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Abstract

Background: The Chicago Classification version 4.0 (CCv4.0) 
of ineffective esophageal motility (IEM) is more stringent than the 
Chicago Classification version 3.0 (CCv3.0) definition. We aimed 
to compare the clinical and manometric features of patients meeting 
CCv4.0 IEM criteria (group 1) versus patients meeting CCv3.0 IEM 
but not CCv4.0 criteria (group 2).

Methods: We collected retrospective clinical, manometric, endo-
scopic, and radiographic data on 174 adults diagnosed with IEM from 
2011 to 2019. Complete bolus clearance was defined as evidence of 
exit of the bolus by impedance measurement at all distal recording 
sites. Barium studies included barium swallow, modified barium 
swallow, and barium upper gastrointestinal series studies, and col-
lected data from these reports include abnormal motility and delay in 
the passage of liquid barium or barium tablet. These data along with 
other clinical and manometric data were analyzed using comparison 
and correlation tests. All records were reviewed for repeated studies 
and the stability of the manometric diagnoses.

Results: Most demographic and clinical variables were not differ-
ent between the groups. A lower mean lower esophageal sphincter 
pressure was correlated with greater percent of ineffective swallows 
in group 1 (n = 128) (r = -0.2495, P = 0.0050) and not in group 2. In 
group 1, increased percent of failed contractions on manometry was 
associated with increased incomplete bolus clearance (r = 0.3689, P = 
0.0001). No such association was observed in group 2. A lower medi-
an integrated relaxation pressure was correlated with greater percent 
of ineffective contractions in group 1 (r = -0.1825, P = 0.0407) and 
not group 2. Symptom of dysphagia was more prevalent (51.6% ver-

sus 69.6%, P = 0.0347) in group 2. Dysphagia was not associated with 
intrabolus pressure, bolus clearance, barium delay, or weak or failed 
contractions in either group. In the small number of subjects with 
repeated studies, a CCv4.0 diagnosis appeared more stable over time.

Conclusions: CCv4.0 IEM was associated with worse esophageal 
function indicated by reduced bolus clearance. Most other features 
studied did not differ. Symptom presentation cannot predict if patients 
are likely to have IEM by CCv4.0. Dysphagia was not associated with 
worse motility, suggesting it may not be primarily dependent on bolus 
transit.

Keywords: Chicago Classification v4.0; Chicago Classification v3.0; 
Deglutition disorders; Esophageal diseases; Esophageal motility dis-
orders

Introduction

Ineffective esophageal motility (IEM) is a diagnosis made 
based on the vigor of contractions measured during swallows 
in patients who undergo high-resolution esophageal manom-
etry (HRM) [1]. It was classified as a minor esophageal motor 
disorder under Chicago Classification version 3.0 (CCv3.0) 
[1]. As IEM was not consistently associated with specific es-
ophageal symptoms and could also be seen in asymptomatic 
healthy individuals, the clinical significance of the finding was 
unclear [2].

Based on studies suggesting that failed contractions are 
more relevant to abnormal esophageal acid burden than weak 
contractions [3] and that increased proportions of failed con-
tractions are better predictors of reflux burden and outcome 
[4], the criteria for making a manometric diagnosis of IEM 
were updated in December 2020. Under the Chicago Classifi-
cation version 4.0 (CCv4.0), a diagnosis of IEM now requires 
ineffective contractions following > 70% of swallows or failed 
contractions following ≥ 50% of swallows on HRM study [5]. 
By contrast, the CCv3.0 definition only required ineffective 
contractions following ≥ 50% percent of swallows.

Our study aimed to determine the demographic and clini-
cal differences between patients who meet the CCv4.0 criteria 
(group 1) compared to patients who only meet the CCv3.0 cri-
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teria (group 2) [1]. We also assessed for underlying medical 
conditions or medications more prevalent in either group. We 
hypothesized that patients meeting CCv4.0 criteria will have 
evidence of worse esophageal function as indicated by clear-
ance and additional diagnostic studies.

Materials and Methods

Patient selection

This retrospective study included 201 adults who underwent 
HRM testing from January 1, 2011, to June 1, 2019, at the 
Milton S. Hershey Medical Center, and were diagnosed with 
IEM based on CCv3.0. A gastroenterologist specialized in 
motility disorders (AO) reviewed each manometric tracing to 
confirm the diagnosis. Study exclusions included: eight pa-
tients for a prior history of achalasia, five patients for missing 
comorbidity and medication data from the time of IEM diag-
nosis, five patients for technical failure or artifacts on HRM, 
and nine patients for integrated relaxation pressure (IRP) > 15. 
This left 174 patients remaining in the study. The 174 patients 
meeting inclusion criteria were categorized into two groups: 
128 patients met both CCv3.0 and CCv4.0 IEM criteria and 
were placed in group 1; 46 patients met only CCv3.0, and 
not CCv4.0, IEM criteria (“CCv3.0 only patients”) and were 
placed in group 2. Institutional Review Board (IRB) approval 
was obtained for this study. Ethical standards for human and 
animal studies were not applicable to this study.

Data collection

Medical charts were manually reviewed, and baseline data 
from the time of diagnosis were collected. Collected data in-
cluded demographics, symptoms, previous surgeries and en-
doscopic treatments, comorbidities from nine different body 
systems (Supplementary Material 1, www.gastrores.org), 
medications, alcohol and tobacco use, findings on HRM, upper 
endoscopy, and barium studies. Manometry studies were re-
viewed using the Medtronic ManoView software (Medtronic, 
Minneapolis, MN) for percent of weak and failed contractions. 
Weak contractions were defined as distal contractile integral 
(DCI) between 100 and 449 mm Hg s cm, whereas failed con-
tractions were defined as DCI less than 100 mm Hg s cm [6]. 
Ineffective contractions are the sum of weak and failed con-
tractions [1]. Additional manometric variables analyzed were 
lower esophageal sphincter (LES) pressure, IRP, intrabolus 
pressure, and incomplete bolus clearance [7, 8]. The bolus 
entry can be identified in the proximal esophagus. Complete 
bolus clearance was defined by the bolus exit occurring at all 
distal esophageal impedance recording sites. Failure of the bo-
lus exit to be identified at all distal impedance recording sites 
was designated incomplete bolus transit.

Upper endoscopy studies were available for 103 patients 
in group 1 and 44 patients in group 2. Data collected from the 
reports included normal or abnormal esophageal and gastric 
findings, if biopsies had been taken, and, if so, the results of 

those biopsies. Barium studies were available for a portion of 
patients (n = 75 in group 1, n = 26 in group 2), as were pH im-
pedance studies (n = 47 in group 1, n = 19 in group 2). Barium 
studies included barium swallow, modified barium swallow, 
and barium upper gastrointestinal series studies. Data were 
collected on whether esophageal dilation, abnormal stomach 
findings, diverticulum, abnormal motility, and delay in pas-
sage of liquid barium and barium tablet were noted in a study’s 
report. Data collected from pH impedance study reports in-
cluded whether a study was performed on or off acid-reducing 
medications, percent of time that gastric and esophageal pH 
were below 4, number of acid and non-acid reflux episodes, 
and recorded symptoms.

Additionally, all available HRM studies performed before 
the IEM diagnosis and up to 3 years afterward were reviewed 
to study the stability of disordered peristalsis over time. Nor-
mal esophageal body function for this part of the study was de-
fined by > 50% of swallows followed by normal contractions.

Study data were collected and managed using REDCap 
electronic data capture tools hosted at the Penn State College 
of Medicine [9, 10].

Statistical methods

Descriptive statistics were generated to summarize patients’ 
demographic and baseline clinical information. Categorical 
variables are summarized as frequencies and relative frequen-
cies (n (%)), while quantitative variables are summarized as 
means ± standard deviations. Statistical comparisons between 
the two groups were performed using nonparametric Wilcoxon 
rank-sum tests, two-sample t-tests, or Fisher exact tests when 
appropriate. Spearman correlation coefficients (ρ) and the P-
values for testing (ρ = 0) were reported to check the bivari-
ate associations between some quantitative measures, for all 
patients’ records first and then stratified by groups. Analyses 
were performed using statistical software SAS version 9.4 
(SAS Institute Inc., Cary, NC, USA) [11]. All tests were two-
sided using a statistical significance level of 0.05. Due to the 
exploratory nature of this study, significance level was not ad-
justed for multiple testing.

Results

Demographics

Table 1 summarizes demographics for groups 1 and 2, includ-
ing age, gender, race, and body mass index (BMI), which were 
not significantly different.

Comorbidities

The conditions captured from the charts for each organ sys-
tem are listed in Supplementary Material 1 (www.gastrores.
org). Disorders of the digestive system, endocrine system, and 
mood were most prevalent in both groups. Their prevalence, 
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however, were not statistically different between groups 1 and 
2 (Table 1). Blood and immune system disorders, which in-
clude anemia and sarcoidosis, were more prevalent in group 
2 (13.3% vs. 30.4%, P = 0.0132). The prevalence of other 
disorders by body system category studied was not different 
statistically.

Within the digestive system disorders, gastroesophageal 
reflux disease (GERD) and hiatal hernia were most prevalent 
in both groups 1 and 2 (Fig. 1) and not significantly different. 
Barrett’s esophagus was not more prevalent in either group.

History of any alcohol or tobacco use was not different 
between groups 1 and 2.

Medications

The medications used by patients in groups 1 and 2 are shown 
in Figure 2. The most common medication classes used were 
proton pump inhibitor (PPI), selective serotonin reuptake 

inhibitor or serotonin and norepinephrine reuptake inhibi-
tor (SSRI/SNRI), and non-steroidal anti-inflammatory drug 
(NSAID) in both groups 1 and 2 (Fig. 2). There were no signif-
icant differences among the distributions of these medication 
classes between the two groups. Diuretics were more common 
in group 1 (23.4% vs. 6.5%, P = 0.0146), whereas beta-adren-
ergic antagonists were more common in group 2 (14.2% vs. 
28.9%, P = 0.0424).

The association of medications on manometry parameters 
was examined on all patients combined. Usage of SNRIs, SS-
RIs, benzodiazepines, or beta-adrenergic agonists was not as-
sociated with mean LES pressure, DCI, median IRP, or percent 
of weak, failed, or ineffective contractions. Fourteen patients 
in group 1 and seven patients in group 2 were taking opioids. 
Irrespective of their group classification, opioid use was asso-
ciated with lower mean LES pressure compared to patients not 
using the medication (13.0 ± 8.2 mm Hg vs. 19.8 ± 13.2 mm 
Hg, P = 0.0069). Opioids were also associated with lower me-
dian IRP (1.6 ± 5.4 mm Hg vs. 4.4 ± 5.9 mm Hg, P = 0.0435). 

Table 1.  Frequency of Demographic and Clinical Characteristics Among CCv4.0 IEM Patients (n = 128) and CCv3.0 Only IEM Pa-
tients (n = 46), 2011 - 2019

Group 1: CCv4.0 
patients (n = 128)

Group 2: CCv3.0 only 
patients (n = 46) P-value

Median age in years (interquartile range) 54.50 (26) 54 (23.25) 0.4344a

Gender, n (%) 0.9243b

  Female 90 (70.3%) 32 (69.6%)
  Male 38 (29.7%) 14 (30.4%)
Race, n (%) 0.1159*b

  White 112 (87.5%) 45 (97.8%)
  Non-white 13 (10.2%) 1 (2.2%)
  Unavailable 3 (2.3%) 0 (0%)
Body mass index category, n (%) 0.5529b

  Underweight 6 (3.61%) 2 (4.44%)
  Normal 38 (22.89%) 11 (24.44%)
  Overweight 51 (30.72%) 9 (20.00%)
  Obese/morbidly obese 71 (42.77%) 23 (51.11%)
Comorbidity, n (%)
  Digestive system disorder 119 (93.0%) 46 (100.0%) 0.0648b

  Endocrine system, metabolic, or nutritional disorder 74 (57.8%) 30 (65.2%) 0.3797b

  Mood disorder 73 (57.0%) 23 (50.0%) 0.4108b

  Circulatory system disorder 65 (50.8%) 22 (47.8%) 0.8637b

  Nervous system disorder 44 (34.4%) 23 (50.0%) 0.0618b

  Respiratory system disorder 35 (27.3%) 17 (37.0%) 0.2607b

  Neoplasms 24 (18.8%) 9 (19.6%) 1.0000b

  Disorders of the blood, blood-forming organs, and 
certain disorders involving the immune mechanism

17 (13.3%) 14 (30.4%) 0.0132*b

  Musculoskeletal or connective tissue disorder 11 (8.7%) 6 (13.0%) 0.3923b

aWilcoxon rank-sum test. bFisher’s exact test. *P < 0.05; **P < 0.01; ***P < 0.001. IEM: ineffective esophageal motility; CCv4.0: Chicago Classification 
v4.0; CCv3.0: Chicago Classification v3.0.
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Figure 1. Prevalence of specific digestive system disorders among patients with a digestive system comorbidity among: (a) 
CCv4.0 IEM patients (n = 128) and (b) CCv3.0 only IEM patients (n = 46), 2011 - 2019.

Figure 2. Prevalence of medication classes used by: (a) CCv4.0 IEM patients (n = 128) and (b) CCv3.0 only IEM patients (n = 
46), 2011 - 2019.
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Calcium channel blocker use (15 patients in group 1 and seven 
patients in group 2) was associated with greater percent of weak 
contractions (51.2 ± 22.5% vs. 39.9 ± 26.5%, P = 0.0493).

Symptoms

In groups 1 and 2, the top symptom documented in the patient 
chart for a visit that led to the manometry study was dysphagia 
(51.6% vs. 69.6%, P = 0.0347), which was more prevalent in 
group 2. Other common symptoms included reflux, regurgi-
tation, and heartburn, which were not significantly different 
between the two groups.

HRM findings

Table 2 details the average manometric findings for groups 1 
and 2. As expected, based on the definition of the groups, there 
was a significant difference for mean percent of failed contrac-
tions (46.6 ± 25.9% vs. 19.2 ± 15.0%, P < 0.001) and mean 
percent of ineffective contractions (87.9 ± 11.9% vs. 60.8 ± 
8.2%, P < 0.001).

For group 1, an inverse correlation was noted between 
mean LES pressure and percent of effective swallows (DCI 
≥ 450 mm Hg s cm) (r = -0.2495, P = 0.0050) (Table 3, Fig. 
3b, d), with no relationship in group 2. A correlation persisted 
when patients from both group 1 and group 2 were analyzed 

together (Table 3, Fig. 3f). On the other hand, mean LES pres-
sure was not associated with percent of failed contractions 
(DCI < 100 mm Hg s cm) in group 1 (Table 3, Fig. 3a), while 
they were associated in group 2 (r = -0.4875, P < 0.001) (Table 
3, Fig. 3c).

Mean LES pressure was not associated with symptom of 
dysphagia, reflux, or regurgitation or upper endoscopy finding 
of hiatal hernia or esophagitis in group 1 or 2 (Supplementary 
Material 2, www.gastrores.org).

The IRP is a metric used to assess the adequacy of LES 
relaxation at the esophagogastric junction. Median IRP was 
not different between groups 1 and 2 (Table 2) and was not 
correlated with incomplete bolus clearance (Supplementary 
Material 3, www.gastrores.org). Median IRP was inversely 
correlated with percent of ineffective contractions in group 1 (r 
= -0.1825, P = 0.0407) (Table 3, Fig. 4b), but not in group 2 or 
in all patients combined. Median IRP was inversely correlated 
with percent of failed contractions in group 2 (r = -0.3036, P 
= 0.0445) (Table 3, Fig. 4c) and in all patients combined (r = 
-0.1533, P = 0.0445) (Table 3, Fig. 4e), but not in group 1.

Bolus transit

In group 1, incomplete bolus clearance was correlated with 
decreased percent of weak contractions (r = -0.2707, P = 
0.0054) (Table 4) and increased percent of failed contractions 
(r = 0.3689, P = 0.0001). These were not correlated in group 

Table 2.  Average Manometric Findings Among CCv4.0 IEM Patients (n = 128) and CCv3.0 Only IEM Patients (n = 46), 2011 - 2019

Average manometric findings (mean ± SD) Group 1: CCv4.0 pa-
tients (n = 128)

Group 2: CCv3.0 only 
patients (n = 46) P-value

% Weak contractions 41.26 ± 29.10% 41.55 ± 16.05% 0.934
% Failed contractions 46.63 ± 25.92% 19.22 ± 14.97% < 0.001***
% Ineffective contractions 87.88 ± 11.88% 60.77 ± 8.15% < 0.001***
Mean LES pressure 18.69 ± 12.63 mm Hg 19.83 ± 13.60 mm Hg 0.621
Median IRP 3.96 ± 5.50 mm Hg 4.42 ± 6.86 mm Hg 0.683
% Swallows followed by cleared bolus 12.50 ± 19.50% 17.78 ± 16.76% 0.083

*P < 0.05; **P < 0.01; ***P < 0.001. IEM: ineffective esophageal motility; CCv4.0: Chicago Classification v4.0; CCv3.0: Chicago Classification v3.0; 
SD: standard deviation; LES: lower esophageal sphincter; IRP: integrated relaxation pressure.

Table 3.  Correlation of Mean LES Pressure and Median IRP With Percent of Failed and Ineffective Contractions Among CCv4.0 IEM 
Patients (n = 128), CCv3.0 Only IEM Patients (n = 46), and All Patients Combined (n = 174), 2011 - 2019

Group 1: CCv4.0 pa-
tients (n = 128)

Group 2: CCv3.0 only 
patients (n = 46)

All patients com-
bined (n = 174)

Mean LES pressure
  Percent of failed contractions r = -0.0409; P = 0.6473 r = -0.4875; P < 0.001*** r = -0.1172; P = 0.1249
  Percent of ineffective contractions r = -0.2495; P = 0.0050** r = -0.2954; P = 0.0507 r = -0.1942; P = 0.0108*
Median IRP
  Percent of failed contractions r = -0.1202; P = 0.1785 r = -0.3036; P = 0.0445* r = -0.1533; P = 0.0445*
  Percent of ineffective contractions r = -0.1825; P = 0.0407* r = -0.0587; P = 0.7000 r = -0.1163; P = 0.1277

Spearman correlation test. *P < 0.05; **P < 0.01; ***P < 0.001. IEM: ineffective esophageal motility; CCv4.0: Chicago Classification v4.0; CCv3.0: 
Chicago Classification v3.0; LES: lower esophageal sphincter; IRP: integrated relaxation pressure.
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2. Similar to findings in group 1, when both groups are com-
bined, there is a correlation between incomplete bolus clear-
ance with decreased percent of weak contractions (r = -0.2176, 
P = 0.0081) and increased percent of failed contractions (r = 
0.3859, P = 0.000002). Incomplete bolus clearance was not 
associated with percent of ineffective contractions (combined 
failed and weak contractions) in group 1 or group 2, but they 
were correlated among all patients combined (r = 0.2716, P = 
0.0009).

Barium study findings

Normal versus abnormal motility reported on barium study, 
liquid barium delay, barium tablet delay, and reflux on barium 
study were not associated with percent of weak, failed, or inef-

fective contractions on HRM in group 1 or group 2.

EGD and pH impedance study findings

No differences were seen between groups 1 and 2 in the preva-
lence of esophagitis and hiatal hernia found on upper endoscopy 
(Supplementary Material 4, www.gastrores.org). When compar-
ing patients not on a PPI in group 1 (n = 9) versus group 2 (n = 2), 
there was no difference in abnormal esophageal pH exposure on 
pH impedance study. Among patients not on a PPI, there was also 
no correlation between abnormal pH exposure with percent of 
weak or failed contractions or mean LES pressure (Supplementa-
ry Material 5, www.gastrores.org). Abnormal pH exposure among 
people on a PPI was not different between patients in group 1 
(51.7%, n = 29) versus group 2 (70.0%, n = 20) (P = 0.2464).

Figure 3. Correlation of mean LES pressure with: (a) Percent of failed contractions among CCv4.0 IEM patients (n = 128) (r = 
-0.0409, P = 0.6473), (b) Percent of ineffective contractions among CCv4.0 IEM patients (n = 128) (r = -0.2495, P = 0.0050), 
(c) Percent of failed contractions among CCv3.0 only IEM patients (n = 46) (r = -0.4875, P < 0.001), (d) Percent of ineffective 
contractions among CCv3.0 only IEM patients (n = 46) (r = -0.2954, P = 0.0507), (e) Percent of failed contractions in all patients 
combined (n = 174) (r = -0.1172, P = 0.1249), and (f) Percent of ineffective contractions in all patients combined (n = 174) (r = 
-0.1942, P = 0.0108).
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Table 4.  Correlation of Incomplete Bolus Clearance With Percent of Weak, Failed, and Ineffective Contractions Among CCv4.0 IEM 
Patients (n = 128), CCv3.0 Only IEM Patients (n = 46), and All Patients Combined (n = 174), 2011 - 2019

Incomplete bolus clear-
ance vs. percent of 
weak contractions

Incomplete bolus clear-
ance vs. percent of 
failed contractions

Incomplete bolus clear-
ance vs. percent of inef-
fective contractions

Group 1: CCv4.0 patients (n = 128) r = -0.2707; P = 0.0054** r = 0.3689; P = 0.0001*** r = 0.1511; P = 0.1226
Group 2: CCv3.0 only patients (n = 46) r = 0.0231; P = 0.8837 r = 0.1168; P = 0.4595 r = 0.2930; P = 0.0616
All patients combined (n = 174) r = -0.2176; P = 0.0081** r = 0.3859; P = 0.000002*** r = 0.2716; P = 0.0009***

Spearman correlation test. *P < 0.05; **P < 0.01; ***P < 0.001. IEM: ineffective esophageal motility; CCv4.0: Chicago Classification v4.0; CCv3.0: 
Chicago Classification v3.0.

Figure 4. Correlation of median IRP with: (a) Percent of failed contractions among CCv4.0 IEM patients (n = 128) (r = -0.1202, 
P = 0.1785), (b) Percent of ineffective contractions among CCv4.0 IEM patients (n = 128) (r = -0.1825, P = 0.0407), (c) Percent 
of failed contractions among CCv3.0 only IEM patients (n = 46) (r = -0.3036, P = 0.0445), (d) Percent of ineffective contractions 
among CCv3.0 only IEM patients (n = 46) (r = -0.0587, P = 0.7000), (e) Percent of failed contractions in all patients combined 
(n = 174) (r = -0.1533, P = 0.0445), and (f) Percent of ineffective contractions in all patients combined (n = 174) (r = -0.1163, P 
= 0.1277).
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Association of dysphagia with esophageal function

Symptom of dysphagia was not associated with intrabolus 
pressure, incomplete bolus clearance, or barium tablet delay 
in either group. Among patients with dysphagia compared to 
those without dysphagia, there was no difference in terms of 
percent of weak or failed contractions.

Stability of manometric diagnoses among IEM patients 
with more than one HRM

Twenty-five patients underwent an additional HRM either 
before the IEM diagnosis or up to 3 years afterward. Sixteen 
patients had completed an additional study before the study 
HRM, and nine patients completed an additional study after 
the study HRM. Change in HRM diagnosis over time was re-
corded along with the interval between studies (Fig. 5). Fre-
quencies of initial HRM diagnoses were: IEM CCv3.0 only 
and not CCv4.0 (CCv3.0) (n = 5), IEM CCv4.0 (n = 12), nor-
mal peristalsis (n = 6), and absent contractility (n = 2) (Fig. 6). 
Figure 6 displays the frequencies of the follow-up diagnosis 
and the mean between-study time interval in months including 
range. More patients diagnosed with IEM CCv4.0 maintained 
this diagnosis (75.0%, with an average 18 months (range: 4 
- 55 months) between manometry diagnoses) over time com-
pared to patients diagnosed with IEM CCv3.0 (20.0%, with 89 

months between the diagnosis), although the difference was 
not statistically significant. Two patients with IEM CCv3.0 
and four with IEM CCv4.0 had a prior study indicating normal 
peristalsis; the mean between-study time interval in months 
for these patients was 86 months (range: 33 - 138 months) for 
IEM CCv3.0 and 16 months (range: 6 - 32 months) for IEM 
CCv4.0. The most prevalent indication for follow-up HRM 
studies was dysphagia. Patients with normal peristalsis who 
converted to IEM typically had an initial HRM indication of 
dysphagia.

Patients with an initial HRM diagnosis of IEM CCv4.0 
had a borderline lower percent of peristalsis (55 ± 26% vs. 76 
± 15%, P = 0.057) and borderline higher percent of failed con-
tractions (45 ± 25% vs. 24 ± 15%, P = 0.054) at the time of the 
study HRM compared to patients with an initial IEM CCv3.0 
diagnosis, as expected based on definition.

Discussion

We analyzed the demographic, clinical, manometric, endo-
scopic, and radiographic data of patients who underwent HRM 
testing at the Hershey Medical Center from 2011 to 2019 and 
who met the IEM CCv4.0 criteria (group 1) or CCv3.0, and 
not CCv4.0, IEM criteria (group 2). Our aims were to identify 
if differences among these data between the two groups and 
whether underlying comorbidities or medications were more 

Figure 5. The conversion of HRM diagnoses from 25 patients from three separate time points - (1) HRM diagnosis prior to study 
HRM, (2) Study HRM diagnosis of IEM, and (3) HRM diagnosis following study HRM - into “first HRM diagnosis” and “second 
HRM diagnosis,” 2011 - 2019.
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prevalent in group 1. At the time of this study, there had only 
been one published peer-reviewed study (n = 93) comparing 
the clinical characteristics of IEM patients by CCv3.0 and 
CCv4.0, and that study largely examined abnormal acid ex-
posure [12]. A very recent publication showed that IEM was 
less frequent with CCv4.0 compared to CCv3.0, which is to 
be expected given the new criteria [13]. It also showed that the 
gastroesophageal reflux disease questionnaire (GerdQ) scores 
were higher for IEM by CCv4.0, with no difference in the Eck-
ardt score or brief esophageal dysphagia questionnaire (BEDQ) 
noted. Our study found that: 1) Most demographic and clini-
cal variables were not different between groups 1 and 2; 2) In 
group 2, blood and immune system disorders were more prev-
alent than in group 1. Diuretic medications were more com-
monly used in group 1, and beta-adrenergic antagonists were 
more prevalent in group 2; 3) A CCv4.0 IEM diagnosis was 
associated with more impaired bolus transit which may reflect 
worse esophageal function; 4) Symptom presentation cannot 
predict if patients are likely to have IEM by CCv4.0; and 5) 
Dysphagia was not associated with worse motility, suggesting 
that the symptom of dysphagia is not primarily dependent on 
bolus transit.

There was no statistical difference between groups 1 and 2 
for many demographic and clinical factors examined, includ-
ing age, gender, race, and BMI. The percent of obese patients 
in our study was similar to the prevalence of adult obesity in 
the USA [14]; thus, obesity likely did not contribute to our 
findings for IEM.

We expected GERD [2, 15, 16], symptom of reflux, and 
an upper endoscopy finding of esophagitis [17] to be more 

prevalent in CCv4.0 patients. We did not find a significant dif-
ference between groups 1 and 2 for these findings, suggesting 
that GERD, reflux, and esophagitis may not help distinguish 
between a patient with IEM meeting CCv3.0 versus CCv4.0 
criteria. The vast majority of patients were on a PPI medica-
tion, and this may have affected findings, although abnormal 
pH exposure from pH impedance studies was not different be-
tween the groups when stratified by current or lack of PPI us-
age at the time of study.

Depression was surprisingly prevalent in our study and has 
been associated with gastrointestinal disorders such as GERD 
[18]. Depression may be mediated by poor sleep quality in the 
setting of GERD [19]. Antidepressant medication, commonly 
used among our study participants, could also impair esopha-
geal motility. SNRIs have been associated with significantly 
higher resting LES pressure and increased DCI [20]. In our 
study, we did not find these associations for SNRIs nor SSRIs.

Several medications have been reported to impact smooth 
or skeletal muscle function, such as cyclobenzaprine, tiza-
nidine, and baclofen [2, 21-23]. These medications were not 
prevalent among patients in our study. Although opioids have 
been described to increase IRP [24, 25], they were associated 
with lower mean LES pressure and lower median IRP in this 
study. The number of patients using opioids was low in this 
study population. In most studies, opioid use has been associ-
ated with hypercontractile changes, and IEM is diagnosed less 
frequently in patients on opioids [25]. The impact of opioids 
on patients who have IEM diagnosed has not been specifically 
examined. Our review also did not determine which opioids or 
dose of opioids were prescribed. Many patients were on sever-

Figure 6. Frequency of initial and follow-up HRM diagnoses for patients diagnosed with IEM from 2011 to 2019 and with more 
than one HRM study (n = 25), including mean time interval in months (including range) between the initial and follow-up studies.
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al medications, which may also mitigate the effect of opioids. 
Calcium channel blockers were associated with greater percent 
of weak contractions. This finding is not unexpected, as cal-
cium channel blockers have been used to treat hypercontractile 
esophagus due to their ability to reduce the amplitude of peri-
staltic contractions [26, 27]. NSAIDs, the third-most prevalent 
drug class in our study, have a known relationship in caus-
ing gastric ulcers and may aggravate an acid-related esopha-
geal disease [28, 29]. However, there was no difference in the 
prevalence of calcium channel blocker, opioid, or NSAID use 
among groups 1 and 2, supporting the view that calcium chan-
nel blockers and opioids do not impact an IEM diagnosis [2]. A 
history of alcohol use was common in our studied population, 
and alcohol use can lead to esophageal dysfunction by increas-
ing LES pressure or inhibiting smooth or striated muscle func-
tion [28]. However, although alcoholism with neuropathy has 
been associated with IEM [30], we did not observe any differ-
ence in a history of alcohol use compared to no history of use 
between groups 1 and 2.

Diuretics were more common in group 1; this is possi-
bly because hypertension prevalence was 44.5% in group 1 
compared to 37.0% in group 2, although this prevalence was 
not statistically different. Beta-adrenergic antagonists were 
more common in group 2; we noted that ischemic heart dis-
ease prevalence was 10.2% in group 1 and 19.6% in group 2. 
We are otherwise unable to draw significant conclusions on 
the contribution of comorbidities or medication usage to an 
IEM CCv4.0 diagnosis compared to an IEM CCv3.0 diagno-
sis, given that their prevalence was largely not different be-
tween the groups, and there were such a large range of multiple 
medications prescribed to these patients, raising the likelihood 
of confounders. A future analysis comparing an IEM CCv4.0 
population with a control group may be helpful to identify the 
contribution of comorbidities and medication usage to an IEM 
diagnosis by the CCv4.0 criteria.

A CCv4.0 IEM diagnosis was associated with worse es-
ophageal function as measured by bolus transit. Increased 
incomplete bolus clearance was correlated with increasing 
percent of failed contractions, consistent with previous studies 
[8, 31, 32]. As the percent of ineffective contractions ranges 
between 70% and 100% in group 1, an inverse relationship 
between the percent of failed contractions and that of weak 
contractions would be expected. These findings of esophageal 
dysfunction support the CCv4.0 update for IEM as identifying 
more clinically significant cases. These findings also indicate 
the value of obtaining a bolus impedance study to support an 
IEM diagnosis by the CCv4.0 criteria, consistent with other 
reports [5, 33]. Our findings do not support obtaining routine 
barium radiography to confirm an IEM diagnosis. These ra-
diographic studies were not timed barium swallows and the 
criteria for determining abnormal esophageal function on ra-
diographic interpretation were not well codified. Radiographic 
studies that are performed following specific guidelines and 
interpretation may prove to correlate better, but they are likely 
only available at specialized centers.

Decreasing mean LES pressure was correlated with great-
er percent of ineffective contractions in both group 1 and all 
patients combined, with no correlation with failed contrac-
tions. In group 2, decreasing mean LES was associated with 

greater percent of failed contractions. There were similar sig-
nificant findings between decreasing median IRP and increas-
ing percent of ineffective or failed contractions among the 
groups. Significant findings between mean LES pressure and 
median IRP with motility findings on manometry may reflect 
an underlying smooth muscle pathology for IEM and warrant 
further study.

LES pressure is thought to contribute to the pathophysiol-
ogy of GERD when LES pressure is lower than intragastric 
pressure. We did not find that GERD, reflux, and upper en-
doscopy finding of esophagitis were different between groups 
1 and 2. Mean LES was also not associated with reflux or es-
ophagitis. The high percentage of patients on PPI may mini-
mize the findings of esophagitis in this study.

Symptoms and presentation of IEM have been described 
as gaps in the literature [2]. Dysphagia was the most common 
symptom included in the history or presentation for patients in 
both groups 1 and 2. The symptom of dysphagia was more prev-
alent in group 2, the group with less severe dysmotility. Dyspha-
gia was not associated with liquid barium or barium tablet delay, 
incomplete bolus clearance, intrabolus pressure, nor percent of 
weak or failed contractions. These findings suggest that dys-
phagia is not primarily dependent on bolus transit in our study 
population. Similarly, Chugh et al (n = 33) found that patients 
with IEM, based on CCv3.0 criteria, and those with normal ma-
nometry studies did not differ in terms of symptom severity for 
dysphagia as defined by the Eckardt symptom score [33]. The 
researchers noted that a diagnosis of IEM was not helpful in as-
sessing the degree of the symptom of dysphagia. The research-
ers did note an inverse correlation between dysphagia score and 
bolus clearance among IEM patients, which we were unable to 
replicate in our retrospective study due to lack of detailed dys-
phagia characteristics. The recent publication did not report a 
difference in Eckardt score between IEM patients defined by the 
CCv4.0 or CCv3.0 criteria [13].

A delay of liquid or solids during the oropharyngeal or 
esophageal phase of swallowing might lead to a person’s sen-
sation of delay in transit which may be described as dysphagia. 
It is possible that some patients lose the sensation of delay in 
swallowing or have symptoms of delay due to sensory neural 
dysfunction. Dysphagia experienced by the patients meeting 
IEM CCv4.0 criteria could be due to a sensory or other com-
ponent not analyzed in this study. It could also be due to soma-
tization disorder given the high prevalence of depression and 
SSRI/SNRI usage among our study participants.

In analyzing the stability of manometric diagnoses among 
patients diagnosed with IEM, more patients diagnosed with 
IEM CCv4.0 maintained this diagnosis over time compared 
to patients diagnosed with IEM CCv3.0, although this find-
ing was not statistically significant. The analysis was likely 
underpowered given the low number of patients who under-
went more than one study. There was no association of time 
interval with stability of a manometric diagnosis. Triadafilo-
poulos et al examined repeat HRM studies based on CCv3.0 
and determined that the fluidity in the HRM diagnosis over 
time raises questions concerning its validity at any timepoint 
and raises doubts about the need for intervention [34]. There 
have been no such studies analyzing repeat HRM studies based 
on CCv4.0.
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There are several limitations to the study. It is a retrospec-
tive study that relies on existing information already captured 
in the medical record. Provocative studies such as multiple 
rapid swallows to examine contractile reserve, which are rec-
ommended in CCv4.0 manometric criteria for IEM, were not 
performed during the time of these studies. Multiple rapid swal-
low studies have been suggested to imply some motility ab-
normality in patients with symptoms or indeterminant findings, 
although there are no studies yet to support that hypothesis 
[35]. The value of this provocative study has been felt to be in 
predicting the risk of dysphagia after a fundoplication and the 
presence of contractile reserve in patients with absent peristal-
sis and is not critical to the diagnosis of IEM [36]. While it may 
be a useful adjunct to determining the severity of esophageal 
motor dysfunction, the classification of patients into our two 
diagnostic groups is not likely to have been changed by the ad-
dition of the provocative maneuver. The symptom of dysphagia 
was based on its inclusion in the medical record and was not as-
sessed using a validated instrument; thus, severity and nuance 
of this symptom is not available. Analyses were not adjusted 
for by medication use since usage of those medications known 
to affect esophageal motility by group was not significantly dif-
ferent. The study was also limited to one hospital; therefore, 
findings about the patient population studied may not be gener-
alizable to the entire IEM population. A control group was not 
utilized to study the prevalence of comorbidities and medica-
tion use among IEM patients to determine if these factors occur 
more frequently than among non-IEM patients.

In conclusion, in this review of 174 patients, a CCv4.0 
IEM diagnosis was associated with worse esophageal func-
tion as indicated by incomplete bolus transit. This finding sup-
ports the CCv4.0 update for IEM as identifying more clini-
cally significant cases and supports the value of obtaining a 
bolus impedance study when suspecting an IEM diagnosis. 
Many features studied did not differ between groups 1 and 2. 
Symptom of dysphagia was not associated with worse motil-
ity, suggesting that dysphagia may not be primarily dependent 
on bolus transit. Symptom presentation also cannot predict if 
patients are likely to have IEM by CCv4.0. The association 
of percent of ineffective contractions with lower mean LES 
pressure and median IRP suggests an underlying impaired 
contractile function. The impact on clinical outcome, and, pos-
sibly, further refinement of diagnostic criteria, needs further 
prospective study. This study builds on our understanding of 
the clinical and manometric characteristics of patients meeting 
IEM CCv4.0 criteria by evaluation of a larger patient group 
and examination of the associations between manometric fea-
tures and with bolus clearance.
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