
Multichannel intraesophageal impedance pattern of

children with aerophagia

C. HALB, M. POMERLEAU & C. FAURE

Division of Pediatric Gastroenterology, Department of Pediatrics, CHU Ste-Justine, Montr�eal, QC, Canada

Key Messages

● We report a specific MII pattern characterized by excessive air swallows and supragastric belching in children

suffering from aerophagia.

● The aim of this study was to determine the multichannel intraesophageal impedance (MII) pattern in children

suffering from aerophagia.

● We compared the MII tracings of 5 children with aerophagia according to Rome III criteria to 5 controls.

● The total number of air swallows in patients was significantly higher than in controls but only in the upright

position. Supragastric belching was noted only in patients with aerophagia.

Abstract

Background Childhood aerophagia is defined by the

Rome III criteria as two or more of the following

symptoms; air swallowing, abdominal distension due

to intraluminal air, or repetitive belching and/or

flatus. The aim of this study was to determine the

multichannel intraesophageal impedance (MII) pat-

tern in children suffering from aerophagia. Methods

We compared the MII tracings of five children with

aerophagia according to Rome III criteria (three girls,

median age 7 years) to five controls (three girls,

median age 8 years). Controls underwent MII for

symptoms of gastro-esophageal reflux, and had normal

findings. Liquid swallows (LS), air swallows (AS),

mixed swallows (MS) and supragastric belching (SGB)

were recorded. Meals were excluded from the analysis.

All MII parameters were separately analyzed in the

upright and recumbent position. All data are reported

as median number of events per hour. Key Results

There was no difference in the total number of LS and

MS between the two groups. However, the total

number of AS in patients was significantly higher

than in controls (26/h vs 5.5/h, p < 0.05) but only in

the upright position (46/h vs 8.2 in control group,

p < 0.05). SGB was noted only in patients with

aerophagia (2.6/h vs 0/h, p < 0.01). Conclusions &

Inferences Children suffering from aerophagia have a

specific MII pattern with an increased frequency of air

swallows in the upright position and supragastric

belching. MII may be used as a tool to confirm

diagnosis of aerophagia in children.

Keywords aerophagia, children, intraesophageal

impedance.

INTRODUCTION

Aerophagia in childhood is defined by the Rome III

criteria as two or more of the following signs and

symptoms: air swallowing, abdominal distension due

to intraluminal air, or repetitive belching or increased

flatus occurring for a minimum of 2 months.1 Presence

of an excessive volume of intestinal gas in aerophagia

is thought to result from excessive air ingestion.

Prevalence has been reported to range between 1.2%

(according to Rome II criteria)2 to 15% in a pediatric

population suffering from abdominal pain.3 A recent

pediatric study from Sri Lanka studying aerophagia in a

community based population showed a prevalence of

7.5%.4 Although the proportion of children who seek
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medical attention for aerophagia is unknown, the

diagnosis is difficult and is often delayed.5 Diagnosis

of aerophagia is based on the observation of the

occurrence of excessive air swallowing or ingestion,

which may not be obvious during the consultation at

the office. Making the correct diagnosis is of utmost

importance as unrecognized aerophagia may lead to

unnecessary, invasive, and costly testing and even

surgery. Moreover, massive bowel distension, volvulus

and intestinal necrosis and perforation have been

reported in severe aerophagic children.6,7

Multichannel intraesophageal impedance (MII) is

able to discriminate between gas, liquid, and mixed

swallows, and, therefore episodes of liquid vs air reflux

can be quantified.8 In adults, MII has been validated to

objectively measure the occurrence of air swallows and

air reflux in aerophagic subjects.9,10

The aim of this study was to test the hypothesis that

MII could be used as a tool to help in the diagnosis of

aerophagia in children.We report here for the first time a

description of MII patterns in children with aerophagia.

PATIENTS

Ten childrenwere included in this retrospective study: five patients
with aerophagia andfive controls. Patientswith aerophagia fulfilled
Rome III criteria for aerophagia.1 Sex and age-matched controls
were selected from the MII database of the Sainte-Justine Motility
Centre. Controls underwent testing for symptoms of gastro-esoph-
ageal reflux (cough n = 3; pain n = 2) and had normal findings on
MII-pH monitoring (time at pH <4 less than 5%, symptom index
<50%, number of reflux episodes<70 episodes in 24 h)8,11 and result
of MII-pH monitoring had no therapeutic consequence.

METHODS

Ambulatory 24-hour combined esophageal pH and MII recording
was performed in all patients. The 24-hour pH-MII was performed
using Sleuth recording devices (Sandhill Scientific System,Denver,
CO, USA). Positioning of the MII catheter was confirmed by an X-
ray. All tracings were manually analyzed using definition of events
according to Bredenoord et al.9 A liquid swallow was defined by a
drop in impedance greater than 50% from baseline starting at the
highest channel andgoing in theantegradedirection.Anair swallow
was defined as a peak superior to 1000 ohms above baselinemoving
in the antegrade direction and measured in the most distal
impedance segment (Fig. 1). A mixed swallow was defined as a
short peak ofmore than 1000 ohms above baseline preceding a drop
in impedance greater than 50% from baseline moving proximal to
distal in the esophagus (Fig. 2). A gastric air reflux or a gastric belch
wasdefined as a rapid rise ofmore than3000 Ohms in the retrograde
direction over at least two consecutive impedance sites thatmoved
towardthemouth.Asupragastricbelchingwasdefinedasanepisode
with high impedance (>3000 Ohms), the onset of which started in
theproximal channel andmoveddistally, and theendclearing in the
opposite direction (Fig. 3). We also assessed the percentage of time
with pH <4. A pathological gastro-esophageal reflux (GER) episode
was defined by a total time pH <4 for more than 5% of the study
period. Meals were excluded from the analysis for all patients. All

MII parameterswere separately analyzed in theupright positionand
the recumbent position.

Throughout the manuscript, data are reported as the median
number of events per hour. The Wilcoxon test was used for
comparisons between the two groups. Differences were consid-
ered statistically significant when p < 0.05.

The study was approved by the local Ethics Committee.

RESULTS

Among the 10 included subjects, there were three girls

in each group. The median (range) age of the patients

and controls was respectively 7 (range 5–15) and 8

(range 3–15) years (p = NS). Excessive air swallowing

was reported in all patients and abdominal distension

and abdominal pain. Two of them complained of

excessive belching or increased flatus.

Table 1 depicts the MII results of the two groups.

The percentage of time with pH <4 was less than 5% in

all subjects and was similar for the two groups.

The number of liquid swallows and mixed swallows

were similar in the two groups. The total number of air

swallows was significantly higher in children with

aerophagia compared to controls (p < 0.05). Air swal-

lows were significantly more frequent in aerophagic

patients in the upright position (p < 0.05). Although

the total number of gastric belching episodes was

higher in aerophagic patients the difference did not

Figure 1 Air Swallow: A peak of impedance superior to 1000 ohms

above baseline moving in the antegrade direction and measured in the

most distal impedance segment.
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reach statistical significance. Supragastric belching

was noted only in patients with aerophagia (p < 0.01).

DISCUSSION

We report in this study the MII pattern of children

suffering from aerophagia according to Rome III crite-

ria. Increased number of air swallows in the upright

position, and presence of supragastric belching were

the main specific features encountered in these

children.

Air swallowing during eating and drinking is a

normal physiological event.12 In healthy children, each

swallow transports a certain amount of air to the

stomach. The stomach protects itself against excessive

distension through belching. We demonstrate here that

aerophagia in children is the result of repetitive and

excessive air swallows while awake and particularly in

the upright position. Patients with aerophagia present

with supragastric belches more specifically, due to

excessive air swallowing, whereas gastric belches were

noted in both patients and controls. With supragastric

Figure 2 Mixed Swallow: A short peak of more than 1000 ohms above

the baseline preceding a drop in impedance greater than 50% from

baseline moving proximal to distal in the esophagus.

A

B

Figure 3 (A) Supra gastric belching: An episode with high

impedance >3000 Ohms the onset of which starts in the proximal

channel and moves distally without reaching the distal impedance

channels, clearing in the opposite direction. (B) Same episode

wherein the blue color depicts impedance >3000 Ohms showing air

ingested into the esophagus and cleared in the aboral direction

before it reaches the more distal channel. The black arrow shows

the time to expel the air.
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belches, the air does not originate from the stomach

but is ingested immediately before it is expelled. This

feature is characterized by rapid antegrade and retro-

grade flow of air in the esophagus that does not reach

the stomach.

The present findings are slightly different from previ-

ous data reported in adults. A study of MII in subjects

with excessive belching compared to healthy adult

volunteers identified specific patterns of air transport

through the esophagus.9,10 Supragastric belching has

been reported in patients with ‘Unspecified Excessive

Belching’ which definition according to adult Rome III

criteria does not require that excessive air swallowing

underlies the symptoms.9 Another study conducted in

10 adults with suspected aerophagia reports a high

incidence of air swallow and gastric belching with a low

incidence of supragastric belching.10

Early recognition and correct diagnosis of aerophagia

are important to alleviate the anxiety of both parents

and children and to prevent unnecessary testing,

treatments, and hospital admissions. In aerophagia,

abdominal distension typically increases progressively

during the course of the day (minimal in the early

morning while reaching a maximum in the late

evening) with increased flatus during sleep.1,13 The

demonstration of air swallowing may be tricky during

the consultation. By using MII in children with

abdominal distension the data reported here may help

as a diagnostic tool for aerophagia.

Management of aerophagia depends on the severity

of the symptoms.5 Reassurance, education and dietary

modification, such as drinking with a straw and

avoidance of chewing gum and gaseous beverages are

most often sufficient. An open study recently showed

that baclofen may improve symptoms in adults with

supragastric belching.14 Biofeedback and behavioral

therapy have also been proposed as treatments for

aerophagia.15,16 There may be a role for MII in the

development of a biofeedback treatment program as

supragastric belching is not a reflex, but rather the

result of human behavior. Interestingly, because

impedance monitoring can differentiate between gas-

tric and supragastric belches, patients can correlate

their symptoms with visual input. Hence, MII may

help physicians convince their patients that these

belches and air swallows are self-induced.

One of the limitations of this study is the small

sample size. However, our most interesting finding is

that increased frequency of air swallows in the supine

position is highly specific for the diagnosis of aeropha-

gia. Supragastric belching was also found specifically in

patients with aerophagia. Another limitation of our

study is that neurologically impaired children, inwhom

aerophagia is frequently reported, were not included.

However, we believe that the present results may be

applied to neurologically impaired children whose gas-

tro-esophageal reflux events have been shown to be

detected by MII similar to non-neurologically impaired

children.17 Furthermore, although we were able to

recruit pediatric control subjects for obvious ethical

reasons they were not asymptomatic healthy controls

but can nonetheless be considered as normal controls.

In conclusion, we describe here in children suffering

from aerophagia a specific MII pattern characterized by

excessive air swallows and supragastric belching. This

may help to accurately diagnose aerophagia in children,

by providing an objective evaluation in addition to

clinical symptoms. MII may give a pathophysiological

explanation to children and their parents, making it

possible for them to understand the nature and mech-

anism of their symptoms. This may be helpful to

reassure patients, their parents and physicians by con-

firming the clinical symptom-based diagnosis of aero-

phagia. Further research is needed to study and prove the

diagnostic value of MII in children with aerophagia.
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Table 1 Median number (h; range) of events per hour in the 2 groups of

subjects

Patients with

aerophagia (n = 5)

Controls

(n = 5) p

Mean recording time 20.2 (19–20.5) 20.5 (15.4–21.5) NS

Total liquid swallows 9 (7–14) 12 (8–46) NS

Total mixed swallows 6 (3.5–16) 2 (1–19.5) NS

Total air swallows 26 (5.9–33) 4.8 (0.5–13) <0.05
Air swallows in the

upright position

46 (10.5–71.6) 8.2 (0.8–22) <0.05

Air swallows in the

recumbent position

4 (1.4–15) 1 (0–3.8) NS

Total gastric belching 1.3 (0.1–4.6) 0.46 (0–1.8) NS

Total supragastric

belching

2.6 (0.6–12.7) 0 <0.01

Acid liquid reflux 0.4 (0–1.7) 1.4 (0–2) NS

Non-acid liquid reflux 0.7 (0–0.7) 0.4 (0–1) NS

Total time pH <4 (%) 1.36 (0–3.8) 1.74 (0–4.6) NS

NS: Non-significant.
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Graphical Abstract
The contents of this page will be used as part of the graphical abstract

of html only. It will not be published as part of main.

Supragastric belching: An episode with high impedance wherein the blue color depicts impedance >3000 Ohms, the

onset of which starts in the proximal channel and moves distally without reaching the distal impedance channels,

clearing in the opposite direction.
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