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INTERVENTIONAL PROCEDURES PROGRAMME
Interventional procedure overview of laparoscopic
insertion of a magnetic titanium ring for gastrooesophageal reflux disease
Gastro-oesophageal reflux disease is when acid leaks up from the stomach into
the oesophagus (gullet) because the ring of muscle around the bottom of the
oesophagus (oesophageal sphincter) isn’t working properly. This is known as
acid reflux and causes heartburn (a burning sensation or pain in the chest) or an
acid sensation or taste in the mouth. In this procedure, a small flexible band of
interlinked magnetic beads is placed around the outside of the lower
oesophagus, just above the stomach. The aim is that the magnetic attraction
between the beads will help to keep the sphincter closed to prevent acid reflux,
but still allow the person to swallow, belch or vomit.

Introduction
The National Institute for Health and Care Excellence (NICE) has prepared this
interventional procedure (IP) overview to help members of the interventional
procedures advisory committee (IPAC) make recommendations about the safety
and efficacy of an interventional procedure. It is based on a rapid review of the
medical literature and specialist opinion. It should not be regarded as a definitive
assessment of the procedure.

Date prepared
This IP overview was prepared in November 2016 and updated in May 2017.

Procedure name
 Laparoscopic insertion of a magnetic titanium ring for gastro-oesophageal
reflux disease
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Specialist societies
 Association of Upper Gastrointestinal Surgeons for Great Britain and Ireland
(AUGIS)
 British Society of Gastroenterology (BSG)
 Royal College of Surgeons of England

Description
Indications and current treatment
Gastro-oesophageal reflux disease (GORD) is a common problem. It is caused
by conditions that disturb the sphincter function at the lower end of the
oesophagus, such as a hiatus hernia. Symptoms of GORD can be broadly
grouped into those directly related to reflux episodes, such as heartburn,
regurgitation, chest pain and nausea, and those caused by complications of
reflux disease, including dysphagia and respiratory difficulties. Repeated
episodes of GORD can damage the lining of the oesophagus and lead to
oesophageal ulceration, oesophageal stricture and Barrett's oesophagus.
A NICE clinical guideline describes recommendations for the investigation and
management of GORD and dyspepsia in adults. The standard treatments for
symptomatic GORD are lifestyle modification and drug therapy. Patients who
have refractory symptoms, develop complications despite medication or develop
intolerance to medication may be considered for anti-reflux surgery (usually
laparoscopic fundoplication). Several endoscopic techniques (such as
endoscopic radiofrequency ablation or endoscopic injection of bulking agents)
have also been used.

What the procedure involves
The aim of laparoscopic insertion of a magnetic titanium ring for gastrooesophageal reflux is to provide relief of reflux-related symptoms without
impeding the ability to swallow, belch or vomit, and with less morbidity than
traditional anti-reflux surgery.
The procedure is done with the patient under general anaesthesia. Using a
laparoscopic approach, a specially designed sizing tool is loosely wrapped
around the distal oesophagus to assess the size of implant needed. The sizing
tool is then removed and the implant is placed so that it encircles the distal
oesophagus at the gastro-oesophageal junction. The ends of the implant are
secured together to hold it in place. Intraoperative endoscopy may be used to
check that the implant is correctly positioned.
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The implant consists of a ring of interlinked titanium beads, each with a weak
magnetic force that holds the beads together to keep the distal oesophagus
closed. When the patient swallows, the magnetic force is overcome, allowing the
ring to open. After swallowing, magnetic attraction brings the beads together and
the distal oesophagus is again closed.

Outcome measures
There are a number of subjective outcome assessment tools for this condition.
The gastro-oesophageal reflux disease health-related quality of life (GERDHRQL) scale assesses patient symptoms and effects on daily living using
10 questions. Scores of 0–50 are recorded; lower scores are better.

Literature review
Rapid review of literature
The medical literature was searched to identify studies and reviews relevant to
laparoscopic insertion of a magnetic titanium ring for GORD. The following
databases were searched, covering the period from their start to 29 March 2017:
MEDLINE, PREMEDLINE, EMBASE, Cochrane Library and other databases.
Trial registries and the Internet were also searched. No language restriction was
applied to the searches (see appendix C for details of search strategy). Relevant
published studies identified during consultation or resolution that are published
after this date may also be considered for inclusion.
The following selection criteria (table 1) were applied to the abstracts identified by
the literature search. Where selection criteria could not be determined from the
abstracts the full paper was retrieved.
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Table 1 Inclusion criteria for identification of relevant studies
Characteristic
Publication type

Patient
Intervention/test
Outcome
Language

Criteria
Clinical studies were included. Emphasis was placed on
identifying good quality studies.
Abstracts were excluded where no clinical outcomes were
reported, or where the paper was a review, editorial, or a
laboratory or animal study.
Conference abstracts were also excluded because of the
difficulty of appraising study methodology, unless they reported
specific adverse events that were not available in the published
literature.
Patients with gastro-oesophageal reflux disease.
Laparoscopic insertion of a magnetic titanium ring for gastrooesophageal reflux disease
Articles were retrieved if the abstract contained information
relevant to the safety and/or efficacy.
Non-English-language articles were excluded unless they were
thought to add substantively to the English-language evidence
base.

List of studies included in the IP overview
This IP overview is based on more than 1,000 patients from 1 systematic review,
3 non-randomised comparative studies (2 of which are also included in the
systematic review), 4 case series (1 of which is reported in 2 publications) and 1
case report1–10.
Other studies that were considered to be relevant to the procedure but were not
included in the main extraction table (table 2) have been listed in appendix A.
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Table 2 Summary of key efficacy and safety findings on laparoscopic insertion of a magnetic
titanium ring for gastro-oesophageal reflux disease
Study 1 Skubleny D (2016)
Details
Study type

Systematic review and meta-analysis

Country

Not reported for individual studies

Recruitment period

Search date: March 2016

Study population and
number

n=688 (415 laparoscopic insertion of magnetic titanium ring versus 273 laparoscopic Nissen
fundoplication); 3 studies
Patients with chronic gastro-oesophageal reflux disease.

Age and sex

Mean 50 years (magnetic titanium ring); 52 years (fundoplication)
43% female (magnetic titanium ring) versus 54% (fundoplication)

Patient selection
criteria

Inclusion criteria for studies: directly comparing magnetic titanium ring with laparoscopic Nissen
fundoplication; at least 1 primary outcome of interest; at least 5 patients.

Technique



Laparoscopic insertion of magnetic titanium ring - LINX device was used.



Laparoscopic Nissen fundoplication.

Follow-up

Mean follow-up ranged from 7 to 16 months.

Conflict of
interest/source of
funding

None

Analysis
Follow-up issues: 8% of patients in the magnetic titanium ring group and 11% of patients in the fundoplication group
were lost to follow-up.
Study design issues: The quality of the included studies was assessed using the Methodological Index for NonRandomized Studies (MINORS), with a maximum possible score of 24. All 3 studies scored 16 points or more and were
deemed to be of high quality. There were no randomised controlled trials. The authors noted that the validity of many of
the primary outcomes was decreased because of their subjective nature and lack of clear medical definition. Two
otherwise acceptable studies were excluded because of patient crossover. Study or patient characteristics and follow-up
data were summarised and described as a weighted mean or percentage.
Study population issues: Inclusion and exclusion criteria of selected studies were largely comparable but there was
heterogeneity with regard to size of hiatal hernia and grade of oesophagitis accepted within treatment arms.
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Key efficacy and safety findings
Number of patients analysed: 688 (415 versus 273)
Systematic review outcomes
Preoperative

Postoperative

p value

Magnetic titanium
ring

Nissen fundoplication

Magnetic titanium
ring

Nissen fundoplication

n

n

n

n

WM/%

WM/%

WM/%

WM/%

GERD-HRQL

-

20.5

-

19.7

-

3.0

-

3.2

-

DeMeester
score
(1 study)

-

49.5

-

49.0

-

14.2

-

5.1

-

Ability to
belch*

371

-

232

-

361

97.3%

170

73.3%

<0.00001

Ability to
emesis*

371

-

232

-

345

93.0%

101

43.5%

<0.00001

Gas/bloating*

371

-

232

-

99

26.7%

124

53.4%

0.06

Dysphagia*

383

-

244

-

130

33.9%

115

47.1%

0.43

Off PPI*

371

-

232

-

302

81.4%

189

81.5%

0.68

Endoscopic
dilation*

12

-

12

-

6

50.0%

0

0%

-

Satisfaction
with
procedure

201

-

214

-

144

71.6%

168

78.5%

-

Would
undergo
procedure
again

201

-

214

-

152

75.6%

165

77.1%

-

Operative
time
(minutes)

-

-

-

-

-

63.7

-

76.8

-

* meta-analysis completed
Abbreviations used: CI, confidence intervals; GERD-HRQL, Gastro-Esophageal Reflux Disease-Health Related Quality of Life; WM,
weighted means
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Study 2 Asti E (2016)
Details
Study type

Non-randomised comparative study

Country

Italy

Recruitment period

March 2007 to July 2014

Study population and
number

n=238 (135 laparoscopic insertion of magnetic titanium ring versus 103 laparoscopic Toupet
fundoplication)
Patients with chronic gastro-oesophageal reflux disease.

Age and sex

Median 44 years (magnetic titanium ring); 50 years (fundoplication)
56% female (133/238); 67% (91/135, magnetic bead band) versus 41% (42/103, fundoplication), p<0.001

Patient selection
criteria

Age>18 years, chronic gastro-oesophageal reflux disease symptoms despite proton-pump inhibitor (PPI)
use for at least 6 months, objective evidence of reflux at pH study, and normal oesophageal motility
documented by manometry. Exclusion criteria: hiatal hernia>3 cm, oesophagitis grade C–D, ineffective
oesophageal motility, body mass index>35 kg/m2, and previous oesophago-gastric surgery.

Technique



Laparoscopic insertion of magnetic titanium ring - LINX device was used. A posterior hiatoplasty was
added at the discretion of the surgeon when the hiatus appeared to be markedly enlarged.



Laparoscopic Toupet fundoplication (upper part of the stomach is partially wrapped around the
oesophagus, to 270° rather than the complete 360° wrap of a Nissen fundoplication.)

Follow-up

Minimum 1 year. Mean 44 months (magnetic titanium ring); 42 months (fundoplication)

Conflict of
interest/source of
funding

One author has been a consultant for Torax Medical Inc. The authors declared they had no funding and
conflicts of interest to disclose.

Analysis
Follow-up issues: All patients had a minimum of 1 year follow-up.
Study design issues: Observational cohort study. Consecutive patients treated by laparoscopic insertion of magnetic
titanium ring or laparoscopic Toupet fundoplication were identified from a prospectively collected database and compared
by using the propensity score full matching method and generalised estimating equation. The primary outcome was
postoperative quality of life, measured with the validated and disease-specific Gastro-Esophageal Reflux Disease-Health
Related Quality of Life (GERD-HRQL) questionnaire (scores range from 0 to 75, with lower scores indicating fewer
symptoms). Secondary outcomes were PPI use, presence of gas-related symptoms or dysphagia, and reoperation-free
probability.
Study population issues: A number of baseline characteristics of the study sample differed between the groups. There
was a statistically significantly higher proportion of females in the magnetic titanium ring group (67% versus 41%,
p<0.001). There was a higher proportion of patients with anxiety or depression at baseline in the magnetic titanium ring
group (15% [20/135] versus 4% [4/103], p=0.008). The type of symptoms in each group differed, with 32% (43/135) of
patients in the magnetic titanium ring having ‘typical’ symptoms and 63% (85/135) having mixed typical and atypical
symptoms, compared with 54% (56/103) and 45% (46/103) of patients respectively in the fundoplication group (p<0.001
and 0.008 respectively). The proportion of supine time with pH<4 was 5.8% in the magnetic titanium ring group and 11.0%
in the fundoplication group (p=0.002). In the propensity score full-matched data, preoperative characteristics were similar
between the groups.
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Key efficacy and safety findings
Efficacy

Safety

Number of patients analysed: 238 (135 versus 103)
GERD-HRQL questionnaire scores (lower scores indicating
fewer symptoms); median (interquartile range)

Complications
Magnetic titanium ring

Follow-up
time
Preoperative

Magnetic
titanium
ring

n

Toupet
fundoplication



n

Respiratory arrest, n=1 (within the first hour
postoperatively; the patient was successfully
resuscitated without consequences.)

21

135

15

103

Toupet fundoplication

12 months

3 (4)*

135

3 (4)*

103



Atrial fibrillation, n=1

24 months

2 (5)*

118

3 (3)*

60



Urinary retention, n=1

36 months

2 (4)*

94

3 (2)*

45



Bleeding from trocar site, n=1

48 months

1 (3)*

59

3 (3)*

32

60 months

2 (4)*

47

3 (2.5)*

26

72 months

2 (4)*

30

4 (2.8)*

17

80 months

0 (4)*

24

2 (2)^

10

*p<0.001, ^p=0.011 (p values comparing postoperative scores with
preoperative scores in each treatment group)
There was no statistical difference in the GERD-HRQL scores
between the treatment groups.
Primary and secondary outcomes over time
Outcome

Measure

HRQL

Odds ratio

Estimate
1.04

CI
0.89 to 1.27

p value
0.578

PPI use

Odds ratio

1.18

0.81 to 1.70

0.388

Gas-related
symptoms

Odds ratio

0.69

0.21 to 2.28

0.532

Reoperation
rate

Hazards
ratio

0.77

0.23 to 2.57

0.687

The prevalence of dysphagia was statistically significantly
greater in patients treated by magnetic titanium ring at 3month follow-up (odds ratio 9.42, 95% CI 2.22 to 20.10,
p<0.001) (actual rates are not given in the paper). At 1-year
follow-up, there was no difference between the groups
(interaction time term not statistically significant, treatment
term 0.78, 95% CI -0.02 to 1.57, p=0.357).
Reoperation
4 patients in the magnetic titanium ring group needed
reoperation for adverse events; 3 had persistent dysphagia
and 1 had erosion (no further details were provided).
In all these patients, the device was removed through
laparoscopy and a standard fundoplication was done.

Odds ratios are relative to time procedure interaction of generalised
estimating equation.
At 80 months, the estimated Kaplan–Meier reoperation-free
probability survival was 0.94 (95% CI 0.89 to 0.98) for patients
treated by magnetic titanium ring and 0.97 (95% CI 0.88 to 0.99) for
patients treated by Toupet fundoplication.
Reoperation for recurrent symptoms of heartburn or
regurgitation


Magnetic titanium ring=2.2% (3/135) (the device was
removed through laparoscopy and a ‘standard’
fundoplication was done).



Toupet fundoplication=3.9% (4/103) (all patients had
subsequent Nissen fundoplication)
hazard ratio 0.77, 95% CI 0.23 to 2.57, p=0.687
Abbreviations used: CI, confidence intervals; GERD-HRQL, Gastro-Esophageal Reflux Disease-Health Related Quality of Life
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Study 3 Warren HF (2016)
Details
Study type

Non-randomised comparative study

Country

US (3 high-volume centres)

Recruitment period

April 2007 to December 2014

Study population and
number

n=415 (201 laparoscopic insertion of a magnetic titanium ring versus 214 Nissen fundoplication)

Age and sex

Median 54 years (magnetic titanium ring) versus 52 years (Nissen fundoplication), p=0.76
48% female (magnetic titanium ring) versus 57% female (Nissen fundoplication), p=0.06

Patient selection
criteria

Aged between 18 and 85 years; documented history of gastro-oesophageal reflux disease at least
partially responsive to PPI treatment, and positive pH testing. Exclusion criteria: prior gastric or
oesophageal surgery, hiatal hernia greater than 3 cm, oesophageal dysmotility, and presence of
endoscopically visible Barrett’s or oesophageal stricture. Patients had to be eligible for both procedures.

Technique



Laparoscopic insertion of magnetic titanium ring – LINX Reflux Management System was used
(Torax Medical, US). Posterior closure of the crura with 1 to 2 sutures was done if indicated.



Laparoscopic Nissen fundoplication. All procedures included hiatal dissection and closure if indicated,
reestablishment of at least 2 cm of intra-abdominal oesophageal length, fundus mobilisation with
division of the short gastric vessels, and creation of a symmetrical wrap at the gastro-oesophageal
junction.

Patients with gastro-oesophageal reflux disease.

Follow-up

Median 12 months

Conflict of
interest/source of
funding

Three authors have received consulting fees from Torax Medical.

Analysis
Follow-up issues: An additional 40 patients were treated during the study period (21 magnetic titanium ring and 19
fundoplication) but were excluded because follow-up data were inadequate. A subgroup of 354 patients (169 magnetic
titanium ring and 185 Nissen fundoplication) with a minimum of 1-year follow-up were used to validate clinical outcomes.
Study design issues: Retrospective cohort study. Comparisons were made at 1 year for the overall group and for a
propensity-matched group (114 matched pairs). Matching was based on preoperative oesophagitis, presence of
microscopic Barrett’s, hiatal hernia size, Hill grade and body mass index. Clinical symptom severity was measured by the
Gastro-Esophageal Reflux Disease Health Related Quality of Life (GERD-HRQL) questionnaire.
Study population issues: Overall, the 2 groups were similar in age, sex, and GERD-HRQL scores but statistically
significantly different in preoperative obesity (32% versus 40%), dysphagia (27% versus 30%), median DeMeester scores
(34 versus 39), presence of microscopic Barrett’s (18% versus 31%), and hiatal hernia (55% versus 69%).
Other issues: The authors note that there may have been a subtle selection bias with regard to the patients being offered
each treatment; there was more microscopically identified Barrett’s and more and larger hiatal hernias in patients treated
by Nissen fundoplication. This study is also included in the systematic review by Skubleny D et al, 2016.
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Key efficacy and safety findings
Efficacy

Safety

Number of patients analysed: 415 (201 versus 214)

Adverse events

GERD-HRQL questionnaire scores (lower scores
indicating fewer symptoms); median values
Follow-up
period

Preoperative
1 year
p value

Magnetic
titanium
ring
n=169

Nissen
fundoplication
n=185

21

Magnetic
titanium ring
n=201

p value
(between
groups)

19

0.56

3

4

0.17

<0.001

<0.001

Nissen
fundoplication
N=214

Major
complications
(30 days)

0.5% (1/201)
GEJ
obstruction,
treated by
surgery to
remove a
crural stitch.

1.4% (3/214)
1 GEJ
obstruction,
treated by
revisional
surgery; 2 retrooesophageal
abscesses,
treated by
surgical
drainage.

0.34

Minor
complications
(30 days)

7%

9%

0.49

Quality of life at 1 year (%)
Magnetic
titanium
ring
n=169

Nissen
fundoplication
n=185

p value
(between
groups)

Ability for
eructation

96

69

<0.001

Ability for
emesis

95

43

<0.001

Postoperative
PPI

19

14

0.18

Quality of life – propensity matched analysis (%)
Magnetic
titanium
ring
n=114
Mean followup

Nissen
fundoplication
n=114

p value
(between
groups)

11 months

16 months

<0.001

GERD-HRQL
– median
score

6

5

0.54

Postoperative
PPI

24

12

0.02

Ability for
eructation

97

66

<0.001

Ability for
emesis

88

40

<0.001

Satisfaction

88

89

0.61

Would have
procedure
again

93

83

0.01



p
value

Magnetic titanium ring device erosion=0.5% (1/201) (the patient
presented with dysphagia 20 months after implantation and
oesophagogastroduodenoscopy showed a portion of the device
within the oesophageal lumen. The exposed magnetic beads were
cut with an endoscopic cutter and the rest of the device was
removed laparoscopically 90 days later. The patient made a full
recovery without any complications.)

Dysphagia and gas bloat at 1 year (%)
Magnetic
bead band
n=169

Nissen
fundoplication
n=185

p value
(between
groups)

No dysphagia

42

53

0.04

Mild dysphagia

44

32

0.03

Moderate dysphagia

13

11

0.57

1

5

0.24

No gas bloat

53

41

0.03

Mild gas bloat

27

40

0.02

Moderate gas bloat

14

16

0.65

5

3

0.24

Severe dysphagia

Severe gas bloat
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Efficacy

Safety
Dysphagia – propensity matched analysis (%)

Revision for recurrent symptoms


Magnetic titanium ring=0.5% (1/201) (1 patient was
converted to Nissen fundoplication at 13 months
postoperatively for persistent reflux, demonstrated by
positive pH testing and clinical symptoms.)



Fundoplication=0.9% (2/214) (both revisions were done
for recurrence of hiatal hernia with symptomatic gastrooesophageal reflux disease).

Magnetic
titanium
ring
n=114
Mean follow-up

Nissen
fundoplication
n=114

p value
(between
groups)

11 months

16 months

<0.001

No dysphagia

42

53

0.31

Mild dysphagia

44

32

0.04

Moderate dysphagia

13

11

0.15

Operating time (minutes)

Severe dysphagia

1

5

0.55



Magnetic titanium ring=60

No gas bloat

59

41

0.008



Nissen fundoplication=76, p<0.001

Mild gas bloat

Length of hospital stay (hours)


Magnetic titanium ring=13



Nissen fundoplication=32, p<0.001

30

42

0.08

Moderate gas bloat

9

16

0.09

Severe gas bloat

2

1

0.58

Hiatal closure (%)


Magnetic titanium ring=19



Nissen fundoplication=83, p<0.001

Abbreviations used: GEJ, gastro-oesophageal junction; GERD-HRQL, Gastro-Esophageal Reflux Disease-Health Related Quality of
Life
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Study 4 Lipham JC (2015)
Details
Study type

Case series

Country

US

Recruitment period

February 2007 to July 2013

Study population and
number

n=1,048

Age and sex

Not reported

Patient selection
criteria

Safety related events were collected from 3 primary sources: published clinical literature along with the
device’s Summary of Safety Effectiveness Data, the FDA MAUDE (Food and Drug Administration
Manufacturer and User Facility Device Experience) database for device-related complications, and
information provided by the manufacturer.

Technique

Device: LINX Reflux Management System (Torax Medical)

Follow-up

Median implant duration=274 days

Conflict of
interest/source of
funding

Not reported

Patients treated by laparoscopic insertion of a magnetic titanium ring for gastro-oesophageal reflux
disease

Analysis
Study design issues: Events included for the analysis were any patient-related experience that resulted in complications
during or after surgery, the inability to complete the implantation of the device, a device malfunction that harmed a patient,
a device-related event that required an intervention, and a hospital readmission or reoperation. Events were categorised
as those that were reported during the clinical trial for regulatory approval and those reported after regulatory approval.
The estimated number of implants done worldwide was obtained from the manufacturer.
Other issues: Some of the events included in this analysis will also have been reported in other published articles. The
single case of erosion is also described in Warren et al., 2016.
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Key safety findings
Safety
Number of patients analysed: 1,048
Summary of events by source
Source of data
Clinical literature

Number of events
32

Food and Drug Administration (FDA) Manufacturer and User
Facility Device Experience (MAUDE) database
Manufacturer’s database

20
59

Breakdown of events

9 device removals

20 oesophageal dilation

3 hospital readmissions

19 device removal

1 device erosion

8 device removal

1 intra/perioperative complication

11 hospital readmissions

39 oesophageal dilation

Overall summary of reported events
Pilot Investigational
Device Exemption
Number of patients
Number of centres
Implant duration (days), median
(range)
Perioperative complications, %
(no.)
Readmission, % (no.)
Oesophageal dilation, % (no.)
Device removal, % (no.)
Device erosion, % (no.)
Device migration, % (no.)
Device malfunction, % (no.)

44
4
2,051
(226 to 2,302)
0 (0)

Pivotal
Investigational
Device Exemption
100
14
1,448
(21 to 1,614)
0 (0)

0 (0)
2.3 (1)
6.3 (3)
0 (0)
0 (0)
0 (0)

3.0 (3)
19 (19)
6.0 (6)
0 (0)
0 (0)
0 (0)

Readmissions and time frame after implant procedure
Readmission within 90 days of implant
No. of patients
% of total implants
Dysphagia
2
Dilation and dysphagia
6
Pain
3
Nausea and vomiting
2
Overall
13

0.2
0.6
0.3
0.2
1.2

Device removals and time frame after implant procedure
Removal within 90 days of implant
No. of patients
% of total implants
Dysphagia
16
1.5
Gastro-oesophageal
0
0
reflux symptoms
Pain
1
0.1
Vomiting
0
0
MRI planned
0
0
Erosion
0
0
Overall
17
1.6

Outside US
post-approval

US postapproval

Overall

556
39
325
(2 to 1,308)
0.2 (1)

348
41
139
(3 to 448)
0 (0)

1048
82
274
(2 to 2,302)
0.1 (1)

1.9 (11)
4.7 (26)
4.1 (23)
0.2 (1)
0 (0)
0 (0)

0 (0)
3.7 (13)
1.4 (4)
0 (0)
0 (0)
0 (0)

1.3 (14)
5.6 (59)
3.4 (36)
0.1 (1)
0 (0)
0 (0)

Readmission more than 90 days after implant
No. of patients
% of total implants
0
0
0
0
1
0.1
0
0
1
0.1
Removal more than 90 days after implant
No. of patients
% of total implants
7
0.7
7
0.7
2
1
1
1
19

0.2
0.1
0.1
0.1
1.8

All reoperations were done as elective surgery by laparoscopy for device removal, with no complications or conversion to
laparotomy.
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Study 5 Ganz RA (2016) and 6 Ganz RA (2013)
Details
Study type

Case series

Country

US and the Netherlands (14 centres)

Recruitment period

January to September 2009

Study population and
number

n=100

Age and sex

Median 53 years (range 18 to 75); 48% female

Patient selection
criteria

Age 18 to 75 years; at least a 6-month history of gastro-oesophageal reflux disease (GORD); a partial
response to proton pump inhibitors (PPIs); pathological oesophageal acid exposure confirmed by pH
monitoring. Exclusion criteria included hiatal hernia greater than 3 cm, oesophagitis grade C or D
according to the Los Angeles classification, body mass index higher than 35, Barrett’s oesophagus, or
motility disorder.

Technique

Device: LINX Reflux Management System (Torax Medical, Inc.). A crural repair was done in 34% of
patients.

Follow-up

5 years

Conflict of
interest/source of
funding

The study was funded by Torax Medical, Inc. Five authors have served as consultants to Torax Medical,
Inc. and have received honoraria.

Patients with gastro-oesophageal reflux disease

Analysis
Follow-up issues: 85% (85/100) of patients had a follow-up evaluation at 5 years and 82 patients had an endoscopy at
the 5-year follow-up.
Study design issues: Prospective, multi-centre, single-arm study. Quality of life was measured with the
Gastroesophageal Reflux Disease-Health Related Quality of Life (GERD-HRQL) questionnaire, with scores ranging from
0 to 50 (higher scores indicate worse symptoms). For patients who had resumed PPIs, the dose and frequency were
recorded and the PPI was stopped for at least 7 days before the questionnaire was completed. Oesophageal pH
monitoring was done at 1-year follow-up only. The efficacy end points included the following: the number of patients with
at least 50% reduction in the GERD-HRQL score compared with baseline (without PPIs); and a reduction of at least 50%
in the dose of PPIs compared with baseline. The efficacy endpoint was achieved if it was met by at least 60% of patients.
Side-effects and reflux-related symptoms were actively queried before and after treatment using the Foregut Symptoms
Questionnaire. The 5-year evaluation included endoscopy to detect oesophagitis, Barrett’s oesophagus, or device
erosion. Chest radiography was used to confirm the device remained at the gastroesophageal junction. Oesophagitis was
graded A to D, according to the Los Angeles classification system (Grade A: 1 or more mucosal breaks no longer than
5 mm that do not extend between the tops of 2 mucosal folds; Grade B: 1 or more mucosal breaks more than 5 mm long
that do not extend between the tops of 2 mucosal folds; Grade C: 1 or more mucosal breaks, continuous between the tops
of 2 or more mucosal folds but which involve less than 75% of the circumference; Grade D: 1 or more mucosal breaks
which involve at least 75% of the oesophageal circumference).
Study population issues: The median duration of reflux symptoms at baseline was 10 years (range 1 to 40). The median
percentage of time pH was less than 4 was 10.9% (range 4.8% to 25.4%).
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Key efficacy and safety findings
Efficacy
Number of patients analysed: 100
Components of Oesophageal pH measurements
Variable
pH<4 Total percentage of time
pH<4 Percentage of time upright
pH<4 Percentage of time supine
Total no. of reflux episodes
No. of reflux episodes lasting >5 minutes
Longest reflux episode (minutes)
DeMeester Score (a score of 14.7 or more indicates abnormal reflux)

Baseline
No. of
Median
patients value
100
10.9
100
12.7
98
6.0
100
161.0
99
12.0
99
29.0
97
36.6

1 year follow-up
No. of
Median
patients value
96
3.3
96
4.3
96
0.4
96
67.0
96
4.0
96
13.0
96
13.5

p value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Efficacy at 5-year follow-up

50% or greater reduction in GERD-HRQL score=83% (70/84; 95% CI 73% to 91%)

Reduction of 50% or more in average daily dose of PPIs=89.4% (76/85; 95% CI 81% to 95%)
Reflux control over time (percentage of patients reporting each outcome)
Follow-up
Heartburn
Regurgitation
Baseline (n=100)
89.0
57.0
1 year (n=95)
3.2
2.1
2 years (n=90)
5.6
1.1
3 years (n=87)
8.0
2.3
4 years (n=86)
9.3
3.4
5 years (n=84)
11.9
1.2
p<0.001 for all comparisons with baseline

PPI dependence

Dissatisfaction
100.0
9.3
7.8
7.9
8.1
15.3

95.0
3.2
3.3
3.4
5.8
7.1

At 5 years, 75.3% of patients reported complete cessation of PPIs, and 9.4% reported PPI use only as needed. Patients who needed
double-dose PPIs decreased from 36% at baseline to 2.4% at 5 years. Of the patients reporting dissatisfaction at 5 years, all but 1 (5
out of 6) reported daily use of PPIs.
Median total GERD-HRQL score

At baseline, without PPIs=27

At baseline, with PPIs=11

At 5-year follow-up=4 (p<0.001 for both comparisons with baseline)
Oesophagitis
Healing of oesophagitis occurred in 76.5% (26/34) of patients evaluated at 5 years. Of the 8 patients with ongoing oesophagitis, 6
had Grade A and the others had Grade B. Of the patients without oesophagitis at baseline and evaluated at 5 years, 90% (43/48)
continued to have no oesophagitis. Among the 5 patients with de novo oesophagitis, 4 had Grade A and 1 patient had Grade B. No
patients developed Barrett’s oesophagus during the study.
Other symptoms (percentage of patients reporting each outcome)
Follow-up
Difficulty swallowing
Bloating/gassy
Diarrhoea
Baseline
5.0
52.0
5 years
6.0
8.3
p value
0.739
<0.001

Constipation
9.0
2.4
0.103

18.0
6.0
0.008

Nausea/vomiting
12.0
2.4
0.003

Abbreviations used: CI, confidence interval; GERD-HRQL, Gastroesophageal Reflux Disease-Health Related Quality of Life
questionnaire; PPI, proton-pump inhibitor
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Safety
There were no intraoperative complications.
Adverse events and device removal at 3-year follow-up (%)
Event

Patients
(n=100)

Maximum level of intensity
Mild

Moderate

Device Removal

Severe

Dysphagia

68

47

16

5

3

Bloating

14

12

2

0

0

Pain

25

7

13

5

1

Odynophagia

8

4

3

1

0

Hiccups

8

7

1

0

0

Nausea

7

3

2

2

0

Inability to belch or vomit

6

5

1

0

0

Decreased appetite

4

4

0

0

0

Flatulence

2

2

0

0

0

Belching

2

2

0

0

0

Weight loss

2

2

0

0

0

Food impaction

1

0

1

0

0

Globus sensation

1

1

0

0

0

Irritable bowel syndrome or dyspepsia

1

1

0

0

0

Regurgitation of sticky mucus

1

0

1

0

0

Chest discomfort

1

1

0

0

0

Vomiting

1

0

1

0

1

Persistent GORD symptoms

1

0

1

0

1

Serious adverse events occurred in 6% (6/100) of patients and the device was removed in 4 of the 6 patients. The other 2 patients
were hospitalised for nausea and vomiting 2 days after surgery; their symptoms resolved with conservative therapy.
In 3 patients, the device was removed at 21, 31 and 93 days after implantation for persistent dysphagia. The symptoms resolved
after the device was removed. In 1 patient, the device was removed at 357 days because of intermittent vomiting of unknown cause.
Symptoms did not resolve after device removal.
The device was removed in 2 additional patients, at 489 days and 1,062 days after implantation. One patient had persistent reflux
symptoms and the other had persistent chest pain.
3 of the 6 patients in whom the device was removed had a subsequent Nissen fundoplication, with no complications.
At 5-year follow-up, there were no new safety concerns. One additional patient had the device removed at 1,807 days after
implantation, because of persistent dysphagia.
Rate of device removal at 5 years=7% (7/100)
There were no device erosions.
Abbreviations used: GORD, gastro-oesophageal reflux disease
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Study 7 Saino G (2015)
Details
Study type

Case series

Country

US, Italy

Recruitment period

February 2007 to October 2008

Study population and
number

n=44

Age and sex

Mean 42.8 years (range 19 to 71); 41% (18/44) female

Patient selection
criteria

Age between 18 and 75 years; abnormal oesophageal pH as measured by ambulatory oesophageal pH
monitoring; typical gastro-oesophageal reflux disease symptoms; daily PPI use. Exclusion criteria included
hernia greater than 3 cm, oesophagitis of Grade B or higher (Los Angeles Classification), body mass
index greater than 35 kg/m2, Barrett’s oesophagus, motility disorders, or gross oesophageal anatomical
abnormalities. Patients with a known allergy to titanium, stainless steel, nickel, or ferrous materials were
contraindicated for the device and therefore were not eligible for the study.

Technique

Device: LINX Reflux Management System (Torax Medical, Inc.).

Follow-up

5 years

Conflict of
interest/source of
funding

The study was funded by Torax Medical, Inc. Two authors have received payment from Torax Medical,
Inc. for consulting.

Patients with gastro-oesophageal reflux disease

Analysis
Follow-up issues: Follow-up data to 5 years was available for 75% (33/44) of patients; 2 patients voluntarily withdrew
from the study, 4 were lost to follow-up and 3 had the device removed. One clinical site did not follow patients up beyond
1 year and 2 patients completed the study at 1 year follow-up
Study design issues: Prospective, multicentre study.
Other issues: The patients included in this study were the first in the world to be treated by this procedure.
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Key efficacy and safety findings
Efficacy

Safety

Number of patients analysed: 44

Rate of serious adverse events related to the device or
procedure=6.8% (3/44)

1 patient had chest pain shortly after the implant and
needed a short stay in hospital; the pain resolved within
1 month.

1 patient had vomiting and nausea immediately after the
implant procedure and needed an extended hospital
stay; the symptoms resolved after 5 days.

1 patient had persistent dysphagia, which led to device
removal 226 after implant. The patient had a Nissen
fundoplication and dysphagia resolved approximately 30
days after device removal.

93.9% (31/33) of patients had a greater than 50% reduction in total
GERD-HRQL score compared with baseline.
Summary of gastro-oesophageal reflux disease health related
quality of life scores by question, mean (median) or
mean±standard deviation
Baseline
Year 5
(n=44)
(n=33)
How bad is your heartburn?
3.7 (4.0)
0.5 (0)
Heartburn when lying down?
3.1 (3.0)
0.5 (0)
Heartburn when standing up?
3.3 (3.0)
0.4 (0)
Heartburn after meals?
3.6 (4.0)
0.8 (1)
Does heartburn change your diet?
3.1 (4.0)
0.2 (0)
Does heartburn wake you from sleep?
2.5 (3.0)
0.1 (0)
Do you have difficulty swallowing?
1.2 (1.0)
0.2 (0)
Do you have bloating and gassy feelings?
2.9 (3.0)
0.3 (0)
Do you have pain with swallowing?
0.6 (0.0)
0.0 (0)
If you take medication, does this affect your
2.0 (2.0)
0.0 (0)
daily life?
Total GERD-HRQL score
25.7±6.4 2.9±3.0*
*p<0.001
NB: the questionnaire was completed while the patient was off PPIs
for at least 10 days at both time points. Each question was scored 0
to 5, where 0=no symptoms and 5=incapacitating symptoms).

Two other patients had an elective device removal: 1 to have
an MRI and 1 to have a Nissen fundoplication for ongoing
reflux symptoms.
There were no reports of death, device erosions, device
migrations, device malfunctions, or late-occurring device
complications. All serious adverse events occurred and
resolved within the first year after implant.

Patient satisfaction with current condition

Baseline=0%

5-year follow-up=90.9%
Oesophageal pH measurements
Measure
Total time (%) pH<4
Upright time (%) pH<4
Supine time (%) pH<4
Total number of reflux episodes
Episodes lasting >5 minutes
Longest time (minutes)
DeMeester score

Baseline
(n=44)
11.9
13.6
8.3
112.5
7.0
37.4
42.3

Year 5
(n=20)
4.6
5.6
1.9
78.0
4.4
19.3
16.1

p value
<0.001
<0.001
0.038
0.393
0.081
0.015
<0.001

85% (17/20) of patients who completed oesophageal pH monitoring
at 5 years had either normal oesophageal acid exposure or had at
least a 50% reduction from baseline. Normalisation of oesophageal
pH (total percentage of time <5.3%) was achieved by 70% (14/20) of
patients.
PPI use at 5 year follow-up

Complete cessation of PPIs=87.8% (29/33)

Reduction of 50% or more in average daily dose of
PPIs=93.9% (31/33)
Abbreviations used: GERD-HRQL, Gastroesophageal Reflux Disease-Health Related Quality of Life questionnaire; PPI, protonpump inhibitor
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Study 8 Riegler M (2015)
Details
Study type

Non-randomised comparative study

Country

Austria, Germany, Italy and UK

Recruitment period

Up to July 2013

Study population and
number

n=249 (202 magnetic titanium ring, 47 laparoscopic fundoplication)

Age and sex

Mean 47 years (magnetic titanium ring) versus 53 years (fundoplication), p=0.007
38% female (magnetic titanium ring) versus 40% female (fundoplication), p=0.866

Patient selection
criteria

Patients who were candidates for a surgical antireflux procedure, including patients with advanced GORD
defined as meeting 1 or more of the following conditions: large hiatal hernia (more than 3 cm in diameter
of the oesophageal hiatus), Barrett’s oesophagus, motility disorder, and grade C or D oesophagitis by Los
Angeles classification. All patients had a diagnosis of GORD confirmed by abnormal oesophageal acid
exposure on a prolonged pH or pH-impedance study. All patients had chronic reflux symptoms despite the
use of medical therapy with PPIs. Patients were excluded if they had known conditions that would make it
unlikely for them to complete a 3-year follow-up.

Technique



Laparoscopic insertion of magnetic titanium ring - LINX Reflux Management System was used (Torax
Medical, US).



Laparoscopic fundoplication – Nissen or Toupet

Patients with moderate or advanced gastro-oesophageal reflux disease (GORD)

Follow-up

1 year

Conflict of
interest/source of
funding

Torax Medical, Inc. sponsored and partially funded the study. Two authors have received consulting fees
and 1 author has received an unrestricted grant from Torax Medical, Inc.

Analysis
Follow-up issues: Only patients who had completed the 1-year follow-up were included in the study.
Study design issues: Prospective, multicentre, observational study. The type of antireflux surgery to be done was
provisionally agreed in consultation with the patient and the final decision was made by the surgeon at the time of
laparoscopy. A variety of factors were taken into account, including the presence of a large hiatal hernia. Efficacy was
assessed using the Gastroesophageal Reflux Disease-Health Related Quality of Life (GERD-HRQL) questionnaire, an
abbreviated Foregut Symptom Questionnaire, and a question about reflux interfering with sleep.
Study population issues: Age, large hiatal hernias, and Barrett’s oesophagus differed statistically significantly between
the 2 treatment groups. At baseline, hiatal hernias greater than 3 cm were diagnosed in 1.6% of patients in the magnetic
titanium ring group compared with 45.7% of patients in the laparoscopic fundoplication group (p<0.001). Fewer patients in
the magnetic titanium ring group had Barrett’s oesophagus (1.0% versus 19.1%, p<0.001). 94% of patients in the
magnetic titanium ring group met the definition of moderate GORD compared with 38.3% of patients in the fundoplication
group. Severity of symptoms at baseline were similar between the groups.
Other issues: This study is also included in the systematic review by Skubleny D et al, 2016.
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Key efficacy and safety findings
Efficacy

Safety

Number of patients analysed: 249 (202 versus 47)

Intraoperative complications
Magnetic titanium ring


Clinical efficacy at 1 year follow-up
Measure*

Magnetic titanium
ring

Laparoscopic
fundoplication

Baseline

Baseline

1 year

p
value



1 year

Injury to the pleura, n=1

Minor bleeding (<300 ml), n=2 (there were no
clinical consequences)
Laparoscopic fundoplication

GERD-HRQL
score (median)

20.0

3.0

23.0

3.5

0.177



Heartburn
waking from
sleep

30.8

3.5

40.0

8.5

0.229

Procedure related complications
Magnetic titanium ring

Reflux
interfering with
sleep

62.1

11.9

72.7

17.4

0.334



Sleep with bed
elevated or in
reclining chair

48.2

6.7

46.6

8.7

0.517



Moderate or
severe
regurgitation

58.2

3.1

60.0

13.0

0.014

Extraoesophageal
symptoms

63.9

22.3

53.3

17.4

0.552

-

81.8

-

63.0

0.009

Discontinuation
of PPIs

* Percent of patients unless otherwise noted
91.8% of patients in the magnetic titanium ring group and 86.7% of
patients in the laparoscopic fundoplication group reported an
improvement in their GORD. At least 90% of patients in each group were
willing to have antireflux surgery again (actual percentages not reported).

Injury to the pleura, n=1

Postoperative dysphagia (number not stated)


Pneumothorax, n=1
Laparoscopic fundoplication
Laparoscopic surgical revision for herniation of the
fundic wrap, n=1

Side effects evaluated at 1 year follow-up (% of
patients)
Measure

Magnetic
titanium
ring

Laparoscopic
fundoplication

p value

Bloating and
gassy
feeling^

10.0

31.9

<0.001

Difficulty
swallowing^

7.0

10.6

0.373

Ability to
belch

98.4

88.9

0.007

Ability to
vomit*

91.3

44.4

<0.001

* Based on the patients reporting a need to vomit
^ Percentage of patients reporting a score of 3 or higher
for each measure on the GERD-HRQL, indicating the
symptoms occurred at least daily and were bothersome
Abbreviations used: GERD-HRQL, Gastroesophageal Reflux Disease-Health Related Quality of Life questionnaire; GORD, gastrooesophageal reflux disease; PPI, proton-pump inhibitor
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Study 9 Rona KA (2016)
Details
Study type

Case series

Country

US

Recruitment period

May 2009–December 2015

Study population and
number

n=192

Age and sex

Median 56 years (range 18 to 81 years)
46% (89/192) female

Patient selection
criteria

Age 18 years or above; confirmed evidence of GORD by increased oesophageal acid exposure on 24hour pH monitoring; and persistent reflux symptoms despite maximal proton-pump inhibitor (PPI) therapy.
Exclusion criteria: history of oesophageal or gastric surgery, oesophageal or gastric cancer, oesophageal
stricture (or other gross anatomical abnormalities of the oesophagus), oesophageal dysmotility, or a
known allergy to titanium.

Technique

Device: LINX Reflux Management System (Torax Medical, Inc.). The size of the hiatal hernia was
measured intraoperatively. Hernia repair consisted of dissecting out and reducing the hernia, and
posterior closure of the crura using permanent sutures, maintaining 2 to 3 cm of oesophagus in the
abdomen.

Follow-up

Median 20 months (range 3 to 75 months)

Conflict of
interest/source of
funding

One of the authors is a consultant for Torax Medical, Inc.

Patients with symptomatic gastro-oesophageal reflux disease (GORD).

Analysis
Follow-up issues: Outcomes were assessed at 6 months and yearly thereafter. Patients in the large hiatal hernia group
had a shorter follow-up compared to those with smaller hernias (median 12 months versus 20 months). No losses to
follow-up were described.
Study design issues: Retrospective study. Outcomes consisted of Gastroesophageal Reflux Disease-Health Related
Quality of Life (GERD-HRQL) questionnaire score, appraisal of proton-pump inhibitor requirement, dysphagia needing
dilation, change in symptoms, and procedure-related complications. Symptom improvement was based on patient
response to verbal inquiry.
Study population issues: 27% (52/192) of patients had a hiatal hernia of 3 cm or larger (range 3 to 7 cm). Patients in the
large hiatal hernia group were older, had a longer duration of GORD symptoms, a higher preoperative DeMeester score,
and a higher incidence of oesophagitis. Barrett’s metaplasia was present in 45 patients, none of whom had evidence of
dysplasia.
Other issues: During the last 2 years of the study, patient selection was expanded to include patients with hiatal hernias
of 3 cm or larger. The improved postoperative outcomes with regard to GERD-HRQL and PPI requirement in the large
hiatal hernia group may be secondary to the relatively shorter follow-up period.
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Key efficacy and safety findings
Efficacy

Safety

Number of patients analysed: 192

There were no major intraoperative or postoperative
complications.

Mean GERD-HRQL score for all patients


Baseline=18.9



Follow-up=5.0, p<0.001



92.2% of patients had resolution or improvement of their symptoms
Comparison of mean GERD-HRQL scores by size of hiatal
hernia
Hiatal hernia
<3 cm, n=140

Hiatal hernia
≥3 cm, n=52

Comparison of postoperative outcomes (% of patients)

18.6

20.5

0.264

Follow-up

5.6

3.6

0.027

Comparison of postoperative outcomes (% of patients)
Hiatal hernia
≥3 cm, n=52

The reason for removal was the development of a
subsequent gastric cancer in 1 patient and persistent GORD
symptoms in the other 2 patients. Of the 2 patients with
persistent symptoms, 1 patient had a smaller size device
implanted and the other had a Nissen fundoplication;
symptoms were subsequently controlled in both patients.

p value

Baseline

Hiatal hernia
<3 cm, n=140

Device explants=1.6% (3/192)

Hiatal
hernia
<3 cm,
n=140
Dysphagia
needing
dilation

p value

Postoperative
proton-pump
inhibitor use

26.6

9.6

0.011

Symptom
improvement
or resolution

91.3

98.1

0.118

Hiatal
hernia
≥3 cm,
n=52
17.9

p value

13.5

0.522

Abbreviations used: GERD-HRQL, Gastroesophageal Reflux Disease-Health Related Quality of Life questionnaire; GORD, gastrooesophageal reflux disease
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Study 10 Stadlhuber RJ (2015)
Details
Study type

Case report

Country

Austria

Recruitment period

Not reported

Study population and
number

n=1
Patient with erosive gastro-oesophageal reflux disease refractory to proton-pump inhibitor therapy

Age and sex

60-year-old male

Patient selection
criteria

Not applicable

Technique

Laparoscopic insertion of a magnetic sphincter augmentation device

Follow-up

2.5 years

Conflict of
interest/source of
funding

Not reported

Key safety findings
Case report: adenocarcinoma of the distal oesophagus in a patient with a magnetic sphincter augmentation device
After the procedure, the patient reported complete resolution of reflux symptoms with occasional bloating and increased flatulence.
An upper gastrointestinal endoscopy was done 2.5 years later and an adenocarcinoma was diagnosed in the distal oesophagus. No
Barrett’s oesophagus had been seen in previous endoscopies. An endoscopic submucosal dissection was done and the patient was
subsequently referred to surgery. An open transthoracic en bloc oesophagectomy with gastric pull-up and intrathoracic anastomosis
was done. The surgery was uneventful, apart from dense adhesions between the abdominal oesophagus and the left lobe of the liver
in the hiatal region. The magnetic bead band was easily removed; almost no foreign body reaction or scar tissue was noted.
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Efficacy
Quality of life
In a non-randomised comparative study of 238 patients who had laparoscopic
insertion of a magnetic titanium ring or Toupet fundoplication, the median GastroEsophageal Reflux Disease-Health Related Quality of Life (GERD-HRQL)
symptom scores improved from 21 and 15 at baseline to 2 and 3 respectively at
3-year follow-up (p<0.001 for both treatment groups); there was no statistically
significant difference in the GERD-HRQL scores between the treatment groups2.
In a non-randomised comparative study of 415 patients who had laparoscopic
insertion of a magnetic titanium ring or Nissen fundoplication, the median GERDHRQL) symptom scores improved from 21 and 19 at baseline to 3 and
4 respectively at 1-year follow-up (p<0.001 within groups and p=0.17 for between
group comparison)3. A statistically significantly higher proportion of patients who
had a magnetic titanium ring, compared to those treated by Nissen
fundoplication, reported ability for eructation (96% versus 69%, p<0.001), ability
for emesis (95% versus 43%, p<0.001) and absence of gas bloat (53% versus
41%, p=0.03). In a case series of 100 patients, there was a 50% or greater
reduction in the GERD-HRQL score for 83% (70/84; 95% confidence interval [CI]
73% to 91%) of patients at 5-year follow-up; the mean score at baseline (without
proton-pump inhibitors [PPIs]) was 27 compared with 4 at 5-year follow-up
(p<0.001)5,6.
Oesophageal acid exposure
In the case series of 100 patients, the median percentage time that oesophageal
pH was less than 4 decreased from 11% at baseline to 3% at 1-year follow-up
(p<0.001)5,6. In the same study, healing of oesophagitis occurred in 77% (26/34)
of patients evaluated at 5 years. In a case series of 44 patients, the median
percentage time that pH was less than 4 decreased from 12% at baseline (n=44)
to 5% at 5-year follow-up (n=20, p<0.001); 85% (17/20) of patients who
completed oesophageal pH monitoring at 5 years had either normal oesophageal
acid exposure or had at least a 50% reduction from baseline7.
Proton pump inhibitor use
In the non-randomised comparative study of 415 patients who had laparoscopic
insertion of a magnetic titanium ring or Nissen fundoplication, PPI use was
reported by 19% and 14% of patients respectively at 1 year follow-up (p=0.18)3.
In the same study, a propensity matched analysis of 114 patient-pairs showed a
statistically significantly higher PPI use in the magnetic titanium ring group (24%
versus 12%, p=0.02) but the follow-up periods were different (11 versus
16 months, p<0.001)3. In the case series of 100 patients, 89% (76/85) of patients
had a reduction of 50% or more in their average daily dose of PPIs at 5-year
follow-up (95% CI 81% to 95%); 75% of patients reported complete cessation of
PPIs and 9% reported PPI use only as needed5,6. In the case series of
IP overview: Laparoscopic insertion of a magnetic titanium ring for gastro-oesophageal reflux
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44 patients, 88% (29/33) of patients reported complete cessation of PPIs at 5year follow-up7. In a non-randomised comparative study of 249 patients, 82% of
patients who had laparoscopic insertion of a magnetic titanium ring reported
cessation of PPI use at 1-year follow-up, compared with 63% of patients who had
laparoscopic fundoplication (p=0.009)8.
Reoperation
In the non-randomised comparative study of 238 patients who had laparoscopic
insertion of a magnetic titanium ring or Toupet fundoplication, reoperation for
recurrent symptoms of heartburn or regurgitation was reported for 2% (3/135)
and 4% (4/103) of patients respectively (hazard ratio 0.77, 95% CI 0.23 to 2.57,
p=0.687)2. In the non-randomised comparative study of 415 patients who had
laparoscopic insertion of a magnetic titanium ring or Nissen fundoplication,
reoperation for recurrent symptoms was reported in <1% (1/201) and 1% (2/214)
of patients respectively3.
Patient satisfaction
In the non-randomised comparative study of 415 patients who had laparoscopic
insertion of a magnetic titanium ring or Nissen fundoplication, patient satisfaction
was 88% and 89% respectively (p=0.61) in a propensity matched analysis of
114 patient pairs; 93% of patients who had a magnetic titanium ring and 83% of
patients who had Nissen fundoplication reported that they would have the
procedure again (p=0.01)3. In the case series of 100 patients, 95% of patients
were dissatisfied with their current condition at baseline compared with 3.2% of
patients at 1-year follow-up (n=95) and 7.1% at 5-year follow-up (n=84)5,6. In the
case series of 44 patients, 91% of patients were satisfied with their current
condition at 5-year follow-up, compared with none at baseline7.

Safety
Dysphagia
Device removal for dysphagia was reported in 1.5% (16/1,048) of patients in a
case series of 1,048 patients4. Oesophageal dilation was needed in 5.6%
(59/1,048) of patients in the same study. Dysphagia was reported in a statistically
significantly higher proportion of patients who had a magnetic titanium ring than
Toupet fundoplication in a non-randomised comparative study of 238 patients at
3-month follow-up (odds ratio 9.42, 95% confidence interval [CI] 2.22 to 20.10,
p<0.001) but the difference was no longer statistically significant at 1-year followup2. Mild dysphagia was reported in a statistically higher proportion of patients
who had a magnetic titanium ring than in those treated by Nissen fundoplication
(44% versus 32% at 1-year follow-up, p=0.03) in a non-randomised comparative
study of 415 patients3. The rates of moderate and severe dysphagia were similar
in the 2 treatment groups (13% versus 11% for moderate dysphagia, p=0.57 and
1% versus 5% for severe dysphagia, p=0.24). Dysphagia was reported in 68%
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(68/100) of patients at 3-year follow-up in a case series of 100 patients: 47%
were described as ‘mild’, 16% as ‘moderate’ and 5% as ‘severe’5,6. The device
was removed in 3 of these patients (at 21, 31 and 93 days after implantation) and
the dysphagia resolved. An additional patient had the device removed at
1,807 days after implantation for persistent dysphagia5,6. Painful swallowing
(odynophagia) was reported in 8% of patients in the same study (4% mild, 3%
moderate and 1% severe). One patient had persistent dysphagia, which led to
device removal 226 days after implant, in a case series of 44 patients. The
patient had a Nissen fundoplication and the dysphagia resolved approximately
30 days after device removal7. Difficulty swallowing was reported in 7% of
patients who had a magnetic titanium ring and 11% of patients who had a
laparoscopic fundoplication at 1-year follow-up in a non-randomised comparative
study of 249 patients (p=0.373)8.
Device erosion
Reoperation for device erosion was reported in 1 patient who had a magnetic
titanium ring in the non-randomised comparative study of 238 patients; the device
was removed through laparoscopy and a standard fundoplication was done2.
Device erosion was reported in 1 patient who had a magnetic titanium ring in the
non-randomised comparative study of 415 patients; the patient presented with
dysphagia 20 months after implantation and imaging showed a portion of the
device within the oesophageal lumen3. The exposed magnetic titanium beads
were cut with an endoscopic cutter and the rest of the device was removed
laparoscopically 90 days later. The patient made a full recovery without any
complications.
Gastro-oesophageal junction obstruction
Gastro-oesophageal junction obstruction was reported in 1 patient each who had
a magnetic titanium ring or Nissen fundoplication in the non-randomised
comparative study of 415 patients (p=0.34); both were treated surgically3.
Pain
Pain needing hospital readmission was reported in <1% (3/1,048) of patients in
the case series of 1,048 patients4. One patient had the device removed within
90 days of implant because of pain and 2 patients had the device removed more
than 90 days after implant. Pain was reported in 25% (25/100) of patients in the
case series of 100 patients: 7% were described as ‘mild’, 13% as ‘moderate’ and
5% as ‘severe’5,6. The device was removed in 1 patient because of pain.
Chest pain shortly after the procedure was reported in 1 patient in a case series
of 44 patients: the patient needed a short stay in hospital and the pain resolved
within 1 month7. The device was removed in 1 patient at 1,062 days after
implantation because of persistent chest pain, in the case series of
100 patients5,6.
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Nausea and vomiting
Nausea and vomiting needing hospital readmission was reported in <1%
(2/1,048) of patients in the case series of 1048 patients3. One patient had the
device removed more than 90 days after implant because of vomiting. Nausea
was reported in 7% (7/100) of patients in the case series of 100 patients: 3%
were described as ‘mild’, 2% as ‘moderate’ and 2% as ‘severe’5,6.
Bloating
Bloating was reported in 14% (14/100) of patients in the case series of
100 patients: 12% were described as mild and 2% were moderate in intensity5,6.
Bloating and gassy feeling was reported in 10% of patients who had a magnetic
titanium ring and 32% of patients who had laparoscopic fundoplication (p<0.001)
in the non-randomised comparative study of 249 patients8. Mild, moderate and
severe gas bloat were reported by 27%, 14% and 5% of patients respectively in
the magnetic titanium ring group and 40%, 16% and 3% of patients respectively
in the Nissen fundoplication group in the non-randomised comparative study of
415 patients (p=0.02, 0.65 and 0.24 respectively)3.
Other
Respiratory arrest, within the first hour after the procedure, was reported in
1 patient who had a magnetic titanium ring in the non-randomised comparative
study of 238 patients; the patient was successfully resuscitated without
consequences2. Injury to the pleura was reported in 1 patient each who had a
magnetic titanium ring or laparoscopic fundoplication in the non-randomised
comparative study of 249 patients (no further details were given)8. Pneumothorax
was reported in 1 patient who had a magnetic titanium ring in the same study.
Adenocarcinoma of the distal oesophagus in a patient with a magnetic titanium
ring was described in a case report; the cancer was diagnosed 2.5 years after the
band was inserted. The magnetic titanium ring was easily removed during the
surgery to treat the cancer; almost no foreign body reaction or scar tissue was
noted10.

Validity and generalisability of the studies
 No randomised controlled trials comparing laparoscopic insertion of a
magnetic titanium ring with fundoplication were identified.
 The longest follow-up was 5 years, although 1 study reported results for a
small proportion of patients through to 80 months2.
 Most of the studies represent early experience with the device and include the
first patients to be treated by this procedure.
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 The studies have stringent inclusion and exclusion criteria. Most of the studies
excluded patients with a hiatal hernia larger than 3 cm, grade C or D
oesophagitis and those with a body mass index greater than 35 kg/m2. The
reported results may not be generalisable to the wider population of patients
with gastro-oesophageal disease. In 1 study, patient selection was expanded
during the study to include patients with a hiatal hernia of 3 cm or larger9. The
median follow-up period, however, was shorter for patients in the large hiatal
hernia group compared to those with smaller hernia (12 months versus
20 months) and this makes it more difficult to interpret the outcomes.
 There is likely to be some patient overlap between the studies. One study
describes all the safety events that were reported in the first 1,000 patients
treated by the procedure and some of these will be included in the other
studies4.
 A large proportion of the patients were treated in the US. Some patients from
the UK were included in 1 of the non-randomised comparative studies8.
 In 1 of the non-randomised comparative studies, there was a statistically
significant difference in the proportion of large hiatal hernias and Barrett’s
oesophagus between the 2 treatment groups. 94% of patients in the magnetic
bead band group met the definition of moderate GORD compared with 38.3%
of patients in the fundoplication group8.

Existing assessments of this procedure
There were no published assessments from other organisations identified at the
time of the literature search.
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Related NICE guidance
Below is a list of NICE guidance related to this procedure. Appendix B gives
details of the recommendations made in each piece of guidance listed.
Interventional procedures
Related by indication
 Electrical stimulation of the lower oesophageal sphincter for treating gastrooesophageal reflux disease. NICE interventional procedure guidance 540
(2015). Available from http://www.nice.org.uk/guidance/IPG540
 Endoscopic radiofrequency ablation for gastro-oesophageal reflux disease.
NICE interventional procedure guidance 461 (2013). Available from
http://www.nice.org.uk/guidance/IPG461
 Endoluminal gastroplication for gastro-oesophageal reflux disease. NICE
interventional procedure guidance 404 (2011). Available from
http://www.nice.org.uk/guidance/IPG404
 Endoscopic augmentation of the lower oesophageal sphincter using hydrogel
implants for the treatment of gastro-oesophageal reflux disease. NICE
interventional procedure guidance 222 (2007). Available from
http://www.nice.org.uk/guidance/IPG222
 Endoscopic injection of bulking agents for gastro-oesophageal reflux disease.
NICE interventional procedure guidance 55 (2004). Available from
http://www.nice.org.uk/guidance/IPG55
Related by procedure
 Insertion of a magnetic bead band for faecal incontinence. NICE interventional
procedure guidance 483 (2014). Available from
http://www.nice.org.uk/guidance/IPG483
NICE guidelines
 Gastro-oesophageal reflux disease in children and young people: diagnosis
and management NICE guideline NG1 (2015). Available from
http://www.nice.org.uk/guidance/NG21
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 Gastro-oesophageal reflux disease and dyspepsia in adults: investigation and
management. NICE clinical guideline CG184 (2014). Available from
http://www.nice.org.uk/guidance/CG184

Specialist advisers’ opinions
Specialist advice was sought from consultants who have been nominated or
ratified by their Specialist Society or Royal College. The advice received is their
individual opinion and is not intended to represent the view of the society. The
advice provided by Specialist Advisers, in the form of the completed
questionnaires, is normally published in full on the NICE website during public
consultation, except in circumstances but not limited to, where comments are
considered voluminous, or publication would be unlawful or inappropriate. Two
Specialist Advisor Questionnaires for laparoscopic insertion of a magnetic
titanium ring for gastro-oesophageal reflux disease were submitted and can be
found on the NICE website.

Patient commentators’ opinions
NICE’s Public Involvement Programme was unable to gather patient commentary
for this procedure.

Company engagement
A structured information request was sent to 1 company who manufactures a
potentially relevant device for use in this procedure. NICE received 1 completed
submission. This was considered by the IP team and any relevant points have
been taken into consideration when preparing this overview.

Issues for consideration by IPAC
 According to the company website, the LINX device is considered ‘MR
Conditional’ (defined as ‘an item with demonstrated safety in the MR
environment within defined conditions’10) in a MRI system up to either 0.7
Tesla (0.7T) or 1.5 Tesla (1.5T), depending on the model.
 Ongoing trials
 The CALIBER Study Randomized Controlled Trial of LINX Versus DoubleDose Proton Pump Inhibitor Therapy for Reflux Disease (CALIBER)
IP overview: Laparoscopic insertion of a magnetic titanium ring for gastro-oesophageal reflux
disease
Page 30 of 51

IP 973/2 [IPG585]
(NCT02505945); RCT; US; estimated enrolment 150; estimated study
completion date April 2017.
 A Post-Approval Study of the LINX® Reflux Management System
(NCT01940185); observational cohort study; US; estimated enrolment 200;
estimated study completion date September 2019.
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Appendix A: Additional papers on laparoscopic insertion
of a magnetic titanium ring for gastro-oesophageal
reflux disease
The following table outlines the studies that are considered potentially relevant to
the IP overview but were not included in the main data extraction table (table 2).
It is by no means an exhaustive list of potentially relevant studies.
Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Asti E, Siboni S, Lazzari V et al.
(2016) Removal of the magnetic
sphincter augmentation device:
surgical technique and results of
a single-center cohort study.
Annals of Surgery DOI:
10.1097/SLA.000000000000178
5

Case series
n=164
FU=48
months
(median)

7% (11/164) of patients were
explanted. The estimated removalfree probability at 80 months was 0.91
[confidence interval (CI) 0.86-0.96].
Supine oesophageal acid exposure
before the index operation was
associated with device removal (odds
ratio 1.05, CI 1.01-1.11, P = 0.037).
The main presenting symptom
requiring device removal was
recurrence of heartburn or
regurgitation in 5 patients (46%),
followed by dysphagia (n=4, 37%)
and chest pain (n=2, 18%). In 2
patients, full-thickness erosion of the
oesophageal wall with partial
endoluminal penetration of the device
occurred.

There is likely
to be
considerable
patient
overlap with
studies
already
included in
table 2. A
nonrandomised
comparative
study from the
same centre
has been
included.

Bauer M, Meining A, Kranzfelder
M et al. (2015) Endoluminal
perforation of a magnetic
antireflux device. Surgical
Endoscopy 29: 3806–10

Case report
n=1
FU=2 years

Device removal for erosion

Case report of
an adverse
event that is
already
described in
table 2.

Bonavina L, Saino G, Bona D et
al. (2013) One hundred
consecutive patients treated with
magnetic sphincter augmentation
for gastroesophageal reflux
disease: 6 years of clinical
experience from a single center.
Journal of the American College
of Surgeons 217: 577–85

Case series
n=100
FU=3 years
(median)

Magnetic sphincter augmentation
(MSA) for GORD in clinical practice
provides safe and long-term reduction
of oesophageal acid exposure,
substantial symptom improvement,
and elimination of daily PPI use. For
candidates of antireflux surgery who
have been carefully evaluated before
surgery to confirm indication for MSA,
MSA has become a standard
treatment at the centre because
control of reflux symptoms and pH
normalisation can be achieved with
minimal side effects and preservation
of gastric anatomy.

Total endoscopic removal of the LINX
device is feasible in case of major
erosion.

Studies with
more patients
or longer
follow-up are
included.
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Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Bonavina L, DeMeester T,
Fockens P et al. (2010)
Laparoscopic sphincter
augmentation device eliminates
reflux symptoms and normalizes
esophageal acid exposure oneand 2-year Results of a feasibility
trial. Annals of Surgery 252: 857–
62

Case series
n=44
FU=2 years

The new laparoscopically implanted
sphincter augmentation device
eliminates GORD symptoms without
creating undue side effects and is
effective at 1 and 2 years of follow-up.

Longer followup of the
same study is
included.
[included in
table 2 of the
2012
overview]

Czosnyka NM, Buckley FP,
Doggett SL et al. (2016)
Outcomes of magnetic sphincter
augmentation - A community
hospital perspective. American
Journal of Surgery doi:
10.1016/j.amjsurg.2016.09.044.

Case series
n=102
FU=8 months
(mean)

Studies with
more patients
or longer
follow-up are
included.

Desart K, Rossidis G, Michel M
et al. (2015) Gastroesophageal
reflux management with the LINX
system for gastroesophageal
reflux disease following
laparoscopic sleeve gastrectomy.
Journal of Gastrointestinal
Surgery 19: 1782–86

Case series
n=7

GORD medication use decreased
from 98% preoperative to 8%
postoperative (p<0.001). Median
GERD-HRQL scores improved from
27 preoperative to 5 postoperative
(p<0.001). Patient satisfaction
increased from 8% preoperative to
84% postoperative (p<0.001).
This is the first reported pilot case
series, illustrating that the LINX
device is a safe and effective option in
patients with de novo refractory
gastroesophageal reflux disease after
a laparoscopic sleeve gastrectomy
despite appropriate weight loss.

Erdös J, Stanak M. Magnetic
Sphincter Augmentation Device
(MSAD) in patients with
gastroesophageal reflux disease
(GERD). Decision Support
Document No. 101; 2016.
Vienna: Ludwig Boltzmann
Institute for Health Technology
Assessment

Systematic
review

The current evidence is not sufficient
to prove that magnetic sphincter
augmentation (MSA) is at least
equally effective and as safe as the
comparator laparoscopic
fundoplication (LF). Comparative data
on the 2 procedures are available
from a single registry study where the
LF group was in a more severe stage
of the disease and nevertheless
achieved a similar improvement in
GORD related quality of life as the
MSA group. Concerning safety, the
re-operation and hospital readmission rates were similar; the
difference in other complications like
dysphagia was not statistically
significant. Significant difference is
only shown in the inability to belch or
vomit, and in excessive bloating.
However the confidence in these
comparative results is limited, due to
the observational study design, the
limited number of patients, and the
differences in the patient
characteristics in the 2 study groups.
Results from high-quality sham
control studies or RCTs comparing
MSA and LF will potentially influence
the effect estimate considerably.

Only 1 study
met the
inclusion
criteria for
assessing
efficacy
(Riegler et al.,
2015)

5 single-arm
prospective
case series
and 1
prospective
registry with
control group
were
included.
Overall, the
safety and
efficacy was
evaluated in
605 and 249
patients
respectively.
Search date:
Dec 2015

Small case
series
describing use
of the
procedure in
patients who
have had
sleeve
gastrectomy.

More recently
published
safety data
are included.
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Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Ganz RA (2016) A Modern
Magnetic Implant for
Gastroesophageal Reflux
Disease (GERD). Clin
Gastroenterol Hepatol Dec 23
2016.

review

The magnetic device is safe, with the
main adverse event being dysphagia
with an approximate 3-5% chronic
incidence. Device removals in clinical
trials have been between 0-7% and
were uneventful. There have been no
erosions, perforations or infections in
clinical trials; erosions have rarely
been noted in practice. Magnetic
augmentation of the LES is a safe
and effective operation for GERD,
and should be considered a surgical
option for those seeking a fundicsparing operation, particularly those
with parameters consistent with study
cohorts.

Review with
no metaanalysis.

Hawasli A, Tarakji M, Tarboush
M (2017) Laparoscopic
management of severe reflux
after sleeve gastrectomy using
the LINX® system: Technique
and one year follow up case
report.
International Journal of Surgery
Case Reports (30) 148-151
2017.

Case report
n=1

Laparoscopic placement of the LINX®
system to correct severe reflux after
sleeve gastrectomy is a safe
alternative procedure to conversion to
a Roux-en-y gastric bypass.

Case report of
procedure
being done
after a sleeve
gastrectomy.

Lipham JC, DeMeester TR, Ganz
RA et al. (2012) The LINX®
reflux management system:
confirmed safety and efficacy
now at 4 years. Surgical
Endoscopy 26: 2944–49

Case series
n=44
FU=4 years

Sphincter augmentation with the LINX
Reflux Management System provided
long-term clinical benefits with no
safety issues, as demonstrated by
reduced oesophageal acid exposure,
improved GORD-related quality of life,
and cessation of dependence on
PPIs, with minimal side effects and no
safety issues.

Longer followup of the
same study is
included.

Loh Y, McGlone ER, Reddy M et
al. (2014) Is the LINX reflux
management system an effective
treatment for gastro-oesophageal
reflux disease? International
Journal of Surgery 12: 994–97

Review

48 related papers were identified, of
which 3 represented the best
evidence. Further studies are needed
to determine the procedure’s long
term outcomes and its relative
efficacy as compared to other
established treatments.

More recent
evidence is
included.

Louie BE, Farivar AS, Shultz D et
al. (2014) Short-term outcomes
using magnetic sphincter
augmentation versus Nissen
fundoplication for medically
resistant gastroesophageal reflux
disease. Annals of Thoracic
Surgery 98: 498–505

Nonrandomised
comparative
study
n=66
FU=6 months

Magnetic sphincter augmentation
(MSA) results in similar objective
control of GORD, symptom resolution,
and improved quality of life compared
with Nissen fundoplication. MSA
seems to restore a more physiologic
sphincter that allows physiologic
reflux, facilitates belching, and
creates less bloating and flatulence.
This device has the potential to allow
individualised treatment of patients
with GORD and increase the surgical
treatment of GORD.

Studies with
more patients
or longer
follow-up are
included.
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Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Min MX, Ganz RA (2014) Update
in procedural therapy for GERD Magnetic sphincter
augmentation, endoscopic
transoral incisionless
fundoplication vs laparoscopic
nissen fundoplication. Current
Gastroenterology Reports 16:
374

Review

Given the solid published magnetic
sphincter augmentation (MSA) data,
the removable nature of the magnetic
implant, and the nominal anatomical
changes that are required for this
procedure, it appears to be an
attractive alternative to laparoscopic
nissen fundoplication, for selected
cohorts of patients.

Review
without a
meta-analysis.

Munoz-Largacha JA, Hess DT,
Litle VR et al. (2016) Lower
esophageal magnetic sphincter
augmentation for persistent reflux
after Roux-en-Y gastric bypass.
Obesity Surgery 26: 464–66

Case series
n=2

Both patients had extensive
evaluation before proceeding with
surgery. Excellent results were
obtained with a significant
improvement in symptoms as well as
their GERD Health-Related Quality of
Life scores.

Studies with
more patients
or longer
follow-up are
included.

Reynolds JL, Zehetner J, Nieh A
et al. (2016) Charges, outcomes,
and complications: a comparison
of magnetic sphincter
augmentation versus
laparoscopic Nissen
fundoplication for the treatment
of GERD. Surgical Endoscopy
30: 3225–30

Nonrandomised
comparative
study
n=119
FU=1 year

At 1-year follow-up, mean GERDHRQL was 4.3 for magnetic sphincter
augmentation (MSA) versus 5.1 for
laparoscopic Nissen fundoplication
(LNF) (p=0.47) and 85% of MSA
patients versus 92% of LNF patients
were free from PPIs (p=0.37). MSA
patients reported less gas bloat
symptoms (23% versus 53%, p<0.01)
and inability to belch (10% versus
36%, p<0.01) and vomit (4% versus
19%, p<0.01).

The study
focuses on
procedure
charges.

Reynolds JL, Zehetner J, Wu P
et al. (2015) Laparoscopic
magnetic sphincter augmentation
vs laparoscopic nissen
fundoplication: a matched-pair
analysis of 100 patients. Journal
of the American College of
Surgeons 221: 123–8

Nonrandomised
comparative
study
n=100
FU=1 year

Analogous patients had similar control
of reflux symptoms after both
magnetic sphincter augmentation
(MSA) and laparoscopic nissen
fundoplication (LNF). More patients in
the LNF group compared to the MSA
group were unable to belch (26% vs
8%, p=0.028) or vomit (21% vs 4%,
p=0.004). The incidence of
postoperative dysphagia was similar
between the groups (47% MSA and
45% LNF, p=0.766). There was a
statistically significantly lower
incidence of severe gas bloat
symptoms in the MSA group.

There is likely
to be patient
overlap with a
larger, more
recently
published
study included
in table 2
(Warren et al.,
2016)

Reynolds JL, Zehetner J,
Bildzukewicz N et al. (2014)
Magnetic sphincter augmentation
with the LINX device for
gastroesophageal reflux disease
after U.S. Food and Drug
Administration approval. The
American Surgeon 80: 1034–38

Case series
n=67
FU=5 months
(median)

A total of 77% of patients were no
longer taking proton pump inhibitors.
The most common postoperative
complaint was dysphagia, which
resolved in 79% of patients with a
median time to resolution of 8 weeks.
There were 8 patients with persistent
dysphagia that needed balloon
dilation, with improvement in
symptoms.

Studies with
more patients
or longer
follow-up are
included.
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Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Schwameis K, Schwameis M,
Zorner B et al. (2014) Modern
GERD treatment: feasibility of
minimally invasive esophageal
sphincter augmentation.
Anticancer research 34: 2341–48

Case series
n=23
FU=4 weeks

A significant decrease in all major
GORD complaints were found:
heartburn: 96%-22% (p<0.001);
bloating: 70%-30% (p=0.006);
respiratory complaints: 57%-17%
(p=0.039); sleep disturbance: 65%4% (p<0.001). A 4-week follow-up
reduction of >50% of proton pump
inhibitor (PPI) dose was achieved in
over 80% of patients. Self-limiting
difficulty in swallowing was found in
70% within 4 weeks. One patient
needed endoscopic dilation. GORDrelated quality of life improved
significantly.

Studies with
more patients
or longer
follow-up are
included.

Sheu EG, Nau P, Nath B et al.
(2015) A comparative trial of
laparoscopic magnetic sphincter
augmentation and Nissen
fundoplication. Surgical
Endoscopy 29: 505–9

Nonrandomised
comparative
study
n=24
FU=7 months

Dysphagia was common in both
groups, but severe dysphagia
needing endoscopic dilation was
more frequent after magnetic
sphincter augmentation (MSA) (50%
versus 0%, p=0.01). A trend toward
decreased adverse gastrointestinal
symptoms of bloating, flatulence, and
diarrhoea was seen after MSA
compared to Nissen fundoplication
(0% versus 33 %). MSA had a shorter
operative time (64 versus 90 min,
p<0.01) but other peri-operative
outcomes, including pain, morbidity,
and re-admissions were equivalent to
Nissen fundoplication.

Studies with
more patients
or longer
follow-up are
included.
This study is
also included
in the
systematic
review by
Skubleny D et
al, 2016.

Sheu EG, Rattner DW (2015)
Evaluation of the LINX antireflux
procedure. Current Opinion in
Gastroenterology 31: 334–8

Review

The procedure is a safe, well
tolerated, and effective therapy for
gastro-oesophageal reflux disease
(GORD) in the short term. It should be
considered for selected patients
without significant anatomic or motility
defects. However, the long-term
safety and efficacy - both alone and in
comparison to current GORD
therapies - remains to be determined.

Review
without a
meta-analysis.

Smith CD, DeVault KR,
Buchanan M (2014) Introduction
of mechanical sphincter
augmentation for
gastroesophageal reflux disease
into practice: early clinical
outcomes and keys to successful
adoption. Journal of the
American College of Surgeons
218: 776–81

Case series
n=66
FU=6 months
(mean)

92% of patients are satisfied or
neutral with their condition, and 83%
are proton pump inhibitor free. The
GERD-Health-Related Quality of Life
(HRQL) scores are similar to those of
patients without GORD. There were
no device ulcers or erosions and no
devices explanted. Thirteen patients
had additional testing for dysphagia or
persistent symptoms.

Studies with
more patients
or longer
follow-up are
included.
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Article

Number of
patients/
follow-up

Direction of conclusions

Reasons for
noninclusion in
table 2

Sriratanaviriyakul N, Kivler C,
Vidovszky TJ et al. (2016)
LINX®, a novel treatment for
patients with refractory asthma
complicated by
gastroesophageal reflux disease:
a case report. Journal of Medical
Case Reports 10: 124

Case report
n=1

The procedure is a viable alternative
to the Nissen fundoplication
procedure for the treatment of
patients with gastroesophageal reflux
disease and poorly controlled
concomitant refractory asthma.

Case report.

Stetler JL, Gill S, Patel A et al.
(2015) Surgical technique for
laparoscopic removal of a
magnetic lower esophageal
sphincter augmentation device.
Journal of Laparoendoscopic &
Advanced Surgical Techniques.
25: 1025–8

Case report
n=1

Device removal for persistent
dysphagia

Case report of
an adverse
event that is
already
described in
table 2.

Warren HF, Louie BE, Farivar AS
et al. (2016) Manometric
changes to the lower esophageal
sphincter after magnetic
sphincter augmentation in
patients with chronic
gastroesophageal reflux disease.
Annals of Surgery doi:
10.1097/SLA.000000000000193
5

Retrospective
case control
study
n=121
FU=12
months

Overall, patients with a
manometrically defective lower
oesophageal sphincter (LOS) were
restored 67% of the time to a normal
sphincter. Those with a structurally
defective or severely defective LOS
improved to a normal LOS in 77%
and 56% of patients, respectively.
Only 18% of patients with a normal
preoperative manometric LOS
deteriorated to a lower category.

Study focuses
on
manometric
changes.
Another study
by the same
author is
included.

Zak Y, Rattner DW (2016) The
use of LINX for
gastroesophageal reflux.
Advances in Surgery 50: 41–8

Review

There is a need for long-term
outcomes and safety data with regard
to this device compared with
laparoscopic fundoplication.

Review
without a
meta-analysis.

Zhang H, Dong D, Liu Z et al.
(2016) Revaluation of the
efficacy of magnetic sphincter
augmentation for treating
gastroesophageal reflux disease.
Surgical endoscopy 30: 3684–90

Review

The procedure provides an alternative
surgical option for the patients for
whom medical therapy failed. This
review of the current literatures
demonstrates that the procedure is as
effective as the medical and
conventional surgical therapies. In the
future, it will play a more important
role in the treatment of GORD
because of its unique advantage.

Review
without a
meta-analysis.

The device was removed
laparoscopically and the dysphagia
improved.
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Appendix B: Related NICE guidance for laparoscopic
insertion of a magnetic titanium ring for gastrooesophageal reflux disease
Guidance
Interventional
procedures

Recommendations
Electrical stimulation of the lower oesophageal sphincter for
treating gastro-oesophageal reflux disease. NICE interventional
procedure guidance 540 (2015)
1.1 Current evidence on the safety and efficacy of electrical
stimulation of the lower oesophageal sphincter for treating
gastro-oesophageal reflux disease (GORD) is limited in quantity and
quality. Therefore, this procedure should only be used in the context of
research.
1.2 NICE encourages clinicians to enter patients into controlled clinical
trials. These could include crossover and cohort studies, which would
allow inclusion of patients for whom other surgical options are
unsuitable. These should provide a clear description of patient
selection, and details of adjunctive medical and surgical treatments.
Outcomes should include GORD symptoms, quality of life and
objective measurements of gastric reflux. Efficacy, device durability,
the need for surgical treatment for GORD in the longer term (at least
2 years) and all complications should be reported. NICE may update
the guidance on publication of further evidence.
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Guidance
Interventional
procedures

Recommendations
Endoscopic radiofrequency ablation for gastro-oesophageal
reflux disease. NICE interventional procedure guidance 461
(2013)
1.1 The evidence on the safety of endoscopic radiofrequency ablation
for gastro-oesophageal reflux disease (GORD) is adequate in the
short and medium term but there is uncertainty about longer-term
outcomes. With regard to efficacy, there is evidence of symptomatic
relief but objective evidence on reduction of reflux is inconclusive.
Therefore, this procedure should only be used with special
arrangements for clinical governance, consent and audit or research.
1.2 Clinicians wishing to undertake endoscopic radiofrequency
ablation for GORD should take the following actions.


Inform the clinical governance leads in their NHS trusts.



Ensure that patients understand the uncertainty about the
procedure's safety and efficacy and provide them with clear
written information. In addition, the use of NICE's information
for the public is recommended.



Audit and review clinical outcomes of all patients having
endoscopic radiofrequency ablation for GORD (see section
7.1).

1.3 Future review of the guidance might consider evidence from
research that includes objective outcome measures such as
oesophageal pH, long-term follow-up data, comparison with Nissen
fundoplication, information about patient selection and further insight
into the mechanism of action of the procedure.
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Guidance
Interventional
procedures

Recommendations
Endoluminal gastroplication for gastro-oesophageal reflux
disease. NICE interventional procedure guidance 404 (2011)
1.1 The evidence on endoluminal gastroplication for gastrooesophageal reflux disease (GORD) raises no major safety concerns.
Evidence from a number of randomised controlled trials (RCTs) shows
a degree of efficacy in terms of reduced medication requirement in the
short term, but changes in other efficacy outcomes are inconsistent
and there is no good evidence of sustained improvement in
oesophageal pH measurements. Therefore, this procedure should
only be used with special arrangements for clinical governance,
consent and audit or research.
1.2 Clinicians wishing to undertake endoluminal gastroplication for
GORD should take the following actions.


Inform the clinical governance leads in their Trusts.



Ensure that patients and their carers understand the
uncertainty about the procedure's efficacy, particularly in the
long term, and provide them with clear written information. In
addition, the use of NICE's information for patients
('Understanding NICE guidance') is recommended (available
from www.nice.org.uk/guidance/IPG404/publicinfo).



Audit and review clinical outcomes of all patients having
endoluminal gastroplication for GORD (see section 3.1).

1.3 Any further studies should include measurements of oesophageal
pH and report long-term outcomes.
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Guidance
Interventional
procedures

Recommendations
Endoscopic augmentation of the lower oesophageal sphincter
using hydrogel implants for the treatment of gastro-oesophageal
reflux disease. NICE interventional procedure guidance 222
(2007)
Please note that the device linked to this guidance has been
withdrawn by the manufacturer.
1.1 There is limited evidence of short-term efficacy on endoscopic
augmentation of the lower oesophageal sphincter using hydrogel
implants for the treatment of gastro-oesophageal reflux disease
(GORD). This evidence also raises concerns about the procedure's
safety. Therefore, this procedure should not be used without special
arrangements for consent and for audit.
1.2 Clinicians wishing to undertake endoscopic augmentation of the
lower oesophageal sphincter using hydrogel implants for the treatment
of GORD should take the following actions.


Inform the clinical governance leads in their Trusts.



Ensure that patients understand the uncertainty about the
procedure's safety and efficacy and provide them with clear
written information. In addition, use of the Institute's
information for patients ('Understanding NICE guidance') is
recommended.



Audit and review clinical outcomes of all patients having
endoscopic augmentation of the lower oesophageal sphincter
using hydrogel implants for the treatment of GORD (see
section 3.1).

1.3 Any adverse events resulting from the procedure should be
reported to the Medicines and Healthcare products Regulatory Agency
(MHRA).
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Guidance
Interventional
procedures

Recommendations
Endoscopic injection of bulking agents for gastro-oesophageal
reflux disease. NICE interventional procedure guidance 55 (2004)
Please note that the device linked to this guidance has been
withdrawn by the manufacturer.
1.1 Current evidence on the safety and efficacy of endoscopic
injection of bulking agents for gastro-oesophageal reflux disease does
not appear adequate for this procedure to be used without special
arrangements for consent and for audit or research.
1.2 Clinicians wishing to undertake endoscopic injection of bulking
agents for gastro-oesophageal reflux disease should take the
following action.


Inform the clinical governance leads in their Trusts.



Ensure that patients understand the uncertainty about the
procedure's safety and efficacy and provide them with clear
written information. Use of the Institute's information for the
public is recommended.



Audit and review clinical outcomes of all patients having
endoscopic injection of bulking agents for gastro-oesophageal
reflux disease.

1.3 Publication of safety and efficacy outcomes will be useful in
reducing the current uncertainty. The Institute may review the
procedure upon publication of further evidence.
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Guidance
Interventional
procedures

Recommendations
Insertion of a magnetic bead band for faecal incontinence. NICE
interventional procedure guidance 483 (2014).
1.1 Current evidence on the safety and efficacy of insertion of a
magnetic bead band for faecal incontinence is limited in quantity and
quality. The available evidence was considered in the context of the
distress that faecal incontinence can cause and of the other treatment
options, which may be limited. If further evidence supports the efficacy
of this procedure, it has the potential to significantly improve quality of
life for appropriately selected patients. Therefore insertion of a
magnetic bead band for faecal incontinence may be used with special
arrangements for clinical governance, consent and audit. NICE
encourages the publication of outcomes on all patients, with specific
consideration of entering all eligible patients into the HTA trial –
12/35/07 (see section 1.3).
1.2 Clinicians wishing to undertake insertion of a magnetic bead band
for faecal incontinence should take the following actions.


Inform the clinical governance leads in their NHS trusts.



Ensure that patients understand the uncertainty about the
procedure's efficacy (especially in the long term) and the risk of
complications that may need removal of the band. They should
inform them fully about other treatment options and about the
value of research studies (when appropriate), and provide
them with clear written information. In addition, the use of
NICE's Information for the public is recommended.

1.3 Clinicians should offer all eligible patients entry into the HTA trial –
12/35/07. Data about all patients who do not enter the trial should be
collected for local audit and review with a view to collaborative
publication of outcomes.
1.4 The procedure should only be performed in units specialising in
the assessment and treatment of faecal incontinence.
1.5 NICE will review the procedure when the results of the HTA trial
are available. Research outcomes for any future studies should
include disease-related quality of life.
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NICE
guidelines

Gastro-oesophageal reflux disease in children and young people:
diagnosis and management NICE guideline NG1 (2015)
1.3 Pharmacological treatment of GORD
1.3.1 Do not offer acid-suppressing drugs, such as proton pump
inhibitors (PPIs) or H2 receptor antagonists (H2RAs), to treat overt
regurgitation in infants and children occurring as an isolated symptom.
1.3.2 Consider a 4-week trial of a PPI or H2RA for those who are
unable to tell you about their symptoms (for example, infants and
young children, and those with a neurodisability associated with
expressive communication difficulties) who have overt regurgitation
with 1 or more of the following:


unexplained feeding difficulties (for example, refusing feeds,
gagging or choking)



distressed behaviour



faltering growth.

1.3.3 Consider a 4-week trial of a PPI or H2RA for children and young
people with persistent heartburn, retrosternal or epigastric pain.
1.3.4 Assess the response to the 4-week trial of the PPI or H2RA, and
consider referral to a specialist for possible endoscopy if the
symptoms:


do not resolve or



recur after stopping the treatment.

1.3.5 When choosing between PPIs and H2RAs, take into account:


the availability of age-appropriate preparations



the preference of the parent (or carer), child or young person
(as appropriate)



local procurement costs.

1.3.6 Offer PPI or H2RA treatment to infants, children and young
people with endoscopy-proven reflux oesophagitis, and consider
repeat endoscopic examinations as necessary to guide subsequent
treatment.
1.3.7 Do not offer metoclopramide, domperidone or erythromycin to
treat GOR or GORD without seeking specialist advice and taking into
account their potential to cause adverse events.
1.5 Surgery for GORD
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1.5.1 Offer an upper GI endoscopy with oesophageal biopsies for
infants, children and young people before deciding whether to offer
fundoplication for presumed GORD.
1.5.2 Consider performing other investigations such as an
oesophageal pH study (or combined oesophageal pH and impedance
monitoring if available) and an upper GI contrast study for infants,
children and young people before deciding whether to offer
fundoplication.
1.5.3 Consider fundoplication in infants, children and young people
with severe, intractable GORD if:


appropriate medical treatment has been unsuccessful or



feeding regimens to manage GORD prove impractical, for
example, in the case of long-term, continuous, thickened
enteral tube feeding.

Gastro-oesophageal reflux disease and dyspepsia in adults:
investigation and management. NICE clinical guideline CG184
(2014)
1.2 Common elements of care
1.2.1 Offer simple lifestyle advice, including advice on healthy eating,
weight reduction and smoking cessation. [2004]
1.2.2 Advise people to avoid known precipitants they associate with
their dyspepsia where possible. These include smoking, alcohol,
coffee, chocolate, fatty foods and being overweight. Raising the head
of the bed and having a main meal well before going to bed may help
some people. [2004]
1.2.3 Provide people with access to educational materials to support
the care they receive. [2004]
1.2.4 Recognise that psychological therapies, such as cognitive
behavioural therapy and psychotherapy, may reduce dyspeptic
symptoms in the short term in individual people. [2004, amended
2014]
1.2.5 Encourage people who need long-term management of
dyspepsia symptoms to reduce their use of prescribed medication
stepwise: by using the effective lowest dose, by trying 'as-needed' use
when appropriate, and by returning to self-treatment with antacid
and/or alginate therapy (unless there is an underlying condition or
comedication that needs continuing treatment). [2004, amended
2014]
11.6 Interventions for gastro-oesophageal reflux disease
(GORD)
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1.6.1 Manage uninvestigated 'reflux-like' symptoms as uninvestigated
dyspepsia. [2004, amended 2014]
1.6.2 Offer people with GORD a full-dose PPI (see table 1 in
appendix A) for 4 or 8 weeks. [2004]
1.6.3 If symptoms recur after initial treatment, offer a PPI at the lowest
dose possible to control symptoms. [2004, amended 2014]
1.6.4 Discuss with people how they can manage their own symptoms
by using the treatment when they need it. [2004]
1.6.5 Offer H2RA therapy if there is an inadequate response to a PPI.
[2004, amended 2014]
1.6.6 People who have had dilatation of an oesophageal stricture
should remain on long-term full-dose PPI therapy (see table 1 in
appendix A). [2004]
1.6.7 Offer people a full-dose PPI (see table 2 in appendix A) for
8 weeks to heal severe oesophagitis, taking into account the person's
preference and clinical circumstances (for example, underlying health
conditions and possible interactions with other drugs). [new 2014]
1.6.8 If initial treatment for healing severe oesophagitis fails, consider
a high dose of the initial PPI, switching to another full-dose PPI (see
table 2) or switching to another high-dose PPI (see table 2 in
appendix A), taking into account the person's preference and clinical
circumstances (for example, tolerability of the initial PPI, underlying
health conditions and possible interactions with other drugs). [new
2014]
1.6.9 Offer a full-dose PPI (see table 2 in appendix A) long-term as
maintenance treatment for people with severe oesophagitis, taking
into account the person's preference and clinical circumstances (for
example, tolerability of the PPI, underlying health conditions and
possible interactions with other drugs), and the acquisition cost of the
PPI. [new 2014]
1.6.10 If the person's severe oesophagitis fails to respond to
maintenance treatment, carry out a clinical review. Consider switching
to another PPI at full dose or high dose (see table 2 in appendix A),
taking into account the person's preference and clinical
circumstances, and/or seeking specialist advice. [new 2014]
1.6.11 Do not routinely offer endoscopy to diagnose Barrett's
oesophagus, but consider it if the person has GORD. Discuss the
person's preferences and their individual risk factors (for example,
long duration of symptoms, increased frequency of symptoms,
previous oesophagitis, previous hiatus hernia, oesophageal stricture
or oesophageal ulcers, or male gender). [new 2014]
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1.10 Laparoscopic fundoplication
1.10.1 Consider laparoscopic fundoplication for people who have:


a confirmed diagnosis of acid reflux and adequate symptom
control with acid suppression therapy, but who do not wish to
continue with this therapy long term



a confirmed diagnosis of acid reflux and symptoms that are
responding to a PPI, but who cannot tolerate acid suppression
therapy. [new 2014]

1.11 Referral to a specialist service
1.11.1 Consider referral to a specialist service for people:


of any age with gastro-oesophageal symptoms that are
non-responsive to treatment or unexplained



with suspected GORD who are thinking about surgery



with H pylori that has not responded to second-line eradication
therapy. [new 2014]

IP overview: Laparoscopic insertion of a magnetic titanium ring for gastro-oesophageal reflux
disease
Page 49 of 51

IP 973/2 [IPG585]

Appendix C: Literature search for laparoscopic insertion
of a magnetic titanium ring for gastro-oesophageal
reflux disease
Databases

Date
searched

Version/files

Cochrane Database of Systematic
Reviews – CDSR (Cochrane)

29/03/2017

Issue 3 of 12, March 2017

Cochrane Central Database of
Controlled Trials - CENTRAL
HTA database (Cochrane)
MEDLINE (Ovid)
MEDLINE In-Process (Ovid)
EMBASE (Ovid)
PubMed
JournalTOCS [for update searches only]

29/03/2017

Issue 2 of 12, February 2017

29/03/2017
29/03/2017
29/03/2017
29/03/2017
29/03/2017
29/03/2017

Issue 4 of 4, October 2016
1946 to March Week 3 2017
March 27, 2017
1974 to 2017 Week 13
n/a
n/a

The following search strategy was used to identify papers in MEDLINE. A similar
strategy was used to identify papers in other databases.
1 exp Gastroesophageal Reflux/
2 ((gastro-esophag* or gastro-oesophag* or oesophag* or esophag*) adj4
reflux*).tw.
3 Esophageal Motility Disorders/
4 ((oesophag* or esophag*) adj4 (motilit* or dysmotilit* or disorder*)).tw.
5 (gord or gerd).tw.
6 Heartburn/
7 Barrett Esophagus/
8 (barrett* adj4 (esophag* or oesophag* or dysplas* or syndrom*)).tw.
9 Esophageal Sphincter, Lower/
10 (gastric adj4 (reflux* or regurgitat* or acid* or juice*)).tw.
11 (acid adj4 (reflux* or indigest*)).tw.
12 ((heart adj1 burn) or heartburn or pyros?s or (water adj1 brash) or
waterbrash or (acid adj1 brash) or acidbrash).tw.
13 Dyspepsia/
14 dyspepsi*.tw.
15 or/1-14
16 exp laparoscopy/
17 Esophagoscopy/
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

exp minimally invasive surgical procedures/
exp laparoscopes/
laparoscop*.tw.
or/16-20
15 and 21
"Prostheses and Implants"/
(magnet* or titanium or bead* or band* or linx or bracelet?).tw.
(sphincter adj2 augment*).tw.
prosthesis.tw.
MSA.tw.
or/23-26
22 and 28
LINX.tw.
29 or 30
animals/ not humans/
31 not 32
(2012* or 2013* or 2014* or 2015* or 2016*).ed.
33 and 34
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