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Purpose of Review Esophageal peristalsis is a highly sophisticated function that involves the coordinated contraction and
relaxation of striated and smooth muscles in a cephalocaudal fashion, under the control of central and peripheral neuronal
mechanisms and a number of neurotransmitters. Esophageal peristalsis is determined by the balance of the intrinsic excitatory
cholinergic, inhibitory nitrergic and post-inhibitory rebound excitatory output to the esophageal musculature.

Recent Findings Dissociation of the longitudinal and circular muscle contractions characterizes different major esophageal
disorders and leads to esophageal symptoms. Provocative testing during esophageal high-resolution manometry is commonly
employed to assess esophageal body peristaltic reserve and underpin clinical diagnosis.

Summary Herein, we summarize the main factors that determine esophageal peristalsis and examine their role in major and

minor esophageal motility disorders and eosinophilic esophagitis.

Keywords Esophageal peristalsis - Esophageal motility disorders

Introduction

The esophagus transports the swallowed bolus from the pharynx
to the stomach and occasionally allows the retrograde flow of
stomach contents into the mouth during belching and vomiting
[1]. A swallow initiates the coordinated contraction of the circu-
lar and longitudinal muscle layers of the esophagus which takes
place in the form of primary peristalsis. Esophageal peristalsis
has been studied for a long time using several methodologies [2].

Neuronal Control of Peristalsis
1. Central and Peripheral Regulation

Esophageal peristalsis can be triggered by deglutition (pri-
mary peristalsis) and esophageal distention (secondary peri-
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stalsis). Primary peristalsis starts immediately with a pharyn-
geal contraction which pushes the bolus into the esophagus.
As the upper esophageal sphincter closes, the esophageal cir-
cular muscle contraction starts in the upper esophagus and
progresses distally, propelling the bolus into stomach within
8 to 10 s from the onset of swallowing. The muscular fibers of
the proximal third of the esophagus are mostly striated muscle,
whereas the distal two thirds of the esophagus contains only
smooth muscle with an intermediate transition zone where
striated and smooth muscle intermix [3]. Esophageal peristal-
sis is controlled by central and peripheral neural mechanisms
involving extrinsic sympathetic or parasympathetic nerves
and myenteric plexus respectively. Furthermore, innervation
differs between the striated and the smooth muscle.

Primary Peristalsis

Control of the Esophageal Striated Muscle The striated muscle
is directly innervated by vagal lower motor neurons like other
skeletal muscles. Motor end plates are formed between the
nerve endings and the striated muscle. The cell bodies of those
neurons situated in the vagal retrofacial and ambiguous nuclei
fire sequentially, whereby peristalsis is generated aborally.
Apart from this extrinsic cholinergic innervation, the esopha-
geal striated muscle portion contains a myenteric plexus with
cholinergic and nitrergic neurons. These enteric neurons also
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innervate esophageal striated muscle that might be responsible
for inhibitory modulation of striated muscle [4—6]. However,
the central nervous system (CNS) plays the main role in con-
trolling the initiation of peristalsis in the proximal esophagus.

Control of Esophageal Smooth Muscle Esophageal smooth
muscle contractility is regulated by both central and peripheral
control mechanisms in a complex manner. Vagal preganglion-
ic motor nerves from the dorsal motor nucleus (DMN) in the
medulla oblongata (MO) synapse with postganglionic motor
neurons in the myenteric plexus (Auerbach’s plexus), which
in turn release neurotransmitters to smooth muscle. It is un-
known whether vagal nerves can control esophageal smooth
muscle directly bypassing the myenteric plexus. The sympa-
thetic system also innervates the esophageal smooth muscle
from intermediolateral columns of the thoracic spine via sym-
pathetic ganglia. Although the sympathetic nerve synapses on
the myenteric plexus, it does not affect esophageal motility
significantly. The smooth muscle of the esophagus contains
a higher number of ganglia in the myenteric plexus compared
to the striated muscle [7].

Pre- and post-ganglionic motor neurons can be excitatory or
inhibitory [8]. The excitatory pathway comes from the rostral
part of the DMN, whereas the inhibitory pathway comes from
the caudal part. The swallowing pattern generator in the CNS
regulates the activation of these neurons to initiate primary peri-
stalsis. Previous studies have found that the activation of inhibi-
tory nerves occurs simultaneously in the entire esophagus imme-
diately after swallowing (deglutitive inhibition), and that this is
followed by peristaltic contraction induced by activation of ex-
citatory neurons in human [9, 10]. On the other hand, Abrahao
et al. [11] showed that the shape of distension by a bolus during
peristalsis resembled an American football, with maximal disten-
sion at the center and tapering at the two ends, versus the expec-
tation that the relaxed esophageal segment would resemble a
cylinder below the bolus. These findings suggest that esophageal
relaxation can traverse the esophagus in a manner similar to
peristaltic contractions rather than simultaneously as previously
suggested in descriptions of deglutitive inhibition.

To generate propagating peristalsis, a proximal esophageal
segment needs to contract earlier than a more distal segment at
any point along the length of the esophagus. Several factors
govern the latency gradient of esophageal contractions including
(i) sequential firing of preganglionic efferent vagal nerves, (ii)
different discharge latency to firing of vagal efferent fibers [12],
(iii) shorter latency of the proximal esophageal muscle compared
to the distal esophageal muscle [13, 14], and (iv) gradient of
cholinergic and nitrergic nerves along the esophagus [14].

Secondary Peristalsis

Secondary peristalsis (SP) is initiated by bolus-induced dis-
tention of the esophageal wall. In the striated muscle, SP is
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regulated by a central control mechanism; the distention is trans-
mitted to the CNS via the vagal afferent nerves, and excitatory
motor nucleus neurons fire sequentially as in primary peristalsis.
In the smooth muscle, SP is triggered by a local reflex; the
submucosal plexus (Meisner’s plexus) includes afferent
(sensory) nerves extending from the esophageal mucosa [15]
and connect to myenteric motor nerves via interneurons.
Interneurons project orally to synapse to cholinergic excitatory
neurons, which initiate a contraction in response to esophageal
distention. Other interneurons project distally to synapse on in-
hibitory nitrergic neurons, which lead to distal relaxation.

Role of Esophageal Longitudinal Muscle
Contraction

Esophageal muscularis is comprised of an inner circular and
an outer longitudinal muscle layer [16]. Simultaneous ma-
nometry and high-frequency ultrasound studies in humans
have shown that the onset, peak, and duration of circular and
longitudinal muscle contraction are always in perfect coordi-
nation at any given region of the esophagus [17+¢]. Animal
studies suggest that the neural control of these two muscle
layers is different [18].

Local simultaneous contraction of the two muscular layers
better occludes the esophageal lumen to propel a bolus by
stiffening the wall as well as strengthening the contraction
via the denser circular muscle fibers. Furthermore, longitudi-
nal muscle contraction leads to thinning of the distal esopha-
geal wall, which is an advantage for bolus accommodation.
Axial stretch of the esophagus can induce distal esophageal
relaxation. Previous studies have shown that longitudinal
muscle contraction can stretch and activate mechanosensitive
inhibitory motor neurons to cause nitric oxide-mediated inhi-
bition in the distal esophagus [19]. The direction of stretch
may influence the mechanosensitive motor neurons as axial
stretch relaxes the lower esophageal sphincter (LES), whereas
transverse stretch contracts it [20, 21]. The stretch-induced
activation of inhibitory motor neurons can also participate as
a mechanism for deglutitive inhibition apart from swallow-
induced discharge of short-latency vagal inhibitory nerves.
Elevation of the upper esophageal sphincter by a swallow
stretches the esophagus longitudinally, which stimulates in-
hibitory motor neurons, subsequently relaxing the esophageal
body and LES [17¢¢].

Esophageal Vagal Sensory Innervation

Esophageal vagal afferent nerve endings are found in the mu-
cosa, the muscularis propria (intramuscular array [IMA] end-
ings), and the intraganglionic laminar endings (IGLEs). These
vagal afferent nerves have their cell bodies in the nodose gan-
glia located below the jugular foramen. Mucosal afferent
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endings can respond to various stimuli, including mechanical
and chemical stimuli. These nerves are not sensitive to
intraluminal distention but can detect light touch on the mu-
cosal surface during bolus passage and can be affected by
shear forces. In fact, our group has demonstrated the presence
of superficial CGRP-positive afferent nerves in human esoph-
ageal mucosa [22, 23]. An IMA is a branching array of vagal
axons among smooth muscle layers including the LES. IGLEs
are a specialized laminar structure which covers the myenteric
ganglia in the muscularis propria. It is assumed that IGLEs
perceive passive and active tension [24, 25].

Information about bolus characteristics detected by esoph-
ageal afferent nerves is transmitted to the solitary nucleus
which affect DMN signals (vago-vagal reflexes) to the smooth
esophageal muscles [26]. Furthermore, this information can
modify esophageal peristalsis via intramural neuromuscular
reflexes. In fact, bolus characteristics can affect the strength
and speed of esophageal peristalsis [27-30]. When a large
and/or high-viscosity bolus is swallowed, a stronger peristaltic
contraction propagates distally and more slowly compared to
a contraction triggered by a smaller and/or lower viscosity
bolus. Additionally, hot water increases the amplitude of con-
traction and decreases the duration of contraction, whereas
cold water decreases the amplitude of contraction and in-
creases the duration of contraction [31].

Finally, input to the vagal solitary nucleus from the cardio-
vascular, respiratory, and gastrointestinal systems, as well as
the cortex, suggests that esophageal peristalsis is interlinked to
changes and disease states from different organs and also to
cortically mediated psychological modulation [26].

The LES

The LES exhibits spontaneous tone [32] and deglutitive LES
relaxation/opening is associated with radial effacement and
elongation of the LES muscle. LES pressure dynamically re-
flects the balance of excitatory and inhibitory neural input, and
alterations in vagal discharge can result in LES relaxation,
with NO being the main neurotransmitter involved in this
process [33]. It has been suggested recently that swallow-
induced contraction of the longitudinal muscle of the proximal
esophageal body can be an important stimulus for LES relax-
ation [34]. Moreover, neural control of the tonic activity of the
crural diaphragm also contributes to the LES pressure [35].
Transient LES relaxations (TLESRs) are a result of vagal in-
hibitory stimulation during gastric distention [36].

2. Interstitial Cells of Cajal

Interstitial cells in the smooth muscle esophagus include
fibroblasts, mast cells, macrophages, and interstitial cells of
Cajal (ICCs) [37]. ICCs are believed to work as pacemaker
cells in the gastrointestinal tract, especially in the stomach,

small intestine and colon. In the esophagus, ICCs have been
found in smooth muscle and the LES (intramuscular ICC;
ICC-IM) [38, 39]. Parasympathetic nerves innervate ICCs as
well as smooth muscle, and ICC-IM form a network of nerve
endings (IMAs) and esophageal smooth muscle cells within
the circular muscle [40]. Therefore, ICC-IM may be associat-
ed with esophageal motility and LES relaxation by influenc-
ing neurotransmitter release from nerve endings to smooth
muscle [39, 41]. Additionally, the network of ICC-IM and
IMA may play a role as a stretch receptor [24, 42]. It remains
unclear how ICC-IM control esophageal body motility and
LES relaxation [43] but achalasia patients show a decrease
of both ICCs and neuronal nitric oxide synthase positive cells
in the LES [44, 45].

3. The Neurotransmitters

Unlike the rest of the gastrointestinal tract where motor
events are largely autonomous, the neuromuscular control
mechanisms of the esophagus involve coordination between
the voluntary and autonomous components of the CNS and
the enteric nervous system. The volitional component of the
CNS resides in the cerebral cortex, while the autonomous
CNS is in the brainstem (3).

In vitro intracellular recordings of the esophageal smooth
muscle show that an appropriate stimulus provokes cell mem-
brane hyperpolarization followed by depolarization. The ini-
tial drop in the resting membrane potential induces a period of
inhibition of contractility or muscle relaxation, followed by
muscle contraction [46]. In vivo studies have shown that
swallowing initiates immediate hyperpolarization along the
esophageal wall, which leads to muscle relaxation [47]. The
latency from swallow to contraction (period of hyperpolariza-
tion) is controlled by the release of nitric oxide (NO) from
inhibitory nerves [48]. However, the initiator of depolarization
is less clear. While the release of the excitatory neurotransmit-
ter acetylcholine by cholinergic neurons directly depolarizes
the muscle, nitrergic neurons are also thought to generate con-
traction through their passive rebound from hyperpolarization.
Eicosanoids have also been shown to initiate nerve-induced
depolarization in the esophageal longitudinal muscles [49].

The balance between cholinergic and nitrergic innervation
varies along the esophagus. The latency to contraction in the
proximal esophageal smooth muscle was found to be more
susceptible to the anticholinergic agent atropine compared to
the distal esophagus [14]. Similarly, blockade of nitric oxide
synthase inhibits the latency and amplitude of contraction to
increase the velocity of peristalsis in the distal smooth muscle
of the esophagus more so than the proximal smooth muscle.
This highlights a greater cholinergic innervation in the proxi-
mal esophagus, while the distal esophagus has greater
nitrergic innervation [50]. An imbalance in the inhibitory
and excitatory nerve activity often results in the genesis of
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spastic motor disorders of the esophagus. The density of
acetylcholinesterase-positive neurons does not change along
the esophagus, however, and there are also no anatomical
differences in the concentration of nitrergic neurons [51].
Studies have shown that there are no synapses in the pathway
of descending hyperpolarization; instead, it is mediated
through a single descending neuron [52]. The differences in
responses of the esophageal smooth muscle in different re-
gions could be the result of released neurotransmitters. For
example, the potassium gradient in the esophagus may con-
tribute to a more positive resting membrane potential in the
distal esophagus compared to the proximal [53].

The role of other neurotransmitters in the smooth muscle of
the esophagus remains unclear, though there are some data
regarding their respective functions. Tachykinins have been
found to contribute to the excitatory response of circular
smooth muscle generated by electrical stimulation in vitro
[54]. Enkephalins have also been found to have a function in
the modulation of peristalsis, through either the inhibition or
the excitation of various neurotransmitters [55].
Catecholamines and calcitonin gene-related peptide (CGRP)
are thought to play an inhibitory role in the control of esoph-
ageal contractions [56, 57]. Several ion channels expressed on
sensory afferent neurons in the esophagus have been shown to
modulate gastrointestinal motility [58, 59]. Secondary peri-
stalsis and distention sensitivity are enhanced by the infusion
of transient receptor potential vanilloid receptor 1 (TRPV1)
agonist capsaicin, which increases the permeability of primary
afferent neuron membranes to Ca>* [60]. Infusion of the 5-
HT, agonist mosapride activates a normal peristaltic reflex by
inducing the release of neurotransmitters such as acetylcholine
from the postganglionic nerve endings of the myenteric plexus
[61]. Conversely, inhibition of acetylcholine release from cho-
linergic neurons by the purified neurotoxin complex botuli-
num toxin (botox) injection prevents neuromuscular conduc-
tion. This chemical denervation relaxes esophageal smooth
muscles and is therefore utilized as an effective and low-risk
short-term symptom relief in achalasia and spastic esophageal
motility disorders [62]. Opioids inhibit peristalsis through the
suppression of neural activity [63]. This effect is thought to be
mediated by the inhibition of acetylcholine and non-
adrenergic non-cholinergic neurotransmitter release [64].

Failure of Esophageal Neuronal Control in Esophageal
Disease

1. Achalasia

Achalasia is defined by impaired deglutitive
esophagogastric junction (EGJ) relaxation and absent peristal-
sis. In type 1 achalasia, there is negligible pressurization with-
in the esophagus; in type 2 achalasia, contractions that do not
occlude the lumen result in uniform pressurization; and in type
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3 achalasia, spastic contractions (characterized by a shortened
distal latency) occur [65]. EGJ outflow obstruction (character-
ized by an elevated resting pressure of the lower esophageal
sphincter with preserved peristalsis in the esophageal body)
may be a precursor of achalasia [66, 67]. It is also believed that
there are variant cases of achalasia with preserved peristalsis
or partial recovery of peristalsis following resolution of the
EGJ obstruction with a myotomy [68], as well as cases with
complete or partial EGJ relaxation [69].

Achalasia is thought to be due to an autoimmune process
where a cell-mediated and antibody-mediated immune re-
sponse against an uncertain antigen leads to a myenteric
plexopathy [33]. Under normal circumstances, the vagus
nerve activates post-ganglionic neurons that orchestrate an
ensuing esophageal contraction, and it is precisely these
post-ganglionic neurons that are affected in achalasia.

Before the release of a high-resolution manometry (HRM)-
based classification of esophageal motility disorders (the
Chicago Classification), the basic pathophysiological concept
in achalasia was that inhibitory myenteric neurons, both in the
LES and esophageal body, were predominantly affected.
However, it is now known that type 2 achalasia can progress
into type 1 achalasia [70], possibly from a cytotoxic attack to
the myenteric plexus leading to neuronal apoptosis (type 2),
aganglionosis, fibrosis [71], and finally absence of inflamma-
tion when the immune target has been exhausted (type 1) [72].
Type 3 achalasia is considered a distinct subtype in which
there is no neuronal loss but instead an impairment of inhib-
itory postganglionic function [73] with or without accentuated
contractility, possibly as a result of cytokine-induced changes
in gene expression [33].

During normal peristalsis, as described above, the longitu-
dinal and circular muscle contract simultaneously, and it is
only during TLESRs that the longitudinal muscle contracts
independently of the circular. Longitudinal and circular mus-
cle coordination is disrupted in achalasia [74]. More specifi-
cally, there is minimal if any longitudinal muscle contraction
intype 1 and a strong contraction of the longitudinal muscle in
type 2. The latter leads to esophageal shortening and pan-
esophageal pressurization on HRM tracings and appears to
be the main mechanism of esophageal emptying in type 2
achalasia (potentially the reason why it has the highest likeli-
hood of response to treatment among the three main achalasia
subtypes) [75]. In type 3 achalasia, the circular and longitudi-
nal muscle contraction lack co-ordination. Luminal cross-
sectional area is largest in type 1 and smallest in type 3, which
is in accordance with the finding that the esophageal wall is
thinnest in type 1 and thickest in type 3 achalasia [76]. Finally,
prolonged longitudinal muscle contraction is hypothesized to
be responsible for the chest pain and heartburn sensation re-
ported in achalasia patients due to the impact of that contrac-
tion on esophageal wall blood perfusion [77] while dysphagia
may be related to varying bolus flow patterns [76].
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2. EGIJ Outflow Obstruction

The Chicago Classification v3.0 (CC v3.0) defines
the diagnosis of EGJ outflow obstruction (EGJOO) on
the basis of impaired LES relaxation (high median inte-
grated relaxation pressure [IRP]) with intact or weak
peristalsis. It also highlights the multiple different etiol-
ogies of EGJOO, namely early or incompletely
expressed achalasia, infiltrative disease or cancer, vascu-
lar obstruction of the distal esophagus, and sliding hiatal
or paraesophageal hernia [78]. Impairment of LES relax-
ation and resultant abnormal bolus clearance [79] are
thought to be the reasons for the clinical expression of
idiopathic EGJOO. Opioid use should be explored in
cases of EGJOOQ, as the intravenous infusion of opioids
at pharmacological doses has been shown to lead to
decreased LES relaxation with increased peristaltic wave
amplitudes [80]. Opioid-induced esophageal dysmotility
can have various manifestations but is most often man-
ometrically consistent with EGJOO or type 3 achalasia
[81e, 82].

3. Absent contractility

The diagnosis of absent contractility is made on HRM
on the basis of normal EGJ relaxation and 100% failed
peristalsis. In cases of absent contractility with borderline
high IRP, the possibility of type 1 achalasia should be con-
sidered as well [78]. The pathogenesis of absent contrac-
tility remains unclear except in the setting of connective
tissue disorders, and specifically scleroderma. In scleroder-
ma, a neuropathy, mediated by abnormalities in the vasa
nervorum, is the first stage of esophageal disease develop-
ment, followed by a myopathy, through ischemia, focal
degeneration and atrophy of the muscle layers, and finally
esophageal fibrosis [83]. Loss of peristaltic reserve, dem-
onstrated by lack of augmentation and contraction follow-
ing a multiple rapid swallow (MRS) test, is the most com-
mon abnormality observed in patients with scleroderma
[84]. MRS during esophageal manometry is commonly
employed to assess (a) the inhibitory effect on the esopha-
geal body of frequent, multiple swallows and (b) the gen-
eration of a peristaltic wave that is more vigorous than the
average of the 10 wet swallows performed during the
Chicago classification assessment (MRS DCI/Mean DCI >
1). The latter response is considered an indication of adequate
smooth muscle peristaltic reserve [85] but also demonstrates
that the efferent and afferent neuronal pathways are active.
Other provocative maneuvers, such as the rapid drink chal-
lenge, solid swallows, or post-prandial evaluation, are used to
further characterize cases of dysphagia [86—88] and post-
prandial [89¢] syndromes where bolus clearance and repro-
duction of symptoms are of interest.

4. Distal Esophageal Spasm

The CC v3.0 defines DES as the presence of two or more
premature contractions, defined as a distal latency (DL) of <
4.5 s [78]. There is an argument that a subgroup of patients
with a normal DL might still have DES on the basis of rapid
contractions as defined by contractile front velocity, though
this latter manometric parameter has been de-emphasized in
the Chicago Classification’s most recent iteration [90]. In pa-
tients with DES, there tends to be evidence of impaired
deglutitive inhibition in the esophageal body during MRS
[91].

There is a neural gradient with an increasing proportion of
inhibitory ganglionic neurons progressing distally, such that it
creates a progressively prolonged deglutitive inhibition from
the proximal to the distal end of the esophagus; this prolonged
inhibition is expressed on HRM tracings as the DL [92].
Experimental NO depletion induces simultaneous contrac-
tions in healthy volunteers [93], while administration of NO
donors increases the DL [94]. The increase in esophageal
smooth muscle thickness noted in DES may be a primary
event in the pathogenesis of this entity [95] or a secondary
result of the lack of inhibitory innervation [96]. Biopsies ob-
tained during POEM for the treatment if DES have shown
atrophy and fibrosis of the muscularis propria layer as well
as a decreased number of ICCs [97].

5. Hypercontractile (Jackhammer) Esophagus

The definition of hypercontractile esophagus or
Jackhammer esophagus is presence of at least 20% of high-
amplitude contractions, with a distal contractile integral (DCI)
of > 8000 mmHg s cm; according to the CC v3.0, this
hypercontractility may involve or be localized primarily to
the LES [78, 98]. It is hypothesized that the pathophysiology
of hypercontractile esophagus is related to an excess of cho-
linergic drive and temporal asynchrony of circular and longi-
tudinal muscle contractions [99]. Hypercontractility can also
be associated with EGJ outflow obstruction [100] and in-
creased muscle thickness [101]. In certain patients with hyper-
contractile esophagus, MRS testing will demonstrate abnor-
mal deglutitive inhibition; in others, provocative testing with
the rapid drink challenge (RDC) will demonstrate incomplete
LES relaxation [102].

6. Ineffective Esophageal Motility and Hypomotility

Ineffective esophageal motility (IEM) is a minor motility
disorder in CC v3.0 [78] and can present in healthy, asymp-
tomatic individuals (17%) [103]. Based on HRM, IEM is de-
fined as absent (DCI: distal contractile integral < 100 mmHg s
cm) or failed peristalsis (DCI 100450 mmHg s cm) on > 50%
of wet swallows [104]. The pathophysiology of IEM is
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multifactorial, and any factors affecting peristalsis, bolus tran-
sit, and clearance may be involved. In physiologic terms, [IEM
is the end result of defects in either (a) the initial stretching of
the esophageal muscle that fires off a mechanosensitive path-
way for the initiation of peristalsis, (b) the intrinsic esophageal
contractility, or (c) the “afterload” resistance that the contrac-
tion should overcome [105].

Failed peristalsis has a clear predictive value in reflux bur-
den [106, 107] and is associated with impaired bolus clearance
and symptomatic dysphagia [108], although the correlation
between IEM and symptoms is not perfect [107, 109], indi-
cating that symptoms are not specific for IEM. IEM is com-
mon in gastroesophageal reflux disease (GERD) [110], and its
prevalence increases with the severity of esophagitis (25% in
mild esophagitis and almost 50% in severe esophagitis)
[111-113]. Lack of augmentation of esophageal body contrac-
tion during the MRS is currently used to identify patients with
poor peristaltic reserve who are therefore at risk of developing
post-operative dysphagia following anti-reflux surgery
[114e¢]. Interestingly, IEM can either persist following
antireflux surgery, resolve or appear as a “new” finding [115].

7. Eosinophilic Esophagitis

In eosoniphilic esophagitis (EoE), there is a dissociation in
the contraction of the longitudinal and circular muscle during
primary peristalsis demonstrated by simultaneous ultrasound
and manometric measurements [116]. It is hypothesized that
either the eosinophilic infiltration of muscle layers [117, 118]
or the occurrence of tissue remodeling and fibrosis is respon-
sible for the esophageal dysmotility observed [119, 120]. The
commonest abnormality observed on HRM in cases of EoE is
panesophageal pressurization [121]. With specific attention to
pediatric patients with EoE, prolonged esophageal manometry
shows an increased number of isolated and high-amplitude
contractions alongside ineffective esophageal motility during
fasting and meal periods [122].

Conclusions and Future Directions
for Research

There are multiple levels of neuronal control in esophageal
peristalsis, which under normal circumstances requires coor-
dinated function amongst various central and peripheral
mechanisms, neurotransmitters, striated and smooth muscle
contraction and relaxation, and esophageal sensory inputs.
Overall, esophageal peristalsis is a finely tuned mechanism
that has been the subject of substantial research interest,
though with several clinically relevant details yet to be eluci-
dated, including the generation of esophageal symptoms and
the identification of disease-specific therapeutic targets.
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