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Abstract

Electric stimulation therapy (EST) and magnetic sphincter augmen-
tation (MSA) represent novel methods for the surgical treatment of
gastroesophageal reflux disease (GERD). The aim of this review was
to assess the effectiveness and safety of EST and magnetic sphincter
augmentation device (MSAD) comapred to laparoscopic fundoplica-
tion (LF) and proton pump inhibitor therapy (in case of EST). We per-
formed a systematic literature search without restrictions on publication
dates in five electronic databases (MEDLINE, EMBASE, the Cochrane
library, PubMed, and Centre for Reviews and Dissemination), comple-
mented by hand search, search in trial registries, and documentation
provided by the manufacturers. No study passed inclusion criteria for
analyzing EST effectiveness. Concerning safety, lead erosion through
the esophagus and trocar perforation of the small bowel occurred in
2.4% of patients (in one study). Only the registry study fulfilled inclu-
sion criteria for effectiveness analysis of MSAD. The crucial outcome
of GERD-health-related quality of life (HRQL) score improved from
20 to 3 points in MSAD patients, and from 23 to 3.5 points in LF pa-
tients. However, the LF patients were in a more severe stage of the
disease. The results yield indefinite conclusions about the use of both
MSAD and EST. Clinical effectiveness and safety of both MSAD and
EST are not sufficiently proven and are yet to be supported by high
quality evidence from randomized controlled trials.

Keywords: GERD; MSAD; EST; Magnetic; Electric; Esophagus;
LES; Reflux

Introduction

Gastroesophageal reflux disease (GERD) is the most common
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upper gastrointestinal disease in the Western countries affect-
ing around 15% of the population [1, 2], of which 10-20% are
experiencing weekly symptoms [3]. Of the patients, 25-42%
are refractory to a once-daily proton pump inhibitor (PPI) ther-
apy, of which 25% would respond to an increase in PPI dosing
to twice daily. However, 42% of GERD patients are dissatis-
fied with their PPI treatment outcomes [4].

Standard surgical treatment for GERD is laparoscopic
fundoplication (LF), performed as a total or partial wrap of the
fundus [5]. The most common is a loose (floppy) Nissen fun-
dic wrap including a posterior hiatal hernia repair. However,
the technical difficulty and the lack of a standardized fundopli-
cation technique have a high impact on patient outcomes [1].
Furthermore, recovery time can be as long as 4 - 6 weeks and
some practitioners recommend dietary restrictions to their pa-
tients for a variable period of time after surgery [6].

Magnetic sphincter augmentation (MSA) and electric
stimulation therapy (EST) represent novel methods for the sur-
gical treatment of GERD. The goal of both interventions is to
reinforce the weak lower esophageal sphincter (LES), but the
difference lies in the way it is achieved. The magnetic sphinc-
ter augmentation device (MSAD) is a ring of magnetic beads
made of titanium that is laparoscopically placed around the
lower esophagus just above the stomach. The MSAD aims to
help the LES resisting opening to gastric pressures, preventing
reflux from the stomach entering into the esophagus. Swallow-
ing forces temporarily break the magnetic bond, allowing food
and liquid to pass normally into the stomach. The magnetic
attraction of the device closes the LES immediately after swal-
lowing, restoring the body’s natural barrier to reflux [7].

The EST comprises of a bipolar stimulation lead with two
stitch electrodes, an implantable pulse generator, and an ex-
ternal programmer [8]. The pair of electrodes is placed in the
anterior part of the lower esophagus and sutured in place us-
ing standard laparoscopic techniques [9]. The wires are then
connected to a stimulator placed in the subcutaneous pocket
in the left upper quadrant of the abdominal wall [9]. The EST
delivers mild electrical signals to the LES throughout the day,
aiming to restore normal function of the LES, preventing re-
flux from the stomach entering the esophagus.

As the incidence of GERD is increasing not only in the
Western world, novel therapies that claim to eliminate the
technical shortcomings of the standard surgical treatment LF
are emerging to address the disease for the large proportion of
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GERD patients refractory to standard medical therapy. As health
care systems are facing the increasing demand for new thera-
pies, the Austrian Federal Ministry of Health commissioned us
to conduct a review on the effectiveness and safety of the two
novel surgical interventions. To our knowledge, this is the first
systematic review on MSAD and EST that takes into account
only prospective evidence. Our aim was to review the literature
on MSAD and EST in order to assess their effectiveness and
safety compared to the established surgical alternative LF.

Methods

Search strategy

We performed a systematic literature search without any re-
strictions on the publication date in five electronic databases
(MEDLINE, EMBASE, the Cochrane library, PubMed, and in
the database of the Centre for Reviews and Dissemination),
complemented by a hand search (reviewing the reference lists
of included studies), and a search in trial registries (Clinicaltri-
als.gov, WHO-ICTRP, EU Clinical Trials). Full details of the
search strategy (including syntaxes, parameters, and results)
are available from the corresponding author upon request. As
additional source of information, we considered documenta-
tion provided by the manufacturers.

Study selection

In a two-stage review process, two researchers independently
screened abstracts and full-texts articles for eligibility based
on the a priori defined inclusion criteria. Discrepancies were
resolved by consensus or by consulting a third researcher.

Our inclusion criteria are listed as follows. 1) Sample char-
acteristics: adult patients with chronic (> 6 months) GERD di-
agnosed based on 24 pH monitoring, esophagitis grade C or
lower, typical symptoms of GERD (heartburn or regurgitation),
and at least partial response to a therapeutic trial of PPIs. In the
EST review, additional criteria included: LES end-expiratory
pressure of 5 - 15 mm Hg and peristaltic contractions seen in
> 50% of swallows with a contraction amplitude of > 30 mm
Hg during baseline esophageal manometry. In both reviews,
moderate to severe symptom chronic GERD and refractory
GERD were considered. 2) Treatment characteristics: a) im-
plantation of the MSAD using laparoscopic surgery. Product
name: LINX® Reflux Management System; b) implantation of
the EST device using laparoscopic surgery. Product name: En-
doStim® LES Stimulator. 3) Publication related: studies com-
paring MSAD or EST with LF, the standard surgical treatment
of GERD, and studies comparing EST with sham treatment or
PPI therapy, reporting on at least one of the efficacy and safety
outcomes described below in outcomes of interest. For the anal-
ysis of effectiveness, randomized controlled trial (RCTs) and
non-RCTs were considered for inclusion while for the analysis
of safety, prospective case series were included as well. We ap-
plied a language restriction and considered only English (and
German for the assessment of MSAD) language articles.
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Data extraction

One researcher extracted data and the other checked the data
extraction. Data were recorded in a structured manner as fol-
lows: sample characteristics, study characteristics, primary
outcome measures, and secondary outcome measures.

Outcomes of interest

The primary outcomes of interest comprise GERD-health-re-
lated quality of life (HRQL) score, adverse device effects (dys-
phagia, excessive bloating, nausea/vomiting, pain/discomfort,
and inability to belch or vomit), and serious adverse device
effects (device erosion, removal, migration, malfunction, and
trocar perforation of the small bowel). Secondary outcomes
included the single elements of the GERD-HRQL score, in-
termediate outcomes like heartburn, excessive bloating, daily
regurgitation, extra-esophageal symptoms, and patient satis-
faction, in case the study did not report on the GERD-HRQL
score. Furthermore, intermediate outcomes like discontinua-
tion of PPIs, deMeester pH score, re-hospitalization, re-opera-
tion, and hospital discharge were included.

Quality assessment

We assessed the quality and risk of bias of the included studies us-
ing the Institute of Health Economics’ quality appraisal checklist
for case series [10]. All studies that we included in the review were
scored independently by two authors. Based on the data extraction
tables, the data on each selected outcome category were synthe-
sized across studies according to GRADE methodology [11].

Results
MSAD
Available evidence

In the systematic literature search for MSAD, we found 214
citations through electronic database search, 58 through hand
search, and the manufacturer submitted 16 publications of
which we identified one new publication. After removing du-
plicates, we screened 273 articles. There were 54 full-text ar-
ticles assessed for eligibility, of which six were studies (five
prospective case series and one prospective registry study) that
met our inclusion criteria and were included in the qualitative
analysis (Fig. 1: PRISMA tree MSAD).

Characteristics of included studies

Our analysis of the clinical effectiveness of the MSAD included
249 patients, of which 202 underwent the MSA procedure. For
analysing safety of the MSAD, 356 patients from prospective
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Figure 1. PRISMA tree MSAD.

case series and 202 from the registry study were included. The
characteristics of each study are presented in Table 1 [12-21].

Patient characteristics of the included studies

In the MSAD prospective case series, patient characteristics were
homogeneous in terms of Barrett’s esophagus, motility disorder,
hiatal hernia size, and body mass index (BMI). The inclusion
criteria showed some heterogeneity in terms of age, length of
GERD symptoms, PPI resistance and responsiveness, and con-
firmation of reflux by ambulatory esophageal pH monitoring.

In the controlled registry study, LF patients had a more
severe disease in terms of hiatal hernia size, Barrett’s esopha-
gus, and esophagitis grade C and D. The mean BMI score, the
number of years on PPIs as well as the number of years with
GERD were similar [12]. The baseline characteristics are pre-
sented in Table 2 [12-20].

Effectiveness of MSAD

Only the registry study [12] fulfilled the inclusion criteria for
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the effectiveness analysis of the MSAD. The GERD-HRQL
score improved from 20 to 3 points in MSAD patients, and
from 23 to 3.5 points in LF patients. Heartburn improved from
the baseline 30.8% to 3.5% at 1-year follow-up in the MSAD
group, and from 40% to 8.5% in the LF group. Daily regur-
gitation dropped from 60% to 13% in LF patients, whereas
in MSAD patients, it dropped from 58.2% to 3.1%. In terms
of frequency of extra-esophageal symptoms, an improvement
from 63.9% to 22.3% in the MSAD group and from 53.3%
to 17.4% in the LF group was observed. Of MSAD patients,
81.8% discontinued PPI therapy compared to 63% of patients
who underwent LF. Dysphagia was not reported, but post-op-
erative excessive bloating appeared in 10% of MSAD patients,
as opposed to 31.9% of LF patients. Of MSAD patients, 91.8%
were satisfied at follow-up compared to 86.7% of LF patients.

Safety of MSAD

Only the registry study [12] allows for the comparison of dys-
phagia, excessive bloating, inability to belch or vomit, intra-
operative complications, re-operation, and re-hospitalization
rates between the two groups. Post-operative excessive bloat-
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Table 1. Characteristics of the Included Prospective Case Series and Registry Studies of MSAD and EST - (continued)

MSAD
prospective
registry with
control group

EST prospective
registry

EST prospective case series

MSAD prospective case series

Rodriguez et

Riegler et al,
2015 [12]

Ganz et al,

2015 [13]

Reynolds et

Smith et al,
2014 [16]

Schwameis et
al, 2014 [15]

Bonavina et

Rodriguez et al, 2015 [19]

Kappelle et al, 2015 [18]

al, 2016 [20]

al, 2014 [14]

al, 2013 [17)

3 years

2 years

0.5 year

S years

5.8 months 5 months

1 month

3 years (range
378 days - 6
years)

5f

Follow-

(range 3 - 14
months)

15

(range 1 - 18.6
months)

up time

16.6!

19.2h

6.88

15

Loss to

follow-up, n

aWhile the study refers to eight countries and 10 sites, www.clinicaltrials.gov lists seven countries and nine sites. PPatients 1 through 30 (30%) underwent the implantation procedure between March 2007 and

May 2008 as part of a multi-center (US, IT) pilot study of 41 patients [21]. Patients 31 through 100 (70%) underwent the implantation procedure between December 2009 and February 2012 as part of a registry.
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Patients 1 - 30 from the multi-center study were recorded under NCT01057992 in Italy. “Baseline characteristics on 42 patients. 925 received intervention. ®Baseline characteristics on 15 patients. {Out of the

41 patients of the pilot study [21], 11 patients were lost to follow-up. Out of the cohort of 100 patients (30 patients from the pilot study and 70 registry patients), five were lost to follow-up. ¢One loss to follow-up,

one Toupet fundoplication due to hiatal hernia > 3 cm, and one trocar perforation of the intestine during implant procedure. "One loss to follow-up, one implant not attempted due to hiatal hernia > 3 cm, and

three voluntary withdrawals. iOne loss to follow-up, one implant not attempted due to hiatal hernia > 3 cm, and three voluntary withdrawals. ASA: American Society of Anesthesiologics; BMI: body mass index;

EST: electric stimulation therapy; GERD: gastroesophageal reflux disease; LES: lower esophageal sphincter; LF: laparoscopic fundoplication; MSAD: magnetic sphincter augmentation device; NA: not available;

PPIs: proton pump inhibitors.

ing was 10% in MSAD patients, compared to 31.9% in LF pa-
tients. No significant difference was observed between the two
groups regarding intraoperative complication rates. Of MSAD
patients, 1.6% experienced the inability to belch compared to
10.1% of LF patients, 8.7% experienced the inability to vomit
compared to 56.6% of LF patients, and 7% of MSAD patients
and 10.6% of LF patients experienced dysphagia at 1-year
follow-up. Of MSAD patients, 4% were re-operated due to
device removal compared to 6.4% in the LF group that were
re-operated due to persistent GERD and herniation of the fun-
dic wrap. Hospital re-admission rate was 5.4% for the MSAD
group compared to 4.3% for the LF group.

Device removal, erosion, malfunction, and migration
could be analyzed in both the registry and the case series be-
cause the effects directly attributable to the device can be ana-
lyzed without a control group, both in case of MSAD as well as
EST. MSAD removal was reported in five studies. Two studies
with short-term (up to 1 year) follow-up reported no device
removals, three studies with long-term (1 - 5 years) follow-
up indicated a device removal rate of 4% at 1-year follow-up,
3% at 3-year follow-up, and 7% at 5-year follow-up. Device
erosion and migration was reported in three and two studies,
respectively, but occurred in none. Device malfunctioning did
not occur in the only study that recorded data on this outcome
[13] (Table 3 [12-20]).

Evaluation of quality and strength of evidence

Overall, the quality of evidence for analyzing MSAD was
very low. The reasons for downgrading were methodological
limitations, inconsistency, and other modifying factors [14-16]
(Table 4 [12-20]).

The overall risk of bias was high due to the unclear se-
lection process [13, 16], non-consecutive recruitment of study
participants [13, 17], multiple-reporting [12, 17], high loss to
follow-up [13, 14], and entering the study at a similar point in
the disease was either unclear [12, 14, 16] or clearly not ful-
filled [13, 15, 17] (Table 5 [12-20]). All six studies were spon-
sored by the manufacturer Torax Medical Inc., and all of the
effectiveness outcomes were patient reported, hence subject to
a high risk of bias. The inclusion criteria in the registry study
were different for the MSAD and LF patients, which under-
mines the validity of the studies.

EST

Available evidence

In the systematic literature search for EST, we found 365 ci-
tations through electronic database search, 22 additional cita-
tions were found through hand search, and the manufacturer
submitted 28 publications, of which we identified 0 new pub-
lications. After removing duplicates, we screened 367 articles.
Sixty-five full-text articles were assessed for eligibility, of
which three were studies (two prospective case series and one
prospective registry study) that met our inclusion criteria and
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were thus used for the qualitative analysis (Fig. 2: PRISMA
tree EST).

Characteristics of included studies

No study passed the inclusion criteria for analyzing the EST
effectiveness. For analyzing safety of the EST, a total of 70
patients were included. The characteristics of each study are
presented in Table 1 [12-21].

Patient characteristics of the included studies

In the prospective case series and the registry study, patient
characteristics showed homogeneity in terms of mean age and
mean BMI, and heterogeneity in terms of hiatal hernia size.
The baseline characteristics are presented in Table 2 [12-20].

Effectiveness of EST

No study fulfilled the study inclusion criteria for assessing
clinical effectiveness of the EST. RCTs and non-RCTs were
considered for inclusion, but could not be identified through
the systematic literature search.

Safety of EST

Device related complications were reported in one study with
6 months follow-up [18]. Lead erosion through the esophagus
occurred in 2.4% of patients and was followed by the device
explantation. One procedure related complication, trocar per-
foration of the small bowel during laparoscopy, occurred also
in 2.4% of patients. No other device related complications
were reported. Table 3 shows the efficacy and safety outcomes
[12-20].

Evaluation of quality and strength of evidence

The quality of evidence for analyzing EST was very low. This
is due to the observational study design, heterogeneity of data,
no P-values on pre-post comparison reported, and small sam-
ple size (Table 4) [12-20]. Furthermore, the patient group is
not representative of the range of GERD patients requiring
anti-reflux surgery due to the highly specific patient selection
criteria [22].

The overall risk of bias was considered moderate because
it was unclear if patients entered the study at a similar point
in the disease, if patients were recruited consecutively, and
conclusions concerning effectiveness were not supported by
the results (Table 5) [12-20]. Internal validity of the trials con-
ducted was undermined by the use of the concomitant therapy
of PPIs in all trials. Occasional or regular use of PPIs was re-
ported to be 12% and 24% in the case series [18, 19], and 27%
in the registry study [20].

168 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

Discussion

The results of these systematic reviews yield indefinite conclu-
sions about the use of both MSAD as well as EST for moderate
to severe GERD patients in whom non-surgical treatment has
failed due to incomplete symptom control despite maximum
medication treatment or due to severe complications associ-
ated with PPI therapy. Both interventions are also an option for
patients who opt for surgery despite successful medical man-
agement as the use of medications is life-long and non-cura-
tive, and for patients with GERD complications such as extra-
esophageal symptoms (asthma, chronic cough, and laryngitis).
Major advantages of MSAD and EST are that they are less
invasive and reversible, their implantation is associated with a
short learning curve for the surgeon, and they require a shorter
hospital stay compared to LF. However, clinical effectiveness
and safety of both MSAD and EST are not sufficiently proven
by current clinical studies and so are yet to be supported by
high quality evidence from RCTs.

Effectiveness and safety

Currently, there are no comparative data on the EST and only
a single controlled registry trial on the MSAD [12]. However,
within the registry trial, the differences in inclusion criteria
between MSAD and LF patients are such that the compara-
tive value of the study remains undermined (Table 2) [12-20].
Moreover, the fact that LF achieved an improvement in HRQL
similar to MSAD despite the fact that patients in the LF group
had a more severe disease possibly suggests the LF suprema-
cy. Hence, our systematic review on MSAD [23] draws a dif-
ferent conclusion from systematic reviews and meta-analyses
of Skubleny et al [24] as well as Chen et al [25]. Excluding
the retrospective trials on methodological grounds [26] and
recognizing the vast differences in patient inclusion criteria of
the only remaining comparative study [12], we conclude that
the effectiveness of MSAD is yet to be established. Also, data
on long-term safety considerations such as durability of the
devices and device removals need to be considered as well.

Mechanisms behind GERD

The mechanisms behind GERD need also to be analyzed
because they have an impact on the effectiveness of inter-
ventions. Only the correct determination of GERD’s patho-
physiology will help in evaluating the efficacy of anti-reflux
treatments. For instance, the LES residual pressure represents
a surrogate outcome that the EST claims to improve, yet, the
improvement was either reported not to be statistically signifi-
cant (P = 0.8018) [18], or it was not reported at all in the re-
maining studies [19, 27]. Other mechanisms possibly having
an influence on GERD may have an effect on transient LES
relaxation, LES compliance, or the acid pocket [19]. Further-
more, as hiatal hernias make acid reflux more likely [28], it is
possible that repairing of the hiatal hernia has an impact on
the effectiveness of interventions and hence on GERD symp-
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Table 4. Evidence Profile: Efficacy and Safety of MSAD and EST in GERD Patients

No.. of studies/ Study design Estimate S.tu.dy ; Inconsist- Indirectness ther modi- Stf‘ength of
patients of effect limitations ency fying factors  evidence
Efficacy of MSAD
Median GERD-HRQL score (pre-op./last follow-up) I vs. C
1/249 [12] Prospective registry with control group 20/3 vs. 23/3.5 0 NA 0 0 Moderate
(P=0.177)
Efficacy of EST
Due to the lack of a controlled group, no data on efficacy can be reported.
Safety of MSAD
Overall complication rate, % I vs. C
1/249 [12] Prospective registry with control group NA NA NA NA NA NA
Intraoperative complications, % I vs. C
1/249 [12] Prospective registry with control group 1.49 vs. 2.13 0 NA 0 0 Moderate
(P=1.00)
Dysphagia, % I vs. C
1/249 [12] Prospective registry with control group 7 vs. 10.6 (P 0 NA 0 0 Moderate
=0.373)
Device removal, %
5/336 [13-17] Prospective case series + prospective 0-7 -1 -1 0 -1 Very low
registry with control group
Safety of EST
Adverse events (AEs)
Post-operative bloating/belching
3/67 [18-20] Prospective case series + Not reported -12 -1b 0 -1¢ Very low
prospective registry
Post-operative dysphagia
3/67 [18-20] Prospective case series + Not reported -1 -1 0 -1 Very low
prospective registry
Nausea/vomiting
3/67 [18-20] Prospective case series + Not reported -1 -1 0 -1 Very low
prospective registry
Pain/discomfort
3/67 [18-20] Prospective case series + Not reported -1 -1 0 -1 Very low
prospective registry
Serious adverse events (SAEs)
Trocar perforation of the small bowel
1/42 [18] Prospective case series Not reported -1 NA 0 -1 Very low
Device erosion lead through esophagus
1/42 [18] Prospective case series Not reported -1 NA 0 -1 Very low

aUnclear risk of bias due to unclear allocation concealment, no blinding, no control group. "Heterogeneous results, no P-value reported. cSmall
sample size. C: control; EST: electric stimulation therapy; GERD: gastroesophageal reflux disease; I: intervention; LF: laparoscopic fundoplication;
MSAD: magnetic sphincter augmentation device; NA: not available; SEA: serious adverse event.

toms.

Ambiguity of alternatives

Proving the effectiveness of MSAD and EST seems to pose
a challenge due to the ambiguity of comparators. On the one

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

hand, LF is presented as a comparator, yet on the other hand,
MSAD and EST claim to fill the “therapeutic gap between pa-
tients who are dissatisfied with PPI treatment and those who
are reluctant to undergo Nissen fundoplication” [29]. In con-
trast to the LF, the target population of MSAD and EST seems
to be represented by patients with a less severe disease. The
exact patient group that would benefit most from the treat-
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ments thus needs to be more clearly defined. Hence, if there
really is a therapeutic gap, it is unclear whether it is ethical to
conduct an RCT between EST or MSAD, and LF as a com-
parator at all. Under these assumptions, a sham RCT would
be needed to confirm the efficacy of EST. This could be done
by implanting the EST device in both groups of patients at
the same time, while activating the device straightaway in one
group and postponing the activation in the control group. In
case of MSAD, an RCT comparing MSAD with PPIs (in less
severe cases) or MSAD with LF (in more severe cases) is still
needed.

Limitations

The main limitation to be considered when interpreting these
findings is that the MSAD literature search was done in 2016
and was not systematically updated since. However, the search
was updated by hand search via searching the web and the
clinical trial registries, which did not identify new prospective
trials.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

Conclusions

We conclude that the current evidence is not sufficient to
prove that the two novel GERD treatments, EST and MSAD,
are at least equally effective and as safe as the surgical com-
parator LF. The quality of the prospective evidence was low
as there are only limited comparative data on the effectiveness
of MSAD and no comparative data on EST. Both procedures
have a relatively good safety-profile, making them a possible
treatment option for moderate to severe GERD patients who
either refuse further medical therapy or in whom non-surgical
treatment has failed. The introduction of the two procedures
into clinical practise outside controlled trials seems, however,
premature. Controlled trials are essential to confirm safety
benefits and establish effectiveness of these new interventions.
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