INVITED REVIEW

Annals of Gastroenterology (2015) 28, 3-9

Impact of high-resolution manometry on achalasia
diagnosis and treatment
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Abstract

Achalasia is a primary neurodegenerative disorder of the esophagus characterized by loss of
function of the lower esophageal sphincter (LES) and of esophageal peristalsis, which causes
symptoms such as dysphagia, regurgitation, weight loss, and chest pain. Esophageal manometry
is the gold standard for the diagnosis of achalasia. The typical manometric features are
incomplete relaxation of a frequently hypertensive LES and lack of peristalsis in the tubular
esophagus. High-resolution manometry using catheters with 36 solid-state sensors spaced 1cm
apart has more and more replaced water-perfused and pull-through manometry. However, the
main innovation of this method is the conversion of pressure data into a topographical plot.
The data can be modified using interpolation to generate high-resolution esophageal pressure
topography (HREPT). HREPT is more sensitive, provides more detailed information, and
is easier to perform than conventional manometry. Introduction of HREPT had an impact
especially on the diagnosis and management of achalasia. A clinically relevant impact was
achieved by the identification of 3 clinical subtypes which seem to predict treatment outcomes.
This review analyzes the progress made in the diagnosis and management of achalasia since the
recent introduction of HREPT.
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Introduction
Idiopathic achalasia is a rare primary esophageal motor
disorder of unknown etiology, with an estimated incidence of
1 case per 100,000 of the general population [1]. It represents a
neurodegenerative disorder, in which neurons of the myenteric
plexus are destroyed. Therefore achalasia is characterized
by loss of function of the lower esophageal sphincter (LES)
and esophageal peristalsis, which causes symptoms such as
dysphagia, regurgitation, weight loss, and chest pain.
The diagnosis of achalasia is suspected clinically on the
basis of the symptoms mentioned above and confirmed by
diagnostic tests. Upper gastrointestinal endoscopy and barium
swallow are indicative of achalasia and esophageal manometry
is the gold standard for its diagnosis. The typical features are
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incomplete relaxation of a frequently hypertensive LES and a
lack of peristalsis in the tubular esophagus. High-resolution
manometry (HRM) is more sensitive, provides more detailed
information, and is easier to perform than conventional
manometry (CM) [2-4].
HRM generates a detailed pressure topography of the
esophagus which identifies compartmental pressurization in
the distal esophagus and has recently been renamed to highresolution esophageal pressure topography (HREPT) [2,5,6].
This pressure topography plotting has been used to create a
new classification of idiopathic achalasia of 3 different subtypes
with possible clinical implications [7].
This review provides an evidence-based approach of the
progress made in the diagnosis and treatment of achalasia
since the introduction of HREPT.

Esophageal manometry
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The procedural basis for both types of manometry,
i.e. CM or HRM is the same. Both begin with placement of
the manometry catheter transnasally until the distal pressure
sensors cross the esophagogastric junction (EGJ) and enter the
stomach. Patients are instructed to fast overnight and to omit
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any medications that might affect motility for 48 h prior to the
manometry.
CM

CM can be performed with the use of a low-compliance
capillary perfusion system or a solid state assembly with
pressure sensors, usually spaced at 3-5 cm intervals.
A stationary pull-through method is used to determine the
position of the LES and to identify the pressure inversion
point and a high-pressure zone. The LES resting pressure
and relaxation in response to 5 wet swallows is measured
with the pressure sensor in the middle of the LES highpressure zone. Esophageal body motility is assessed by
repositioning of the pressure sensors into the body. The
response to 10 wet swallows separated by an interval of at
least 30 sec is tested.
The diagnosis of classic achalasia is characterized by
complete absence of peristalsis in the body of the esophagus
(simultaneous contractions with amplitudes <40 mmHg or no
apparent esophageal contraction) and incomplete relaxation
of a hypertonic or normotonic LES. Atypical presentations of
achalasia have been described by conventional manometry.
These include cases with preserved peristalsis and/or
esophageal contractions with amplitudes greater than
40 mmHg, the latter situation often being referred to as
“vigorous achalasia” [8-10].
HRM

An HRM device is composed of multiple, closely-spaced
pressure sensors (usually 1 cm apart). HRM provides much
more information than CM, as data are not lost in the 3-5 cmsized gaps between the sensors of CM [11].
In contrast to the station pull-through method of the CM,
the HR-assembly needs no further repositioning once it has
been placed across the EGJ. This makes the procedure much
more comfortable for the patients. Advantages of HRM over
CM is the simultaneous assessment of the upper and LES as
well as the esophageal body peristalsis with a single series of
swallows, which makes the data acquisition period shorter
than with CM.
However, the main innovation of this method is the
conversion of pressure data into a topographical plot. The
data can be modified using interpolation to generate HREPT
plots that are color-coded, spatiotemporal representations of
pressure recordings in the esophagus (Clouse Plots). Colors
are assigned to the pressures with cool colors (blue and green)
for lower pressures and warm colors (red and yellow) for high
pressures [12-14].
Analysis of a HREPT study is performed by using a
stepwise approach focused on an algorithm-based scheme
that first assesses EGJ relaxation pressures and subsequently
uses individual swallow patterns defined by HREPT metrics
to further subclassify the patient into specific categories [12].
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A stepwise approach to esophageal pressure topography is
shown in Table 1 [15].

Impact on the diagnosis of achalasia
General improvements

The implementation of HREPT involved the
establishment of a structured classification system, the socalled Chicago classification of esophageal motility. After
all of the swallows are analyzed with the stepwise approach
described above (Table 1) the data are used in the Chicago
classification to make a diagnosis. As shown in Fig. 1 at
first the LES function is assessed and then esophageal
motor function is characterized. A key feature of the
Chicago classification [5] is the hierarchical categorization
of esophageal motility disorders, with 4 general groupings;
achalasia, esophageal outlet obstruction, abnormalities
of esophageal motor function not seen in asymptomatic
controls [such as absent peristalsis, distal esophageal
spasm, and hypercontractile (jackhammer) esophagus], and
borderline abnormalities of esophageal function commonly
found in asymptomatic individuals [e.g. weak or hypertensive
(nutcracker esophagus) peristalsis].
One of the cardinal criteria for the diagnosis of achalasia
is impaired LES (or EGJ) relaxation, although no universally
accepted criteria were ever available for defining impaired
LES relaxation by CM. HREPT can measure LES pressure
changes more accurately than CM [16,17], because of the
implementation of the integrated relaxation pressure, the
average minimum EGJ pressure for 4 sec of relaxation
within 10 sec of swallowing (upper sphincter relaxation).
This is an important improvement because LES relaxation
with swallowing rarely reaches the level of the intragastric
pressure and, when it does, it is only for a brief interval.
Therefore, it might be difficult in CM to distinguish
artefacts from real impaired swallow induced relaxation.
Furthermore, the LES moves proximally at an average of 2 cm
during swallowing as a consequence of longitudinal muscle
contraction and esophageal shortening and can falsely be
diagnosed as sphincter relaxation during CM. This problem
of ‘pseudorelaxation’ limits the specificity of CM for the
diagnosis of achalasia because falsely diagnosed relaxation
of the LES could change the manometric diagnosis from
achalasia to absent peristalsis, or from spastic achalasia to
diffuse esophageal spasm [11]. The other cardinal feature for
the diagnosis of achalasia is absent peristalsis. However, absent
peristalsis is not synonymous with absent pressurization
within the tubular esophagus, difficult to measure with CM.
With HREPT it is possible to show esophageal pressurization
as elevated intrabolus pressure and thus has emerged as one
new criterion that might help distinguish certain subtypes of
the disease [11].
It seems that these new diagnostic tools improve the
sensitivity and specificity of HREPT over CM to diagnose
achalasia and lead to possibilities of early and guided
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Figure 1 The Chicago classification algorithm. Adapted from Conklin 2013 [13], Bredenoord 2012 [22], Carlson and Pandolfino 2013 [12]
IRP, integrated relaxation pressure; DCI, distal contractile integral; DL, distal latency; CFV, contraction front velocity; IBC, isobaric contour
Table 1 Steps of analyzing high‑resolution esophageal pressure topography studies
Step 1 Assess esophagogastric junction (EGJ)
a) Basal EGJ pressure
b) Integrated relaxation pressure (IRP)
 Evaluates a continued or interrupted 4 sec lower esophageal sphincter (LES) relaxation in a 10 sec window. IRP is a major diagnostic
criterion for all subtypes of achalasia and for EGJ outflow obstruction
Step 2 Characterize esophageal contractility
a) Assess peristaltic integrity
 Each water swallow should be categorized as intact, weak, or failed. Only sufficiently intact swallows should be evaluated using the
above‑mentioned metrics of propagation
b) Contractile Front Velocity
Measures the fast part of the contraction in the esophageal body
c) Distal contractile interval (DCI)
 Vigor (power) of the distal esophageal contraction, in the old days: peak amplitude, duration. DCI is a concept of volume calculation of the
contraction including amplitude (mmHg), duration (sec) and length (cm)
d) Distal latency
 Interval between upper esophageal sphincter and the contractile deceleration point, the point where the contraction slows down. Premature
contractions are of particular significance because these are never encountered in normal subjects and are important diagnostic criteria for
type III achalasia and distal esophageal spasm[16]
Step 3 Characterize pressurization patterns, if present
Measurement of the intrabolus pressure at 30 mmHg isobar
Panesophageal pressurization means an uniform pressurization from upper to LES, pathognomonic of type II achalasia
Compartmentalized pressurization a frequent finding in EGJ outflow obstruction

intervention [18]. Besides the higher sensitivity in the
diagnosis of LES relaxation/impairment, it became apparent
that many esophageal motor disturbances could be recognized

as distinct patterns [19]. These attributes have led to improved
inter-observer agreement among interpreters and provide a
more user-friendly method for teaching trainees [20,21].
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Specific achalasia subtypes

The classification of achalasia has evolved with the
introduction of HREPT. Different achalasia subtypes have
been described, all of which are associated with abnormal
EGJ relaxation and are categorized based on the pattern of
esophageal body contraction and pressurization (Table 2,
Fig. 2) [7,22]. Thus, by HREPT, achalasia can be subtyped
into classic achalasia (with no esophageal pressurization
by swallowing), achalasia with esophageal pressurization
(characterized by compression of the water bolus between
the upper and LES), and spastic achalasia (characterized by
nonpropulsive, high-amplitude contractions in the esophageal
body) [11]. The impact of this new classification system on the
clinical management of achalasia will be described below.
Differential diagnosis of abnormal LES relaxation

HREPT studies demonstrated a population of patients
with impaired LES relaxation with remaining peristaltic of
the tubular esophagus that fails to meet diagnostic criteria
of achalasia, similar to those with ‘atypical disorders of LES
relaxation’ in CM [12]. This disorder was called functional
obstruction in the first Chicago classification schemes. Further
on, it could be demonstrated that these patients had an
elevated intrabolus pressure, similar to patients with a known
Table 2 Manometric variants of achalasia
Type I 100% failed peristalsis (minimal pressurization within the
esophagus)
Type II No normal peristalsis, panesophageal pressurization
(>30 mmHg in ≥10% of wet swallows)
Type III Spastic achalasia (no normal peristalsis, preserved fragments
of distal peristalsis or premature contractions in ≥20% of swallows)

mechanical obstruction, and therefore it is now categorized as
EGJ outflow obstruction (as shown in Fig. 2) [12,22]. However,
because the primary dysfunction in EGJ outflow obstruction
and achalasia is failure of swallow-induced LES relaxation,
symptoms and treatment are often similar. It has been reported
to occur in benign and malignant infiltrative disorders or may
be a variant or earlier form of achalasia [23].

Impact on the treatment of achalasia
Since the underlying defect cannot be reversed, treatment
of achalasia remains palliative. Therefore, the aim of all current
therapies is the improvement in esophageal food passage by
reducing the distal esophageal obstruction. Such improvement
will lead to symptomatic relief of dysphagia, regurgitation, as
well as weight gain.
This goal can be achieved by pharmacologic therapy;
endoscopic treatment with pneumatic dilation (PD) or
botulinum toxin (BOTOX) injection; or surgery. Recently,
new therapeutic options such as stent implantation or
peroral endoscopic myotomy have been reported [24,25].
However, the efficacy of these treatment options varies and
the recommendation for the best therapy is still controversial.
Although PD and Heller myotomy seem to be the most effective
treatments for achalasia [26], until now the choice of treatment
modality primarily depended on multiple factors, such as
patients’ characteristics, clinical presentation, local expertise,
and patient’s preference [27]. In the past, CM criteria for high
recurrence rates after PD have been defined. These include
younger age, male gender, and LES >10 mmHg post-dilation.
However, some patients do not have a good response either to
endoscopic or to operative approaches, whereas others remain
symptom-free for more than 10 years after a single PD. Therefore
other factors might play a role in the therapeutic success.
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Figure 2 High-resolution esophageal pressure topography showing the 3 different types of achalasia. Courtesy of Niebisch, Mainz, Germany
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Table 3 Summary studies demonstrating the different treatment results based on the achalasia subclassification
Author

Subtype and response rate

Treatment

Follow up

Definition of successful outcome

Lee 2013 [4]

N=41
Type I 10/16 (63%)
Type II 14/20 (70%)
Type III 5/5 (100%)

PD
HM
CCB

Median
22 months

Eckardt score ≤ 3

Rohoff 2013
[30]

N=176
Type I 36/44 (81%)
Type II 110/114 (96%)
Type III 12/18 (66%)

PD
HM

Minimum
2 years

Eckardt score ≤ 3

Pratrap 2011
[29]

N=45
Type I 14/22 (63%)
Type II 18/20 (90%)
Type III 1/3 (33%)

PD

Mean
6 months

Symptomatic relief requiring
no further intervention up to
6 months after single intervention

Salvador 2010
[28]

N=246
Type I 82/96 (85%)
Type II 121/127 (95%)
Type III 16/23 (70%)

HM

Median
31 months

Postoperative symptom
score>than the 10th percentile of
the pre‑operative score (i.e., >7)

Pandolfino 2008
[3]

N=83
Type I 7/16 (56%)
Type II 38/46 (96%)
Type III 2/21 (29%)

BOTOX
HM

Mean
19 months

Documented subjective
improvement after last
intervention. No recom‑mended
repeat intervention for >12 months

PD, pneumatic dilation; HM, Heller myotomy; BOTOX; botulinum toxin injection; CCB, Calcium channel blocker

The new HREPT subclassification of achalasia distinguishes
separate clinical phenotypes that might help predict response
to therapy. This scheme is supported by 5 retrospective studies.
Table 3 shows a summary of the published studies showing
different treatment responses in patients with the 3 achalasia
subtypes [4,18,28-30].
The study by Pandolfino et al [18] inaugurated the 3 subtypes
of achalasia based on HREPT results and linked them to
clinical outcomes. The authors found that type II patients
were significantly most likely to respond to any therapy, such
as BOTOX [71%], PD [91%], or Heller myotomy [100%]. In
contrast, treatment response was lower for type I (56% overall)
or type III (29% overall) patients. Logistic regression analysis
found type II to be a predictor of positive treatment response,
whereas type III predicted the poorest treatment response to
all types of therapy.
Similarly, Salvador et al [28] analyzed 246 patients with
different subtypes of achalasia (14.6% type I, 4.7% type II,
and 30.4 % type III), all of whom were treated surgically with
laparoscopic Heller-Dor myotomy. They were able to show that
the best clinical outcome was achieved in patients with type II
achalasia.
Pratap et al [29] analyzed 51 patients with HREPT, most of
whom were treated with PD, and similarly demonstrated that
patients with type II had the best response to PD compared
with types I and III.
The esophageal pretreatment manometry data collected
from 176 patients who participated in the European achalasia
trial, in which patients with newly diagnosed achalasia were
randomly assigned to PD or laparoscopic Heller-myotomy
(LHM) with Dor’s fundoplication were examined by Rohoff
et al [30]. These data underlined that a higher percentage of
patients with type II achalasia were treated successfully with

PD or LHM than patients with types I and III achalasia. The
success rates in type II achalasia were high for both treatment
groups but significantly higher in the PD group (100% vs.
93%). For type I achalasia, PD and LHM had similar rates of
success (81% vs. 85%), whereas in type III achalasia LHM had
a higher success rate than PD (86% vs. 40%).
Lee et al [4] studied 50 patients with achalasia diagnosed
by CM and HREPT, 41 of whom received treatment.
Treatment responses of PD and Heller’s myotomy in type I
group were 71.4 and 50.0%, and in type II group 85.7 and
75.0%, respectively. In addition, all patients in type III group
(n=5) showed good response to medical therapy. Type III
patient have poor response rates to other treatment options
and although medical treatment is generally not very effective
in achalasia, it might lead to short-term symptomatic
improvement in the related spasm [4]. Medical treatment
is additionally prone to side effects, such as peripheral
edema, headaches or hypotension [27]. Therefore, the “good
response” shown in a very small number of patients needs to
be validated by others prior to making firm recommendations.
Currently, use of medical treatment is mostly limited to
symptomatic relief in patients who have very early disease, or
as a temporary measure.
These studies have methodological differences, according
to the type of esophageal manometry, treatment modalities,
definition of response, and time of follow up. Nevertheless,
consistent across all studies was the observation that patients
with type II achalasia have the best and patients with type III
achalasia have the worst response to treatment. It seems that
type II had the best results for PD and surgery seems benefit
more type I achalasia patients. Although PD and surgery are
not very effective in patients with type III achalasia medical
therapy (BOTOX) might be an alternative for these patients.
Annals of Gastroenterology 28
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These results suggest that achalasia subtypes represent
unique clinical phenotypes and may offer criteria to plan the
optimal treatment for the patient with achalasia, although more
prospective data are needed to confirm these first results [31].

Impact on the pathophysiologic understanding
Another question which arises from these results is
whether there are pathophysiological differences that can
explain these different phenotypes. A study that used the
combination of HREPT, multiple intraluminal impedance,
and intraluminal ultrasonography of the esophagus
demonstrated that longitudinal muscle contraction patterns
are quite different in the 3 different types of achalasia.
Type I achalasia showed minimal or no longitudinal muscle
contraction of the esophagus. In type II achalasia, strong
longitudinal muscle contraction was found, assumed
to cause pan-esophageal pressurization; and in type III
achalasia, both circular and longitudinal muscles contracted
but there was severe discoordination between the 2 muscle
layers.
Furthermore, it was shown that emptying occurred
intermittently
during
periods
of
pan-esophageal
pressurization in patients with type II achalasia whereas
patients with achalasia of types I and III had no emptying
or relatively normal emptying during most swallows,
respectively [32].
It is still under discussion if the 3 different achalasia
types represent different phenotypes during progression of
the disease caused by the same process or if they represent 3
different pathophysiological defects [32].
The above-mentioned data and histopathological
examinations support the latter assumption. Goldblum
et al [33] assumed that vigorous achalasia might
represent an early stage of the disease, because myenteric
inflammation was seen, but the normal number of ganglion
cells was not reduced. In contrast, in cases of typical
achalasia complete aganglionosis can frequently be found
and therefore this was regarded to be a late stage. However,
none of the existing data propose propagation from type III
to type I or II achalasia and therefore it is assumed that
the underlying immune response might differ. In type III
achalasia, a less intensive immune reaction could lead to
neuronal dysfunction, lacking apoptosis. This subtype is
often associated with spastic contractility, which could
be mediated by cytokine-induced alterations rather than
cell destruction [34]. In contrast, some patients with a
progressive plexopathy might progress from a clinical
picture with some preserved peristalsis or pressurization
(similar to a type II phenotype) to end-stage disease
with complete aperistalsis [35]. These variations in the
progression of the disease and presentation of different
phenotypes are likely a result of a varying intensity of the
cytotoxic T-cell assault on the myenteric plexus [36].
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Concluding remarks
HREPT is more sensitive, provides more detailed
information, and is easier to perform than CM. Standardization
is improved as a result of analysis algorithms, known as the
Chicago classification, which has increased the early recognition
of achalasia. A clinically relevant impact was achieved by the
identification the 3 clinical subtypes of achalasia to predict
treatment and disease outcome. Furthermore, implementation
of the different phenotypes of achalasia increased our
pathophysiologic understanding of the disease. This knowledge
has the prospect to lead to an individualized management of
the disease and improve outcomes for patients with achalasia.
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