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Background/Aims

Although high-resolution manometry (HRM) has the advantage of visual intuitiveness, its diagnostic validity remains under debate.
The aim of this study was to evaluate the diagnostic accuracy of HRM for esophageal motility disorders.

Methods

Six staff members and 8 trainees were recruited for the study. In total, 40 patients enrolled in manometry studies at 3 institutes were
selected. Captured images of 10 representative swallows and a single swallow in analyzing mode in both high-resolution pressure
topography (HRPT) and conventional line tracing formats were provided with calculated metrics.

Results

Assessments of esophageal motility disorders showed fair agreement for HRPT and moderate agreement for conventional line
tracing (x = 0.40 and 0.58, respectively). With the HRPT format, the « value was higher in category A (esophagogastric junction
[EGJ] relaxation abnormality) than in categories B (major body peristalsis abnormalities with intact EGJ relaxation) and C (minor
body peristalsis abnormalities or normal body peristalsis with intact EGJ relaxation). The overall exact diagnostic accuracy for the
HRPT format was 58.8% and rater’s position was an independent factor for exact diagnostic accuracy. The diagnostic accuracy for
major disorders was 63.4% with the HRPT format. The frequency of major discrepancies was higher for category B disorders than for
category A disorders (38.4% vs 15.4%; P < 0.001).

Conclusions

The interpreter’s experience significantly affected the exact diagnostic accuracy of HRM for esophageal motility disorders. The
diagnostic accuracy for major disorders was higher for achalasia than distal esophageal spasm and jackhammer esophagus.
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Introduction

High-resolution manometry (HRM) has the advantages of
compact, intuitive esophageal pressure tomography generated from
a closely spaced sensor of 1 cm from the pharynx to the stomach.
This technique seems to provide detailed data on low esophageal
sphincter (LES) relaxation and body peristalsis, facilitating the
interpretation of manometric diagnosis of esophageal motility dis-
orders. The Chicago classification scheme for esophageal motility
disorders was also introduced and recently revised as version 3.0,
which classifies motility disorders into 3 criteria: achalasia and
esophagogastric junction (EG]) outflow obstruction, major disor-
ders of peristalsis and minor disorders of peristalsis.' HRM data
can be more valuable than conventional manometry from a diagnos-
tic perspective and for making decisions and predicting medical or
interventional treatment, including up-to-date therapeutic options,
such as peroral endoscopic myotomy (POEM).”

However, according to the Chicago classification version 3.0,
a hierarchical approach considering multiple novel metrics, such as
integrated relaxation pressure (IRP), contractile deceleration point,
distal contractile integral (DCI), and distal latency (DL), is neces-
sary for accurate diagnosis and is more complex than conventional
manometry. In addition, the total number of differential diagnoses
with HRM was as many as nine, which was also more than that
with conventional manometry.” Combining these issues, despite
the advantage of visual intuitiveness, the interpretation of HRM
data seems to require an appropriate understanding of diagnostic
metrics, and a certain level of training is important for accurate
diagnosis. Although early comparisons between HRM and con-
ventional manometry showed higher diagnostic yields with HRM
diagnosis,” a controlled study assessing the degree of agreement
and the clinical factors associated with diagnostic accuracy based on
the updated classification system found only sparse data.

Our aims are to evaluate the accuracy of HRM diagnosis
based on Chicago classification version 3.0 for esophageal motility
disorders by comparing the high-resolution pressure topography
(HRPT) and conventional line tracing (CLT) formats.

Materials and Methods

Manometry Data, Outcomes, and Sample Size
Fifty-one patients who underwent manometry studies per-
formed between March 2012 and August 2015, accompanied by
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clinical information, including sex, age, chief complaint, duration
of symptoms, esophagography, and prognosis, were enrolled from
3 institutions (the Catholic University of Korea Seoul St. Mary’s
Hospital, Inje University Busan Paik Hospital, and Kosin Univer-
sity Gospel Hospital). All patients suffered from esophageal symp-
toms, such as dysphagia, chest pain, and heartburn. All studies were
conducted using a solid-state HRM system (Sierra Scientific, Los
Angeles, California, USA) with 36 circumferential sensors at 1 cm
intervals. Dedicated software (ManoView; Sierra Scientific) was
used to visualize the plots and calculate the metrics. Captured im-
ages of 10 representative swallows and a single swallow in the ana-
lyzing mode in both HRPT format and the corresponding CLT
format, consisting of 7 stacked tracings (1 in the upper esophageal
sphincter, 4 in the esophageal body [3, 8, 13, and 18 cm from the
LES], 1 in the LES, and 1 gastric) without using an electric-sleeve
sensor, were provided with calculated metrics (HRPT format:
median IRE, DCI, DL, IRP, and contractile front velocity [CFV]
with each swallow; CLT format: basal ILES pressure, residual I.LES
pressure, distal esophageal amplitude, and onset velocity with each
swallow) (Fig. 1).

The primary outcome was the assessment of the diagnostic
accuracy of HRM for esophageal motility disorders by compar-
ing the HRPT and CLI formats. The secondary outcome was to
evaluate the inter-observer variability and disease- and interpreter-
related factors associated with the accuracy of HRM diagnosis for
esophageal motility disorders.

A total of 40 cases of manometry was an adequate number for
evaluating the diagnostic accuracy of HRM, assuming an exact
diagnostic accuracy of 75% using 14 raters, as well as an o of 0.05
anda B of 0.15.

Subjects and Study Design

Six gastroenterology staff members who had experienced at
least 300 cases of esophageal manometry interpretation and 8 train-
ees who were in the first or second year of a gastroenterology fel-
lowship at 3 university hospitals (the Catholic University of Korea
Seoul St. Mary’s Hospital, Inje University Busan Paik Hospital,
and Kosin University Gospel Hospital) were recruited for the study.

All the raters were given a 60-minute tutorial focusing on the
interpretation of HRM and conventional esophageal manometry
by the same instructor. HRM manometry interpretation was per-
formed based on the Chicago classification version 3.0, consisting
of 9 disease entities and 3 disease categories. Conventional manom-
etry interpretation was also performed with a hierarchical scheme

derived from that for HRM manometry interpretation, comprising
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Figure 1. Captured images of 10 swallows (A) and a single swallow image in analysis mode (B) with the high-resolution pressure topography
(HRPT) format. Calculated metrics, such as median integrated relaxation pressure (IRP), distal contractile integral (DCI), distal latency (DL),
and contractile front velocity (CFV), were also provided. Corresponding images of 10 swallows (C) and a single swallow image (D) in conventional
line tracing (CLT) format. Calculated metrics, such as basal lower esophageal sphincter pressure (LESP), residual LESP, distal esophageal ampli-
tude (DEA), onset velocity, mean residual LESP, and mean distal amplitude, were provided.
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7 disease entities and 3 disease categories.

Within 1 week of the tutorial, all raters received randomized
data from 40 cases of manometry in both HRPT and CLT formats
and an answer sheet providing specific diagnoses and a baseline
experience questionnaire assessing the number of previous ma-
nometry interpretations. Fach rater was asked to analyze the set of
40 patients’ manometry studies in both HRPT and CLI formats,
separated in time by 2 weeks with a week of time constraint (Fig. 2).

None of the raters were involved in collecting the sample cases,
and they were blinded to the clinical information of the patients,
with the exception of the chief complains and the manometry data
and to the responses of the other participants.

This study was approved by the ethics committee of the Catho-
lic University of Korea Seoul St. Mary’s Hospital (Approval No.
KCI17RISI0405), Inje University Busan Paik Hospital (Approval
No. 17-0261), and Kosin University Gospel Hospital (Approval
No. 2017-12-014). Written consent was obtained from all individu-

als before each procedure.

Reference Diagnosis, Types of Motility Abnormality
Analysis of Diagnostic Accuracy

Levels of difficulty; reference standards and case selection were
determined by 2 authors (J.H.K. and Y.K.J.) who did not partici-
pate in the study as raters. Reference diagnoses for each manometry
format were determined by assessing other clinical information and
the agreement of 2 authors according to the diagnostic scheme. The
level of difficulty was classified into 3 grades (low, mid, and high) in
all cases. A high level of difficulty was defined as a case that received
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a high grade by both authors.

Fleven of 51 cases were excluded considering the accordance
between manometry and other clinical information (3 cases),
similarity of the data, and the level of difficulty in interpretation (8
cases). One to 3 cases with a high level of difficulty were included
in each HRPT diagnosis of Type I, 11, and I1I achalasia (1, 2, and
2 cases, respectively); esophagogastric junction outflow obstruction
(EGJOO) (3 cases); jackhammer esophagus (2 cases); and distal
esophageal spasm (DES) (2 cases). Finally, 40 cases in both HRPT
and CLT formats were included in the study.

Based on the types of motility abnormalities, all disease entities
were classified into 1 of 3 categories: category A (EGJ/LES relax-
ation abnormality), category B (major body peristalsis abnormalities
with intact EG]J/LES relaxation), and category C (minor body
peristalsis abnormalities or normal body peristalsis with intact EG]J/
LES relaxation). Category A included Type L, I1, and III achalasia
and EGJOO with an HRPT diagnosis and classic and vigorous
achalasia and atypical disorders of LLES relaxation with a CLT
diagnosis. Category B included DES, jackhammer esophagus and
absent peristalsis with an HRPT diagnosis, and diffuse esophageal
spasm and nutcracker esophagus with a CLT" diagnosis. Category
C included ineffective esophageal motility (IEM), fragmented peri-
stalsis and normal status with an HRPT diagnosis, and IEM and
normal status with a CLT diagnosis.

Regarding diagnostic accuracy, 2 diagnostic accuracy indicators
were analyzed: (1) exact accuracy and (2) diagnostic accuracy for
major disorders.

To determine exact accuracy, the correct answer was defined

Case collection from 3 institutions: 51 cases

!

| Raters invitation: 14 raters from 3 institutions (6 staff members, 8 trainees) |

!

| 1-hr orientation for study protocol and HRPT/CLT interpretation |

!

| Reference diagnoses/level of difficulty assessment and case selection (40 cases) |

!

Interpretation of HRPT format (40 cases) |

Figure 2. Study scheme. All raters were

l 2-week intervals

asked to analyze a set of 40 patients’ ma-

Interpretation of CLT format from the same 40 cases with different sequences

nometry studies in both high-resolution
pressure topography (HRPT) and

!

| Data analysis |

conventional line tracing (CLT) formats
that were separated in time by 2 weeks
with a week of time constraint.
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as the absolute agreement between the reference diagnoses and the the raters’ answers failing in (1) differentiating achalasia from other
raters” answers for each disease entity; otherwise, the answers were disorders (reference diagnosis achalasia and rater’s answer EG-
considered incorrect. JOO, category B or C) or (2) differentiating premature/simultane-

Diagnostic accuracy for major disorders was evaluated with ous contraction and hypercontractility from failed/weak and normal

Type 1, 11, IIT achalasia, DES and jackhammer esophagus with contraction (reference diagnosis DES/diffuse esophageal spasm or

HRPT diagnosis and classic achalasia, vigorous achalasia, diffuse jackhammer esophagus/nutcracker esophagus and rater’s answer
esophageal spasm, and nutcracker esophagus with CLI" diagnosis. EGJOO/atypical disorders of LES relaxation, absent peristalsis or
The raters’ responses were subclassified into 3 categories: major category C) (Fig. 3). Minor discrepancy was defined as disagree-
discrepancy, minor discrepancy, and no discrepancy. Major discrep- ments between reference diagnoses and the raters’ answers failing
ancy was defined as disagreements between reference diagnoses and in (1) differentiating subtypes of achalasia or (2) differentiation
| HRPT diagnosis | | CLT diagnosis |
| Reference diagnosis | | Rater's answer | | Reference diagnosis | | Rater's answer
Eg‘:z%o Atypical disorders of LES relaxation
- . Diff h |
sckramms s | [ Csscachaa ||| Dfuzesophagea s
| Type |, I, Il achalasia |<— Absent peristalsis Vigorous achalasia IEM phag
IEM
N |
Fragmented peristalsis orma
Normal
Classic achalasia
Type |, II, lll achalasis . Vigorous achalasia
Diff h |
EGJOO 'ruse esophageal spasm |, | Atypical disorders of LES relaxation
. . Nutcracker esophagus
DES Absent peristalsis IEM
]
Jackhammer esophagus IEM Normal
Fragmented peristalsis
Normal

Figure 3. Scheme explaining major discrepancies of diagnostic accuracy for major disorders. HRPT; high-resolution pressure topography; CLT,
conventional line tracing; EGJOO, esophagogastric junction outflow obstruction; DES, distal esophageal spasm; LES, low esophageal sphincter;
IEM, ineffective esophageal motility.

Table 1. Reference Diagnosis and Categorical Classification

High-resolution pressure topography Conventional line tracing
Reference diagnosis n (%) Cate.gorlfal n (%) Reference diagnosis n (%) Catt?gorl?al n (%)
classification classification
Type I achalasia 4(10.0) Category A 24 (60.0) Classic achalasia 10 (25.0)  Category A 19 (47.5)
Type II achalasia 8 (20.0) Vigorous achalasia 4(10.0)
Type III achalasia 4(10.0) Atypical disorders of LES relaxation 5§ (12.5)
EGJOO 8 (20.0)
Distal esophageal spasm 5(12.5) Category B 11(27.5) Diffuse esophageal spams 6(15.0) Category B 11(27.5)
Jackhammer esophagus 5(12.5) Nutcracker esophagus 5(12.5)
Absent peristalsis 1(2.5)
Fragmented peristalsis 1(2.5)  Category C  5(12.5) Ineffective esophageal motility 4(10.0)  Category C 10 (10.0)
Ineffective esophageal motility 1 (2.5)
Normal 3(7.5) Normal 6(15.0)
Total 40 Total 40

EGJOO, esophagogastric junction outflow obstruction; LES, lower esophageal sphincter.
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the HRPT format was classified as nutcracker esophagus with the
CLT format.

Inter-observer Agreement According to All Motility
Disorders

Agreement for esophageal motility disorders among all raters
was fair with the HRPT format and moderate with the CLT" for-
mat (k = 0.40 and 0.58, respectively). Among the diseases classi-
fied as major disorders, Type II achalasia, and jackhammer esopha-
gus showed moderate agreement (k = 0.53 and 0.54, respectively);
in contrast, DES and absent peristalsis showed fair agreement (i
= 0.27 and 0.23, respectively) in the HRPT format. In the CLT
format, nutcracker esophagus showed substantial agreement (i =
0.78), whereas diffuse esophageal spasm showed moderate agree-
ment (k = 0.46) (Table 2).

When inter-observer agreement was assessed by the rater’s
position, agreement between staff members was greater than among
trainees in both the HRPT and CLI formats. The differences in
values were prominent in DES and EGJOO with the HRPT for-
mat and in vigorous achalasia with the CL'I" format (Tables 3 and 4).

Inter-observer Agreement According to Types of
Motility Abnormality

The level of agreement among all raters according to types of
motility abnormality was moderate in the HRPT format (x = 0.54),
and substantial in the CLT format (kx = 0.66) (Table 1).

A higher level of agreement was observed in staff members
than in trainees in all HRPT disease categories (range of k values:
0.43-0.76 and 0.40-0.64, respectively). The i value was higher in
category A than in categories B and C among both staff members

Table 3. Inter-observer Agreement Among Trainees and Staff Members According to Esophageal Motility Disorders and Categories With High-

resolution Pressure Topography Format

i value (95% CI)

Diagnosis

Trainees

Staff members

Type I achalasia
Type 11 achalasia

Type I1I achalasia

EGJOO

Distal esophageal spasm

Jackhammer esophagus

Absent peristalsis

Fragmented peristalsis
Ineffective esophageal motility

Normal
Overall

0.30 (0.18-0.41)
0.42 (0.29-0.55)
0.32 (0.21-0.43)
0.31 (0.20-0.42)
0.18 (0.07-0.29)
0.49 (0.38-0.60)
0.16 (0.06-0.30)
0.19 (0.09-0.30)
0.12 (0.02-0.23)
0.43 (0.33-0.54)
0.31 (0.29-0.33)

0.42 (0.28-0.57)
0.67 (0.49-0.84)
0.51 (0.36-0.66)
0.67 (0.50-0.84)
0.47 (0.32-0.61)
0.63 (0.47-0.79)
0.37 (0.21-0.53)
0.22 (0.05-0.39)
0.19 (0.00-0.40)
0.61 (0.46-0.76)
0.56 (0.52-0.59)

Categorical i value (95% CI)
classification Trainees Staff members
Category A 0.64 (0.39-0.89) 0.76 (0.41-1.10)
Category B 0.42 (0.26-0.58) 0.55 (0.35-0.75)
Category C 0.40 (0.27-0.54) 0.43 (0.28-0.58)

0.51 (0.44-0.57)

0.62 (0.51-0.72)

EGJOO, esophagogastric junction outflow obstruction.

Table 4. Inter-observer Agreement Among Trainees and Staff Members According to Esophageal Motility Disorders and Categories With Con-

ventional Line Tracing Format

i value (95% CI)

Diagnosis

Trainees

Staff members

Classic achalasia

Vigorous achalasia

Atypical disorders of LES relaxation
Diffuse esophageal spasm
Nutcracker esophagus

Ineffective esophageal motility

Normal

Opverall

0.59 (0.47-0.71)
0.32 (0.20-0.43)
0.49 (0.37-0.61)
0.43 (0.31-0.54)
0.70 (0.58-0.82)
0.55 (0.44-0.67)
0.57 (0.45-0.70)
0.51 (0.48-0.0.53)

0.68 (0.51-0.85)
0.54 (0.39-0.69)
0.64 (0.49-0.79)
0.55 (0.39-0.70)
0.88 (0.72-1.04)
0.80 (0.65-0.95)
0.63 (0.47-0.79)
0.67 (0.64-0.70)

Categorical K value (95% CI)

classification Trainees Staff members
Category A 0.64 (0.44-0.85)  0.71 (0.45-0.97)
Category B 0.62 (0.46-0.79)  0.71(0.51-0.91)
Category C 0.65 (0.48-0.82)  0.63 (0.44-0.83)

0.64 (0.59-0.69)

0.69 (0.62-0.69)

LES, lower esophageal sphincter.
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and trainees (Table 3).

In the analysis of the inter-observer agreement according to
CLT disease categories, a higher « value was observed among
staff members than among trainees in categories A (0.71 and 0.64,
respectively) and B (0.71 and 0.62, respectively). The k value was
similar between categories A and B among staff members and
trainees (Table 4).

Exact Accuracy and Diagnostic Accuracy for Major
Disorders

Exact diagnostic accuracy among all raters was significantly
higher with the CLT format (70.5%) than with the HRPT format
(58.8%) (P < 0.001). In further analysis, exact diagnostic accuracy
among staff members was significantly greater than that among
trainees with HRPT format but not with CLT format (Fig. 4).

Il Correct
1007 [ Incorrect
i P < 0.001
90 . X
80 - P < 0.001 P =0.131
| — | | — |
70
60
S 50
40
711 69.7
30
48.8 ELS]
20
10 4 27.9 28.3 30.3
0 = T T T
HRPT HRPT CLT CLT
with staff ~ with trainee  with staff  with trainee

Figure 4. Comparison of exact diagnostic accuracy according to the
rater’s position and manometry format. Exact diagnostic accuracy
among all raters was significantly higher with the conventional line
tracing (CLT) format than with the high-resolution pressure topogra-
phy (HRPT) format (P < 0.001). Exact diagnostic accuracy among
staff members was significantly greater than that among trainees with
the HRPT format (P < 0.001) but not with the CLT format (P =
0.131)

HRM for Esophageal Motility Disorders

When data were analyzed according to categorical criteria, there
was a tendency toward lower exact accuracy in category B disorders
than in category A or C disorders with the HRPT format, but the
trend was not statistically significant. There were no significant dif-
ferences in the exact accuracy among category A, B, and C disor-
ders with the CLT format (Fig. ).

In the multivariate analysis, the rater’s position was an indepen-
dent factor significantly associated with exact diagnostic accuracy
with the HRPT format. However, there was no significant associa-
tion between the type of motility abnormality and exact diagnostic
accuracy with either HRP or CLI" formats. In addition, there was
no significant interaction between the rater’s position and the type
of motility abnormality for exact diagnostic accuracy with HRPT
or CLT formats (Table 9).

Regarding the diagnostic accuracy for major disorders, the
overall diagnostic accuracy was 63.4% with HRPT format and
68.3% with CLT format. The diagnostic accuracy was signifi-

cantly higher among staff members than among trainees for both
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Figure 5. Diagnostic accuracy according to types of motility abnor-
mality in the high-resolution pressure topography (HRPT) format
and conventional line tracing (CLT) format. The frequency of correct
answers was not different according to types of motility abnormality in
either the CLT or HRPT format.

Table 5. Factors Associated With Exact Diagnostic Accuracy: Multivariate Analysis

High-resolution pressure topography

Conventional line tracing

Factors
P-value Multivariate OR (95% CI) P-value
Rater’s position < 0.001 Trainee: reference 0.936
Staff members: 2.16 (1.02-4.56)
Type of motility abnormality 0.630 0.581
Interaction between rater’s position and type of 0.077 0.191
motility abnormality
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the HRPT (73.1% vs 57.6%, P = 0.002) and CLT (80.0% vs
61.3%, P < 0.001) formats. The diagnostic accuracy was higher
for category A disorders (55.4%, 73.6% and 70.3% with Type I,
11, and TIT achalasia, respectively) than for category B disorder
(43.6% with DES and 67.9% with jackhammer esophagus) (P
= 0.013) with the HRPT format. By contrast, the diagnostic ac-
curacy was higher for category B disorders (60.0% with DES and
91.1% with nutcracker esophagus) than for category A disorders
(64.4% with classic achalasia and 62.5% with vigorous achalasia)
with the CLT format (P = 0.028). The overall frequency of major
discrepancies was 24.2% with the HPRT format and 22.9% with
the CLT format. Detailed analysis showed the highest frequency in
DES (52.6%), followed by Type I achalasia (26.2%), jackhammer
esophagus (24.7%), and Type 11 achalasia (8.0%), in order (Fig. 6).
Major discrepancy was more frequently found in DES and jack-
hammer esophagus than in achalasia (38.4% vs 15.4%; P < 0.001)

and among trainees than among staff members (29.2% vs 16.0%;
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Figure 6. Diagnostic accuracy for major disorders according to types
of motility abnormality in the high-resolution pressure topography
(HRPT) format and conventional line tracing (CLT) format. Major
discrepancies were more frequently found in distal esophageal spasm
and jackhammer esophagus than in Type I, II and III achalasia (P
< 0.001). There was no significant difference in frequency of major
discrepancy between classic/vigorous achalasia and diffuse esophageal
spasm/nutcracker esophagus (P = 0.959).

P = 0.002). The frequency of major discrepancies was the highest
in diffuse esophageal spasm (36.8%) with the CLI" format (Fig.
6). The frequency of major discrepancies was also higher among
trainees than among staff members with the CLT format (27.8% vs
14.7%; P = 0.002). However, there was no significant difference in
the frequency of major discrepancies between classic/vigorous acha-
lasia and diffuse esophageal spasm/nutcracker esophagus (22.8% vs
23.0%; P = 0.959).

Discussion

Currently, the x value of overall HRPT diagnosis was lower
than that of CLT diagnosis (0.54 and 0.66, respectively), and the
differences were more remarkable with category B and C disorders
than with category A disorders. Interestingly, the level of agreement
was lower in Type I, I, and III achalasia (k value were 0.4, 0.53,
and 0.39, respectively) than in cases reported in existing studies.”"'
K values slightly increased among staff members; however, the level
of agreement remained moderate with Type I and Type I1I achala-
sia (ic values were 0.42 and 0.51, respectively). The unique method
of the present study might explain those results. First, a large
proportion of the raters (8/14) were trainees who had experienced
fewer than 50 cases of manometry interpretation. Second, cases with
a high level of difficulty comprised 34.2% of the total cases of cat-
egory A and B disorders.

An existing validation study for the diagnosis of primary
achalasia using conventional manometry showed substantial inter-
observer agreement, with a i value of 0.68, and the degree of inter-
observer agreement was higher among experienced interpreters
than among low-experience interpreters. Conversely, the k value
was as low as 0.27 for the diagnosis of motility disorders with body
peristalsis abnormalities."” In a study using HRM, the k value for
the diagnosis of achalasia ranged between 0.48 and 0.60; in con-
trast, the i value for the diagnosis of body peristalsis disorders, such
as DES and hypertensive dysmotility, was as low as 0.21-0.29."
Our study also showed a lower level of inter-observer agreement for
the diagnosis of disorders included in categories B and C, in which
the disorders are combined with abnormal velocity and intensity of
body peristalsis without EGJ/LES relaxation abnormalities, than
that for the diagnosis of disorders in category A. The difference
was observed among staff as well as among trainees and was more
prominent with the HRPT format than with the CLT' format.
Along with previous studies, our results suggest that the diagnosis
of body peristalsis abnormalities made based on comprehensive

consideration of metrics, such as DCI, DL, and CFV, was more
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complicated than that of EGJ relaxation abnormality based on the
single IRP metric.

The present study showed the lowest level of inter-observer
agreement (i = 0.27 among all raters) and a prominent differ-
ence in Kk value between staff members and trainees (0.47 and 0.18,
respectively) for the diagnosis of DES with the HRPT format.
These results could be explained by several assumptions about the
difficulty in diagnosing simultaneous contractions. First, simulta-
neous contraction was determined by measuring the DL, accord-
ing to the Chicago classification version 3.0, in which a precise
understanding of the esophageal contraction onset and contractile
deceleration point is essential.""” Second, although CFV was ex-
cluded from the key metrics for the diagnosis of motility disorders
in the updated classification scheme,' a certain proportion of cases
with clinical features suggestive of DES, such as typical symptoms
and simultaneous contraction on barium esophagography, showed
rapid contraction (CFV > 9 cm/sec) with normal DL (= 4.5 sec-
onds).""* Finally; in cases in which an automatically calculated DL
by commercial software was not available, especially cases combined
with bolus transport disturbances, the interpreters were obliged to
calculate the DL by themselves. All these factors together may have
contributed to a low level of inter-observer agreement for the diag-
nosis of DES with HRPT format images, especially among less
experienced interpreters, in the present study.

With regard to diagnostic accuracy, the overall exact diagnostic
accuracy with HRPT diagnosis was 58.6%, which was significantly
lower than that with CLT" diagnosis. The difference in diagnostic
accuracy between the HRPT and CLT formats was remarkable
among low-experience interpreters (trainees). We also suggested
several explanations for the results that were not in accordance with
those of previous studies reporting the advantages of HRM over
conventional manometry in diagnostic accuracy.”"’ First, accord-
ing to the Chicago classification version 3.0, the number of disease
entities with the HRPT format was greater than that in the CLT
format (9 vs 6) in the present study. Second, providing the ma-
nometry data as captured images from 10 significant swallows with
calculated essential metrics, including IRE, DCI, DL, and CFV for
the HRPT format and baseline and residual ILES pressures, onset
velocity and distal contractile amplitude for the CLT" format may
have facilitated the interpretation of the manometry data, especially
in the CLI" format. Finally, the modified hierarchical scheme used
in the present study, which was based on the HRM used in the
Chicago classification version 3.0, may have reduced the frequency
of overlapping diagnoses that would have been regarded as wrong

answers in previous studies. Taken together, all these factors may

HRM for Esophageal Motility Disorders

have contributed to the unexpected results of lower exact diagnostic
accuracy with the HRPT format than with the CLT" format in the
present study. The multivariate analysis also demonstrated that the
rater’s position was an independent factor associated with exact
diagnostic accuracy with the HRPT format but not with the CLT
format.

The Chicago classification version 3.0 defined major disorders
of peristalsis, other than achalasia or EGJOO, as motility patterns
that are not encountered in normal subjects. This finding was based
on spastic esophageal disorders, including achalasia (especially Type
IIT achalasia), jackhammer esophagus and DES; sharing common
pathophysiologic characteristics, such as loss of inhibitory ganglion-
ic neuron function and excess cholinergic drive in the distal esopha-
gus, resulting in simultaneous contraction or hypercontraction of the
distal esophagus and incomplete deglutitive EG] relaxation.'™""**!
Although the clinical significance remains under evaluation, this
classification provided a theoretical basis for the importance of early
diagnosis and an active management strategy, such as endoscopic
or surgical treatment for major motility disorders such as achalasia,

2-422,23 ..
Nevertheless, few existing

DES and jackhammer esophagus.
studies are available that have analyzed the reliability and diagnostic
accuracy for distinguishing major esophageal motility disorders
from minor motility disorders or a normal state or differential diag-
nosis among major disorders.” Our study is meaningful because we
analyzed the exact accuracy and diagnostic accuracy for distinguish-
ing major esophageal motility disorders and disease- or interpreter-
associated factors influencing the diagnostic accuracy of the HRM.
A recent study by Carlson et al” reported that the odds ratio of
an incorrect diagnosis of a major motility disorder among all raters
was 3.4 times greater with the CLT" format than with the HRPT
format and that the odds ratio of an incorrect diagnosis was similar
according to the interpreter’s experience. Currently, in contrast to
these results, the overall frequency of major discrepancies was not
different between the HRPT and CLT formats. Instead, major
discrepancies were more frequently found with low-experience
interpreters and in diseases with body peristalsis abnormalities with-
out EGJ/LES relaxation abnormality, especially with the HRPT
format. In other words, the diagnostic accuracy of HRM for distin-
guishing major disorders was accentuated by experienced interpret-
ers and in disorders with EG] relaxation abnormality, such as Type I,
II, and III achalasia. These results were concordant with the inter-
observer agreement results with the HRPT format in the current
study, showing higher « values with Type A category diseases than
with Type B and C category diseases and a higher « value among

staff members than among trainees.
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There were several methodological controversies of this study.

Unlike previous studies, we provided HRPT and CLI ma-
nometry data as captured images with automatically calculated
metrics for raters instead of analyzing software and raw data. In
doing so, we attempted to eliminate bias caused by unfamiliarity
with the handling of the commercial analyzing software. Consider-
ing that the adequacy of esophageal manometry is greatly affected
by the performer’s technical experience and patient compliance,
this method of providing manometry data in the present study may
be arguable due to concern over whether the selected swallowing
manometry images represented all manometry data. To overcome
this contradiction, the selection of 10 individual swallows, as well as
a single typical swallow, was performed by a clinician who examined
and managed the patient and who interpreted all manometry data
initially; therefore, the manometry data were collected in the most
pertinent manner.

We applied hierarchical classified CLT diagnosis in 6 disease
entities and 3 categories, which were modified from the traditional
classification system to avoid overlapping diagnoses.”” The defini-
tions of major disorders with CLI" diagnosis, which were composed
of 5 disease entities (classic achalasia, vigorous achalasia, atypical
disorders of LLES relaxation, nutcracker esophagus, and diffuse
esophageal spasm), also came from the Chicago classification ver-
sion 3.0. Although the classification was arbitrary and has not
been validated by existing research, it was essential for the rational
comparison of diagnostic accuracy between the HRPT and CLT
formats.

There was concern that the uneven sample sizes among the dif-
ferent disease entities and categories may have influenced the degree
of inter-observer agreement assessed by « statistics. This inevitable
bias was introduced by handling by the authors during the study
process. There was a need for various cases with different levels of
difficulty, especially weighted sample sizes with category A and B
disorders. Because the diagnostic accuracy of manometry could be
dependent on the difficulty of the case, there is also the possibility of
selection bias induced by arbitrary case selection by the authors of
the present study. Alterations in diagnosis also occurred during the
process of reference diagnosis after sample collection for a signifi-
cant number of cases.

To analyze diagnostic accuracy, we performed reference di-
agnoses of all 40 cases for each manometry format by assessing
the agreement of 2 experts considering clinical information and
manometry findings. Concern about the certainty of the reference
diagnoses in the present study could also have been one of the main
methodological limitations of the study. We attempted to dispel this

controversy by excluding cases of disagreement in reference diag-
noses between the 2 experts and cases showing a lack of relevance
between the manometry findings and clinical aspects, such as symp-
toms and radiologic findings.

In conclusion, we demonstrated that the exact diagnostic ac-
curacy of HRM for esophageal motility disorders was significantly
affected by the interpreter’s experience and that diagnostic accuracy
for major disorders was higher in achalasia than DES and jack-
hammer esophagus. In addition, there was a higher level of inter-
observer agreement and diagnostic accuracy for major disorders
involving motility disorders combined with EG]J/LES relaxation
abnormality than for those with body peristalsis abnormality and
intact EGJ/LES relaxation with the HRPT format.
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