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Introduction: Achalasia is a primary esophageal dysmotility disorder. Despite the

high volume of studies addressing the conventional treatments for achalasia, few are

debated regarding the non-conventional treatments, such as cardiectomy, cardioplasty,

endoluminal substances injection (ethanolamine oleate, polidocanol, botulinum toxin),

stents, and certain drugs (beta-agonists, anticholinergic, nitrates, calcium channel

blockers, and phosphodiesterase inhibitors).

Methods: A critical review was performed.

Results: Endoscopic, surgical, and pharmacological treatments were included. A

qualitative synthesis was presented.

Conclusion: Non-conventional therapeutic options for treating achalasia encompass

medical, endoscopic, and surgical procedures. Clinicians and patients need to know all

the tools for the management of achalasia. However, several currently available studies

of non-conventional treatments lack high-quality evidence, and future randomized trials

are still needed.

Keywords: achalasia, esophageal diseases, esophageal motility disorders, esophagus, therapeutics

INTRODUCTION

Achalasia is a primary esophageal dysmotility disorder (1). This disease is incurable, and the main
aim of the treatment is to provide symptoms palliation (2) or to treat the complications related to
achalasia, such as cancer (3).

There is rich literature on conventional treatments for achalasia, comprising pneumatic dilation,
peroral endoscopic myotomy (POEM), and laparoscopic or robotic-assisted cardiomyotomy (4–7).
In the 2018 ISDE guideline (4), Heller myotomy with a partial fundoplication and POEM were
considered equally effective in controlling symptoms, including dysphagia, and were considered
first-line therapy for most Chicago type I and type II achalasia. Patients submitted to POEM should
be advised of the gastroesophageal reflux risk. The pneumatic dilatations were considered effective,
but patients desiring long-term symptoms remissionmay bemore appropriately referred to surgery
or POEM. Sigmoid shaped megaesophagus should not be indicated for endoscopic therapy (4, 8).

Despite the high volume of papers addressing the conventional treatments for achalasia, few
are debated regarding the non-conventional treatments. Clinicians should know all the available
tools for achalasia management, and understanding all the therapeutic possibilities is essential
to better share the decisions with the patients. Consequently, this study aims to review the
literature on unconventional treatments for achalasia to present the current evidence and qualify
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TABLE 1 | GRADE of recommendation (9).

Grade What it means

A Consistent level 1 studies

B Consistent level 2 or 3 studies or extrapolations from level

1 studies

C Level 4 studies or extrapolations from level 2 or 3 studies

D Level 5 evidence or troublingly inconsistent or inconclusive studies

of any level

their uses. These include medical, surgical, and endoscopic non-
conventional modalities for achalasia management.

METHODS

A literature review was carried out, gathering the non-
conventional treatments of achalasia. The following
search terms were used: “achalasia”, “treatment”,
“management”, “therapeutic”, “procedure”, “surgery”,
“endoscopy”, “pharmacology”, “therapy”, “esophagectomy”,
“oesophagectomy”, “esophageal resection”, “cardioplasty”,
“esophagocardioplasty”, “cardiectomy”, “esophagocardiectomy”,
“anticholinergic”, “serotonin”, “calcium channel blockers”,
“nitrates”, “phosphodiesterase”, “benzodiazepines”,
“ethanolamine oleate”, “polidocanol”, “botulinum”, and
“stent”, in order to overview all treatments used in achalasia.
PubMed, Embase, Lilacs/BVS, Cochrane Central, and Google
Scholar were the main databases searched. The research design
included any observational or experimental study in humans and
animal models. We considered a non-conventional treatment for
achalasia any strategy other than the most applied therapeutic
methods POEM, cardia dilation, and cardiomyotomy.

The following information was extracted: type of treatment
(surgical, endoscopic, or medical), outcomes of the included
studies (short- and long-term efficacy, and adverse events related
to treatment).

The outcomes were critically evaluated with the grade of
recommendation (Table 1) and Oxford level of evidence for
therapeutic interventions (9) (Table 2).

RESULTS

The present review compiled the non-conventional treatments
for achalasia and qualified their effectiveness and safety according
to the currently available evidence. Endoscopic, surgical, and
pharmacological treatments were included. A total of 80 articles
were used in this review. The Table 3 summarizes the main
non-conventional therapeutic options for achalasia.

Surgical Options
Only a small bulk of evidence addressing alternative surgical
procedures for achalasia is found in the literature. The evidence
is limited to case series or small sample size cohorts. Randomized
controlled trials are absent.

TABLE 2 | Oxford level of evidence for therapeutic studies (9).

Level What it means

1a: Systematic reviews (with homogeneity) of randomized

controlled trials

1b: Individual randomized controlled trials (with narrow

confidence interval)

1c: All or none randomized controlled trials

2a: Systematic reviews (with homogeneity) of cohort studies

2b: Individual cohort study or low quality randomized controlled trials

(e.g. <80% follow-up)

2c: “Outcomes” Research; ecological studies

3a: Systematic review (with homogeneity) of case-control studies

3b: Individual case-control study

4 Case-series (and poor quality cohort and case-control studies)

5 Expert opinion without explicit critical appraisal, or based on

physiology, bench research or “first principles”

Cardiectomy
Cardia resection (cardiectomy) may facilitate esophageal
emptying. Ithurralde et al. (10) analyzed the course of
five achalasia patients submitted to gastroesophageal
junction resection and Roux-en-Y reconstruction after
failed cardiomyotomy. All the patients reported dysphagia
amelioration at a mean follow-up of 34 months (Level 4;
Grade: C).

Some authors proposed a surgical technique to replace the
non-functional lower esophagus with a “neosphincter”. The
idea was to enable esophageal emptying and avoid reflux.
Merendino and Dillard (11) proposed a cardiectomy plus jejunal
interposition between the esophagus and stomach.

A recently published cohort compared 22 patients who
submitted to the Merendino procedure and 17 patients who
submitted to a gastric conduit. The gastric conduit group had
a significantly longer length of hospital stay (35.9 vs. 18.2 days)
and a higher rate of anastomotic leakage (24% vs. 9%) (Level
2a; Grade: B) (12). However, there are major concerns with this
cohort. The sample was small and included not only achalasia,
and with high interpatient heterogeneity. There is also great
concern regarding the external validity of the findings of this
study. Consequently, it is reasonable to recommend that the
Merendino procedure should be performed only in the setting of
research protocols, with ethical approval and patients’ signature
of informed consent (Level 5; Grade: D).

Cardioplasty
Some authors proposed a cardioplasty instead of a cardiectomy.
Several techniques have been reported, such as the Serra-Dória
and Thal procedure. The idea was to modify the lower esophageal
sphincter to facilitate esophageal emptying.

Thal et al. (13) described a type of cardioplasty that creates an
anti-refluxmechanism. Thal procedure was initially described for
reconstruction in esophageal distal rupture or stenosis but was
later used in achalasia. Thal procedure consists of opening all the
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TABLE 3 | Summary of the main non-conventional therapy for achalasia.

Type Non-conventional

treatment for

achalasia

Mechanism

of action

Examples Main adverse

events

Possible indications* Main

alternatives

Surgical Cardiectomy GEJ resection to

facilitate esophageal

emptying

Merendino

procedure

Leakage End-stage achalasia

after failure of

conventional therapy

Esophagectomy

Cardioplasty GEJ surgical

modification to facilitate

esophageal emptying

Thal and

Serra-Dória

procedures

Leakage End-stage achalasia

after failure of

conventional therapy

Esophagectomy

Endoscopic Sclerosing agents LES sclerosis and

excitatory neuron injury

Ethanolamine

oleate and

polidocanol

Esophageal

stenosis

Patients unfit for

surgery

Cardia endoscopic

dilation

Neurotoxin Blockage of neurons

acetylcholine release at

the neuromuscular

junction in the LES,

reducing LES pressure

Botulinum toxin Gastroesophageal

reflux

Bridge therapy for

patients unfit for

surgery

Cardia endoscopic

dilation

Stent Keep LES open Self-expanding

metal and

biodegradable

stents

Stent migration Patients unfit for

surgery

Cardia endoscopic

dilation

Medical Beta-agonists Smooth muscle

relaxants, inducing

pressure reduction in

the LES

Carbuterol Dizziness, nausea Patients with dysphagia

not desiring for invasive

procedures

POEM,

cardiomyotomy,

cardia dilation

Anticholinergic Smooth muscle

relaxants, inducing

pressure reduction in

the LES

Cimetropium

bromide

Dryness in mouth,

constipation

Patients with dysphagia

not desiring for invasive

procedures

POEM,

cardiomyotomy,

cardia dilation

Phosphodiesterase

inhibitors

Smooth muscle

relaxants, inducing

pressure reduction in

the LES

Sildenafil Flushing,

headache

Patients with dysphagia

not desiring for invasive

procedures

POEM,

cardiomyotomy,

cardia dilation

Nitrates Smooth muscle

relaxants, inducing

pressure reduction in

the LES

Isosorbide

dinitrate

Headache,

palpitation, and

fainting

Patients with dysphagia

not desiring for invasive

procedures

POEM,

cardiomyotomy,

cardia dilation

Calcium channel

blockers

Smooth muscle

relaxants, inducing

pressure reduction in

the LES

Nifedipine Headache Patients with dysphagia

not desiring for invasive

procedures

POEM,

cardiomyotomy,

cardia dilation

*Non-conventional achalasia treatment modalities should only be considered in specific and individual situations. GEJ, gastroesphageal junction; LES, Lower esophageal sphincter.

cardia layers of the wall. Then, the cardia opening is closed with
a gastric fundus superposition.

Alves et al. (14) described their experience with a modified
Thal procedure for achalasia. Of the 29 patients, 86% presented
a resolution of all symptoms, but half of the patients showed
pathological reflux at the pHmetry evaluation. There was
no early postoperative mortality, but some patients died of
esophagogastric cancer during long-term follow-up (Level 4;
Grade: C).

Senra et al. (15) reported their experience with laparoscopic
cardioplasty. The length of hospital stay was lower than 2
days, and no early complication was found. However, at long-
term follow-up, all patients presented gastroesophageal reflux
(Level 4; Grade: C). Griffiths et al. (16) also presented their
laparoscopic cardioplasty case series. All the three investigated

patients showed symptoms relief and esophageal emptying, but
2 demanded anti-reflux medication (Level 4; Grade: C). Dehn
et al. (17) also pointed to gastroesophageal reflux as a long-
term concern after laparoscopic stapled cardioplasty (Level 4;
Grade: C).

Serra Dória et al. (18), in order to reduce the gastroesophageal
reflux in patients operated on for megaesophagus, adopted a new
surgical approach. They associated a cardioplasty with subtotal
gastrectomy with Roux-en-Y.

Costa et al. (19) reported results of 8 patients treated with
Serra-Dória after cardiomyotomy failure. All patients presented
satisfactory symptom relief. In Costa et al.’s study, Serra-Dória
had similar symptom control to redo cardiomyotomy (Level 4;
Grade: C). However, a type-II error is likely due to the small
sample size.
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Aquino et al. (20) showed a 26.3% (out of 19) complication
rate after the Serra-Dória procedure, including pneumonia and
anastomotic leak (Level 4; Grade: C).

Braghetto et al. (21) reported a 25% leakage rate but no
mortality. Dysphagia improved in 11 out of 12 patients, all of
whom gained weight.

Cardioplasty theoretically could be performed as an
alternative for esophagectomy or as a rescue operation during
attempted cardiomyotomy following multiple perforations of
mucosa (Level 5; Grade: D). Roux-en-Y could be considered to
avoid severe esophagitis.

Esophagectomy
Esophagectomy for end-stage achalasia is the most studied
surgical procedure following cardiomyotomy. Some authors may
not classify esophagectomy as a non-conventional method for
achalasia. However, for this manuscript, we considered a non-
conventional treatment for achalasia any strategy other than the
most used therapeutic methods (POEM, cardia dilation, and
cardiomyotomy). Esophagectomy is not the first-choice therapy
for most achalasia patients, and it is a choice exception strategy.
The 2018 ISDE guideline (4) recommends esophagectomy for
patients with persistent or recurrent achalasia after the failure of
previous less invasive treatments and radiologic progression of
the disease.

Most of the current knowledge and surgeons’ experience on
esophagectomy comes from cancer treatment. Esophagectomy
for achalasia and cancer have both similar postoperative
outcomes, including the morbidity and the rate of reoperations
(Level 2c; Grade: B) (22).

Aiolfi et al. (23) performed a meta-analysis assessing the
postoperative outcomes after esophagectomy for achalasia.
Among the included studies, esophagectomy was performed
through a transthoracic (79%) or a transhiatal (21%) approach.
The stomach was the favored substitute for reconstruction (95%).
The main complications reported were pneumonia (10%) and
anastomotic leak (7%). The mortality rate was 2% (Level 3a;
Grade: B).

Transhiatal esophagectomymay be performed by laparoscopy
or open access (Level 1b; Grade: A) (24). Mediastinoscopy may
help minimally invasive transhiatal esophagectomy (Level 4;
Grade: C) (25).

Tassi et al. (26) compared 32 patients submitted to Heller-
Dor with a pull-through technique with 16 patients submitted
to esophagectomy after failed cardiomyotomy in a long-term
follow-up. No differences were noted for reflux and esophagitis.
Quality of life was poorer in the esophagectomy group for the
domains of physical, role emotional, vitality, social functioning,
and mental health. The authors advocate that cardiomyotomy
should be the first-choice therapy for end-stage achalasia (Level
2b; Grade: B).

Esophagectomy, cardiectomy, or cardioplasty should be
considered only in end-stage megaesophagus with recurrent
dysphagia after conventional therapy. Besides, these procedures
should be performed only in high-volume institutions by high
experienced upper gastrointestinal surgeons (Level 2b; Grade:

B) (26, 27). Even for sigmoid-shaped achalasia, the Heller-
myotomy with a pull-through technique should be preferred over
esophagectomy whenever it is possible (Level 2a; Grade: B) (8).

The great advantage of esophagectomy over the other surgical
modalities is that esophagectomy avoids the risk of malignization
(3). Consequently, esophagectomy could also be considered
in high cancer risk achalasia patients (Level 5; Grade: D).
The surgeon and institutional experience should be taken into
account, mainly due to the lack of robust evidence for surgical
procedures for achalasia other than cardiomyotomy.

Endoscopic Options
Ethanolamine Oleate
Ethanolamine oleate (EO) is a substance resulting from the
synthetic mixture of ethanolamine and oleic acid. EO acts as
a sclerosing agent that produces local inflammatory response
and, subsequently, tissue fibrosis (28). This sclerosing agent is
generally used to treat vascular lesions and varices (28). It is
assumed that the EO injection in the lower esophageal sphincter
may induce excitatory neuron injury, provoking a predominance
of inhibitory activity and reduced sphincter pressure (29).

Five original studies of the use of EO for achalasia were
found. Moreto et al. (29), in a non-controlled trial, first reported
the use of EO for achalasia. Third-three patients were treated
with injection of EO at the cardia. Moreto et al. concluded
that symptom relief was “good” or “excellent” for almost all
patients, although some patients needed repeated EO injections
to reach success. The symptom relief persisted for months to
years. However, 20% of the patients developed some level of
stricture that demanded balloon dilation (Level 2b; Grade: B).
The same authors repeated the experiments in a more recent
paper, showing that the cumulative expectancy of being free
of recurrence was 90% at 50 months with EO (30) (Level 2b;
Grade: B).

Niknam et al. (31, 32) applied EO to patients that were poor
candidates for cardia dilation or cardiomyotomy. The authors
also concluded that EO provides good symptom control, but
some patients may demand reinjection (Level 4; Grade: C).
The main adverse events were chest pain and erosion in the
distal esophagus.

Mikaeli et al. (33) presented a prospective controlled study,
including patients unfit for surgery or dilation. The authors
concluded that EO has comparable efficacy to botulinum toxin
injection for the treatment of achalasia (Level 1b; Grade: A).

Consequently, EO injection in the lower esophageal sphincter
may be an option for patients unfit for surgery as an alternative
option for cardia dilation. Repeated injection may be needed, and
patients should be aware of the risk of stricture and local erosion.
The routine use of EO is not advised due to the low number of
published papers.

Polidocanol
As well as EO, polidocanol is a sclerosing agent, and its
endoscopic injection in the lower esophageal sphincter has been
proposed to treat achalasia (34).

Two studies evaluate the use of polidocanol in achalasia.
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When compared to EO, polidocanol seems to be less effective.
Although both sclerosing agents show dysphagia relief reduction
in the esophageal sphincter pressure, the long-term treatment
failure of polidocanol is higher than that of EO (Level 2b; Grade:
B) (30).

However, in the short- and middle-term (6 months),
polidocanol seems to be more efficient than botulinum toxin
injection, with better symptom control and less need for rescue
therapy (surgery or dilation) (Level 1b; Grade: A). (35).

As well as EO, polidocanol injection in the lower esophageal
sphincter could be an option for patients unfit for surgery as
an alternative for cardia dilation. However, results may be worse
than EO in long-term follow-up. The routine use of polidocanol
is not advised due to the low number of published papers.

Botulinum Toxin Injection
The botulinum toxin A (BTX) is a neurotoxin that induces
blockage of neurons acetylcholine release at the neuromuscular
junction, promoting muscle paralysis (36). BTX has been used
in the lower esophageal sphincter, promoting the reduction of
sphincter contraction, and facilitating esophageal food transit.
100 units of BTX above gastroesophageal junction are enough to
produce the desired effect and can be performed as a day case
procedure. (37).

Indeed, among the substances that may be injected into the
lower esophageal sphincter to reduce its pressure, the BTX is
the most studied. Consequently, the efficacy and complications
related to this procedure are better known. Severe complications
were reported for BTX (Level 4; Grade: C). By inference, we can
estimate that some of these complications can also be seen for
EO and policanol injection (Grade: D). The severe complications
related to BTX included hepatic (38) or subphrenic abscess
(39), esophageal perforation, mediastinitis, and thoracic aorta
pseudoaneurysm (40–42) (Level 4; Grade: C). The use of echo-
guided injection can be considered to avoid severe complications,
although there is no clear evidence of the superiority of the echo-
guided over blinded injection regarding safety (Level 2b; Grade:
B) (43).

The BTX application in the lower esophageal sphincter
diffuses into the hiatus and causes its paresis (Level 2b; Grade:
B) (44). This paralysis may induce severe gastroesophageal reflux
and esophagitis (Level 2b; Grade: B) (44, 45). Other common
adverse events include chest pain and heartburn (Level 2b; Grade:
B) (40).

BTX has a short-duration efficacy. In a case series, Yamaguchi
et al. (46) reported high dysphagia relief by 1-week therapy, but
50% of the patients relapsed at 3–24 months after treatment
(Level 4; Grade: C). Due to the short-duration efficacy, authors
usually propose BTX use only for achalasia patients unsuitable
for more definitive procedure as a bridge therapy (Level 2b;
Grade: B) (47–51). Some case reports suggested the use of BTX
for achalasia during pregnancy (Level 4; Grade: C) (52–54).
Some authors also suggest endoscopic ultrasound-guided BTX
injection for treating achalasia patients with esophageal varices
(Level 4; Grade: C) (50, 55). Theoretically, due to the short-term
efficacy, BTX could also be used as a therapeutic test for uncertain
esophageal dysmotility conditions (Level 5; Grade: D).

In a recent network meta-analysis (56), BTX injection was
considered far the treatment option with the lower efficacy if
compared with cardiomyotomy, POEM, pneumatic dilation, and
mixed methods (Level 1a; Grade: A). BTX has poorer outcomes
even when stratified according to each achalasia subtype (Level
2a; Grade: B) (57).

Comparing the efficacy of the BTX and pneumatic dilation,
no difference is found at 1-month follow-up. However, after 6
months, the relapse rate in the BTX group is higher than in the
dilation group (Level 1a; Grade: A) (58). Besides, there is no
difference between BTX and pneumatic dilation regarding safety
(Level 2b; Grade: B), (59), and consequently, pneumatic dilation
should be preferred over BTX injection (Level 2b; Grade: B).

Zagory et al. (60) compared BTX and Heller myotomy for
children with achalasia. The authors found superiority of the
Heller myotomy group for controlling symptoms as first-line
therapy for achalasia (Level 2b; Grade: B).

Mikaeli et al. (33) found, in a prospective controlled study, that
BTX injection and EO injection have comparable efficacy (Level
1b; Grade: A). However, in long-term follow-up, sclerotherapy
modalities are more efficient than botulinum toxin injection
(Level 1b; Grade: A). (35).

Cai et al. (61) compared BTX endoscopic injection and
removable self-expanding metal stents for achalasia (SEMS).
The authors concluded that SEMS has a higher efficacy for
controlling symptoms at 12 and 36 months of follow-up.
However, SEMSwere associated with adverse events such as chest
pain, regurgitation, and stent migration (Level 2b; Grade: B).

The 2018 ISDE guideline (4) recommends BTX only as a
bridge to a more effective therapy. The BTX injection is a choice
exception strategy, and should reserved for patients unfit for
surgery, POEM, or endoscopic dilation.

Esophageal Stent
The esophageal stent has been used for esophagus obstruction,
mainly for malignant conditions (62). Stents for achalasia have
been poorly studied in the past years.

Comparing pneumatic dilation and esophageal stenting for
achalasia, the current evidence is conflicting. Qian et al. (63)
in a retrospective cohort compared pneumatic dilation (n =

76) vs. stenting (n = 75). The authors concluded that both
modalities have similar efficacy at short-term follow-up, but
stenting shows better symptom relief after 1 year of follow-
up (Level 2b; Grade: B). In another cohort, Zhao et al. (64)
compared 41 patients who submitted to balloon dilation and 47
that underwentmetal stent placement for achalasia. No difference
between groups was found, despite a slight non-statistically
significant tendency favoring stenting long-term efficacy (Level
2b; Grade: B). Dai et al. (65) proposed using a modified form of
retrievable, self-expandable, nickel-titanium alloy stent. Patients
with the modified stent showed better symptom control at 6
months than balloon dilation (Level 2b; Grade: B).

Cai et al. (61) compared BTX endoscopic injection and
removable self-expanding metal stents for achalasia (SEMS). The
authors concluded that SEMS has a higher efficacy for controlling
symptoms at 12 and 36 months of follow-up (Level 2b; Grade:
B). However, SEMS were associated with adverse events such as
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chest pain, regurgitation, and stent migration (Level 2b; Grade:
B) (61, 66). Some authors suggest endoscopic suture fixation of
esophageal stents to avoid migration (Level 2b; Grade: B) (67).

Hernandez-Mondragon et al. (68) proposed the use of
biodegradable stents in octogenarian patients with achalasia in
a non-controlled clinical trial. Biodegradable stents are made of
a resorbable polymer. The authors concluded that biodegradable
stents have a 65.4% clinical success rate in an intention-to-treat
analysis (Level 2b; Grade: B).

A sigmoid-shaped megaesophagus should not be indicated
for any endoscopic therapy since the esophageal axis can
not be properly corrected with endoscopy (4, 8). The 2018
ISDE guideline recommends against temporary (absorbable
or retrievable) stents and intersphincteric injection with
sclerotherapy for achalasia due to the low volume of scientific
papers (4).

Medical Options
Medical treatment for achalasia has also been proposed.
Candidate drugs act as smooth muscle relaxants, inducing
pressure reduction in the lower esophageal sphincter.

Beta-Agonists
Beta-agonists simulate the functions of the catecholamines and
promote bronchodilation. They are typically used for asthma
and chronic obstructive pulmonary disease (69). Beta-agonists
decrease the esophageal sphincter retention pressure (Level
2b; Grade: B) (70). This phenomenon is usually seen as an
adverse event for patients treating respiratory conditions, such
as chronic obstructive pulmonary disease, favoring esophageal
reflux episodes (71). One old study evaluated beta-agonists
in achalasia patients and showed a reduction in esophageal
sphincter pressure lasting over 90min (Level 2b; Grade: B) (72).

Serotonin and Norepinephrine Reuptake Inhibitors
Serotonin and norepinephrine reuptake inhibitors are
antidepressants and act by binding to the serotonin and
norepinephrine transporters (73). Serotonin and norepinephrine
reuptake inhibitors also act in the lower esophageal function
(Level 2b; Grade: B) (74, 75). However, no study addresses their
use in achalasia patients, and consequently, their use should be
restricted to research protocols (Level 5; Grade: D).

Benzodiazepines and Opioids
Opioids inhibit excitatory neurotransmitter release (76), and
benzodiazepines inhibit smooth muscle contraction (77).
Benzodiazepines and opioids are associated with elevated
integrated relaxation pressure (Level 1b; Grade: A) (75, 78).
However, no study addresses their use in achalasia patients, and
their administration should be considered only for research
protocols (Level 5; Grade: D).

Anticholinergic
Anticholinergic drugs are used for the management of
numerous diseases, such as Parkinson’s disease, urinary
incontinence, cardiorespiratory conditions, and others.
Anticholinergic medications block the action of acetylcholine
(79). In the esophagus, they act by improving peristalsis

and reducing sphincter pressure. Marzio et al. (80), in an
old controlled trial, reported the efficacy of cimetropium
bromide in achalasia, and the effect was maintained for 45min
(Level 1b; Grade: A).

Phosphodiesterase Inhibitors
Phosphodiesterase inhibitors are commonly used for
erectile dysfunction, heart failure, and airway conditions
(81). Phosphodiesterase inhibitors hydrolyze cyclic
nucleotides and regulate cell function through cAMP
and cGMP pathways. The most common drugs in this
category are theophylline, zaprinast, sildenafil, tadalafil,
and vardenafil.

Sildenafil lowers sphincter pressure and propulsive forces in
the body of the esophagus of healthy subjects (82). Bortolotti
et al. (83), in a small sample size randomized trial of idiopathic
achalasia patients, showed that a 50-mg tablet of sildenafil
lowered esophageal sphincter tone and the effect lasted < 1 h.
(Level 1b; Grade: A).

Nitrates
Nitrates act by releasing nitric oxide, which activates the enzyme
guanylate cyclase, leading to smooth muscle relaxation. They
include isosorbide dinitrate, nitroglycerin, amyl nitrate, and
octyl nitrate and are usually applied in cardiovascular medical
conditions (84).

Isosorbide dinitrates are taken sublingually (2.5–5mg).
Isosorbide lowers the esophageal sphincter pressure and
promotes esophageal emptying in the megaesophagus (Level 2a;
Grade: B) (85). Side effects are common and include headache,
palpitation, and fainting. The incidence of headache is over 30%
(Level 2a; Grade: B) (85).

Calcium Channel Blockers
The calcium channel blockers inhibit inward calcium flux
through ion-specific channels in the cell wall. With low
intracellular calcium, smoothmuscle cells relax. Calcium channel
blockers comprise nimodipine, nilvadipine, nitrendipine,
isradipine, and nifedipine (86).

In the megaesophagus, nifedipine (10–20mg, sublingually)
promotes the reduction of sphincter pressure but does not change
esophageal emptying. Headache is a common side effect (10.5%)
(Level 2a; Grade: B) (85).

A few published articles address medical treatment for
achalasia, making this therapeutic option of concern. Drugs
acting in the esophagus are usually seen only as adverse events
for other disease treatments and not as therapeutic choices for
achalasia. Theoretically, patients with mild dysphagia due to
achalasia not desiring to be submitted to invasive procedures
could benefit from medications before meals. However, oral
intake drugs may not be absorbable in esophageal stasis,
and erratic absorption could prone achalasia patients to a
significant risk for complications (Level 5, Grade: D). Oral
medical therapy should not be routinely offered to advanced
megaesophagus, mainly those patients with significant stasis
(Level 5, Grade: D).
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DISCUSSION

The present study reviewed the main non-conventional
therapeutic options for treating achalasia. Most of the included
original studies presented a low level of evidence and low
certainty assessment. Consequently, conventional achalasia
treatments, that are supported by a higher number of evidence,
including esophageal dilation, cardiomyotomy, and POEM,
should be preferably chosen as the first-line treatment. However,
clinicians and patients should be aware of the non-conventional
treatment options. Patients should be aware of the possibilities
and limitations of each treatment option.

The present review draws attention to the need for future
studies in esophageal treatment. Several treatment options were
poorly studied, and future controlled trials should bring a higher
level of evidence to support any decision-making.

This study has some limitations. Although the review process
comprises steps typically found in a systematic review, such
as multiple databases searching and critical appraisal, this is
not a pure systematic review. We decided on a more malleable
structure review, allowing a broader thematic approach, giving
the possibility to combine different methods and design studies
with critical view. Systematic reviews hinder the synthesis
of findings of different types of studies. The current review

includes different research types, but all focused on the
same topic to generate evidence to guide decision-making.
However, non-systematic reviews are prone to a higher risk
of selection bias. Future studies are still needed, and only
after high-quality original studies with focused, therapeutic
interventions a well-performed systematic review will
be possible.

CONCLUSION

Non-conventional therapeutic options for treating achalasia
encompass medical, endoscopic, and surgical procedures.
Clinicians and patients need to know all the tools for achalasia
management. However, several currently available studies of
non-conventional treatments lack high-quality evidence, and
future randomized trials are still needed. Based on current
literature, non-conventional achalasia treatment modalities
should only be used in specific and individual situations.

AUTHOR CONTRIBUTIONS

FT: searching, extracting, writing, and reviewing. The author
confirms being the sole contributor of this work and has
approved it for publication.

REFERENCES

1. Gyawali CP. Achalasia: new perspectives on an old disease.Neurogastroenterol

Motil. (2016) 28:4–11. doi: 10.1111/nmo.12750

2. Vaezi MF, Felix VN, Penagini R, Mauro A, de Moura EG, Pu LZ, et al.

Achalasia: from diagnosis to management. Ann N Y Acad Sci. (2016) 1381:34–

44. doi: 10.1111/nyas.13176

3. Tustumi F, de Sousa JH, Dornelas NM, Rosa GM, Steinman M, Bianchi ET.

The mechanisms for the association of cancer and esophageal dysmotility

disorders.Med Sci. (2021) 9:32. doi: 10.3390/medsci9020032

4. Zaninotto G, Bennett C, Boeckxstaens G, Costantini M, Ferguson MK,

Pandolfino JE, et al. The 2018 ISDE achalasia guidelines.Dis Esophagus. (2018)

31. doi: 10.1093/dote/doy071

5. Vaezi MF, Pandolfino JE, Vela MF, ACG. clinical guideline: diagnosis

and management of achalasia. Am J Gastroenterol. (2013) 108:1238–

49. doi: 10.1038/ajg.2013.196

6. Stefanidis D, Richardson W, Farrell TM, Kohn GP, Augenstein V, Fanelli RD,

et al. guidelines for the surgical treatment of esophageal achalasia. Surg Endosc.

(2012) 26:296–311. doi: 10.1007/s00464-011-2017-2

7. Schlottmann F, Herbella F, Allaix ME, Patti MG. Modern management of

esophageal achalasia: from pathophysiology to treatment. Curr Probl Surg.

(2018) 55:10–37. doi: 10.1067/j.cpsurg.2018.01.001

8. Orlandini MF, Serafim MC, Datrino LN, Tavares G, Tristão LS,

Dos Santos CL, et al. Myotomy in sigmoid megaesophagus: is it

applicable? A systematic review and meta-analysis. Dis Esophagus. (2021)

34:doab053. doi: 10.1093/dote/doab053

9. Phillips B, Ball C, Sackett D, Badenoch D, Straus S, Haynes B, et al. Oxford

Centre for Evidence-Based Medicine-Levels of Evidence. (Centre for Evidence-

Based Medicine/CEBM) (2009).

10. Ithurralde-Argerich J, Cuenca-Abente F, Faerberg A, Rosner L, Duque-Seguro

C, Ferro D. Resection of the gastroesophageal junction and Roux-en-Y

reconstruction as a new alternative for the treatment of recurrent achalasia:

outcomes in a short series of patients. J Laparoendosc Adv Surg Tech A. (2020)

30:121–6. doi: 10.1089/lap.2019.0300

11. Merendino KA, Dillard DH. The concept of sphincter substitition by an

interposed jejunal segment for anatomic and physiologic abnormalities

at the esophagogastric junction: with special reference to reflux

esophagitis, cardiospasm and esophageal varices. Ann Surg. (1955)

142:486–506. doi: 10.1097/00000658-195509000-00015

12. Eichelmann AK, Nikitina M, Bahde R, Mardin WA, Slepecka P, Kebschull

L, et al. Merendino resection vs. transhiatal gastric conduit after resection

of the cardia and the gastroesophageal junction. Am Surg. (2022) 88 194–

200. doi: 10.1177/0003134820983185

13. Thal AP, Hatafuku T, Kurtzman R. New operation for

distal esophageal stricture. Arch Surg. (1965) 90:464–

72. doi: 10.1001/archsurg.1965.01320100008003

14. Alves AP, de Oliveira PG, de Oliveira JM, de Mesquita DM,

Dos Santos JH. Long-term results of the modified thal procedure

in patients with chagasic megaesophagus. World J Surg. (2014)

38:1425–30. doi: 10.1007/s00268-013-2445-3

15. Senra F, Navaratne L, Acosta-Mérida A, Gould S, Martínez-

Isla A. Laparoscopic hand-sewn cardioplasty: an alternative

procedure for end-stage achalasia. Langenbecks Arch Surg. (2021)

406:1675–82. doi: 10.1007/s00423-021-02117-9

16. Griffiths EA, Devitt PG, Jamieson GG,Myers JC, Thompson SK. Laparoscopic

stapled cardioplasty for end-stage achalasia. J Gastrointest Surg. (2013)

17:997–1001. doi: 10.1007/s11605-012-2111-3

17. Dehn TC, SlaterM, Trudgill NJ, Safranek PM, BoothMI. Laparoscopic stapled

cardioplasty for failed treatment of achalasia. Br J Surg. (2012) 99:1242–

5. doi: 10.1002/bjs.8816

18. Serra-Dória OB, Silva-Dória OM, Silva-Dória OR. Nova conduta cirúrgica

para o tratamento do megaesôfago. An Paul Med Cir. (1970) 97:115–21.

19. Costa LC, Braga JG, Tercioti Junior V, Coelho Neto JD, Ferrer JA, Lopes LR,

et al. Surgical treatment of relapsed megaesophagus. Rev Col Bras Cir. (2020)

47:1–7. doi: 10.1590/0100-6991e-20202444

20. Aquino JL, Said MM, Pereira DA, Leandro-Merhi VA, Nascimento

PC, Reis VV. Early and late assessment of esophagocardioplasty in

the surgical treatment of advanced recurrent megaesophagus. Arq

Gastroenterol. (2016) 53:235–9. doi: 10.1590/S0004-280320160004

00005

21. Braghetto I, Korn O, Cardemil G, Coddou E, Valladares H, Henriquez

A. Inversed Y cardioplasty plus a truncal vagotomy-antrectomy and a

Roux-en-Y gastrojejunostomy performed in patients with stricture of

the esophagogastric junction after a failed cardiomyotomy or endoscopic

Frontiers in Medicine | www.frontiersin.org 7 June 2022 | Volume 9 | Article 941464

https://doi.org/10.1111/nmo.12750
https://doi.org/10.1111/nyas.13176
https://doi.org/10.3390/medsci9020032
https://doi.org/10.1093/dote/doy071
https://doi.org/10.1038/ajg.2013.196
https://doi.org/10.1007/s00464-011-2017-2
https://doi.org/10.1067/j.cpsurg.2018.01.001
https://doi.org/10.1093/dote/doab053
https://doi.org/10.1089/lap.2019.0300
https://doi.org/10.1097/00000658-195509000-00015
https://doi.org/10.1177/0003134820983185
https://doi.org/10.1001/archsurg.1965.01320100008003
https://doi.org/10.1007/s00268-013-2445-3
https://doi.org/10.1007/s00423-021-02117-9
https://doi.org/10.1007/s11605-012-2111-3
https://doi.org/10.1002/bjs.8816
https://doi.org/10.1590/0100-6991e-20202444
https://doi.org/10.1590/S0004-28032016000400005
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Tustumi Achalasia Treatments

procedure in patients with achalasia of the esophagus. Dis Esophagus. (2010)

23:208–15. doi: 10.1111/j.1442-2050.2009.01021.x

22. Torres-Landa S, Crafts TD, Jones AE, Dewey EN, Wood SG. Surgical

outcomes after esophagectomy in patients with achalasia: a NSQIP matched

analysis with non-achalasia esophagectomy patients. J Gastrointest Surg.

(2021) 25:2455–62. doi: 10.1007/s11605-021-05056-4

23. Aiolfi A, Asti E, Bonitta G, Bonavina L. Esophagectomy for end-stage

achalasia: systematic review and meta-analysis.World J Surg. (2018) 42:1469–

76. doi: 10.1007/s00268-017-4298-7

24. Fontan AJ, Batista-Neto J, Pontes AC, Nepomuceno MD, Muritiba TG,

Furtado RD. Minimally invasive laparoscopic esophagectomy vs. transhiatal

open esophagectomy in achalasia: a randomized study. Arq Bras Cir Dig.

(2018) 31:e1382. doi: 10.1590/0102-672020180001e1382

25. Gergen AK, Weyant MJ, McCarter MD, Pratap A. Mediastinoscopy-assisted

Transhiatal Esophagectomy (MATHE) in end-stage achalasia and gastric

bypass: technique and early results. Surg Laparosc Endosc Percutan Tech.

(2021) 31:385–8. doi: 10.1097/SLE.0000000000000927

26. Tassi V, Lugaresi M, Mattioli B, Daddi N, Pilotti V, Ferruzzi L,

et al. Quality of life after operation for end-stage achalasia: pull-

down heller-dor vs. esophagectomy. Ann Thorac Surg. (2022) 113:271–

8. doi: 10.1016/j.athoracsur.2020.12.048

27. Patti MG, Schlottmann F, Herbella FA. Esophageal achalasia: evaluation

and treatment of recurrent symptoms. World J Surg. (2022) 46:1–

6. doi: 10.1007/s00268–022–06466

28. Marcoux S, Théorêt Y, Dubois J, Essouri S, Pincivy A, Coulombe J.

et al. Systemic, local, and sclerotherapy drugs: what do we know about

drug prescribing in vascular anomalies? Pediatr Blood Cancer. (2021)

68:e29364. doi: 10.1002/pbc.29364

29. Moreto M, Ojembarrena E, Rodriguez ML. Endoscopic injection of

ethanolamine as a treatment for achalasia: a first report. Endoscopy. (1996)

28:539–45. doi: 10.1055/s-2007-1005551

30. Moretó M, Ojembarrena E, Barturen A, Casado I. Treatment of achalasia

by injection of sclerosant substances: a long-term report. Dig Dis Sci. (2013)

58:788–96. doi: 10.1007/s10620-012-2476-x

31. Niknam R, Mikaeli J, Mehrabi N, Mahmoudi L, Elahi E,

Shirani S, et al. Ethanolamine oleate in resistant idiopathic

achalasia: a novel therapy. Eur J Gastroenterol Hapatol. (2011)

23:1111–5. doi: 10.1097/MEG.0b013e328349647e

32. Niknam R, Mikaeli J, Fazlollahi N, Mahmoudi L, Mehrabi N, Shirani S, et al.

Ethanolamine oleate as a novel therapy is effective in resistant idiopathic

achalasia. Dis Esophagus. (2014) 27:611–6. doi: 10.1111/dote.12122

33. Mikaeli J, Veisari AK, Fazlollahi N, Mehrabi N, Soleimani HA, Shirani S, et al.

Ethanolamine oleate versus botulinum toxin in the treatment of idiopathic

achalasia. Ann Gastroenterol. (2015) 28:229–35.

34. Zheng X, Wei Q, Zhang H. Novel developments in polidocanol sclerotherapy:

a review. J Biosci Med. (2018) 6:31. doi: 10.4236/jbm.2018.68003

35. Caunedo A, Romero R, Hergueta P, Gomez BJ, Rodriguez-Tellez M, Linares E,

et al. Short-and medium-term clinical efficacy of three endoscopic therapies

for achalasia: a single-blinded prospective study. Rev Esp Enferm Dig.

(2003) 95:13–21.

36. Cariati M, Chiarello MM, Cannistra M, Lerose MA, Brisinda G.

Gastrointestinal Uses of Botulinum toxin. In: Whitcup SM, Hallett M,

editors. Botulinum Toxin Therapy. Switzerland, AG: Springer, Cham (2019).

p. 185–226.

37. Brindise E, Khashab MA, El Abiad R. Insights into the endoscopic

management of esophageal achalasia. Ther Adv Gastrointest Endosc. (2021)

14:1–12. doi: 10.1177/26317745211014706

38. Giles H, Ross A, Gearry RB. Gastrointestinal: Hepatic abscess after

botulinum toxin type-A therapy for achalasia. J Gastroenterol Hepatol. (2017)

32:1663. doi: 10.1111/jgh.13719

39. Fisher C, Puello F, Ferm S, RubinM, Schnall HA, A. case of sub-diaphragmatic

abscess after injection of botulinum toxin to treat Achalasia. ACG Case Rep J.

(2017) 4:e119. doi: 10.14309/crj.2017.119

40. Marjoux S, Brochard C, Roman S, Gincul R, Pagenault M, Ponchon T.

et al. Botulinum toxin injection for hypercontractile or spastic esophageal

motility disorders: may high-resolution manometry help to select cases? Dis

Esophagus. (2015) 28:735–41. doi: 10.1111/dote.12282

41. Tan MZ, Whitgift J, Warren H. Mediastinitis, pseudo-aneurysm formation,

aortic bleed, and death from endoscopic botulinum toxin injection.

Endoscopy. (2016) 48(Suppl. 1):E186–7. doi: 10.1055/s-0042-107074

42. Chao CY, Raj A, Saad N, Hourigan L, Holtmann G. Esophageal perforation,

inflammatory mediastinitis and pseudoaneurysm of the thoracic aorta as

potential complications of botulinum toxin injection for achalasia.Dig Endosc.

(2015) 27:618–21. doi: 10.1111/den.12392

43. Ciulla A, Cremona F, Genova G, Maiorana AM. Echo-guided injection of

botulinum toxin versus blind endoscopic injection in patients with achalasia.

Minerva Gastroenterol Dietol. (2013) 59:237–40.

44. Kumar D, Zifan A, Mittal RK. Botox injection into the lower esophageal

sphincter induces hiatal paralysis and gastroesophageal reflux. Am J Physiol

Gastrointest Liver Physiol. (2020) 318:G77–83. doi: 10.1152/ajpgi.00238.2019

45. Martínez JC, Vega NN, Olvera DF, García AM, Cristóbal AM, Natalia NV,

et al. Severe drug esophagitis in a patient with achalasia. Rev Esp Enferm Dig.

(2022). doi: 10.17235/reed.2022.8476/2021

46. Yamaguchi D, Tsuruoka N, Sakata Y, Shimoda R, Fujimoto K, Iwakiri R. Safety

and efficacy of botulinum toxin injection therapy for esophageal achalasia in

Japan. J Clin Biochem Nutr. (2015) 57:239–43. doi: 10.3164/jcbn.15-47

47. Markar SR, Mackenzie H, Askari A, Faiz O, Hoare J, Zaninotto G, et al.

Population-based cohort study of surgical myotomy and pneumatic dilatation

as primary interventions for oesophageal achalasia. Br J Surg. (2018)

105:1028–35. doi: 10.1002/bjs.10805

48. Yeung JC, Finley C, HannaWC,Miller L, Ferri L, Urbach DR, et al. Treatment

choices and outcomes of patients with manometrically diagnosed achalasia.

Dis Esophagus. (2016) 29:472–8. doi: 10.1111/dote.12348

49. Park HK, Venturino J. Achalasia in a nonagenarian presenting with

recurring aspiration pneumonia. J Am Geriatr Soc. (2012) 60:161–

2. doi: 10.1111/j.1532-5415.2011.03758.x

50. Rana SS, Bhasin DK, Rao C, Sarwal R, Singh K. Achalasia cardia

associated with esophageal varices: a therapeutic dilemma. Ann Gastroenerol.

(2013) 26:258–60.

51. Campos M, Matlock R. Endoscopic Botulinum toxin injection for tacrolimus-

induced achalasia in a renal transplant recipient. Gastroenterology Res. (2019)

12:171–3. doi: 10.14740/gr1168

52. Neubert ZS, Stickle ET. Bridging therapy for achalasia in a second

trimester pregnant patient. J Family Med Prim Care. (2019) 8:289–

97. doi: 10.4103/jfmpc.jfmpc_389_18

53. Hooft N, Schmidt ES. Bremner RM. Achalasia in pregnancy: botulinum

toxin, A, injection of lower esophageal sphincter. Case Rep Surg. (2015)

2015:328970. doi: 10.1155/2015/328970

54. Holliday N, Baker S. Intrasphincteric botulinum toxin injections to treat

achalasia diagnosed in 615 pregnancy: a case report. J Reprod Med.

(2016) 61:615–7.

55. Pesce M, Magee C, Holloway RH, Gyawali CP, Roman S, Pioche

M, et al. The treatment of achalasia patients with esophageal varices:

an international study. United European gastroenterol J. (2019) 7:565–

72. doi: 10.1177/2050640619838114

56. Gong F, Li Y, Ye S. Effectiveness and complication of achalasia treatment: A

systematic review and network meta-analysis of randomized controlled trials.

Asian J Surg. (2022) S1015–9584:00372–4. doi: 10.1016/j.asjsur.2022.03.116

57. Andolfi C, Fisichella PM. Meta-analysis of clinical outcome after treatment

for achalasia based on manometric subtypes. Br J Surg. (2019) 106:332–

41. doi: 10.1002/bjs.11049

58. Leyden JE, Moss AC, MacMathuna P. Endoscopic pneumatic dilation versus

botulinum toxin injection in the management of primary achalasia. Cochrane

Database Syst Rev. (2014). doi: 10.1002/14651858.CD005046.pub3

59. Allescher HD, Storr M, Seige M, Gonzales-Donoso R, Ott R, Born P, et al.

Treatment of achalasia: botulinum toxin injection vs. pneumatic balloon

dilation A prospective study with long-term follow-up. Endoscopy. (2001)

33:1007–17. doi: 10.1055/s-2001-18935

60. Zagory JA, Golden JM, Demeter NE, Nguyen Y, Ford HR, Nguyen NX. Heller

myotomy is superior to balloon dilatation or botulinum injection in children

with achalasia: a two-center review. J Laparoendosc AdvSurg Tech A. (2016)

26:483–7. doi: 10.1089/lap.2015.0435

61. Cai XB Dai YM, Wan XJ, Zeng Y, Liu F, Wang D, Zhou H. Comparison

between botulinum injection and removable covered self-expanding metal

Frontiers in Medicine | www.frontiersin.org 8 June 2022 | Volume 9 | Article 941464

https://doi.org/10.1111/j.1442-2050.2009.01021.x
https://doi.org/10.1007/s11605-021-05056-4
https://doi.org/10.1007/s00268-017-4298-7
https://doi.org/10.1590/0102-672020180001e1382
https://doi.org/10.1097/SLE.0000000000000927
https://doi.org/10.1016/j.athoracsur.2020.12.048
https://doi.org/10.1007/s00268--022--06466
https://doi.org/10.1002/pbc.29364
https://doi.org/10.1055/s-2007-1005551
https://doi.org/10.1007/s10620-012-2476-x
https://doi.org/10.1097/MEG.0b013e328349647e
https://doi.org/10.1111/dote.12122
https://doi.org/10.4236/jbm.2018.68003
https://doi.org/10.1177/26317745211014706
https://doi.org/10.1111/jgh.13719
https://doi.org/10.14309/crj.2017.119
https://doi.org/10.1111/dote.12282
https://doi.org/10.1055/s-0042-107074
https://doi.org/10.1111/den.12392
https://doi.org/10.1152/ajpgi.00238.2019
https://doi.org/10.17235/reed.2022.8476/2021
https://doi.org/10.3164/jcbn.15-47
https://doi.org/10.1002/bjs.10805
https://doi.org/10.1111/dote.12348
https://doi.org/10.1111/j.1532-5415.2011.03758.x
https://doi.org/10.14740/gr1168
https://doi.org/10.4103/jfmpc.jfmpc_389_18
https://doi.org/10.1155/2015/328970
https://doi.org/10.1177/2050640619838114
https://doi.org/10.1016/j.asjsur.2022.03.116
https://doi.org/10.1002/bjs.11049
https://doi.org/10.1002/14651858.CD005046.pub3
https://doi.org/10.1055/s-2001-18935
https://doi.org/10.1089/lap.2015.0435
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Tustumi Achalasia Treatments

stents for the treatment of achalasia. Dig Dis Sci. (2013) 58:1960–

6. doi: 10.1007/s10620-013-2564-6

62. Kang Y, A. review of self-expanding esophageal stents for the palliation

therapy of inoperable esophageal malignancies. Biomed Res Int. (2019)

2019:9265017. doi: 10.1155/2019/9265017

63. Qian L, Wang B, Li K, Yu L, Ding J, Zhang H, et al. Long-term efficacy of

pneumatic dilation and esophageal stenting for the treatment of achalasia.

Digestion. (2013) 88:209–16. doi: 10.1159/000355207

64. Zhao H, Wan XJ, Yang CQ. Comparison of endoscopic balloon dilation

with metal stent placement in the treatment of achalasia. J Dig Dis. (2015)

16:311–8. doi: 10.1111/1751-2980.12241

65. Dai J, Shen Y, Li X, Gao Y, Song Y, Ge Z. Long-term efficacy of modified

retrievable stents for treatment of achalasia cardia. Surg Endosc. (2016)

30:5295–303. doi: 10.1007/s00464-016-4879-9

66. Zeng Y, Dai YM, Wan XJ. Clinical remission following endoscopic placement

of retrievable, fully covered metal stents in patients with esophageal achalasia.

Dis Esophagus. (2014) 27:103–8. doi: 10.1111/dote.12083

67. Rieder E, Asari R, Paireder M, Lenglinger J, Schoppmann SF. Endoscopic

stent suture fixation for prevention of esophageal stent migration during

prolonged dilatation for achalasia treatment. Dis Esophagus. (2017) 30:1–

6. doi: 10.1093/dote/dow002

68. Hernandez-Mondragon O, Contreras LG, Pineda OM, Blanco-Velasco G,

Murcio-Pérez E. Safety and efficacy of biodegradable stents in octogenarian

patients with esophageal achalasia. Endosc Int Open. (2021) 9:E756–

66. doi: 10.1055/a-1386-3214

69. Yang YL, Xiang ZJ, Yang JH, Wang WJ, Xu ZC, Xiang RL. Association of β-

blocker use with survival and pulmonary function in patients with chronic

obstructive pulmonary and cardiovascular disease: a systematic review and

meta-analysis. Eur Heart J. (2020) 41:4415–22. doi: 10.1093/eurheartj/ehaa793

70. Del Grande LM, Herbella FA, Bigatao AM, Jardim JR, Patti MG. Inhaled

beta agonist bronchodilator does not affect trans-diaphragmatic pressure

gradient but decreases lower esophageal sphincter retention pressure

in patients with Chronic Obstructive Pulmonary Disease (COPD) and

Gastroesophageal Reflux Disease (GERD). J Gastrointest Surg. (2016)

20:1679–82. doi: 10.1007/s11605-016-3192-1

71. Tustumi F, Bernardo WM, da Rocha JR, Szachnowicz S, da Costa Seguro FC,

Bianchi ET, et al. Anti-reflux surgery for controlling respiratory symptoms of

gastro-esophageal reflux disease: a systematic review and meta-analysis. Asian

J Surg. (2021) 44:2–10. doi: 10.1016/j.asjsur.2020.04.017

72. DiMarino AJ, Cohen S. Effect of an oral beta2-adrenergic agonist on lower

esophageal sphincter pressure in normals and in patients with achalasia. Dig

Dis Sci. (1982) 27:1063–6. doi: 10.1007/BF01391441

73. Shelton RC. Serotonin and Norepinephrine Reuptake Inhibitors.

In: Macaluso M, Perkorn S (editors) Antidepressants. Handbook of

Experimental Pharmacology. Switzerland, AG: Springer, Cham (2018).

p. 145–180

74. Rehman H, Abid A, Awan S, Hashmi FL, Abid S. Spectrum and

clinical outcome of motility disorders on high-resolution esophageal

manometry: a study from a tertiary center on patients with

dysphagia in Pakistan. Cureus. (2020) 12:e12088. doi: 10.7759/cureus.

12088

75. Moosavi S, Woo M, Jacob DA, Pradhan S, Wilsack L, Buresi M, et al.

Anticholinergic, anti-depressant and other medication use is associated with

clinically relevant oesophageal manometric abnormalities.Aliment Pharmacol

Ther. (2020) 51:1130–8. doi: 10.1111/apt.15758

76. Kumar K, Goyal R, Mudgal A, Mohan A, Pasha S. YFa and analogs:

investigation of opioid receptors in smooth muscle contraction. World J

Gastroenterol: WJG. (2011) 17:4523–31. doi: 10.3748/wjg.v17.i40.4523

77. Arora N, Dhiman P, Kumar S, Singh G, Monga V. Recent advances in

synthesis and medicinal chemistry of benzodiazepines. Bioorg Chem. (2020)

97:103668. doi: 10.1016/j.bioorg.2020.103668

78. Tutuian R. Adverse effects of drugs on the esophagus. Best Pract Res Clin

Gastroenterol. (2010) 24:91–7. doi: 10.1016/j.bpg.2010.02.005

79. Ghossein N, Kang M, Lakhkar AD. Anticholinergic Medications. (2021)

Tresure Island (FL) StatPearls Publishing (2022)

80. Marzio L, Grossi L, DeLaurentiis MF, Cennamo L, Lapenna D, Cuccurullo

F. Effect of cimetropium bromide on esophageal motility and transit

in patients affected by primary achalasia. Dig Dis Sci. (1994) 39:1389–

94. doi: 10.1007/BF02088038

81. Ahmed WS, Geethakumari AM, Biswas KH. Phosphodiesterase 5 (PDE5):

structure-function regulation and therapeutic applications of inhibitors.

Biomed Pharmacother. (2021) 134:111128. doi: 10.1016/j.biopha.2020.1111

82. Eherer AJ, Schwetz I, Hammer HF, Petnehazy T, Scheidl SJ, Weber

K, et al. Effect of sildenafil on oesophageal motor function in healthy

subjects and patients with oesophageal motor disorders. Gut. (2002) 50:758–

64. doi: 10.1136/gut.50.6.758

83. Bortolotti M, Mari C, Lopilato C, Porrazzo G, Miglioli M. Effects of sildenafil

on esophageal motility of patients with idiopathic achalasia. Gastroenterology.

(2000) 118:253–7. doi: 10.1016/S0016-5085(00)70206-X

84. Wen Z, Gardener E, Wang Y. Nitrates for achalasia. Cochrane Database Syst

Rev. (2004) 2004:CD002299. doi: 10.1002/14651858.CD002299.pub2

85. Borges Migliavaca C, Stein C, Colpani V, René Pinto de. Sousa Miguel

S, Nascimento Cruz L, et al. Isosorbide and nifedipine for chagas’

megaesophagus: a systematic review and meta-analysis. PLoS Negl Trop Dis.

(2018) 12:e0006836. doi: 10.1371/journal.pntd.0006836
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