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Abstract

High-resolution manometry and recently described analysis algorithms, summarized in the
Chicago Classification, have increased the recognition of achalasia. It has become apparent that
the cardinal feature of achalasia, impaired lower esophageal sphincter relaxation, can occur in
several disease phenotypes: without peristalsis, with premature (spastic) distal esophageal
contractions, with panesophageal pressurization, or with peristalsis. Any of these phenotypes
could indicate achalasia; however, without a disease-specific biomarker, no manometric pattern is
absolutely specific. Laboratory studies indicate that achalasia is an autoimmune disease in which
esophageal myenteric neurons are attacked in a cell-mediated and antibody-mediated immune
response against an uncertain antigen. This autoimmune response could be related to infection of
genetically predisposed subjects with herpes simplex virus 1, although there is substantial
heterogeneity among patients. At one end of the spectrum is complete aganglionosis in patients
with end-stage or fulminant disease. At the opposite extreme is type Il (spastic) achalasia, which
has no demonstrated neuronal loss but only impaired inhibitory postganglionic neuron function; it
is often associated with accentuated contractility and could be mediated by cytokine-induced
alterations in gene expression. Distinct from these extremes is progressive plexopathy, which
likely arises from achalasia with preserved peristalsis and then develops into type Il achalasia and
then type | achalasia. Variations in its extent and rate of progression are likely related to the
intensity of the cytotoxic T-cell assault on the myenteric plexus. Moving forward, we need to
integrate the knowledge we have gained into treatment paradigms that are specific for individual
phenotypes of achalasia and away from the one-size-fits-all approach.
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Although achalasia was first recognized more than 300 years ago, our modern understanding
of the disease dates only to 1937, when Lendrum proposed that the syndrome was due to
incomplete relaxation of the lower esophageal sphincter (LES) and introduced the name
“achalasia,” derived from the Greek word “chalasis” for relaxation.! Before that and since
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then, a host of other names have been used, including achalasia cardiae, cardiospasm, and
esophageal aperistalsis, reflecting the key physiological abnormalities of the disease.

In the early days, achalasia was diagnosed radiographically with the demonstration of
esophageal dilation along with retention of swallowed food and contrast material.
Subsequently, esophageal manometry became the method of choice, with the defining
characteristics of incomplete LES relaxation and absent peristalsis.23 More recently, high-
resolution manometry (HRM) has further objectified the diagnosis, using carefully validated
metrics to quantify LES relaxation and peristaltic function.* However, despite these
unquestionable technological advances, the diagnosis of achalasia is still grounded in the
demonstration of functional abnormalities of the esophagus rather than on histopathologic
findings; achalasia is rarely a fatal disease, and the relevant tissue is not easily sampled for
investigative or diagnostic purposes. Consequently, because the diagnosis is established on
the basis of manometric anomalies, it will never be 100% specific; this is the nature of
manometric findings. The same findings can result from benign or malignant distal
esophageal obstruction, in which case it is termed “pseudoachalasia” or a manifestation of
Chagas disease, a parasitic infection targeting autonomic ganglia throughout the body.®

Paralleling improvements in diagnostic testing, our understanding of the physiology of
esophageal motility and the pathogenesis of achalasia have also advanced over the past
decades. Peristalsis in the distal esophagus is the result of complex interactions between
vagal innervation, the myenteric plexus, and contraction of both layers of the muscularis
propria. The regulation of LES pressure involves both myogenic properties of the sphincter
and myenteric plexus modulation of this. Achalasia is now conceptualized as a “plexitis” of
sorts, with immune attack on these controlling neurons leading to dysfunction.” Clearly, this
is a complex system with a multitude of potential mechanisms of failure. Coupled with
recent observations from HRM describing distinct functional subtypes of achalasia,® this
raises the issue that perhaps we are not dealing with a single disease but rather a family of
closely related diseases. It is from that perspective that we review the implications of recent
experimental and clinical data on our understanding of achalasia.

The Physiology of Peristalsis and LES Relaxation

Peristalsis

The target organ for achalasia is the esophagus, specifically the smooth muscle portion of
the esophagus. In the human esophagus, the proximal 5% of the muscularis propria,
including the upper sphincter, is striated muscle, the next 35% to 40% is mixed with an
increasing proportion of smooth muscle moving distally, and the distal 50% to 60% is
entirely smooth muscle.® Along its entire length, the muscularis propria has 2 layers: an
inner circular (more accurately, spiral) muscle layer and an outer longitudinal muscle layer.
The bundles of the outer longitudinal muscle arise from the cricoid cartilage. Distally, the
esophagus is anchored to the diaphragm by the phrenoesophageal ligament at the level of the
squamo-columnar junction, with the longitudinal muscle then becoming continuous with the
outer muscular layer of the stomach. The entire esophagus contains a nerve network, known
as the myenteric plexus, situated between the longitudinal and circular muscle layers.10
However, the function of the myenteric plexus in the striated muscle is unclear because this
is directly controlled by somatic motor fibers from lower motor neurons in the nucleus
retrofacialis and nucleus ambiguus. Axons of these lower motor neurons course via the
recurrent laryngeal nerve of the vagus, forming cholinergic synapses on the muscle cells. On
the other hand, the thoracic esophagus receives innervation from preganglionic neurons in
the dorsal motor nucleus of the vagus and vagal fibers synapse in the myenteric plexus
ganglia, which intervene between the vagus and the smooth muscle. A second nerve
network, the submucosal or Meissner plexus, is situated between the muscularis mucosae
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and the circular muscle layer. The submucosal plexus of the human esophagus is
exceedingly sparse.1% The normal esophagus does not exhibit spontaneous contractions and
its resting pressure is an approximate reflection of pleural pressure, which is atmospheric
during expiration and slightly negative during inspiration.

Although swallow-initiated peristalsis progresses from end to end, it is not seamless. Rather,
there is a distinct transition zone in the vicinity of the aortic arch characterized by low
peristaltic amplitude, a slight delay in progression, and an increased likelihood of failed
transmission.1! This transition zone becomes quite evident when peristaltic amplitude and
progression are plotted topographically (Figure 1). The topographic analysis also reveals the
segmental characteristic of peristaltic progression through the distal esophagus. Two distinct
contractile segments are followed by the LES, which contracts with vigor and persistence
quite dissimilar to the adjacent esophagus.1?

The segmental architecture of peristalsis evident in Figure 1 reflects the unique control
mechanisms operational at each locus. The S1 contraction is continuous with the pharyngeal
contraction, controlled by the lower motor neurons in the nucleus ambiguus in the
brainstem. The nerve fibers are cholinergic and terminate on motor endplates in the striated
muscle fibers without intervening autonomic ganglia.13 Thus, the transition zone likely
corresponds to the transition from complete central nervous system control to shared central
nervous system and autonomic control of peristalsis. The central nervous system still exerts
some control over peristalsis distal to the transition zone, but now it depends on the
intervening autonomic ganglia to orchestrate contraction of the muscularis propria rather
than directly synapsing on the muscular fibers.

Key to understanding the pathogenesis of achalasia is understanding the role of the
autonomic ganglia in controlling the contractility of the distal esophagus and LES. Once
activated by the vagus, the ensuing esophageal contraction is orchestrated by the
postganglionic neurons, precisely the neurons targeted in achalasia. Several control
mechanisms come into play. First, there are 2 populations of myenteric plexus neurons:
excitatory cholinergic neurons and inhibitory neurons using nitric oxide and vasoactive
intestinal polypeptide as a neurotransmitter.24-17 Both populations innervate the circular
muscle and LES, but only excitatory fibers are seen innervating the longitudinal muscle of
the esophageal body.18 Second, a gradient exists along the circular muscle such that
cholinergic postganglionic neurons dominate proximally and inhibitory postganglionic
neurons dominate distally.1® Third, the vagus nerve independently activates the inhibitory
postganglionic neurons along the entire length of the esophagus with short latency at the
onset of the swallow, hyperpolarizing the muscle to a degree that is proportionate to the
density of inhibitory postganglionic neurons.29-21 This is followed by excitatory
postganglionic nerve activation that is initiated either by local distention in the case of
secondary peristalsis or longer latency vagal fibers in the case of primary peristalsis.
However, the timing of contraction at each esophageal locus is a function of the balance of
inputs from the enteric nervous system, not the vagus. Hence, the distinction between S2 and
S3in Figure 1, while not precise, is reflective of the dominance of cholinergic
postganglionic innervation in S2 and nitrergic/V1Pergic postganglionic innervation in $3.22

Another cardinal feature of the peristaltic mechanism is deglutitive inhibition. A second
swallow, initiated while an earlier peristaltic contraction is still progressing in the proximal
esophagus, causes rapid and complete inhibition of the contraction induced by the first
swallow.23 If the first peristaltic contraction has reached the distal esophagus, it may
proceed distally for a few seconds after the second swallow, but its amplitude diminishes
progressively until it disappears.2* With a series of swallows at short intervals, the
esophagus remains inhibited and quiescent with the LES relaxed. After the last swallow in
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the series, a normal peristaltic contraction occurs. Closely grouped swallows can, however,
alter the amplitude or velocity of the ending peristaltic contraction or even render it
nonperistaltic. These influences can persist for 20 to 30 seconds after the first swallow and
are sensitive to bolus size.2>26 Basal LES tone is inhibited with swallowing concurrently
with the deglutitive inhibition that traverses the smooth muscle esophagus. Deglutitive
inhibition results from hyperpolarization of the circular smooth muscle and is mediated by
inhibitory postganglionic neurons.

Another property of peristalsis relevant to the pathogenesis of achalasia is its response to
distal (outflow) obstruction. Observations in animal models show the development of
hypertrophy, excitability, and eventually failed peristalsis by placing calibrated ligatures
around the LES, creating increasing degrees of outflow obstruction.27:28 Animal
experiments have also shown a prompt return of peristalsis after ligature removal.?? In
humans, the gastric Lap-Band might represent an analogous model of esophagogastric
junction (EGJ) obstruction. Manometric features of achalasia have been observed in patients
after implantation of this device and normal peristalsis has been restored after band deflation
or removal, 3031 showing the potential reversibility of the effect of EGJ obstruction on
esophageal peristalsis. Finally, observations with HRM have recently showed that patients
with EGJ outflow obstruction might exhibit hypercontractility characterized by multipeaked
contractions, high distal esophageal amplitude, prolonged duration of contraction, and a
jackhammer pattern of contraction.32:33

LES Relaxation

The LES is a short segment of specialized smooth muscle at the distal extreme of the
esophagus that normally exhibits a resting tone that varies from 10 to 30 mm Hg relative to
the intragastric pressure. Muscle strips from the LES exhibit distinct physiology compared
with the adjacent circular muscle, and the most obvious feature is that LES strips develop
spontaneous tone.3* This conclusion is also supported by the observation that pressure
within the sphincter is minimally affected after the elimination of neural activity by
tetrodotoxin.3> Furthermore, the tonic contraction of the sphincter is not wholly associated
with electrical transients,36:37 it has a lower resting membrane potential than the adjacent
circular muscle,38:39 it exhibits increased passive permeability to potassium,*° and it has a
higher intracytosolic concentration of calcium.*! Sphincter tone may be maintained by the
inositol phosphate—mediated continuous release of intracellular calcium. Inositol phosphates
are found in higher concentrations in the LES than in adjacent circular muscle. Another
unique feature of the LES supporting the contention of spontaneous myogenic tone was the
observation of inhibitory nerve fibers, not only in the circular muscle but also in the
corresponding longitudinal muscle; such fibers are absent in the adjacent esophagus.1®
Hence, detailed assessment of postdeglutitive LES opening shows that this is associated with
both radial effacement and elongation to form a structure referred to radiographically as the
phrenic ampulla.#2 It has also been proposed that a primary stimulus for deglutitive LES
relaxation is contraction of the more proximal longitudinal muscle?344 and that the
longitudinal muscle within the LES itself then relaxes, serving as a yield zone to
accommodate the resultant shortening.#>46

Superimposed on the myogenic LES contraction, input from vagal, adrenergic, and
hormonal influences will alter LES pressure. Vagal control is similar to that of the
esophageal body, with vagal stimulation activating both excitatory and inhibitory myenteric
neurons.1”47 Thus, LES pressure at any instant reflects the balance between excitatory and
inhibitory neural input, and altering the pattern of vagal discharge can result in LES
relaxation. The excitatory and inhibitory postganglionic neurons are acetylcholine sensitive,
with both nicotinic and muscarinic receptors.3> At the LES, the excitatory neurons release
acetylcholine,*® whereas the inhibitory neurons mainly use NO as a neurotransmitter.
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The crural diaphragm is also a major contributor to EGJ pressure. Even after
esophagogastrectomy, with consequent removal of the smooth muscle LES, a persistent EGJ
pressure of approximately 6 mm Hg can be shown during expiration.4? A physiological
correlate of this tonic activity was the recent demonstration of an excitatory vagal pathway
to the crural diaphragm from the dorsal motor nucleus of the vagus that did not exhibit
respiratory fluctuation.>® During inspiration, there is substantial augmentation of EGJ
pressure attributable to contraction of the crural diaphragm. Experimentally, the inspiratory
augmentation of EGJ pressure can be increased with increased respiratory effort or
eliminated by manual ventilation.>1 Contraction of the crural diaphragm is also augmented
during abdominal compression, straining, or coughing.52 On the other hand, during
esophageal distention, vomiting, and belching (transient LES relaxation), electrical activity
in the crural diaphragm is selectively inhibited despite continued respiration, showing a
control mechanism independent of the costal diaphragm.53:54 This reflex inhibition of crural
activity is eliminated with vagotomy.

The neural mediation of LES relaxation has been studied extensively. Swallowing induces
an initial inhibition of the entire distal esophagus, and LES relaxation is part of this
response. Deglutitive LES relaxation is mediated by the vagus nerve, which synapses with
inhibitory neurons of the myenteric plexus. Current evidence implicates NO as the main
neurotransmitter in the postganglionic neurons responsible for LES relaxation. NO is
produced by neuronal NO synthase, a soluble cytosolic enzyme found in neurons of the
myenteric plexus coloc-alizing with vasoactive intestinal polypeptide, which may be a
second inhibitory neurotransmitter in the LES and distal esophagus.>>->7 Multiple in vitro
and in vivo studies have shown that NO synthase inhibitors block neurally mediated LES
relaxation.

Transient LES Relaxation

Summary

Transient lower esophageal sphincter relaxation (TLESR) is a reflex to allow gas venting
from the stomach that is also a key mechanism underlying gastroesophageal reflux.>®
Distention of the gastric cardia is the primary trigger of this neurally mediated event.%®
Gastric distention stimulates vagal afferents that relay this input to the medulla. Medullary
nuclei then orchestrate the efferent limb of the reflex via the vagal and phrenic nerves to
elicit prolonged LES relaxation, inhibition of the crural diaphragm, and esophageal
shortening via vagally activated postganglionic neurons going to distal esophageal
longitudinal muscle.58:60.:61 Should reflux occur during a TLESR, esophageal pressurization
and upper esophageal sphincter relaxation may also be observed.82 Each of these TLESR
components has a characteristic signature when imaged in HRM.

There are several implications of the neuromuscular architecture and physiology of the
esophagus regarding the potential effects of plexitis as occurs in achalasia. First of all, the
pharyngeal swallow and proximal esophageal peristalsis (S1 in Figure 1) should be
relatively spared, because the myenteric plexus does not directly control these. Within the
smooth muscle esophagus, the plexitis can selectively target the LES or the LES and smooth
muscle esophagus. However, impaired LES relaxation may well lead to secondary effects on
the distal esophagus. Within the myenteric plexus, the plexitis could selectively affect
inhibitory neurons or all ganglionic neurons. Furthermore, depending on the pattern of
involvement, the disease process may selectively involve the circular muscle or involve both
circular and longitudinal muscle layers of the muscularis propria. Finally, the sphincteric
activity of the crural diaphragm should not be affected because this is mediated centrally.
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Subtypes and Variants of Achalasia Evident With HRM

The technology of esophageal manometry has undergone a major evolution during the past
decade. Polygraph systems displaying line-tracing recordings from 3 to 8 pressure sensors
have been replaced by high-resolution systems, typically using 36 pressure sensors and
displaying the data in esophageal pressure topography (EPT) format. Alternatively called
isobaric contour plots or, in recognition of the person who pioneered them, Clouse
plots,63:64 EPT uses a coordinate system of time on the x-axis, sensor position on the y-axis,
and then localized pressure values represented by color within those coordinates (Figure 1).
Thus, pressure data are viewed as a continuum along both the time axis and the length of the
esophagus. Hence, although not synonymous, HRM is a prerequisite for accurate EPT plots
because the sensors must be sufficiently close to each other to allow for interpolation of
intermediate pressure values between them without missing anything.

Nowhere has the evolution of HRM had more impact than in the diagnosis of achalasia.
Diagnostic criteria have been tightened® and relevant physiological subtypes identified.
Particularly instrumental in establishing uniform diagnostic criteria for achalasia was the
development of a new metric to quantify EGJ relaxation: the integrated relaxation pressure
(IRP).85 Measurement of the IRP uses an “electronic sleeve sensor” initially described by
Staiano and Clouse86 and conceptually similar to a Dent sleeve that compensates for
potential LES movement by tracking the sphincter within a specified zone. This avoids the
artifact of pseudorelaxation (apparent sphincter relaxation caused by elevation of the
sphincter above the sensor), which was a fatal flaw in the assessment of LES relaxation with
nonsleeve conventional systems. The IRP is calculated from the electronic sleeve as the
mean value during 4 seconds of maximal EGJ relaxation after the pharyngeal contraction.
The time scored can be continuous or noncontinuous, such as when it is interrupted by
contraction of the crural diaphragm. The IRP provides a robust and accurate assessment of
deglutitive EGJ relaxation and optimally discriminates normal relaxation from defects of
sphincter relaxation characteristic of achalasia.

Before the introduction of HRM and EPT, there were no data substantiating the prognostic
value of conventional manometric measures in achalasia. Although there were qualitative
descriptions of variants, such as vigorous achalasia, achalasia with preserved peristalsis, and
cases with complete or partial LES relaxation,57-68 there were no widely accepted
conventions for defining these entities. However, with the adoption of EPT, 3 distinct
subtypes of achalasia were quantitatively defined using novel validated metrics (Figure 2A-
C).8 Additionally, patients with impaired EGJ relaxation but some preserved peristalsis
(Figure 2D) are now recognized as a distinct entity that can be a variant phenotype of
achalasia. Along the same line, posttreatment fragments of peristalsis are common findings
in HRM, suggesting that some preservation of peristalsis is common in achalasia, albeit
often masked by esophageal pressurization patterns before treatment.59

The Pathogenesis of Achalasia

In the absence of any suitable animal model, studies of the pathogeneses of achalasia have
faced the fundamental limitation of available tissue specimens. Early histological studies
relied on either autopsy material or resection specimens from patients undergoing
esophagectomy for end-stage disease. These dilated and grossly dysfunctional specimens
mainly showed marked depletion of myenteric ganglia and fibrosis.66:87 Indeed, in end-stage
disease, all myenteric neurons had disappeared. A second histopathologic hallmark of
achalasia is hypertrophy of the esophageal musculature, most likely secondary to distal
esophageal obstruction.”0:71
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With advances in diagnostic techniques and the widespread adoption of laparoscopic Heller
myotomy in the 1980s, tissue samples obtained during myotomy became available from
patients in earlier stages of achalasia. These specimens clearly showed persistent myenteric
plexus neurons and ganglia surrounded by inflammatory cells, supporting the concept of
achalasia as an autoimmune disease that targets the esophageal myenteric plexus.’2~78
Further characterization of the myenteric plexus infiltrate found it to consist mainly of T
lymphocytes with some eosinophils, plasma cells, B cells, mast cells, and the occasional
macrophage. Significantly, most of the mature lymphocytes were cytotoxic CD8" killer T
cells with characteristics of immune activation such as expression of TIA-1 (a cytotoxic T-
cell marker associated with the promotion of apoptosis) and granzyme B (an exocytotic
granule protease that induces target cell DNA fragmentation and apoptosis).’3 Moreover, the
T cells in the myenteric infiltrate were tumor necrosis factor positive (a cytokine capable of
mediating the killing of a variety of intracellular infectious viruses, bacteria, and parasites)
rather than a regulatory phenotype. Examination of the myenteric plexus in tissue collected
from patients with achalasia has also shown immunoglobulin M antibodies and evidence of
complement activation.”® These antibodies have been proposed to enhance recognition and
promote apoptosis of myenteric neurons. Other immune cells such as eosinophils may also
contribsl,llte to the inflammatory response, as suggested by Tattrup et al80 and a recent case
report.

The immune attack on the myenteric plexus in patients with achalasia is also associated with
the production of serum antineuronal antibodies by plasma cells and B cells.82:83 However,
the specificity of antineuronal antibodies for achalasia has subsequently been questioned,
because they broadly target enteric neurons rather than selectively targeting the esophageal
myenteric plexus and have been detected in similar proportions of patients with achalasia
and gastroesophageal reflux disease (51% vs 50%, respectively).83 In fact, only 2 achalasia
samples (4.4%) uniquely labeled NO synthase—positive myenteric neurons suggesting any
specificity for inhibitory neurons. Thus, in many cases, it seems that serum antineuronal
antibodies are an epiphenomenon in achalasia, perhaps indicative of cellular debris from an
ongoing immunologic assault on the esophageal myenteric plexus rather than being the
cause of it. Of course, there can always be exceptions. For instance, there are paraneoplastic
phenomena associated with antineuronal autoantibodies and pseudoachalasia syndromes.
These include small cell lung carcinoma, in which anti-Hu antibodies induce intestinal
dysmotility.84.85

Taken together, these findings strongly suggest that achalasia is an immune-mediated
disease targeting esophageal myenteric neurons, consisting of both a cell-mediated and an
antibody-mediated attack directed against an as yet unidentified antigen. Hence, one disease
model is that with disease progression, cytotoxic inflammation progressively reduces the
myenteric neuron population, eventually leading to aganglionosis, fibrosis, and finally the
absence of inflammation when the targets of the immune attack have been exhausted in end-
stage disease. In line with that hypothesis, Goldblum et al reported that 3 of 3 specimens
taken from patients with “vigorous” achalasia had myenteric inflammation but a normal
number of ganglion cells. This led those investigators to propose that vigorous achalasia
may be the earliest phase of achalasia with preservation of the motor response of the
esophageal body, thereafter progressing to more typical achalasia.”? However, there are
several arguments against that hypothesis, the most obvious being that one of these patients
with vigorous achalasia had symptoms for 15 years without obvious progression before
treatment. Similarly, when subtyped according to the Chicago Classification, type Ill
(spastic) patients enrolled in the recent European Achalasia Trial all had persistent
esophageal spasm at follow-up.8¢ Hence, although prospective studies would be required to
definitively address this question, neither the available published data nor the bulk of
clinical experience suggest progression from type Il to type | or Il achalasia.
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If not representative of an early stage in disease progression, patients with type 111 achalasia
likely represent a distinct entity characterized by a less “aggressive” immune response
affecting neuronal function but not causing apoptosis. Supportive of that hypothesis,
incubation of resected human gastric fundus tissue with serum of patients with achalasia
induced down-regulation of NO synthase expression and increased cholinergic sensitivity
without affecting the number of neurons.8” Circulating cytokines such as interleukin-8 may
mediate this response, suggesting that local cytokine release could induce an imbalance
between inhibitory and excitatory postganglionic neuronal function, thereby explaining the
preserved number of neurons but reduced inhibition and enhanced excitation observed in
patients with type Il achalasia. One could even speculate that, depending on the regional
localization of the inflammatory response, this mechanism may be involved in other motility
disorders of the esophagus. In patients with nutcracker esophagus, an increased choline
acetyltransferase/NO synthase ratio has indeed been reported with evidence of myenteric
inflammation in 3 of 13 patients.88 These data suggest that in these patients and perhaps also
in patients with diffuse esophageal spasm, the inflammatory response may result from an
inflammatory process confined to the esophageal body, leaving the LES functionally intact.
Taken one step further, sporadic reports of progression to achalasia®®-°! could then
theoretically be explained by subsequent involvement of the LES.

Whereas type 111 achalasia may occur by a distinct immunologic mechanism, type | and type
Il achalasia likely both result from a cytotoxic immune attack leading to progressive
myenteric plexus neuronal apoptosis without selectivity among subsets of myenteric plexus
neurons.”’ Rather, variability among patients is reflective of the rapidity with which this
occurs. Demonstrative of this variability, Goldblum et al reported that patients with no
myenteric plexus infiltrate had a shorter duration of symptoms and more severe loss of nerve
fibers compared with patients with myenteric infiltrate; they even observed complete
aganglionosis in some patients who were symptomatic for less than a year.”? These findings
suggest that the type of immune response and the intensity of the cytotoxic T-cell attack are
the most relevant determinants of the clinical presentation of the disease.

Most fundamental among the unknowns regarding the autoimmune attack leading to
achalasia is the exact target. How this process begins and why its domain is functionally
limited to the esophagus also remain unknown. Unquestionably, antibodies to myenteric
neurons can be found in the serum of patients with achalasia,®2-92 especially in patients with
HLA-DQA1*0103 and -DQB1*0603 alleles.82 Because HLA proteins are crucial in the
process of antigen recognition, this suggests an aberrant immune response to an as yet
unidentified antigen. Viruses such as herpes simplex virus 1 (HSV-1), measles, and human
papillomavirus have all been proposed as potential antigens without consensus among
investigators.%3-96 However, the most recent evidence has strongly implicated HSV-1 with
the demonstration of viral DNA in esophageal tissue from patients with achalasia. Most
importantly, isolated esophageal T cells from that tissue were oligo-clonal, specifically
proliferating and releasing cytokines on exposure to HSV-1 antigens.93:97 Because HSV-1 is
a neurotropic virus with a predilection for squamous epithelium, this hypothesis fits with the
selective esophageal involvement in achalasia. However, achalasia is not an inevitable
consequence of HSV-1 infection. Facco et al found HSV-1 DNA just as frequently in the
esophagus of control subjects as in patients with achalasia, suggesting that it causes
autoimmunity against esophageal enteric neurons only when triggered by a still unknown
factor and only in genetically susceptible individuals.’

In summary, accumulating evidence overwhelmingly supports the concept that achalasia is
an autoimmune disease directed against the esophageal myenteric plexus. However, the
details of the immunologic response vary and may explain the observed heterogeneity in
disease manifestations. It could be hypothesized that depending on the immunogenetic
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background, prior exposure to HSV-1, and associated immune response, patients may
alternatively present with chronic inflammation in the absence of neuronal loss (Chicago
Classification type I1I) or a predominantly cytotoxic immune response with progressive loss
of enteric neurons (Chicago Classification type I and Il). The time course of progression that
may ultimately lead to aganglionosis and fibrosis in these patients depends on the intensity
of the initial and sustained immune response, and localization of the inflammatory response
may determine the specific manometric abnormalities. This hypothesis is diagrammed in
Figure 3. Clearly, future prospective studies are needed to prove this.

Integrating HRM Findings With The Pathophysiology of Plexitis

The single unifying concept among all HRM achalasia subtypes is impaired LES relaxation
in the absence of mechanical obstruction. Physiologically, this likely equates inflammatory
compromise or apoptosis of the postganglionic neurons controlling the LES. Herein lies the
most fundamental heterogeneity among patients with achalasia; in many cases, the LES
contracts vigorously after a swallow, suggesting total loss of inhibitory input with preserved
cholinergic excitatory innervation, quite likely from hypertrophy of the extrinsic vagal fibers
controlling the LES.98.99 |n other cases, there is partial EGJ relaxation followed by
contraction, suggesting an imbalance between inhibitory and excitatory modulation, and in
still other cases there is no apparent deglutitive response, excitatory or inhibitory. Translated
into nerve function, this implies cases of complete loss of neural modulation, partial or
complete loss of postganglionic control, and even accentuated excitatory nerve function.
This heterogeneity is also demonstrable using the multiple rapid swallow challenge during
the manometry protocol wherein subjects swallow five 5-mL water boluses in rapid
succession. The normal response is of prolonged LES relaxation with an augmented
peristaltic contraction after the final swallow. When challenged with multiple rapid boluses,
type | patients exhibit no LES response, type Il patients may have augmented LES pressure,
and type 111 patients exhibit LES relaxation to a degree approaching normal.100.101

Similar heterogeneity can be inferred among achalasia subtypes from the EPT patterns
observed in the distal esophagus. Type Il (spastic) achalasia, as exemplified in Figure 2C,
likely has loss of postganglionic nerve function with preservation or even augmentation of
vagal extrinsic cholinergic modulation along the entire length of the smooth muscle
esophagus. The cholinergic nerves are triggering premature contractions on account of
reduced to absent inhibitory input. On the other hand, type I (classic) achalasia, as in Figure
2A, with no postdeglutitive contractility is likely the consequence of nearly complete
aganglionosis. This would be consistent with the classic reports on the neuropathology of
achalasia, which predominantly examined end-stage disease.102.103 Between these extreme
patterns are type Il achalasia and cases of achalasia exhibiting EGJ outflow obstruction
(Figure 2B and 2D), where there is at least some preserved function of both excitatory and
inhibitory postganglionic nerves. Note that in this circumstance, with balanced compromise
of both excitatory and inhibitory postganglionic function, it is proposed that the residual
weak contraction maintains normal latency. The panesophageal pressurization pattern itself
is likely the consequence of some preserved contraction of proximal striated muscle,
longitudinal muscle, and even nonocclusive circular muscle contraction in the distal
esophagus against augmented EGJ outflow obstruction. 104105

Another line of evidence supporting some degree of preserved postganglionic neuron
function in achalasia comes from the observation that patients with achalasia exhibit
TLESRs.196 The premise is that, despite having immune-mediated damage to the myenteric
plexus leading to impaired deglutitive LES relaxation and absent peristalsis, patients with
achalasia can still have TLESRS, albeit incomplete ones. This observation was prompted by
the serendipitous observation that TLESRs were often triggered by sitting up after
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performing a series of 12 test swallows in a supine position during a routine clinical HRM
protocol and that patients with achalasia exhibited a pressure topography response with
many similarities to a TLESR at that same time point in that manometry protocol (Figure 4).
On further analysis, these did indeed appear to be incomplete TLESRS: they occurred with
similar frequency to TLESRs in patients without achalasia, they had a similar degree and
duration of associated distal esophageal shortening, and they were similarly always
associated with concomitant inhibition of the crural diaphragm. The only consistent
differences were the absence of associated prolonged LES relaxation and the absence of
manometric evidence of gastroesophageal reflux. The implications are that depending on the
specifics of the incomplete TLESR elicited, the patient has preserved postganglionic
excitatory nerve function to the LES and distal esophagus and uniformly exhibits preserved
postganglionic innervation to the longitudinal muscle. One limitation of this study was that
too few patients with type | (classic) achalasia were included. However, Mittal et al reported
analogous observations using intraluminal ultrasonography and suggested that longitudinal
muscle function was vastly attenuated or absent in patients with type | achalasia.104.105

Another clue to the extent of plexopathy in achalasia comes from reexamining patients after
effective elimination of outflow obstruction, whether by surgical myotomy, endoscopic
myotomy, or pneumatic dilation. The issue of return of peristalsis in achalasia after surgical
myotomy has long been controversial, with some arguing that return is seen because absent
peristalsis is a consequence of outflow obstruction rather than a primary abnormality.107-109
A recent series examined 30 patients with HRM before and after treatment and found
remnants of peristalsis or “recovery” of peristalsis in about half.? Certainly, it would be
anticipated that markedly reducing EGJ outflow obstruction by myotomy would modify
achalasia subtyping in some cases and result in patients no longer meeting diagnostic criteria
for achalasia in others. The demonstration of type Il achalasia, for instance, depends on the
existence of an EGJ outflow resistance of at least 30 mm Hg, a condition that should not
often occur after myotomy. Furthermore, once that outflow obstruction is eliminated,
patterns of contraction previously masked by panesophageal pressurization are now
revealed. Consistent with this construct, postmyotomy peristalsis was usually characterized
as weak with large breaks in the 30—-mm Hg isobaric contour and having a low distal
contractile integral (Figure 5). Posttreatment data also support the hypothesis that patients
with type 111 achalasia likely had preserved myenteric plexus in that all but one of the
patients exhibited either some intact peristalsis or premature contractions after myotomy.

In summary, although all HRM subtypes of achalasia exhibit compromised inhibitory
postganglionic neuron function in the LES, the overall pattern of neuronal dysfunction in the
distal esophagus varies considerably, leading to widely discrepant patterns of esophageal
contraction and pressurization. This became quite evident with the widespread use of HRM,
leading to the subclas-sification of achalasia into 3 (really 4) subtypes. Table 1 is an attempt
at characterizing the patterns of specific neuronal dysfunction characteristic of each HRM
subtype. Note that neuronal dysfunction does not equate to neuronal loss, consistent with the
experimental observations of cytokine-mediated modified neuronal function without
neuronal loss.

Conclusions: Putting It All Together

Achalasia is defined by a set of manometric phenomena rather than by a specific marker of
pathogenesis. The accepted criteria are dysphagia in the absence of obstruction with
impairment of LES relaxation as well as peristalsis. New manometric technology and
recently described analysis algorithms summarized in the Chicago Classification* have
greatly improved the clinical recognition of achalasia. However, in so doing, it became
evident that impaired LES relaxation can occur in association with absent peristalsis,
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premature (spastic) distal esophageal contractions, panesophageal pressurization, or
preserved peristalsis, all of which are potentially achalasia. Paralleling these developments,
laboratory observations have shown that achalasia is an autoimmune disease targeting
esophageal myenteric neurons with both a cell-mediated and an antibody-mediated attack
directed against an as yet unidentified antigen; it is quite possible that this is related to
HSV-1 infection in genetically predisposed patients. However, again there is substantial
heterogeneity. At one end of the spectrum, there is complete aganglionosis, as in end-stage
disease or rapidly progressing recent-onset cases.’2 At the opposite extreme is type Il
(spastic) achalasia, in which case there has been no demonstrated neuronal loss, only
impairment of inhibitory postganglionic neuron function, often associated with accentuated
contractility, and quite possibly mediated by cytokine-induced alterations in gene
expression. Distinct from these extremes there is a progressive plexopathy, likely evolving
from achalasia with preserved peristalsis, to type Il achalasia and then to type | achalasia.
Isolated examples showing this progression over time have been observed with HRM.110
The variability in extent and rate of progression are likely related to the intensity of the
cytotoxic T-cell assault on the myenteric plexus.

Moving forward, there are several challenges. There is always room for more research to
reveal the remaining secrets of pathogenesis. Clinically, we need to spread the word;
clinging to outdated concepts of achalasia diagnostics is hindering the delivery of
appropriate care to many patients who can be helped. Therapeutically, we need to integrate
the knowledge we have gained into treatment paradigms and evolve away from the one-size-
fits-all approach. Within the realm of currently available therapies, are there disease
phenotypes optimally treated with one modality or another? In the future, might there not be
instances in which antiviral, immunologic, or even stem cell therapies!11112 might be
advantageous? If there is one thing learned and relearned in this recent journey, it is the
wisdom of keeping an open mind.
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Figure 1.

Averaged pressure topography plot of peristalsis created by superimposing 10 successive
swallows of a single healthy subject to illustrate the stereotypic features of peristalsis. The
peristaltic contraction is composed of 3 contractile segments (S1, S2, and S3) and the LES
contraction separated by 3 relative pressure troughs: proximal (P), middle (M), and distal
(D). The latency of contraction at each esophageal locus is a function of centrally mediated
deglutitive inhibition (1) persisting for the duration of the S1, centrally programmed
contraction and (2) the balance of postganglionic excitation (depolarization) and inhibition
(hyperpolarization) from cholinergic and nitrergic myenteric neurons, respectively. LES
relaxation (3) is a function of the same myenteric plexus influences, albeit in this case
superimposed on a resting myogenic contraction not present in the remainder of the
esophagus.
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Figure 2.

With the adoption of HRM and EPT, 3 distinct subtypes of achalasia were defined using
pressure topography metrics. All have impaired EGJ relaxation and absent peristalsis, but
the differentiating features are in the patterns of esophageal pressurization; type I has 100%
failed peristalsis (aperistalsis), type Il exhibits panesophageal pressurization =30 mm Hg in
>20% swallows, and type 111 exhibits 2 or more premature (spastic) contractions. Note that
the impedance data in the type Il patient (purple overlay) indicates fluid retention in the
esophagus. Dis from a patient who did not meet the criterion of absent peristalsis but clearly
shows impaired EGJ relaxation with segmental pressurization between the peristaltic
contraction and the EGJ; hence, EGJ outflow obstruction was diagnosed. The differentiation
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between a spastic contraction and segmental pressurization is evident from the spatial
pressure variation (SPV) plots to the right of Cand D, indicating the top-to-bottom
intraluminal pressure profile at the time of the black vertical dotted line. With segmental
pressurization, the bolus is trapped between high-pressure zones. The patient in D was
treated with a Heller myotomy with relief of dysphagia. Her postmyotomy study showed
weak peristalsis. Several recent reports have shown differences in the prognostic value of
these achalasia subtypes, supporting the classification scheme
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Figure 3.
Proposed model of immunotoxicity patterns leading to distinct achalasia phenotypes.
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Although other possibilities have been proposed, the model assumes that spastic achalasia is
an immune-mediated functional aberration that is not part of the progression to
aganglionosis. It is also proposed that the specifics of the antibody response vary among

patients and may participate in the cytotoxic attack and/or result in cytokine-mediated

alterations in neuron function. The pathogenesis of muscle hypertrophy is unknown, but this
is consistently observed to accompany hypercontractility.
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Figure4.

Incomplete TLESR in a patient with type 11l achalasia. Similar to patients without achalasia,
patients with achalasia frequently exhibit TLESR in the course of a manometry protocol
after performing a series of swallows in the supine position and then sitting up. In the case
of achalasia, the resultant motor response, shown in this figure, contains all elements of a
TLESR (prolonged esophageal shortening with concomitant inhibition of the crural
diaphragm and strong after-contraction) except LES relaxation. In fact, the LES
paradoxically contracts, consistent with the hypothesis that type 111 achalasia is a
consequence of immune-mediated dysregulation of postganglionic inhibitory nerve function,
often with an accentuation of excitatory postganglionic nerve function.
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Figureb5.

A patient with type Il achalasia before and after laparoscopic Heller myotomy. After
myotomy, a remnant of peristalsis with normal latency and likely extending to the proximal
margin of the myotomy is clearly evident. This is a weak contraction based on the large
break in the isobaric contour (IBC) between the first and second segments.
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