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Abstract

Background: Ineffective esophageal motility (IEM) is one of the
most common esophageal motility disorders. However, the defini-
tion of IEM has evolved. Chicago classification version 4.0 (CCv4.0)
made IEM parameters more stringent with greater than 70% of inef-
fective wet swallows (WS) necessary to diagnose conclusive IEM. Of
the ineffective swallows, 50-70% are deemed “inconclusive cases”.
This study sought to determine whether provocative maneuvers, in-
cluding multiple rapid swallows (MRS) and apple viscous swallows
(AVS), and impedance clearance can provide supportive information
for inconclusive IEM disorders based on CCv4.0.

Methods: Esophageal motility data on 100 patients were analyzed.
All patients completed WS and at least one additional swallow test
(MRS and/or AVS). Patients were classified as having conclusive
IEM, inconclusive IEM, or normal motility. [EM features detected on
MRS/AVS and incomplete bolus clearance were recorded. Percentage
of agreement between IEM features and incomplete bolus clearance
was calculated for each motility group.

Results: Ten patients had conclusive IEM, nine had inconclusive
IEM, and 32 had normal motility. There was 70% agreement between
IEM features and incomplete bolus clearance with conclusive IEM,
33% agreement with inconclusive IEM, and 9% agreement with nor-
mal motility. There was significantly more agreement in the conclu-
sive and inconclusive IEM groups than in the normal motility group
(P =0.0003).

Conclusions: Combinational follow-up testing with provocative ma-
neuvers and impedance clearance may assist with risk stratification of
IEM patients and assist in further management of inconclusive IEM.
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MRS and AVS can detect unique IEM features that may help with
preoperative management of inconclusive IEM.
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Introduction

Over the past decade, ineffective esophageal motility (IEM)
has significantly increased in prevalence becoming one of the
most common esophageal motility disorders [1, 2]. Presenting
symptoms of [EM can overlap with those of gastroesophageal
reflux disease (GERD), which poses a diagnostic challenge for
physicians evaluating patients with IEM disorders [3, 4]. As
a result, IEM is frequently over-diagnosed [5]. Establishing
correct diagnosis becomes especially important for patients
undergoing foregut surgery as it can determine surgical out-
comes. Laparoscopic Nissen fundoplication (LNF) remains
the surgical treatment of choice for patients with GERD. How-
ever, if it is performed in patients with underlying motility dis-
order, dysphagia may worsen post-fundoplication [6, 7].

The definition of IEM has evolved over the years with
introduction of new diagnostic methods. While the initial
definition involved small and large defects in peristalsis, the
Chicago classifications v3.0 (2015) defined ineffective swal-
lows as a distal contractile integral (DCI) of less than 450
mm Hg s cm with greater than 50% ineffective swallows [8].
This helped eliminate the difference between weak and failed
swallows but resulted in overdiagnosis of IEM [8]. The most
recent Chicago classification v4.0 (CCv4.0) (2021) imposed
more stringent criteria defining IEM as greater than 70% inef-
fective swallows or greater than 50% failed peristalsis, which
improved diagnostic precision, but resulted in cases with 50-
70% of ineffective swallows considered inconclusive IEM
[9]. As a result, CCv4.0 recommends follow-up supportive
testing for these patients [9]. The process of confirming IEM
cases with provocative maneuvers remains non-standardized
across clinical practice. Past studies demonstrated evidence
that multiple rapid swallows (MRS) and impedance clear-
ance may help confirm IEM [9]. Our study aimed to expand
on the current literature and further explore ways provocative
maneuvers can assist physicians in diagnosing inconclusive
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cases of IEM.

MRS is a provocative maneuver that may detect abnormal
contractions and peristaltic reserve otherwise missed on high-
resolution manometry (HRM) [10]. Min et al (2015) showed
that abnormal contractions on MRS with DCI less than 450
mm Hg s cm were correlated with greater risks for prolonged
bolus clearance and poor bolus transit [ 10]. Additionally, Price
et al (2015) further supported that MRS can detect patterns of
abnormal pathophysiology that were not identified on HRM
[11]. Aside from peristaltic reserve, percentage of failed swal-
lows, viscous swallow-induced dysphagia, and impendence
clearance are other useful measures for patients with inconclu-
sive IEM [12, 13]. Previous literature suggests that impaired
bolus clearance with > 30% failed contractions was a sensitive
and specific indicator for I[EM [14, 15].

The goal for our study was to investigate whether MRS,
apple viscous swallows (AVS), and impedance clearance could
be used as supportive testing for confirmed, minor, or incon-
clusive cases of IEM.

Materials and Methods

Subjects and study protocol

This was a retrospective study of 100 patients with a known es-
ophageal dysfunction at a tertiary academic gastroenterology
clinic in Albany, NY. Patients included in this study underwent
HRM evaluation from July 1, 2017 to March 1, 2020. Institu-
tional Review Boards exemption was obtained prior to starting
the study. The study was conducted in compliance with the
ethical standards of the responsible institution.

Inclusion criteria included any patient above the age of 18,
presenting with an esophageal indication, and completed both
follow-up swallow tests (MRS and AVS). Exclusion criteria
included any patient under the age of 18, did not complete any
swallow tests, or had high risk of aspiration. Patients had a va-
riety of indicators for esophageal assessment including reflux
symptoms, dysphagia, chest pain, and preoperative prepared-
ness. Fourteen patients were excluded due to incomplete pro-
vocative swallow evaluations or suspected achalasia with high
risk for aspiration. Of the original 100 patients, 70 patients
were able to undergo all the swallow tests (wet swallow (WS),
AVS, and MRS). Demographic information was collected and
outlined for these 70 patients (Table 1). The 70 patients were
then categorized by motility patterns based on CCv4.0 crite-
ria. ManoView ESO 3.3 software (Medtronic Inc., Shoreview,
MN, USA) was utilized to evaluate MRS, AVS, and WS data
(Figs. 1 and 2).

Parameters collected

CCv4.0 was used to evaluate each patient’s esophageal motil-
ity. Based on recent CCv4.0 definitions, patients were classi-
fied as either conclusive IEM, inconclusive IEM, or normal.
For each patient, the following measures were collected:
1) incomplete bolus clearance; 2) IEM features from MRS; 3)
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Table 1. Demographic Breakdown by Age, Gender, and Body
Mass Index (n = 70)

Number of patients Percentage

Age

19-34 6 12.8%

35-64 48 62.8%

65 -84 16 24.4%
Gender

Female 46 67.0%

Male 24 33.0%
Body mass index (n = 83)

Below 18.5 1 1.2%

18.5-24.9 19 30.0%

25.0-29.9 32 41.0%

30.0 - 34.9 13 20.5%

35.0-39.9 1 1.2%

Above 40 4 6.0%

IEM features from AVS; 4) absent peristalsis from MRS; and
5) absent peristalsis from AVS.

Definitions

Incomplete bolus clearance was defined as incomplete imped-
ance clearance in > 20% for WS, > 30% for AVS [14]. IEM
features from MRS results were defined as weak peristaltic
reserve (DCI ratio < 0.85) or absent peristalsis [16]. IEM fea-
tures from AVS results were defined as > 50% of ineffective
contractions or absent peristalsis [17]. Absent peristalsis was
defined as 100% failed swallows.

Statistical analysis

Analysis of variance (ANOVA) tests were conducted to deter-
mine statistical significance. A dedicated computerized soft-
ware package known as GraphPad Prism was utilized to carry
out these tests. P values less than 0.05 were considered statisti-
cally significant.

Results

Among the 70 patients, 10 patients had conclusive IEM, nine
patients had inconclusive IEM, and 32 patients had normal mo-
tility based on CCv4.0. The remaining patients were excluded
from further analysis because they had different motility pat-
terns, including 16 patients with esophagogastric outflow ob-
struction (EGJOO), one with distal esophageal spasm, and two
with absent contractility. For the included 51 patients, IEM
features detected from MRS and AVS were also overlapped
with incomplete impedance clearance from AVS and WS to
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Figure 1. (a) Normal contraction and complete impedance clearance on wet swallow. (b) Weak peristaltic contractions with in-
complete impedance clearance on wet swallow.

Figure 2. (a) Normal contraction on MRS swallow. (b) IEM features from MRS swallow. (c) Normal contraction and complete
impedance clearance on AVS swallow. (d) IEM features and incomplete impedance clearance from a failed AVS swallow. IEM:
ineffective esophageal motility; MRS: multiple rapid swallows; AVS: apple viscous swallows.
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Table 2. Breakdown of Patients by Motility Diagnosis for IEM Features and Incomplete Bolus Clearance Detected on Each Swallow

Test
Number IEM IEM IEM IEM ‘Incomplete ?ncomplete ey e .Incomplete
features features impedance impedance . impedance
. of total features features impedance

Patient group . on AVS onAVS clear- clearance clearance
patients on only on only and and/or  ance on o1 QT clearance on on WS and/
ingroup  AVS MRS \iRS MRS onlyWS  AVS WSandAVS - avs

Confirmed [EM 10 6 0 9 5 0 3 8

Inconclusive [IEM 9 6 4 1 0 5

Normal motility 32 4 9 17 9 3 3 15

IEM: ineffective esophageal motility.

Table 3. Breakdown of Patients With Overlapped Results of IEM Features and Bolus Clearance

Incomplete impedance clear-

Complete impedance clear-

Incomplete impedance clear-

Patient group ance with IEM features ance with IEM features ance with no IEM features
Confirmed I[EM 7 (70%) 2 (20%) 1 (10%)

Inconclusive IEM 3 (33%) 3 (33%) 2 (22%)

Normal motility 3 (9%) 14 (44%) 12 (38%)

IEM: ineffective esophageal motility.

highlight patterns and discrepancies (Tables 2, 3, Figs. 1, 3).
Among the 10 patients with conclusive IEM based on
CCv4.0, seven (70%) patients had both IEM features on MRS/
AVS and incomplete bolus clearance, two (20%) patients had
IEM features on MRS/AVS with complete bolus clearance, and
one (10%) patient had no IEM features on MRS/AVS but had in-
complete bolus clearance (Table 2, Fig. 2). In patients with con-
clusive IEM, there was a 70% agreement between IEM swallow
features and incomplete bolus clearance results (Fig. 4).
Among the nine patients with inconclusive IEM based on

Complete Bolus

CCv4.0, three (33%) patients had both IEM features on MRS/
AVS and incomplete bolus clearance, three (33%) patients had
IEM features on MRS/AVS with complete bolus clearance, and
two (22%) patients had no IEM features on MRS/AVS but had
incomplete bolus clearance (Table 2, Fig. 2). In patients with in-
conclusive IEM, there was a 33% agreement between IEM swal-
low features and incomplete bolus clearance results (Fig. 4).
Among the 32 patients with normal motility based on
CCv4.0, three (9%) patients had both IEM features on MRS/
AVS and incomplete bolus clearance, 14 (44%) patients had

Incomplete Bolus

Clearance + IEM

Clearance + IEM

Features Features
20% 70%
Conclusive Conclusive
IEM IEM
~— ~—
33% 33%
Inconclusive Inconclusive
IEM IEM

—

C—  EEEEE——
44% Normal 9% Normal
Motility Motility
~ OO O ~——

10%
Conclusive
IEM

~—

22%
Inconclusive
IEM

|

38% Normal
Motility

Figure 3. Percentage of patients with overlap of IEM features and incomplete bolus clearance based on their motility status. IEM:
ineffective esophageal motility.
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10 Conclusive |EM Pts

9 Inconclusive IEM Pts

32 Normal Motility Pts

70% with IEM Features on
Swallow Tests + Incomplete
Impedance Clearance

33% with IEM features on
Swallow Tests + Incomplete
Impedance Clearance

9% with IEM features on

Impedance Clearance

Figure 4. Agreement rates between |IEM features and impedance clearance for conclusive IEM, inconclusive IEM, and normal

motility patients. IEM: ineffective esophageal motility.

IEM features on MRS/AVS with complete bolus clearance, and
12 (38%) patients had no IEM features on MRS/AVS but had
incomplete bolus clearance (Table 2, Fig. 2). For patients with
normal motility, there was a 9% agreement between IEM swal-
low features and incomplete bolus clearance results (Fig. 4).

There was significantly more agreement between IEM
features detected by swallow maneuvers and impedance test-
ing in the conclusive IEM group and inconclusive IEM group
than in the group with presumed normal motility per CCv4.0
(70% vs. 33% vs. 9%; P = 0.0003). However, the conclusive
IEM group did have significantly more agreement among its
follow-up testing than the inconclusive IEM group (P =0.001).

A subset analysis was conducted to compare IEM fea-
tures detected by MRS and AVS. Among the 70 patients who
completed both MRS and AVS, 13 patients had IEM features
detected on MRS (two patients with absent peristalsis), 17 pa-
tients had IEM features detected on AVS (four patients with
absent peristalsis), and 10 patients had IEM features detected
on both MRS and AVS (two patients with absent peristalsis).
Four patients had absent peristalsis with only AVS, whereas
two patients had absent peristalsis with only MRS. Among the
four patients who only failed AVS, one patient was in the con-
clusive IEM group and three patients were in the inconclusive
IEM group (Table 2). Follow-up AVS testing was particularly
beneficial for the three patients in the inconclusive IEM group
because these patients had severe hypokinetic disorders that
missed detection via MRS.

Discussion

Our study confirmed that supportive testing with provocative
maneuvers and impedance clearance provides physicians with
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valuable insight into confirmed, minor, and unclear cases of
IEM. The combination of swallow testing with MRS and AVS
in conjunction with impedance clearance provides additional
insight into a patient’s esophageal motility.

The addition of swallow maneuvers and impedance clear-
ance confirmed the findings based on CCv4.0 for patients
with conclusive IEM. The data gathered from provocative ma-
neuvers indicated that IEM is a spectrum, with some patients
having more severe features than others. Seventy percent of
conclusive IEM patients had IEM features detected on AVS/
MRS and incomplete impedance clearance. Interestingly, these
patients also had more severe forms of IEM when compared
with the rest of patients, based on symptomatic presentation
and high-resolution manometric measurements. These added
findings may assist physicians and surgeons in deciding treat-
ment options for IEM based on risk stratification.

The supportive testing with provocative maneuvers and
impedance clearance was particularly advantageous for pa-
tients with inconclusive IEM based on CCv4.0 guidelines. At
least one IEM feature and/or incomplete impedance clearance
was found in 89% of patients with inconclusive IEM. AVS and
impedance clearance identified features of IEM in 33% of pa-
tients and detected no features of IEM in 11% of patients. This
tailored proper medical management, such as determining
preoperative preparedness. It is traditionally recommended by
Chicago classification guidelines to follow-up IEM diagnosis
with MRS to determine peristaltic reserve [9]. However, in this
study, AVS was also beneficial in highlighting features of IEM
that were missed by MRS. For example, AVS uniquely iden-
tified severe hypokinesis in three patients with inconclusive
IEM based on CCv4.0. AVS detected unique IEM features in
24% of patients that were missed by MRS, and MRS detect-
ed unique IEM features in 19% of patients that were missed
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by AVS. Each swallow test has an individual way of elicit-
ing IEM features; therefore, combinational supportive testing
could be considered in the preoperative setting. Furthermore,
impedance clearance testing was diagnostically important in
stratifying high-risk patients and providing concordance with
swallow test results.

For patients with normal motility based on CCv4.0, sup-
portive testing was helpful in confirming normal motility and
highlighting minor IEM features. Ninety percent of patients
with normal motility had at least one IEM feature or incom-
plete bolus clearance detected on supportive testing. While
these patients were still classified as normal, it is important to
know when patients may have underlying I[EM features that
could worsen over time. Preventative measures with sympto-
matic management, nutritional education, and review of medi-
cation side effects are critical in preserving normal motility for
these patients [5].

Strengths

This is the first study to explore the role of combinational
swallow and impedance testing in cases of inconclusive IEM
based on CCv4.0. The findings of this study may assist clini-
cians with follow-up decision making who use Chicago clas-
sifications guidelines to diagnose IEM. In addition, this study
provides unique insight into IEM features found in patients
with conclusive IEM and normal motility that may guide pre-
operative management.

Weaknesses

Some of the limitations of our study include that the study was
retrospective and conducted at a single academic center. The
patient size was limited to 100 patients. A larger prospective
randomized controlled study should be done to further investi-
gate the utility of impedance clearance and provocative testing.

Conclusion

Currently, Chicago classification guidelines and peristaltic
reserve estimated from MRS DCI index provide an excellent
framework for patients with severe IEM disorders, but there is
little research on cases that are inconclusive. Combinational
technology with provocative maneuvers and impedance testing
can provide physicians with additional insight into a patient’s
esophageal motility. IEM features can further tailor medical
and surgical management for patients, stratifying patients
from low to high risk. Our study found utility in AVS through
detection of severe hypokinesis that was missed by MRS, an
important finding for assessing preoperative preparedness.
The growing value of impedance clearance in the literature is
also supported by our study. We recommend comprehensive
follow-up testing with impedance clearance and viscous swal-
lows in conjunction with MRS when evaluating diagnostically
challenging cases of [EM.
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