
Clinical Gastroenterology and Hepatology 2015;13:1058–1067
SYSTEMATIC REVIEWS AND META-ANALYSES
Fasiha Kanwal, Section Editor
No Evidence for Efficacy of Radiofrequency Ablation for
Treatment of Gastroesophageal Reflux Disease: A Systematic
Review and Meta-Analysis
Seth Lipka,* Ambuj Kumar,‡ and Joel E. Richter§

*Division of Digestive Diseases and Nutrition, ‡Department of Medicine, Division of Evidence Based Medicine and Outcomes
Research, §Department of Digestive Diseases and Nutrition, Joy McCann Culverhouse Center for Swallowing Disorders,
University of South Florida Morsani College of Medicine, Tampa, Florida
BACKGROUND & AIMS:
 A radiofrequency ablation technique known as Stretta was recommended by the Society of
American Gastrointestinal and Endoscopic Surgeons as an alternative treatment for gastro-
esophageal reflux disease (GERD). However, randomized controlled trials of the efficacy of Stretta
have produced conflicting findings, and those from previous systematic reviews were compro-
mised as a result of deficiencies in study conduct and reporting of findings. We performed a
systematic review to evaluate all evidence on the efficacy of Stretta for the management of GERD.
METHODS:
 We searched MEDLINE and the Cochrane Central Register of Controlled Trials (The Cochrane
Library) from inception until February 28, 2014, along with other databases, for randomized
controlled trials of Stretta in patients with GERD. Primary outcomes were physiologic param-
eters of GERD, including normalization of esophageal pH values and augmentation of lower
esophageal sphincter pressure (LESP). Secondary outcomes were health-related quality of life
(HRQOL) and ability to stop the use of proton pump inhibitors (PPIs). For quality assurance
purposes, 2 investigators were involved throughout the study. Data were pooled under a
random-effects model. The systematic review was performed as per the standards of the
Cochrane collaboration.
RESULTS:
 We collected data from 4 trials and a total of 165 patients (153 patients were analyzed). Three
trials compared Stretta vs sham, and 1 trial compared Stretta with PPI therapy. The overall
quality of evidence was very low. The pooled results showed no difference between Stretta and
sham or management with PPI in patients with GERD for the outcomes of mean (%) time the pH
was less than 4 over a 24-hour time course, LESP, ability to stop PPIs, or HRQOL.
CONCLUSIONS:
 In a meta-analysis of trials, we found that Stretta for patients with GERD does not produce
significant changes, compared with sham therapy, in physiologic parameters, including time
spent at a pH less than 4, LESP, ability to stop PPIs, or HRQOL.
Keywords: Comparison; Treatment; Gastric; Esophagus.
Abbreviations used in this paper: CI, confidence interval; GRADE, Grading
of Recommendations Assessment, Development and Evaluation; GERD,
gastroesophageal reflux disease; HRQOL, health-related quality of life;
LES, lower esophageal sphincter; LESP, lower esophageal sphincter
pressure; LNF, laparoscopic Nissen fundoplication; MD, mean difference;
MESH, medical subject heading; PPI, proton pump inhibitor; SAGES, So-
ciety of American Gastrointestinal and Endoscopic Surgeons.

© 2015 by the AGA Institute
1542-3565/$36.00

http://dx.doi.org/10.1016/j.cgh.2014.10.013
Gastroesophageal reflux disease (GERD) is defined
as “symptoms or complications resulting from the

reflux of gastric contents into the esophagus or beyond,
into the oral cavity (including larynx) or lung.”1 It is one
of the most common problems gastroenterologists face,
with an estimated prevalence of 10% to 20% in the
West.2 GERD accounts for 8.9 million annual outpatient
visits, with upper gastrointestinal endoscopy alone
costing the health care system an estimated $12.3 billion
annually.3 First-line therapy for GERD includes a combi-
nation of lifestyle modifications and medical therapy,
with antireflux medications accounting for approxi-
mately $7.7 billion in annual US health care costs.4 Symp-
toms may be refractory to medical therapy requiring
lifelong treatment and there are serious risks associated
with GERD including esophagitis, esophageal stricture,
Barrett’s, and adenocarcinoma of the esophagus. Approx-
imately 25% to 42% of patients with GERD do not

http://dx.doi.org/10.1016/j.cgh.2014.10.013
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respond to an initial 4 to 8 weeks of proton pump inhib-
itor (PPI) therapy, and only about 25% respond to twice-
daily dosing, presenting a major challenge to clinicians.5

Compared with medical treatment of GERD, surgery
offers the advantage of eliminating reflux and the need
for PPI therapy and lifestyle changes. Laparoscopic Nis-
sen fundoplication (LNF) is the standard surgical inter-
vention for GERD in adolescents and adults.6,7 Despite
the success of surgery, LNF is invasive, requiring hospi-
talization, and carries the risk of long-term complications
including dysphagia, diarrhea, and gas bloat syndrome.8,9

Endoscopic therapies can reduce the morbidity associ-
ated with LNF. These include radiofrequency augmen-
tation to the lower esophageal sphincter (LES),
endoscopic suturing of the LES, and silicone injection
into the LES. Despite the less-invasive nature of these
techniques, they have produced mixed results, and there
is conflicting evidence for long-term efficacy. Most have
been withdrawn from the market.

Stretta, a form of radiofrequency ablation to the LES
and cardia, returned to the market in 2010 after Mederi
Therapeutics, Inc (Greenwich, CT) purchased the assets
from Curon Ltd (Bury St Edmunds, UK), which filed for
bankruptcy in 2006 as a result of financial and reim-
bursement problems. The Stretta procedure is expensive,
costing $2000 to $3500. However, reimbursement from
insurance companies is a secondary issue, compared
with the controversial clinical data on this procedure.10

For these reasons, gastroenterology societies, including
most recently the American College of Gastroenterology,1

have not recommended Stretta for the treatment of pa-
tients with GERD.11,12

Recently, the Stretta procedure was recommended by
the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES). This recommendation was graded as
“strong” with a “high level of evidence” as a therapeutic
modality in adult patients with GERD who have had
symptoms of heartburn, regurgitation, or both for 6
months or more; who have been partially or completely
responsive to antisecretory pharmacologic therapy; and
who have declined laparoscopic fundoplication.”13 This
was based primarily on a recent meta-analysis by Perry
et al,14 which pooled data from 20 studies (2 randomized
controlled trials and 18 case series) and concluded that
Stretta is an effective procedure for the management of
GERD.

However, these positive results were not based on the
findings of a systematic review and have serious meth-
odology issues in study conduct and analysis. For
example, the systematic review did not perform a meta-
analysis despite the availability of data from 2 random-
ized controlled trials. In addition, most of the studies
were single-arm case series and did not involve a control
or comparator, making it impossible to deduce the effect
of the Stretta procedure. A key purpose of the systematic
review and meta-analysis is to determine whether re-
sults are observed because of the intervention or
because of bias, owing to poor study design. Therefore,
assessment of the methodologic quality of included
studies is an important requirement for a systematic
review and is recommended by the Cochrane Collabo-
ration. The research synthesis by Perry et al14 did not
include a formal assessment of methodologic quality.

Since the publication of the systematic review by Perry
et al,14 2 more randomized controlled trials have been
published. A synthesis of all available evidence on the
efficacy of Stretta for the treatment of GERD is essential
for informed decision making.15,16 Because of the cost,
irreversibility, potential serious adverse events, and con-
flicting results from randomized controlled trials, we
performed a systematic review of all evidence from these
trials to assess the efficacy of Stretta for the management
of GERD in light of SAGES’ recommendations.

Methods

Selection Criteria

Any randomized controlled trial evaluating the efficacy
of the Stretta procedure compared with sham or medical
treatment for themanagement of GERD patients requiring
PPIs regardless of publication status (eg, abstracts, un-
published studies, and so forth) was eligible for inclusion
in the systematic review. Studies that were not a ran-
domized controlled trial or did not have a control or
included specialized treatment groups such as postreflux
surgery or obese patients were excluded. There was no
restriction on patient age, ethnic group, or sex.

Two authors (S.L., A.K.) independently extracted data
on outcomes from all studies. Data were extracted using
a standardized data abstraction form. Three authors (S.L.,
A.K., J.R.) independently reviewed all titles/abstracts and
selected full-text articles for inclusion. We included all
references that reported the results of randomized
controlled trials of Stretta vs sham therapy or medical
management in this review.

Types of Participants

We included studies that enrolled participants with
GERD established by the presence of erosive esophagitis
on endoscopy, or abnormal ambulatory esophageal pH
monitoring (defined by DeMeester score > 14.7 or per-
centage total time pH < 4 of �4.0%). Participants also
were defined as having GERD by scores on health-related
quality of life (HRQOL) surveys or by symptom scores,
who previously were on PPIs, and treated with Stretta vs
either sham or PPI therapy (controls).

Outcomes

The primary outcomes were physiological parameters,
including normalization of the percentage of a 24-hour
time period spent at a pH less than 4 and augmentation
of the lower esophageal sphincter pressure (LESP).
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These were chosen because antireflux surgery pre-
dictably increases LESP and normalizes acid reflux
values. Expensive and potentially dangerous endoscopic
treatments should be held to or at least approach similar
therapeutic outcomes.

Secondary outcomes included ability to stop PPIs,
HRQOL, and serious adverse events.

Search Methods

An electronic search of the Cochrane Central Register
of Controlled Trials and MEDLINE using a combination of
medical subject headings (MeSH) and free text from
inception to February 28, 2014, was performed. No
language or age limits were used. The following search
strategy was used: “pulsed radiofrequency treatment”
[MeSH] OR “Stretta” [all fields] OR “radiofrequency” [all
fields] OR “radiofrequency energy” [all fields] OR “radi-
ofrequency energy delivery” [all fields] AND “gastro-
esophageal reflux” [MeSH].

To identify any recently completed studies that were
not yet published in full, we searched conference ab-
stracts from the past 3 meetings (2011–2013) of the
American College of Gastroenterology and Digestive
Disease Week. We also hand-searched references of all
identified review articles and included studies. Finally, to
identify unpublished or ongoing studies, we searched
ClinicalTrials.gov, the Roche clinical trial protocol regis-
try (www.roche-trials.com), the Novartis clinical trials
database (www.novctrd.com), the Australian New Zea-
land Clinical Trials Registry, and the metaRegister of
Controlled Trials.

Data Collection and Analysis

All authors reviewed all titles, abstracts, and full-text
reports independently. Any disagreements between au-
thors during the study selection were resolved by
consensus.

Data Extraction and Management

Broadly, we extracted data on author names, location
and setting, specific intervention and comparison details,
outcomes, and participants.

Three authors independently extracted data accord-
ing to chapter 7 of the Cochrane Handbook for Systematic
Reviews of Interventions17 using a standardized data
extraction form containing the following items: (1) gen-
eral information: study title, authors, sources; (2) study
characteristics: study design, setting, duration of follow-
up evaluation; (3) patient characteristics: number of
patients enrolled and number of patients included in the
analysis; (4) interventions: type of Stretta device used,
model of device used, and PPI use; (5) outcomes:
esophageal pH values, augmentation of the LESP, com-
plications, failures, and risk of bias.
For studies with multiple publications, we used the
publication with the longest follow-up evaluation for
extracting data. Earlier publications were used to extract
data on methodology and baseline characteristics. In
cases in which the method of analysis was not specified
by the investigators and only the number of events was
reported, we used the number randomized as the de-
nominator (ie, we recorded results according to
intention-to-treat analysis).

Assessment of Bias Risk

Two of the authors (S.L. and A.K.) independently
assessed the risk of bias in the included studies using
The Cochrane Collaboration’s tool for assessing the risk
of bias as outlined in the Cochrane Handbook for Sys-
tematic Reviews of Interventions18 based on extracted
information. Any disagreements in data extraction were
resolved by the senior author (J.E.R.). In addition to risk
of bias, we evaluated the risk of random error by
extracting data on the investigator’s predetermined
effect difference, alpha, power, and sample size.

Specifically, for assessment of bias risk, we graded
each component of methodologic quality as low, high, or
unclear. We evaluated selection bias by assessing the
investigators’ descriptions of methods of randomization
and allocation concealment. Appendix A has a further
description of grading.

Unit of Analysis Issues

The unit of analysis for this review was individual
study. In the case of repeated follow-up evaluations (eg,
reporting of results at 3 months and 6 months), we used
the longest follow-up period from each study. We
considered recurring events (eg, serious adverse events)
as a single event that occurred in 1 patient (eg, 4 in-
stances of pneumonia in 1 patient were counted as 1
patient with pneumonia).

Missing Data

As suggested in the Cochrane Handbook for Systematic
Reviews of Interventions,18 in the case of missing outcome
data, we made an attempt to contact the principal
investigator and/or corresponding author of the study. If
the corresponding author was unable to provide the
missing data for an outcome, the study was included in
the systematic review but excluded from the meta-
analysis for the outcome with missing data. No imputa-
tion of missing individual patient data was undertaken.

Assessment of Heterogeneity and
Reporting Biases

To evaluate heterogeneity between pooled studies,
we calculated the c2 and I2 statistics.18 We considered an

http://ClinicalTrials.gov
http://www.roche-trials.com
http://www.novctrd.com


Figure 1. Flow diagram showing the selection of studies.
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I2 value greater than 50% to indicate substantial het-
erogeneity, or a c2 test with a significance level set at a P
value of less than .1 to indicate statistically significant
heterogeneity.

We planned to assess publication bias using a funnel
plot18 if more than 10 studies were included in the re-
view. We evaluated selective reporting of outcomes
within studies by comparing outcomes reported with
outcomes specified in protocols, when available.

Data Synthesis

We summarized dichotomous data as the risk ratio
along with 95% confidence intervals (CIs) (ie, daily PPI
requirement) and continuous data (ie, HRQOL post-
procedure off medications, mean [%] time pH < 4 over
24 hours, mean LES pressure) as the mean difference
and standard error along with 95% CIs using Review
Manager (RevMan) (version 5.2; The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, 2014).
We used a random-effects model using the DerSimonian
and Laird19 approach to pool studies for all analyses.

We constructed a table of a summary of findings us-
ing the most clinically and patient-relevant outcomes.
These outcomes included the mean LES pressure, mean
(%) time pH was less than 4 over a 24-hour time period,
daily PPI use, GERD HRQOL, and serious adverse events.
In addition, we evaluated and reported the quality of
evidence for each outcome according to the Grading of
Recommendations Assessment, Development and Eval-
uation (GRADE) guidelines, which classify evidence as
either very low, low, moderate, or high.20–24 The sys-
tematic review was performed and reported according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines.17

Results

Studies

The initial electronic search retrieved 136 references
that were screened by title and abstract (Figure 1). Of
those, 31 references were selected for full-text review.
After the final screening, 4 published studies met the
predetermined inclusion criteria. No abstracts or un-
published studies met our inclusion criteria.

The study by Arts et al16 was a single-center, ran-
domized, controlled trial comparing Stretta with sham
therapy in 22 patients (11 in each group). Patients un-
derwent 2 upper endoscopic examinations over 3-month
intervals. At 3 months, the sham therapy group was
crossed over into the Stretta treatment group with a total
follow-up period of 6 months from time of randomiza-
tion. Patients were included with either a complete or
partial response to PPI therapy, or pathologic pH moni-
toring (ie, >4% of time at pH < 4). Patients were
excluded if they were younger than age 18, had a history
of high-grade erosive esophagitis (grade 3 or 4 Savary–
Miller or La Grade C or D), absent peristaltic contrac-
tions during esophageal manometry, or coagulation
disorders.

The study by Aziz et al25 was a multi-arm randomized
trial comparing sham treatment vs single- and double-
dose Stretta. There were 12 patients in each group. All
patients had GERD for more than 6 months, GERD-HRQOL
was 18 or higher when all GERD-related drugs were
stopped (except antacids taken as needed) for a minimum
of 10 days, and a GERD-HRQOL score of 10 or less on daily
antisecretory therapy. These patients had only partial
responses to daily PPIs, transnasal pH test with 24-hour
pH exposure (>4.2%), adequate LES relaxation (>70%),
and those with an esophagogastroduodenoscopy (EGD) on
medication showing either no or lower-grade esophagitis
(A or B). Patients were excluded if they had a hiatal hernia
exceeding 2 cm, were pregnant, poor surgical candidates,
had severe active esophagitis (LA grade classification C or
D), Barrett’s metaplasia or dysplasia, collagen vascular or
autoimmune disease, severe dysphagia, or previous
esophageal/gastric surgery. Patients were followed up for
12 months with the primary outcome of symptom
improvement as assessed by the GERD-HRQOL, and sec-
ondary outcomes of PPI use, increase in LES pressure, and
esophageal acid exposure time.

The randomized, multicenter, national, single-arm,
cross-over study by Corley et al26 studied 64 patients
assigned to Stretta (n ¼ 35) or sham therapy (n ¼ 29).
Patients were included with GERD at least partially
responsive to and requiring daily antacid medications,
were age 18 years and older, had a 24-hour pH study (off
medications) showing abnormal esophageal acid expo-
sure (>4%) or a DeMeester score of greater than 14.7,
had esophageal pH manometry showing normal esoph-
ageal peristalsis and sphincter relaxation, EGD (on
medications) showing grade 2 or less esophagitis,27 a
2-cm or smaller hiatal hernia, and no Barrett’s esoph-
agus, coagulation disorder, mechanical prosthesis,
dysphagia, or unstable disorders. The primary outcome
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was GERD HRQOL with secondary outcomes of 24-hour
esophageal acid exposure, LES pressure, and daily PPI
use. Patients were followed up for 6 months after initial
therapy, and then sham patients were crossed over to
Stretta and followed up for an additional 6 months.

Coron et al15 performed a multicenter international
randomized controlled trial, with a parallel design,
comparing Stretta and PPI therapy. Forty-three patients
were assigned randomly to sham (n ¼ 20) or Stretta
(n ¼ 23). At 12 months, 6 patients were excluded from the
study in the control group (n ¼ 14) and 3 patients were
excluded from the Stretta group (n ¼ 20). Patients were
included who were age 18 years and older, diagnosed with
GERD by either 24-hour pH monitoring (off medications)
showing a pH less than 4 (�4% of time), and/or had an
EGD showing LA grade A or B classification, adequate
symptom relief with PPIs but requiring maintenance with
standard dose, or typical symptoms of GERD. During a run-
in phase of 6 to 12 weeks, the frequency and intensity of
GERD symptoms were recorded to ensure that all patients
required once or twice a day PPIs. After randomization to
PPI regimen alone or Stretta, 2 attempts were performed
to reduce or stop PPI according to a standardized
protocol. Patients completely relieved by half doses of
Table 1. Summary of All Outcomes and Overall Quality of Evide

Outcomes

Illustrative comparative risksa

(95% CI)

Assumed
risk Corresponding risk

Sham Stretta

HRQOL after being
off medication

The mean HRQOL after being off
medication was 5.24 points
lower in favor of Stretta (12.95
lower to 2.46 higher)

Mean % time pH
< 4 over 24 hours

The mean % time pH < 4 over 24
hours was 1.56% lower,
favoring sham (–2.56 lower to
5.69 higher)

Ability to stop PPI 361 per
1000

289 per 1000 (101–822)

Mean LES pressure The mean LES pressure (mm Hg)
was 0.32 mm Hg higher,
favoring Stretta (1.11 lower to
4.25 higher)

NOTE. Stretta was compared with sham for gastroesophageal reflux disease. The
research is very unlikely to change our confidence in the estimate of effect; m
confidence in the estimate of effect and may change the estimate; low quality: furt
estimate of effect and is likely to change the estimate; very low quality: we are v
þ, very low; þ þ, low; þ þ þ, moderate; þ þ þ þ, high; SMD, standardized me
aThe basis for the assumed risk (eg, the median control group risk across studies
interval) is based on the assumed risk in the comparison group and the relative e
bNone of the included studies reported the method of randomization sequence
investigators.
cThe observed heterogeneity between pooled trials was high.
dThe pooled confidence intervals were wide.
eOf 4 included studies, only 2 reported this outcome.
fInvestigators did not report how many patients actually had complete alleviation
gOf 4 included studies, only 3 reported this outcome.
PPIs were excluded from the study. The primary end
point was decreasing (<50% of effective dose) or
stopping PPI dose and secondary end points included
24-hour exposure to acid and GERD-HRQOL scores. The
study was stopped early because of the decision by Curon
Ltd to stop the development and commercialization of the
radiofrequency system.
Methodologic Quality of Included Studies

The overallmethodologic quality of the included studies
was very low as determined by GRADE methodology and
prone to high risk of bias (Table 1). None of the included
studies provided details on randomization sequence gen-
eration, blinding of patients, or outcome assessors. Only a
fourth of studies provided details on allocation conceal-
ment and three fourths of studies had complete reporting
of outcomes data. All included studies were prone to
outcome reporting bias because none reported how many
patients actually had complete alleviation of symptoms,
normalization of pH, or LES pressure. All included studies
provided details on random error (ie, sample size calcula-
tions, a and b error, and expected difference).
nce

Relative effect
(95% CI)

Participants,
n (studies)

Quality of the
evidence
(GRADE) Comments

88 (2 studies) 4222

Very lowb,c,d,e
SMD, –5.24

(–12.95 to 2.46)

153 (4 studies) 4222

Very lowb,c,d,f

Risk ratio, 0.82
(0.65–1.03)

118 (3 studies) 4222

Very lowb,c,d,g

110 (3 studies) 4222

Very lowb,c,d,g

GRADE Working Group grades of evidence were as follows: high quality: further
oderate quality: further research is likely to have an important impact on our
her research is very likely to have an important impact on our confidence in the
ery uncertain about the estimate.
an difference.
) is provided in the footnotes. The corresponding risk (and its 95% confidence
ffect of the intervention (and its 95% CI).
generation, details on allocation concealment, or blinding of participants and

of symptoms, pH, or LES.
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Intervention Effects

Our analysis included 4 trials with 153 patients. The
overall results for all outcomes and the quality of evi-
dence for the comparison of Stretta vs control are sum-
marized in Table 1.
Benefits

Mean percentage of time the pH level was less than 4
over a 24-hour time period. Data on the mean (%) time
the pH was less than 4 over 24 hours was extracted and
pooled from 4 randomized controlled trials (153 pa-
tients).15,16,25,26 The pooled analysis showed no signifi-
cant benefit of Stretta over sham therapy (mean
difference [MD], 1.56; 95% CI, –2.56 to 5.69; P ¼ .46)
(Figure 2A). The mean difference in the (%) time the pH
was less than 4 over a 24-hour time period was 1.56%
lower in favor of sham, but was not statistically signifi-
cant. Substantial heterogeneity was detected in the
analysis (P < .00001; I2 ¼ 99%). Normalization of
esophageal exposure time was available in 2 studies.
Coron et al15 reported only 1 patient normalizing
esophageal exposure time (over a 24-h time period, %
time pH < 4 was less than 4%) in 18 patients with data
available, treated with Stretta, in comparison with 3 of 9
patients normalizing pH in the PPI group. Aziz et al25

reported no patients in the sham treatment group
achieving pH normalization defined as 24-hour pH less
than 4 exposure less than 4.2% of time, but 5 of 12 pa-
tients in the single-Stretta group and 9 of 12 patients in
the double-Stretta group achieved pH normalization.

Mean lower esophageal sphincter pressure. Data on
the change in mean LES pressure was extractable and
pooled from 3 randomized controlled trials (110
Figure 2. Forest plots of comparison: Stretta vs sham for GERD.
Outcome: mean LES pressure. df, degrees of freedom; IV, inve
patients).16,25,26 The pooled analysis showed no statisti-
cally significant advantage of Stretta over sham for mean
change in LES pressure (MD, –0.3; 95% CI, –2.66 to 2.02;
P ¼ .79) (Figure 2B). Substantial heterogeneity was
detected (P < .00001; I2 ¼ 96%).

Ability to stop proton pump inhibitor use. Data on the
ability to stop PPI use was extractable and pooled from 3
randomized controlled trials (n ¼ 118).15,25,26 The
pooled analysis showed no statistical advantage of
Stretta over sham for stopping PPIs (risk ratio, 0.87; 95%
CI, 0.75–1.00; P ¼ .06) (Figure 3A). The heterogeneity
with pooled studies was not statistically significant
(P ¼ .95; I2 ¼ 0).

Health-related quality of life. Data on the mean change
in HRQOL off medications after therapy were extractable
and pooled from 2 randomized controlled trials (88 pa-
tients).25,26 The pooled analysis did not show a statisti-
cally significant benefit of Stretta over sham on
improvement of HRQOL scores from baseline (MD, –5.24;
95% CI, –12.95 to 2.46; P ¼ .18) (Figure 3B). Substantial
heterogeneity was detected in the analysis (P ¼ .00001;
I2 ¼ 96%).
Harms

Data on harms was not reported consistently for all
outcomes across included studies. Therefore, a meta-
analysis was not performed. However, the study by
Arts et al16 reported no events in either the Stretta
(n ¼ 11) or control group (n ¼ 11). The studies by Aziz
et al25 (n ¼ 12 in the Stretta group) and Corley et al26

(n ¼ 35 in the Stretta group) found 1 patient each in
the Stretta groups experienced a serious adverse event of
aspiration pneumonia and gastroparesis, respectively.
The sham group in the Aziz et al25 study (n ¼ 12) did not
(A) Outcome: mean (%) time pH less than 4 over 24 hours. (B)
rse variance.



Figure 3. (A) Forest plot of comparison: Stretta vs sham for GERD; outcome: ability to stop PPI. (B) Outcome: HRQOL after
being off medication. M-H, Mantel Haenszel; IV, inverse variance.
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experience any serious adverse events, whereas in the
study by Corley et al26 (n ¼ 29) 1 patient developed
aspiration pneumonia. The Coron et al15 study did not
report any serious adverse events in either the Stretta
(n ¼ 23) or PPI arm (n ¼ 20). Two patients (17%)
treated with double Stretta (n ¼ 12) developed gastro-
paresis (1 irreversible) in the Aziz et al25 study.

Sensitivity/Subgroup Analysis

Because of the low number of studies we did not
perform additional sensitivity or subgroup analysis to
assess the observed heterogeneity.

Discussion

We performed a systematic review performed ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses standards.17 The overall
quality of evidence from randomized controlled trials on
the efficacy of the Stretta procedure is very low.15,16,25,26

It may be plausible that the low-quality evidence may be
an artifact of reporting and not necessarily conduct.
However, the choice of not including clinically relevant
outcomes (ie, normalization of % total pH < 4 over 24 h)
certainly constitutes an important bias that led to
downgrading of evidence. The results show no beneficial
effect of the Stretta procedure for any of the outcomes
reported in these studies.

It also is important to note that significant heteroge-
neity was observed within pooled studies. Given the
small number of included studies, we could not formally
assess the observed heterogeneity within pooled studies.
However, we suspect that the heterogeneity might be the
result of the small sample size of included studies,
resulting in inconsistent results and slight differences in
study design. For example, 1 of the studies included by
Arts et al16 used a cross-over design, and the remaining
studies had a parallel design.

Given the small number of randomized controlled
trials, it was not possible to conduct a formal sensitivity
analysis. However, we believe that the observed hetero-
geneity most likely was clinical because of the differ-
ences in follow-up time across the included studies. For
example, although the studies by Aziz et al25 and Corley
et al26 used the GERD-HRQOL instrument for assessment
of QOL, the other 2 studies used a different instrument.
The observed heterogeneity also can be attributed to the
uneven follow-up time for different outcomes. For
instance, studies by Corley et al26 and Arts et al16 had a
6-month follow-up period, whereas Aziz et al25 reported
data from a 12-month follow-up period. Similarly, the
study by Coron et al15 had a 6-month follow-up period
for the pH data, but a 12-month follow-up period for
symptom and PPI use.

It would be interesting to compare the findings from
this systematic review with other studies in the field,
although this might be like comparing apples and or-
anges. This systematic review was performed with
methodologic rigor in the field, it would not be possible
to compare the results with those from the systematic
review by Perry et al.14 Perry et al14 searched only 1
database, which is against the recommendation of the
Cochrane Collaboration methodology. Two randomized
controlled trials were included in our analysis15,16 that
were not previously included in the analysis by Perry
et al. Furthermore, Perry et al14 did not report specific
inclusion and exclusion criteria according to study de-
signs or specify how the data were extracted or
the methodology used for combining the results from
individual studies. In addition, it is unclear how the



Table 2.Manufacturer and User Facility Device Experience
Database: Reported Stretta Events

Event Hospitalization Reason Permanent

1 Yes Esophageal perforation No
2 N/A Gastroparesis Yes
3 Yes Severe gastrointestinal

bleed (requiring
transfusion)

N/A

4 Yes Esophageal perforation/
aspiration

No

5 Yes Esophageal perforation No
6 Yes Aspiration pneumonia/

esophageal perforation
No

7 N/A Pleural effusion requiring
thoracentesis

No

8 Yes Aspiration pneumonia/
respiratory failure

Yes, death

9 N/A Systemic inflammatory
response syndrome

N/A

10 Yes Mucosal tear No
11 Yes Atrial fibrillation No
12 Yes Esophageal perforation/

aspiration pneumonia/
respiratory failure

Yes, death

13 Yes Esophageal perforation No
14 Yes Systemic inflammatory

response syndrome
No

15 Yes Esophageal perforation No
16 No Scarring from electrode on

back
Yes

17 Yes Bradyarrythmia Yes, death
18 No Device malfunction No
19 N/A Device malfunction No
20 N/A Device malfunction No
21 Yes Hospitalization for

unknown reason
Unknown

22 No Device malfunction No
23 No Gastroparesis Yes
24 Yes Boorehaves/chest tube No
25 Yes Bradycardia/death Yes, death
26 No Device malfunction No

NOTE. This database is maintained by the US Food and Drug Administration.
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investigators incorporated the differences in study de-
signs in reporting the final conclusions.

The beneficial effects of Stretta reported by Perry
et al14 were based on single-arm, pre–post design
studies, which are prone to regression to the mean,
making the efficacy of Stretta susceptible to a high risk of
bias. Regression to the mean is a statistical phenomenon
that affects all pre-experimental designs that include, or
analyze data from, participants selected on the basis of
an extreme, usually low or high, pre-intervention con-
dition.28 Although there is well-recognized value to using
single-group studies to identify and quantify the occur-
rence of adverse events, the role of these studies in
evaluating efficacy and safety is not well developed.29

Therefore, the nearly unanimous efficacy of Stretta for
the management of GERD observed in single-arm studies
is not appropriate for informed decision making.

Another drawback of the systematic review by Perry
et al14 is that they did not assess the quality of study
methodologies, which is key to any systematic review. It
is important to determine whether the observed results
reflect the true effect of the intervention or are caused by
bias, as a result of methodology deficiencies. In summary,
the results from the previous systematic review had
several deficiencies, making the comparison of our re-
sults practically impossible.

Recently, SAGES made a “strong recommendation”
about the use of Stretta for GERD.30 However, the panel
members of SAGES did not provide details on the process
of how they arrived at this recommendation. The current
standards for GRADE recommends consideration of 4
factors of quality of evidence, balance of benefit and
harms, use of resources, and patients’ value and prefer-
ences while issuing a recommendation.31 Although the
data from randomized controlled trials with limited
follow-up evaluation primarily focused on benefits,
which we did not find, an adequate assessment of
possible harms associated with the Stretta procedure
was not possible in a randomized controlled trial setting.

To assess the risks associated with the Stretta pro-
cedure, we assessed the Manufacturer and User Facility
Device Experience database, maintained by the US Food
and Drug administration,32 which shows significant risks
associated with the Stretta procedure. These adverse
events include pneumonia, gastroparesis, esophageal
perforation, cardiac arrest, and at least 4 deaths
(Table 2). Keeping the GRADE factors in mind, it remains
unclear how a strong recommendation would be
possible when the overall quality of evidence related to
the efficacy of Stretta for the management of GERD is
very low and significant risks are associated with Stretta.
Guideline panel members, the US Food and Drug
administration, policy makers, and third-party payers
should view symptom relief without a significant
decrease in acid reflux as an inappropriate benchmark
for an expensive procedure that is associated with
serious complications without any short- and long-term
benefits.
Radiofrequency energy has been used in other condi-
tions such as Wolff–Parkinson–White syndrome,33 tight-
ening lax tissue in damaged joints,34 prostate
hypertrophy,35 sleep apnea,36 and liver tumors.37 In these
diseases, the proposed mechanisms consists of neurolysis
and/or tissue scarring. Although tissue studies are not
available in human beings, a likely explanation for
increased LES tonemaybe fromscarring andfibrosis to the
submucosa. This hypothesis is supported by canine
models, from which autopsies showed hypertrophy of the
muscularis propria and increasedfibrosis at7months,with
63% greater thickness of the gastric cardia compared with
controls.38 In a porcine model, at 8 weeks after radio-
frequency energy exposure, there also was histopathologic
evidence of fibrosis at the gastroesophageal junction.39

Hypertrophy also might be induced by radiofrequency.
Studies in pigs receiving nonablative radiofrequency de-
livery to the internal anal sphincter reported statistically
significant increases of collagen I and an increase of
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smooth muscle actin within fibroblasts, indicating some
muscle hypertrophy and fibrosis.40 Radiofrequency en-
ergy also appears to decrease transient lower esophageal
sphincter relaxation in human beings and dogs, by
incompletely understood mechanisms.38,41 One explana-
tion could be a disruption of neural signaling, either from
ablating mechanoreceptors or by interrupting the afferent
nerves carrying signals to the brainstem control centers
through fibrotic remodeling.38

Although Stretta’s mechanism of action for the
treatment of GERD is not understood fully, it appears to
increase the resting tone and reduce the incidence of
transient relaxations of the LES. Although data from
human beings are lacking, this appears to result from
induction of hypertrophy and fibrosis of the LES, and
possible tissue neurolysis.

Nonetheless, there is a lack of evidence that Stretta
provides any clinical or physiological benefits to patients
with GERD. The findings of this systematic review have
important implications for research. More physiological
studies are needed to gain a better understanding of the
mechanisms for Stretta as a potential antireflux device.
These should include before and after treatment studies
measuring transient LES relaxation using high-resolution
manometry. They should include impedance–pH testing
to assess changes in the frequency of acid and weak acid
reflux and the proximal extent of these reflux episodes.
They also should include measures of LES compliance us-
ing the new functional lumen imaging probe technology.42

The information is important because symptom
improvement should correlate with fewer reflux episodes
and less proximal extent of reflux, especially in patients
with nonerosive disease.43 Functional lumen imaging
probe technology can assess LES compliance accurately,
which should increase if Stretta treatment remodels LES
architecture by fibrosis or muscle hypertrophy.

To aid informed decision making by payers, policy
makers, clinicians, and patients alike, there is an urgent
need for a large, randomized, well-designed, controlled
trial (at least 49 patients in each group, in a study of
6–12 months) to conclusively address the efficacy of
Stretta for the management of GERD. To observe a 30%
difference with 90% power and significance set at 5%, a
future study would need a minimum of 98 patients.
Recent randomized controlled trials have been plagued
with outcome reporting biases, so future studies should
include patient-oriented in addition to disease-oriented
outcomes. Until more good-quality evidence is avail-
able, we agree with the new American College of
Gastroenterology guidelines on GERD that the “current
endoscopic therapy.cannot be recommended as an
alternative to medical or traditional surgical therapy.”1
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2014.10.013.
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Appendix A

The method of randomization was as follows:

� Low risk if the investigators described a random
component in the sequence generation process (ie,
referred to a random number table, used a computer
random number generator, or used a coin toss).

� High risk if the investigators described a nonrandom
component in the sequence generation process
(sequence generated by odd or even date of birth,
some rule based on date [or day] of admission, or
some rule based on hospital or clinic record number).

� Unclear risk if there was insufficient information
about the sequence generation process to permit
judgment of low risk or high risk.

We considered allocation concealment to be as
follows:

� Low risk if participants and investigators enrolling
participants could not foresee assignment (ie, use of
central allocation, sequentially numbered identical
drug containers or sequentially numbered, opaque,
sealed envelopes).

� High risk if participants or investigators enrolling
participants possibly could foresee assignments
(allocation based on date of birth, case record
number, using an open random allocation schedule).

� Unclear risk if there was insufficient information to
permit judgment of low risk or high risk.

We evaluated performance bias by assessing the in-
vestigators’ description of blinding of patients and in-
vestigators. Performance bias was as follows:

� Low risk if no blinding was used, but the outcome
was not likely to be influenced by a lack of blinding
or participants and key study personnel were
blinded.

� High risk if no blinding or incomplete blinding was
used, and the outcome was likely to be influenced by
a lack of blinding.

� Unclear risk if there was insufficient information to
permit judgment of low risk or high risk.

We judged detection bias owing to knowledge of the
allocated interventions by outcome assessors to be as
follows:

� Low risk if no blinding of outcome assessment was
used, but the outcome measurement was not likely
to be influenced by lack of blinding or blinding of
outcome assessment was ensured.

� High risk if there was no blinding of outcome
assessment, and the outcome measurement was
likely to be influenced by lack of blinding.

� Unclear risk if there was insufficient information to
permit judgment of low risk or high risk.

We judged attrition bias owing to the amount, nature,
or handling of incomplete outcome data to be as follows:

� Low risk if there were no missing outcome data,
reasons for missing outcome data were unlikely to
be related to true outcome, or missing outcome data
were balanced in numbers across intervention
groups, with similar reasons for missing data across
groups.

� High risk if the reasons for missing outcome data
were likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data
across intervention groups. For dichotomous
outcome data, the proportion of missing outcomes
compared with the observed event risk was enough
to induce clinically relevant bias in the intervention
effect estimate, or used as-treated analysis with
substantial departure of the intervention received
from that assigned at randomization or used
potentially inappropriate application of simple
imputation.

� Unclear risk if there was insufficient reporting of
attrition/exclusions to permit judgment of low risk
or high risk (eg, number randomized not stated, no
reasons for missing data provided).

We considered reporting bias owing to selective
outcome reporting to be as follows:

� Low risk if the study protocol was available and all
of the study’s prespecified (primary and secondary)
outcomes that were of interest in the review were
reported in the prespecified way or the study pro-
tocol was not available but it was clear that the
published reports included all expected outcomes,
including those that were prespecified.

� High risk if the study’s prespecified primary out-
comes were not reported, primary outcomes were
reported using measurements that were not pre-
specified, primary outcomes were not prespecified,
outcomes of interest in the review were reported
incompletely so that they could not be entered in a
meta-analysis, or the study report failed to include
results for a key outcome that would be expected to
have been reported for such a study.

� Unclear if there was insufficient information to
permit judgment of low risk or high risk.

For the evaluation of risk or random error, we
captured whether investigators reported predetermined
effect difference, a, power, and sample size calculation
(yes/no and reported values) and if they were able to
enroll the prespecified number of patients (prespecified
sample size vs total number enrolled per arm).
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