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Manometry Study
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Abstract

Background: Studies have found possible physiologic changes to
esophageal motility with aging currently not taken into account in
routine high-resolution manometry (HRM) interpretation. We aimed
to quantify the relationship between these physiologic changes and
aging to improve HRM interpretation.

Methods: We conducted a retrospective analysis of patients who un-
derwent HRM at a tertiary hospital center between 2015 and 2019.
Inclusion criteria were patients aged >18 years with normal HRM.
Exclusion criteria were abnormal HRM, abnormal upper digestive
endoscopy or imagery. Outcomes were median integrated relaxation
pressure (IRP), lower esophageal sphincter (LES) pressure, distal
contractal integral (DCI), distal latency (DL), and peristaltic break
(PB) according to the v4.0 Chicago classification criteria. Effect of
age was examined through univariate and multivariate linear regres-
sion analysis.

Results: We identified 1,917 patients with HRM and included 722
patients with normal exams (median age 56 years (interquartile range
(IQR) 46 - 66), 63.8% female). Indications for HRM included dys-
phagia (39.6%), gastroesophageal reflux disease (29.5%), and chest
pain (11.5%). There was statistically significant relationship between
age and IRP (r=0.20, P<0.0001) as well as DCI (r=0.12, P=0.001)
and DL (r =-0.09, P = 0.02). No statistically significant relationship
was found between age and LES pressure or PB.

Conclusion: We found that IRP, DCI, and to a lesser extent, DL, are
significantly correlated with the normal aging process in symptomatic
patients. These findings should be taken into consideration when in-
terpreting esophageal HRM.
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Introduction

High-resolution manometry (HRM) has become the gold
standard used for the diagnosis of esophageal motility disor-
ders. It uses multiple barometric sensors that are packed with
high density to provide high-definition spatiotemporal data for
the entire length of the esophagus with higher accuracy than
conventional manometry. Diagnostic criteria and thresholds for
the diagnosis of esophageal disorders using HRM have been
established and revised regularly within the Chicago classifi-
cation system, currently in its fourth iteration [1]. These diag-
nostic thresholds for HRM parameters have been established
in patients of varying ages and vary based on the manometry
equipment used [2-6]. Studies have found possible conflicting
physiologic changes to esophageal motility with aging that are
not currently taken into account in routine HRM interpretation
[7-11]. Many studies establishing normal HRM cutoffs do not
include older patient populations, and age-related esophageal
physiologic changes could explain symptoms encountered
when HRM parameters are considered normal. Determining
the age-related variations in HRM parameters in symptomatic
patients is crucial for our understanding of esophageal motility
disorders. Increasing awareness of the changes in esophageal
motility with aging could also help in establishing appropri-
ate diagnoses in both older and younger patient populations.
We therefore aimed to quantify the relationship between these
physiologic changes and aging to improve HRM interpretation
in current clinical practice.

Materials and Methods

This study was reported according to the STROBE statement
criteria [12].

Study design and ethics approval

We conducted a retrospective analysis of medical records for
all patients who underwent high-resolution esophageal ma-
nometry at the Montreal University Hospital Center (CHUM)
between January 2015 and December 2019. Study design was
submitted and approved by the Montreal University Hospi-
tal Research Center (CRCHUM) ethics committee (CER:
19.267). This study was conducted in compliance with the eth-
ical standards of the responsible institution on human subjects
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as well as with the Helsinki Declaration.

Inclusion criteria were patients 18 years and older who
had normal high-resolution esophageal manometry results re-
gardless of indication for manometry exam. Exclusion criteria
were abnormal HRM results, abnormal upper endoscopy exam
and/or biopsy, esophageal and gastric abnormalities on chest
and abdominal imaging (including barium swallow studies),
and previous esophageal surgery.

Abnormal manometry results were defined as exams that
had any diagnosis other than “normal” in the impression and
diagnosis section of manometry reports, or abnormal median
integrated relaxation pressure (IRP), mean distal contractal in-
tegral (DCI), and mean distal latency (DL).

Outcomes of interest and data measurements

Outcomes were median IRP, mean lower esophageal sphincter
(LES) pressure, mean DCI, mean distal DL, and mean peristal-
tic break (PB).

All patients undergoing HRM at our hospital center have
electronic manometry reports created post-procedure. We used
these reports to extract data for outcomes. We used electronic
medical records to extract patient age at the time of the pro-
cedure; sex; body mass index (BMI); reason for undergoing
manometry exam; smoking, alcohol and drug habits; comor-
bidities (such as diabetes, neurocognitive disorders); neuro-
logic diseases (such as Parkinson’s, multiple sclerosis, previ-
ous stroke, myasthenia gravis, myopathy); connective tissue
disease (such as Sjogren, scleroderma, systemic lupus, my-
ositis); medications (such as non-steroidal anti-inflammatory
drugs (NSAIDs), calcium channel blockers (CCB), opioids);
upper endoscopy results and biopsies; barium swallow results;
chest and abdominal imaging reports. To ensure completeness
of data, all available patient records outside of HRM data were
also accessed to complete missing information on patient co-
morbidities and medication history.

HRM

HRM was performed using UNI-ESO-WG1A1 model es-
ophageal manometry catheters (Sandhill Scientific, Colorado,
USA). Patients were fasting for at least 4 h before the start
of the procedure. A manometry catheter was inserted trans-
nasally with patients sitting in a 90° position. Patients then
performed 10 consecutive swallows with 5 mL of normal sa-
line per swallow. Chicago classification parameters were then
recorded and subsequently analyzed. Standardized upper limit
of normal for IRP was 20 mm Hg using our equipment.

Statistical analysis and sample size

As our study included 13 predetermined predictor variables,
we needed to include at least 130 patients to perform multi-
variate analysis. We selected 5 years of manometry data as
those were most readily available in our center. Assuming 50%
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normal HRM rate, 1,000 patients were expected to be screened
for exclusion criteria. We performed our analyses using Stata
software 16.0 (StataCorp, College Station, TX). Continuous
variables were presented as medians with interquartile range
(IQR); categorical variables were presented as percentages.
Univariate testing was performed through Pearson’s correlation
and a two-tailed P < 0.05 was considered as statistically signifi-
cant. All missing information for covariates were assumed to be
missing at random as patients with missing information were
those only referred to our center for manometry and not fol-
lowed by a physician at our center. For multivariate analysis we
performed multivariate linear regression using full information
maximum likelihood estimation by performing backward step-
wise regression, eliminating the least significant variable with
each iteration [13, 14]. Variables used for the stepwise regres-
sion were sex; BMI; alcohol use; gastroesophageal reflux dis-
ease (GERD); diabetes; neurocognitive disorders; neurologic
diseases; connective tissue disease; NSAID use; proton pump
inhibitor (PPI) use; beta-blocker (BB) use; CCB use. A two-
tailed P < 0.05 was used as threshold in the multivariate model.
Results for the multivariate model were reported as coefficients
with two-tailed 95% confidence intervals (Cls). For binomial
variables, coefficients represented mean change in dependent
variable if the independent variables were true.

Results
Patient characteristics

In total, 1,917 patients with HRM were evaluated for exclusion
criteria and 722 patients were included in our analysis (Fig.
1). Of the included patients, 64.3% were female, median age
was 56 years (IQR 46 - 66), and median BMI was 25.8 kg/m?
(IQR 22.7 - 29.4). Indications for HRM included dysphagia
(39.6%); GERD (29.5%); chest pain (11.5%); other (12.6%).
Of the patients, 16.6% were using NSAIDs, 9.1% CCB, 55.6%
PPIs, 9.8% BBs, and 4.7% opioids. Of the patients, 0.7% had
a past medical history of scleroderma, 3.8% of neurological
disease, and 2.6% of connective tissue disease (Table 1).

IRP

IRP values were available in 716 patients. There was a sta-
tistically significant relationship between age and IRP with a
positive coefficient of 0.20 (P < 0.0001) (Fig. 2). Multivariate
analysis showed statistically significant relationships between
IRP and age (P < 0.001), BMI (r = -0.14 (95% CI -0.24 to
-0.05), P = 0.004), and NSAID use (P = 0.048). There was
a trend towards increased IRP with female sex (P = 0.058).
NSAID use was associated with a 1.21 mm Hg (95% CI -2.4
to -0.01) decrease in IRP (Table 2).

DCI

DCI values were available in 704 patients. There was a sta-
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Figure 1. Study flow diagram.

Table 1. Patient Characteristics

Total patients (n) 722
Female (%) 63.8
Age (years), median (IQR) 56 (46 - 66)
BMI (kg/m?), median (no. of patients with data available) 25.8(22.7-29.4) (274)
Manometry indication (%)
Dysphagia 39.6
GERD 29.5
Chest pain 11.5
Other 12.6
Not specified 6.8
Habitus (%) (no. of patients with data available)
Smoking 15.4 (369)
Alcohol consumption 33.6 (366)
Medication (%) (no. of patients with data available)
NSAID 16.6 (453)
CCB 9.1 (448)
Opioid 4.7 (449)
PPI 55.6 (446)
BB 9.8 (447)
Past medical history (%) (no. of patients with data available)
Scleroderma 0.6 (451)
Neurological 3.8 (451)
Connective tissue disease 2.6 (452)

IQR: interquartile range; BMI: body mass index; GERD: gastroesophageal reflux disease; NSAID: non-steroidal anti-inflammatory drug; CCB: cal-
cium channel blocker; PPI: proton pump inhibitor; BB: beta-blocker.
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Figure 2. Change in integrated relaxation pressure (IRP) (mm Hg) according to patient age (years).

tistically significant relationship between age and DCI with a
positive coefficient of 0.12 (P = 0.001) (Fig. 3). Multivariate
analysis showed no statistically significant relationship be-
tween DCI and all pre-established covariates except age.

DL

DL values were available in 676 patients. There was a statisti-
cally significant relationship between age and DL with a nega-
tive coefficient of 0.09 (P = 0.02) (Fig. 4). Multivariate analy-
sis showed no statistically significant relationship between DL
and all pre-established covariates except age.

PB

PB values were available in 700 patients. No statistically sig-
nificant relationship was found between age and PB (r = 0.04,
P=0.3) (Supplementary Figure 1, www.jocmr.org). Multivari-
ate analysis showed statistically significant relationships be-

Table 2. Multiple Linear Regression Model for IRP

Covariates Coefficient (95% CI) P-value
Age 0.08 (0.05 to 0.10) <0.001
BMI -0.14 (-0.23 to -0.05) 0.004
NSAID -1.22 (-2.42t0 -0.13) 0.048
Female sex 0.67 (-0.02 to 1.37) 0.058

IRP: integrated relaxation pressure; Cl: confidence interval; BMI: body
mass index; NSAID: non-steroidal anti-inflammatory drug.
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tween PB and NSAID use (P = 0.028).
LES pressure

LES pressure values were available in 718 patients. No statisti-
cally significant relationship was found between age and LES
pressure (r = 0.01, P = 0.79) (Supplementary Figure 2, www.
jocmr.org). Multivariate analysis showed statistically signifi-
cant relationship between LES pressure and BB use (P =0.02).

Discussion

Our study shows a significant positive correlation between
older age and IRP (P < 0.0001) as well as DCI to a lesser ex-
tent (P =0.001). There was also a weaker significant negative
correlation between older age and DL (P = 0.01). Analysis us-
ing linear regression showed that the expected differences ob-
served between 20- and 80-year-old patients are close to 4 mm
Hg for median IRP, 720 mm Hg.s.cm for mean DCI, and 0.6 s
for mean DL. This represents a clinically significant variation
in HRM parameters when comparing both age extremes.

To our knowledge, this is the largest study to date studying
the effect of age on HRM parameters according to the Chicago
classification. The current medical literature suffers from low
number of included patients, poor quantification of the extent
of change in HRM parameters with every year of aging, and
conflicting results on parameters affected by aging. One pro-
spective study found higher IRP, lower LES pressure and high-
er DCI in asymptomatic elderly patients when compared with
younger patients [7]. Another study found a lower DCI in el-
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Figure 3. Change in distal contractal integral (DCI) (mm Hg.s.cm) according to patient age (years).

derly patients but no change in LES pressure [8]. A third found
higher LES pressure in the elderly [9]. Two studies only found
significant differences in patients suffering from GERD [10,
11]. All studies grouped patients in specific age categories and
did not perform regression analysis, which could have reduced
observed differences between age categories. In our multivari-
ate model, IRP, DCI, and DL were not significantly correlated

with GERD as an HRM indication. IRP was however correlated
with BMI and NSAID use. There remained a strong statistically
significant correlation between age and IRP in our multivariate
model regardless of covariate status. Our findings are consist-
ent with a smaller (n = 54) previously published study showing
a negative correlation for DL and a positive correlation for IRP
and DCI with aging [15]. However, patients were divided into
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Figure 4. Change in distal latency (DL) (s) according to patient age (years).
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three age groups with few patients per age group and no pa-
tients > 67 years old were included, leading the authors to con-
clude that larger studies including older subjects were needed.
In our study, 184 (25.5%) of patients were 65 years and older
and 105 (14.5%) were 40 years or younger.

One study performed on patients with non-cardiac chest
pain showed that older age was predictive of esophageal motil-
ity disorder diagnosis [11]. As our study found that IRP and DCI
increased and DL decreased with age, it is possible that the in-
crease in motility disorder diagnoses could be secondary to these
observed changes in esophageal physiology with aging. This
could also partially explain the symptoms frequently encoun-
tered in the older age group when no formal esophageal motility
disorder is diagnosed. Increasing awareness of the changes in
esophageal motility with aging could help in establishing ap-
propriate diagnoses for both age extremes and can help when
interpreting manometry results in the elderly population.

The strength in our study lies in its large sample size, al-
lowing us to perform single and multivariate analyses with high
effect size precision. The inclusion of a substantial number of
older (= 65 years) and younger (< 40 years) patients also repre-
sents a strength, as many studies lack data on older population
groups. The increased representation of all patient age groups
improves the external validity of our study and lends credibility
to our results. The larger sample size also allowed for granular
estimation of changes of HRM parameters with each year of
aging. There are however several limitations to our study. The
retrospective nature of our study could limit interpretation as
we relied on previously completed HRM forms and electronic
records for patient data. Missing data on patient comorbidities,
BMI, and medication somewhat limit the interpretation of our
multivariate analysis. Full information maximum likelihood es-
timation was used to limit the impact of missing variables as it
performs similarly or better than techniques such as multiple
imputation [13, 14]. As data were most likely missing com-
pletely at random or at a minimum, missing at random, it is
unlikely to introduce significant bias to our analysis with the
current statistical techniques used. The high variability of HRM
parameters within our included population could limit the inter-
pretation of effect size on a patient per patient basis. The sin-
gle centered nature of our study, performed at a tertiary referral
center with only one manufacturer for HRM equipment could
also limit the generalizability of our results to other population
groups and with other HRM equipment used.

In conclusion, we found that IRP, DCI, and to a lesser
extent, DL, are significantly correlated with the normal aging
process in symptomatic patients. These changes occurring with
aging may explain the increased prevalence of symptoms in
the elderly. These results are applicable in clinical practice and
should be taken into consideration when interpreting HRM in
the elderly. Larger prospective studies need to be performed to
validate these results.

Supplementary Material

Suppl 1. Change in peristaltic break (PB) according to patient
age (years).
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Suppl 2. Change in lower esophageal sphincter (LES) pressure
according to patient age (years).
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