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ALS Amyotrophic lateral sclerosis
CCK Cholecystokinin

CD Crural Diaphragm

CDP Contractile Deceleration Point
CFV Contractile Front Velocity
CIlIPO Chronic Idiopathic Intestinal Pseudo-Obstruction
cm centimeter

CNS Central Nervous System

CS Contractile Segment

CVA Cerebrovascular Accident

DCI Distal Contractile Integral

DES Distal Esophageal Spasm

DL Distal latency

E Expiration

EGJ Esophagogastric Junction
EGJ-CI EGJ-Contractile Integral

EGJ-DI EGJ-Distensibility Index

EGJOO EGJ-Outflow Obstruction

EPT Esophageal Pressure Topography
EUS Endoscopic Ultrasound

FLIP Functional Luminal Imaging Probe
FNA Fine-Needle Aspiration

g gram

GERD Gastroesophageal Reflux Disease
Gl Gastrointestinal

HE Hypercontractile Esophagus

HH Hiatal Hernia

HPZ High-Pressure Zone

HRIM High Resolution-Impedance Manometry
HRM High-Resolution Manometry

I Inspiration
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IBC Isobaric Contour
IBP Intrabolus Pressure
IEM Ineffective Esophageal Motility
ILD Interstitial Lung Disease
IRP Integrated Relaxation Pressure
kg kilogram
kOhm Kilo ohm
LES Lower Esophageal Sphincter
LHM Laparoscopic Heller Myotomy
MEN Multiple Endocrine Neoplasia
min minute
ml milliliter
mm millimeter
mmHg millimeter of mercury
MRS Multiple Rapid Swallow
MS Multiple Sclerosis
ng nanogram
PD Pneumatic Dilation
PEP Panesophageal Pressurization
PIP Pressure Inversion Point
POEM Peroral Endoscopic Myotomy
PPI Proton-Pump Inhibitor
RDC Rapid Drink Challenge
RIP Respiratory Inversion Point
S second
SSc Systemic Sclerosis
SSM Solid-State Manometry
STM Solid Test Meal
TBE Timed-Barium Esophagram
TLESRs Transient LES Relaxations
UES Upper Esophageal Sphincter
ULN Upper Limit of Normal
WPM Water-Perfusion Manometry

ZD

Zenker’s Diverticulum

Il -
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® UES: upper esophageal sphincter; LES: lower esophageal sphincter.

B https://www.westernsydney.edu.au|2022
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Traditional Manometry: High-Resolution Manometry:

5 pressure sites, 5 cm apart 36 pressure sites, 1 cm apart
2 (mmHg) ¢
28 a
27 .
e 28
p—— 25 -
L 24 -
23 -
22 222
- 21 -
p— 20 -
T3 &
—— 18 =
—17
A 272
— 15
— 14 -
- %
— 11 32a
e [ -
(— _
8
: _
6
3 372
4
X -
2 -
1
\ o 2a
2 -
-3
2 -
A AAYASE s
| i 472
1960- Time (seconds) 2007- Time (seconds)

J(conventional) Jeoxe 5 segilo U (HRM) YU zgdg b (530 (S pi0gile (gdmmlle .Y JSUS

Y8 Gl HRM 5,8 0 5,3 (g0 5l 0 BY Juolgd ;> (sensor) ,5 s A BY o] ;5 o (conventional) Jgexs (¢ jiogile BM5

S s bawgs 0l 535 (pressure magnitude) ,Lis ojlul EPT el (g0 Jobo 50 ;5508 5l (g te il ) alold Ly (seNsor) )3 s

5 (X y5m0) Lo Lolawl YL (laylid by (lis (gly )5 ScSSy g o8 Hlid ool i gly 5 STy 1 eslanl L 1) (sensor)
3o Ol (Y yoe) (S

® HRM: high-resolution manometry; cm: centimeter; mmHg: millimeter of mercury.

B Rice TW, Shay SS. A primer of high-resolution esophageal manometry. Seminars in thoracic and cardiovascular
surgery 2011; 23(3):181-190.
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Pressures Colors - Interpolation

{EPT) 50 jbid 31 S3r55 ' S

9 S HLid by LS gly oy ST, I eoliwl L 1) (SENSOT) )5 s ¥ lawgs o 4,155 (pressure magnitude) ,Lis ojlal EPT
w30 LS (Y yoe) (8 g (X jg0a) (loj bl o 3V syl ool (L sl )5 oSS,

® EPT: esophageal pressure topography.
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Line plots (pressure versus time)

of conventional and high
resolution manometry

High resolution manometry plotted in
esophageal pressure topography

o

Catheter
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.
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® HRM: high-resolution manometry; EPT: esophageal pressure topography; mmHg: millimeter of mercury; UES:
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B Kahrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry.
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Medical history
I

v v

Difficulty initiating a swallow Sensation of food getting stuck in
associated with coughing, choking or the esophagus
nasal requrgitation (seconds after initiating a swallow)

v v

Esophageal dysphagia

Oropharyngeal dysphagia

v v

Solids and/or liquids Solids

v v

Motor disorder Mechanical obstruction

v v v ,

(G5l &1 gyl ) it yo!

Intermittent Progressive Nonprogressive Progressive
_ Regurgitation ) Oldaaili
Primary Secondary and/or Esophageal slipiRaait
esophageal esophageal Chronic respiratory ring/ Chronic w egight loss
motility motility heartburn symptoms eosinophilic heartburn S ’
disorder disorder and/or weight esophagitis ;
anemia
loss
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(2022).

B Fass R, Feldman M, Robson KM. Approach to the evaluation of dysphagia in adults (Topic 2241). UpToDate
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History, physical

v J

Identify alternative syndromes, eg,
globus, esophageal dysphagia,

Laboratory as indicated
CNS imaging

xerostomia
! T :
No evidence of systemic Identify syndromes with specific

Neuromuscular dysfunction without

rocess
P specific therapy, eg, CVA, trauma

therapy, eg, toxic or metabolic
myopathies, myasthenia, CNS tumors

\
Nasoendoscopy to

evaluate for structural \ 4
causes of dysphagia Videofluoroscopic swallowing =
I manometry to characterize severity
= > and mechanism of swallow
dysfunction

*----q
<_
<
<_

Dysfunction potentially
amenable to therapy: diet
modification, swallow therapy,

+ temporary nonoral feeding

Severe dysfunction or risk
of aspiration pneumonia:
nonoral feeding,
tracheostomy

Identify structural lesions
with specific therapy, eg,
tumors, Zenker’s

Dysfunction potentially
amenable to
cricopharyngeal myotomy

.Oropharyngeal gjlawsd U ;.Y &5 56!

® CNS: central nervous system; CVA: cerebrovascular accident.

B Cook IJ, Kahrilas PJ. AGA: Technical review: Management of oropharyngeal dysphagia. Gastroenterology 1999;
116:455.
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Esophageal dysphagia

v

History of prior radiation, caustic
injury, surgery for laryngeal or
esophageal cancer, complex stricture

Yes

'

Barium swallow*

v

v

Structural abnormality

v

Ring

Web

Stricture

Diverticulum

Erosive esophagitis
Tumor (benign/malignant)
Infectious esophagitis
Eosinophilic esophagitis

Upper endoscopy +/-
Esophageal biopsies
| ;
Normal
l
: ’ Dysphagia to
Dysphagia to solids alone sistids ool
‘ liquids and/ or a
suspected
Barium swallow motility
(if not previously performed) disorder

I

v

v

on upper endoscopy

Structural abnormality missed

(eg, web, extrinsic compression)

Normal

Y v

Esophageal
manometry
, : 2
Secondary esophageal motility Primary F
disorder esophageal Al Normal

(eg, systemic sclerosis, diabetes)

motility disorder

results

—_—

Barium swallow if not
previously performed

Consider evaluation for functional
dysphagia by ruling out GERD

Esophageal ¢jlewsd b jlow 2,0V o4

® GERD: gastroesophageal reflux disease.

Y¥

H
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B Fass R, Feldman M, Robson KM. Approach to the evaluation of dysphagia in adults (Topic 2241). UpToDate

(2022).
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B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:14058.




—
Upper oes. =l = —————] f—

Sphincter — “'— T [l T——

Lower oes.

sphincter

. 3
Jloys @t )3 (HRM) YU z959 b (5 0 (5 flagile & S0

ilo o Lite colyal el )3 (LES) sy Sliow g (UES) lbsh (el il )

S i 5240 U 95 0 g5 (UES) 50 Sl il 003 J5 1 o

Sy L8 jiSil (Sl e 53 B30 ES > (50 il S 41 |y ] Slsime (UES) (gy0 g iSiil ) (58 (oLl S5 ¥
a1y (50 5 038l 1S slgn ygue 032l b 395 0 U 95 (LES)

U5 (LES) (oo ks yiSinal 5l esyo 4 odne Slygizmo a5l epSsle el (LES) oyo i sl ol 51 b i caadd ¥

Dgus g0 6dx0 J)|5 m.))f S LD

® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter.

B https://www.westernsydney.edu.au|2022.
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(B) Protocol in Upright Position
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® HRM: high-resolution manometry; ml: milliliter; mmHg: millimeter of mercury; MRS: multiple rapid swallow;
RDC: rapid drink challenge.

B VYadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Moatility. 2020;33:e14058.
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® HRM: high-resolution manometry; ml: milliliter; mmHg: millimeter of mercury; DCI: distal contractile integral; s:
second; cm: centimeter; DL: distal latency; sec: second; IRP: integrated relaxation pressure.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard
high-resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:e14120.
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® HRM: high-resolution manometry; ml: milliliter; mmHg: millimeter of mercury; DL: distal latency; s: second,;
DCI: distal contractile integral; sec: second; IRP: integrated relaxation pressure; EGJ: esophagogastric junction;
IEM: ineffective esophageal motility.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard
high-resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Moatility.
2021;33:€14120.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter; sec: second.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; HPZ: high-
pressure zone; LES: lower esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; sec: second; LES: lower esophageal sphincter; EGJOO: esophagogastric
junction-outflow obstruction; IRP: integrated relaxation pressure.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; EGJ: esophagogastric junction; E: expiration; I: inspiration; LES: lower

esophageal sphincter; CD: crural diaphragm; cm: centimeter; sec: second; mmHg: millimeter of mercury; RIP:
respiratory inversion point.

B Kabhrilas PJ, Bredenoord AJ, Fox M, et al, and The International High Resolution Manometry Working Group. The
Chicago Classification of esophageal motility disorders, v3.0. Neurogastroenterol Motil 2015; 27:160.
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® EGJ-CI: esophagogastric junction-contractile integral; HRM: high-resolution manometry; mmHg: millimeter of
mercury; LES: lower esophageal sphincter; CD: crural diaphragm; cm: centimeter; sec: second; DCI: distal
contractile integral; HH: hiatal hernia.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; CS:
contractile segment; CDP: contractile deceleration point; EGJ: esophagogastric junction; s: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; CDP: contractile deceleration point; DL: distal latency; mmHg: millimeter of

mercury; UES: upper esophageal sphincter; CFV: contractile front velocity; EGJ: esophagogastric junction; s:
second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; PIP: pressure inversion point; mmHg: millimeter of mercury; UES: upper
esophageal sphincter; I: inspiration; E: expiration; LES: lower esophageal sphincter; CD: crural diaphragm.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; I: inspiration;
E: expiration; LES: lower esophageal sphincter; CD: crural diaphragm.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; LES: lower esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; IRP: integrated relaxation pressure; mmHg: millimeter of mercury; cm:
centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; sec: second.

B Kahrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; CDP: contractile deceleration point; DL: distal latency; mmHg: millimeter of

mercury; cm: centimeter; UES: upper esophageal sphincter; CFV: contractile front velocity; EGJ: esophagogastric
junction; s: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; CDP: contractile deceleration point; DL: distal latency; mmHg: millimeter of
mercury; cm: centimeter; EGJ: esophagogastric junction; s: second.

B Roman S, Hebbard G, Jung KW, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for distal esophageal spasm. Neurogastroenterology & Motility. 2021;33:e14119.
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® DCI: distal contractile integral; EPT: esophageal pressure topography; mmHg: millimeter of mercury; cm:
centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; s: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; LES: lower esophageal sphincter; mmHg: millimeter of mercury; cm:
centimeter; DCI: distal contractile integral; s: second.

B Kabhrilas PJ, Bredenoord AJ, Fox M, et al, and The International High Resolution Manometry Working Group. The
Chicago Classification of esophageal motility disorders, v3.0. Neurogastroenterol Motil 2015; 27:160.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; cm: centimeter; s: second; DCI: distal
contractile; IRP: integrated relaxation pressure.

B Gyawali CP, Zerbib F, Bhatia Sh, et al. Chicago Classification update (\V4.0): Technical review on diagnostic
criteria for ineffective esophageal motility and absent contractility. Neurogastroenterology & Motility.
2021;33:e14134.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; cm: centimeter; EGJ: esophagogastric junction;
EGJOO: esophagogastric junction-outflow obstruction; UES: upper esophageal sphincter.

B Kahrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; EGJ: esophagogastric junction; IRP: integrated relaxation pressure; UES: upper
esophageal sphincter; mmHg: millimeter of mercury; EGJOO: esophagogastric junction-outflow obstruction; RDC:
rapid drink challenge; STM: solid test meal; DCI: distal contractile integral; LES: lower esophageal sphincter; cm:
centimeter; s: second; MRS: multiple rapid swallow; DL: distal latency; CDP: contractile deceleration point; CD:

crural diaphragm.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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.(absent contractility

® MRS: multiple rapid swallow; DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm:
centimeter; LES: lower esophageal sphincter; RDC: rapid drink challenge; STM: solid test meal, TLESRsS:
transient LES relaxations; HRIM: high resolution-impedance manometry; IRP: integrated relaxation pressure;
EGJOO: esophagogastric junction-outflow obstruction; ng: nanogram; kg: kilogram; CCK: cholecystokinin.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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® HRM: high-resolution manometry; MRS: multiple rapid swallow; ml: mil
DCI: distal contractile integral; s: second; cm: centimeter; sec: second; EGJ
esophageal spasm.

liliter; mmHg: millimeter of mercury;
: esophagogastric junction; DES: distal

Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0©
high- resolution manometry protocol for the assessment of esophageal motil
2021;33:e14120.

technical review: Update on standard
ity. Neurogastroenterology & Moatility.
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® HRM: high-resolution manometry; RDC: rapid drink challenge; ml: milliliter; mmHg: millimeter of mercury; DCI: distal
contractile integral; s: second; cm: centimeter; EGJ: esophagogastric junction; IRP: integrated relaxation pressure; sec: second;
MRS: multiple rapid swallow.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard high- resolution
manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility. 2021;33:14120.
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HRM: high-resolution manometry; STM: solid test meal; g: gram; min: minute; mmHg: millimeter of mercury.

Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.00 technical review: Update on standard

high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:€14120.
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® HRM: high-resolution manometry; STM: solid test meal; ml: milliliter; mmHg: millimeter of mercury; sec: second;
s: second; IRP: integrated relaxation pressure. EGJOO: esophagogastric junction-outflow obstruction.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard

high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:€14120.
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® HRM: high-resolution manometry; cm: centimeter; mmHg: millimeter of mercury; DCI: distal contractile integral;
s: second; DL: distal latency.

B Kabhrilas PJ, Bredenoord AJ, Fox M, et al, and The International High Resolution Manometry Working Group. The
Chicago Classification of esophageal motility disorders, v3.0. Neurogastroenterol Motil 2015; 27:160.
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Achalaaa ] 100% F.culed Peristalsis g | i + MRS/ RDC
without PEP l +
100% Absent Peristalsis All Yeés Elevated LES IRP in
100% Failed Peristalsis | |ves| swallows are either failed varyin positions +
Achalasia IT & with PEP in > 20% i or prematun:<> clevated IBP/PEP
swallows No wNo ) =
100% Failed "%} sent.
Peristalsis Contractility
3 Yes| =20% swallows with +No
Achalasia ITI g— Prs?malure- con(fac(ions. >20% swallows with |Yes Distal
Failed peristalsis +PEP  [€— > pronmie —* Esophageal
may by present contractions Spasm*
+No
Step 2: (if not done) Wet >20% swallows with Y—L\IP Hypercontractile
swallows in secondary hypercontractility Esophagus™
Position + MRS/RDC T
>70% ineffective or  |yo| | Ineffective
Elevated LES IRP . No evidence of 250% “‘"edrj“’““"ws i Esoph.a.geal
persists in varying £ »( EGJ outflow + o Motility
positions + elevated obstruction ) No ewdence‘ of .
+ A disorder of peristalsis
IBP/PEP+
Yes :
1| |ves ¢ b i Consider meal challenges
EGJOO <|—| Abnormal TBE or FLIP I “ based on symptom?¥

S iz o351 25 ¥ 55

aS o 5l gy leMbl ay b M b b po (ol eseids (Caol oads 03l lis b @Me b s popue S ytogile (slangSl
Al 8ol Sliylejl Uy basye (dl @Me Jolis sl (Ko

ul_.w) as J._wl) u.:l_lbuflus dl)l.} Cowl US"“’ 9 AAJS& 03)9]).3 I) EGJOO 04.9.) Lng)L:.u MW)J é.l) .)9>5 9 EGJ sluws) Lv U])l’o‘“’—f—
cla 539 L EGIOO il (pusdlinn yp YMiS] olonjlino b Gabato sl yp YMiS) b Lo e 1500 (slagSIN L (o3 YLST o
EGJOO L, (ineffective motility) s, o)ls> y55-0,e S =5 L EGIJOO dypercontractile esophagus L EGJO0 «Souwluw!
el yy JHB 1 ganl5s (90

Ll (3525 S99 23) 0nie steotlsS b 355 ool b SISl S50 Uy csols 136 o gy (RDC) oo oyt (il
sl 048 SaS dlsl byl ol

Cwl (ySan cdloss 8,m0 (absent contractility) s pe (5Ll e lhlew lsie 4 gl Caxdg )3 &b Vo yolwl 5 MW o Shlew ©
&YLST el b 3)lge cpl axsl YU IRP (clls MRS L/g RDC plosl b b/ g lacunsg plo p 51 jogas 4 wwsl awsly oYLl
W55 518 oLyl 5yg0 s TBE/FLIP L g bgub 48,5 Jlas ,> (inconclusive) ks e 1L 1 g4

3939 sl 0aits 0313 arets ] EGJOO0 b Jlis! 4y a5 (5low 1 EGI (293 3l b ysadlins yp 31 0 1> cnlgs S1¥
Do ey p 0,bgd L (SIS dlusl Jlaisl (il mudojuf awyp opl ST Gl 00iST SoST (STM) tols glie 2y cons abl ansls
ST iyl (sl 132 51 oy (HRIM) YU 2585 b pudlasal (s ngile 5] lgiiam 40035 551 b cogmolin oy  Shin slaws 3 53
2,8 ookl 35 g9,V ylgis b Ladye

® EGJ: esophagogastric junction; EGJOO: EGJ-outflow obstruction; PEP: panesophageal pressurization; MRS:

multiple rapid swallow; RDC: rapid drink challenge; LES: lower esophageal sphincter; IRP: integrated relaxation

pressure; IBP: intrabolus pressure; TBE: timed-barium esophagram; FLIP: functional luminal imaging probe;
STM: solid test meal; HRIM: high resolution-impedance manometry.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.00©. Neurogastroenterology & Motility. 2020;33:e14058.
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(S rogile iyl g aba b S Jgua

By 2 s Sadb
ULN I ziy IRP
(failed) 340 Mwﬁ/\oo | e o5Vl
gk 12 o2 o Yo 1 55 1BP) 0 2 s o
ULN I ziy IRP
(failed) 3850l Mmf /\oo oo g5V
b 7.Yo < panesophageal pressurization
& panesopnagea’ P EGJ 39y Y3
ULN I ziy IRP L IRP)
b MLW)* d9:5 '
< JLe, DCI L (premature/spatic) bl w395 clolil N s oYLl
u@ AD
lg5 L Camds ULN ;| s IRP
(o2l b s Condy 2 ULN 2 EGJ gy (o] YS!
(o3l Cam 13)(IBP) gl oo L 3 ¥ ¢ Ee100)
Al sl ) YL el 1) p5Y adils glajbas
(Aunsis g odnled Cundg 43) oy IRP ool laas
(failed) 384ob yuudlivs s 74V o0 (Absent contractility)
Ju IRP “ sy > ol
lagly %Yo < (premature/spatic) Suuwluwl/ o395 clolisl (DES)
Jb, IRP Coye 3> 5l i ol
by %Yo < hypercontractile  slagl (Hypercontractlle esophagus)
L, IRP
s ol YOS
< (failed) 385005 (uradlivns 3 b 7 Vo< (ineffective) Soope ol
hbél) /ao (Uﬁl)li(_;”""\o IRP)

iJold et slagh

mmHg:-s-cm Yeo> DCI :(failed) 33900 Lyuudlivn s

Ll mmHg-s-cm Yoo< DCI :(weak) cax—s yu—wdlins y; ©
mmHg-s-cm ¥oo>

Sl yo (e il & <) large break :fragmented slagl; o
mmHg-s-cm ¥ao < DCI ;5 09> yio o Yo cOntour

Sy Phops &S >
(IEM)

s s 3939 pie Zoo Ly yL) e it 2 43 S o 3 g ABEGIOO 1 5 VT ol ®
(fa||8d) &99,01; L;LmWJLw;); JAL» LY s.)y»uﬁ ua):u
o s 48 5sl e S d\,\; sl s 5 03,5 31, EGIOO sl slons yusuallines 5y 18l L olyorn EGY slad] b 5o

A (Premature) yw,de5 L

l_: EGJOO 39—"%5—" oalawl L)a.u.qu.».Ma))J SYME d“f 03 g_o.:).u dLb)
u9io EGJOO L dEM L EGJOO hypercontractile ¢l S35 L EGIOO [premature clslas! /Yo

bl 1 88 sl iy ssSI b b (VLT
] Sstaslps LsL%st
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® EGJ: esophagogastric junction; IRP: integrated relaxation pressure; ULN: upper-limit of normal; IBP: intrabolus
pressure; DCI: distal contractile integral; EGJOO: EGJ-outflow obstruction; DES: distal esophagus spasm; IEM:
ineffective esophageal motility; s: second; mmHg: millimeter of mercury; cm: centimeter.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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(EGJOO0) EGJ o 33 (S0 (955 &5 > OYMNs .11

pLos .l (EGIO0) EGJ Jme 15 (5y0 (smays shicudl s (1 o 11 d g5) 39T Lol EGI oo 5 Y5
el 3 7100 45 23 M50 13 515 ady) Camidg 1 smmbo et IRP Sy 4y L5 EG Ues 5 (60 (s YS!
Iy oYWl jawseis YU IRP g wwul zylhe (oYL Jlais! (lagh aen ;> MMHg.CM.S Yoo | 1268 DCI) 3,155 3459
1o glacus daylyd oyl )3 g ool LtnlS |y LES Liis 3] ssng Jloin] ¢ puamadlive y 3939 23,5 dnlgs alad
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Inconclusive: Type | Achalasia or Absent Contractility Supportive Testing

Rapid Drink Challenge » Timed Barium Esophagram

l :Lu

tag

5 five ml wet swallows

Functional Lumen Imaging

Probe

g

0RO RO

TR -

Median 4s IRP 10.8 mmHg IRP 7.6 mmHg

howd a8 R8HEEEE

FEGJ'-DI' 1.9'mm2/rﬁm};lg; §
Maximum EGJ diameter 11 mm

EGJ Jw jd 530 (D93 &5 > OIS YE IS

Y 95 oYL el massl )b Soles slacus 4 L (absent contractility) olal ol b o5Vl (inconclusive) (b e  yascis
3l e (ULN) Jleys YLy gong0m0 53 IRP Ll 3l 32 (failed) 385l (i yy V00 ol s o O gl b (g 3 2 it oold
S99 (ooblng 5 45 SV i 3 33 359 (LES) (530 ot Sl 5 gl o 3539 pie 45 s o o (RDC) g ey il
HSSUssi) Lol 53 el 3 3590 (FLIP) Jiaoslgsl (6,Skos (5 f30 95 e U (TBE) osisiiagles wdl S e b (gl s 3l
Jasl Joe (distensibility index) blu! esls FLIP 5 .ol @il qolan] 5 g o0 oliS Jtwd (550 45 203 0 i 0dds gdin o) ooyl
) 3939 glusl 4 gy 5 (LT g Al o L3l EGY b yiSlis il o (20l (EGI-DI) sdne 4 (550
® EGJ: esophagogastric junction; ml: milliliter; mmHg: millimeter of mercury; IRP: integrated relaxation pressure;

EGJ-DI: EGJ-distensibility index; mm: millimeter; ULN: upper limit of normal; RDC: rapid drink challenge; LES:
lower esophageal sphincter; TBE: timed-barium esophagram; FLIP: functional luminal imaging probe.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:14058.
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Review LES on esophageal manometry study:
= [RP with 10 liquid swallows
= [RP with any additional manuever such as:*
e Rapid drink challenge
e Multiple rapid sequence swallows
e Liquid swallows on secondary position (eq, upright)

v

Is IRP elevated?

Yes

!

[s peristalsis characterized
by either of the following:
100% absent

= >20% premature

Yes 110
Achalasia subtypes
A f the followi istent
100% failed peristalsis Type | o i
: ; with elevated IRP?
without PEP achalasia : ; .
- - - ® Timed barium esophagram
1007% Tarlet peristalsis Iypell ®  Functional luminal probe imaging
with PEP in >20% swallows | achalasia
>20% swallows with Type III
premature contractions achalasia
[ 1
st Illo
Esophagogastric outflow Evaluate for disorders of
obstruction esophageal peristalsis

EGJOO0 WA Uy 1550 S rwgile smmdi (5l o5 (saiualdl .0 s 5N

Mio) du il Cunids > Slale 2 (RDC) mpuw s (ills Jols (oSS (sl ygilo 51l Koo EGI slasl jiiy b5 (sl
JSgp 5l misy olgie b anbo e IRP &y 390 S'eSiiio jgun 10 Gl (S0 o ygilo ol g ookl (MRS) oo a5 o & b/ g {upright

g plsl S S

Dgus ,\.;L ol sacus g iMe b b bl cmd o i 1) Jlois] jasuis (g iegile

® EGJOO: esophagogastric junction-outflow obstruction; LES: lower esophageal sphincter; IRP: integrated
relaxation pressure; PEP: panesophageal pressurization; RDC: rapid drink challenge; MRS: multiple rapid swallow.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0 ©. Neurogastroenterol Motil 2021; 33(1):e14058.
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(Achalasia) & 3¥WT -1

348 Gl b &S I g5 ol S 6VLBT 5 | 55 1035 oo s 2395 3 4w & |y LT (9515 s
o2 (SPastic) Suwbu! (o5YLI o] as a5 1 gg5 5 w4 o0 00> (PANeSOphageal pressurization) (e yuwb yu
S 53 b IRP o5V (ol SIS0 caipaih ais Sl oy 4 0 b S oS jslailan .4iysS oo
bt IRP 4, 5 (590 plosit [wet swallow] gle ol Vo b olyon (1) cosl (B s b saled gads) slacunsy
el bin o 1888 Voo o iliue SIS (canaib 13 (o3YLET iy a5 ogMe 4.0l 5L s g owls <l g3 )
premature ) )55 olal L (failed peristalsis) 3850ls  puwdlins y potie 4y 45" el (aperistalsis)

sk e (contraction

&YW (conclusive) oalad awseid

5 (failed) 38505 (uudline p 7 Vo0 o anb e IRP S, osnlie U1 gg (o3VLET alad et | go5 o5YLsT @
Do oo AliS gy dod g jio Jdis Yo 5l ;1S IBP

38905 el ZV00 Ly ol o (ano et IRP S g2 L 1 g5 (58l oo et il g5 (VLT o
AL3IS &l d)lae yiiiw b Yo 5 (panesophageal pressurization) csye ywbww ,Lid i3l s9x4 4 (failed)
g 50

Lo 7Y0 )3 aolonsl Salgs g (anbo i IRP G 099 LT g5 (o3 VWsT  abad st 1 Saolowl b 1 gg5 (o5YL5T @

Sl e (PrEMaAture) yoydg; olisl Gygw 4 aS' b aly 3)lge iy

&YW (Inconclusive) (whd e yansuii
3 adasMe S8 b g0 <ol dgg pae Jolis I L | g4 (5YLST (incONCIUSIVE) | oalod e yausuis
sy S Lid al 38l (9 b b citandi b odnlgs Cupmdg 93 2 )3 (ULN) Jloyi (VL (g039950 )3 IRP jslie )5l
Al se &l 3,lge s b 7Yo p> (panesophageal pressurization) (¢ e

Ceoms 2y 1y et Wi 1L 1 g9 (VLT sRIL olilas )3 Candy yoois b dlisMlo JlB gl Anlp
A3 Gow 3l Lasls Cas Siles slacws 4 L &S (InConclusive)  ahd e jasuis §

Anlg b g bl daly s U ol yan aubo e IRP G Jolis T g5 o5YsT (inconclusive)  shsd e yausis
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Type Il Achalasia Type lll Achalasia

PEP PresentI

| ] L
IRP Elevated IRP Elevated IRP Elevated

Courtesy of Center for Esophageal Health at New York University Langone Health
5 S vl 53 (VLI glgil (HRM) YU 2359 b (6 yiagile YV JSb

[panesophageal pressurization ;s (failed) 534l  pumadliv y (090> yio duo V0 <) aidly iol33l IRP 2l g45 (o5YL3I
panesophageal pressurization b ol yen (failed) 584l  pmadlivs p (090> yio duo V0 <) adly iol33) IRP 21 g4 (c5YL3I
.Jloy DCI L (premature) w395 (olisl (ogu yio Juo V0 <) aidly Lil331 IRP (1 gg5 (o5YL]

® HRM: high-resolution manometry; mmHg: mmHg: millimeter of mercury; DCI: distal contractile integral; s:
second; cm: centimeter; IRP: integrated relaxation pressure; PEP: panesophageal pressurization; DL: distal latency.

B Khan A, Yadlapati R, Gonlachanvit S, et al. Chicago Classification update (version 4.0): Technical review on
diagnostic criteria for achalasia. Neurogastroenterology & Motility. 2021;33:e14182.

ST (g (eSS llan Mo

2 g5 YL jasets )3 (lisebl g Cunl (6L33] mrana S gl 3]0 70Y0 5 uslias] CULOTF (25,5 L 55 @
e Gl (Premature) (yoysg5 (ALl b kel (g yiie s 3925 &9

Cunalion FLIPS 030izal L b g b o3 b b olyas Lo 5 (TBE) o st loj o513 ooy b Sles s @
o > Gl sl cadle plgie 4 (g5l o a5 (ogas 4 (VLB (alabyd paseli b loles: 5
D9 48 Jlai > andly 392

32k hles Sl @) )3 el S 2wl 1l ggi g5Vl alitio (Ll (o))l (a0 ya500 dlgo Bymo @
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Example wet swallow Rapid drink challenge Timed barium esophagram

Courtesy of Center of Excellence on Neurogastroenterology and Motility, Chulalongkorn University

«53YWT 3 (TBE) o sisgyloj 0 5930 o)l 9 (HRM) YU 99 b (5 yiogile FA JSS

HRM 1 ¢35 (59U (obad ot HRM Gt (ol (TBE) o (st lej ol SBs3] sl S 5 (HRM) Vb 2509 b (5 tagile e
o wo Yo <PEP (RDC) @y ooy (illa s o s |y (swlin IRP L g PEP o (aperistalsis)  yudlins y lads Voo,
Jiasl > ;8L g (bird’s beak) jlie So sl L EGI s )b b Jbuwd (60 cinis glusl (gosimd lis TBE amd o Lt | ogen
Oyl cdllae (VLT Lasis b oles slacus .cusl m)b
® HRM: high-resolution manometry; TBE: timed-barium esophagram; mmHg: millimeter of mercury; IRP:

integrated relaxation pressure; PEP: panesophageal pressurization; RDC: rapid drink challenge; EGJ:
esophagogastric junction.

B Khan A, Yadlapati R, Gonlachanvit S, et al. Chicago Classification update (version 4.0): Technical review on
diagnostic criteria for achalasia. Neurogastroenterology & Motility. 2021;33:e14182.
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Inconclusive type Il achalasia on HRM with borderline IRP values, 2 20% with abnormal DL, and occasional swallows with borderline normal DL

£l

Timed Barium Esophagram

‘.azauﬁua:asaaa 8§ 3 8 8 3

[ N

Bolus entrapment with obstruction
at the EGJ and simultaneous
uncoordinated contractions

50 75 100
EGJ-DI 0.8mm?2/mmHg; maximum EGJ diameter 11 mm and a spastic contractile response

(FLIP) JUsoglgat (53,5Mos (5152529005 952 {HRM) YU 959 L (5 jlogile ¥ JSi5
(§3YWI 3 (TBE) o (gisslo o1 5031 o)l 9

(TBE) o4 (sannglej plSBgsl sl o g (FLIP) Jlsegdgil (63, Sdas ()l 00905 g0 (HRM) YL 2959 L (s ptogile orins it
Iy bl d2lg 5 9 Z¥e SDL L el g (iwlin |, IRP Jliie HRM HRM 5 111 g4 (c3YLsT (inconclusive)  aaad pé yanseis (¢ly
olis TBE s o ol Sl 8l gusl G b ol o 1) EGY jlad iSlis g ads e EGI-DI G FLIP (g52055L w3 o i
Oy cdllhae o3V jaseis b ol clcws .cwl EGY 3 slawsl b ylojon Sinlenl clobal gouns
® HRM: high-resolution manometry; FLIP: functional luminal imaging probe; TBE: timed-barium esophagram; IRP:
integrated relaxation pressure; DL distal latency; mmHg: millimeter of mercury; LES: lower esophageal sphincter;

LES-CD: LES-crural diaphragm; EGJ: esophagogastric junction; ml: milliliter; EGJ-DI: EGJ-distensibility index;
mm: millimeter.

B Khan A, Yadlapati R, Gonlachanvit S, et al. Chicago Classification update (version 4.0): Technical review on
diagnostic criteria for achalasia. Neurogastroenterology & Motility. 2021;33:e14182.
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Achalasia should be suspected in patients with:
= Dysphagia to solids and liquids
= Heartburn unresponsive to a trial of proton pump inhibitor for 4 weeks

v

Upper endoscopy

Y

®  Retained food in the esophagus on upper endoscopy
= Unusually increased resistance to passage of endoscope through EGJ
= Normal upper endoscopy but high clinical suspicion for achalasia

Y

I
Yes

1
No

v

Esophageal manometry

Evaluate for alternative

diagnoses
I 7 1
Manometric findings Equivocal Normal
consistent with manometric manometry

achalasia* findings 9 ¢

Perform barium swallow

Are any of the following findings present on

barium swallow?:

= Dilation of the esophagus Achalasia ruled out A

= Narrow esophagogastric junction

= Aperistalsis

= Delayed emptying of barium

r 1
Yes No

\ 4

If any one of the following:

®  (Clinical features suggestive of a malignancy
(eg, new onset of dysphagia in patient >60 years, short
duration of symptoms [<6 months], rapid or marked
weight loss)

®  Abnormal endascopic evaluation
(eq, unusually increased resistance to passage of
endoscope through the esophagogastric junction or
mucosal changes suggestive of a malignancy)

Then perform EUS with FNA

Achalasia ruled out

Other esophageal
motility disorder

v

| Esophagogastric malignancy

Yes No
Pseudoachalasia
Achalasia confirmed
Additional evaluation for esophagogastric malignancy

(YW & S Sl ) lows raudiuid (1551 it 651

|E

9 ([ULN] Jloy (YL (so3ga50 5 5L IRP) (LES) (s po iz Sl JolST oy relax : oYUl pasuis K jrogilo sloasl,

ol (g y0 Jlwsd pow 93,3 (aperistalsis)  yudbie y olaas

L el oas bods e adlins  (glae Lol (LES) (550 Sliss pSianl JoSU oyuis relax :(equivocal) slo ey S ragile slaailas
J(aperistalsis) by lud@d b (LES) (gy0 Sliow wSiawl Jol8™ as relax g,lads

bl Hlen @SMe bl p b Blal Gbs,l A

® EGJ: esophagogastric junction; EUS: endoscopic ultrasound; FNA: fine-needle aspiration; LES: lower esophageal
sphincter; IRP: integrated relaxation pressure; ULN: upper limit of normal.

W Spechler SJ, Talley NJ. Achalasia: pathogenesis, clinical manifestations, and diagnosis (Topic 2268). UpToDate (2022).
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IRP is measured to assess LES relaxation and distal esophageal opening IRP interpretation should consider peristaltic function

'

|

Abnormal median IRP in primary position with 10
wet swallows with 100% failed peristalsis

|

'

'

'

Abnormal median IRP in both positions

Normal IRP in one position or both

v

100% failed peristalsis
without PEP

100% failed peristalsis
with PEP 220% of
swallows

>20% of swallows
premature with no
peristalsis

Evidence of peristalsis
with out PEP or
premature swallows*

Evidence of peristalsis

premature swallows

with out PEP or

Evidence of 100%
failed peristalsis

Definitive treatment
options include LHM,
PD, and POEM

Inconclusive
achalasia

Incondusive
EGJIOO

v

Consider TBE and/or
FLIP if IRP is
borderline or abnormal
in one position

Tailored and long
myotomy is
preferred treatment

Supportive testing with TBE
and/or FLIP if patient
presenting with dysphasia

Follow EGJOO algorithm,
consider supportive testing

with TBE and/ or FLIP

Inconclusive
achalasia

'

If TBE supports retention or FLIP
supports abnormal EGJ opening-
definitive treatment is indicated

If TBE supports retention
or FLIP supports abnormal
EGIJ opening- definitive
treatment is indicated**

S5 Gigdic b VLI s ¥ 3,5

® |RP: integrated relaxation pressure; LES: lower esophageal sphincter; PEP: panesophageal pressurization; LHM:
Isparoscopic Heller myotomy; PD: pneumatic dilation; POEM: peroral endoscopic myotomy; TBE: timed-barium
esophagram; FLIP: functional luminal imaging probe; EGJ: esophagogastric junction; EGJOO: EGJ-outflow

obstruction.

B Khan A, Yadlapati R, Gonlachanvit S, et al. Chicago Classification update (version 4.0): Technical review on
diagnostic criteria for achalasia. Neurogastroenterology & Motility. 2021;33:e14182.
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ol O yd EPT 8 @ iVT caskis b sl

ULN j iy IRP

(failed) 535eb yupudtive /o0 ‘fﬁl‘:"

Il pLos )3 (o9 stk 1o 51 508 1BP) (g0 3 s Jilas |7~

ULN j iy IRP

(failed) 58geb pudline, 7100 ‘ﬁ“‘i‘

laal %Yo < panesophageal pressurization o

ULN 3 iy IRP

gl Z¥e < Jl,s DCI | (premature/spastic) <Kuwluwl/ w45 el o

® EPT: esophageal pressure topography; IRP: integrated relaxation pressure; ULN: upper limit of normal; IBP:
intrabolus pressure; DCI: distal contractile integral.
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Slacsidsly 5y it (ol S ©oge ) 6ol 5 (5Sustil (sl ol Ll sl 1 g5 (639LET osimo L (S yrogilo aslllas
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ol 03y g0 ylas
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Cuoglio Ciyguo 4y &S dgus od Sb JolS jobo a4 g Wilo o (Bl Jlwnd (gy0 30 (woley cplpls 58 o3 relax (wet swallow) xle 2l g4,

® HRM: high-resolution manometry; mmHg: millimeter of mercury; kOhm: kilo ohm; UES: upper esophageal
sphincter; IRP: integrated relaxation pressure; LES: lower esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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4s IRP 11 mmHg 4s IRP 14 mmHg

houwd aBNB8HE &S

g

EGJIOO :(HRM) YU 59 U s yogile .FY JSS

Do o o (Upright el 1 juiy) supine el > (wet swallow) mlo &l b oges o duo VO jl i IRP LEG] 29,5 slus]
EGJ jl 8 joue plXia )5 (SENSON) )5 jus (55 ;Lid &y 5 M Lo po wolgy 31 jLid (21581 b o s artifact 5ylse cpl 51 (o)l
St e Sl by (6lows 4 Mice ol 3l Slulid slp (558 lacus Wbl atsld 395 (o) 5l sladbl ST .04 0 by e

® HRM: high-resolution manometry; EGJ: esophagogastric junction; mmHg: millimeter of mercury; ml: milliliter;
sec: second; IRP: integrated relaxation pressure.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard
high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:€14120.
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(C) Artifactual rise in IRP
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- 80
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100 43 IRP 18.2 mmHg IE AT |
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8

a.o.,.sasusus 58

EGJIOO0 oy )5y ;5 :(HRM) YU b9 U (5 singile KT JSUS

(intrabolus pressurization) YL welss Jsbs jLid b axsl zl581 IRP s(hypercontractile) s 1 i (olal sla S59 LEGIOO (A
&b o sl e LB

el 55 b (3Ll 518 b olpon YU IRP by M3 51 stmles 94 EGIOO (B

(intrabolus pressurization) YU ugls Jsbs jLid ey axdl jil58l IRP :IRP s  Sidlo jlid i3l a4 bay e S 4205l EGJOO (C
ool Lo Syl b Yiass!

® HRM: high-resolution manometry; mmHg: millimeter of mercury; EGJOOQ: esophagogastric junction-outflow
obstruction; IRP: integrated relaxation pressure; DCI: distal contractile integral; s: second; cm: centimeter.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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Elevated median IRP (supine and upright)

'

Peristalsis

Achalasia

Yes '

Elevated intrabolus pressure

No EGJOO,
discard elevated
IRP

Yes v
Dysphagia and/or chest pain

Yes v

Abnormal TBE and/or endoflip and/or pharmacologic provocation

Inconclusive
diagnosis of
EGJOO*

No

Yes

Conclusive
diagnosis of
EGJOO

5 5 asaib 3ab EGJO0 Lauwseuid A w95

o5 o e 2980 Cumnl (o ABLBIENIRP 55l @) 3929 pie 090 53 9 YL (IBP) (wglgs J315 )Li8 3929 pie )90
sodatsl 551 .33 |, EGIO0 Lyt o sa by _pmsao e FLIP |, (TBE) o stz ke plyS 510 sl ke 5Ll s S,
..)9;.» )‘)gs: )).Qo UL") » —\leu.o Cond 6@53’19 P9‘JJ U)yo 2 ;uoyf- JLl ‘.))1.) .)9>9 ‘_s.!-‘a_g dLbuLO).) 4»1.0 695 d] 4».«09.\ ‘w.w.:

® EGJOO: esophagogastric junction-outflow obstruction; IRP: integrated relaxation pressure; TBE: timed-barium
esophagram; IBP: intrabolus pressure; FLIP: functional luminal imaging probe.

B Bredenoord AJ, Babaei A, Carlson D, et al. Esophagogastric junction outflow obstruction. Neurogastroenterology
& Motility. 2021;33:14193.
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® FEGJOO: esophagogastric junction-outflow obstruction; EPT: esophageal pressure topography; IRP: integrated
relaxation pressure; ULN: upper Imit of normal; IBP: intrabolus pressure.

Sl SIS
s a) M]3l il sloodls ylo b 4l 4y L bl s St EGIO0 &y s oo s siosilo celnaily ol

151, EGIO0 clalllas _Jg el 63YLaT Jal$s Il 53 35500 S5 by b by S, wlgs o EGJOO 4o 31
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EGJOO s 559951.Y Jous

VLT & 40d 05, Skos EGIO0 ipMas! 4, VLT LaSL ol b adsl (oYL
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(dysphagia aortica) <, gl )5 gl b 205 59,185 51 o B9y bwyi ()1 )Lt
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sl yinald (yo30 Sygaas posl SIS puan ;3 EGIOO W

paraesophageal _s,» (bariatric !> «omlSibgiisd J2o) EG 4 psb b ol Sengill @l pis

sySoilul gles | (normal variant) ol ae gausl

® EGJ: esophagogastric junction; EGJOO: EGJ-outflow obstruction.

B Samo S, Qayed E. Esophagogastric junction outflow obstruction: Where are we now in diagnosis and management?
World J Gastroenterol 2019; 28; 25(4): 411-417.
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-10 mmHg
S0 &y g lwal 4 49l EGJOO XY JSUS

S8 o, S axsl o PPLL @l loyy cod lie | s ot 9 liels 4 Cons (5laumnd ad 5 L GERD adlw b dllw 01 51 (A)
WOAY L (gslae DCI 17597 4 (o9 yio o YY) IRP Lj2l58 HRM i gl )l Jos 5 Jo HRM (gly ol pmolSibigigd
»b L 1y hypercontractile ¢, 3 EGJOO L 5:llee mmHg.s.cm

(355 Lo yadd) WS o 3)55 3 0dr0 (g0 Jlail Jomo ay a8 > L ) (55 bas) (g0 Juo AR oime ]9340 S upper Gl series (B)
Db o 5,3l EGIOO 4 e &

by ol 1y e Slpe hypercontractility g o9y5 sl &3, ( 2l 5l s obo S5 (550 HRM (C)

® EGJOO: esophagogastric junction-outflow obstruction; mmHg: millimeter of mercury; IRP: integrated relaxation

pressure; s: second; mm: millimeter; GERD: gastroesophageal reflux disease; PPI: proton-pump inhibitor; HRM:
high-resolution manometry; DCI: distal contractile integral; cm: centimeter; Gl: gastrointestinal.

B Bredenoord AJ, Babaei A, Carlson D, et al. Esophagogastric junction outflow obstruction. Neurogastroenterology
& Motility. 2021;33:14193.
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B efore Thermal Compensation 150 mmHg After Thermal Compensation
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&4l R YY 9 ¥V Y (SeNsor) , 5 jus dw 4 sl ausl av g ik Dgb g0 03 Ui oan yio Juo YV L (solus IRP L oanlss
HLid oy Sojluil (gl &S (5)5 @ye) YA 5 VY Lid (Sensor) a8 jus .05yl 1,8 (dutw zoye) IRP (680310 (gl odlazwl 5,50 EGJ
LS o)), (pressure drift) ,Lid il 15l cov wigd oo 0okl oge yie Jue W L (s5lae (IBP) Luglgs S5
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oz o) IRP (6, Sojlisl (o aoyo lsic 4 oino anl ) dlg (yidis Las) Y& (SENSON) S s oS sl il do gy lalal el 045 030
o9 o o ALy (ggluna (IBP) (g sy J1 jLid (uSojlusl el o8 ()5 @pe) V5 5 VO jLid (SNSOT) (gl )5 o 13945 oo 030t (s
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® |RP: integrated relaxation pressure; HRM: high-resolution manometry; mmHg: millimeter of mercury; IBP:
intrabolus pressure; EGJ: esophagogastric junction.

B Bredenoord AJ, Babaei A, Carlson D, et al. Esophagogastric junction outflow obstruction. Neurogastroenterology
& Motility. 2021;33:€14193.
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® |RP: integrated relaxation pressure; HRM: high-resolution manometry; mmHg: millimeter of mercury; EGJ:
esophagogastric junction; IBP: intrabolus pressure.

B Bredenoord AJ, Babaei A, Carlson D, et al. Esophagogastric junction outflow obstruction. Neurogastroenterology
& Motility. 2021;33:€14193.
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(Esophageal motility disorders) Sy =5y S (il

For patients with normal IRP of
LES on manometry: * Review
peristalsis of the esophageal
body with 10 liquid swallows

v

Are >20% of
Swallows premature?

[
Yes

No

v

Distal esophageal spasm

Are >20% swallows

(likely diagnosis)q| hypercontractile?
[ |
st IIO
Hypercontractile Are either of the following presents:
esophagus B > 50% failed swallows or
(likely diagnosis)q| B > 70% ineffective swallows
[ 1
Yes No

v

v

100% failed peristalsis:
Absent contractility
<100% failed or ineffective swallows:
Ineffective esophageal motility

No disorder of
peristalsis based
on manometry A

1§70 ol yp SN (2155125 50 (5 yh0gile ol (5152 95 S (gaalll A (o5

£

29 3l oles cws oMo bl bl and o ol ]y o] jaseis gyiegile
e Al 423G 329 EG (293 sl 4y S'gSiio jlogs 4 )3 EGJ 95 sltadl by iy IS 53 I (6 jiogilo sl 51 A

® |RP: integrated relaxation pressure; LES: lower esophageal sphincter; EGJ: esophagogastric junction; RDC: rapid
drink challenge; MRS: multiple rapid swallow.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0 ©. Neurogastroenterol Motil 2021; 33(1):e14058.
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Ab: t Contractilit Ineffective Esophageal Swallow (DCI < 450 Ineffective Esophageal Swallow Contractile Augmentation following Multiple Rapid
bl mmHg-s-cm) (Fragmented) Swallow in Ineffective Esophageal Motility
g
1500
140 \ i .
’ .
- OO 0 D

Post MRS DCI to Single

| swallow DCI ratio: 3.2
DCI 0 mmHges*cm DCI 178 mmHges*cm B icm pelistaltgbreal

DCI 861 mmHgss:cm

howd uBR8REESE B8 3 B8 8

- L

4s IRP 6.8 mmHg

4s IRP 7.4 mmHg

IEM 4 (absent contractility) (oUL&! oladd :(HRM) YU g9 b (5 siegilo F5 U0

® HRM: high-resolution manometry; IEM: ineffective esophageal motility; mmHg: millimeter of mercury; DCI:
distal contractile integral; s: second; cm: centimeter; IRP: integrated relaxation pressure; MRS: multiple rapid
swallow; sec: second.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.00©. Neurogastroenterology & Motility. 2020;33:€14058.
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® HRM: high-resolution manometry; MRS: multiple rapid swallow; mmHg: millimeter of mercury; LES: lower
esophageal sphincter; DCI: distal contractile integral.

B Gyawali CP, Zerbib F, Bhatia Sh, et al. Chicago Classification update (V4.0): Technical review on diagnostic
criteria for ineffective esophageal motility and absent contractility. Neurogastroenterology & Motility.
2021;33:e14134.
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100% failed swallows (DCI<100 mmHg.s.cm)
Significant dysphagia or weight loss

No Yes
Y
Conclusive IRP near upper limit of normal
diagnosis of (>10 mmHg with)
absent
contractility Yes
nconclusive
Clinical relavant scenarious: Diagnosis of
Reflux symptoms, non-significant dysphasia, a{aser:.tl.t
prior to antireflux surgery R
Yes No or asymptomatic No
RDC maneuver during HRM
¢ ‘ HRIM

Treatment options:
Reflux symptoms: evaluate and
treat GERD if present
Dysphagia: good swallow
technique evaluate for EGJ
obstruction treat strictures if

Barium radiography FLIP

clinically relevant
manometric pattery

Obstructive findings on RDC, barium, FLIP
and/ or
Abnormal bolus transit on HRM or barium

present
Antireflux surgery: partial wraps No specific No \ J
are possible, 360 degree wraps management needed ’
not recommended Yes |

Absent
contractility is
likely

Absent
contractility is
unlikely

Consider type | achalasia
.5 S gasailb aab (absent contractility) (oW1 oladd ;yloyd 9 (anduiid Vo w4

® DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm: centimeter; GERD: gastroesophageal
reflux disease; EGJ: esophagogastric junction; RDC: rapid drink challenge; HRM: high-resolution manometry;
HRIM: high resolution-impedance manometry; FLIP: functional luminal imaging probe.

B Gyawali CP, Zerbib F, Bhatia Sh, et al. Chicago Classification update (V4.0): Technical review on diagnostic
criteria for ineffective esophageal motility and absent contractility. Neurogastroenterology & Motility.
2021;33:e14134.
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HRM: high-resolution manometry; DES: distal esophageal spasm; DCI: distal contractile integral; mmHg:
millimeter of mercury; s: second; cm: centimeter; DL: distal latency; IRP: integrated relaxation pressure.

Roman S, Hebbard G, Jung KW, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for distal esophageal spasm. Neurogastroenterology & Motility. 2021;33:€14119.
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H

At least 20% of premature contractions (DCI >450 mmHg.s.cm and DL < 4.5s)

Yes | No

Clinical relavant symptoms: At least 20% of contractions with DL <4.5 mmHg.s.cm
Dysphagia and/or non-cardiac chest pain OR
= | = At least 20% of contractions with DL> 4.5 s AND CFV > § cm/s
€S o

Yes

Conclusive
diagnosis of
DES*

clinically relevant
manometric patter

Inconclusive
Diagnosis of
DES

Treatment options: If GERD symptoms: Additional testing during No
Consider anti- confirm that premature HRM (MRS, RDC)
dspasmodics or contractions are not
endoscopic treatment. .
Consider the role of ( é%ﬁg?g;:g?éﬁ?w Lack of .mhlbmon on MRS and / or
GERD contributing to up HRM on PPI) Shortening/ pressurization on RDC
DES ves | o

Diagnosis of
DES is possible

Consider esophageal symptoms and additional
testing (ie, barium esophagogram, EndoFLIP™)

S 8w (gauaiyb 3b DES yausud 3 o555

® DES: distal esophageal spasm; DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm:
centimeter; DL: distal latency; GERD: gastroesophageal reflux disease; HRM: high-resolution manometry; PPI:
proton-pump inhibitor; CFV: contractile front velocity; MRS: multiple rapid swallow; RDC: rapid drink challenge;
FLIP: functional luminal imaging probe.

B Roman S, Hebbard G, Jung KW, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for distal esophageal spasm. Neurogastroenterology & Motility. 2021;33:e14119.

ol &y 33 EPT 48 DES pcwsudi (S sl
b IRP @
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® DES: distal esophageal spasm; EPT: esophageal pressure topography; IRP: integrated relaxation pressure.
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Hypercontractile Esophagus

Distal Esophageal Spasm
Single Peak Hypercontractile Swallow Jackhammer Esophagus Hyperwnmc;::ll;o‘x:r CEIEL D

\ L
o
\

\ r
DCI 10,825 mmHge+s*cm \x DCI 8.

189 mmHges*cm
DCI 5,337 mmHge+s+cm DCI 8,147 mmHg+s+cm mmHgescr

|
1 \\\

.0
Nt

i e

TY VW 4s IRP 11.7 mmHg

4s IRP 14.3 mmHg 4s IRP 7.4 mmHg

4s IRP 12.1 mmHg 10 sec

(HRM) YU 589 b (s yiogile ,d hypercontractile gy .F4 JSS

J(hypercontractility) > 3 . oLl L, (esophageal spasticity) ¢,—  cumiwlool Lo ol yon  purwdbiny 5y <YM 3

L ol il (oleog,S 55 Jobds g oo (asuie MMHG.CM.S Acoo 5| iy DCI L oljen Jlo s IRP L hypercontractile esophagus

g Jackhammer ¢, » JS i 4 sy0 o 5l i (oLl (single-peak hypercontractile swallow) s ,ai o b sl iy (5las!
BBl 5| e 353 LES b as ) i (5L

® HRM: high-resolution manometry; mmHg: millimeter of mercury; DCI: distal contractile integral; s: second; cm:
centimeter; IRP: integrated relaxation pressure; sec: second; LES: lower esophageal sphincter.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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Hypercontractile 5y 5 2b (sl 2 5152 EPT ;3 DCI ailiw! e JSUS

Jly DCLA L

aS 1 ules 4> g5l MMHg.S.CM Aooo I iy hypercontractileT DCI slis! ¢ly DCI iy yo5 bl .4zl yiol38l DCI B il

5|y DCI L, (wet swallow) mle 2L ¥ Jlas 3954 (Jackhammer) hypercontractile (¢ yo (el jlxe .ol Jloy DL 4 IRP

Caol Jloy IRP L multi-peaked U 5,800 lolasl > mmHg.s.cm Acoo

DCI: distal contractile integral; EPT: esophageal pressure topography; mmHg: millimeter of mercury; s: second;
cm: centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; IRP: integrated relaxation
pressure.

Pandolfino JE, Ghosh SK, Rice J, et al. Classifying esophageal motility by pressure topography characteristics: a
study of 400 patients and 75 controls. Am J Gastroenterol 2008; 103:27.
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® MRS: multiple rapid swallow; RDC: rapid drink challenge.

B Chen JW, Savarino E, Smout A, et al. Chicago Classification Update (v4.0): Technicalreview on diagnostic criteria
for hypercontractile esophagus. Neurogastroenterology & Motility. 2021;33:e14115.
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>20% Supine swallows with DCI >8,000 mmHg.s.cm (including or excluding the DES), in the absence of
manometric signs of achalasia, EGJ outflow EGJ outflow obstruction and distal esophageal spasm

Yes I No

Clinical relavant symptoms: 10% Supine swallows with DCI> 8,000 mmHg.s.cm OR
Dysphagia and/or non-cardiac chest pain Maximum DCI between 5,000-8,000 mmHg.s.cm AND
= | = symptoms of dysphagia or non-cardiac chest pain
es 0

Yes ] No

Conclusive
diagnosis of
HE*

clinically relevant
manometric patte

Inconclusive
diagosis of HE

Treatment options:
Therapeutic trial with
pharmacologic smooth

If GERD symptoms:
confirm that contractions
muscle relaxants of are not secondary .to
botulinum toxin (cautious GERD (GERD testing,
consideration of POEM) follow up HRM on PPI)

Additional investigations
(Barium swallow/EndoFLIP) or
repeat manometry after abolition

of confounding circumstances

.95 S (gasaib 3b (Hypercontractile esophagus) gy s 1 i (2UE (auwseid Y o5 55!

® DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm: centimeter; DES: distal esophageal
spasm; EGJ: esophagogastric junction; HE: hypercontractile esophagus; POEM: peroral endoscopic myotomy;
GERD: gastroesophageal reflux disease; HRM: high-resolution manometry; PPI: proton-pump inhibitor; FLIP:
functional luminal imaging probe.

B Chen JW, Savarino E, Smout A, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for hypercontractile esophagus. Neurogastroenterology & Motility. 2021;33:e14115.

olS & o EPT}Q@:&&}'JQ&QB'M‘SQ)QM
b IRP o

(multi-peak) laBas L (single-peak) lald s slasl L mmHg-s-cm Acoo <DCI L &by 9> JSlas @

® EPT: esophageal pressure topography; DCI: distal contractile integral; mmHg: millimeter of mercury; s: second;
cm: centimeter.
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oy B Lol g oo 0l ot Sl zgo b (5 y0 (oLl 255 0 relax (wet swallow) mle &by & Fuwls )3 (UES) (550 Bo8 1iSian!
dgd oo 03 el Sy IEM il . (Weak) caxs olasl S S5k DCI oyl el VYO mmHgxsecxem s 4> (DCI) olslas!
P S S MBS ol sl (weak) caes clolasl gl (wet swallow) gle als 45 gesl )3 b el s 31 700 Jolas a8
L o029 M8l «Slidgis ol cojlgil GERD &y 4yl o8 > M) G L (50 adgl (5 M) G Wl oo 45 398 oo ad il (5 yo
5 LES oy diold 5955 <y 41 45 3,0 3539 55 5 yie sl ¥ sliding Jbla 5pn o HRM () 55 a3l sien <l ¥ pbe
2 id Slpss )3 &8 jghailan 03,5 oo o p2 L Glojen (CD) 151,3b3 (slagygin 29 o0 03> (L (CD) o513k (slagygiw (oL
2,03 339 S8 o)l SO @y 3 L (S paiomen ol 005 0313 s (i 45> > (CD) 151,3b> g dlael
® HRM: high-resolution manometry; IEM: ineffective esophageal motility; mmHg: millimeter of mercury; UES:

upper esophageal sphincter; LES: lower esophageal sphincter; CD: crural diaphragm; DCI: distal contractile
integral; s: second; cm: centimeter; GERD: gastroesophageal reflux disease.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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gag Sy S 25 )l p)lee & 5l o low () & 28l B da g5 ST (6 S 0jll 90 Sl (630 )3 AU (o9 9 (o9
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® HRM: high-resolution manometry; IEM: ineffective esophageal motility; mmHg: millimeter of mercury; MRS:
multiple rapid swallow; LES: lower esophageal sphincter; DCI: distal contractile integral.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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H

> 70% week swallows (DCI <450 mmHg.s.cm) and/or breaks >5cm and/or > 50% failed swallows
(DCI<100 mmHg.s.cm): normal IRP

Yes No

v

50-70% ineffective swallows (any combination of
weak swallows, breaks > 5 cm and failed swallows)

Conclusive
diagnosis of
IEM

Yes

Inconclusive
Diagnosis of
IEM

Clinical relevant scenarios:
Reflux symptoms, dysphasia, prior to antireflux surgery

Yes No or asymptomatic )
¢ MRS maneuver during HRM No

HRIM
Barium radiography

Treatment options:

Reflux symptoms: evaluate and
treat GERD if present

Dysphagia: good swallow
technique evaluate for EGJ
obstruction treat strictures if

present
Antireflux surgery: review MRS No specific
no concern with contraction management needed
reserve consider tailoring if no
reserve

clinically relevant
manometric patte

Lack of contraction reserve on MRS
and / or
Abnormal bolus transit on HRM or barium

| No Y

Diagnosis of
1EM is possible

S5 sl 5o TEM (o3 9 passeds VY 35801

® |EM: ineffective esophageal motility; DCI: distal contractile integral; mmHg: millimeter of mercury; s: second;
cm: centimeter; IRP: integrated relaxation pressure; GERD: gastroesophageal reflux disease; EGJ: esophagogastric
junction; MRS: multiple rapid swallow; HRM: high-resolution manometry; HRIM: high resolution-impedance
manometry.

W Gyawali CP, Zerbib F, Bhatia Sh, et al. Chicago Classification update (V4.0): Technical review on diagnostic
criteria for ineffective esophageal motility and absent contractility. Neurogastroenterology & Motility.
2021;33:€14134.
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® |EM: ineffective esophageal motility; EPT: esophageal pressure topography; IRP: integrated relaxation pressure;
DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm: centimeter.
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® HRM: high-resolution manometry; TLESR: transient lower esophageal sphincter relaxation; mmHg: millimeter of
mercury; UES: upper esophageal sphincter; LES: lower esophageal sphincter; kOhm: kilo ohm.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; kOhm: kilo ohm.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; LES: lower esophageal sphincter; IRP:
integrated relaxation pressure; CD: crural diaphragm; UES: upper esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter; kOhm: kilo ohm; ILD: interstitial lung disease.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; kOhm: kilo ohm; LES: lower esophageal
sphincter; UES: upper esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; EGJ: esophagogastric junction; E: expiration; I: inspiration; LES: lower

esophageal sphincter; CD: crural diaphragm; cm: centimeter; sec: second; mmHg: millimeter of mercury; RIP:
respiratory inversion point.

B Kabhrilas PJ, Bredenoord AJ, Fox M, et al, and The International High Resolution Manometry Working Group. The
Chicago Classification of esophageal motility disorders, v3.0. Neurogastroenterol Motil 2015; 27:160.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; cm: centimeter; UES: upper esophageal
sphincter; LES: lower esophageal sphincter; CD: crural diaphragm; DCI: distal contractile integral; s: second.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.



oS 253 93 S0 “ogiogilo g

5 3 sliding JUlLd 50 5 Syl JoSei 305 13 (HRIM) uiliges] b of o Y 2909 b (5 slagile 5 JSb

& 9yb b Jgome ysbo @ (LES) (gy0 (Sl yiSiaul g 390 00 (50 )0 (ol adgl Luuadlins 2ol 4 i (Wet swallow) wlo &l :A
395 oo 0133 LES i g yto b § 3 48 sl aS13L3 oLl b Sy Jblid o ph Sy oid i dibg,S casdle g5 o Felax

2 P S 5 JoSi3 900 g oo @ed () JoS)gd 50 dlwoge Gjgo 4 wlo 1) 04 oo Cu) (willuanl )3 S8 ol J98,92 B
.)9;.» NN u.o;Uao L;:9§\w9.bj L;:b))l 98y ry)l) adlas L ng) ;gv).«.ay'.o dhbd&ﬁli Jufdo ‘_5)591> &y

i L s s |y 151,505 g ooy L (s65) 53 SIAING bl b 5 (#) Siyba) JsSipgms §) prsls plySsSlagsl :C
D9 0493 (g0 (S M @ Mo lhlews 50 Cuwl (1Sao S48 o) JoS5 5900 o i UL

® HRM: high-resolution manometry; mmHg: millimeter of mercury; kOhm: kilo ohm; UES: upper esophageal
sphincter; LES: lower esophageal sphincter; CD: crural diaphragm.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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B Schiff B, Delft FV, Talley NJ. Zenker’s diverticulum (Topic 2242). UpToDate (2022).
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; ZD: Zenker’s diverticulum; UES: upper
esophageal sphincter.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1% ed. New York:
Elsevier, 2020: 13-94.
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® HRM: high-resolution manometry; MRS: multiple rapid swallow; RDC: rapid drink challenge; EGOO:
esophagogastric junction-outflow obstruction; HRIM: high resolution-impedance manometry; TBE: timed-barium
esophagram; FLIP: functional luminal imaging probe.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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® HRM: high-resolution manometry; EGJ: esophagogastric junction; IRP: integrated relaxation pressure; UES: upper
esophageal sphincter; mmHg: millimeter of mercury; EGJOO: esophagogastric junction-outflow obstruction; RDC:
rapid drink challenge; STM: solid test meal; DCI: distal contractile integral; LES: lower esophageal sphincter; cm:
centimeter; s: second; MRS: multiple rapid swallow; DL: distal latency; CDP: contractile deceleration point; CD:

crural diaphragm.

B VYadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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® MRS: multiple rapid swallow; DCI: distal contractile integral; mmHg: millimeter of mercury; s: second; cm:
centimeter; LES: lower esophageal sphincter; RDC: rapid drink challenge; STM: solid test meal; TLESRs:
transient LES relaxations; HRIM: high resolution-impedance manometry; IRP: integrated relaxation pressure;
EGJOO: esophagogastric junction-outflow obstruction; ng: nanogram; kg: kilogram; CCK: cholecystokinin.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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® EGJ: esophagogastric junction; IRP: integrated relaxation pressure; ULN: upper-limit of normal; IBP: intrabolus
pressure; DCI: distal contractile integral; EGJOO: EGJ-outflow obstruction; DES: distal esophagus spasm; IEM:
ineffective esophageal motility; s: second; mmHg: millimeter of mercury; cm: centimeter.

B Kahrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® EGJ: esophagogastric junction; EGJOO: EGJ-outflow obstruction; PEP: panesophageal pressurization; MRS:
multiple rapid swallow; RDC: rapid drink challenge; LES: lower esophageal sphincter; IRP: integrated relaxation
pressure; IBP: intrabolus pressure; TBE: timed-barium esophagram; FLIP: functional luminal imaging probe;
STM: solid test meal; HRIM: high resolution-impedance manometry.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago

classification version 4.0©. Neurogastroenterology & Motility. 2020;33:14058.
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Review LES on esophageal manometry study:
= [RP with 10 liquid swallows
= [RP with any additional manuever such as:*
e Rapid drink challenge
e Multiple rapid sequence swallows

e Liquid swallows on secondary position (eq, upright)

v

Is IRP elevated?

Ts No
[s peristalsis characterized
by either of the following:
= 100% absent
= >20% premature
[ I 1
Yes IIO
Achalasia subtypes
A f the followi istent
100% failed peristalsis Type I re any ot the fo/ OWINg consisien
: : with elevated IRP?
without PEP achalasia . .
- - - ®  Timed barium esophagram
100% failed peristalsis Typell ®  Functional luminal probe imaging
with PEP in >20% swallows | achalasia
>20% swallows with Type 111
premature contractions achalasia
I 1
Yes No
v vy
Esophagogastric outflow Evaluate for disorders of
obstruction esophageal peristalsis

EGJOO WS (2b51 15 50 (5 0gilo ymdi (5152 95l (gl

{upright M.»_o) gl Cunidy 1 Slule g (RDC) m iy (il Jobd  JuaSS (sl ygilo I sl Sae EGI sl yuiis obj)l (oly %
SO g 5l ity lotie a b aubo e IRP &y 000 S'eSliie &ygun 50 Cansl (Koo baygile (] 3945 03] (MRS) Jlgiio xs 0 &by b/ g

g plol 35 50

29 30l nles cws g oiMe byl bl and o (i |y Jlois] (et (g jegile

® EGJOO: esophagogastric junction-outflow obstruction; LES: lower esophageal sphincter; IRP: integrated
relaxation pressure; PEP: panesophageal pressurization; RDC: rapid drink challenge; MRS: multiple rapid swallow.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0 ©. Neurogastroenterol Motil 2021; 33(1):e14058.
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For patients with normal IRP of
LES on manometry: * Review
peristalsis of the esophageal
body with 10 liquid swallows

v

Are >20% of
Swallows premature?

[
Yes

v

1
No

v

Distal esophageal spasm

Are >20% swallows

(likely diagnosis)q hypercontractile?
[ 1
st IIO
Hypercontractile Are either of the following presents:
esophagus B > 50% failed swallows or
(likely diagnosis)q| = > 70% ineffective swallows
[ 1
st IIO
100% fail istalsis:
00% failed peristalsis O S——

Absent contractility

<100% failed or ineffective swallows:
Ineffective esophageal motility

peristalsis based
on manometryA
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® |RP: integrated relaxation pressure; LES: lower esophageal sphincter; EGJ: esophagogastric junction; RDC: rapid

drink challenge; MRS: multiple rapid swallow.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0 ©. Neurogastroenterol Motil 2021; 33(1):e14058.
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® UES: upper esophageal sphincter; LES: lower esophageal sphincter.

B https://www.westernsydney.edu.auj2022
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Traditional Manometry: High-Resolution Manometry:
5 pressure sites, 5 cm apart 36 pressure sites, 1 cm apart
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® HRM: high-resolution manometry; cm: centimeter; mmHg: millimeter of mercury.

B Rice TW, Shay SS. A primer of high-resolution esophageal manometry. Seminars in thoracic and cardiovascular
surgery 2011; 23(3):181-190.
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® EPT: esophageal pressure topography.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; UES: upper esophageal sphincter; LES: lower
esophageal sphincter.

B https://www.westernsydney.edu.au|2022.
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Courtesy of University of California San Diego Center for Esophageal Diseases

(B) Protocol in Upright Position

i 0 seco.nd 2 ceepl 120 sec.ond S five ml wet swallows Rapid Drink Challenge
1500 adaptation breaths baseline

lfiug‘i Cu%%_"'nulé, 'M' “\u

how 3ABRBEBEEE 8

g

. (HRM) YU £559 b (5 shogilo 3, 5bu] JSGg

Sl a st o Lol (SUPINg) sl uled Cunidg (A LS o poal & 1y 3)luikinl JSSgp (HRM) YU 2554 b (st0gile pglias

(B b MRS o, 8l 5y oo O liee 0 (Wet swallow) mle &l Vo el el oy 4l Yo ¢ 3r0s p3 Y ((adaptation)

(wet swallow) mslo &l & )l el wyy 45l Yo ¢ 3r0s p> ¥ (adaptation) sllasl clagl So )90 S Jolis (UPright) diuis cussg
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® HRM: high-resolution manometry; ml: milliliter; mmHg: millimeter of mercury; MRS: multiple rapid swallow;
RDC: rapid drink challenge.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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(HRM) YU 959 L (50 (5 plogile

® HRM: high-resolution manometry; UES: upper esophageal sphincter; DL: distal latency; CFV: contractile front
velocity; CDP: contractile deceleration point; DCI: distal contractile integral; IRP: integrated relaxation pressure;
LES: lower esophageal sphincter.
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® HRM: high-resolution manometry; IRP: integrated relaxation pressure; mmHg: millimeter of mercury; cm:
centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; sec: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; CDP: contractile deceleration point; DL: distal latency; mmHg: millimeter of

mercury; cm: centimeter; UES: upper esophageal sphincter; CFV: contractile front velocity; EGJ: esophagogastric
junction; s: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; CDP: contractile deceleration point; DL: distal latency; mmHg: millimeter of
mercury; cm: centimeter; EGJ: esophagogastric junction; s: second.

B Roman S, Hebbard G, Jung KW, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for distal esophageal spasm. Neurogastroenterology & Motility. 2021;33:e14119.
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® DCI: distal contractile integral; EPT: esophageal pressure topography; mmHg: millimeter of mercury; cm:
centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; s: second.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; cm: centimeter; s: second; DCI: distal
contractile; IRP: integrated relaxation pressure.

B Gyawali CP, Zerbib F, Bhatia Sh, et al. Chicago Classification update (\V4.0): Technical review on diagnostic
criteria for ineffective esophageal motility and absent contractility. Neurogastroenterology & Motility.
2021;33:e14134.
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® HRM: high-resolution manometry; cm: centimeter; mmHg: millimeter of mercury; DCI: distal contractile integral;
s: second; DL.: distal latency.

B Kabhrilas PJ, Bredenoord AJ, Fox M, et al, and The International High Resolution Manometry Working Group. The
Chicago Classification of esophageal motility disorders, v3.0. Neurogastroenterol Motil 2015; 27:160.
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® HRM: high-resolution manometry; mmHg: millimeter of mercury; cm: centimeter; EGJ: esophagogastric junction;
EGJOO: esophagogastric junction-outflow obstruction; UES: upper esophageal sphincter.

B Kabhrilas PJ, Pandolfino JE. High resolution manometry (Topic 17125). UpToDate (2022).
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® HRM: high-resolution manometry; MRS: multiple rapid swallow; ml: milliliter; mmHg: millimeter of mercury;

DCI: distal contractile integral; s: second; cm: centimeter; sec: second; EGJ: esophagogastric junction; DES: distal
esophageal spasm.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard
high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:e14120.
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® HRM: high-resolution manometry; RDC: rapid drink challenge; ml: milliliter; mmHg: millimeter of mercury; DCI: distal

contractile integral; s: second; cm: centimeter; EGJ: esophagogastric junction; IRP: integrated relaxation pressure; sec: second,;
MRS: multiple rapid swallow.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard high- resolution
manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility. 2021;33:e14120.
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HRM: high-resolution manometry; STM: solid test meal; g: gram; min: minute; mmHg: millimeter of mercury.

Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.00 technical review: Update on standard
high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:€14120.
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® HRM: high-resolution manometry; STM: solid test meal; ml: milliliter; mmHg: millimeter of mercury; sec: second;
s: second; IRP: integrated relaxation pressure. EGJOO: esophagogastric junction-outflow obstruction.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard

high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:€14120.
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® HRM: high-resolution manometry; mmHg: mmHg: millimeter of mercury; DCI: distal contractile integral; s:
second; cm: centimeter; IRP: integrated relaxation pressure; PEP: panesophageal pressurization; DL: distal latency.

B Khan A, Yadlapati R, Gonlachanvit S, et al. Chicago Classification update (version 4.0): Technical review on
diagnostic criteria for achalasia. Neurogastroenterology & Motility. 2021;33:e14182.
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® HRM: high-resolution manometry; EGJ: esophagogastric junction; mmHg: millimeter of mercury; ml: milliliter;
sec: second; IRP: integrated relaxation pressure.

B Fox MR, Sweis R, Yadlapati R, et al. Chicago classification version 4.0© technical review: Update on standard
high- resolution manometry protocol for the assessment of esophageal motility. Neurogastroenterology & Motility.
2021;33:e14120.
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® HRM: high-resolution manometry; DES: distal esophageal spasm; DCI: distal contractile integral; mmHg:
millimeter of mercury; s: second; cm: centimeter; DL: distal latency; IRP: integrated relaxation pressure.

B Roman S, Hebbard G, Jung KW, et al. Chicago Classification Update (v4.0): Technical review on diagnostic
criteria for distal esophageal spasm. Neurogastroenterology & Motility. 2021;33:e14119.
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® DCI: distal contractile integral; EPT: esophageal pressure topography; mmHg: millimeter of mercury; s: second,;
cm: centimeter; UES: upper esophageal sphincter; EGJ: esophagogastric junction; IRP: integrated relaxation
pressure.

B Pandolfino JE, Ghosh SK, Rice J, et al. Classifying esophageal motility by pressure topography characteristics: a
study of 400 patients and 75 controls. Am J Gastroenterol 2008; 103:27.
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® HRM: high-resolution manometry; IEM: ineffective esophageal motility; mmHg: millimeter of mercury; DCI:
distal contractile integral; s: second; cm: centimeter; IRP: integrated relaxation pressure; MRS: multiple rapid

swallow; sec: second.

B Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility disorders on high-resolution manometry: Chicago
classification version 4.0©. Neurogastroenterology & Motility. 2020;33:e14058.
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® HRM: high-resolution manometry; IEM: ineffective esophageal motility; mmHg: millimeter of mercury; UES:

upper esophageal sphincter; LES: lower esophageal sphincter; CD: crural diaphragm; DCI: distal contractile
integral; s: second; cm: centimeter; GERD: gastroesophageal reflux disease.

B Moosavi S, Rezaie A, Pimental M, et al. Atlas of high-resolution impedance, and pH monitoring. 1* ed. New York:
Elsevier, 2020: 13-94.
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® HRIM: high resolution-impedance manometry; IRP: integrated relaxation pressure; TBE: timed-barium
esophagram; FLIP: functional luminal imaging probe; EGJOO: esophagogastric junction-outflow obstruction; DCI:
distal contractile integral; IEM: ineffective esophageal motility; DES: distal esophageal spasm; DL.: distal latency;
sec: second.

B Patel DA, Yadlapati R, Vaezi MF. Esophageal Motility Disorders: Current Approach to Diagnostics and
Therapeutics. Gastroenterology 2022;162:1617-1634.
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Bolus pressure
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Contractile Deceleration Point (CDP)
Contractile Front Velocity (CFV)
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Ineffective contraction (peristalsis)
Ineffective esophageal motility (IEM)
Integrated relaxation pressure (IRP)
Jackhammer esophagus

Lower esophageal sphincter (LES)
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Non-cardiac chest pain
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