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Abstract
Background: High-resolution manometry (HRM) has resulted in new revelations regarding the pathophysiology of gastro-esophageal reflux disease (GERD). The impact
of new HRM motor paradigms on reflux burden needs further definition, leading to a
modern approach to motor testing in GERD.
Methods: Focused literature searches were conducted, evaluating pathophysiology of
GERD with emphasis on HRM. The results were discussed with an international group
of experts to develop a consensus on the role of HRM in GERD. A proposed classification system for esophageal motor abnormalities associated with GERD was
generated.
Key Results: Physiologic gastro-esophageal reflux is inherent in all humans, resulting
from transient lower esophageal sphincter (LES) relaxations that allow venting of gastric air in the form of a belch. In pathological gastro-esophageal reflux, transient LES
relaxations are accompanied by reflux of gastric contents. Structural disruption of the
esophagogastric junction (EGJ) barrier, and incomplete clearance of the refluxate can
contribute to abnormally high esophageal reflux burden that defines GERD. Esophageal
HRM localizes the LES for pH and pH-impedance probe placement, and assesses esophageal body peristaltic performance prior to invasive antireflux therapies and
antireflux surgery. Furthermore, HRM can assess EGJ and esophageal body mechanisms contributing to reflux, and exclude conditions that mimic GERD.
Conclusions & Inferences: Structural and motor EGJ and esophageal processes contribute to the pathophysiology of GERD. A classification scheme is proposed incorporating EGJ and esophageal motor findings, and contraction reserve on provocative
tests during HRM.
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1 | INTRODUCTION
Gastro-esophageal reflux disease (GERD) consists of symptoms and/
or end-organ damage resulting from the retrograde movement of
gastric content through the esophagogastric junction (EGJ) into the
esophagus and beyond.1 Gastro-esophageal reflux disease manifests a spectrum of esophageal (heartburn, regurgitation) and extra-
esophageal symptoms, mucosal damage (esophagitis, strictures), and
long-term metaplastic changes.
Gastric reflux into the esophagus is, to a certain degree, physiological, which needs to be differentiated from pathological reflux.
Clinical manifestations alone are insufficient to conclusively establish pathologic reflux, and complementary tests are often necessary
to confirm or refute GERD. Symptomatic presentations are encountered more often than evidence of tissue damage1; hence a pragmatic
approach using acid suppressive medications (proton pump inhibi-

Key Points
• Motor and structural integrity of the esophagogastric
junction (EGJ), and esophageal body motor function can
impact esophageal reflux burden. Existing HRM metrics
describe EGJ morphology and esophageal body peristaltic patterns.
• Vigor of the EGJ barrier (esophagogastric junction contractile integral, EGJ-CI) and esophageal body contraction
reserve (assessed using multiple rapid swallows, MRS) are
novel motor parameters introduced through HRM.
• Classification of EGJ and esophageal body findings on
HRM is proposed, using a three-step algorithm. Validation
of this classification using outcome data will be needed
going forward.

tors) as a therapeutic trial is often employed initially.2 Investigative
evaluation is undertaken when symptoms do not respond to empiric
therapy, or when initial alarm symptoms raise suspicion for complications or alternate diagnoses mimicking GERD.2,3 Understanding
mechanisms of gastro-esophageal reflux have broad management
implications.
The intent of this article is to describe modern interpretation of

3 | RESULTS
3.1 | Mechanisms of gastro-esophageal reflux on
esophageal high-resolution manometry

GERD pathophysiology in the context of high-resolution manometry

The pathophysiology of GERD is multifactorial and complex (Figure 1),

(HRM), and to use these motor paradigms in designing a classifica-

none of which are pathognomonic for reflux. While understanding the

tion of motor findings in GERD. This is a companion article to a similar

actual mechanism for reflux in an individual patient has no direct im-

consensus document on ambulatory reflux monitoring in GERD.4 By

plication for diagnosis of GERD, this may be of value in developing and

rigorous literature review and agreement among international experts,

evaluating therapeutic options for GERD management.

a description of motor findings in GERD and a stepwise algorithm for
reporting these motor findings are proposed.

In the absence of medications influencing gastric acid production,
reflux episodes are mainly acidic.5 Esophageal acid exposure impairs
esophageal mucosal integrity6–8 and is associated with mucosal damage (dilated intercellular spaces, esophagitis),9,10 although in the ab-

2 | METHODS

sence of acid, mucosal lesions are rare. Reflux-induced swallows bring

In conjunction with definition of parameters for the diagnosis of

after bolus clearance of refluxed acid; reduced saliva production and

GERD, international experts discussed current understanding of
GERD pathophysiology at various international gastroenterological
meetings (United European Gastroenterology Week, UEGW 2014,
Ascona 2015, UEGW 2015, UEGW 2016 and Digestive Diseases
Week 2016). Literature searches were performed by members of
the international GERD working group to extract key publications

salivary bicarbonate that neutralizes remnant mucosal acidification
impaired esophageal bolus clearance therefore can impact esophageal
reflux residence times. However, gastric refluxate can also contain
pepsin, bile acids, and pancreatic enzymes, and can be affected by the
rate of gastric emptying. Reflux detection is based on the presence of
acid (pH monitoring) and/or liquid and gas (impedance monitoring) in
the esophagus.

targeting GERD pathophysiology, particularly relating to HRM findings. The search was focused on HRM metrics assessing esophageal and EGJ motor abnormalities, the relationship between motor

3.2 | Transient lower esophageal sphincter relaxation

findings and reflux burden, and indications for motor testing within

Transient lower esophageal sphincter relaxations (TLESRs), the

GERD.

main pathophysiologic mechanism initiating reflux, are character-

Based on available evidence, and discussion toward agreement

ized by prolonged and profound LES relaxation in the absence of

among experts, the working group determined the value of HRM

swallowing, triggered by gastric distension (Table 1).11,12 The pro-

motor evaluation in the context of current understanding of GERD

portion of reflux-associated TLESRs is consistently greater in GERD

pathophysiology. A three-step algorithm characterizing motor find-

patients compared to controls.13–15 Delayed gastric emptying might

ings, and a classification of esophageal motor findings in GERD are

increase the number of postprandial reflux episodes,16 but accelerat-

also presented.

ing gastric emptying does not reduce the number of reflux episodes
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Upstream factors

Xerostomia
Impaired swallow initiation

Impaired clearance
Fragmented peristalsis
IEM
Absent contractility

Hypomotility
mechanisms

EGJ dysfunction
TLESR
Hypotensive EGJ

Structural
mechanisms

GERD

Hiatal hernia
Downstream factors

Acid pocket
Delayed gastric emptying
Hypersecretory state

F I G U R E 1 Mechanisms of gastro-esophageal reflux. Motor esophagogastric junction (EGJ) mechanisms consist primarily of transient lower
esophageal sphincter relaxations (TLESR) and a hypotensive EGJ, while a structurally deficient barrier can result from both hypotensive EGJ and
a hiatus hernia. The presence of a hiatus hernia increases the likelihood of TLESR, and can affect esophageal body motor function. Hypomotility
of the esophageal body (fragmented peristalsis, ineffective esophageal motility [IEM], absent contractility) can prolong reflux residence times
in the esophageal body, and lead to ineffective clearance of refluxate. Xerostomia and impaired oropharyngeal swallow initiation can impact
delivery of saliva in neutralizing mucosal acidification from gastro-esophageal reflux. Gastric acid presence close to the EGJ (acid pocket), or
for a prolonged period (delayed gastric emptying, acid hypersecretion) are downstream factors that promote gastro-esophageal reflux. Finally,
esophageal sensitivity can affect perception of reflux events

in controls.17 Acid hypersecretory states are rare, and are associ-

has been shown to differentiate severity of distal esophageal acid ex-

ated with pathologic esophageal reflux burden despite physiologic

posure better than inspiratory EGJ pressure, expiratory EGJ pressure,

TLESRs.

and degree of separation between the LES and CD.21 Furthermore, a
normal EGJ-CI is associated with physiologic esophageal reflux met-

3.3 | Esophagogastric junction morphology and
basal function

rics,22,23 and the EGJ-CI can discriminate normal from abnormal barrier function better than previously used EGJ/LES parameters.22,24 A
new method of calculating the EGJ-CI, taking the entire duration of

The morphology of the EGJ defines the interrelationship between the

the HRM study, has been recently reported, which may provide fur-

intrinsic LES and the crural diaphragm (CD), and has been character-

ther EGJ barrier definition.24 The international working group agreed

ized into three subtypes on HRM

18,19

(Figure 2): type 1 with superim-

that EGJ-CI is an exploratory tool with promise, and needs further re-

posed intrinsic LES and CD, type 2 demonstrates two distinct pressure

search. In addition to the above description, current standards recom-

signals less than 3 cm apart, while type 3 consists of 3 cm or greater

mended for this exploratory role consist of exclusion of CD for EGJ-CI

18

separation between the intrinsic LES and CD.

Type 3 EGJ morphol-

ogy is associated with a reduced basal LES pressure profile and lower

calculation in type 3 EGJ morphology, and the calculation of EGJ-CI
above the measured gastric baseline pressure (Figure 3).21,22

inspiratory augmentation, which correlates with reflux severity. While
it is important to define a hiatus hernia, the correlation between hiatus hernia size and reflux severity is not linear,20 and needs further
definition.

3.4 | Esophageal clearance
Integrity of esophageal body peristalsis has significant implications

The effectiveness of the antireflux barrier is dependent on vari-

on esophageal clearance (Table 1). The most extreme degree of hy-

ables that define anatomy, the contribution of the intrinsic and ex-

pomotility consists of absent contractility (Figure 4),19 which can

trinsic sphincters, and contractility of the EGJ high-pressure zone at

be associated with elevated esophageal reflux burden.25 Ineffective

rest (Table 1). The EGJ-contractile integral (EGJ-CI) combines these

esophageal motility (IEM), defined as ≥50% sequences with DCI

variables into a single metric defining vigor of the EGJ barrier, inte-

<450 mm Hg/cm/s, is a minor motor disorder that can be associ-

grating the pressure profile of the EGJ with respect to amplitude and

ated with both abnormal bolus transit, and abnormal reflux bur-

length of the high-pressure zone independent of time (Figure 3). The

den26,27 (Figure 4). Fragmented peristalsis, where ≥50% sequences

EGJ-CI can be measured using the distal contractile integral (DCI) tool

have DCI within normal range, but with ≥5 cm breaks in the peristal-

available in current HRM software packages,21 and could potentially

tic contour (Figure 4), can also be associated with abnormal reflux

replace measurement of the intra-abdominal LES segment. The EGJ-CI

clearance. The burden of reflux symptoms follows a gradient within
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T A B L E 1 Advances in assessment of esophageal motor function
in gastro-esophageal reflux disease (GERD) with high-resolution
manometry (HRM)
Esophagogastric junction (EGJ)
HRM criteria for transient LES relaxation (TLESR) are specific and
intuitive

GERD is hypomotility, of the esophageal body, the LES, or both.30–32 In
patients with GERD, the second esophageal body contraction segment
(with cholinergic dominant neurotransmission) can be weak, or may
initiate late in relationship to the time of upper esophageal sphincter
(UES) relaxation (prolonged proximal latency)33; this in turn may impair reflux clearance, and elevate supine acid exposure times (AET).34,35

LES relaxation in the absence of swallowing

Delayed esophageal clearance is observed more often in pathological

Duration of LES relaxation is >10 seconds

GERD,36 and bolus clearance time on impedance monitoring is longer in

CD contraction is inhibited during TLESR

patients with severe esophagitis compared to those with non-erosive

EGJ morphology subtypes characterize relationship between LES
and CD
Type 1: LES and CD are superimposed

reflux disease.9 Therefore, available evidence suggests that cholinergic
esophageal body contraction may be impaired when there is greater
evidence of end-organ dysfunction in the esophagus.

Type 2: LES and CD are separated by <3 cm

In animal models of acute reflux esophagitis, particularly in the cat

Type 3: LES and CD are separated by ≥3 cm

and the opossum, acid infusion results in failure of primary esophageal

Role of inspiratory augmentation of EGJ pressure in barrier function
against reflux
Use of EGJ-CI, which incorporates respiratory variation and
anatomic characteristics, in defining EGJ barrier function
Esophageal body motor function

body peristalsis,37–39 and low LES resting pressure.40–42 However, this
dysmotility has been demonstrated to be reversible after healing of
esophagitis, both in the esophageal body and the LES.41,43 In contrast, in
patients with GERD, dysmotility does not necessarily improve following
successful resolution of erosive esophagitis,44,45 which might suggest a

Distal contractile integral (DCI) measures esophageal smooth
muscle contractile function better than contraction amplitude

primary motor process predating GERD, or an irreversible motor injury

Peristaltic integrity is assessed using a 20 mm Hg isobaric contour
tool

after anti-reflux surgery (ARS),46 creation of the fundoplication serves

Characterization of intact and hypomotility patterns using HRM
software tools

mented esophageal body peristalsis,47,48 indicating that some GERD

from repeated esophageal acid exposure. When dysmotility improves
to partially obstruct the distal esophagus, which in turn leads to augpatients have potential for peristaltic recovery. Therefore, varying phe-

Intact peristalsis: >50% sequences with DCI >450 mm Hg/cm/s
without ≥5 breaks in peristaltic integrity

notypes may exist within dysmotility subsets, some with contraction

Fragmented peristalsis: ≥50% sequences with DCI >450 mm Hg/
cm/s and ≥5 cm breaks in peristaltic integrity

while others maintain a stable IEM over time, and yet others either de-

Ineffective esophageal motility: ≥50% sequences with DCI
<450 mm Hg/cm/s.

between severity of esophagitis and motor dysfunction, the interrela-

Absent contractility: 100% sequences with DCI <100 mm Hg/
cm/s
Use of integrated relaxation pressure in identifying esophageal
outflow obstruction and achalasia as confounding diagnoses in
GERD
Contraction reserve

reserve in that dysmotility improves with resolution of acid exposure,
velop or worsen IEM over time.49 Thus, while there are associations
tionship between these factors remains incompletely understood.
In contrast, non-erosive reflux disease, and syndromes with physiologic esophageal acid burden (reflux hypersensitivity, functional
heartburn) may have increased distal esophageal contraction vigor
compared to syndromes with elevated AET.50 In fact, if acid boluses
are provided to patients with heartburn related to esophageal hyper-

Use of provocative tests (multiple rapid swallows) to assess
contraction reserve

sensitivity, esophageal body contraction augments.51 This may sug-

Implications of contraction reserve in predicting course of
esophageal dysmotility over time

to augment esophageal body peristalsis that contributes to better

Use of rapid drink challenge in identifying subclinical esophageal
outflow obstruction

research is needed to better understand the relationship between

these three hypomotility disorders, with the highest burden in absent
contractility.

25

gest that in some symptomatic syndromes, acid exposure may serve
esophageal body clearance and lower esophageal acid burden. Further
motor abnormalities and esophageal reflux burden.

3.6 | Esophageal body contraction reserve
Provocative tests during esophageal manometry can assess if esophageal body contraction can augment using either multiple swallows,

3.5 | Relationship of motor pathophysiology to
reflux burden

or high-volume swallows. These increase the sensitivity of HRM for

The likelihood of a normal HRM study is less when esophageal reflux

provocative maneuver is termed contraction reserve.52

characterizing motor function prior to ARS, especially in hypomotility states. Augmentation of esophageal body contraction following a

burden is high,26,28 and even lower when erosive esophagitis or Barrett’s

Multiple rapid swallows (MRS) and rapid drink challenge (RDC,

esophagus are diagnosed.29 The most common abnormal pattern in

previously termed multiple water swallows) are cheap, quick

|
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Distance from nares (cm)

TYPE 1

TYPE 2

TYPE 3

F I G U R E 2 Morphology of the esophagogastric junction (EGJ) barrier. Based on the relationship between the lower esophageal sphincter
(LES) and the crural diaphragm (CD) impression, the EGJ barrier can be characterized into three types: type 1: the LES and CD are superimposed,
type 2: the LES and CD are separated, and are <3 cm apart; type 3: the LES and CD are separated by ≥3 cm, (adapted from Pandolfino et al.
2007)

(A)

F I G U R E 3 Measurement of the
esophagogastric junction contractile
integral (EGJ-CI). Vigor of the EGJ barrier is
measured using a tool similar to that used
for measurement of the distal contractile
integral. The entire EGJ is included in
the measurement box when the intrinsic
lower esophageal sphincter (LES) and the
crural diaphragm are superimposed (A)
or separated by <3 cm. (B) In type 3 EGJ
morphology where the LES and crural
diaphragm are separated by ≥3 cm, only
the LES is included in the measurement box

(B)

6 of 15
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DCI: 2048 mmHg.cm.s

intact

break: 6.2 cm
DCI: 730 mmHg.cm.s

fragmented

DCI: 396 mmHg.cm.s

ineffective

DCI: 0 mmHg.cm.s

failed

F I G U R E 4 Esophageal body motor patterns in gastro-esophageal reflux disease. Intact peristalsis is the most common pattern. The most
frequent abnormal pattern is a weak or absent second segment, manifest as either as fragmented peristalsis (>5 cm break with distal contractile
integral (DCI) >450 mm Hg/cm/s in ≥50% sequences) or ineffective esophageal motility (DCI <450 mm Hg/cm/s in ≥50% sequences). The most
severe abnormality is absent contractility (DCI <100 mm Hg/cm/s in all sequences)

multiple rapid swallows

rapid drink challenge

F I G U R E 5 Provocative tests commonly used during esophageal high-resolution manometry. Multiple rapid swallows consist of five 2 mL
swallows in rapid succession, which assess deglutitive inhibition during the swallow phase, and augmentation of esophageal smooth muscle
contraction vigor (contraction reserve) during the postswallow phase. Rapid drink challenge (RDC) can also assess deglutitive inhibition and
postswallow augmentation of contraction, but the latter is not consistently seen following RDC. The more important role of RDC is in defining
latent esophageal outflow obstruction at the esophagogastric junction

esophageal provocative tests (Figure 5). Multiple rapid swallows

dysphagia following antireflux surgery were most likely to exhibit in-

refers to five liquid swallows (2 mL each) administered less than

adequate MRS contractile response in the pre-operative work-up.52,62

4 seconds apart. Rapid drink challenge involves rapid ingestion of a

The MRS contractile response was compared to the wet swallow con-

specified volume of water (eg, 100-200 mL) in a series of swallows,

tractions and an MRS/wet swallow ratio (for S2 and S3 amplitudes and

designed to reflect normal drinking behavior. During the repetitive

DCI) was used to express the adequacy (>1) of the peristaltic after-

swallows, deglutitive inhibition hyperpolarises smooth muscle, in-

contraction. Furthermore, the degree of MRS contractile augmentation

hibits contraction in the esophageal body, and relaxes the LES.53 In

prior to ARS may predict the development of IEM postoperatively.49

health, the final swallow is often followed by a vigorous peristaltic

Similar to MRS, RDC enhances deglutitive inhibition, followed by a vig-

contraction and a postswallow LES after-contraction.

54–57

A nor-

orous peristaltic and postswallow LES after-contraction, although this

mal response requires intact inhibitory and excitatory central and

is not seen consistently when compared to MRS.61 In contrast to MRS,

peripheral neural pathways, along with sufficient muscle reserve to

RDC can also highlight resistance to bolus passage across the EGJ, in

mount a strong peristaltic contraction. Both provocative tests have

contrast to healthy subjects.63,64 Failure to produce an effective RDC

been proposed as standard components of HRM protocols.58,59 Both

after-
contraction was associated with impaired clearance function

are highly reproducible for measurements of deglutitive inhibition.60

typical of erosive GERD.65,66 However, prospective data indicate that

Reproducibility of the postswallow contractile response is more lim-

RDC is of particular value in the detection of obstructive EGJ dysfunc-

ited, especially with RDC.60

tion,67 but differentiation of healthy controls from patients with motor

Normal values have been reported in relatively small groups of

dysfunction in terms of contraction reserve is suboptimal compared to

healthy volunteers for MRS during both conventional manometry59

MRS.61 Motor response to solid swallows continues to be explored as

60,61

and HRM.

In clinical studies, patients with late postoperative

a tool to assess peristaltic performance in GERD.65,68
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esophageal manometry prior to antireflux surgery.32 The etiology of

3.7 | Esophageal sensitivity

chest discomfort in achalasia is not fully understood; fermentation of

Esophageal sensitivity plays a role in pathological GERD. Symptoms

retained esophageal content stimulating chemoreceptors is one theory.

of GERD may correlate with components of the refluxate.69–72 When

Regurgitation in achalasia results from food retained in the esophagus,

determinants of perception of reflux were evaluated, acid content,

in contrast to regurgitation of gastric content in achalasia. Achalasia

proximal migration of reflux, and gas in the refluxate favored percep-

can be reliably diagnosed with high sensitivity and specificity with

tion of symptoms in several reports.73–76

esophageal HRM, using software tools interrogating EGJ relaxation.89
75,76

Rumination and supragastric belching can be confused or mistaken

some patients with pathological GERD are more sensitive to acid77

with GERD.90,91 While these conditions are categorized as functional

and distension78 compared to controls. Enhanced sensitivity might be

gastro-duodenal disorders,92 the primary cause is not abnormal gastro-

While the majority of reflux episodes remain asymptomatic,

associated with impaired mucosal integrity.

77

In contrast, the esoph-

intestinal function but rather a behavioral disorder. Abnormal patient

agus may be hyposensitive in settings with advanced esophagitis or

behavior can be idiopathic or triggered by anxiety, stressful life events,

Barrett’s esophagus.79 Reflux episodes reaching the proximal esopha-

and aversive digestive stimuli, including reflux symptoms.93 Therefore, it

gus are more likely to be associated with symptoms compared to dis-

is important to understand the causes and categorize these conditions.

tal reflux episodes, thought to be related to the superficial location

Rumination is the voluntary, albeit unconscious, contraction of the ab-

of mucosal afferent nerves in the proximal esophagus.80 Esophageal

dominal muscles after a meal. This leads to a sharp increase in intra-

sensitivity and hypervigilance can contribute to overall esophageal

abdominal pressure that forces the return of food from the stomach (or

perception, and to patient perception of symptom persistence or

esophagus) to the mouth.92 Supragastric belching is induced by forcing

improvement following antireflux therapy.

81–83

When recognized,

air into the esophagus followed by immediate expulsion. This influx of air

superimposed esophageal sensitivity can potentially respond to

is caused by contraction of the diaphragm, creating negative pressures in

neuromodulators.3,84

the thorax and esophagus, followed by contraction of the abdominal and
thoracic muscles forcing air back out through the pharynx.94

4 | EVALUATION OF ESOPHAGEAL MOTOR
FUNCTION IN GERD
4.1 | Indications for esophageal motor testing in
GERD

Esophageal physiologic measurements can result in an objective
diagnosis of rumination syndrome and supragastric belching, and
differentiate these conditions from GERD.94–100 Both conventional
manometry and HRM can define the mechanism of these events.
Concurrent impedance is very helpful to confirm antero-and retrograde flow of gastric or esophageal contents during these events.

If GERD symptoms persist despite empiric therapy, and endoscopy

Typically, prolonged stationary measurement or ambulatory 24-hour

does not reveal esophagitis or an alternate explanation for symptoms,

measurements are necessary to ensure a diagnosis can be made. In

further esophageal testing can include manometry and ambulatory re-

order to enhance the probability that a patient will ruminate, a test

flux monitoring.85 Manometry is commonly performed in this setting to

meal can be considered. On ambulatory pH-impedance monitoring, a

facilitate appropriate positioning of pH or pH-impedance catheters.86

rumination episode appears the same as a reflux episode, but simulta-

Manometry is also performed to evaluate esophageal peristaltic perfor-

neous manometry will show that a gastric pressure increase precedes

mance prior to antireflux surgery. Interpretation of HRM in this context

reflux with rumination. Once a positive diagnosis has been made and

may have implications on further management of esophageal symptoms.

accepted by the patient, the majority with these conditions improve

For instance, severe esophageal hypomotility may predict suboptimal

with behavioral or speech therapy.

tolerance of a standard fundoplication, and abnormal EGJ morphology
may be associated with a higher likelihood of medically refractory GERD
symptoms.87 The Chicago Classification of esophageal motility disorders

4.2 | Motor phenotypes in GERD

was not designed to evaluate motor function in GERD.19 Therefore,

Based on current evidence of esophageal motor findings in patients

evaluation of esophageal motor function is relevant to the assessment

with GERD undergoing stationary esophageal HRM and the limited

of GERD symptoms refractory to empiric management.

outcome data available, the following motor phenotypes can be iden-

In patients with persisting esophageal symptoms despite acid sup-

tified (Figure 6):

pression, at least 30% have alternate diagnoses including functional
heartburn, rumination syndrome, and achalasia rather than GERD.88
In this setting, manometry serves an important function to exclude

4.2.1 | Normal motor function

achalasia and other severe motility disorders. Although the pathophys-

This consists of an intact EGJ barrier and normal esophageal body

iology of achalasia spectrum disorders (abnormal or incomplete LES

motility.

relaxation) is opposite to that seen in GERD (inappropriate LES relaxation), the two conditions may present with similar symptoms (chest

Intact EGJ barrier

discomfort or heartburn, regurgitation, and dysphagia). Achalasia

The EGJ is a complex anatomical and physiological antireflux barrier,

spectrum disorders are identified in 1%-2.5% of patients undergoing

composed of the intrinsic LES and elements of the CD. These are

8 of 15
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Motor Function in GERD
abnormal

abnormal

Normal

EGJ

EGJ

both

Body

body

both
both

hypotensive

fragmented
peristalsis

hiatus hernia

IEM

absent
contractility

provocative tests*

contraction
reserve

*multiple rapid swallows, rapid drink challenge

no contraction
reserve

F I G U R E 6 Characterization of
esophagogastric junction (EGJ) and
esophageal body motor findings in
gastro-esophageal reflux disease (GERD).
Either or both EGJ and esophageal body
motor function can be normal. When the
EGJ is abnormal, it can be hypotensive,
morphologically abnormal, or both.
When esophageal body motor function
is abnormal, fragmented peristalsis,
ineffective esophageal motility (IEM),
and absent contractility are possible.
Esophagogastric junction and esophageal
body motor function can be both abnormal

normally superimposed at the level of the squamocolumnar junction

normative values established on HRM19,21,24,101–108 (Table 2), but

to form a robust high-pressure zone, dependent on the tone of the in-

studies evaluating their usefulness for assessment of EGJ barrier func-

trinsic LES, compression from the extrinsic CD, and the axial relation-

tion are lacking. The EGJ-CI captures changes in EGJ barrier function

ship between these two components of the antireflux barrier. In the

during respiration, particularly inspiratory augmentation, which is in-

presence of reflux symptoms, an intact EGJ barrier generally implies

completely assessed by conventional manometry metrics. The EGJ-CI

that TLESRs are the predominant mechanism of reflux.

incorporates length and tone of the LES and EGJ, both of which have

EGJ resting pressures. Several conventional parameters, including

already been shown to affect EGJ barrier function using conventional

expiratory, end-expiratory, and mean baseline LES pressure have

manometry.34,109 A threshold EGJ-CI value of 39-47 mm Hg/cm has

TABLE 2

a

Normative lower esophageal sphincter (LES) and esophagogastric junction (EGJ) metrics using high-resolution manometry
Number of
controls

Basal LESP
Median (5th-95th percentile)
mm Hg

End-expiratory LESP
Median (5th-95th percentile)
mm Hg

Sweis et al.101
Sierra/Medtronic

23

18.9 (5.2-38.4)

Niebisch et al.102
Sierra/Medtronic

68

26.2 (12.3-52.2)

Bogte et al.104
MMS Unisensor

52

Kessing et al.105
MMS water perfused

50

Nicodeme et al.21
Sierra/Medtronic

75

14 (9-20b)

Weijenborg et al.103
Sierra/Medtronic

50

15 (3.0-31.2)

do Carmo et al.108
Sandhill

69

29.3 (8.1-61.6)

Jasper et al.24
Sierra/Medtronic

65

21.3 (10.4-38.6)

Xie et al.106
Sierra/Medtronic

21

Wang et al.107
Sierra/Medtronic

21

16.2 (3.3-30.8)

31 (9-51)
20.5 (9.1-54.8)

19 (15-25.6b)

9.5 (3-29.8)
39 (13-116)

62.6 (27.8-124.9)
17 (13-26b)

62.6 (37.7-83.3b)

10.3 (4.9-15.2b)

34.7 (26.2-58.3b)

EGJ-CI calculation methodology differed between studies.
Interquartile range.
LESP: lower esophageal sphincter pressure; EGJ-CI: esophagogastric junction contractile integral.
Unless otherwise indicated, studies utilized high-resolution, solid-state manometry catheters.
b

EGJ-CIa
Median (5th-95th percentile)
mm Hg/cm
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been reported to segregate normal from abnormal esophageal reflux
burden using receiver operating characteristic curves.24,110
A morphologically normal EGJ (type 1) describes superimposed LES
and CD within an undulating high-pressure zone.18

Intact esophageal body motor function
Several studies document that the most common motor finding in the
setting of GERD, both symptomatic GERD and documented GERD, is
normal esophageal body motor function.30–32 Esophageal body peristaltic integrity has been well established by the Chicago Classification,
using normal contraction vigor (DCI >450 mm Hg) and absence of
long (>5 cm) breaks as key criteria defining intact peristalsis.

4.2.2 | Abnormal motor function
When abnormal, the most likely motor pattern is hypomotility, manifesting either in the EGJ, esophageal body (Figure 4), or both.30–32

Abnormal EGJ barrier
The EGJ barrier can be structurally disrupted by motor deficiency
(ie, hypotensive EGJ), morphological abnormality (ie, hiatus hernia,
Figure 2) or a combination of the two.
Hypotensive EGJ. Besides morphologic alteration, a hypotensive
EGJ is also associated with the occurrence of reflux.18,33 Normative
values for end-expiratory LES pressure vary according to the manometric system used87,111 (Table 2); values <5 mm Hg are believed to
be abnormal.86 Basal LES pressure, measured mid respiration, tends to
be slightly higher. Low LES resting pressures are more likely in populations referred for surgical management of GERD.32 Esophagogastric
junction contractile integral may provide a more consistent EGJ barrier
metric,22,24,106,107 but further research is needed to better define normative values and address outcomes based on these values.
Hiatus hernia. The antireflux barrier is weak when the two components, the intrinsic LES and CD, are spatially separated, which defines a hiatal hernia and facilitates reflux of gastric content into the
esophagus.18,112 High-resolution manometry accurately defines the
presence of a hiatus hernia by determining the distance between the
intrinsic LES and the CD, using the location of the pressure inversion
point when necessary. Indeed, in a recent study, HRM was found to be
highly sensitive (92%) and specific (95%) for hiatal hernia detection,
exceeding the sensitivity of endoscopy or radiography alone (both
73%).113 Esophagogastric junction morphology is characterized into
three subtypes (Figure 2), while recognizing that EGJ pressure and hiatus hernia size may change with time, and methods of measurement
of hiatus hernia size need to be standardized.
Hiatus hernia with hypotensive EGJ. There is evidence to suggest
that a combination of hypotensive EGJ (in particular, a hypotensive
LES) and a hiatus hernia results in a higher reflux burden in the esophageal body, particularly while supine. Low LES basal pressures are more
likely in populations with concomitant hiatus hernia.20,114 Swallow-
induced reflux, low LES pressure, strain, and delayed acid clearance
within the hernia are reflux mechanisms occurring preferentially in the
presence of a hiatal hernia.112,115,116
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Abnormal esophageal body motor function
In the esophageal body, supine AET seem to be more reliant on esophageal body contraction patterns, with higher supine AET when
there is esophageal body dysmotility.34,35 Studies using videofluoroscopy originally identified 30 mm Hg as the threshold contraction
amplitude required for bolus transit.117 Using this threshold, motor
dysfunction (IEM, >30% sequences with amplitudes <30 mm Hg)118
worsens along a gradient from symptomatic (non-erosive) GERD to
erosive GERD, with the highest degree of motor dysfunction seen in
patients with Barrett’s esophagus.27,29 With HRM, DCI interrogates
esophageal body contraction vigor (Figure 4), and DCI <450 mm Hg/
cm/s correlates well with averaged distal contraction amplitudes
<30 mm Hg.119
Fragmented peristalsis. Even when esophageal body contraction
vigor is within the ‘effective’ range (ie, DCI >450 mm Hg/cm/s), there
can be breaks in the peristaltic contour in patients with GERD, and
especially with Barrett’s esophagus.33,120 Using a combination of HRM
and impedance, breaks 5 cm or longer in the 20 mm Hg peristaltic contour were uniformly associated with abnormal bolus clearance.121,122
Fragmentation of the esophageal body peristaltic contour with such
long ‘breaks’ in ≥50% of sequences despite adequate contraction vigor
is now described as ‘fragmented’ peristalsis in the latest version of the
Chicago Classification.19 Fragmentation is seen more often in patients
with GERD, especially with Barrett’s esophagus, when compared to
controls.120 Implications of the location of breaks (eg, proximal or distal
esophagus) may be an area for further research.
Ineffective esophageal motility. Higher numbers of ineffective sequences more closely associate with heartburn symptoms, leading to
the suggestion that the threshold for IEM diagnosis be ≥50% ineffective sequences.123 Furthermore, IEM diagnosed using a 50% threshold
of ineffective sequences was similar between conventional and HRM
measurement techniques. This led to the adoption of the DCI threshold (<450 mm Hg/cm/s) in identification of ineffective sequences, and
the 50% threshold of ineffective sequences for the diagnosis of IEM in
the latest version of the Chicago Classification.19
Absent contractility. Finally, contractility can be absent in the
esophageal body, defined as esophageal body DCI <100 mm Hg/cm/s
in the Chicago Classification.19 This represents an extreme degree of
esophageal body hypomotility, identified in 3.2% of patients referred
for antireflux surgery.32 Absent contractility aligns with esophageal
body hypomotility, and may have important implications in planning
antireflux surgery.25 While head to head studies comparing partial to
complete fundoplication in absent contractility are limited, available
data suggest that absent contractility prompts a partial rather than
a complete 360° fundoplication to prevent postoperative dysphagia.124–126 Others have demonstrated that pre-operative dysphagia
may be a better predictor of postoperative dysphagia than the motor
pattern, and that both partial and total fundoplication result in similar
symptomatic improvement.126
Abnormal EGJ barrier and abnormal esophageal body motor function.
The most profound motor abnormality consists of a disrupted EGJ barrier in conjunction with esophageal body hypomotility. The presence
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Possible diagnoses
Intact

Step 1

Evaluate EGJ

Hypotensive
Hiatus hernia
Both hypotensive & hiatus hernia
Intact
Fragmented peristalsis

Step 2

Evaluate esophageal body

Ineffective esophageal motility
Absent contractility

Contraction reserve

Step 3

Evaluate contraction reserve

No contraction reserve

of a hiatus hernia is associated with lower DCI values in the esophageal body, and potentially, a higher proportion with IEM.114 It is also

F I G U R E 7 Classification of esophageal
motor findings in gastro-esophageal
reflux disease. A stepwise algorithmic
classification of motor findings starts
with evaluation of the esophagogastric
junction (EGJ), both in terms of basal
pressure and morphology. Esophageal
body motor function is next evaluated,
and characterized into normal, fragmented
peristalsis, ineffective esophageal motility,
or absent contractility. When abnormal,
esophageal body motor function is
further described based on the presence
or absence of contraction reserve on
provocative tests performed during high-
resolution manometry

5.2 | Step 2

recognized that those with both structural and motor disruption at the

Esophageal body motor function, which affects esophageal clearance

gastro-esophageal junction may have concurrent abnormal clearance.

of refluxate, is assessed next. The most common esophageal body

Therefore, the presence of a hiatus hernia not only impairs structural

motor pattern in GERD is intact peristalsis. A gradient of abnormal

integrity of the gastro-
esophageal barrier but also contributes to

motor function can be identified, including fragmented peristalsis, IEM

esophageal dysmotility, both in terms of LES dysfunction and esopha-

and absent contractility. Abnormal esophageal motor function can co-

geal body hypomotility. The combination of absent contractility in the

exist with abnormal EGJ barrier, which can further enhance esopha-

esophageal body and a hypotensive EGJ can be seen in the setting

geal reflux burden.

of collagen vascular disease (formerly called scleroderma esophagus),
where both esophageal bolus transit and reflux clearance are significantly impaired.

5.3 | Step 3
When esophageal motor function is abnormal, contraction reserve is

5 | CLASSIFICATION OF MOTOR
FUNCTION IN GERD

assessed using findings from provocative testing (MRS). The presence
of contraction reserve indicates augmentation of esophageal body
contraction (using DCI) when compared to averaged DCI from wet
swallows (MRS:wet swallow DCI ratio >1).

A three-step hierarchical system is proposed for algorithmic charac-

The GERD classification outlined above will be most applica-

terization of esophageal motor function when HRM is performed in

ble in patients with known GERD, or in settings where ambulatory

the setting of GERD, or when esophageal motor testing is undertaken

pH or pH-impedance testing demonstrates evidence of GERD. As

to address esophageal peristaltic function prior to antireflux surgery

GERD symptoms can overlap with those from other motor disor-

(Figure 7).

ders, it is inevitable that other motor diagnoses can be encountered
on esophageal motor testing based on symptomatic presentation

5.1 | Step 1

alone (see below). As the Chicago Classification addresses these
motor diagnoses, a Chicago Classification diagnosis can be utilized

As the presence and size of a hiatus hernia is an important determinant

under these circumstances, or as an adjunct to the GERD diagnosis

of GERD severity, accurate hiatus hernia description is paramount to

if appropriate.

characterization of the antireflux barrier. Furthermore, a hiatus hernia
influences the pressure profile of both the intrinsic LES and extrinsic
CD, and EGJ pressures are concurrently evaluated. Therefore, defini-

6 | FUTURE DIRECTIONS

tion of the EGJ barrier is the first step in evaluation of esophageal
motor function in GERD. An intact barrier indicates normal EGJ rest-

While esophageal reflux burden and motor function can both be

ing pressures and normal morphology, and may implicate TLESR as

characterized with esophageal function tests, their interrelationship

the most likely mechanism of abnormal esophageal reflux burden. An

remains incompletely understood. Our knowledge of motor abnor-

abnormal barrier can include a hypotensive EGJ, a hiatus hernia (type

malities in GERD is skewed by the fact that investigation focuses on

2 or type 3 EGJ morphology), or both.

patients referred for antireflux surgery, or patients with symptoms
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refractory to empiric therapy. Prospective research enrolling all pa-

contributed to literature search, critical review of content, and ap-

tients presenting with reflux symptoms may provide insight into motor

proval of final manuscript; GERD consensus group was responsible

abnormalities in uncomplicated GERD, including impact of contraction

for critical review of content and approval of final manuscript.

reserve on symptoms following GERD therapy.
From available studies, it remains unclear if pre-existing motor
abnormalities initiate GERD, or if the presence of reflux promotes

D I S C LO S U R E

esophageal body motor abnormalities. Systematic collection of

CPG has served as a consultant for Medtronic, and has received re-

esophageal physiologic data before and after medical and surgical

search funding; SR has served as consultant for Sandhill Scientific and

management of GERD can help elucidate the relationship between

Medtronic; AJB has served as a consultant for Medical Measurement

motor abnormalities and reflux burden. These are areas for further

Systems and has received research funding from Medtronic and Medical

investigation that will help better understand the pathophysiology of

Measurement Systems; MF has served as a consultant and speaker

GERD.

for Given Imaging, Reckitt Benckiser and Shire Pharmaceuticals; he

Esophageal HRM has generated several new metrics for evaluation

has received research funding from Given Imaging, Mui Scientific,

of esophageal and EGJ motor function, including thresholds for vigor

Reckitt Benckiser, Astra Zeneca and Nestle, and has participated in

of smooth muscle contraction (DCI), and the EGJ barrier (EGJ-CI).

educational activities supported by Given Imaging, Sandhill Scientific

Methodology for calculation of EGJ-CI has not been standardized.

Instruments and Medical Measurement Systems; JK has served as

Furthermore, a new ‘total’ EGJ-CI taking into account the entire du-

a consultant for Medtronic and for Standard Instruments, and has

ration of the HRM study has been recently reported.24 These metrics

received research funding; DS has received research grants from

and thresholds need further investigation to determine performance

Sandhill Scientific and Reckitt Benckiser; RT none; JEP has as consult-

in predicting esophageal reflux burden, and treatment outcome in

ant and speaker for Medtonic and Sandhill, as speaker for Takeda and

large outcome studies. In this context, the proposed classification of

Astra Zeneca and as consultant for Ironwook and Impleo; RY none;

motor findings in GERD also needs validation to determine if motor

ES has served as consultant for Medtronic, Abbvie, Takeda, Otsuka,

characteristics predict outcome.

Malesci.

Finally, the role of differences in esophageal perception within the
spectrum of GERD is incompletely understood. While it is known that
Barrett’s esophagus may be associated with esophageal hyposensitiv79

ity,

hypersensitivity and hypervigilance states may impact the clinical

presentation of GERD. Some have reported a correlation between hypermotility and increased esophageal perception.50,127 This is another
area that deserves further study.

7 | CONCLUSIONS
The pathophysiology of GERD includes a combination of EGJ dysfunction and abnormal esophageal body motor function. Poor gastric
emptying, reduced salivation, esophageal sensitivity, and components
of the refluxate contribute to reflux and symptom triggering from reflux events. Esophageal HRM can define EGJ and esophageal body
motor function in relationship with GERD, and a classification scheme
is proposed incorporating these motor findings. New HRM metrics
continue to be studied to better define pathophysiologic entities relevant to GERD, including EGJ-CI in determining EGJ barrier function,
and esophageal body contraction reserve assessed with provocative
testing. High-
resolution manometry with stationary or prolonged
impedance monitoring can diagnose conditions that mimic GERD,
including achalasia, rumination, and supragastric belching.
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