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Conventional Manometry
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High-Resolution Manometric Methods
Assignment of Colors to Pressure Levels
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UES and LES visible in the same window

ition
ctified

Transit symptoms (dysphagia, regurgitation) not
explained on EGD and/or barium swallow el el
Suspected esophageal motor disorder

5ily recognized
As part of pH monitoring

Unexplained esophageal symptoms
Pre-fundoplication peristaltic assessment
Post fundoplication dysphagia n of bolus

Dysphagia localized to upper esophageal sphincter

phincter function
sessed

d for pH probe

placement



Electronic eSleeve for High-Resolution
Manometry

Achalasia False
sensitivity (n=62) negative

Singl nsor nadir
ingle sensor nadi 48%
(<7 mmHg)

High luti '
igh resolution nadir 69% 31%
(<10 mmHg)

3s nadir (<15 mmHg ) 6%

4s Integrated Relaxation
Pressure (<15 mmHg)



Length along the esophagus (cm)

Length along the esophagus (cm)

Impaired EGJ relaxation
(IRP =16.3 mmHg)
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paraesophageal hernia
intrathoracic stomach
cancer
lap band
fundoplication

EGJOO Etiology

Of 1142 HRM studies in 3 years, EGJOO diagnosed in 47 (4%)

Idiopathic
72% EGD Unclear Achalasia-like

. 0

arium swallow 76% 24%

non-obstructive symptoms (50%) e
TSI esophaglt_ls ey pneumatic dilation
spontaneous relief (19%) 75% benefit
declined treatment (12%

chest pain
dysphagia
regurgitation
weight loss

Achalasia spectrum disorders can present as EGJOO

Van Hoeij FB et al, Neurogastroenterol Motil 2015;27: 1310-6



Preventing Over-diagnosis:
Upright Swallows

Manometry | Previous foregut surgery N = 465

January 2015 -
July 2017

N=1911 - IRP <15 N =970

Upright IRP>12 mmHqg

sensitivity 97.9% for radiographic EJGOO
specificity 15.7% for radiographic EGJOO

negative predictive value 94.4%

Radiographic EGJOO  33.6% 2.0%
Abnormal BEDQ 55.9% 35.9%

BEDQ: Brief Esophageal Dysphagia Questionnaire Triggs JR et al, Clin Gastroenterol Hepatol 2019;17:2218-26



Preventing Under-Diagnosis:
Provocative Maneuvers

Rapid Drink Challenge: 100-200 mL water

r = 0.56, P = 0.009
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Rapid Drink Cha”enge Woodland P et al, J Neurogastroenterol Motil 2018;24:410-4

: P . Biasutto D et al, UEG Journal 2018;6:1323-30
= Washington University in St.Louis identifies outflow obstruction Marin | & Serra J, NGM 2016:28:543-53

SCHOOL OF MEDICINE Ang D et al, NGM 2017;

~
=

=)
T
€
£
Q
a
x©
[e)]
S
o
x
S
D
=

<23 3




Barium Swallow

When to Order Barium Studies

Transit symptoms (dysphagia, regurgitation) without
conclusive diagnosis after endoscopy, HRM

Follow up of symptomatic achalasia patients after therapy
Evaluation of esophago-gastric junction anatomy

Evaluation and management of complex strictures

detection of esophageal dysmotility
Sensitivity: 0.69
Specificity: 0.50

Allen et al. Cleveland Clin J Med 2009;76:105-11
O’Rourke AK et al, Otolaryngol Head Neck Surg 2016;154:888-91.
Blonski W et al, Am J Gastroenterol 2018;113:196-203



Timed Upright Barium Swallow

Standardized, upright, timed barium
esophagram protocol should be used when
barium studies are performed for obstructive

symptoms
Barium pill swallow provides additional value
1 Height = 82 mm Barium swallows can provide information on
esophageal clearance vs bolus retention

8 0z of thin barium in upright position
Normal: no retention of barium in the esophagus

Abnormal: >5 cm barium column in 1 min
>2 cm barium column in 5 min

Neyaz Z et al. J Neurogastroenterol Motil 2013;19:251-6;



Functional Lumen Imaging Probe

Placed trans-orally during sedated upper endoscopy

Positioned with 2-3 channels beyond the waist EGJ-DI Maximum EG diameter === |RP (supine) === IRP (upright)
identified as the EGJ

Step-wise volumetric distension from 20 to 70 ml

.
Comparison of FLIP metrics (EGJ-
F §535336155_LIWE _DATA 1 THT Best (mm? DI, diameter) and HRM metrics
[ 1] (X1 >2) 54 (IRP) to gold standard of
80.0 mm 2016:06:00-08:34:921723 [20.0) 2 06 esophageal emptying on timed
e [20.7] 2 upright barium swallow and/or
[20.8] ‘0 barium pill swallow in patients with
[ & dysphagia
s 7 7 .
[16.4) ulRP DI Diameter
Distensibility index: Diameter 10.6 mm = =2 12 : 13
5.8 Cross sectional (10.6) 079  0.82 : 0.79
. 2
S S LT 8 061 055 . 0.85
0.79 0.79 : 0.88
04 06 10
[EEN OGN FRES 153 mmilg 1-Specificity
——— ——————————————————— ————

\ Carlson D et al, Gastroenterology 2016
Carlson D et al, AJG 2021 (in press)



Refining Diagnosis of Obstruction

HIGH RESOLUTION MANOMETRY, HIGH RESOLUTION IMPEDANCE MANOMETRY

Intrabolus pressure, compartmentalization of pressure, impedance height, UES nadir residual pressure

PROVOCATIVE HRM:OBSTRUCTIVE Investigate further (barium, EGD)

Consider 0p|0|d—|nduced aammmmmms  Upright swallows, rapid drink challenge, standardized test Treat conclusive EGJOO
EGJOO meal to evaluate for outflow obstruction

Achalasia and pseudoachalasia need to be considered
Routine endoscopic ultrasound or cross sectional imaging are not recommended T—J%% FLIP)
‘Observe and follow’ is a viable option in EGJOO

Observe SECOND OPINION ENDOSCOPY Therapeutic trials:

Behavioral therapy 5 EVELUELLS 12l IUEEEl) 200 e e el [EEasses Simple dilation, Botulinum toxin
to treat structural and motor disorders

Observe FUNCTIONAL LUMEN IMAGING PROBE Therapeutic trials:

Behavioral therapy alternative or complementary approach to diagnosis of Simple dilation, Botulinum toxin
motor and structural disorders




IRP>upper limit of normal

Intact esophageal body peristalsis

Supportive evidence:
IRP>12 mmHg on upright swallows

Obstruction on provocative tests during HRM
Abnormal bolus transit on barium studies
Abnormal FLIP

Manage GERD

Postural measures
Diaphragmatic breathing
Acid suppression
Baclofen

Antireflux surgery

inconclusive
EGJOO

Clinically relevant symptoms:
dysphagia and/or chest pain

Treat etiology of obstruction
l Treat strictures
Consequences Repail’ hiatus hel‘nia
norisalvariant Botulinum toxin trial
AsyrnptomAnc Disruption of LES

consequence of reflux
abnormal bolus transit

Bredenoord AJ et al, EGJOO Technical Note, Neurogastroenterol Motil 2021
Yadlapati R et al, Chicago Classification 4.0, Neurogastroenterol Motil 2021



10 wet swallows (supine/upright)

DISORDERS OF
EGJ FUNCTION

Abnormal median IRP

Alternate position swallows
All swallows fail, no PEP RDC/MRS

Achalasia type 1

Achalasia type 2

All swallows fail or Abnormal median IRP
premature Abnormal RDC/MRS

All swallows fail, 20% PEP

Achalasia type 3 20% premature swallows

Alternate position swallows
RDC/MRS

Abnormal IRP persists

Abnormal RDC/MRS NO EGJOO

Abnormal BE or FLIP

Yadlapati R et al. Neurogastroenterol Motil 2021



Treatment of Achalasia, Spastic Disorders

Calcium Channel Blockers ..
temporizing measures

_ nitrates>>calcium blockers
NHEVES

poor surgical risk, elderly

Bonloum toxl therapeutic trial

PDE - sildenafil unclear niche
Pneumatic dilation type 2>>type 1
Surgical myotomy type 1>>type 2

POEM type 3, spastic disorders (tailored)



High Resolution Manometry

C

Square root transformation od D

100
Mean amplitudes 3 and 8 cm above the LES

O Ineffective swallows (by CLT) + Effective swallows (by CLT)

Xiao Y et al, Am J Gastroenterol 2012;107:1647-54
Gyawali CP et al, Neurogastroenterol Motil 2013;25:99; Kabhrilas PJ et al, Neurogastroenterol Motil 2015;27:160



High Resolution Manometry

[ I
absenticontractility |

Gyawali CP et al, Neurogastroenterol Motil 2013;25:99; Kabhrilas PJ et al, Neurogastroenterol Motil 2015;27:160



Normal IRP
DCI>8000 mmHg.cm.s in 220%: hypercontractile esophagus
DL<4.5 s in 220%: distal esophageal spasm

Supportive evidence:
criteria for achalasia are not met

obstruction is carefully ruled out
For DES: DCI is >450 mmHg.cm.s
DL is measured correctly to contraction front

Clinically relevant symptoms:
dysphagia and/or chest pain

Conclusive
Hypercontractile Esophagus

Distal Esophageal Spasm

Consequences
nosa-vatiant
ASVERHWSHIATIC

associated with reflux
abnormal bolus transit

marker for esophageal hypersensitivity

Roman S et al, DES Technical Note, Neurogastroenterol Motil 2021
Yadlapati R et al, Chicago Classification 4.0, Neurogastroenterol Motil 2021



Treatment of Spastic Motor Disorders

Spastic motor disorder and no
alternative explanation for symptoms

Transit symptoms dominant
(dysphagia, regurgitation)

Symptom linked to disturbed

bolus transit

©

Smooth-muscle relaxants,
Botox trial, balloon dilation,
myotomy (rarely needed)

Clouse RE in Bayless, Diehl: Advanced Therapy

in Gastroenterology and Liver Disease 2004



CC 4.0: Provocative Measures

Multiple Rapid Swallows: 5 rapid swallows of 2 mL water

ss';ml*”lt i |

normal response: MRS DCI>DCI wet swallows

Stoikes N, et al, Surg Endosc 2012
Shaker A, et al, Am J Gastroenterol 2013



Contraction Reserve and Post-Fundoplication
Dysphagia

157 patients with 2.1 +0.2 yr follow up
54.8% had early post-fundoplication dysphagia
18.5% had late post-fundoplication dysphagia (lasting >6 weeks post surgery)

Univariate Multivariate
OR 95% ClI OR 95 % ClI
Age (years) 0.99 0.96, 1.02 0.97 0.92,1.02
Gender (F) 2.10 0.75,5.92 1.12 0.25, 4.95
Pre-fundoplication dysphagia 2.95 1.25, 6.98 1.15 0.34, 3.87

Early post-fundoplication dysphagia 3.10 1.23,7.76 1.40 0.34,5.83

Dysmotility on post-fundoplication barium
swallow

0.89,5.24 . 0.19, 10.67

Recurrent Hernia on barium swallow . 1.12,10.63 . 0.36, 31.50

Absent contraction reserve . 1.12,10.59 . 1.11,12.56

Hasak S et al, Clin Gastroenterol Hepatol 2019;10:1982-90



Mean AET

Contraction Reserve Influences Acid Burden

18

16

14

12

10

*p<0.01
Bl non-severe IEM * a
Bl severe IEM (=80% ineffective)
Upright Supine Total Upright Supine Total
Contraction Reserve No Contraction Reserve

Quader F, Rogers BD et al, UEG 2019



>70% ineffective swallows

and/or 250% failed swallows

50-70% ineffective swallows is
inconclusive for a diagnosis of IEM

Provocative Testing during HRM Prokinetics
MRS: reflux symptoms

prior to antireflux surgery
RDC: dysphagia

Procholinergics
Meal challenge: dysphagia Dopamine antagonists
Supportive tests Serotonin agonists

Barium studies - .
Functional lumen imaging probe Motilin agonists

Supportive testing:
Lack of contraction reserve on MRS
Abnormal bolus transit on barium studies

}

Manage GERD IEM
Adjust eating
Postural measures

Diaphragmatic breathing l Eat while upright

Acid suppression High fiber diet
Baclofen Consequences Avoid trigger foods
Antireflux surgery norsas vadant Carbonated beverages

ASYERBISIHAnC Treat strictures
abnormal reflux clearance
abnormal bolus transit

Gyawali CP et al, Stanford IEM Symposium, Neurogastroenterol Motil 2019
Gyawali CP et al, IEM Technical Note, Neurogastroenterol Motil 2021
Yadlapati R et al, Chicago Classification 4.0, Neurogastroenterol Motil 2021



100% failed swallows
Normal IRP

Supportive testing: Rule out achalasia

Rapid drink challenge during HRM Prokinetics
Assess bolus transit on barium studies Procholinergics
Assess EGJ function using FLIP SamEnTinG A EeaTEE

Serotonin agonists
Motilin agonists

v

Absent
contractility Adjust eating

Manage GERD

Postural measures

Diaphragmatic breathing Eat while upright

Acid suppression High fiber diet

Baclofen Consequences Avoid trigger foods

Antireflux surgery norsas vadant Carbonated beverages
AsypisAanc Treat strictures

abnormal reflux clearance
abnormal bolus transit

Gyawali CP et al, Stanford IEM Symposium, Neurogastroenterol Motil 2019
Gyawali CP et al, IEM Technical Note, Neurogastroenterol Motil 2021
Yadlapati R et al, Chicago Classification 4.0, Neurogastroenterol Motil 2021



10 wet swallows (supine/upright)

DISORDERS OF
EGJ FUNCTION

Achalasia type 1

Achalasia type 2

All swallows fail, no PEP

All swallows fail, 20% PEP

Abnormal median IRP

DISORDERS OF
PERISTALSIS

Alternate position swallows

All swallows fail or
premature

Achalasia type 3 20% premature swallows

Alternate position swallows

RDC/MRS

Abnormal median IRP
Abnormal RDC/MRS

All swallows fail, no PEP I

Absent contractility

RDC/MRS

Abnormal IRP persists
Abnormal RDC/MRS

NO EGJOO

Abnormal BE or FLIP

20% premature swallows Il

20% hypercontractile Hypercontractile

IEM

>70% ineffective and/or
250% failed

NO DISORDER OF
PERISTALSIS

Consider meal challenges
if appropriate

Yadlapati R et al. Neurogastroenterol Motil 2021



Changes with Chicago Classification 4.0

Standard protocol includes upright swallows and provocative
maneuvers

Two categories of disorders
Disorders of EGJ function
Disorders of peristalsis

Esophagogastric junction outflow obstruction is not a conclusive
diagnosis without additional evidence

Clinical relevance of DES, hypercontractile disorder requires
additional confirmation

IEM diagnosis is now more stringent



esophagogastric junction

inspiratory diaphragmatic crural contraction
intrinsic lower esophageal sphincter

100.0

81.5

Rogers BD et al, Neurogastroenterol Motil 2020



|
| Healthy controls GERD patients

Reflux burden: [j normal [JJj abnormal n=484 n=482
80 A
97.1% 61.8%
40 -
0 -
80 A
2.9% 25.9%
40 - -
o i
80 A
ol . 0 12.2%
0 J4— HRM had sensitivity of 94.3% and

specificity of 91.5% in detecting hiatus hernia
using hernia size at surgery as gold standard
compared to endoscopy (96.2%, 74.5%) and
barium radiography (69.8%, 97.9%)

Tolone et al, UEG Journal 2018




Esophageal Impedance Integral (Ell)

Quantification of impedance bolus presence

Sensitivity
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Predictors of abnormal Ell (bolus presence)

in healthy volunteers
Lin Z et al, Neurogastroenterol Motil 2014;26:929-36
Rogers BD et al, Neurogastroenterol Motil 2021 (in press)



Summary

Manometry has evolved over the past three decades from
water-perfused conventional manometry to solid state HRM

HRM is the current standard for assessment of esophageal
motility and sphincter function

Impedance combined with HRM provides bolus transit
iInformation that can be quantified using novel software tools

FLIP has potential to complement, and in some clinical settings,
replace HRM

Artificial intelligence and machine learning may further enhance
motility diagnostic algorithms
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http://gastro.wustl.edu/introduction/introduction.html
http://www.medicine.wustl.edu/

Q&A/Panel Discussion
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