoms using criteria described previously.16
Postoperative and outcomes assessment

Subjective postoperative outcomes were evaluated at
routine visits at 2 weeks, 6 weeks, 6 months, and then
yearly after operation. Patients were assessed for resolu-
tion of their reflux symptoms, use of antisecretory medi-
cations, and procedure-related complications. Length of
hospital stay, need for readmission within 90 days after
operation, and need for postoperative dilation and device
removal were also recorded.
A 50% improvement in the GERD-HRQL total score

compared with baseline on antisecretory therapy was
considered clinically significant. Favorable outcomes
were defined as freedom from PPIs and �50% improve-
ment in GERD-HRQL total score. Persistent dysphagia
was defined as a postoperative dysphagia score >3 on
GERD-HRQL “difficulty swallowing” item at 3 months
or later after MSA.
At 1 year after MSA, patients were approached for

objective foregut evaluation using the same tests used in
the preoperative evaluation. A total of 435 patients
completed standardized quality of life questionnaires after
operation and 251 patients had objective foregut testing at
their 1-year follow-up visit or earlier if the patient pre-
sented with symptoms that required objective evaluation.
Recurrence of HH was determined based on follow-up

upper endoscopy at 1-year follow-up or if the patient pre-
sented with suggestive symptoms before that time.20 A
recurrence was considered present if the GEJ was found
to be proximal to the crural impressions on either anter-
ograde or retroflexion endoscopic view.

Device and surgical procedure

The LINX device (Ethicon, Johnson & Johnson) is a se-
ries of titanium beads with magnetic cores hermetically
sealed inside. The beads form a flexible and expandable
ring with a “Roman arch” configuration as a result of
interlinked, independent, titanium wires. Each individual
bead can move independently of the adjacent one,
creating a dynamic implant that mimics the physiological
movement of the esophagus without limiting the range of
motion. The LINX is manufactured in different sizes,
ranging from 13 to 17 beads, and has the capacity to dou-
ble its diameter when all beads are separated.
The implant procedure is performed laparoscopically

and consists of complete posterior mediastinal esophageal
mobilization with restoration of intra-abdominal esopha-
geal length (�3 cm) and interrupted posterior crural
closure (without pledgets or mesh). The device placement
is at the level of the GEJ with the posterior vagus nerve
trunk located on the outside of the magnetic ring. A
“minimal dissection” technique was used in patients
with little to no HH during the beginning of our proced-
ure employment. This approach did not include medias-
tinal esophageal dissection, the phrenoesophageal
ligament was left intact, and there was no crural closure.
Instead, a small window was created within the retroeso-
phageal space, and the device was placed around the GEJ
(Fig. 1). We used a sizing procedure that assesses esopha-
geal circumference and is performed before selection of
the device size. Earlier in our practice, we selected the
size of the LINX device by increasing 2 beads from the
point of release of the sizing device; we then changed
our sizing protocol by increasing it to 3 beads from the
point of release. This approach is used for all patients
receiving the device regardless of whether there is a preop-
erative diagnosis of HH. Many patients have transverse
widening of the hiatal opening with minimal axial
displacement, and this approach focuses on restoring the
crural contribution of the antireflux barrier during MSA
placement. An intraoperative esophagogastroscopy is per-
formed during the operation to assist in identifying the
anatomic GEJ and to assess device position.

Statistical analysis

Values for continuous variables are expressed as either
mean (SD) or median with interquartile range when
appropriate. Values for categorical variables are presented
as frequency and percentage. Statistical analysis was per-
formed by means of nonparametric tests, including Wil-
coxon signed rank test, McNemar’s test, Kruskal-Wallis



Figure 1. Steps of hernia repair and magnetic sphincter augmentation.
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test, Fisher’s exact test, and mixed-model F-test when
appropriate.
Univariate analysis of the preoperative clinical, endo-

scopic, manometric, and pH data that could support
favorable outcomes was performed. The factors with p
< 0.1 were included in a logistic regression model to pro-
duce the independent predictors for postoperative GERD
symptom improvement. A p value < 0.05 was considered
to be statistically significant. All statistical analyses were
performed using SAS software (version 9.4, SAS
Institute).
Table 1. Baseline Demographic and Clinical
Characteristics

Characteristic Data

Age, y, mean (SD) 54.7 (13.9)

Sex, n (%)

Male 211 (38.2)

Female 342 (61.8)

BMI, kg/m2, mean (SD) 29.0 (4.6)

DeMeester score, mean (SD) 33.9 (29.4)

Esophagitis, %

Yes 46.1

No 53.9

Size of the LINX used, beads,
median (IQR)

14 (14e15)

Size and type of hernia, n (%)

None 66 (11.9)

Small (�3 cm) 373 (67.5)

Large (�3 cm) 82 (14.8)

Paraesophageal hernia 32 (5.8)

IQR, interquartile range.
RESULTS
A total of 553 patients underwent laparoscopic MSA dur-
ing the study period. Baseline demographic and clinical
data are shown in Table 1. At a mean (SD) follow-up
of 10.3 (10.6) months, 86.7% of the patients were satis-
fied with the outcomes of operation and 92.7% were free
of PPI use.
The mean (SD) GERD-HRQL total score was

improved from baseline value of 33.8 (18.7) to 7.2
(9.0) (p < 0.001) and RSI total score was improved
from 22.2 (10.9) to 8.7 (8.8) (p < 0.001). The compar-
ison of the pertinent components of these 2 quality mea-
sures is shown in Table 2. Eighty-four percent of the
patients were found to have significant clinical improve-
ment, defined by at least 50% improvement in their
GERD-HRQL total score.
Manometry performed at 1-year follow-up visit after

MSA in a subgroup of 109 patients showed improvement
in all 3 resting characteristics of the LES. Comparison of
the LES resting characteristics and composite pH score are
shown in Table 3. Objective and subjective outcomes
across the groups stratified by LINX size are shown in
Table 4.

Predictors of favorable outcome

Eighty percent of the patients were considered to have a
favorable outcome, defined as both freedom from PPI
use and �50% improvement in GERD-HRQL total
score. The results of univariate analysis of the baseline
demographic, clinical, and physiologic parameters with



Table 2. Comparison of Pertinent Components of Gastroesophageal Reflux Disease-Health-Related Quality of Life and
Reflux Symptom Index Before and after Operation

Measurement Before operation After operation p Value

GERD-HRQL scoring, mean (SD)

Heartburn score 14.7 (8.7) 3.1 (5.8) <0.001

Regurgitation score 12.7 (9.0) 2.6 (5.0) <0.001

Total score 33.8 (18.7) 7.2 (9.0) <0.001

Reflux Symptom Index scoring

Difficulty swallowing score, mean (SD) 1.7 (1.6) 1.0 (1.3) <0.001

Difficulty swallowing score �3, % 33.7 15.8 <0.001

Total score, mean (SD) 22.2 (10.9) 8.7 (8.7) <0.001

GERD-HRQL, Gastroesophageal Reflux Disease-Health-Related Quality of Life.
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potential contribution to favorable outcomes are shown
in Table 5.
Factors found to be relevant in this univariate analysis

were used in a multivariable logistic model to determine
predictors of favorable outcome after MSA. Age younger
than 45 years, male sex, GERD-HRQL total score >15,
and an abnormal DeMeester score were found to be the
4 independent predictors of favorableoutcome after
MSA (Table 6). Figure 2 shows the probability of favor-
able outcome across the groups stratified by the number
of predictors.
Hospital stay, need for readmission, and
complication

Five hundred and fourteen of the patients (93%) were dis-
charged home on the day of operation. A total of 39 pa-
tients required at least 1 overnight stay, with a mean of
1.5 (1.0) nights. Table 7 shows the reasons for overnight
stay after MSA.
Twenty-three of the patients (4.2%) were readmitted

within 30 days from operation and another 8 (1.4%)
were readmitted within 90 days from operation. One pa-
tient was readmitted 3 times; this patient also had implan-
tation of a gastric stimulator at the time of MSA. This
patient required 2 admissions for persistent nausea and
vomiting and 1 admission for hematoma at the site of
gastric stimulator within the anterior abdominal wall.
Table 3. Comparison of Lower Esophageal Sphincter Resting
Magnetic Sphincter Augmentation

Measurement B

Lower esophageal sphincter resting characteristic

Resting pressure, mmHg 23

Overall length, cm 2

Intra-abdominal length, cm 1

Composite pH score 32

Data are presented as mean (SD).
Two patients required 2 readmissions and the remaining
patients were readmitted only once after MSA.
There were only 2 major complications (0.4%). These

consisted of CO2 retention requiring reintubation
(n ¼ 1) and mediastinal abscess requiring drainage and
IV antibiotic (n ¼ 1). Minor complications were
observed in 49 of the patients (8.9%) and included
poor postoperative pain control (n ¼ 4), significant
nausea during immediate postoperative period (n ¼ 5),
hypoxia requiring supplemental oxygenation (n ¼ 7),
lethargy (n ¼ 3), abdominal pain requiring additional
evaluation (n ¼ 5), bothersome nausea or vomiting
requiring emergency department visit (n ¼ 11),
dysphagia requiring hospital admission (n ¼ 7), abdom-
inal wall hematoma at gastric pacer insertion site
(n ¼ 1), deep vein thrombosis (n ¼ 1), urinary retention
(n ¼ 1), cardiac arrhythmia (n ¼ 1), dyspnea requiring
additional workup (n ¼ 2), and aspiration pneumonia
(n ¼ 1). There was 1 death from causes unrelated to
placement of the LINX device.

Postoperative dysphagia and need for endoscopic
dilation

A total of 99 patients (17.9%) required 1, and 70 (12.7%)
required more than 1, dilation for bothersome dysphagia
or chest pain. The indication for dilation was dysphagia in
129 (23.3%), chest pain in 14 (2.5%), and both
dysphagia and chest pain in 26 (4.7%).
Characteristics and Composite pH Score Before and after

efore After p Value

.1 (14.3) 27.7 (14.1) 0.009

.9 (0.8) 3.2 (0.9) 0.003

.0 (1.0) 1.7 (1.2) <0.001

.9 (31.9) 12.3 (25.9) <0.001



Table 4. Objective and Subjective Outcomes Across Groups Stratified by LINX Size

Post measure

Device size

p Value
Small (sizes 13 and 14)

(n ¼ 327)
Medium (size 15)

(n ¼ 138)
Large (sizes 16 and 17)

(n ¼ 85)

GERD-HRQL total score, mean (SD) 9.0 (11.1) 6.0 (7.7) 5.7 (8.3) 0.0034

Favorable surgical outcome, % 77.4 85.3 80.0 0.3521

Persistent dysphagia, % 20.2 12.3 11.9 0.0991

DeMeester score, mean (SD) 7.2 (10.2) 18.8 (33.2) 21.0 (42.8) <0.0001

Normalization of DeMeester score, % 82.4 69.1 65.7 0.0349

GERD-HRQL, Gastroesophageal Reflux Disease-Health-Related Quality of Life.
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Device removal

Thirty-seven patients (6.7%) required removal of their
device. Of these, 20 removals (3.6%) were due to signif-
icant dysphagia or chest pain. Pseudoachalsia not
responding to dilation was observed in 1 of these patients
and another patient requested explantation 2 days after
device implantation due to acute dysphagia (Table 8).
Other reasons for removal included possible titanium

allergy (n ¼ 1), mediastinal abscess (n ¼ 1), recurrence
of hernia and migration of the device (n ¼ 3), unex-
plained leukocytosis (n ¼ 1), worsening typical reflux
symptoms (n ¼ 4), and worsening atypical reflux symp-
toms (n ¼ 3). Device was removed within 90 days from
operation in 7 patients.
Two patients required removal due to need for subse-

quent operations: esophagectomy for esophageal cancer
Table 5. Baseline Potential Predictors for a Favorable Outcom

Variable P

Age (< 45 y)

Sex, male

Typical primary symptom

BMI (�30 kg/m2)

Presence of esophagitis

Presence of grade C or D esophagitis

Presence of hiatal hernia

Presence of large or paraesophageal hernia

GERD-HRQL total score (�15)

Short LES overall length (<2.7 cm) e

Short LES abdominal length (<1.7 cm)

Hypotensive LES pressure (mmHg)

Manometrically defective LES

>20% incomplete bolus clearance

Low distal wave amplitude (<43 mmHg)

Low distal contractile integral (<500 mmHg/s/cm)

Elevated distal contractile integral (>5,000 mmHg/s/cm)

>80% peristalsis waves

Abnormal DeMeester score (>14.7)

*Favorable surgical outcome is defined as >50% GERD-HRQL total score imp
GERD-HRQL, Gastroesophageal Reflux Disease-Health-Related Quality of Lif
(n ¼ 1) and gastrectomy for gastroparesis (n ¼ 1). In 2
patients, the device was found to be discontinuous and
required explantation, neither of these 2 patients was
symptomatic and disconnection was found on the
imaging obtained for other reasons.
DISCUSSION
For an operation to be of value, it must attack the under-
lying derangement with an acceptable degree of success
and should be easily reproducible. The operation also
needs to be offered to those who would benefit the
most from it. In this study, we report intermediate out-
comes after MSA in a large series of patients with
GERD after undergoing operations in a single institution.
We found that MSA implantation is associated with
e* Adopting Univariate Logistic Model

arameter (SE) Odds ratio (95% CI) p Value

1.41 (0.54) 4.12 (1.43e11.85) 0.0088

0.59 (0.32) 1.80 (0.96e3.37) 0.0663

1.18 (0.31) 3.27 (1.80e5.95) 0.0001

0.039 (0.29) 1.04 (0.59e1.83) 0.8943

0.49 (0.29) 1.63 (0.92e2.88) 0.0923

0.97 (0.62) 2.64 (0.78e8.99) 0.1193

e0.26 (0.51) 0.77 (0.28e2.11) 0.6126

0.15 (0.34) 1.16 (0.60e2.26) 0.6557

1.84 (0.34) 6.28 (3.24e12.17) <0.0001

0.002 (0.29) 0.99 (0.56e1.77) 0.9952

e0.30 (0.32) 0.74 (0.39e1.41) 0.3625

0.20 (0.33) 1.22 (0.64e2.33) 0.5554

0.21 (0.37) 1.24 (0.60e2.55) 0.5664

0.38 (0.36) 1.46 (0.73e2.93) 0.2873

0.24 (0.79) 1.28 (0.27e6.01) 0.7583

0.46 (0.64) 1.58 (0.45e5.55) 0.4773

e0.62 (0.56) 0.54 (0.18e1.62) 0.2715

0.15 (0.37) 1.16 (0.57e2.39) 0.6827

0.75 (0.34) 2.12 (1.09e4.12) 0.0264

rovement and freedom from proton pump inhibitor.
e; LES, lower esophageal sphincter.



Table 6. Independent Predictors of Favorable Outcome after Magnetic Sphincter Augmentation Using Multivariable Logistic
Model

Variable Parameter (SE) Odds ratio (95% CI) p Value

Age (< 45 years) 1.43 (0.66) 4.17 (1.14e15.23) 0.0305

Sex (male) 0.91 (0.42) 2.49 (1.09e5.66) 0.0301

GERD-HRQL total score (>15) 2.01 (0.41) 7.47 (3.32e16.81)) <0.0001

Abnormal DeMeester Score (>14.7) 0.93 (0.41) 2.55 (1.14e5.68) 0.0225

GERD-HRQL, Gastroesophageal Reflux Disease-Health-Related Quality of Life.
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excellent clinical and objective outcomes, comparable
with results reported by other centers. We also found
that age younger than 45 years, male sex, GERD-
HRQL total score �15, and abnormal DeMeester score
are the 4 preoperative factors predicting favorable out-
comes. Presence of all 4 of these predictors was associated
with 95% favorable result and the success rate decreased
as the number of predictors decreased (Fig. 2).
During the past 5 decades, there has been an increasing

interest in the pathophysiology of GERD and its surgical
management.21 The basic derangement in GERD is a
transient or permanent loss of LES competency. Recogni-
tion of the high failure rates after solely an anatomic HH
repair led to the development of different procedures
designed to re-establish the competency of the GEJ.
The ability of LINX to restore the antireflux barrier is
unique among these procedures. MSA enables restoration
of the antireflux barrier without extensive anatomic
disruption or reconstruction. In addition, it functions as
a 2-way valve that preserves the ability for eructation
and therefore functions as a more physiologic barrier.
Our study found that MSA can correct the LES mano-

metric abnormalities and indicates that the operation is
able to restore normal physiology to a mechanically defec-
tive LES (Table 3). The concept of sphincter augmenta-
tion was developed to prevent transient sphincter
relaxation due to effacement and LES shortening second-
ary to gastric distention.22,23 Our findings support this
principal. Although we observed an increase in the overall
Figure 2. The probability of a favorable outcome across the groups
stratified by the number of predictors.
length of the LES after MSA, this was the result of an in-
crease in the sphincter length exposed to the intra-
abdominal pressure, as the thoracic length of the LES
remained unchanged after MSA. The characteristics of a
mechanically defective LES were defined in previous
studies relating esophageal manometry to increased distal
esophageal acid exposure. In our study, restoring the
manometric competency of the LES resulted in a signifi-
cantly lower distal esophageal acid exposure and normal-
ization of the composite pH score in 76% of the patients.
The predictability of success after any antireflux pro-

cedure relates directly to the degree of certainty that
gastroesophageal reflux is the underlying cause of the pa-
tient’s symptoms. Esophageal pH monitoring has the
highest sensitivity and specificity of the available tests to
establish this causality. This explains our finding of an
abnormal composite pH score as an independent predic-
tor of favorable outcomes after MSA. This is in contrast to
indicators of the severity of disease, such as esophagitis, a
defective LES, and large HH, which were not predictive
of outcomes in our study. This emphasizes that the out-
comes of MSA are more dependent on establishing the
presence of disease rather than on its severity. In fact, pa-
tients who have these risk factors of disease severity should
be given the option of operation early in the course of
their disease, before development of other long-term con-
sequences of GERD.
We also found that male sex and younger age are the

other 2 predictors of favorable outcomes after MSA. Simi-
larly, Oelschlager and colleagues24 identified male sex and
younger age as important predictors of symptom resolu-
tion after fundoplication.24 O’Boyle and colleagues25

also reported that male sex is a predictor of better clinical
outcomes after Nissen fundoplication. Studies on fundo-
plication have shown that women are more likely to
report poorer outcomes than men, and this likely contrib-
utes to a higher rate of subsequent revisional procedures
in women. Studies have shown that woman who are
seeking antireflux operations are, on average, older than
men, more likely to have an HH, and report higher levels
of heartburn and dysphagia symptoms before operation.
Despite this, they are less likely to have ulcerative



Table 7. Reasons for Overnight Stay After Magnetic
Sphincter Augmentation

Reason Data, n

Poor postoperative pain control 4

CO2 retention and need for reintubation 1

Significant postoperative nausea 5

Need for supplemental oxygen 7

Lethargy 3

Cardiac arrhythmia 1

Advanced age and comorbidity 9

Patient request and social reason 9

Table 8. Reasons for Device Removal

Reason Data

Removal indicated by a clinical reason 37

Troublesome dysphagia or chest pain
not responding to dilation, n (%)

20 (3.6)

Recurrence of hernia and
migration of the device, n

3

Recurrence of hernia and mediastinal abscess, n 1

Worsening typical reflux symptoms, n 4

Worsening atypical reflux symptoms, n 3

Possible titanium allergy, n 1

Unexplained leukocytosis, n 1

Need for subsequent operation, n 2

Esophagectomy for esophageal adenocarcinoma 1

Gastrectomy for severe gastroparesis 1

Removal indicated by device malfunction 2

Disconnected device 2
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esophagitis and have lower levels of esophageal acid expo-
sure at their preoperative testing. It is possible that women
interpret their symptoms as being more severe, and differ-
ences in symptom perception could explain both the pre-
operative and postoperative differences seen in women
after antireflux operations. This explanation is supported
by the following 2 observations that woman with gastro-
esophageal reflux have higher symptom scores than men
for equivalent endoscopic grades of esophagitis,26 and
they have a lower threshold for pain induced by balloon
distension of the esophagus.27

The finding of younger age as a predictor of outcomes
highlights the importance of early intervention in man-
agement of progressive GERD. This will optimize the sur-
gical outcomes and can also prevent progression to
inflammatory and metaplastic complication of the disease.
Risk of Barrett’s esophagus is shown to rise linearly with
increasing frequency, severity, and duration of GERD
symptoms.28 Patients who develop GERD symptoms at
an earlier age are at highest risk for esophageal adenocar-
cinoma.28 Early intervention will augment a near-normal
LES that has not yet been significantly deteriorated from
reflux-induced inflammatory injury and provide addi-
tional support during transient failure. Currently, referral
for operation for patients with early and medically depen-
dent disease is resisted. This stems mainly from the lack of
confidence of referring physicians in the outcomes and
durability of a fundoplication and concern about the
side effects of this operation. Because MSA has been
demonstrated to overcome these shortcomings, it appears
that the gastroenterology community is more receptive to
early referral of patients for surgical intervention.
Studies focused on Nissen fundoplication have re-

ported that patients with typical reflux symptoms, for
example heartburn, regurgitation, and dysphagia, are
more likely to report favorable outcomes compared with
those that presented with atypical symptoms, like cough,
hoarseness, wheezing, and chest pain. Because there are
fewer mechanisms for their generation, typical symptoms
are more likely to be secondary to increased esophageal
acid exposure than are atypical symptoms that might
also be caused by non-GERD-related diseases of the
head and neck and lungs. In this study, presentation
with typical reflux symptoms was associated with favor-
able outcomes at the univariate level, but it was not asso-
ciated with outcomes within the multivariate logistic
regression model.
In the analysis of risk factors for favorable outcomes,

presence of a defective LES did not emerge as a predictor
of outcomes. This finding might call into question the
importance of LES resting pressure, length, and position
in preoperative decision making when considering
MSA. This observation is consistent with the findings of
Campos and colleagues.12 They also found that a defective
LES is not a predictor of outcomes after Nissen fundopli-
cation. Their explanation was that the LES can be either
structurally defective or structurally normal but function-
ally defective. There is no measure of the latter, because it
requires identification of the effect of a gastric challenge
on LES competence, a test not yet developed for clinical
use.23 Interestingly, MSA is designed to primarily address
the functionally defective LES by stopping effacement
during gastric challenge.
MSA provides the surgeon and patient with a relatively

rapid, reproducible, and less-invasive tool to effectively
treat GERD and improve the patients’ quality of life.29

Ninety-three percent of patients in this cohort were dis-
charged home on the day of the operation. The 30- and
90-day readmission rates were very low (4.2% and
1.4%, respectively) and the rate of major complication
was also extremely low (0.4%). This safe procedure results
in significant improvement in quality of life measures,
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assessed by 2 current validated questionnaires: GERD-
HRQL for typical reflux symptoms and RSI for atypical
symptoms (Fig. 3).
The overall rate of device explantation was 6.6%

(n ¼ 37), and of these, 20 (3.6%) were to address persis-
tent dysphagia or chest pain. Our removal rate is consis-
tent with those reported in the literature. This rate is
significantly lower than other implants placed around
GEJ. Lap band removal rate is around 10% and Angel-
chik around 20%.30,31 In addition, reversibility is one of
the advantages of the LINX, and removal is technically
straightforward, resulting in a return to baseline or even
an improvement over pre-MSA symptoms.
We acknowledge that a limitation of our study is short

duration of follow-up. In this study, we report the inter-
mediate outcomes of MSA in a large cohort of patients in
a single institution and determine the preoperative factors
that predict favorable outcomes after operation. We
continue the follow-up of these patients and plan to
report outcomes at 3 and 5 years.
The rate of favorable surgical outcomes was slightly

higher in patients when a medium-sized device was
used,15 but the difference was not statistically significant.
Patients with a smaller-sized device had a higher rate of
normalization of distal esophageal acid exposure, but
this came at the cost of a higher rate of postoperative
dysphagia (Table 4).
Dysphagia remains the most prevalent symptom after

MSA. Early postoperative dysphagia has been reported
in 43% to 83% of patients and resolves in most of these
patients.32,33 But this symptom can persist in some and
might require endoscopic dilation or device removal. In
this study, 15% of the patients had persistent dysphagia
and 30.1% required at least 1 dilation. Earlier in our
Figure 3. Comparison of quality of life measures, assessed by the cur
Health-Related Quality of Life (GERD-HRQL) for typical reflux symptoms
practice, we selected the size of the LINX device by
increasing 2 beads from the point of release of the sizing
device; we then changed our sizing protocol by increasing
it to 3 beads from the point of release. In a recent publi-
cation, our group reported that the change in sizing pro-
tocol, in addition to introduction of postoperative diet
modification and avoiding early dilation, results in de-
creases in the dysphagia rate and need for dilation.34

Although the clinical benefits of MSA are well estab-
lished, the cost associated with the device has been
perceived as a drawback by payers and this has slowed
the widespread dissemination of this technique. A recent
study by our group examined the economic impact of
introducing MSA for the primary treatment of GERD.
Using payer data, we reported that patients with GERD
treated with MSA had higher same-day surgical costs
compared with LNF, but disease-related cost to the payers
more than 12 months postoperation were lower for MSA
compared with LNF. In addition, there was a trend to-
ward lower overall medical expenses and costs related to
PPI use after MSA compared with LNF.35 Although
MSA was associated with a higher procedural payer cost
compared with LNF, the payer costs might be offset
due to reductions in the expenses after the operation.
CONCLUSIONS
In the largest single-institution series, we demonstrated
that MSA implantation is associated with very good clin-
ical and objective outcomes in GERD patients. Age
younger than 45 years, male sex, GERD-HRQL total
score �15, and abnormal DeMeester score are the 4 pre-
operative factors predicting favorable outcomes and can
be used in preoperative counseling and patient selection.
rent 2 validated questioners, (A) Gastroesophageal Reflux Disease-
and (B) Reflux Symptom Index (RSI) for atypical symptoms.
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