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Objective: To outline endoscopic management of gastroesophageal reflux disease (GERD) and encourage
consideration of endoscopic therapy when indicated.

Background: GERD is a common and pervasive problem, especially in Western countries. Initial treatment
consists of lifestyle modification, with progression to medical therapy with proton pump inhibitors (PPIs) in
cases of erosive esophagitis or symptoms refractory to lifestyle changes, followed by surgical or endoscopic
intervention if the disease continues to progress. Patients who have symptoms despite maximal therapy with
PPI, those who have complications of GERD, and those who do not wish to be on prolonged medication are
good candidates for intervention, as untreated GERD may lead to complications or even malignancy. Over
the last two decades, endoscopic therapies have gained traction as an alternative to surgical fundoplication,
and can lead to subjective and objective improvement related to GERD symptom severity, with literature
supporting improvement in symptoms and PPI use. However, despite this, endoscopic techniques for
antireflux procedures are underutilized.

Methods: Currently, the two most commonly available endoscopic therapies for treatment of GERD
include the transoral incisionless fundoplication (TIF) and the Stretta (radiofrequency energy delivery)
procedure. In this review article, we will discuss in detail the indications, techniques, and outcomes for the
TIF and Stretta procedures, as well as discuss the barriers to widespread adoption of these minimally invasive
techniques.

Conclusions: Endoscopic antireflux procedures can provide a significant improvement in quality of life
and amount of PPI usage over time. Their use should be considered when patients meet indications for

endoscopic intervention.
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Introduction disease to severe esophagitis and metaplasia (Barrett’s
Gastroesophageal reflux disease (GERD) is defined esophagus). Its prevalence ranges from 2.5% to 25% in
as reflux of gastric contents into the esophagus or Western countries, and is associated with obesity and diet
oropharynx, and can range from asymptomatic mild (1,2). Initial management with mild symptoms involves
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lifestyle modifications, including weight loss, elevating the
head of the bed at night and avoiding meals less than two
hours prior to bedtime, and avoidance of dietary triggers
(caffeine, foods high in fat content, peppermint, carbonated
beverages) (3). For severe symptoms or erosive esophagitis,
proton pump inhibitors (PPI) are recommended in addition
to lifestyle modification (4).

When patients have symptoms despite maximal medical
therapy, patients do not wish to take lifelong medication,
or there are complications of GERD present (stricture,
severe esophagitis, etc.) intervention is indicated (5).
Several endoscopic and surgical techniques exist. Surgical
fundoplication to augment the pressure of the lower
esophageal sphincter (LES) is the gold standard intervention.
Laparoscopic fundoplication is associated with durable long
term symptom relief, but is also associated with morbidity
such as dysphagia, bloating, inability to belch, and flatulence,
especially in complete fundoplication versus partial (6). In
addition, surgical fundoplication is associated with an up
to 15% failure rate in some studies, resulting in recurrent
symptoms (7). Patients and physicians are aware of these
potential undesired outcomes and therefore are sometimes
fearful of surgical intervention.

Opver the past two decades, endoscopic therapies to improve
GERD have emerged, which work by augmenting the barrier
between the esophagus and the stomach (8). Many procedures
have been developed over this time including injectables and
suturing devices, but have not withstood the test of time.
Currently 2 procedures prevail in the United States for the
endoscopic management of GERD. The two techniques that
will be discussed in this review are the transoral incisionless
fundoplication (TTF), and the radiofrequency energy delivery
to the LES (Stretta) procedures. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://aoe.amegroups.com/article/
view/10.21037/a0e-21-15/rc).

TIF
Introduction

TIF is a completely endoscopic procedure that creates a
two to four centimeter long partial fundoplication that
is 270°. Indications for TIF include patients suffering
from GERD/heartburn despite maximal medical therapy,
patients with small (<2 cm) or no hiatal hernia, LA grade B
or lower esophagitis, and patients that do not desire long-
term medical treatment or surgical treatment for GERD.
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Contraindications for TIF include hiatal hernia larger
than 2 cm, Hill grade 3 or higher, prior antireflux surgery
or other esophageal surgery and pathology, and BMI over
35 (9). Barrett’s esophagus, or high grade esophagitis, is
also a contraindication, as maximal reflux control (i.e.,
laparoscopic fundoplication) is recommended to reduce
progression of dysplasia (10). In addition those with such
severe disease often also have an associated hiatal hernia.
Thus, laparoscopic fundoplication is preferred in patients
with severe disease or metaplasia/dysplasia, as well as those
with large hiatal hernias.

Evaluation

Patients are worked up for TIF similarly to standard surgical
fundoplication. Patients should undergo a minimum of
4 studies for a complete esophageal and esophagogastric
junction evaluation. All should have an endoscopy,
esophagram contrast study, esophageal manometry and
pH-imetry for complete evaluation. The most critical of
these studies is the endoscopic evaluation. The physician
performing the TIF should do an endoscopic evaluation
prior to the TIF to ensure the diaphragmatic opening is not
too large (hill 3 or greater). The axial or vertical excursion
of the stomach should be evaluated on initial approach to
the GEJ as well as after the stomach is distended to not miss
a sliding hiatal hernia. Additionally, appropriate attention
should be given to the retroflexed distention of the fundus
to appropriately evaluate the Hill grade. We suggest at least
60 seconds. The presence of a hill 3 valve indicates a large
crural opening. In general reflux is attributed to dysfunction
of the LES and the poor approximation of the crural fibers. If
the crural opening is too large, then the TIF will be minimally
successful as the hiatal hernia component of the reflux
would not be addressed. Those patients should have a hiatal
hernia repair in addition to the fundoplication (Figure I).
In addition, upright refluxers seem to do better than supine
refluxers after the TIFE. This should be assessed on the pH
evaluation (11). The TIF reduces the distensibility of the
LES and creates a true valve reducing TLESR’s and reflux.

Technique

The TIF procedure is performed under general anesthesia
in the outpatient setting or endoscopy lab. An endoscopic
suturing device called the EsophyX (EndoGastric Solutions,
Redmond, WA, USA) is used in conjunction with a
gastroscope (Figure 2). A baseline endoscopy is performed
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Figure 2 EsophyX device engaged.

Figure 3 Endoscopic retroflexed view of patulous lower esophageal

sphincter.

prior to device insertion. The gastroscope is inserted into
the device and secured in place, The device and gastroscope
are inserted together into the esophagus and then the
stomach, using high flow CO2 for insufflation.

There are usually two operators present: one to use
the EsophyX device and another to manipulate the
endoscope (10). A standard endoscope can be used. First,
an endoscopy is performed and the z line is measured along
with ensuring there is not a prohibitive hiatal hernia or
food in the stomach (food will block the suction ports of
the device and prohibit it from working properly). The
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Figure 4 Engaged device with fastener deployed.

scope and the device are then inserted together. Of note,
the distention of the esophagus with the device helps
avoid narrowing of the GE junction at the time of the
procedure. With the endoscope placed through the device
and retroflexed, the device is further inserted into the
stomach under vision, and the device is retroflexed to the
gastroesophageal junction and turned to the 11 o’clock
position (Figure 3). A helical retractor is then deployed
from the device and engaged at the Z line to invaginate it
into the stomach while the stomach is desufflated, creating
the channel for the fundoplication. The device then closes
over this tissue, the stomach is reinsufflated, and H-type
polypropylene fasteners are deployed full thickness (one
side in the stomach and the other side in the esophagus),
creating a serosa to serosa plication (Figure 4). Two to
four fasteners are placed in the 11 o’clock position, by
rotating back and forth to ensure adequate coverage
at each position (Figure 5). The device is then opened,
and the helical retractor is released and retracted, and
the device is rotated to the opposite side and deployed
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Figure 5 Device engaging on tissue, creating plication.

again. This is repeated a third time centrally, in about the
6 o’clock position. The end result is a 2 to 4 centimeter
long, >240° fundoplication (9-12). An endoscopy is then
repeated to inspect the fundoplication, the stomach is
desufflated, and the procedure is completed (Figure 6). In
general 10 of the T-fasteners are placed, however more can
be used if needed. The procedure is reproducible with a
short learning curve for skilled endoscopists and generally
takes under 1 hour to perform. The goal is to create a
3 cm serosa to serosa full thickness approximation that is
approximately 270 degrees such that there is effacement
of the GE junction at the base and the esophagus is almost
pushed further below the diaphragm using the device
during the procedure.

Outcomes

Compared to maximum strength medical therapy with PPI,
TTF is associated with significant improvement in typical
symptoms of GERD (12). In a prospective randomized trial
of 63 patients randomized to TIF or maximum standard dose
PPI, at 6 months TIF was associated with elimination of
troublesome GERD symptoms in 97% of patients, compared
to 50% of patients randomized to PPI (13). Another
randomized prospective trial of 60 patients showed similar
results at 6 months with significant improvement in GERD
related quality of life in TTF patients compared to PPI alone,
along with decreased acid exposure in the distal esophagus
and higher rates of normalization of pH. However, at
12 months, although GERD related quality of life remained
significantly higher in TIF patients, the objective parameters
of distal esophageal acid exposure, pH normalization, and
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Figure 6 Completed fundoplication.

resumption of PPI usage had no significant differences (14).
In a study looking at long term follow up in 41 patients
post TIFE, 36/41(87.8%) had either reduced the frequency
of PPI intake by half, or stopped taking PPI entirely at
36 months, with significant improvement in GERD
related quality of life. By 6 years, follow up was limited to
14 patients, and although not significant, 12/14 (85.7%) had
stopped or halved the frequency of PPI usage. Associations
significantly associated with improvement in PPI use
and GERD related quality of life included hiatal hernia
<2 cm, lack of ineffective esophageal motility, and >240°
fundoplication with the use of additional fasteners (15,16).
Meta-analyses have shown mixed results with regards to
long term durability, but are confounded by the fact that a
newer generation of the EsophyX device has since come into
use (17). Major adverse events include perforation, bleeding,
infection, pneumothorax, and mediastinal abscess, and occur
at a rate of 1.5% to 5% (10-15). A very nice study studying
distensibility of the LES noted a significant difference in
transient relaxations of the LES but minimal gas bloat in
these patients (12).

The transoral fundoplication is an excellent procedure
to have in the armamentarium for those managing GERD.
Particularly in patients with minimal hiatal hernia, it is
extremely effective and fairly durable. We have several
patients We follow, and even at 4 to 5 years they are happy
with the results and remain of maintenance therapy for
GERD. The TIF is also being considered in more complex
situations. We have utllized the procedure after a Nissen
fundoplication where the stomach has slipped slightly
through the plication and the plication may have loosened.
The TIF seems to pull the stomach back down below the
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Figure 7 Stretta device (18).

plication and secure the stomach within the plication in a
non-slip fashion. Anecdotally this relieves the cough that
can be associated with that anatomic variation. Another
place where TIF is being considered is for reflux after a
peroral endoscopic myotomy. This is still very controversial
and requires further evaluation.

The other situation worth discussing is performing a TIF
instead of a surgical fundoplication at the time of surgical
hiatal hernia repair. Some surgeons have opted to even
combine this procedure with a surgical hiatal hernia repair.
The patients perceive the plication portion of the surgery
to have the unwanted outcomes, and the TIF is perceived
and shown to have less bloating and dysphagia. There is a
strong group of proponents for this approach. Although
the TIF appears very similar to a Toupet fundoplication,
the argument is that the TIF has far more points of fixation
and therefore is likely to be more durable. Several feasibility
studies have demonstrated good outcomes with this
approach (16). In the author’s opinion, this is an option but
does require some further investigation in a comparative
trial. In summary the TIF procedure is safe and effective
and has a reasonable learning curve for most endoscopists.

Stretta procedure
Introduction

The Stretta procedure (Mederi Therapeutics, Greenwich,
CT, USA) received FDA approval in 2000, and is the most
commonly performed endoscopic antireflux procedure
worldwide (Figure 7) (18,19). The procedure introduces
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radiofrequency energy delivery into the muscularis propria
of the LES and gastric cardia. The exact mechanisms by
which this improves reflux symptoms is not completely clear,
but early studies showed that the induced-inflammation
results in collagen deposition that bulks the sphincter,
thereby decreasing compliance, and additionally lowering
incidences of transient LES relaxation (20). These transient
inappropriate relaxations of the LES result from low gastric
yield pressure which is an additional cause of GERD.
The fibers causing the TLESR’s are far fewer than those
preserving normal relaxation. Therefore ablation of these
fibers does not affect the normal function of the LES. In
addition, it is hypothesized that neurolysis leads to decreased
sensitivity to esophageal acid exposure, reducing symptoms
of GERD. This has not been demonstrated in any studies. In
addition, neurolysis does not explain the objective decrease
in acid exposure seen in several studies (20,21). This
neurolysis is less likely to be the effect of the procedure.

Indications for the Stretta procedure include patients
who have frequent symptoms as well as objective evidence
of GERD despite maximal medical therapy but with some
response to medication, a 2-cm or smaller hiatal hernia,
normal esophageal motility, desire to avoid long term
medical therapy, and poor candidates for surgery or those
that wish to avoid surgery (22). Contraindications include a
hiatal hernia >2 cm and high grade esophagitis or dysplasia.
An absolute contraindication is the presence of Barrett’s
as this obscures the LES landmark that is the basis of
this procedure. Although anecdotal, the author notes less
success in those with an LES pressure under 15 mmHg as
the augmentation of LES pressure appears to be less the
mechanism of action than the reduction in TLESR’. Many
patients who are ideal candidates for the Stretta procedure
are those who rarely get referred to the interventionist, as
these patients have relatively normal appearing anatomy on
endoscopy. However the pH studies demonstrate pathologic
GERD with a correlation in symptoms. Unfortunately,
if the anatomy appears fairly normal and the patient has
nonerosive esophagitis, many do not take the next step
to order pH studies in these patients despite ongoing
symptoms that do not respond to medications. The visual
observation of the anatomy should not preclude further
objective studies in those with severe symptoms of reflux or
who cannot stop maximal medical therapy.

Technique

An advantage of the Stretta procedure is that it can be
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Figure 8 Completion endoscopy after Stretta procedure.

done in an outpatient setting, under conscious sedation or
general anesthesia. If conscious sedation is chosen, care
should be taken to pay close attention to patient discomfort.
Discomfort is most apparent during distribution of
radiofrequency energy, and the patient should be medicated
accordingly. It is imperative for the endoscopist and
anesthesia professional to communicate about giving the
patient adequate analgesia and not overpower the patient
with sedation. Some operators may choose to perform the
procedure under general anesthesia for this reason.
Endoscopy is first performed to establish a baseline and
to see the extent of GERD, and to measure the anatomic
landmarks. The entire procedure is based on the endoscopic
measurement of the location of the LES. A guidewire is
then passed through the endoscope, and the Stretta device
is passed over the guidewire to be 1 cm proximal to the Z
line. The remainder of the procedure is performed blind
without endoscopic guidance. Early on endoscopic guidance
and fluoroscopic guidance were considered, however the
procedure is very reproducible and safe when performed
with good technique with low potential for complication.
Suction and irrigation are primed, and the device’s
balloon is inflated to oppose the walls of the basket to
the mucosal surface of the esophagus. A pressure valve
is hooked to the inflation syringe to avoid over inflation
of the balloon. The four electrodes located at cardinal
directions, each 5.5 mm in length, are then deployed into
the muscularis propria. 5W of radiofrequency energy is
then delivered over 1 minute, with computer-controlled
temperature monitoring to a target of 85 °C in the
muscularis layer. Continuous cold water (not saline as this
will conduct the energy) irrigation is applied to the mucosa
to avoid thermal injury, with a target temperature <50 °C. If
temperatures reach above this threshold in any area or the
impedance feedback gets too high, that electrode will cease
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to deliver energy.

After the energy delivery is completed, the electrodes
are retracted and the balloon deflated, and the catheter is
withdrawn a few centimeters to suction any esophageal
fluid that has built up. The device is then rotated 45°
and readvanced to the same level, the balloon reinflated,
and the electrodes deployed again, delivering two sets of
radiofrequency energy at each level. This is repeated at
5 mm increments for a total of 2 cm of length, with 8 total
treatment sets in the esophagus. After finishing the four
esophageal levels, the device is then advanced past the Z
line into the stomach, and the balloon fully inflated to 25 cc.
The device is then pulled back with minimal pressure until
resistance is met (no greater than 2 cm above the measured
Z line), in order to deploy the device at the hiatus and the
gastric cardia. The treatment is performed three times at
this level, rotating 30° to either side. This is repeated with
the balloon inflated to 22 cc (5 mm proximal to this level),
and again performed three times at this level. There is some
variation to technique at this level, with some operators
performing serial treatments down to 2 cm into the cardia
if the pullbacks come back too far (greater than 2 cm above
the z line) (22). The idea is to avoid deploying the delivery
needles in the mediastinum where they can potentially go
across the wall of the esophagus. It is ideal if the LES is
under the protection of the diaphragmatic fibers and further
in the abdominal cavity. When this is completed, the
procedure is finished, and the device can be removed.

A completion endoscopy is performed to examine the
effects of the procedure, and remove any residual fluid to
prevent aspiration (Figure §). Often minimal change is seen
on the esophageal and gastric mucosa. Post procedure,
PPIs are continued for three weeks and tapered off as
symptoms improve (23). Carafate is used for the first week.
Symptoms are expected to improve over 6 months as this is
how normal healing occurs. So patients should be educated
that they may not experience immediate relief, but that the
effects of the procedure are expected to evolve over time.
The collagen deposition is part of the healing process and
part of the mechanism of action of this procedure.

Outcomes

With regard to efficacy, as this technique has been present
for 20 years, there is a spectrum of data largely finding
it to be effective. Several analyses have demonstrated its
effectiveness both in the short term and the long term.
A systematic review and meta-analysis of 28 controlled
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and cohort studies of 2,468 patients showed that Stretta
significantly improved health-related quality of life,
incidence of erosive esophagitis, and esophageal acid
exposure, as well as elimination of PPI use in 51% of
patients, with a mean follow-up of 25.4 months (24).
Another systematic review and meta-analysis with
1,441 patients from 18 studies showed significant
improvement subjectively in heartburn related quality
of life, quality of life in reflux and dyspepsia score, and
objectively in decreased DeMeester score compared to
pre-op (25). Long term 10 year follow up has also been
studied. In a prospective analysis of 217 patients with
GERD before and after the Stretta procedure, at 10 years
72% of patients had normalization of the GERD-health-
related quality of life score, 64% had a 50% or greater
reduction in PPI use, and 54% of patients reported a 60%
or greater improvement in quality of life. In addition, out of
33 patients that had Barrett’s esophagus pre procedure, 85%
had regression confirmed on biopsy (26). These patients
had noncircumferential short segment Barrett’s and this
procedure should be used sparingly in those with Barrett’s.
The presence of Barrett’s obscures the squamocolumnar
junction. So this may result in the procedure not being
performed properly if this landmark cannot be properly
identified.

Adverse events of the Stretta procedure as determined
by a meta-analysis comprising 2,468 patients occurred at
a rate of 0.93% (24). The most common adverse events
were erosions and mucosal lacerations, with serious adverse
events such as esophageal perforation and aspiration
pneumonia occurring very rarely. This is one of the safest
endoscopic interventions for GERD. In addition, this
procedure does not inhibit or limit any future procedures.
Not only has this procedure been used to treat primary
GERD, but it has also been a great adjunct for those
with recurrent reflux after a plication or after bariatric
procedures (27). This is a valuable procedure to have in
one’s armamentarium. The biggest challenge with this
procedure remains reimbursement. Despite 20 years of data,
many insurers still view this procedure as experimental.

This procedure has also been utilized in challenging
patients such as after a Nissen and after bariatric
procedures. There has been reasonable effectiveness when
chosen carefully for the appropriate patients (28). The nice
thing about the procedure is that there is little downside
and will not interfere with any future procedure in this
area. Therefore, those who treat reflux should keep this
procedure in their armamentarium.
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Discussion

Despite the widespread incidence of GERD, the use of
endoscopic therapies is underutilized. This is multifactorial.
The first challenge is getting patients referred to the
interventional endoscopist. Although there is objective
evidence showing that the TIF and Stretta procedures can
improve quality of life, decrease overall medication use, and
reduce acid exposure in the esophagus, referring physicians
continue to prescribe medications for management. Patients
are often not given the option for another intervention.
Many patients in our practice say, “My physician never
told me there were other ways to treat my reflux. I found
out about you because of a friend you treated.” Therefore
those of us who offer these procedures need to continue
to educate the medical and patient communities about
alternatives to pharmacotherapy. With proper patient
selection, particularly in patients with non-erosive reflux
disease, the TIF or Stretta procedures can be advantageous,
as patients with non-erosive reflux disease are less likely to
respond to PPI therapy compared to patients with erosive
esophagitis (16,29). General indications for these endoscopic
procedures include symptoms as well as objective evidence
of GERD despite medical therapy, a 2 cm or smaller hiatal
hernia, desire to avoid long term medical therapy, and
poor candidates for surgery or those that wish to avoid
surgery. General contraindications include high grade
esophagitis, metaplasia or dysplasia, hiatal hernia >2 cm, and
any esophageal anatomic abnormality preventing proper
device insertion, such as esophageal stricture narrowing.
Laparoscopic fundoplication is preferred in patients with
severe disease or metaplasia/dysplasia, as well as those with
large hiatal hernias, as hiatal hernia and Hill grade 3 or
above are associated with recurrence and need for revisional
interventions (30). Thus, prior to endoscopic intervention,
an endoscopy should be performed. In addition, we
recommend that all patients with continued symptoms
despite lifestyle modifications and medical therapy have
objective pH testing, even in the setting of a normal
appearing upper endoscopy, as they may still have pathologic
GERD and benefit from intervention.

The second big barrier is the lack of coverage by
insurance companies. Although these technologies
have been around for almost two decades, insurers still
deem these interventions as experimental. The medical
community should recognize these procedures will not
be as effective as surgery, but are a great middle ground
between medications and surgery. Perhaps with broader
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education and outreach demonstrating the effectiveness of
these procedures, referrals will increase and patients will
have access to appropriate treatments. The growing amount
of data surrounding the effectiveness of these procedures
as well as patients wanting to reduce PPI therapy will
hopefully increase the widespread use of these interventions.
Only a small percentage of patients who are candidates for
antireflux procedures are referred for evaluation.

Conclusions

Endoscopic antireflux procedures are important treatment
modalities as an “in between” medical therapy alone
and surgical antireflux treatment. In the correct patient
population (presence of GERD/heartburn, hiatal hernia
2 cm or less, normal esophageal motility, and LA grade B
esophagitis or lower) who are poor surgical candidates or
who desire a decrease in medication requirement but prefer
a non-surgical treatment, endoscopic antireflux procedures
such as the TIF and Stretta procedures demonstrate safety
and efficacy. These procedures can also be very effective
for those whom medications are not effective, but their
anatomy is relatively normal and therefore does not
warrant surgical intervention (30). Literature supports
that ideal patient candidates will likely have subjective and
objective improvements, and although they are not meant
to eliminate the need for PPI use entirely, the endoscopic
antireflux procedures can provide a significant improvement
in quality of life and amount of PPI usage over time (9). As
the procedures are performed more commonly, long-term
outcomes will be further studied, and the TIF and Stretta
procedures will become even more prevalent.
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