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ABSTRACT
Background Combined pH-impedance
monitoring has been suggested as the
investigation of choice for diagnosing gastro-
oesophageal reflux in children. Although it is
superior to oesophageal pH monitoring in
detecting all types of reflux episodes (acid,
weakly acidic and alkaline) with the ability to
evaluate symptom association with reflux events,
it is still limited by the lack of true paediatric
normal value and the high cost involved
(equipment and personnel).
Objective To produce a position statement on
behalf of the Motility Working Group of the
British Society of Paediatric Gastroenterology,
Hepatology and Nutrition on the indications and
practical application of combined oesophageal
pH-impedance monitoring in children.
Methods Up-to-date review of available
evidence.
Results This document provides a practical
guide to clinician on indications, methods and
results interpretation of paediatric multichannel
intraluminal impedance pH (MII-pH).
Conclusions MII-pH is increasingly used by
paediatricians as the diagnostic tool for assessing
gastro-oesophageal reflux disease and symptom
association. There is wide variation in paediatric
practice and a need for standardised practice.

INTRODUCTION
Combined oesophageal multichannel
intraluminal impedance and pH (MII-pH)
monitoring is increasingly being used as
the diagnostic tool for gastro-oesophageal
reflux disease (GORD) in children.1 2 The

main advantage over standard oesopha-
geal pH measurement is the ability to
detect the frequency and height of reflux
episodes independent of pH.3 Moreover,
with the increasing use of combined
MII-pH monitoring, greater diagnostic
information is now available, particularly
in the group of patients with continuing
symptoms due to suspected GORD
despite adequate therapy. MII-pH is now
widely available for paediatricians;
however, with no agreed guidelines there
is a considerable diversity in practice.4

The British Society of Paediatric
Gastroenterology, Hepatology and
Nutrition (BSPGHAN)—Motility Working
Group therefore undertook to provide an
up-to-date guidance on the indications,
methodology and interpretation of
MII-pH studies in children. The European
Paediatric Impedance Group (EURO-PIG)
under the auspices of the European Society
of Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) published a
protocol for MII-pH in 2012.1 There have
since been many developments and experi-
ence that need to be assessed and incorpo-
rated in order to establish contemporary
guidance for this procedure in children.
The literature was reviewed by searching

all available publications, databases and
conference proceedings by a core group
from the BSPGHAN Motility Working
Group. The group then set out specific
tasks to the members before circulating
and coordinating the final document.
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INDICATIONS
The indications of MII-pH monitoring in children are
to measure GOR and ascertain symptoms association,
to quantify reflux in children not responding to
therapy and in research.1 MII-pH is useful in assessing
extra-oesophageal symptoms such as cough5 and
respiratory symptoms6; it can be performed on or off
therapy and on children fed via continuous or bolus
feed. It is also useful in diagnosing children with aero-
phagia.7 8 The British National Institute for Health
and Care Excellence in their GORD in children: diag-
nosis and management9 suggested performing MII-pH
in infant and children with
▸ recurrent aspiration pneumonia
▸ unexplained apnoeas
▸ unexplained non-epileptic seizure-like events
▸ unexplained upper airway inflammation
▸ dental erosion associated with neurodisability
▸ frequent otitis media
▸ a possible need for fundoplication
▸ a suspected diagnosis of Sandifer’s syndrome

PRINCIPLE OF OESOPHAGEAL MII TESTING
Oesophageal MII detects bolus flow by measuring
luminal content resistance to alternating current (AC).
The impedance circuit includes an AC generator (in
the recording device) and multiple metal rings placed
across a non-conducting catheter. To close the circuit,
the current must travel through the oesophageal
mucosa or luminal content. As electrical conductivity
is improved by high ironic load and impedance is
inversely proportional to electrical conductivity,
refluxate and liquid swallows will have good conduct-
ivity and low impedance while air has poor conductiv-
ity thus high impedance.10

The presence of a number of impedance rings in
the catheter allows the sequential measurement of
impedance to determine the direction of bolus flow
and identification of retrograde movement (reflux) or
antegrade flow (swallow).

RECORDING DEVICES AND SOFTWARE
Ambulatory and stationary systems are available and
MII-pH measurements are feasible in all age groups
from pre-mature infants through to adolescents. There
are currently three brands of MII-pH measurement
devices commercially available, each with their own
software; Sandhill Scientific (BioView analysis), MMS
(Ohmega software) and Vizion (Vizion software).
Software from the different manufacturers offer
similar capabilities regarding the automated analysis
and graphic display.

CATHETERS
The principal components of MII-pH monitoring
systems are a flexible catheter (6 Fr, 2 mm in diam-
eter) with pH electrodes, multiple impedance rings
and a data-recording device.3 While different types of

pH electrodes are available for pH monitoring, such
as glass, ion-sensitive field effect transistor or antim-
ony sensors,11 for pH-impedance monitoring the
most popular catheters are those with one antimony
pH-measuring electrode and seven impedance rings
with internal reference electrode. No external skin
electrode is required with the use of these catheters as
their internal reference electrode is located at the tip
of the catheter 3–5 cm distal to the distal pH sensor,
which may lead to theoretical potential to increase the
GOR episodes as the catheter traverses the lower
oesophageal sphincter (LOS).12

Catheter length should be age (height) appropriate
(table 1). Depending on the manufacturer, the dis-
tance between impedance rings and the location of
pH sensor on the catheters may vary. However, the
distance between each impedance ring is usually
1.5 cm for the infant catheters, generally used in
young children (height <75 cm), and 2 cm for the
paediatric and adult MII-pH catheters, used in older
children (height >75 cm) and young adult (height
>150 cm) respectively, resulting in a total measuring
length of 9 cm for infantile and 12 cm for paediatric
and adult catheters. In infant and paediatric MII-pH
catheters, the pH-measuring electrode is localised
within the distal impedance-recording channel, while
in adult MII-pH catheters is within the second most
distal impedance channel. Single-use catheters should
be the preferred option.

PREPARATION OF THE CATHETER
All catheters need to be calibrated prior to use accord-
ing to the manufacturer instructions; it is of pivotal
importance to carry out an accurate calibration
because even small errors in the procedure can lead to
erroneous results. There is always a risk of pH drift so
any pH electrodes that show unstable calibration
should not be used.

PLACEMENT OF CATHETER
The catheter is passed transnasally into the oesopha-
gus then positioned so that the distal oesophageal pH
electrode is located at the appropriate position.

Table 1 Characteristic of multichannel intraluminal
impedance-pH catheter

Catheter
type

Catheter
length

Spacing of
impedance
rings

Spacing of pH
sensor

Infant Height
<75 cm

1.5 cm apart In centre of most
distal impedance
channel

Paediatric Height
>75 cm
<150 cm

2 cm apart In centre of most
distal impedance
channel

Adult Height
>150 cm

2 cm apart In centre of second
most distal impedance
channel
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Patient should ideally be fasted for 2–4 hours
(depending on their age) before catheter insertion to
avoid inducing vomiting. Lubricating gel can be used
but should not be placed directly on the antimony
probe to avoid inaccuracy of data captured. Sedation
should be discouraged as it may influence the LOS
pressure.13 14 This group suggests careful evaluation
of studies where catheters were inserted under sed-
ation or general anaesthesia.
Correct anatomic placement of the electrode is

crucial for obtaining clinically useful oesophageal
pH-impedance measurements. Variation from the
correct position directly affects the amount of acid
reflux detected. For instance, patients with excessive
acid exposure whose probe is positioned proximally
to the correct position may appear to have normal
acid reflux, while those with normal acid exposure
may be considered abnormal if the probe is placed dis-
tally to the correct position above the LOS. The
current ESPGHAN consensus is that the pH electrode
should be positioned two vertebral bodies above the
diaphragm as noted at the level of the vertebral
column.1 In infants, this position can be estimated by
the use of the Strobel formula (0.252×body length in
centimetres+5).15 This formula is not as accurate in
older children as it overestimates the oesophageal
length. Mutalib et al16 (table 2) described an accurate
method to estimate catheter length in children based
on their body length. The placement of the distal pH
should be estimated at 1.5 cm (infants), 3 cm
(<10 years old) or 5 cm (>10 years old) above the
LOS if placed endoscopically; however, fluoroscopic
or X-ray confirmation of position is essential. When
applicable, oesophageal manometry can be used to
measure distance to LOS.

PATIENT INSTRUCTIONS
The study analysis and interpretation is dependent
upon the data acquired and the information received.
The monitoring conditions should be as unrestricted
as possible emphasising the daily habits that may repli-
cate the symptoms of the patient.

The study duration should be ideally for 24 hours
but a minimum of 16 hours and should incorporate
an overnight recording.17 Shorter studies may have
reduced sensitivity and poor reproducibility.18 The
study period should also include mealtimes and
fasting periods.
Acid suppression therapy should be stopped before

the procedure; histamine 2 (H2) blockade should be
stopped 48 hours and proton pump inhibitors 7 days
before the study. Prokinetics should be stopped
48 hours and antacids 6 hours before the study. This
obviously is not the case if the study is performed to
evaluate the efficacy of acid suppression therapy.19

The use of designated ‘event’ buttons on the
data-recording device should be clearly explained and
should be pressed with the occurrence of every
symptom experienced. For symptom correlation, the
relevant symptoms should be agreed before com-
mencement of the study. Children should avoid acidic
foods, carbonated drinks and food substances of
extreme temperature. A manual symptom diary
should be used to record other symptoms. Unrelated
symptoms that are not being assessed during the inves-
tigation should not be included as symptom events as
this will likely make interpretation more difficult.

ANALYSIS
After completion of the recording, data are uploaded
to the appropriate software. Events from the symptom
diary (if a paper form is used) should be added before
analysis. Symptom diaries are mostly recorded by
parents or carers and the time of recoding might be
delayed or approximated. When analysing symptom
association, a 2 min time window before a reflux
event is considered an accepted interval for reflux
association.1 20 While widely accepted in paediatric
clinical practice,6 21 the 2 min window is not evidence
based but was extrapolated from the analysis of
reflux-related non-cardiac chest pain in adults.20

Before the start of analysis, traces should be
screened to ensure the study is technically valid and to
remove artefacts and duplicate symptoms. This group
agreed that any duplicate symptom within a given
4 min window should be deleted.
It is important to allocate sufficient resources to the

process of analysing MII-pH studies as an erroneous
or a hastily generated report could lead to inappropri-
ate interventions. A gastrointestinal physiologist or
nurse specialist usually performs the analysis and a
physician interprets the report. It takes between
30 min and 4 hours to completely analyse a study
depending on the number of reflux episodes and the
experience of the person analysing the study.22 This
working group suggests a minimum of 2 hours
uninterrupted to analyse the study and generate the
report with longer time reserved for difficult studies.
The analysis is usually begun with automated ana-

lysis but must be followed by a ‘manual’ visual

Table 2 Estimation of multichannel intraluminal impedance-pH
catheter length according to height

Height (cm) Catheter depth (cm)

56–68 15–17.5

68–80 17.5–20

80–86 20–22.5

86–92 22.5–25

92–98 25–26

98–116 26–27.5

116–128 28–30

128–140 30–32

140–152 32–35

152–176 35–40

Reproduced with permission from John Wiley & Sons Ltd.16
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inspection of the recording to add/delete reflux events
throughout the study. Liquid reflux is defined as a
drop in impedance to <50% of the baseline imped-
ance (BI) value starting at the distal sensors and
propagating up the oesophageal body to at least the
next two proximal sensors (representing two ‘chan-
nels’)1 23 (figure 1). Gas reflux is defined as a rapid
and simultaneous increase in impedance to >3000
ohms in at least two distal oesophageal sensors
without an accompanying swallow23 (figure 2).
Refluxate can be either pure liquid, pure gas or mixed
containing features of both liquid and gas. Detection
of pure gas reflux is optionally included in the auto-
mated analysis. Reflux is classified as acid when pH
falls <4, weakly acidic for pH between 4 and 7 or
weakly alkaline if pH is >7. Or it could simply be
classified as acid (pH<4) and non-acid (pH>4).23

pH-only episodes commonly occur in infants and are
not usually accompanied by MII reflux; this slow pH
drift can be caused by residual reflux or oesophageal
shortening is confined to the distal oesophagus and
does not travel high enough in the oesophageal body
to trigger GOR episode in the impedance channels.
Meals are usually excluded from the automated

analysis as the repeated act of swallowing will reduce
the ability of automated software to detect reflux epi-
sodes, but as reflux is known to occur during meals,
assessment of GOR during meals should be done
manually. An isolated drop of pH to <4 that is not
associated with retrograde bolus flow during meals
should be interpreted with caution as many carbo-
nated drinks and some juices have a pH value of
<4.3 Nasogastric (NG) tubes transverse the LOS and
increase the number of postprandial GOR episodes.

This should be taken into consideration when
interpreting MII-pH results of children fed via NG
tubes. Studies are feasible in children on continuous
bolus feed as there is no antegrade flow across the
catheter; meal time analysis is relatively easy in this
setting.24

GOR episode that reached the uppermost recoding
sensor is considered as reaching the proximal
oesophagus.25 Proximal GOR episodes are particularly
useful in evaluating the correlation between extra-
oesophageal symptoms and GOR.26 Some of the
extra-oesophageal symptoms like apnoea and apparent
life-threatening event (ALTEs) occur in low frequency
during standard 24 hour monitoring, rendering statis-
tical correlation between GOR and symptom inaccur-
ate. We recommend careful evaluation of the trace to
ascertain reflux correlation. There are a number of
other parameters that are included in the analysis and
are generated in the report such as, but not limited to,
the total number of reflux episodes during different
postures (upright and recumbent) and their pH classi-
fication and oesophageal acid exposure time.
Symptom correlation with reflux is reported as

symptom index (SI), symptom sensitivity index (SSI)
or symptom-associated probability (SAP). SI is defined
as the percentage of reflux-associated symptoms
divided by the total number of symptoms. It should
be reported separately for each symptom and is
regarded as positive if SI is ≥50%.27 The main limita-
tion of SI is that it does not take into account the
total number of reflux episodes leading to an
increased chance of false-positive symptom association
with high number of GOR episodes or small number
of symptoms.1 SSI is defined as the number of

Figure 1 Reflux event.
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symptom-associated reflux episodes divided by the
total number of reflux episodes ×100%.28 An SSI
value of ≥10% for each symptom is regarded as posi-
tive. However, SSI is likely to produce false-positive
results when there is a high frequency of reported
symptom and has very limited clinical use. SAP uses a
complex statistical calculation to determine individual
symptom correlation in each 2 min window of the
study.29 SAP is considered the most appropriate
method to characterise the association symptoms and
GOR as it is least affected by the number of symptoms
and/or the number of reflux episodes. SAP values
>95% indicate that the observed GOR-symptom rela-
tionship is not bought by chance.1 29

There is no consensus regarding the minimum
number of symptoms to produce the most reliable cor-
relation and it is likely to differ in different symptoms.
However, symptom number of <5 is more likely to
produce a positive SI and a negative SAP.29 This
creates a dilemma for paediatricians as it could miss
the association with serious symptoms such as ALTEs,
which usually occur in low numbers.

Normal values for MII-pH are results of consensus
agreement, data extrapolation from adults and study-
ing children with symptoms suggestive of GORD.
ESPGHAN EURO-PIG has adopted the finding from
the German Paediatric Impedance Group as the
accepted normal values for children.1 30 Up to 100
reflux episodes in infants aged <1 year and oesopha-
geal acid exposure time up to 10% and up to 70 epi-
sodes in children aged >1 year and oesophageal acid
exposure time <3% are regarded as normal.
Oesophageal acid exposure time of >7% is abnormal
while values between 3% and 7% are indeterminate.1

A report of normal values in a cohort of normal
infants and children by Mousa et al19 produced
similar results (table 3).

BASELINE IMPEDANCE
BI reflects the intrinsic conductivity of oesophageal
wall; its use might provide information both on
oesophageal mucosal integrity and chemical clear-
ance.31 BI measurement is usually lower in patients
with GORD.32 Adults and children with erosive

Figure 2 Air swallow and gas reflux.
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oesophagitis have a lower BI level compared with
patients with no mucosal damage.33 In children, there
appears to be an inverse relationship between distal BI
and oesophageal acid exposure time, total number of
reflux episodes and the number of acid reflux events,
but no clear association between BI and ultrastructural
changes in the oesophageal mucosa.33 Measuring
distal and proximal BI of the oesophageal body can
help identify a group of children with oesophageal
motility disorder who may require further motility
studies.

REPORTING
The report for MII-pH should include a quantitative
assessment of different parameters included in the
analysis and a qualitative assessment of the symptom
correlation. A summary including the duration of the
study, symptoms under investigation and medication
use should be included in the report as should a clin-
ical interpretation of the finding with treatment
recommendation.

CONCLUSION
MII-pH monitoring is becoming the investigation of
choice for diagnosing GOR in children due to its
ability both in detecting all types of reflux episodes
and evaluating the association of symptoms with
reflux events irrespective of their chemistry.
As the cost of the device is decreasing, combined

MII-pH is rapidly replacing isolated pH monitoring as
the investigation of choice for diagnosing GOR in chil-
dren. However, certain limitations remain unresolved.
The lack of standardisation in results interpretation

and the unavailability of true paediatric normative
value are areas that require further development.
Analysing MII-pH is a skill that requires specific

training and can be time consuming. There remains
an urgent need to standardise training and setting of a
minimum standard for performing combined MII-pH
in children.
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