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Esophageal hypomotility in general and especially ineffective esophageal motility according
to the Chicago criteria of primary motility disorders of the esophagus, is one of the most
frequently diagnosed moatility disorders on high resolution manometry and results in a large
number of patients Vvisiting gastroenterologists. Most patients with esophageal
hypomotility present with gastroesophageal reflux symptoms or dysphagia. The clinical
relevance of the motility pattern, however, is not well established but seems to be
correlated with disease severity in reflux patients. The correlation with dysphagia is less
clear. Prokinetic agents are commonly prescribed as first line pharmacologic intervention
to target esophageal smooth muscle contractility and improve esophageal motor
functions. However, the beneficial effects of these medications are limited and only
confined to some specific drugs. Serotonergic agents, including buspirone, mosapride
and prucalopride have been shown to improve parameters of esophageal maotility although
the effect on symptoms is less clear. Understanding on the complex correlation between
esophageal hypomotility and esophageal symptoms as well as the limited evidence of
prokinetic agents is necessary for physicians to appropriately manage patients with
Ineffective Esophageal Moatility (IEM).

Keywords: esophageal hypomotility, ineffective esophageal motility, high resolution manometry, prokinetic,
gastroesophageal reflux, dysphagia

INTRODUCTION

High resolution manometry (HRM) is widely applied to evaluate esophageal motor function,
resulting in a better recognition of esophageal motility disorders (Sweis et al., 2018). The most
recently updated classification for esophageal motility disorders, the Chicago Classification version
3.0, was proposed in 2015 after two previous versions in 2008 and 2012. This classification was
developed based on the analysis of clinical studies in healthy volunteers and patients, and categorized
esophageal body motility disorders into major and minor disorders of peristalsis (Boland et al., 2016).
Achalasia and major disorders of peristalsis, including distal esophageal spasm, jackhammer
esophagus and absent contractility, reveal clinically relevant conditions for which evidence-based
treatments are available—with the exception of absent contractility. This is in strong contrast with
minor esophageal motility disorders, particularly ineffective esophageal motility (IEM), which still
have unclear clinical implications and of which the management is not well established (Boland et al.,
2016).
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FIGURE 1 | Esophageal high-resolution manometry demonstrating Ineffective Esophageal Motility (IEM) (A) failed peristalsis (DCI <100 mmHg s cm) and (B) weak
peristalsis (DCI 100-450 mmHg s cm). IEM, ineffective esophageal motility; DCI, distal contractile integral.

IEM is reported in as many as 30% of patients undergoing
HRM. It is defined by the Chicago classification as over 50% of
swallows being either weak or failed [Distal Contractile Integral
(DCI) <450 mmHg s cm], while normal lower esophageal
sphincter relaxation is preserved [normal Integrated Relaxation
Pressure (IRP)] (Figure 1) (Kahrilas et al., 2015).

In this narrative review, we summarize the available literature on the
clinical associations of a manometric diagnosis of IEM and its treatment
with prokinetics. A PubMed literature search was performed that
included published articles in English through October 31, 2020
with combinations of the terms “ineffective esophageal motility,”
“high resolution manometry,” “clinical relevance,” “pharmacological
treatment,” and “prokinetic.” Reference lists of the retrieved articles were
also searched for additional articles.

ESOPHAGEAL HYPOMOTILITY AND
ESOPHAGEAL SYMPTOMS

IEM is one of the most frequent findings on esophageal HRM.
However, the association of esophageal hypomotility with
symptoms is still controversial which makes this a confusing
diagnostic entity. A prospective study of Hollenstein et al. in healthy
volunteers revealed that as many as 17% of asymptomatic subjects
demonstrated a pattern of IEM on routine esophageal manometry
(Hollenstein et al.,, 2017). Moreover, IEM is detected in patients with a
variety of esophageal symptoms, particularly gastroesophageal reflux
symptoms and dysphagia, but these symptoms are not discriminative
of IEM. A retrospective study from China evaluated 256 dysphagia
patients who had unremarkable findings on esophagogastroscopy and
underwent HRM. In this population IEM was the most common
feature, in 38.6% of patients (Wang et al, 2019). However, several
studies failed to demonstrate a correlation between IEM and esophageal
symptoms (Xiao et al., 2014; Shetler et al., 2017). Indeed, proportions of
heartburn, regurgitation, dysphagia, chest pain, and belching were
similar in patients with and without IEM in observational studies

(Min et al., 2015; Shetler et al., 2017). In addition, the correlation of the
perception of dysphagia with abnormal bolus transit resulting from
weak or absent peristalsis is also limited (Lazarescu et al., 2010; Roman
et al., 2011).

IEM is more prevalent in smooth muscle disorders, such as
scleroderma and other connective tissue disorders (Carlson et al.,
2016). Moreover, phosphodiesterase inhibitors, calcium channel
blockers and non-benzodiazepine antispasmodic agents can reduce
esophageal contraction vigor and should be avoided in patients with
esophageal hypomotility (Simren et al,, 2003; Rangan et al., 2018).

ESOPHAGEAL MOTOR DYSFUNCTION
AND GASTROESOPHAGEAL REFLUX
DISEASE

Available data indicate that Gastroesophageal Reflux Disease
(GERD) results from multiple predisposing factors in upper
gastrointestinal motility, especially transient lower esophageal
sphincter relaxations (TLESRs) (Schneider et al., 2010) which
are more likely to be associated with reflux in GERD patients
(Sifrim et al., 2001). In addition, esophageal body hypomotility is
also more frequent in pH-monitoring proven GERD (Chan et al.,
2011; Savarino et al., 2017).

Impaired esophageal clearance of the refluxate caused by
ineffective primary and secondary peristalsis has also been
illustrated in a higher proportion of patients with erosive
esophagitis compared to a non-erosive reflux disease group
(29 vs. 15%; p = 0.030) (Wu et al, 2007; Chen et al., 2014).
Furthermore, the study of Wang et al. also demonstrated that
erosive esophagitis and increasing GERD symptom severity are
consistently associated with a greater likelihood of IEM, while the
prevalence of IEM in non-erosive reflux disease and physiologic
acid exposure is low (Wang et al, 2009). Additionally, severe
IEM, defined as over 70% ineffective peristalsis, provides
supportive evidence for a more severe GERD phenotype with
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FIGURE 2 | Algorithm for decision making on prokinetic prescription in patients with esophageal hypomotility. IEM, ineffective esophageal motility; GERD,

an increased acid exposure in supine position (Shetler et al., 2017;
Rengarajan et al., 2018). These data suggest a role for IEM in the
pathophysiology of GERD. However, a case could also be made
that esophageal hypomotility may result from increased reflux
exposure. Longitudinal data, studying the sequence between
GERD and esophageal hypomotility, are not available, but
improvement of hypocontractility after anti-reflux surgery has
been reported, suggesting that successful anti-reflux treatment
may correct esophageal dysmotility (Munitiz et al, 2004).
However, prolonged proton pump inhibitor (PPI) treatment in
23 patients with severe erosive esophagitis did not correct
esophageal hypomotility (Xu et al., 2007). In a recent study on
the reproducibility of esophageal manometric diagnoses, PPI
treatment was not clearly associated with improved motility in
esophageal hypomotility (Sandhu et al., 2020).

NATURAL HISTORY AND PROGNOSIS

There is limited understanding of the natural history of IEM.
However, IEM does not progress over time, and quality of
life does not seem to be much impacted (Ravi et al, 2015).
Patients with this minor esophageal motor abnormality reported
minimal symptoms and needed few medical interventions during
long-term follow-up over 6 years. Interestingly, the presence of
peristaltic reserve by provocative maneuvers including multiple
rapid swallowing (MRS) predicted a better prognosis and efficacy
of prokinetics (Min et al., 2015; Gyawali et al., 2019).

GENERAL PHARMACOLOGICAL
MANAGEMENT

Pharmacologic interventions that are able to improve esophageal
smooth muscle contractility or associated symptoms, are still

limited and poorly effective (Smout and Fox, 2012). There is also
no clear directive on when IEM needs management, as symptoms
(e.g., dysphagia) and even GERD is not consistently identified
with IEM. Therefore—unless GERD is identified—the decision if
and how symptomatic patients with IEM should be treated, is
challenging.

Diet, lifestyle modification and medical GERD management
remain the cornerstone of therapy (Triadafilopoulos et al., 2016).
Basically, acid-suppressive medication will treat reflux and reflux-
related symptoms but it may not improve esophageal motor
function (Xu et al, 2007; Sandhu et al., 2020). Besides PPI
therapy, prokinetic agents are advised in GERD patients with
esophageal motility disorders and PPI-refractory symptoms to
enhance clearance of the refluxed contents (Scarpellini et al.,
2016; Lin et al., 2019).

Taking into account the limitations of IEM in terms of
correlation to symptoms and GERD, we propose an algorithm
to guide clinical decision making on prokinetic prescription in
patients with esophageal hypomotility (Figure 2).

PROKINETIC TREATMENT

Esophageal peristalsis results from a concerted contraction and
relaxation of circular and longitudinal musculature to propel the
ingested food bolus toward the stomach. Peristalsis in the
proximal esophagus, which is composed entirely of striated
muscle, is dependent on central mechanisms, involving
sequential activation of vagal lower motor neurons originating
from the nucleus ambiguous (Kahrilas and Boeckxstaens, 2013).
In contrast, distal esophageal peristalsis, which is mainly
composed of smooth muscle fibers, is controlled by both
central input, but mainly orchestrated by the ganglia of the
enteric nervous system in the esophageal wall (Figure 3).
There are two types of postganglionic myenteric motor
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FIGURE 3 | Schematic overview demonstrating the motor innervation of the esophagus and pharmacological targets to enhance esophageal peristalsis. Dashed
line signify uncertainty of the exact receptor localization. DMN, Dorsal motor nucleus; Ach, Acetylcholine; NO, Nitric oxide; VIP, Vasoactive intestinal polypeptide; 5-HT,
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neurons: excitatory neurons releasing the neurotransmitter
acetylcholine (ACh), and inhibitory neurons that contain nitric
oxide (NO) and vasoactive intestinal polypeptide (VIP). The
balanced activation and interaction between these neurons and
neurotransmitters are critical for the normal peristaltic function
of the esophagus (Park and Conklin, 1999) and can be targeted by
pharmacologic interventions, using prokinetics, in patients with
severe esophageal hypomotility or absent contractility to restore
esophageal motor function (Table 1; Figure 4). In patients with
mild esophageal hypomotility we recommend a conservative
approach taking into account the limited available clinical
evidence and benign natural history. We also propose a
hierarchy in the use of the available prokinetics based on the
efficacy data and adverse events (Figure 4). In this overview we
did not focus on cisapride and tegaserod because these drugs have
been withdrawn from the market because of cardiovascular
adverse events. Although tegaserod has been re-approved in
2019, the specific indication was limited to female patients
with constipation predominant irritable bowel syndrome.

Dopamine 2 Receptor Blockers

Metoclopramide augmented esophageal contraction in healthy
volunteers (Mikami et al., 2016) but in IEM, this conventional
prokinetic agent is not beneficial (Gyawali et al., 2019). The acute
effects of oral metoclopramide (40 mg/day) and domperidone
(80 mg/day) on esophageal motor activity and acid reflux has
been assessed in a randomized, double-blind, placebo-controlled
study in 20 patients with erosive esophagitis. Both drugs caused a
significant increase in lower esophageal sphincter (LES) pressure.
However, neither esophageal body motility nor duration of
esophageal acid exposure were affected by the prokinetics in
comparison to placebo (Grande et al., 1992). Both domperidone
(QT prolongation) and metoclopramide (extrapyramidal
manifestations) have been associated with relevant adverse

events, which are potentially serious (Leelakanok et al., 2016;
Svendsen et al., 2018). In view of the lack of substantial efficacy
they should probably not be used when attempting to treat
esophageal hypomotility.

Serotonin Modulating Agents

Buspirone

Buspirone, an anxiolytic drug, is a partial agonist for 5-HT
(hydroxytryptamine) 1A receptors, as well as an antagonist for
dopamine D2 autoreceptors, with some evidence of a weak agonistic
effect on 5-HT?2 receptors (Loane and Politis, 2012). In the enteric
nervous system, 5-HT1A receptors activation can release ACh from
the nerve terminals and then stimulate esophageal motor function
by muscarinic receptors on smooth muscle cells. (Eduard et al,
2017). Buspirone has been shown to augment esophageal peristaltic
amplitude in healthy volunteers. Blonski et al. and Di Stefano et al.
administered 20 mg of buspirone to healthy adults and measured
esophageal motility by conventional manometry within 60 min of
administration in a blinded, placebo-controlled trial. The mean
distal esophageal amplitude and duration were increased in both
studies after a single dose of buspirone (Blonski et al.,, 2009; Di
Stefano et al., 2012).

In systemic sclerosis (SSc), Karamanolis et al. evaluated 21
consecutive symptomatic patients with esophageal hypomotility,
using a one-time dose of 10 mg buspirone compared to 10 mg
domperidone. They found an increased resting lower esophageal
sphincter (LES) pressure after buspirone, but no other significant
change in esophageal peristalsis (Karamanolis et al, 2015).
Another study of the same group, showed the same results in
a non-randomized open-label trial of 4 weeks of 20 mg buspirone
dosage in 22 SSc patients (Karamanolis et al., 2016). However,
patients with SSc are a specific group within the spectrum of
esophageal hypomotility and in many patients, esophageal
manometry will show absent contractility rather than IEM.
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TABLE 1 | Potentially beneficial prokinetic medications for esophageal hypomotility that have been studied in patients.

Mechanism of
action

Prokinetic groups Study design

Serotonergic agents

- Buspirone 5-HT1A agonist Prospective, double-blind,
Aggarwal et al. placebo-controlled, crossover
(2018) study
- Mosapride Ruth 5-HT4 agonist and Double-blind crossover trial
et al. (1998) weak 5-HT3

antagonist

Ruth et al. (2003) Double-blind, randomized,
double-dummy, three-way

crossover study

Chen et al. (2013) Prospective, double-blind,
placebo-controlled, crossover
study

Randomized placebo-

- Prucalopride Lei High affinity and

et al. (2018) specificity for 5-HT4 controlled, crossover trial
agonist
- Sumatriptan 5-HT1 agonist Prospective, double-blind,

Grossi et al. (2003) placebo-controlled, crossover
study*®

Motilin receptor agonists
- Erythromycin

Chrysos et al. (2001)

Randomized single-blind study

Chang et al. (2003) Single arm study

Tsai et al. (1995) Single arm study
Muscarinic receptor agonists
- Bethanechol

Agrawal et al. (2007)

Single arm, interpreter blinded
study

Grevenitis et al.
(2012)

Retrospective chart review

Patients

10 IEM/FD patients

21 GERD patients

41 GERD patients

18 IEM patients

15 GERD patients
with IEM

10 IEM patients with
chest pain and
dysphagia

Dose and
duration

10 mg before meals three
times daily for 2 weeks

40 mg for 2 days

30 mg three times daily for
7 days

40 mg single dose

4 mg single dose

6 mg subcutaneous in the
morning and afternoon (two
doses)

Outcome

No difference in esophageal
HRM parameters

Decrease in total number of
reflux episodes

- Small effects on peristaltic
durations and amplitudes

- No significant effect on the total
number of esophageal
contractions

Improved esophageal sensitivity
of secondary peristalsis

- Increased peristaltic wave
amplitude

- Decreased threshold for
triggering secondary peristalsis
- Increased number of swallows
- Increased number of primary
esophageal motor waves

15 GERD patients

45 DM patients

15 DM patients

Seven severe |EM
patients

26 |EM patients

Increased amplitude, duration,
velocity and strength of
esophageal peristalsis

Shorter esophageal transit time

200 mg IV single dose

Oral 250 mg three times daily
for 2 weeks

- Oral form for 2 weeks

- Dose not specified

- Shorter esophageal transit time
- Less esophageal residue

50 mg orally - Improved contraction
pressures

- Improved distal esophageal
amplitude

- Enhanced complete bolus
transit of the esophagus

25 mg three times daily for 50% improvement in dysphagia
an average of 7 months

5-HT, 5-hydroxytryptamine; IEM, ineffective esophageal motility; FD, functional dysphagia; HRM, high resolution manometry; GERD, gastroesophageal reflux disease; IV, intravenous; DM,

diabetes mellitus.

Even if the data are limited, the pathophysiological mechanisms
underlying esophageal dysmotility in SSc are probably due to a
complex interplay of vascular, immune, and neural abnormalities.
Pharmacological therapy may provide some benefit in
neuropathic and myopathic dysfunction, while it will most
likely not be efficient in later stages of fibrosis (Suto and
Czirjak, 2009; Scheerens et al., 2015).

Recently, buspirone was studied in IEM and functional
dysphagia patients, but there was no statistically significant
difference in the high resolution esophageal parameters
measured, as well as symptom outcomes compared to placebo
(Table 1) (Aggarwal et al., 2018).

Mosapride

Mosapride is a 5-HT4 receptor agonist, and its metabolites also
have a weak 5-HT3 antagonistic effect. Mosapride has no affinity
for 5-HT1, 5-HT2 or dopamine D2 receptors. In 20

asymptomatic volunteers, mosapride 3 mg tid. for 3 days
increased the rate of complete bolus transit and accelerated
esophageal bolus transit in a randomized double-blind
crossover design (Cho et al, 2006). It has also been
demonstrated that a single 40 mg dose of mosapride increased
the likelihood of secondary peristaltic responses to abrupt intra-
esophageal air distension (Chen et al,, 2011). Another study in
nine healthy volunteers by Fukazawa et al. (2014) revealed that
mosapride 40 mg augmented peristaltic contractions, especially
in the distal esophageal segments (Fukazawa et al., 2014).

In GERD patients, mosapride was significantly more effective
than placebo in decreasing the total number of reflux episodes
(Ruth et al., 1998). Moreover, a high dose of mosapride (90 mg/
day) has been reported to improve esophageal motor function
and acid reflux parameters (Ruth et al., 2003).

In IEM patients, a single high-dose of mosapride (40 mg)
decreased the threshold volume of secondary peristalsis during
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rapid air distension compared with placebo, but had limited effect
on the motor properties (Chen et al., 2013). A partial effect of
mosapride on esophageal motility has only been shown with high
dose, in contrast to low or standard dose (15 mg/day) which did
not change the esophageal motility parameters (Koshino et al.,
2010).

Prucalopride

Prucalopride is an enterokinetic agent which acts by facilitating
the release of ACh from neurons of the myenteric plexus via a
high affinity and specificity for 5-HT4 receptors (Briejer et al.,
2001). Because of its highly specific effect on the 5-HT4 receptor
in the absence of affinity for the hERG cardiac potassium channel,
no cardiac toxicity has been reported in contrast to older 5-HT4
agonists, including cisapride (De Maeyer et at., 2008; Tack et al.,
2012). Acute administration of 4 mg prucalopride enhanced
mechanosensitivity of distension-induced secondary peristalsis
and promoted esophageal contractility in 11 healthy adults (Yi
et al,, 2016). Kessing et al. demonstrated that 4 mg-prucalopride
for 6days in 21 healthy subjects reduced esophageal acid
exposure and accelerated gastric emptying without significant
effects on esophageal motility (Kessing et al., 2014).

In GERD patients with IEM, a single-dose of prucalopride
enhanced primary and secondary peristalsis. The threshold
volume for triggering secondary peristalsis during slow and
rapid injection of air into esophagus was decreased, with
limited impact on secondary peristaltic amplitude (Lei et al,
2018).

Sumatriptan

Sumatriptan is a 5-HT1D receptor agonist used in the treatment
of migraine. In 3-5% of the patients this medication triggered
chest symptoms which were hypothesized to originate from
esophageal hypercontractility (Brown et al, 1991). In 16
healthy volunteers, one subcutaneous injection of 6 mg of
sumatriptan significantly altered esophageal motor function
with higher amplitude of esophageal contractions (Foster
et al,, 1999).

In patients with dysphagia and chest pain with IEM on
manometry, a subcutaneous injection of sumatriptan increased
the number of swallows and primary peristaltic waves, but not the
amplitude or propagation velocity of esophageal motility (Grossi
et al., 2003).

Motilin Receptor Agonists

Erythromycin
Erythromycin is an old macrolide antibiotic with
prokinetic  properties. The prokinetic action of

erythromycin has been mainly attributed to its property
of activating motilin receptors on smooth muscle fibers
(Sanger et al., 2013). Its prokinetic efficacy was studied in
GERD patients with a significant increase of the
amplitude, duration, velocity and strength of esophageal
peristalsis after a single intravenously administered dose
(Chrysos et al., 2001).

Furthermore, oral erythromycin improved esophageal and
gastric motility in diabetic patients and also resulted in a
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better control of blood sugar. The esophageal transit time,
evaluated by radionuclide labeled liquid and solid meals, was
significantly shorter (Chang et al., 2003). Another study from
Taiwan reported an improvement of esophageal hypomotility
in 15 diabetic patients, as evaluated by a non-invasive
radionuclide esophageal transit test (Tsai et al, 1995).
Despite a possible benefit on esophageal motility,
disadvantages, including the risk of inducing microbial
resistance, tachyphylaxis and cardiac dysrhythmia (QTc
prolongation), should be taken into consideration
(Goossens et al., 2005; Ray, et al., 2004).

Muscarinic Receptor Modulating Agents
Bethanechol
Bethanechol, a direct-acting muscarinic receptor agonist, has
been used in the past as a promotility agent for treating
GERD. This drug acts by mimicking the effect of ACh directly
at the postganglionic cholinergic receptors, and has been shown
to increase the LES pressure and improve esophageal peristaltic
pressures in healthy volunteers (Ramirez and Richter, 1993).
In patients with severe IEM, oral bethanechol has been shown
to significantly improve contraction pressures, distal esophageal
amplitude and complete bolus transit of the esophagus (Agrawal
et al., 2007). A retrospective chart review of 26 patients with a
known diagnosis of IEM who were treated with bethanechol at
the esophageal disorders clinic, also reported a positive response,
defined as improvement of dysphagia, in 50% of patients
(Grevenitis et al., 2012). However, more than a quarter of
patients discontinued the treatment due to intolerable
cholinergic side effects, including nausea, somnolence and
increased urinary frequency.
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CONCLUSION AND FUTURE DIRECTION

It is important to emphasize that esophageal hypomotility is a
manometric diagnosis that can be seen in healthy asymptomatic
individuals and does not necessarily have a clear relevance in
esophageal symptoms. Prokinetic agents can be considered in
patients with esophageal symptoms thought to originate from
IEM. However, currently available conventional prokinetic agents
(mainly dopamine-2 antagonists) have not shown ability to
restore the esophageal motor function in IEM. The potentially
beneficial pharmacological agents are confined to specific
serotonergic agents and motilin receptor agonists, but the
scientific evidence is limited and larger future studies with a
double-blind, randomized controlled design potentially including
simultaneously impedance monitoring for bolus flow are needed
to clearly identify its efficacy and clinical implication in patients
with esophageal hypomotility.
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