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Abstract

Background: As previously reported, the magnetic sphincter augmentation device (MSAD) preserves gastric
anatomy and results in less severe side effects than traditional antireflux surgery. The final 5-year results of a
pilot study are reported here.
Patients and Methods: A prospective, multicenter study evaluated safety and efficacy of the MSAD for 5 years. Prior
to MSAD placement, patients had abnormal esophageal acid and symptoms poorly controlled by proton pump
inhibitors (PPIs). Patients served as their own control, which allowed comparison between baseline and postoperative
measurements to determine individual treatment effect. At 5 years, gastroesophageal reflux disease (GERD)-Health
Related Quality of Life (HRQL) questionnaire score, esophageal pH, PPI use, and complications were evaluated.
Results: Between February 2007 and October 2008, 44 patients (26 males) had an MSAD implanted by
laparoscopy, and 33 patients were followed up at 5 years. Mean total percentage of time with pH <4 was 11.9%
at baseline and 4.6% at 5 years (P < .001), with 85% of patients achieving pH normalization or at least a 50%
reduction. Mean total GERD-HRQL score improved significantly from 25.7 to 2.9 (P < .001) when comparing
baseline and 5 years, and 93.9% of patients had at least a 50% reduction in total score compared with baseline.
Complete discontinuation of PPIs was achieved by 87.8% of patients. No complications occurred in the long
term, including no device erosions or migrations at any point.
Conclusions: Based on long-term reduction in esophageal acid, symptom improvement, and no late complications, this study shows the relative safety and efficacy of magnetic sphincter augmentation for GERD.

alleviate symptoms related to acid reflux by suppressing normal acid production in the stomach, effectively making the
gastric refluxate less acidic.2 Although PPIs are effective in
managing symptoms of heartburn and healing esophagitis,
they are unable to address an incompetent LES and therefore
fail to prevent the occurrence of pathologic reflux. It is therefore not surprising that patients experience regurgitation and
non–acidic-related symptoms of GERD despite PPI use.3–5

Introduction

G

astroesophageal reflux disease (GERD) is characterized by the retrograde movement of gastric contents through the lower esophageal sphincter (LES) into the
esophagus, resulting in bothersome symptoms and/or damage to esophageal tissue.1 Patients with GERD are routinely
treated with proton pump inhibitors (PPIs), which aim to
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The shortcomings of acid-suppression therapy are addressed by antireflux surgery, traditionally Nissen fundoplication, and treatment is directed at restoring normal function
of the antireflux barrier by reconstructing a defective LES.6
This approach, although effective at controlling reflux, requires significant anatomical disruption in order to mobilize
the gastric fundus and wrap it around the esophagus.7,8
The magnetic sphincter augmentation device (MSAD)
(LINX Reflux Management System; Torax Medical,
Shoreview, MN) was developed as a less disruptive surgical
option for the treatment of GERD.9 The MSAD is a small
implant composed of interlinked titanium beads with magnetic cores. The magnetic attraction between the beads augments the existing LES barrier function to prevent reflux.
The device is implanted using a standard minimally invasive laparoscopic procedure. Interim reports of the initial cohort of patients implanted with MSAD have been
published.10–12 We now provide here a final report of the
5-year clinical results.
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Details about the implant procedure have been previously
described.10–12 The MSAD provides magnetic sphincter
augmentation, which means the circumferential magnetic
resistance provided by the device helps prevent abnormal
opening of the LES, thus preventing pathologic reflux. The
device consists of a series of titanium beads with magnetic
cores that are connected with independent titanium wires to
form an annular shape that may open and close. The beads
are connected in a fashion that allows the device to expand
to accommodate increased intraluminal forces such as
those associated with swallowing food or with belching
and vomiting.
Assessments and follow-up

Preoperative assessments prior to MSAD have been previously described.10,11 In brief, patients were evaluated before surgery with a symptom questionnaire, esophageal pH
monitoring, esophageal manometry, upper gastrointestinal
endoscopy, and barium swallow. Determination of hernia
size for eligibility was based on upper gastrointestinal endoscopy. The length of the hernia, if present, was measured as
the distance between the gastroesophageal junction, defined
by the proximal limit of the gastric folds, and the crural
impression.

The study was designed to follow all patients for at least 1
year after LINX implant. After the first year, all but one
clinical site continued to follow patients annually through 5
years for GERD-Health Related Quality of Life (GERDHRQL) score, PPI use, and complications. One site elected
to also perform pH monitoring annually through 5 years for
willing patients. Clinical outcomes measured at 5 years included the GERD-HRQL score, esophageal pH measurements, PPI use, abdominal/chest x-ray, and complications.
The x-ray at follow-up was compared with the postoperative x-ray to confirm placement of the device at the
implant site.
The GERD-HRQL and pH monitoring were completed
with PPIs discontinued for at least 10 days at baseline and
at all follow-up visits. The GERD-HRQL is a self-assessed,
disease-specific questionnaire designed to measure GERD
symptom severity on quality of life.13 It consists of 10
questions relating to severity of heartburn symptoms while
lying down, standing up, after meals, after a change in diet,
and while sleeping and to severity of symptoms related to
GERD, including dysphagia, odynophagia, bloating, and effect of medications. The total GERD-HRQL score represents
a summation of each of the 10 items. The best possible score
is 0 (i.e., asymptomatic in each item), and the worst possible
scores is 50 (incapacitated in each item). The questionnaire
also measured satisfaction with present condition. Treatment
was considered a success if at least a 50% reduction in total
GERD-HRQL score was achieved when comparing scores at
follow-up and baseline. Esophageal pH monitoring was
completed at baseline to objectively confirm the diagnosis of
GERD and then repeated after MSAD placement. All patients
were required to complete pH testing at the 1-year follow-up
per protocol. Thereafter, one site continued to evaluate pH on
an annual basis through 5-year follow-up. Measurements
collected from esophageal pH testing included the DeMeester
score and its individual components.
PPI use at follow-up was reported as complete discontinuation of PPIs or at least a 50% reduction in dose of PPI use
compared with baseline.
Adverse events were tracked throughout the duration of
the clinical study, starting at the time of implant procedure
until completion of the study.

Study device

Statistical analysis

The study device, the MSAD, was implanted with standard
laparoscopic technique and was sized to fit around the external
diameter of the resting esophagus, without compression.

Patients served as their own control, and postoperative data
were compared with preoperative data to evaluate treatment
effect using the two-tailed, paired Student’s t test. Mean and

Subjects and Methods

The study was a prospective, multicenter, single-arm
study, where patients served as their own control, allowing
comparison of baseline and postoperative measurements after MSAD placement to determine treatment effect. The
study enrolled 44 patients at four clinical sites (two in the
United States and two in Europe). The study protocol was
approved by the institutional review board or ethics committee at each clinical site, and written informed consent was
obtained from all participants.
Study patients

All enrolled patients had abnormal esophageal pH as
measured by ambulatory esophageal pH monitoring, exhibited typical GERD symptoms, had been taking daily PPIs,
and were between 18 and 75 years of age. Patients were
excluded if they had a large hernia (>3 cm), esophagitis of
Grade B or higher (Los Angeles Classification), a body mass
index of >35 kg/m2, Barrett’s esophagus, motility disorders,
or gross esophageal anatomic abnormalities. Patients with a
known allergy to titanium, stainless steel, nickel, or ferrous
materials were contraindicated for the MSAD and therefore
were not eligible for the study.
Preoperative assessment
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FIG. 1. Percentage reduction in total Gastroesophageal Reflux Disease-Health Related Quality of Life questionnaire score
at Year 5. Each bar represents 1 of 33 patients who completed the questionnaire at 5 years. The data shown by each bar are
the percentage reduction in total Gastroesophageal Reflux Disease-Health Related Quality of Life score at Year 5 compared
with the total questionnaire score at baseline for each patient. A reduction of at least 50% was considered a success. The
success criterion of Gastroesophageal Reflux Disease-Health Related Quality of Life score reduction was met by 93.9% (31/
33) of the patients.
standard deviation were used to describe continuous variables such as patient demographic data and baseline characteristics. Categorical demographic and baseline variables
were summarized via frequency distributions, with the Wilcoxon sign rank test used for continuous outcomes and
McNemar’s test used for categorical normalization outcomes. Statistical significance was indicated by a P value
of p .05.

11.9% at baseline to 4.6% at 5 years (P < .001), and all other
DeMeester components were reduced at 5 years compared
with baseline (Table 2). Eighty-five percent (17/20) of patients who completed esophageal pH monitoring at 5 years
achieved either normal esophageal acid exposure or had at

Table 1. Summary of Gastroesophageal
Reflux Disease–Health Related
Quality of Life Scores by Question

Results

In total, 44 patients (26 males and 18 females) were implanted with the MSAD between February 2007 and October
2008. The mean age of the study group was 42.8 (range, 19–
71) years, and the mean body mass index was 25.7 (range,
19.0–38.0) kg/m2. Thirty-three patients (75%) were followed
at 5 years. Noncompleters at Year 5 included voluntarily
withdrawal (n = 2), study completion at Year 1 per protocol
(n = 2), loss to follow-up (n = 4), and device removal (n = 3).
GERD-HRQL scores, satisfaction, and side effects

The mean total GERD-HRQL score off PPIs decreased
from 25.7 at baseline to 2.9 at Year 5 (P < .001), and 93.9%
(31/33) of patients had a greater than 50% reduction in total
score compared with baseline (Fig. 1). A significant improvement in GERD-HRQL score after MSAD placement
was reflected by a high level of patient satisfaction, with
90.9% of patients reporting being satisfied with their current
condition at 5 years compared with no patients (0%) reporting being satisfied at baseline. Side effects typically associated with antireflux surgery, such as difficulty swallowing
and gas bloat, were no more bothersome or improved after
MSAD placement compared with baseline (Table 1).
Esophageal pH measurements

Esophageal pH testing off PPI therapy demonstrated each
patient had pathologic esophageal acid exposure at baseline.
The mean percentage of time that pH was <4 decreased from

How bad is your heartburn?
Heartburn when lying down?
Heartburn when standing up?
Heartburn after meals?
Does heartburn change your diet?
Does heartburn wake you
from sleep?
Do you have difficulty
swallowing?
Do you have bloating and
gassy feelings?
Do you have pain with
swallowing?
If you take medication,
does this affect your daily life?
Total GERD-HRQL score

Baseline
(n = 44)

Year 5
(n = 33)

3.7
3.1
3.3
3.6
3.1
2.5

0.5
0.5
0.4
0.8
0.2
0.1

(4.0)
(3.0)
(3.0)
(4.0)
(4.0)
(3.0)

(0)
(0)
(0)
(1)
(0)
(0)

1.2 (1.0)

0.2 (0)

2.9 (3.0)

0.3 (0)

0.6 (0.0)

0.0 (0)

2.0 (2.0)

0.0 (0)

25.7 – 6.4

2.9 – 3.0

Values are mean (median) values except for total gastroesophageal reflux disease Health Related Quality of Life (GERD-HRQL)
score, which is mean – standard deviation. The questionnaire was
completed while the patient was off proton pump inhibitors for at
least 10 days at both time points. For each question, patients were
asked to rate their response on a scale of 0 to 5 (where 0 = no
symptoms, 1 = symptoms noticeable but not bothersome, 2 = symptoms noticeable and bothersome but not every day, 3 = symptoms
bothersome every day, 4 = symptoms affect daily activities, and
5 = symptoms are incapacitating, unable to do activities). The
responses to each question were totaled to provide a total GERDHRQL score. Total scores range from 0 to 50, with higher scores
indicating worse symptoms.
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Table 2. Esophageal pH Measurements
Measure
Total time (%)
pH <4
Upright
Supine
Reflux episodes
Total number
Number lasting
>5 minutes
Longest (minutes)
DeMeester score

Baseline
(n = 44)

Year 5
(n = 20)

P
value

11.9
13.6
8.3

4.6
5.6
1.9

<.001
<.001
.038

112.5
7.0

78.0
4.4

.393
.081

37.4
42.3

19.3
16.1

.015
<.001

All testing was performed with the patient off proton pump
inhibitors for at least 10 days.

least a 50% reduction from baseline. Normalization of
esophageal pH (total percentage of time <5.3%) was achieved
by 70% (14/20) of patients evaluated at 5 years.
PPI use

All patients were taking daily PPIs (single or double dose)
to manage their primary symptom of heartburn at baseline.
Complete cessation of PPIs at 5 years was achieved by 87.8%
(29/33) of patients, and a reduction of 50% or more in the
average daily dose of PPIs was demonstrated by 93.9% (31/
33) of patients (Table 3).
Long-term safety

Adverse events were assessed from the time of implant
through the final 5-year visit. There were no reports of death,
device erosions, device migrations, device malfunctions, or
late-occurring device complications. No new safety risks
were identified related to the implant procedure or device.
During the entire course of the 5-year study, the rate of serious adverse events (SAEs) related to the device and/or
implant procedure was 6.8% (3/44). All SAEs occurred and
resolved within the first year after implant, with no related
SAEs occurring after the first postoperative year. One patient
experienced chest pain shortly after the implant requiring a
short stay in the hospital, and the pain resolved less than 1
month after onset. Another patient experienced vomiting and
nausea immediately following the implant procedure, which
resulted in an extended hospital stay, with resolution of
symptoms 5 days after the implant procedure. A third patient

Table 3. Summary of Key Clinical Outcomes
Clinical outcome
Improved GERD-HRQLa
Discontinuation of PPIs
Reduced esophageal acidb
Satisfaction

Patients achieving
at Year 5
93.9%
87.8%
85.0%
90.9%

(31/33)
(29/33)
(17/20)
(30/33)

a
Improvement was defined as q50% reduction at Year 5
compared with baseline for total Gastroesophageal Reflux DiseaseHealth Related Quality of Life (GERD-HRQL) score.
b
Normalization or q50% reduction of total acid exposure time at
Year 5 compared with baseline by esophageal pH monitoring.
PPI, proton pump inhibitor.

had persistent dysphagia, which led to device removal 226
days postimplant. The patient was converted to a Nissen
fundoplication and reported resolution of dysphagia approximately 30 days after device removal.
In addition to this device removal, two other patients had
the device electively removed for reasons unrelated to an
adverse event. One patient had the device explanted 468 days
after implant to undergo magnetic resonance imaging (MRI),
and the other patient had the device explanted at 1302 days to
have a Nissen fundoplication for ongoing reflux symptoms.
All device removals were performed safely by a laparoscopic procedure with no complications.
Discussion

This 5-year study of magnetic sphincter augmentation
confirms durable and sustained clinical outcomes out to 5
years. All reported studies with long-term clinical outcomes
are in agreement that magnetic sphincter augmentation provides a sustained and high rate of symptom relief, discontinuation of PPIs, minimum side effects, and long-term
safety. This report is now the second 5-year report and corroborates the findings of a larger 5-year study.14 The 44
implant procedures performed in this study were the first in
the world. Today the authors have a combined experience
that exceeds 350 implant procedures. Patient selection in this
study was similar to the pivotal and other studies reported to
date, which have largely enrolled patients with abnormal
esophageal pH, persistent symptoms despite PPIs, no or small
hernia, no Barrett’s esophagus, normal motility, and a body
mass index of <35 kg/m2. When MSAD was used in these
patients, results have been consistent and reproducible across
multiple studies. The role of MSAD in patients beyond these
parameters is likely to become clearer as its use expands in
clinical practice.
The learning curve for placement of the MSAD was not
steep, and we expect the same to be true for other surgeons
who have experience with Nissen fundoplication and/or
gastric banding. Mastering implantation of MSAD requires a
focus on minimizing the amount of dissection performed and
carefully locating and dissecting the posterior vagus nerve
from the esophageal wall. The minimal dissection approach
for MSAD deviates from the extensive dissection typical of a
Nissen fundoplication. As a result, when a surgeon is first
learning the procedure, placement of the MSAD requires
discipline in order to avoid reverting back to the dissection
technique used to create a fundus wrap.
Although the MSAD was not directly compared with
Nissen fundoplication in this study, data from other clinical
studies have provided evidence that side effects typically
associated with Nissen fundoplication are less frequent and
severe after LINX.15–17 Reynolds et al.15 found that severe
gas bloat occurred in none of the patients after LINX but did
occur in 10.6% of patients after Nissen fundoplication
(P = .022). Higher rates of gas bloat after fundoplication were
also found in a large multicenter study where bothersome gas
bloat occurring at least daily was 10% after LINX and 32%
after fundoplication (P < .001).16
It is important that no new safety risks were identified
during the 5-year follow-up. Overall, no device erosions or
migrations have been reported during the studies with 5-year
follow-up, providing reasonable assurance that the rate of
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device erosion and migration does not appear to increase with
longer implant durations. A low incidence rate has been reported in other studies, but this rate remains less than 0.5% and
appears to mostly occur within 2 years of the implant procedure.18 When device erosions have occurred, the events were
managed on a nonemergency basis without further complication.18,19 The risk of device migration has been minimized
by identifying and preserving the phrenoesophageal ligament
combined with creation of a tunnel between the posterior wall of
the esophagus and the posterior vagus nerve, providing a small
space that limits movement of the device once implanted.14
To date, no reports of device migration have been reported.
The re-operation rate for LINX at 5 years was favorable
and lower than rates reported after Nissen fundoplication for
a comparable follow-up period: the re-operation rate was
6.8% at 5 years after LINX compared with 13.1% and 15.2%
after Nissen fundoplication at 5 years.20,21 These re-operation
rates, for both procedures, reflect early clinical experience,
and later studies have reported lower re-operation rates for
both.18,22 A comparison of re-operation rates is difficult to
discern from the literature between MSAD and Nissen fundoplication; in general, the rates are acceptable for both
procedures. The reasons for device removal in this study were
similar to those in other reports and included dysphagia,
continued reflux symptoms, and planned MRI imaging. Device explant for dysphagia typically occurs within 6 months
of the implant procedure, but there has been a report of a late
removal for postoperative dysphagia that persisted until the
patient elected to have the device removed prior to exiting the
study at about 5 years after implantation.14
In comparison with revision of a Nissen fundoplication,
explant of MSAD is relatively straightforward, is associated
with less risk, and leaves open the option for other treatments,
including Nissen fundoplication. Re-operation following
Nissen fundoplication is technically challenging and associated with a higher rate of complications and morbidity than
the primary surgery.23,24 Scarring and herniation of the fundus into the chest can severely distort the gastric anatomy,
and the stomach may not be suitable for esophageal reconstruction.25,26 The ability to safely remove the device, while
leaving native gastric anatomy intact, should be considered
an important advantage of the MSAD.
Areas of interest with MSAD include large hernias, sleeve
gasterectomy, and post–radiofrequency ablation for Barrett’s
esophagus. In regard to hernias, the use of MSAD is not
contraindicated per the approved regulatory labeling. However, clinical studies demonstrating the safety and efficacy of
MSAD in larger hernias (>3 cm) have not been reported. It is
the authors’ opinion that magnetic sphincter augmentation is
feasible in larger hernias based on our limited clinical experience with the MSAD in these patients, and therefore a
>3-cm hernia should not preclude implantation of the device.
In cases with larger hernias, the implant procedure would
involve dissection of the lower mediastinum, similar to that
routinely performed in conjunction with a Toupet or Nissen
fundoplication, along with crural reapproximation. Pilot
studies are currently underway to evaluate MSAD in patients
with larger hernias. For reflux after sleeve gastrectomy,
MSAD is well suited for these patients because a gastric
fundus is no longer available for a Nissen fundoplication. The
use of MSAD after sleeve gastrectomy has been reported in a
small number of patients with favorable results.27 Clinical ex-
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perience with MSAD after radiofrequency ablation for Barrett’s
esophagus is not currently available in the literature but is
feasible based on our limited experience. Patients should be
alerted about the need for continued endoscopic surveillance.
When introduced, patients were instructed not to have MRI
scans after MSAD implant. The model of device used in this
study has since received conditional MRI approval for machines using up to 0.7 T. More recently, a newer model of
MSAD has been introduced for use in MRI machines up to
1.5 T, providing patients with more options for diagnostic
imaging. Patients with suspected or known allergies to titanium, stainless steel, nickel, or ferrous materials continue to
be contraindicated for MSAD.
Limitations of this study included no comparison treatment group and loss of patients during the 5-year follow-up.
Esophageal pH data were completed by all sites at 1 year, but
not all sites continued to perform esophageal pH monitoring
past the 1-year follow-up. Long-term manometric data to
characterize any changes in esophageal motility would have
been informative but were not part of the protocol past the 1year follow-up. No significant findings were found during
follow-up to make continued manometric evaluations clinically necessary. For the clinical study, only patients with
normal motility were eligible for MSAD implantation, defined as esophageal amplitude of at least 35 mm Hg and at
least 70% effective swallows. In clinical practice, we have
adhered to implanting only patients with normal motility.
Normal esophageal motility is necessary to facilitate propulsion of a food bolus through the esophageal body in order
to push open the magnetic device and allow passage through
the LES and into the stomach. In clinical practice, one author
( J.C.L.) has developed a barium esophagram protocol to
evaluate for adequate motility related to MSAD and limits the
use of manometry to those patients found to have abnormal
passage of a solid bolus by video esophagram. The protocol
involves evaluations in the upright, prone, and supine positions while the patient swallows liquid as well as solid food
bolus (i.e., contrast-coated hamburger).
Conclusions

The magnetic sphincter augmentation procedure is a major
advancement in antireflux surgery because it enables restoration of the antireflux barrier without extensive anatomical
disruption. No significant or new safety issues were identified
during long-term follow-up. Safety was matched by durable
clinical benefits, such as objective evidence of reduced acid
exposure along with symptom improvement, increased patient satisfaction, and elimination of PPI use. When offered as
a first-line surgical option, MSAD uses minimal dissection to
restore the antireflux barrier and preserves the gastric anatomy. This study shows the relative safety and efficacy of
magnetic sphincter augmentation for GERD.
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