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Objectives: Pediatric high-resolution manometry (HRM) and 24-hour pH-

impedance with/without ambulatory manometry (pH-MIIþ/-mano) tests are

generally performed using adult-derived protocols. We aimed to assess the

feasibility of these protocols in children, the occurrence of patient-related

imperfections and their influence on test interpretability.

Methods: Esophageal function tests performed between 2015 and 2018 were

retrospectively analyzed. All tests were subcategorized into uninterpretable or

interpretable tests (regardless of occurrence of patient-related imperfections).

For HRM, the following patient-related imperfections were scored: patient-

related artefacts, multiple swallowing and/or inability to establish baseline

characteristics. For pH-MII(þ/-mano), incorrect symptom registration and/or

premature catheter removal were scored. Results were compared between age-

groups (0–3, 4–12, and >12 years).

Results: In total 106 HRM, 60 pH-MII, and 23 pH-MII-mano could be fully

analyzed. Of these, 94.8% HRM, 91.9% pH-MII, and 95.7% pH-MII-mano

were interpretable. Overall, HRM contained imperfections in 78.3% overall

and in 8/8 (100%) in the youngest age group, 36/42 (85.7%) in 4 to 12 years

and in 37/56 (66.1%) in children above 12 years; P ¼ 0.011. These

imperfections led to uninterpretable results in 4 HRM (3.8%), of which 3

were in the youngest age group (3/8, 37.5%). Imperfections were found in

10% of pH-MII and 17.4% of pH-MII-mano. These led to uninterpretable

results in 5.0% and 4.3%, respectively. No age-effect was found.

Conclusions: Esophageal function tests in children are interpretable in more

than 90% overall. In children under the age of 4 years, all patients had

imperfect HRM and 3/8 tests were uninterpretable. HRM in older children

and pH-MIIþ/-mano were interpretable in the vast majority.

Key Words: high-resolution manometry, pediatric esophageal function

testing, pH-impedance
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S tationary high-resolution manometry (HRM) and intraluminal
pH-impedance monitoring (pH-MII) with or without ambula-
tory manometry (pH-MII-mano) can evaluate esophageal function
and monitor gastroesophageal reflux (1). These tests can be used to
diagnose gastroesophageal reflux disease, achalasia, rumination
syndrome, aerophagia, and supragastric belching. As there are no
well-established evidence-based pediatric protocols for these tests,
they are generally performed according to adult protocols or adult-
derived pediatric consensus-based protocols (2–4). This may,
however, be complicated by several factors (5). First, discomfort
and fear for the nasogastric catheters may lead to refusal or
premature termination of the measurement. Second, younger chil-
dren and infants may not be able to swallow on command as is
required per HRM protocol. They may break up the bolus and
perform multiple swallows with smaller volumes instead. This
alters physiology, and may thus influence HRM-derived parameters
and diagnosis (6). Third, objective symptom association during pH-
MII may be difficult in infants and young children, where the
accuracy of the symptom diary fully relies on proxy-report. Finally,
and Marin L. Leijdekkers indicate shared first

icts of interest.
thor(s). Published by Wolters Kluwer Health, Inc.
ropean Society for Pediatric Gastroenterology,
ion and the North American Society for Pediatric
atology, and Nutrition. This is an open access
r the terms of the Creative Commons Attribution-
erivatives License 4.0 (CCBY-NC-ND), where it
load and share the work provided it is properly
t be changed in any way or used commercially
m the journal.
00000003000

Volume 72, Number 2, February 2021



JPGN � Volume 72, Number 2, February 2021 Clinical Experience With Performing Esophageal Function Testing
analysis may be complicated by artefacts because of, for example,
crying, gagging, coughing, and continuous movement (5).

Patients with achalasia have an increased resistance to flow
at the esophagogastric junction. This may make placement of the
catheter more difficult and can cause bolus stasis in the distal
esophagus with a subsequent increase in symptoms. It is known that
adult achalasia patients have more often imperfect HRMs compared
with patients without achalasia (7). We hypothesized that HRM
performed in children also show more imperfections when per-
formed in (suspect) achalasia cases compared with patients without
achalasia. Additionally, we hypothesized that pH-MII-mano mea-
surements would fail more often compared with pH-MII, because of
fear and refusal of an additional manometry catheter.

To evaluate how well these tests can be performed in children
and how often they lead to interpretable test results, we assessed the
occurrence of patient-related imperfections in different pediatric
age groups, and their influence on test interpretability by perform-
ing a retrospective review of esophageal function tests performed at
our center.

METHODS

Study Subjects
Data of patients (0–18 years) who had 1 or more esophageal

function measurements (HRM, pH-MII, and/or pH-MII-mano)
scheduled at the pediatric motility unit of the Emma Children’s
Hospital/Amsterdam UMC, location AMC between January 1,
2015 and December 31, 2018 were considered for inclusion in this
retrospective cohort study. Patients and/or parents were sent an
information brochure in which they were given the opportunity to
object against the use of their data for this research project (opt-out
procedure). Children were included and their measurements and
medical charts were retrospectively reviewed when no objection
was received within 6 weeks. Our study protocol was exempted from
full ethical review by our local ethical review board because of its
observational and retrospective nature (AMC Medical Ethical
Review Committee, reference W19_337 # 19.397).

Study Design

HRM, pH-MII, and pH-MII-mano performed between 2015
and 2018 were retrospectively re-analyzed. Retrospective review of
data and re-analysis of measurements was performed between
October 2018 and February 2019. Catheter specifications, study
protocols, and analysis software specifications are detailed in
supplemental file 1, http://links.lww.com/MPG/C57 and Supple-
mentary file 2, http://links.lww.com/MPG/C58.

Categorization of Tests

All tests that were scheduled during the study period were
retrieved from a clinical database.

These tests were categorized as: first time diagnostic tests;
additional diagnostic- or follow-up tests; repeated tests because of
previously unperformed or uninterpretable tests. If a child came in
for the first time and multiple measurements were performed on the
same day, all these were considered to be part of the first time
(diagnostic) test.

Patient-related Imperfections

All performed measurements were re-analyzed for the occur-
rence of patient-related imperfections and for overall test interpret-
ability. The different types of patient-related imperfections are
www.jpgn.org
defined below per test. All re-analyses were performed by the same
investigator (M.L.). When interpretation was ambiguous, a second
reviewer (M.vL.) was consulted. When no consensus was achieved,
a third reviewer (J.O.) was consulted to adjudicate.

Subcategorization of Tests Based on
Interpretability

A tests was called ‘‘unperformed’’ when it was never per-
formed due to: ‘‘refusal of catheter’’ or ‘‘inability to position
catheter through nasopharynx.’’ All performed tests were subcate-
gorized into uninterpretable or interpretable tests (regardless of
occurrence of patient-related imperfections).

Measurements were classified as failed if they were unper-
formed or if they became uninterpretable because of patient-related
imperfections.

Stationary High-resolution Manometry

In our center, HRMs are performed according to the Chicago
Classification (CC) v3.0 protocol, with a small adjustment for its
use in children [Supplemental File 1, http://links.lww.com/MPG/
C57 (3)]. In cases where HRM was only performed to establish the
LES position relative to the nares, the CC protocol was not carried
out and the study was exempted from analysis of patient-related
imperfections. If the upper esophageal sphincter (UES) was not
visible during HRM because of the use of a relatively short catheter
for the size of the patient involved, measurements were also
excluded from analysis of patient-related imperfections.

Analysis of stationary high-resolution
manometry

First, HRMs were re-analyzed for the occurrence of any of
the following patient-related imperfections:
1. i
nability to obtain baseline characteristics during a window of
10 seconds (see Supplemental file 1, http://links.lww.com/MPG/
C57) before or after the test swallows;
2. d
ouble or multiple swallowing during a bolus swallow (ie, more
than 1 swallow within 10 seconds of a bolus administration);
3. p
remature termination of CC protocol (ie, less than 10 boluses
administered)
4. a
rtefacts during bolus swallows, either caused by gagging,
crying, coughing and/or belching.
All HRM studies were subsequently classified based on their
overall interpretability:

Perfect measurement: 10 bolus swallows without any of
above-mentioned patient-related imperfections.

Imperfect measurement(3): <10 perfect bolus swallows (3).
We categorized imperfect measurements into 2 groups:
1. <
10, but �7 perfect swallows without any of abovementioned
patient-related imperfections, which is considered acceptable to
identify a CC diagnosis in adults (7).
2. <
7 perfect swallows.
Twenty-four Hour Studies (pH-impedance
Monitoring and pH-impedance Monitoring With
Ambulatory Manometry)

Measurements were classified as imperfect if they contained
any of the following (4):
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ncorrect use of event button;
2. i
ncomplete registration of symptoms, meals and/or body
position (upright vs supine) in the diary;
3. p
remature termination because of catheter removal by patient.
Statistical Analysis
Descriptive analysis was performed using SPSS (IBM Sta-
tistical Package for the Social Sciences [SPSS] for Windows, v
25.0 Armonk, NY: IBM Corp). Data are shown as median
and range.

Results were subdivided between 3 age groups: pre-school
children, school children, and adolescents (0–3, 4–12, and 13–
17 years). Subgroup analysis was performed in these 3 age groups
and in patients with achalasia versus a group of age-matched
patients without a diagnosis of achalasia. Additionally, differences
between number of failed and imperfect pH-MII and pH-MII-mano
were compared.

Chi-square and Fisher exact test were used to compare age-
groups in terms of: percentage of failed measurements; percentage
of imperfect measurements containing <10 but �7 perfect swal-
lows; percentage of imperfect measurements containing <7 perfect
swallows; percentage of overall adherence imperfections. A P
<0.05 was considered statistically significant.

Spearman correlation coefficient was used to calculate the
correlation between age and the following: percentage of failed
HRM and pH-MII; percentage of imperfect HRM and pH-MII; and
number of perfect swallows performed. The strength of a (positive
or negative) significant (P< 0.05) correlation was described using
the following classification: 0.00 to 0.19 ‘‘very weak’’; 0.20 to 0.39
‘‘weak’’; 0.40 to 0.59 ‘‘moderate’’; 0.60 to 0.79 ‘‘strong’’; 0.80 to
1.0 ‘‘very strong’’ (8).

RESULTS
Between January 2015 and December 2018, 123 children

were referred to our motility center for esophageal motility testing.
Parents of 1 patient objected against the use of its data.
LE 1. Reasons for failed measurements in children visiting the motilit

t measurements 0–3 y
atients n¼ 16

or more failed tests, % 3 (18.8)
atient related, % 3 (18.8)
ability to position catheter, % –

n¼ 7
ed, % 3 (42.8)
efusal of catheter, % –
ability to position catheter, % –

atient-related artefact, % 3 (42.8)
�

remature termination, % –

MII (þ/- mano) n¼ 15
ed, % 1 (6.7)
efusal of catheter, % –
ability to position catheter, % –

remature termination, % 1 (6.7)§

atients could undergo 1 or more measurements during first visit. HRM ¼ h
All because of continuous crying.

ecause of fear.
atient with autistic spectrum disorder.
ecause of self-removal (same patient continuously cried during HRM).
ecause of vomiting.

8

A total of 122 children (52% boys, median age 12 [0–17]
years) had 201 esophageal function tests scheduled: 116 HRM, 62
pH-MII, and 23 pH-MII-mano.

Categorization of Tests

One-hundred thirteen patients visited our motility center for
a first time diagnostic test (102 HRM; 46 pH-MII, and 19 pH-MII-
mano, see Table 1), 22 patients for additional diagnostic- or follow-
up tests (13 HRM, 13 pH-MII, and 3 pH-MII-mano) and 5 patients
had a repeated test after a previously failed test (1 water-perfused
HRM, placed under anesthesia during esophagogastroduodeno-
scopy because of extreme fear; 3 pH-MII and 1 pH-MII-mano).
Of all patients visiting our center for the first time, 9/113 (8%) had 1
or more failed measurements (see Table 1 for details). All 22
patients who came for an additional diagnostic- or follow-up test,
had interpretable measurements.

One out of 5 children who had a repeated test because of a
previously failed test, failed again (pH-MII failure because of
premature catheter removal as a result of vomiting).

Stationary High-resolution Manometry

Of all 116 scheduled HRM, 110/116 (94.8%) were interpret-
able, regardless of patient-related imperfections. Two out of 116
(1.7%) scheduled measurements were unperformed (n¼ 1 refusal
of catheter; n¼ 1 inability to position catheter). Out of 114 per-
formed HRM, 8 (interpretable) measurements were exempted from
analysis: 1 HRM was performed for determination of LES position
only and no CC protocol was carried out. Seven measurements
showed no UES visualization.

Of the remaining measurements, 83/106 (78.3%) contained
patient-related imperfections. Seventy-six (71.7%) of these mea-
surements became imperfect and 4/106 (3.8%) measurements were
uninterpretable because of patient-related imperfections (see
Table 2). There was no correlation between failure of HRM and
age (r¼�0.070; P¼ 0.408).
y center for the first time

4–12 y 13–18 y Total
n¼ 45 n¼ 52 n¼ 113

3 (6.7) 3 (5.8) 9 (8.0)
2 (4.4) 2 (3.8) 7 (6.2)
1 (2.2) 1 (1.9) 2 (1.8)

n¼ 45 n¼ 50 n¼ 102
1 (2.2) 2 (4.0) 6 (5.9)
1 (2.2) – 1 (1.0)

– 1 (2.0) 1 (1.0)
– – 3 (2.9)
– 1 (2.0)y 1 (1.0)

n¼ 22 n¼ 28 n¼ 65
2 (9.1) 1 (3.6) 4 (6.2)
1 (4.5)z – 1 (1.5)
1 (4.5) – 1 (1.5)

– 1 (3.6)jj 2 (3.1)

igh-resolution manometry.
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TABLE 2. Patient-related imperfections leading to imperfect or failed measurements

High-resolution manometry (HRM) 0–3 y 4–12 y 13–17 y Total P value

Scheduled HRM, n 8 49 59 116
All scheduled HRM that led to a meaningful test result 5 (62.5) 48 (97.6) 57 (96.6) 110 (94.8) <0.001
Unperformed tests, n (%) – 1 (2.0) 1 (1.7) 2 (1.7) n/a

Refusal of catheter, n (%) – 1 (2.0) – 1 (0.9) n/a
Inability to position catheter, n (%) – – 1 (1.7) 1 (0.9) n/a

Performed HRM, n 8 48 58 114
UES not visible because of catheter-related imperfection, n (%) – 6 (12.5) 1 (1.7) 7 (6.1)
Only LES determination, no CC protocol performed, n (%) – – 1 (1.7) 1 (0.9)

Analyzed measurements, n 8 42 56 106
Measurements with any patient-related imperfection, n (%) 8 (100.0) 38 (90.5) 37 (66.1) 83 (78.3) 0.011

No baseline established, n (%) 1 (12.5) 0 (0.0) 0 (0.0) 1 (0.9) n/a
Double/multiple swallowing, n (%) 8 (100.0) 36 (85.7) 33 (58.9) 77 (72.6) 0.008
Patient-related artefacts, n (%) 5 (62.5) 9 (21.4) 6 (10.7) 20 (18.9) ns

Imperfect measurements, n (%) 5 (62.5) 36 (85.7) 35 (62.5) 76 (71.7) 0.025
�7 but <10 perfect swallows, n (%) 0 (0.0) 13 (30.9) 30 (53.6) 43 (40.6) 0.002
<7 perfect swallows, n (%) 5 (62.5) 23 (54.8) 5 (8.9) 33 (31.1) <0.001

Uninterpretable because of imperfections, n (%) 3 (37.5) 0 (0.0) 1 (1.8) 4 (3.8) n/a
Artefacts (crying) throughout measurement, n (%) 3 (37.5) – – 3 (2.8) n/a
No bolus swallows performed, n (%) – – 1 (1.8) 1 (0.9) n/a

Number of bolus swallows performed per test
Median number bolus swallows per study [range] 8 [0–11] 10 [9–14] 10 [5–17] 10 [0–17] <0.001
Median number perfect bolus swallows [range] 0 [0–3] 6 [0–10] 9 [0–10] 9 [0–10] <0.001

24 hour pH-impedance measurement (pH-MII) 0–3 y 4–12 y 13–17 y Total P value

Scheduled pH-MII 17 21 24 62
All scheduled HRM that led to a meaningful test result 16 (94.1) 17 (80.9) 24 (100) 57 (91.9) ns
Unperformed tests, n (%) – 2 (9.5) – 2 (3.2) n/a
Irefusal of catheter, n (%) – 1 (4.8) – 1 (1.6) n/a

Inability to position catheter, n (%) – 1 (4.8) – 1 (1.6) n/a
Performed pH-MII 17 19 24 60
Measurements with any patient-related imperfection, n (%) 2 (11.8) 2 (10.5) 2 (8.3) 6 (10.0) ns
Imperfect measurements, n (%) 1 (5.8) – 2 (8.3) 3 (5.0) ns

incorrect event button use, n (%) 1 (5.8) – – 1 (1.7) n/a
incorrect diary registration, n (%) 1 (5.8) – 2 (8.3) 3 (5.0) n/a

Uninterpretable due to premature catheter removal, n (%) 1 (5.8) 2 (10.5) – 3 (5.0) n/a

24 hour pH-impedance-manometry (pH-MII-mano) 0–3 y 4–12 y 13–17 y Total P value

Scheduled and performed pH-MII-mano 1 8 14 23
All pH-MII-mano that led to a meaningful test result 1 (100) 8 (100) 13 (92.9) 22 (95.7) ns
Measurements with any patient-related imperfection, n (%) – 1 (12.5) 3 (21.4) 4 (17.4) n/a
Imperfect measurements, n (%) – 1 (12.5) 2 (14.2) 3 (13.0) n/a

Incorrect event button use, n (%) – 1 (12.5) 1 (7.1) 2 (8.7) n/a
Incorrect diary registration, n (%) – – 1 (7.1) 1 (4.3) n/a

Uninterpretable because of premature catheter removal, n (%) – – 1 (7.1) 1 (4.3) n/a

CC¼ Chicago Classification; UES¼ upper esophageal sphincter. One measurement can contain more than 1 adherence imperfection. P value (x2 or Fisher
exact test in case of n <5) significance level <0.05; n/a ¼ analysis not applicable <3 patients; ns ¼ not significant.
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Of 76 imperfect tests, 43 were imperfect as they contained
<10 but �7 perfect swallows, whereas 33 contained <7 perfect
swallows. Pre-school and school-children had significantly more
imperfect HRM containing <7 perfect swallows compared with
adolescents (100% vs 54.8% vs 9.1%, respectively; P¼< 0.001).
Number of perfect swallows performed had a strong correlation
with age (r¼ 0.623). The number of patient-related imperfections
had a very weak, negative correlation with age (r¼�0.289;
P¼ 0.011).

High-resolution Manometry in Patients With
Achalasia

There were no differences in the number of imperfect or
failed tests for achalasia versus nonachalasia age-matched controls
(Table 3). Thirteen (46%) HRM measurements of patients with
www.jpgn.org
suspect achalasia versus 12 (43%) of control patients contained less
than 7 perfect swallows.
Twenty-four Hour Studies (pH-impedance
Monitoring and pH-impedance Monitoring With
or Without Ambulatory Manometry)

A total of 62 pH-MII and 23 pH-were interpretable, regard-
less of patient-related imperfections. Two out of 62 (3.2%) sched-
uled pH-MII were unperformed. All scheduled pH-MII-mano
were performed.

Patient-related imperfections occurred in 6/60 (10%) performed
pH-MII versus 4/23 (17.4%) pH-MII-mano. These imperfections led to
imperfect tests in 3/60 (5.0%) pH-MII versus 3/23 (13.0%) pH-MII-
mano and to uninterpretable tests in 3/60 (5.0%) pH-MII and 1/23
229



TABLE 3. Age-matched comparison of high-resolution manometry outcome of achalasia versus nonachalasia patients

Achalasia No achalasia

n¼ 28 n¼ 28

Median age [range] 13 [8–17] 14 [6–17]

Uninterpretable measurements, % 0 (0.0) 0 (0.0)

Imperfect measurements n (%) 19 (67.9) 18 (64.3)

Patient-related imperfections n (%) 18 (64.3) 16 (57.1)

Double/multiple swallowing n (%) 18/27 (66.7)
�

16/27 (59.3)
�

No baseline established n (%) 0 (0.0) 0 (0.0)

Premature stop of measurement n (%) 0 (0.0) 0 (0.0)

Patient-related artefacts n (%) 4/27 (14.8)
�

4/27 (14.8)
�

Imperfections leading to <10 perfect swallows

<10 but �7 perfect swallows (%) 6 (21.4) 6 (21.4)

<7 perfect swallows n (%) 13 (46.4) 12 (42.8)

Number of bolus swallows performed

Median total no. of bolus swallows [range] 10 [10–12] 10 [1–14]

Median no. of perfect bolus swallows [range] 9 [3–10] 9 [0–10]

Differences between achalasia and nonachalasia group calculated using chi-square or Fisher exact test. P<0.05 significant. None of the imperfections led to
a significant difference.�

n¼ 1 not analyzable as UES was not visible.
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(4.3%) pH-MII-mano, respectively. There was neither correlation
between age and uninterpretable measurements nor with the occurrence
of patient-related imperfections (r¼�0.70; P¼ 0.179 and r¼ 0.78;
P¼ 0.406, respectively). There was no significant difference between
percentage of uninterpretable or imperfect pH-MII versus pH-MII-mano
(P¼ 0.668 and P¼ 0.617, respectively).
DISCUSSION
Our study shows that more than 90% of all esophageal

motility tests performed (HRM, pH-MII, and pH-MII-mano) in
the pediatric age led to a meaningful test result. Age was a factor in
how well HRM could be performed but this effect was not seen in
24 hour studies (pH-MII or pH-MII-mano). No difference was
found between patients with (suspected) achalasia and age-
matched controls in terms of patient-related imperfections or
failed HRM.

In 95% of scheduled HRM tests, a meaningful result could be
generated. A large proportion of these tests (78%) nevertheless
contained patient-related imperfections. Age was clearly a factor
influencing these numbers. In fact, all HRM performed in infants
and toddlers showed patient-related imperfections to some extent
and in this age group, a meaningful result was generated in 63%
only. Contrary to the youngest age group, tests of school children
and adolescents were interpretable despite occurrence of patient-
related imperfections in the majority of tests.

Roman et al (7) argued that a minimum of 7 well performed
swallows, instead of 10 swallows recommended by the CC protocol,
seemed reasonable to clinically interpret a HRM. When applying
these criteria to our cohort, the percentage of imperfect HRM
remained 100% in the youngest age group, but dropped from
53.6% to 8.9% in adolescents, which is similar to the percentage
of imperfect tests in adults (7).

Although patient-related imperfections do not necessarily
hamper HRM analysis (7), they may influence accuracy of the
diagnosis. For example, infants and young children are unable to
refrain from swallowing after a bolus swallow, leading to multiple
closely spaced swallows (6). It is known that this ‘‘piecemeal
deglutition’’ pattern alters pharyngeal high-resolution impedance
manometry (HRIM) parameters in infants and young children (up to
230
4 years old) (6). Similarly, esophageal motility may alter as well
during piecemeal deglutition. When using the adult CC criteria in
HRMs containing double/multiple swallows, healthy subjects may
incorrectly be diagnosed with ineffective- or absent esophageal
motility, while in fact their motility is normal (3). These double/
multiple swallows may hypothetically also hamper HRIM analysis
in achalasia suspects (6).

We hypothesized that achalasia patients would have more
imperfect tests because of an increased resistance to flow at the EGJ
(7); however, this was not seen in our cohort. Achalasia patients
often deal with long-term symptoms, and may therefore, be more
cooperative and motivated to undergo a HRM, even if the circum-
stances are more difficult (9).

Our results implicate that a pediatric tailored protocol for
performing HRM in young children is needed to improve feasi-
bility and clinical utility. For example, piecemeal deglutition
should be taken into account in such a protocol (6). Additionally,
in patients with achalasia, pattern recognition is often sufficient
to establish a diagnosis. This is also reflected in our cohort,
almost half of achalasia suspects had 7 perfect swallows on
HRM and still a diagnosis of achalasia could be made. Although
strict criteria are not always met, a shorter pediatric protocol may
be sufficient to establish a clinical diagnosis in some cases (11).
Similarly, in esophageal atresia patients who all exhibit disor-
dered motility, it may clinically be more relevant to describe the
distinct patterns of the residual proportion of peristalsis (eg,
absent-, distal, or a pressurization contraction pattern) as recently
proposed, rather than to derive all HRM metrics and apply the
CC algorithm (10). On the other hand, prolonged protocols for
the use of HRIM might be of added value in specific cases
(11,12). By administering additional liquid, semi-solid, and solid
boluses of various volumes, the so called ‘pressure flow analysis’
can enhance understanding of the underlying motility problem
and symptom etiology.

We hypothesized that pH-MII-mano measurements would
fail more often compared with pH-MII, because of fear and
refusal of an additional manometry catheter. In our study,
however, none of the patients who had a pH-MII-mano scheduled
refused the test and only 1 catheter was removed prematurely.
This might partly be explained as our pH-MII-mano cohort was
www.jpgn.org
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older than the pH-MII only cohort. On the other hand, placement
of an additional catheter only takes a few extra seconds. Once
these catheters are placed and secured patients may, contrary to
our hypothesis, not experience any additional burden compared
with pH-MII measurements.

Our study has several strengths. We managed to build a large
cohort by including 122 patients over 4 years and our experienced
pediatric motility team performed all measurements according to
the current (adult or adult-derived) protocols, which enabled com-
parison between the tests. Limitations include the retrospective
design of the study. Additionally, low incidence rates of rare
diseases, such achalasia and small patient groups, such as pre-
school children led to small samples in subgroups. In a small
minority of HRMs performed, the UES was not visible as a result
of catheter-related (technical) imperfections. This made analysis of
patient-related imperfections impossible in these children.

CONCLUSIONS
In summary, esophageal function tests in children were

interpretable in more than 90%.
Patient-related imperfections occurred often in HRM and

were more common in infants and young children. HRMs per-
formed in (suspect) achalasia cases did not differ from those
performed in controls without achalasia. In contrast to HRM,
patient-related imperfections occurred in only a minority of 24
hour studies (pH-MII and PH-MII-mano). Therefore, we conclude
that pH-MII and pH-MII-mano are well tolerated and can be
performed in all age groups according to the currently used
protocol. HRM is well tolerated in older children and adolescents
but we believe that specific pediatric protocols could improve
feasibility and test interpretability especially in infants and
(young) children. Future studies assessing the effect of interven-
tions by psychological or pedagogical staff, such as medical
hypnotherapy or mental support before and during the measure-
ment may further improve the performance of esophageal function
tests in children.
www.jpgn.org
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