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Clinical Application of Esophageal
High-resolution Manometry in the Diagnosis of
Esophageal Motility Disorders
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Esophageal high-resolution manometry (HRM) is replacing conventional manometry in the clinical evaluation of patients with
esophageal symptoms, especially dysphagia. The introduction of HRM gave rise to new objective metrics and recognizable patterns of
esophageal motor function, requiring a new classification scheme: the Chicago classification. HRM measurements are more detailed
and more easily performed compared to conventional manometry. The visual presentation of acquired data improved the analysis and
interpretation of esophageal motor function. This led to a more sensitive, accurate, and objective analysis of esophageal motility. In
this review we discuss how HRM changed the way we define and categorize esophageal motility disorders. Moreover, we discuss the
clinical applications of HRM for each esophageal motility disorder separately.
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Introduction

Disordered esophageal motor function can be an underlying
cause of dysphagia and chest pain. Esophageal manometry is the
gold standard for assessing esophageal motility. Ever since the first
concept was invented in the 1950s," continuous technical modifica-
tions have improved the measuring techniques.” The first pressure
recordings of the esophagus were performed using water-perfused
catheters with one to a few side-holes, after which 4-8 side-holes
became common. Measuring the pressure of the lower esophageal
sphincter (LES) was difficult, because the LES tends to shift up-

wards during swallows, displacing a focal point sensor away from

the high pressure zone. The convention at the time was to pull a
focal sensor repeatedly through the sphincter. In 1977, the Dent
sleeve sensor catheter was introduced, in which a 6-cm sleeve sen-
sor was added to continuously measure the LES pressure.” By the
1990s, high-resolution manometry (HRM) was introduced, which
had an increased number of pressure sensors thereby decreasing
the spacing between the respective sensors to 1-cm intervals.” The
pioneers were Ray Clouse and Geoff Hebbard.” This made it pos-
sible to measure the pressure pattern throughout the entire length
of the esophagus with each swallow, from upper esophageal sphinc-
ter (UES) to LES, providing a complete depiction of esophageal
motor function.” Furthermore, the short interval between sensors

allowed the software to interpolate pressure values between sen-
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sors. As a result, manometry recordings could thenceforth be dis-
played as a continuous pressure plot in which pressure amplitude
is expressed as colors similarly to an altitude map (Fig. 1), rather
than the previously displayed 2-D line tracing format.”* In these
so-called esophageal pressure topography (EPT) plots, with time
on the x-axis and esophageal position on the y-axis, warmer colors
represent high pressures and colder colors represent low pressures.’

It was inevitable that the introduction of EPT led to new met-
rics and parameters. This strengthened the need to reassess the clas-
sification scheme, which was originally developed for conventional
manometry measurements.” In 2008, the first official classification
system for EPT, the Chicago classification, was developed after
several studies in healthy volunteers and patients."”"* A second it-
eration was published in 2012,” which was most recently updated
in 2015." HRM has become increasingly important and is now the
new worldwide standard for the clinical evaluation of esophageal
motility disorders. The implementation of HRM is a major im-
provement compared to conventional manometry. In this review we
discuss how HRM changed the field of esophageal motility disor-

ders.

Technical Aspects of High-resolution
Manometry

"Two different types of manometry systems can be distinguished,
namely water-perfused versus solid state catheters. Every system

has its own advantages and disadvantages and different normal
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Clinical Application of Esophageal HRM
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Figure 1. The intraluminal pressure is
viewed as a continuum with isocoloric
regions indicating isobaric conditions
among sensors, permitting the assess-
ment of propagation velocity, contraction

| vigor, and lower esophageal sphincter

i
1 The markers for the upper esophageal

sphincter (UES), LES, and stomach are
correctly placed.

(LES) relaxation all at the same time.

Stomach

(Gastric 49.4}

values.””" In short, an HRM study consists of 2 phases: analysis
during swallows and during rest. Before or after administering ten
5 mL water swallows to the patient, a “resting” landmark recording
is measured during an episode in which the patient does not swal-
low and breathe normally. In this landmark episode, markers for the
level of the UES, the upper and lower border of the LES and the
stomach are placed (Fig. 1). The software measures the LLES rest-

ing pressure in this landmark recording window.

Interpretation of Data

According to the Chicago classification, the analysis and inter-
pretation of HRM is performed in 2 steps following a hierarchical
flow-chart (Fig. 2). First, the individual swallow patterns are evalu-
ated and classified. The distal contractile integral (DCI) is mea-
sured as a multiplication of the amplitude, length and duration of
the contraction (mmHg-cm-sec) and the distal latency is measured
as the time between UES relaxation and the deceleration point of
the contractile front of the contractile wave. For each swallow, the
contraction is determined to be peristaltic, simultaneous, or failed
(DCI < 100 mmHg-cm-sec). In addition, the peristaltic contrac-
tions are determined to be weak (DCI 100-450 mmHg-cm-sec),
hypercontractile (DCI = 8000 mmHg-cm-sec), premature (distal
latency < 4.5 sec), fragmented (peristaltic break > 5 cm), or nor-
mal.

Based on the information from the individual swallows, a hier-

archical categorization of motility disorders is made. First the ILES
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The chicago classification v3.0
Hierarchical analysis

Achalasia
IRP > ULN and 100% failed McN Type I: No contractility

peristalsis or spasm Type Il: > 20% PEP

Type lll: > 20% spasm (DL < 4.5 sec)

Disorders with EGJ

outflow

EGJ outflow obstruction
Incompletely expressed
achalasia
Mechanical obstruction

IRP > ULN and not
Type I-lll achalasia

obstruction

DES

IRP normal and
Short DL or high DCI or

Jackhammer esophagus

Absent contractility
No scorable contraction
Consider achalasia

100% failed peristalsis

> 20% premature (DL < 4.5 sec)

> 20% DCI > 8000 mmHg-cm-sec

Major disorders
of peristalsis
Entities not seen in
normal subjects

Figure 2. Hierarchical flow-chart from
the Chicago classification version 3.0.

IRP, integrated relaxation pressure;

> 50% ineffective swallows

Fragmented peristalsis
> 50% fragmented swallows
and not ineffective

IRP normal and
> 50% ineffective swallows

Ineffective motility (IEM)

Minor disorders
of peristalsis
Impaired clearance

ULN, upper limit of normal; DL,
distal latency; DCI, distal contractile
integral; PEP, panesophageal pressur-

ization; EGJ, esophagogastric junction;

DES, distal esophageal spasm. Adapted

5 IRP normal and Yes
> 50% effective swallows

function, and subsequently the esophageal pressure patterns are
used to classify the patient and make a diagnosis." The hierarchical
flow-chart has 4 groups: (1) incomplete LLES relaxation (achalasia
or esophagogastric junction outflow obstruction); (2) major motility
disorders, ie, disorders never seen in asymptomatic controls (absent
contractility, distal esophageal spasm, and hypercontractile esopha-
gus); (3) minor motility disorders, ie, findings that can be found in
asymptomatic individuals (ineffective esophageal motility or frag-
mented peristalsis); and (4) normal esophageal motility.

Advantages of High-resolution Manometry —

HRM offers several advantages over conventional manometry.
First, the visual display simplifies the positioning of the catheter
and reduces the chance that a catheter is positioned incorrectly.”
Also, the pressure pattern of the entire esophagus is assessed simul-
taneously, eliminating the need for repositioning or repetitive pull-
through maneuvers. As a result, HRM is easier to perform with
a significantly shorter procedure time than conventional manom-
etry23,24

Second, the shorter intervals between the pressure sensors en-
sures that no relevant information gets lost, and the high resolution
leads to a greater reproducibility.” This provides a more detailed

assessment of pressure measurements, supposedly enabling a more

from Kahrilas et al'® with permission of

Wiley.

»  Normal

7,9,11,22,25
Ye

objective evaluation of esophageal motility disorders. et,

HRM and conventional manometry have never been compared
directly.

Last, the standardized display method and additional computer
algorithms enable a more objective, as well as a more intuitive,
interpretation, which is easier to learn than the interpretation of con-
ventional line tracings. This provides a steep learning curve for both

23,26 . 27 . 28
Also, the interobserver " and intraobserver

experts and trainees.
agreement is better in HRM than in conventional manometry. In a
study comparing diagnostic accuracy and interobserver variability
among interpreters with and without experience, HRM provided

. . . . 29
superior diagnostic accuracy compared to conventional manometry.

Clinical Application of High-resolution
Manometry in Esophageal Motility

Achalasia

The introduction of HRM led to a large series of new research
projects investigating the best way of analyzing and quantifying
LES relaxation and peristalsis, which are both crucial elements in
the evaluation of achalasia. Currently, the most used way of measur-
ing the LES relaxation resting pressure was introduced by Ghosh
et al."" They defined the 4-second integrated relaxation pressure
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(IRP-4): the median LLES pressure related to the gastric pressure
during the 4 seconds of lowest LES pressure within a timeframe of
10 seconds starting from the moment of UES relaxation.”* Using
the integrated relaxation pressure (IRP), achalasia can be defined
more precisely than with conventional manometry.™"* This makes
it easier to distinguish artefacts from real impaired relaxation during
swallowing."”

Moreover, with the advent of HRM, different pressure pat-
terns in achalasia were recognized. In 2008, Pandolfino et al.”
described 3 distinct types of achalasia. All 3 types are characterized
by incomplete LLES relaxation, but they differ in pressurization pat-

16,

terns and presence of spastic contractions.'®”" Type I is called classic
achalasia (absent pressurization), type II is achalasia with pressur-
ization (bolus compression causing panesophageal pressurization)
and type III is spastic achalasia (premature contractions with high
amplitude).”*

This new subclassification has shown to be helpful in the pre-
diction of treatment response. Several studies show differences in
treatment response between the 3 achalasia subtypes.'™**** All
studies uniformly observe the best treatment response in patients
with type II achalasia and the worst response in patients with type
11T achalasia. Treatment effects are variable among the 3 subtypes.
This accounts for all different treatment modalities, suggesting that
achalasia subtype can serve as a criterion for the optimal treatment

in different patients.”"

Esophagogastric Junction Outflow Obstruction
Using HRM, a patient group was discovered with incomplete
LES relaxation combined with preserved peristalsis, therefore not
meeting achalasia criteria.”’ This disorder used to be called LES
dysrelaxation when detected with conventional manometry. In the
first HRM classification it was called a functional obstruction. After
demonstration of an elevated intrabolus pressure, it was called an
esophagogastric junction (EG]) outflow obstruction.'®” It has been
reported to be a result of an infiltrative disease, or a variant or in-
complete onset of achalasia.**”” However, EG] outflow obstruction
is a clinically unclear disorder. In some patients, the symptoms are
similar to achalasia with good effect of achalasia treatment, whereas
in other patients the symptoms disappear spontaneously or are not
related to an outflow obstruction.”™” The current advice is to use
subsequent diagnostic tests to identify patients with “true” outflow
obstruction and stasis and distinguish them from patients with a co-
incidental finding of high IRP. Patients with true outflow obstruc-
tion should be treated with achalasia therapy. Although evidence is

not from controlled studies, if it is uncertain of what direction the

Clinical Application of Esophageal HRM

case is developing, one could opt for botox injections in the LES
and repeat testing 12 months later in order to see if achalasia has

developed.

Absent Contractility

Absent contractility is a rare finding and diagnosed in patients
with a normal IRP and 100% failed peristalsis. Absent contractil-
ity can be seen in patients with systemic sclerosis and predisposes
patients to gastroesophageal reflux disease. Absent contractility is
clinically important in patients that are considered for fundoplica-
tion or gastric bypass surgery. In patients with absent contractility,
these surgical interventions are contra-indicated because a higher
chance of post-surgical dysphagia is expected. Nonetheless, in
healthy subjects, the clinical significance of absent contractility and
the contribution to dysphagia and heartburn is not completely clear.
One should be aware that absent contractility is not similar to absent
pressurization. IRM can differentiate between these two.**

In conventional manometry, absent peristalsis was sometimes
erroneously diagnosed in achalasia patients, because shortening
of the esophagus could mimic ILES-relaxation as the LES would
move away from the sensor resulting in a measurement of a de-
crease in pressure which could be interpreted as a relaxation. The
false diagnosis of LES relaxation due to the LES moving proxi-
mally during swallowing was later called pseudorelaxation. After
introduction of HRM with its continuous pressure plot, it was seen
that pseudorelaxation could even happen using the sleeve sensor, for
example during extreme esophageal shortening in type I1I achalasia.
With the introduction of HRM, pseudorelaxation was dispelled.
This gives HRM a higher sensitivity to distinguish achalasia from
absent contractility, and to distinguish spastic achalasia from distal
esophageal spasm.

Distal Esophageal Spasm

Distal esophageal spasm, also known as diffuse esophageal
spasm is diagnosed when premature contractions are seen.” This
means that the time between the onset of the UES relaxation and
the arrival of the peristaltic wave in the distal esophagus (distal la-
tency) is too short. It was always thought that rapid (simultaneous)
and premature contractions were the same. Later, it was shown that
a simultaneous esophageal pressure rise is not necessarily caused by
a simultaneous contraction, but can also be caused by pressuriza-
tion.” The contractile front velocity, defining rapid contractions, is a
nonspecific and unreliable measure, and can be variable within one
subject.”

After studying patients with premature rapid contractions and
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patients with rapid contractions with normal latency, it was shown
that premature rapid contractions correlated better with symptoms
and an ultimate diagnosis of distal esophageal spasm or achalasia.
Importantly, rapid contractions with normal latency did not always
have achalasia-like symptoms and no final diagnosis of spasm.'***
For this reason, in the current Chicago classification, distal esopha-
geal spasm is defined as = 20% of swallows with reduced distal la-
tency, thus premature contractions. Using distal latency as the most
important measure for distal esophageal spasm is more reliable, and

correlates better with dysphagia and chest pain.”

Jackhammer (Hypercontractile Esophagus)

In conventional manometry as well as early versions of the
Chicago classification, several distinct diagnoses existed for contrac-
tions with elevated peristaltic wave amplitude such as nutcracker
esophagus, hypertensive peristalsis, and hypercontractile esophagus.
However, isolated elevated peristaltic wave amplitude is usually not
associated with symptoms and can be found in healthy subjects as
well.*’ For this reason, a new parameter was introduced to mea-
sure the vigor of peristalsis: the DCI. This is a multiplication of
length, duration, and amplitude of contractions." At first, a DCI
> 5000 mmHg-cm-sec was defined to be abnormal. However,
asymptomatic controls sometimes have individual swallows with
a DCI = 5000 mmHg-cm-sec, but almost never with a DCI =
8000 mmHg-cm-sec, while symptomatic patients sometimes do
have swallows with a DCI = 8000 mmHg-cm-sec and in order
to reach this DCI level these contractions usually also have spastic
characteristics such as multipeaks, repetitive patterns and short
distal latency."’ A DCI = 8000 mmHg-cm-sec was found to be as-
sociated with chest pain and dysphagia and with positive response
to achalasia treatment, thus clinically relevant.'*'"" The term Jack-
hammer esophagus was chosen because these patients more often
had strong multipeaked contractions.”” Multipeaked contractions
however, were not associated with more symptoms or a better treat-
ment response.

For this reason, Jackhammer esophagus was defined as at least
two swallows with a DCI = 8000 mmHg-cm-sec, irrespective of
the presence of multipeaked contractions. Nutcracker esophagus
and hypertensive peristalsis have been replaced by the term Jack-

hammer esophagus, also known as hypercontractile esophagus.'®

Ineffective Esophageal Motility
Low DCI was found to be a predictor of ineffective or failed
peristalsis and is thus incorporated into the Chicago classification.

Ineffective esophageal motility is diagnosed when > 50% of swal-

lows is ineffective, that is either failed (DCI < 100 mmHg-cm-sec)
or weak (DCI 100-450 mmHg-cm-sec). Ineffective esophageal
motility is well-known from conventional manometry. It is often ac-
companied by a low LES pressure.*' Ineffective esophageal motility
and a hiatal hernia or low LES pressure were found to be more
prevalent in patients with gastroesophageal reflux disesase. How-
ever, the predictive value of these findings to predict reflux disease is
insufficient.” As with absent contractility, it is only clinically impor-
tant in patients in evaluation for antireflux surgery.

Conventional manometry was not able to discriminate between
the pressure contributions of LLES and the diaphragm, due to low
spatial resolution.”* In HRM two separate high pressure zones
were visible in some patients.” HRM was found to be very reliable
in detecting a hiatal hernia.” Eventually, three degrees of hiatal
hernia were distinguished depending on the spatial overlap between
LES and diaphragmatic pinch.*

To some extent, conventional manometry is able to predict the
effect of peristalsis on volume clearance.” It was thought that HRM
would be better in predicting volume clearance. Unfortunately, also
in HRM, the relation between abnormal peristalsis and failed bolus
transport is limited.” In other words, the more precise measuring
method of HRM is still not resulting in a better correlation between
motility, bolus transport and symptoms.

Fragmented Peristalsis

Because HRM allows to visualize the contractile activity of the
entire esophagus, it offers detection of areas in the peristaltic wave
with lower amplitude, so called “pressure breaks”. The clinical
relevance of these pressure breaks is uncertain, but is has been sug-
gested these are associated with bolus escape in the esophagus with
swallowing.” As with failed bolus transport, pressure breaks are
also common in healthy controls without dysphagia.” Furthermore,
the size of the break is not predictive of stasis on barium esopha-
gography.* However, large breaks are associated with more severe
gastroesophageal reflux disease.” Large breaks, low LES pressure
and failed peristalsis are more often found in gastroesophageal re-
flux disesase patients. Nonetheless, they are of negligible predictive
value in diagnosing reflux disease.”

Studies using HRM and intraluminal impedance showed an
association between small breaks and impaired bolus transport.”*’
Both small and large breaks are more often seen in patients, but
they are also sometimes seen in controls.”’ As with ineffective motil-
ity and absent contractility, fragmented peristalsis also has an un-
clear clinical significance in healthy subjects as the contribution to

symptom generation remains unclear.

10 Journal of Neurogastroenterology and Motility



Normal Esophageal Motility

As mentioned before, HRM is more sensitive and accurate
than conventional manometry. With the evolution of HRM, minor
deficiencies in peristalsis, such as pressure breaks, became visible.
One study converted HRM data into line plots (like conventional
manometry) and correlated the diagnosis of ineffective esophageal
motility with colorplot findings.” As expected, using colorplots,
more abnormalities (ineffective or fragmented peristalsis) were
diagnosed than using line plots. Hypomotile abnormalities were
found in more than 35% of studies classified as normal.

To some extent this shows that HRM invites over-interpre-
tation of the measurement, leading to less patients with normal
esophageal motility. Although these minor motor disorders became
measurable, they are generally found to be clinically irrelevant, hav-

ing a good prognosis.”

Limitations of High-resolution Manometry —

Some limitations of HRM should be mentioned. First of all,
thus far, despite more details on esophageal motility, HRM pro-
vides no better explanation of non-obstructive dysphagia. Second,
there is insufficient knowledge about how technical and patient spe-
cific factors influence results of HRIM measurements.”' Besides the
fact that each HRM system has its own normative values, catheter
diameter, pressure drift,” spatial resolution,™* age, obesity, ethnicity,
body position, and esophageal length are known to influence HRM
measurements.”’ Last, HRM is more expensive than conventional
manometry, both in equipment and maintenance costs. A limitation
of the Chicago classification should also be mentioned. While the
innovation of HRM and the subsequent evolution of the classifica-
tion improved our diagnostic abilities, a number of abnormalities
or diagnoses are not incorporated in the Chicago classification. For
example UES abnormalities and post-surgical problems are not
classified. A previous study calculated that 32% of their patients
undergoing HRM had abnormalities that were not described in the

Chicago classification.”

Future Directions

HRM will continue to undergo further development. Several
studies are carried out to find new applications. The current Chi-
cago classification is based on analyzing 5 mL. water swallows, and
cannot be applied to viscous or solid bolus swallows. Several studies

are trying to find a clinical value of viscous or solid swallows.”” On

Clinical Application of Esophageal HRM

the other hand, solid swallows are also often abnormal in healthy
subjects and are difficult to interpret. Also, multiple rapid swallows
are currently being investigated. It is hypothesized that panesopha-
geal pressurization during multiple rapid swallows is a sign for true
stasis, justifying a diagnosis of achalasia and EG]J outflow obstruc-
tion. Future studies will clarify whether these esophageal stress tests

add value or just confusion.

Conclusion

FEsophageal HRM is the gold standard for diagnosing and
evaluating esophageal motility disorders. It provides an easier to
perform, more detailed measurement, throughout the entire length
of the esophagus, with a clear-cut visual display of recordings. This
improves the interpretation of esophageal motor function. More
specifically: LES dysrelaxation, hiatal hernia, contraction velocity,
and contraction vigor became better evaluable. The most important
clinical application is the subcategorization of achalasia correlating
with treatment response, probably the first step in a personalized

treatment.
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