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Manometry, particularly high-resolution manometry is the preferred diagnostic tool used to evaluate esophageal motor function. This
investigation is strongly indicated in the setting of dysphagia, but is also useful in gastroesophageal reflux disease (GERD), especially
in case of failure of conventional treatment to exclude alternative diagnoses and prior to anti-reflux surgery. Moreover, ineffective
esophagogastric junction barrier function and esophageal motor dysfunction are pathophysiological mechanisms in GERD and
can be identified by manometry. The recent international guidelines have positioned high-resolution manometry as an important
part of functional diagnostic work up in GERD in order to identify the GERD phenotype to guide specific treatment. The proposed
manometric identification and measurement is based on the Chicago classification version 4.0 adding with new established metrics
for GERD evaluation.
(J Neurogastroenterol Motil 2022;28:531-539)
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Introduction
Esophageal manometry is an established standard diagnostic
tool for clinical evaluation of esophageal motor dysfunction.1 In the
1990s, high-resolution esophageal manometry (HREM) has been
developed to improve diagnostic accuracy, and has now largely replaced conventional manometry.2 HREM systems combine closely
spaced pressure sensor recordings (1-cm intervals) and topographic
pressure plotting to display esophageal contractions as continuous
spatio-temporal maps rather than the previously displayed 2-D
line tracing format.3 HREM provides standardized, quantifiable

metrics of 10 wet swallows in upright and supine positions, including integrated relaxation pressure (IRP), distal contractile integral
(DCI), distal latency (DL), peristaltic breaks, and pressurization
patterns. As a result, the manometric diagnosis of disorders of
esophagogastric junction (EGJ) outflow and disorders of peristalsis
were determined according to the latest international diagnostic criteria, Chicago classification version 4.0 (Table 1).4-6
Nowadays, HREM is strongly indicated in the diagnostic
evaluation of patients with non-obstructive dysphagia, non-cardiac
chest pain, regurgitation7,8 as well as for assessing peristaltic function
in patients who undergo surgical esophageal myotomy.9 However,
the role of HREM in the context of gastroesophageal reflux disease
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Table 1. Chicago Classification of Esophageal Motility Disorders Version 4.0

Disorders of EGJ outflow
• Type 1 achalasia
• Type 2 achalasia
• Type 3 achalasia
• EGJ outflow obstruction

Criteria
- Elevated median IRP (supine and/or upright) and 100% failed peristalsis
- Elevated median IRP (supine and/or upright), 100% failed peristalsis, and ≥ 20% swallows with panesophageal pressurization
- Elevated median IRP (supine and/or upright) and ≥ 20% swallows with premature/spastic contraction and
no evidence of peristalsis
- Elevated median IRP (supine and upright), ≥ 20% elevated intrabolus pressure (supine), and not meeting
criteria for achalasia
- Clinically relevant symptoms with at least one confirmatory non-HRM supportive test (FLIP or TBE)

Disorders of peristalsis
• Absent contractility
• Distal esophageal spasm
• Hypercontractile esophagus
• Ineffective esophageal motility

Criteria
- Normal median IRP (supine and upright) and 100% failed peristalsis
- Normal median IRP and ≥ 20% swallows with premature/spastic contraction
- Clinically relevant symptoms
- Normal median IRP and ≥ 20% hypercontractile swallows
- Clinically relevant symptoms
- Normal median IRP, with > 70% ineffective swallows or ≥50% failed peristalsis

EGJ, esophagogastric junction; IRP, integrated relaxation pressure; HRM, high-resolution manometry; FLIP, functional lumen imaging probe; TBE, timed barium esophagogram.

(GERD) is less established.
In the current narrative review, we aim to summarize the role of
HREM in the clinical setting of GERD (Table 2), particularly to
emphasize its position as an important part of functional diagnostic
work up in GERD in order to identify the GERD phenotype to
guide specific treatment. A PubMed literature search was performed that included published articles in English through Dec 31,
2021 with combinations of the terms “high-resolution manometry,”
“gastroesophageal reflux disease,” “esophageal motor dysfunction,”
and “anti-reflux surgery.” Reference lists of the retrieved articles
were also searched for additional articles.

Mechanisms of Gastroesophageal Reflux
Disease
GERD has a complex and multifactorial pathogenesis. Indeed,
defective saliva production, esophageal motor dysfunction, presence
of a hiatal hernia, the gastric acid pocket, gastric hypersecretory
states as well as delayed gastric emptying can all contribute to gastroesophageal reflux occurrence.10-12 A more detailed understanding
of GERD pathophysiology could better identify GERD phenotypes and potentially improve treatment outcomes. Among those
factors, esophageal motor dysfunction represents a key pathophysiological mechanism and can be identified by HREM. Broadly,
esophageal motor dysfunction can be classified into 2 broad categories.13
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Table 2. Utility of High-resolution Esophageal Manometry in Gas-

troesophageal Reflux Disease
Summarized HREM applications in GERD
• Determine mechanisms of GERD
• GERD diagnosis in conjunction with reflux monitoring
• Pursue the etiology of PPI-refractory GERD symptoms
•L
 ocalize the upper border of LES prior to catheter based
reflux monitoring
• Before anti-reflux surgery
• Symptomatic patients after anti-reflux surgery
HREM, high-resolution esophageal manometry; GERD, gastroesophageal
reflux disease; PPI, proton pump inhibitor; LES, lower esophageal sphincter.

Impaired Anti-reflux Barrier at the Esophagogastric
Junction
Impaired anti-reflux barrier at the EGJ including hypotensive
basal lower esophageal sphincter (LES) pressure, low EGJ contractile integral, frequent transient LER relaxations, and the presence
of a hiatal hernia. These factors promote repetitive reflux episodes,
abnormal pH monitoring, reflux-symptoms association, as well as
increasing the likelihood of erosive esophagitis (Table 3).14-20

Esophageal Body Dysmotility
Ineffective peristalsis (including ineffective esophageal motility
[IEM] and absent contractility), along with impaired contractile
reserve after provocative maneuvers (eg, multiple rapid swallows
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and [semi]solid boluses). The impairment of either primary or
secondary esophageal peristalsis contributes to delayed bolus transit
and impairs the clearance of the refluxate.21-23 These abnormalities
will result in increased esophageal acid exposure time, prolonged
esophageal bolus contact time, increased risk of erosive esophagitis
and are risk factors for refractory GERD (Table 3).13,24

Gastroesophageal Reflux Disease Diagnosis
in Conjunction With Reflux Monitoring
The Role of High-resolution Esophageal Manometry
in the Diagnosis of Gastroesophageal Reflux Disease
GERD is a condition in which reflux of gastric contents into
the esophagus causes troublesome symptoms and/or mucosal damage.24 In general, GERD can be diagnosed on the basis of typical
reflux symptoms (heartburn or regurgitation) and a therapeutic trial
of proton pump inhibitors (PPIs), which is usually prescribed as
the initial management without additional testing. In case of refractory symptoms or in the presence of alarm features (eg, dysphagia,
anemia, and weight loss), prompt esophagogastroduodenoscopy
(EGD) is warranted and can detect erosive esophagitis, GERD
complications (eg, peptic stricture, Barrett’s epithelium, and esophageal carcinoma) as well as identify conditions mimicking GERD
such as eosinophilic esophagitis and achalasia. However, EGD
has a low diagnostic yield, because erosive reflux disease is present
in only 30% of untreated patients with GERD and is very rare in
patients on PPI.30,31 Therefore, if EGD shows normal esophageal
mucosa or non-specific esophagitis, ambulatory pH monitoring
and esophageal manometry should be performed to confirm the
diagnosis of GERD (Fig. 1).12,32 At the present time, the interpretation of pH-impedance monitoring is based on the international
Lyon consensus of GERD experts in 2018.33 The key metric of
pH-monitoring is the esophageal acid exposure time (AET). A
total AET level of less than 4% indicates physiological reflux, while
a level greater than 6% is considered as pathological acid exposure,

Table 3. Esophageal Motor Dysfunction in Gastroesophageal Reflux
Disease and its Association With Reflux

Esophageal motor dysfunction
Impaired anti-reflux barrier at EGJ
- Frequent TLESR
- Hypotensive LES
- Low EGJ-CI
- Hiatal hernia

Reflux relationship
↑ Postprandial reflux14
↑ Reflux esophagitis15
↑ Acid reflux
↑ Reflux esophagitis17-20
↑ Acid exposure time
↑ Positive reflux-symptom
association17,18

Esophageal body dysmotility
- Ineffective primary peristalsis

↑ Acid, weakly-acidic reflux
↑ Reflux esophagitis21,25,26
- Decreased effective secondary
↑ Refractory GERD
peristalsis
↑ Reflux esophagitis27,28
- Abnormal multiple rapid swallowing ↑ Acid exposure time29
EGJ, esophagogastric junction; TLESR, transient lower esophageal relaxation; LES, lower esophageal sphincter; EGJ-CI, esophagogastric junctioncontractile integral; GERD, gastroesophageal reflux disease.

Patients with typical GERD symptoms

No alarm features
a

Positive alarm features
PPI therapy

Symptoms resolution

Persisting symptoms

EGD with biopsies

Proven GERD

Unproven GERD,
negative for EoE

Adjust GERD therapy
and correct its
complications

- Ambulatory pH
or pH-impedance
monitoring (off PPI)
- Consider HREM

b

Maintenance/on
demand treatment
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Figure 1. Current management algo
rithm for patients with typical gastroeso
phageal reflux disease (GERD) symptoms. GERD, gastroesophageal reflux
disease; PPI, proton pump inhibitor;
EGD, esophagogastroduodenoscopy;
EoE, eosinophilic esophagitis; HREM,
high-resolution esophageal manometry.
a
Alarm features: dysphagia, anemia,
weight loss, persistent vomiting, and GI
bleeding. bProven GERD: severe reflux
esophagitis (Los Angeles classification
C or D) or peptic stricture or histology
proven Barrett’s mucosa > 1 cm.
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Type 1 The LES is completely superimposed
of the CD (no separation)

LES + CD

Figure 2. High-resolution manometry

Type 2 Minimal separation (< 3 cm) of the
LES and the CD

LES
2 cm

CD
Type 3 > 3 cm separation between the LES
and the CD
3a: the pressure inversion point
(PIP) is distal to the LES
3b: the pressure inversion point
(PIP) is at the level of the LES

LES
3.5 cm

CD

ie, GERD. AET values between 4-6% are considered borderline
and require adjunctive evidence to establish GERD. This supportive evidence can be retrieved either from esophageal manometry,
impedance-based parameters (eg, number of reflux episodes) or
mucosal histopathology. With regard to HREM, the Lyon consensus has put forward hypotensive LES, hiatal hernia, IEM, fragmented peristalsis (based on the Chicago 3.0 criteria34 at the time of
the consensus) as well as absent contractility as the main supportive
findings for GERD.

High-resolution Gastroesophageal Manometry
in the Functional Diagnostic Workup of
Gastroesophageal Reflux Disease
The Chicago classification of esophageal motility disorders
targets abnormal bolus transit but was not conceptualized to assess motor function in the context of GERD.6 The International
GERD Consensus Working Group specifically proposed a new
classification for esophageal motor findings in GERD.12,35 These
international recommendations highlight the clinical relevance of
HREM findings for the diagnosis and treatment of GERD subdivided according to pathophysiological mechanisms.33
Evaluation and reporting of esophageal motor function in
GERD can be achieved through 3 hierarchical steps. The first 2
steps can reveal abnormalities of EGJ and esophageal body. The
third step only applies when esophageal body dysfunction was illustrated and may have beneficial implications on management
outcome. Most metrics utilized in evaluating esophageal motor
function in GERD are obtained from esophageal HRM using a
standard protocol of ten 5 mL water swallows in the supine position.6
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demonstrating 3 esophagogastric junction (EGJ) subtypes which represent
physiological situation (EGJ type 1),
small hiatal hernia (EGJ type 2), and
larger hiatal hernia (EGJ type 3a and
3b). In hiatal hernia (EGJ type 2 and 3),
there are 2 clearly separated high pressure zone at the level of cardia with the
proximal representing the lower esophageal sphincter (LES) and the distal representing the crural diaphragm (CD).

Step 1. Morphology and integrity of esophagogastric
junction
The Lyon consensus proposes 2 metrics in evaluating EGJ
competence, one illustrating EGJ morphology and the second
quantifying its contractile vigor.33 EGJ morphology, defined by the
relationship between the intrinsic LES and the crural diaphragm
(CD), has been characterized into 3 subtypes based on HRM35,36
(Fig. 2). Type 1 appearance reveals the physiological setting with
superimposed LES and CD, type 2 with separated pressure signals
by < 3 cm, and type 3 with ≥ 3 cm separation. Type 3 EGJ morphology is associated with reduced LES pressure and lower inspiratory augmentation, which correlates with reflux severity.17,18,36,37
Type 2 and type 3 EGJ morphology represent hiatal hernia which
should be reported, particularly in GERD patients.35,36
Another HRM metric to evaluate competence of EGJ is the
EGJ contractile integral (EGJ-CI) (Fig. 3). The EGJ-CI can be
calculated using the DCI tool which is available in current HRM
software with the DCI box encompassing the LES and CD over
a period of 3 respiratory cycles above a threshold of gastric pressure.20 The measured DCI is then divided by the duration of the 3
respiratory cycles and finally expressed in units of mmHg·cm. This
promising metric identifies a subset of patients with severe barrier
dysfunction prone to either endoscopic esophagitis or abnormal reflux testing. However, more standardized methodology and further
research are needed before widespread application as the variation
of normal ranges were observed in previous studies.17,19,20,37,38
Step 2. Esophageal body motor function
Esophageal dysmotility leads to impaired esophageal clear-
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ance which results in a prolonged contact of gastric refluxate to the
esophageal mucosa, contributing to GERD pathogenesis (Table 3).
Esophageal peristalsis can be characterized by the DCI which summarizes the vigor of the post-transition zone contraction. A DCI
threshold of 450 mmHg·sec·cm correlates with an average distal

peristaltic amplitude of 30 mmHg defining an ineffective peristalsis.6 Esophageal hypomotility can present with variable severity,
ranging from absent contractility over IEM to fragmented peristalsis (Fig. 4). It has been shown that peristaltic dysmotility becomes
progressively more common going from nonerosive reflux disease
to erosive esophagitis, to Barrett’s esophagus.39,40 In addition, the
burden of reflux symptoms and abnormal AET are correlated with
the severity of peristaltic disturbances, with the greatest burden in
absent contractility.41,42

3 Respiratory cycles time = 12 seconds
Average 10 wet swallows DCI
= 2127.9 mmHg sec cm

Post-MRS DCI
= 3458.5 mmHg sec cm

EGJ-CI: 456/12 = 38 mmHg cm
Post-MRS: wet swallows DCI ratio
(3458.5/2127.9) = 1.6

DCI tool for EGJ = 456 mmHg sec cm

A

B

Figure 5. Metrics from esophageal high-resolution manometry used

Figure 3. Assessment of esophagogastric junction (EGJ) contractility
by EGJ contractile integral (EGJ-CI). For measurement EGJ-CI,
upper and lower margins of the EGJ are enclosed in a DCI tool box
for 3 consecutive respiratory cycles. The resulting DCI value is then
divided by the duration of the 3 respiratory cycles (in seconds).

in the evaluation of contraction reserve. (A) The vigor of esophageal
body contraction is assessed using the distal contractile integral (DCI).
(B) The vigor of esophageal body contraction following inhibition of
peristalsis during the repetitive swallows by multiple rapid swallows
(MRS) provocative test. The DCI of contraction following MRS is
higher than the mean DCI from test swallows (post-MRS: wet swallow DCI ratio > 1) indicates contraction reserve.

Large break 7.4 cm

DCI = 169.4
mmHg sec cm

A

B

DCI = 638.2
mmHg sec cm

C

Figure 4. High-resolution manometry representing a typical swallow characteristic of esophageal hypomotility disorders. (A) Absent peristalsis
(100% of swallows with distal contractile integral [DCI] < 100 mmHg·sec·cm), (B) ineffective esophageal motility (over 70% of swallows with
DCI ≤ 450 mmHg·sec·cm), and (C) fragmented peristalsis (at least 50% of swallows with ≥ 5 cm breaks in the peristaltic contour when contraction vigor is preserved) which is not maintained as a diagnostic category in Chicago classification version 4.0.
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Step 3. Esophageal body contraction reserve
This metric is evaluated when esophageal body motor function
is abnormal, especially in case of IEM or absent contractility. For
multiple rapid swallow (MRS), five 2 mL swallows are taken < 4
seconds apart, and this is the accurate provocative tests of the integrity of inhibition during HRM in GERD patients.43 Post-MRS
contractions are an indicator of esophageal contraction reserve in
case of a greater post-MRS DCI compared to pre-MRS DCI
(post-MRS: wet swallow DCI ratio > 1)44 (Fig. 5). It is suggested
to perform 3 MRS sequences for a reliable assessment for contraction reserve.45 Furthermore, MRS has been adopted into HRM
protocols for determining contraction reserve in IEM or absent
contractility by the Lyon consensus.33 The absence of contraction
reserve in IEM is predictive of the poor efficacy of promotility
drugs.46,47 Moreover it has been identified as a risk factor for dysphagia and persistence or development of IEM post anti-reflux
surgery.48,49

Pursue the Etiology of Proton Pump Inhibitor-refractory Gastroesophageal Reflux
Disease symptoms
PPIs remain the cornerstone of treatment in patients with
troublesome reflux symptoms,50,51 but 30-50% of patients have an
incomplete response to a standard or double dose PPI course of
at least 8-12 weeks,52 which is defined as refractory GERD (rGERD).51,53-55 Previous studies showed that rGERD had a negative
impact on both patients’ physical and mental health-related quality
of life.56 A variety of conditions have been reported to cause rGERD including non-compliance to PPI, insufficient acid suppression (refractory acid reflux), and persistent weakly acidic reflux or
reflux hypersensitivity (normal reflux parameters but positive symptom association). However, in other cases the symptoms cannot
be attributed to reflux and are explained by functional heartburn,
esophagitis caused by infection or pills, eosinophilic esophagitis,
esophageal motor disorders, rumination syndrome and/or excessive (supra-) gastric belching.53-55,57 Among the non-reflux-related
causes, major esophageal motility disorders play a crucial role and
should be excluded by HREM, especially if anti-reflux surgery is
considered. In 2011, Chan et al58 conducted a large cohort study in
1081 patients who were undergoing elective surgery for GERD.
Surprisingly, the preoperative HREM revealed major esophageal
motility disorders in a number of cases such as absent contractility
(3.2%), distal esophageal spasm (3.2%), as well as achalasia and its
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variants (2.7%).58 In another study in 2017, Jeon et al59 reported the
clinical characteristics of 64 achalasia patients and found that 59.4%
and 76.6% of them had presented with heartburn and regurgitation
symptoms. In addition, results showed that 25.0% of these achalasia
patients were misdiagnosed as GERD before undergoing manometry.59 Besides its utility in diagnosing esophageal motility disorders,
HREM combined with impedance (high-resolution impedance
manometry or HRIM) can also diagnose conditions such as rumination syndrome and excessive (supra-) gastric belching which can
mimic GERD.60,61 For this reason, patients with rGERD should
undergo a work-up consisting of endoscopy, reflux monitoring,
as well as HREM/HRIM to make a correct diagnosis and tailor
therapy.32,54

Localize the Upper Border of Lower Esophageal Sphincter Prior to Catheter-based Reflux Monitoring
Ambulatory reflux monitoring can be performed using 2 types
of techniques, ie, (1) 48 to 96-hour wireless pH capsule (Bravo)
and (2) catheter-based 24-hour pH or pH/impedance monitoring.
Although wireless pH monitoring increases the diagnostic yield and
is better tolerated by patients, it also comes with several limitations
such as the need for endoscopy, significant cost, and lower availability.62 Moreover, the capsule-based method can only pick-up acid
events and not weakly or non-acidic reflux, belching or rumination
because of the absence of an impedance signal and the presence of
only 1 channel. Therefore, catheter-based pH or pH/impedance
continues to be the gold standard diagnostic tool for determining
pathological reflux. In order to prevent unintentional dislocation of
the pH probe into the stomach during swallow-induced esophageal
shortening, the pH probe must to be positioned 5 cm above the
upper margin of the LES.63 Therefore, manometric localization of
the LES is the gold standard method to position the pH probe for
accurate and reproducible measurement of acid reflux in the lower
esophagus.64,65

High-resolution Esophageal Manometry in
the Preoperative Evaluation for Anti-reflux
Surgery
Anti-reflux surgery (or surgical fundoplication) is aimed at creating an effective barrier to reflux of gastric contents at the level of
the EGJ. To date, several types of fundoplication are available such
as Nissen, Toupet, and Dor with variable circumference of the cre-
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ated wrap.66 Surgery is often considered in patients with insufficient
symptom relief with medical management, PPI intolerance, unwillingness to continue long-term PPI therapy, or GERD complications such as peptic stricture and Barrett’s esophagus.67,68 HREM
or HRIM forms an indispensable part of the pre-operative workup
before undergoing surgical fundoplication.69,70 Its role is threefold:
(1) distinguish various diseases with symptoms reminiscent to
GERD such as major esophageal motility disorders, rumination
syndrome, and excessive (supra-)gastric belching; (2) reveal the absolute and relative contraindications for fundoplication ie, achalasia,
distal esophageal spasm, and absent contractility; and (3) establish
the potential relative contraindications for a 360 degrees Nissen
fundoplication (eg, IEM) in case of insufficient peristaltic reserve
(post-MRS DCI/pre-MRES DCI ratio < 1) since these conditions may increase the risk of postoperative dysphagia.44

Role of High-resolution Esophageal Manometry in Symptomatic Patients After Antireflux Surgery
Most postoperative dysphagia is due to gastroesophageal outlet obstruction, which can be identified using HRM or a barium
esophagram.71 The provocative tests during the HREM such as
rapid drink challenge and solid test meal can help to demonstrate
outlet obstruction which can be missed during evaluation of single
wet swallows in patients with post-fundoplication dysphagia.72,73 In
addition, a study by Scheffer et al74 demonstrated the benefit of concurrent HREM and fluoroscopy in the post-fundoplication setting.
The results showed that the increase in EGJ transit time during
liquid and solid bolus significantly correlated with the probability of
postoperative dysphagia.74

Conclusion
HRM is now integrated as an important investigation for
GERD diagnosis and guided treatment. The 3 hierarchical steps
including evaluation of morphology and integrity of EGJ, esophageal body motor function and contraction reserve, are suggested
for functional diagnostic work up in GERD. Furthermore, in rGERD, the combination of HREM with other GERD tests, particularly pH-impedance monitoring and endoscopy allow exclusion of
alternative diagnosis and to investigate the mechanisms of refractory
symptoms to further guide the treatment for these difficult to treat
patients.
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