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Abstract

Purpose of Review This review addresses the similarities and differences between the spastic esophageal disorders, including
jackhammer esophagus, distal esophageal spasm (DES), and type III (spastic) achalasia. The pathophysiology, diagnosis, and
treatment of each separate disorder are discussed herein, with an emphasis on overlapping and discordant features.

Recent Findings The Chicago Classification is a hierarchical organizational scheme for esophageal motility disorders, currently
in its third iteration, with direct impact on the definitions of these three disorders. Complementary diagnostic tools such as
impedance planimetry and novel manometric parameters continue to evolve. The suite of potential treatments for these disorders
is also expanding, with progressive interest in the role of peroral endoscopic myotomy alongside established pharmacologic and
mechanical interventions.

Summary Although jackhammer esophagus, distal esophageal spasm, and type III achalasia frequently overlap in terms of their
clinical presentation and available management approaches, the divergences in their respective diagnostic criteria suggest that
additional study may reveal additional mechanistic distinctions that lead in turn to further refinements in therapeutic decision-
making.

Keywords Hypercontractility - Nutcracker - Achalasia - Manometry - Esophageal spasm - Dysmotility

Abbreviations CFV Contractile front velocity

DES Distal esophageal spasm PPI Proton pump inhibitor

CC Chicago Classification FLIP Functional luminal imaging probe
HRM High-resolution manometry EUS Endoscopic ultrasound

DCI Distal contractile integral HM Heller myotomy

LES Lower esophageal sphincter POEM  Peroral endoscopic myotomy

IRP Integrated relaxation pressure

UES Upper esophageal sphincter

DL Distal latency :

CDP Contractile deceleration point Introduction

GERD  Gastroesophageal reflux disease

EoE Eosinophilic esophagitis As a category, spastic esophageal disorders are typically

thought to comprise three entities: jackhammer esophagus,

EGJ Esophagogastric junction . .
distal hageal DES), and I t hala-
EGJOO Esophagogastric junction outflow obstruction 1S’ esophagea spasim ( ): and type (spas ic) ac aa
=TS : sia. The presumed convergences among them in pathophysi-
PFV Pressurization front velocity

ology and clinical management exist alongside clear diver-
gences in the formal manometric criteria with which each
diagnosis is associated. Are these distinct disorders, or do they
exist along a common spectrum? What do we mean when we
5 Nitin K. Ahuja talk about “spasm”? Understanding the similarities and differ-
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course of future diagnostics and therapies. Herein, we review
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Manometric Definitions

In general, spastic esophageal disorders are thought to be char-
acterized by increased contractile vigor. The primary metric
by which this vigor is signaled, however, varies by diagnosis.
The Chicago Classification (CC), a hierarchical organizational
scheme for esophageal motility disorders currently in its third
iteration, has progressively revised the high-resolution ma-
nometry (HRM) parameters of particular relevance in identi-
fying these disorders. The first and second versions of this
classification scheme were published in 2009 and 2012 re-
spectively; its third and most recent iteration (labeled by its
authors as CC version 3.0) was published in 2015.

In CC version 3.0, distal contractile integral (DCI) is de-
fined as the product of the amplitude, duration, and length
(mmHg-seconds-cm) of the distal esophageal contraction ex-
ceeding 20 mmHg from the transition zone to the proximal
margin of the lower esophageal sphincter (LES). Integrated
relaxation pressure (IRP) is defined as the average pressure
within the 4 s of maximal deglutitive relaxation within the 10-
s window beginning at the relaxation of the upper esophageal
sphincter (UES) and in reference to a baseline gastric pressure.
Distal latency (DL) is defined as the interval from upper
esophageal sphincter (UES) relaxation to the contractile de-
celeration point (CDP, defined as the inflection point where
propagation velocity slows within 3 cm of the proximal border
of the LES) [1e°].

With regard to these individual parameters, jackhammer
esophagus is currently defined as >20% of swallows with a
DCI greater than 8000 mmHg-s-cm. DES is currently defined
as >20% premature contractions, which are defined as those
with a DL less than 4.5 s. Type III achalasia is currently de-
fined as a median IRP greater than 15 mmHg, premature con-
tractions with >20% of swallows, and no swallows demon-
strating normal peristalsis. Type III achalasia overlaps with
DES in that both criteria include DL less than 4.5 s, but as
distinct from achalasia, DES and jackhammer esophagus are
both characterized by a normal median IRP [1ee, 2].

The definitions of spastic esophageal disorders have
changed with the transition from conventional manometry to
HRM, and more recently, as the CC has evolved from its first
through third iterations. The history of these changes is worth
bearing in mind, as previous manometric features of spasm
may have been deemphasized or overwritten. For instance,
multi-peaked contractions are a common finding on conven-
tional manometry in patients with esophageal hypercon
tractility, and in retrospect particularly with jackhammer
esophagus. With the advent of DCI, however, interpretive
focus has in general shifted away from contractile morphology
[3]. The manometric diagnosis of nutcracker esophagus, in-
corporated into the first and second versions of the CC, de-
fined by a mean DCI between 5000 and 8000 mmHg:s-cm,
and at one time subdivided into three discrete subtypes, has
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been removed completely from the most recent classification
[1ee, 4]. Hypercontractile esophagus is now synonymous with
jackhammer esophagus, with the definition now including
LES contraction in the aggregate DCI measurement and an
acknowledgement of the entity’s potential occurrence second-
ary to gastroesophageal reflux disease (GERD), eosinophilic
esophagitis (EoE), or EGJ outflow obstruction (EGJOO) [1e¢].

By conventional manometry, DES had been defined as the
presence of >20% swallows with simultaneous contractions
with a minimum amplitude of 30 mmHg; with the transition to
HRM, and in particular the first version of the CC, attention
shifted toward contractile speed, and specifically the concept
of pressurization front velocity (PFV, defined as the slope
between the distal margin of the transition zone and the prox-
imal margin of the EGJ at the 30 mmHg isobar). Patients
deemed to have rapidly propagated pressurization were fur-
ther subdivided into categories of spasm and compartmental-
ized esophageal pressurization. New metrics were introduced
in the second version of the CC, including CDP, DL, and
contractile front velocity (CFV), the latter having been
deemphasized subsequently in CC version 3.0 given its rela-
tive lack of specificity for spasm [4].

The characterization of esophagogastric junction (EGJ) re-
laxation has been refined with the transition to HRM.
Esophageal shortening associated with peristalsis and accen-
tuated by spasm could lead to diagnostic uncertainty regarding
the adequacy of EGJ relaxation, uncertainty that was mitigat-
ed with improved localization of this landmark by HRM [5]. It
was the 2012 version of the CC that formalized the division of
achalasia into three subtypes, with type III achalasia
supplanting the prior concept of vigorous achalasia [4].
Relative to conventional manometry, HRM likely reduces
the risk of miscategorizing type II versus type III achalasia
by facilitating a clearer visual distinction between
panesophageal pressurization and distal spasm [5]. In CC ver-
sion 3.0, type III achalasia was also carefully distinguished
from EGJ outflow obstruction with preserved peristalsis, the
latter potentially indicative of early or incompletely expressed
achalasia, sliding or paraesophageal hiatal hernia, vascular
obstruction of the distal esophagus, infiltrative disease, or tu-
mor [1ee].

Pathophysiology

Peristalsis in the esophageal smooth muscle is regulated by
inhibitory (primarily nitronergic) and excitatory (primarily
cholinergic) neurons [6]. With regard to pathophysiology,
the major distinction in the presumptive models for the spastic
esophageal disorders is between jackhammer esophagus,
which is thought to be related to excess cholinergic drive,
and DES and type III achalasia, which are both thought to
be related to impaired inhibition [6-8].
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The density of inhibitory ganglia in the distal esophagus
increases with increasing proximity to the lower esophageal
sphincter. This neural gradient facilitates the appropriate
timing and coordination of peristalsis in the distal esophagus
after initiation of swallowing. Accordingly, premature con-
tractions characterized by reduced DL are thought to be a
manifestation of impaired inhibition leading to an inappropri-
ately early contraction of the distal esophagus [6]. The pre-
sumed distinction between DES and type Il achalasia, then, is
whether or not this impairment also affects the relaxation of
the EGJ. By contrast, the understanding of hypercontractile
esophagus as a function of excess cholinergic stimulation is
suggested by evidence of temporal discoordination of contrac-
tions in the circular and smooth muscle of the esophagus and
the inducibility and reversibility of this discoordination by
edrophonium and atropine, respectively [8, 7].

Spastic esophageal disorders may also be observed in con-
junction with separate esophageal processes, however, with
potential implications for both pathophysiology and manage-
ment. For instance, multiple studies have shown that EGIOO
induced by mechanical means can lead to hypercontractility of
the esophageal body [9-10]. Gyawali et al. showed that pa-
tients with EGJOO developed a motor pattern with multi-
peaked contractions, increased distal esophageal amplitude,
and increased contraction duration [10]. GERD can also coin-
cide with spastic disorders of the esophagus. Experimental
evidence suggests that esophageal acid perfusion can cause
esophageal spasm; similarly, patients with jackhammer esoph-
agus and concomitant reflux esophagitis have demonstrated
improvement of spasm when treated with proton pump inhib-
itors (PPI) [11, 12, 13].

With regard to EoE, manometric abnormalities have been
noted from 4 to 87% of patients, depending on the case series
reviewed [14]. In a series of 21 patients with EoE, Martin et al.
suggested that panesophageal pressurization was the most fre-
quent manometric abnormality noted in the setting of EoE
and, when present, was associated with the risk of bolus im-
paction [15]. A separate retrospective review of just over 500
cases of achalasia found that < 1% had evidence of concom-
itant EoE. Of these, the authors noted that manometric chang-
es after steroid treatment were inconsistent and that long-term
response to symptomatic intervention targeted toward each of
these entities tended to be poor [16].

Diagnosis

While each of the spastic esophageal disorders can have var-
ied presentations, they do share some common symptomatic
features. All three can present with dysphagia, heartburn,
chest pain, and regurgitation. Jackhammer esophagus and
spastic achalasia patients often have intermittent chest pain
or dysphagia [17]. A study by Kristo et al. showed that in 30

patients with jackhammer esophagus, dysphagia and chest
pain were noted in 53.5 and 40%, respectively. Dysphagia
was associated with DCI scores, hypercontractile swallows,
and maximum DCI swallows [18]. Another retrospective
study considering a cohort of 32 patients with untreated acha-
lasia found that, of the 5 patients with type III achalasia, 100%
experienced dysphagia and chest pain [19]. A study by
Almansa et al. showed that common symptoms in 108 patients
with DES included dysphagia (51%), chest pain (29%), and
heartburn (12%) [20].

The diagnosis of spastic esophageal disorders has involved
manometry, imaging, and endoscopy, among other testing
modalities that have evolved over time. As these entities are
defined with a categorization scheme rooted in HRM param-
eters, manometry is generally regarded as essential to the di-
agnosis of spastic esophageal disorders. That being said, a
variety of old and new technologies may be used to provide
complementary information in the context of suspicion for a
spastic disorder. Additionally, novel interpretations of mano-
metric data are being actively elaborated for the purposes of
meaningful clinical subcategorization.

Barium esophagram traditionally has been used to aid in
the characterization of each of these disorders, but the diag-
nostic yield of this modality is variable. In a study by Finnerty
et al., 100 patients were evaluated by barium esophagram and
HRM, and using HRM as the gold standard, barium
esophagram had an overall sensitivity of 88% and specificity
0f 35% for detecting esophageal dysmotility of any type [21].
With particular attention to achalasia, sensitivity was 100%,
but specificity remained low at 32%. In achalasia, typical bar-
um esophagram findings include esophageal dilation, incom-
plete LES relaxation, stasis of contrast in the esophagus, and
tertiary contractions [22-24]. Jackhammer esophagus may
present with normal or non-specific barium esophagram find-
ings, such as interrupted primary peristalsis or variable tertiary
(non-propulsive) contractions [21]. Tertiary contractions are
simultaneous contractions that may represent non-peristaltic
esophageal motor function and can be seen in patients with
and without spastic disorders; in isolation, tertiary contrac-
tions rarely signify a motor disorder [25]. Barium esophagram
findings in DES tend to be similarly non-specific; in a study of
108 patients with a diagnosis of DES, 61% had an abnormal
esophagram, but the classically associated findings of a cork-
screw or rosary bead appearance were noted in only 4% of
patients in this cohort [20, 21].

Upper endoscopy is performed routinely in the evaluation
of suspected spastic esophageal disorders to exclude
competing/concomitant structural or mucosal abnormalities
that might correlate with a patient’s symptoms. Such abnor-
malities might include mechanical obstruction, esophagitis,
epiphrenic diverticula, or biopsy evidence of esophageal eo-
sinophilia [26]. While achalasia is not typically associated
with endoscopic abnormalities, abnormal contractions or
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dilation of the esophageal body, retained secretions, and in-
creased resistance at the EGJ may be observed [27].

Certain refinements of standard manometric indices have
recently been proposed, including distinctions between pre-
peak and post-peak DCI with attention to the morphology of
the contractile wave. A 2017 study by Xiao et al., which
evaluated 71 healthy controls with HRM and divided the
DCI analysis into time-controlled pre-peak and post-peak
phases, found that the post-peak phase had a relatively greater
contribution to contractile effort [28]. A subsequent study by
the same group found that, among 38 patients with jackham-
mer esophagus, there was a higher ratio of post-peak DCI to
pre-peak DCI in comparison with asymptomatic controls, and
that there was a trend toward significance in the association
between this ratio and dysphagia symptom severity. On this
basis, the authors conjectured that abnormalities in post-peak
peristalsis may have an outsized contribution to dysphagia
symptoms in patients with jackhammer esophagus [29].
Further study is needed, but this more granular analysis of
contractile activity has been proposed as a means of resolving
the otherwise incomplete correlation between clinical symp-
toms and peristaltic amplitude and morphology, with attention
to the likely underlying heterogeneity of neuromuscular aber-
rancies involved [30-32].

Impedance planimetry, a method for assessing luminal
compliance, has been used as a complementary modality in
the diagnosis of various esophageal disorders. The functional
luminal imaging probe (FLIP) is a catheter-based impedance
planimetry probe that recently has become commercially
available and that has demonstrated diagnostic utility in a
variety of settings [33]. It can confirm the presence of
EGJOO or achalasia, for instance, by demonstrating reduced
distensibility at the EGJ. More recently, enhanced analytic
methods for contractility patterns observed through imped-
ance planimetry of the esophageal body have led to FLIP
topography, a complementary method for characterizing
esophageal motility disorders. In a study of 145 patients with
non-obstructive dysphagia, Carlson et al. demonstrated that
FLIP topography could serve as a useful adjunct to HRM in
the diagnosis of motility disorders, including identifying sub-
tle abnormalities in patients with normal manometric findings.
Comparing findings between HRM and FLIP topography
highlights the occasionally blurred lines separating the spastic
esophageal disorders; of 12 patients with HRM findings of
type III achalasia, 10 had FLIP topography findings of spastic
achalasia and 2 of EGJOO, whereas of 3 patients with HRM
findings of jackhammer esophagus, all 3 had FLIP topography
findings of spastic achalasia [34s, 35].

Additional complementary studies include the use of HRM
catheters with impedance sensors to assess bolus transit, po-
tentially yielding additional information regarding the func-
tional significance of observed manometric abnormalities in
spastic esophageal disorders [36—38]. Computed tomography
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scans and endoscopic ultrasound (EUS) can demonstrate
esophageal thickening as a potential correlate of esophageal
spasm [20, 39]. This thickening tends to be concentric, in
contrast with tumors, which both of these imaging modalities
can also be used to exclude, particularly when
hypercontractility or outflow impairment is suspected to be
secondary to mechanical obstruction [39].

Treatment

Despite differences in the spastic esophageal disorders’ man-
ometric definitions, common treatment approaches are often
applied across these three disease categories. Pharma
cotherapy is often employed in jackhammer esophagus and
DES, while mechanical interventions including injections and
myotomy have been considered in all cases.

Medications have been used to treat all three spastic disor-
ders but unfortunately have little to no role in achalasia ther-
apy. Smooth muscle relaxants, such as calcium channel
blockers and nitrates, are used to reduce LES pressure and
contraction amplitude [40]. Nitrates have been shown to pro-
long DL and decrease distal contraction amplitude in patients
with DES and may improve chest discomfort [41]. To our
knowledge, however, there have been no controlled trials with
nitrates in patients with DES or jackhammer esophagus.
Phosphodiesterase-5 inhibitors block degradation of nitric ox-
ide to prolong smooth muscle relaxation in DES and jackham-
mer esophagus but are associated with high costs and the risk
of side effects of dizziness and headaches [42, 43, 44]. One
small series of eight patients noted that peppermint oil elimi-
nated simultaneous contractions in DES but mitigated chest
pain symptoms in only two patients [45]. In the context of a
case report, positive benefit has also been noted with biofeed-
back for DES [46]. It should be noted that PPIs are thought to
reduce symptoms of spastic esophageal disorders when there
is an overlap with untreated GERD.

Injections of botulinum toxin have been used in jackham-
mer esophagus, DES, and type III achalasia, though again
with differences in efficacy across these disorders.
Botulinum toxin injections at the level of the EGJ have been
shown to be effective in achalasia, though effects are generally
temporary and wane over time [47]. A meta-analysis compar-
ing nine studies involving botulinum toxin injection showed
that after one session, symptomatic improvement was 78.7%
at 1 month, 70% at 3 months, 53.3% at 6 months, and 50.6%
after 12 months of follow-up [47]. Pneumatic dilation and
myotomy, as more definitive means of disrupting the LES,
have been found to be more effective treatment for achalasia
than botulinum toxin injection [48]. It is worth noting, how-
ever, that response rates to certain therapies vary by achalasia
subtype; type III achalasia, for example, has a relative poor
likelihood of success with pneumatic dilation in comparison
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with type II achalasia and in comparison with surgical
myotomy [49]. Of course, the invasiveness and complication
rates associated with botulinum toxin injection are much low-
er than with alternative achalasia therapies, in light of which
botulinum toxin tends to be considered specifically in the
context of frail patients with severe medical comorbidities
[50, 51].

According to multiple smaller studies, DES and jackham-
mer esophagus also demonstrate a positive response to botu-
linum toxin injection proximal to the LES. A 2015 study by
Marjoux et al. showed that, of six patients with a manometric
diagnosis of DES, all had symptomatic improvement at
2 months, and four patients had continued response at
6 months; similarly, of seven patients with jackhammer esoph-
agus, six had symptomatic improvement at 2 months, and five
had continued response at 6 months [52]. In a separate pro-
spective, randomized crossover trial of 22 patients with either
DES or nutcracker esophagus, 50% short-term (1 month) re-
sponse in overall symptoms was noted with botulinum toxin
injection versus 10% with saline injection [53].

Heller myotomy, a surgical incision of the circular mus-
cle of the LES, often performed with a concomitant anti-
reflux operation, has become a standard tool in the man-
agement of achalasia but is less well entrenched in the
context of other spastic esophageal disorders. Longer inci-
sions tend to be employed for DES than for classic acha-
lasia. The use of surgical myotomy for patients with DES
has been reported with intermittent success in a few
decades-old case series, though interpretability is limited
by small data sets, case heterogeneity, and variations in
technique [54-57]. A prospective study from 2007 showed
that extended myotomy with anterior fundoplication had
good functional success rates in patients with severe
DES, and out of 20 patients, chest pain and dysphagia
scores improved in 90 and 100%, respectively [54]. Little
data is available regarding the role of surgical myotomy for
jackhammer esophagus.

Relative to Heller myotomy, peroral endoscopic myotomy
(POEM) has become an alternative and less invasive means of
disrupting the LES and may hold more promise in the treat-
ment of the spastic esophageal disorders. POEM utilizes a
submucosal tunnel to access the circular muscle fibers, facil-
itating an adjustment of the final myotomy’s length as appro-
priate to the clinical scenario [58]. While the availability of
POEM is expanding, it remains a complex procedure relegat-
ed to specialized centers and practitioners [59].

The rates of improvement with POEM in type III acha-
lasia are substantial and comparable over long-term fol-
low-up with other achalasia treatment modalities and with
other achalasia subtypes [60]. Several recent case series
have also demonstrated successful treatment outcomes
with POEM applied in the context of non-achalasia spas-
tic disorders, particularly via the use of a long myotomy

including the LES [58, 61-66]. A recent systematic re-
view and meta-analysis aggregated data from 8 observa-
tional studies that included a total of 116 patients with
type III achalasia, 18 patients with DES, and 37 patients
with jackhammer esophagus undergoing POEM, with ag-
gregate success rates of 92, 88, and 72% respectively
[67¢]. Certain practitioners have advised extra caution
when performing POEM in the setting of DES given the
technical challenge posed by active contractions, though
the systematic review found no difference in adverse
event rates with POEM performed among the various
spastic disorders [68].

Important caveats to these early reports, however, include
the persistently small sample size of cases reported and the
lack of randomized trial data. Techniques vary by institution,
and as yet there is no consensus on the best method for deter-
mining the appropriate length of a myotomy in these circum-
stances or for selecting individual cases as more appropriate
for medical or endoscopic management. Lastly, with attention
to background physiology, it seems worth remembering that
myotomy is a mechanistically blunt maneuver, agnostic to the
means by which a process of hypercontractility or spasm orig-
inates or persists.

Conclusion

The spastic esophageal disorders, including jackhammer
esophagus, distal esophageal spasm, and type III achalasia,
have evolved over time in terms of their manometric defini-
tions. Time-tested diagnostic methods including endoscopy
and barium esophagram have been supplemented in recent
years with more nuanced HRM parameters and adjunctive
technologies like impedance planimetry. Treatment options
are also expanding, with older pharmacologic agents being
supplemented with newer mechanical techniques, most signif-
icantly POEM, though this maneuver’s optimal role in the
treatment of spastic esophageal disorders has yet to be clari-
fied. Frequent overlaps in nomenclature and management per-
sist alongside important distinctions in pathophysiology. As
such, while the diagnostic grouping of the spastic esophageal
disorders remains clinically expedient, further research may
clarify the extent to which they represent analogous or discrete
entities.
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