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EXECUTIVE SUMMARY & RECOMMENDATIONS

I

n patients with suspected oesophageal symptoms, flexible
endoscopy and/or contrast radiology (eg. barium swallow)
should be performed before considering manometric
assessment (Evidence grade C).
Oesophageal manometry is indicated for the evaluation of
dysphagia not definitively diagnosed by means of endoscopy
and/or radiology, as manometry is the most accurate method
for diagnosing the well-characterised primary oesophageal
motility disorders (achalasia and diffuse oesophageal spasm)
(Evidence grade C).
Oesophageal manometry is the most accurate method for
pH electrode placement (Evidence grade B).
Acid gastro-oesophageal reflux accounts for a significant
proportion of non-specific manometric abnormalities and a
therapeutic trial of a proton pump inhibitor is recommended
in the initial management of patients with suspected
oesophageal symptoms, who have non-specific motility
abnormalities identified at manometry (Evidence grade C)
Pre-operative oesophageal manometry is of limited value
but does prevent anti-reflux surgery in the rare patients who
present with clinical features suggestive of acid gastrooesophageal reflux and have a primary motility disorder, such
as achalasia, and is therefore recommended (Evidence grade
C).
In the absence of locally determined ranges for defining the
limits of physiological acid reflux, the following data should
be utilised: percentage total time oesophageal pH<4 <5%;
percentage upright time oesophageal pH<4 <8%; percentage
supine time oesophageal pH<4 <3%; number of episodes
pH<4 for >5 minutes <3 (Evidence grade B).
Ambulatory oesophageal pH monitoring has clear limitations in defining pathological acid reflux due to false negative
studies, but it is the only investigation that provides information on whether patients’ symptoms are related to acid reflux.
The optimal period for analysis is from two minutes before to
the time the event marker on the data logger was pressed
(Evidence grade B). A measure of the association of the
patient’s symptoms and acid reflux episodes, such as the
symptom index, and the number of symptomatic events,
should be included in the report of an ambulatory
oesophageal pH study (Evidence grade C).
Ambulatory oesophageal pH monitoring has no role in the
initial management of patients with symptoms suggestive of
acid gastro-oesophageal reflux. A high dose therapeutic trial
of a proton pump inhibitor is the diagnostic investigation of
choice (Evidence grade B). In patients with symptoms suggestive of acid gastro-oesophageal reflux, who fail to respond
during a therapeutic trial of a proton pump inhibitor, ambulatory oesophageal pH monitoring on a proton ump inhibitor
may be of value to obviate the need for repeated, potentially
futile, attempts at dose escalation (Evidence grade C).
Chest pain, throat and respiratory symptoms may be due to
acid gastro-oesophageal reflux, particularly in patients with
heartburn or acid regurgitation and no alternative explana-
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tion for their symptoms. A high dose therapeutic trial of a proton pump inhibitor is indicated in such patients (Evidence
grade B). In patients with throat or respiratory symptoms
this trial should be for four months, as a symptomatic
response may be delayed (Evidence grade B). Ambulatory
oesophageal pH monitoring off therapy may be of value to
exclude excess acid gastro-oesophageal reflux when this
appears unlikely or pH monitoring on a proton pump inhibitor
may be of value when there is an inadequate response to a
therapeutic trial, to judge whether further dose escalation is
appropriate (Evidence grade C).
Patients with endoscopic oesophagitis and a good response
to a proton pump inhibitor do not require an ambulatory
oesophageal pH study prior to anti-reflux surgery. Patients
with symptoms suggestive of acid reflux without endoscopic
oesophagitis and a good response to a proton pump inhibitor
should undergo ambulatory oesophageal pH monitoring off
therapy prior to anti-reflux surgery (Evidence grade
C).Patients with symptoms potentially due to acid reflux who
fail to respond to a high dose proton pump inhibitor should
undergo ambulatory oesophageal pH monitoring on a proton
pump inhibitor prior to anti-reflux surgery and a good correlation between the patient’s symptoms and acid reflux
episodes, as assessed by the symptom index, established
(Evidence grade C). Ambulatory oesophageal pH monitoring should be undertaken in patients with persistent
symptoms following anti-reflux surgery, particularly if further
surgery is planned, to ensure there is evidence of persistent
acid reflux and a good correlation between the patient’s
symptoms and acid reflux episodes (Evidence grade C).
Oesophageal manometry and ambulatory oesophageal pH
monitoring are associated with minor morbidity, largely vasovagal episodes, discomfort from the catheter and a runny
nose, and restrictions affecting diet and activity. Patients with
a heart valve replacement or a previous episode of bacterial
endocarditis should receive antibiotic prophylaxis (Evidence
grade C). All patients undergoing oesophageal manometry or
ambulatory oesophageal pH monitoring should give written
informed consent (Evidence grade C).
To ensure high clinical standards in oesophageal function
testing, all clinicians undertaking oesophageal manometry or
pH monitoring in the United Kingdom should be registered
with the Association of Gastrointestinal Physiologists (AGIP)
(Evidence grade C).

1.0 INTRODUCTION
Oesophageal disorders are among the most common medical
conditions. Symptoms of acid gastro-oesophageal reflux affect
up to a third of the population in the UK. Oesophageal
manometry and ambulatory oesophageal pH monitoring have
become established clinical tools in the investigation of
oesophageal symptoms. There have been significant developments in this field since the previous guidelines were
formulated in 1996, particularly the advent of proton pump
inhibitors and increasing awareness of the value of therapeu-
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tic trials with these agents. These developments merit a
reassessment of the clinical role of oesophageal manometry
and ambulatory oesophageal pH monitoring and this is the
purpose of these guidelines.

2.0 FORMULATION OF GUIDELINES
These guidelines have been produced in accordance with recommendations of the North of England evidence based
guidelines development project.i They are based on a Medline
literature search using the search terms “oesophageal
manometry” and “oesophageal pH monitoring”, and on
expert opinion and review. The application of oesophageal
studies in the paediatric population is considered beyond the
scope of these guidelines.

2.1 CATEGORIES OF EVIDENCE
The strength of evidence used to formulate these guidelines
was graded according to the following system:
• Ia—Evidence obtained from meta-analysis of randomised
controlled trials.
• Ib—Evidence obtained from at least one randomised
controlled trial.
• IIa—Evidence obtained from at least one well designed
controlled study without randomisation.
• IIb—Evidence obtained from at least one other type of well
designed quasi experimental study.
• III—Evidence obtained from well designed nonexperimental descriptive studies such as comparative
studies, correlation studies, and case studies.
• IV—Evidence obtained from expert committee reports or
opinions, or clinical experiences of respected authorities.
The evidence category is indicated after the citations in the
reference section at the end of these guidelines.
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comprises a pressure sensing apparatus that detects changes
in luminal pressure and converts this to an electrical signal,
and a recording device that amplifies and stores this information for subsequent analysis. Manometric results are
presented either as hard copy readouts (using ink or thermal
writing polygraphs) or via computer-generated reporting
using analog to digital conversion and software analysis.
There are two main forms of sensing/transducer device in
current use:
Water-perfused catheters coupled to volume-displacement
transducers
This type of catheter comprises a bundle of thin plastic tubes
each with an outward facing side-hole. There are typically 38 pressure-sensing side holes spaced along the length of the
catheter and radially orientated, thereby allowing simultaneous measurement of pressures at multiple locations. The
tubes are continuously perfused with bubble-free water as a
non-compressible medium and the pressure in each tube is
monitored by a volume-displacement transducer. Water flow
through the side holes is impeded by oesophageal contraction.
Solid-state strain gauges
This type of catheter is composed of a linear arrangement of
miniature, solid-state strain gauges spatially and radially orientated along a flexible tube. The signal from each strain
gauge provides a direct measure of intraluminal pressure.
These catheters are technically easier to use and less cumbersome than traditional water-perfused systems, but are more
expensive both to buy and repair. There have been no studies
to compare the relative running costs of the two alternative
systems. Absolute pressure values and normal ranges
obtained with water-perfused versus solid state systems are
not identical and the choice of laboratory reference range
should reflect the type of catheter assembly.

2.2 GRADING OF RECOMMENDATIONS
The strength of each recommendation is dependent on the
category of evidence supporting it, and is graded according to
the following system:
• Grade A—requires at least one randomised controlled trial
as part of the body of literature of overall good quality and
consistency, addressing the specific recommendation
(evidence categories Ia, Ib).
• Grade B—requires the availability of clinical studies
without randomisation on the topic of recommendation
(evidence categories IIa, IIb, III).
• Grade C—requires evidence from expert committee reports
or opinions, or clinical experience of respected authorities,
in the absence of directly applicable clinical studies of good
quality (evidence category IV).

3.0 OESOPHAGEAL MANOMETRY
To perform oesophageal manometry in an accurate and reproducible way, a number of technical requirements must be
satisfied. Furthermore, the operation and maintenance of
manometric equipment requires technical expertise.

3.1 EQUIPMENT
Oesophageal manometry utilises a system of water-perfused
catheters or solid-state transducers to determine pressure profiles for the oesophageal sphincters and oesophageal body
muscle. In current UK practice, measurements of oesophageal
physiology are confined generally to studies of the function of
the oesophageal body and the lower oesophageal sphincter
(LOS). Detailed examination of the upper oesophageal
sphincter (UOS) or pharyngeal function is not considered part
of the standard manometric assessment and requires special
expertise.(2) The basic hardware required for manometry
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High Resolution Manometry (HRM)
Miniaturisation of solid state pressure sensors has allowed the
development of high resolution manometry (HRM), employing catheters with multiple sensors (up to 36) distributed
longitudinally and radially.(3,4) This allows topographical
analyses with the generation of 2- and 3-dimensional contour
plots based on simultaneous pressure readings taken at multiple sensors within the sphincters and oesophageal body.
These catheters have the potential to reduce the need for repositioning, thereby shortening the duration of the procedure.
Simultaneous assessment of sphincters and body with a single series of swallows is possible with the catheter in a single,
fixed position. The increased resolution and better radial
information promised by HRM should reduce the problems of
asymmetry and artefact inherent in existing systems.(3,4).
This type of equipment is not widely available in the UK and
the present guidance relates to traditional water-perfused and
solid state catheters.

3.2 PATIENT PREPARATION AND TECHNIQUE
There a number of published guides and reviews dealing with
technical aspects of performing oesophageal manometry.(2,5-12) Equipment should be checked and calibrated
before commencing each study. Patients should fast for a
minimum of four hours for solids and two hours for liquids
prior to the procedure. A longer period of fasting may be
appropriate for patients with evidence of fluid or food
residues at endoscopy/radiology (eg. in achalasia).
Medications known to affect oesophageal motor function
should be avoided for 24 hours prior to the test where clinically appropriate (eg. ?-blockers, nitrates, calcium channel
blockers, anticholinergic drugs, prokinetics, nicotine, caffeine,
opiates).(2) Any concurrent medication should be recorded.
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Local anaesthetic may be used and if so, its use should be documented. A brief history and review of the patient’s case
records should alert the technician to any contra-indications
to performing oesophageal studies (See Section 5.0) or to the
existence of conditions that may hinder the performance or
interpretation of the test (eg. large hiatal hernias, previous
oesophageal surgery).
The catheter may be placed via either the trans-nasal or
trans-oral route. Once the catheter has been inserted, the
patient should be placed in the recumbent position if a waterperfused catheter is used and allowed a period of 5-10
minutes to accommodate to the catheter. Water-perfused systems exhibit an upward shift of pressure baseline when the
subject moves into an upright position, such that studies are
best performed supine.(8) Although this shift in pressure
doesn’t occur with solid state systems, many published values
for either type of system are based on studies performed in the
traditional supine position.(8)
At the beginning of the manometric assessment, one or
more (preferably three) of the most distal recording sites
should be in the stomach. This can be verified by asking the
patient to take a deep breath. Intra-abdominal pressure readings go up with inspiration and down on expiration.
Conversely, pressure readings taken within the thoracic cavity
go down on inspiration and up on expiration.(8)
The station pull-through technique allows identification of
the location and length of the sphincter high pressure zone
(HPZ).(2,13-16) The lower oesophageal sphincter (LOS) resting pressure (pressure of HPZ minus intra-gastric pressure) is
estimated from the mean of at least three radially orientated
ports/transducers. A series of wet swallows (5mL of water) are
used to examine LOS relaxation. Alternative methods for
determining LOS relaxation and pressure include, respectively, the use of a sleeve sensor (2,10,11,13-26) or a rapid
pull-through technique. (2,10,13,15-17,22,27-29) Normal values vary according to the precise technique employed and
clinicians should familiarise themselves with their local laboratory protocol and reference values.(Evidence Grade: B)
Oesophageal body motility is assessed using several sensors
(at least three) positioned 3-5cm apart above the LOS. Both
the distal (lower) and proximal (upper) oesophageal body are
assessed, using a further series of wet swallows (at least 10 for
both upper and lower oesophagus). (30) At least 20-30 seconds should be allowed between swallows as rapid repetitive
swallowing inhibits peristalsis.(2,10,31) If peristalsis appears
absent, the function of the sensors should be checked by asking the patient to cough. Available data suggest that water
swallows provide a more consistent and vigorous peristaltic
response than simple saliva swallows, so the latter are not recommended (Evidence Grade: B).(32)

3.3 INDICATIONS FOR OESOPHAGEAL MANOMETRY
Oesophageal manometry is the only investigation that
enables a precise diagnosis of oesophageal motility disorders,
whether primary or secondary to local or systemic disease.
However, it should not be used as a first-line investigation for
patients with dysphagia or chest pain. Oesophageal manometry is generally undertaken after more routine investigations
for oesophageal structural disease (ie. endoscopy and/or contrast radiology). The procedure is reserved for situations
where there is diagnostic doubt or where the identification of
an oesophageal dysmotility disorder will alter clinical management.
In patients with suspected oesophageal symptoms, we recommend that flexible endoscopy and/or contrast radiology
(eg. barium swallow) is performed before considering manometric assessment (Evidence grade C). This approach will
ensure that significant oesophageal pathology (eg. oesophagitis, oesophageal ulcers or stricturing oesophageal disease) is
excluded prior to seeking less common dysmotility disorders.
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SUMMARY OF INDICATIONS FOR OESOPHAGEAL
MANOMETRY
1) To diagnose suspected primary oesophageal motility
disorders (eg. achalasia and diffuse oesophageal spasm)
2) To diagnose suspected secondary oesophageal motility
disorders occurring in association with systemic
diseases (eg. systemic sclerosis)
3) To guide the accurate placement of pH electrodes for
ambulatory pH monitoring studies
4) As part of the pre-operative assessment of some
patients undergoing anti-reflux procedures
5) To reassess oesophageal function in patients who have
been treated for a primary oesophageal disorder (eg.
sub-optimal clinical response to pneumatic balloon
dilatation) or undergone anti-reflux surgery (eg.
dysphagia following fundoplication)
The main indications for oesophageal manometry are summarised in Panel 1 (Evidence Grade C). A primary
indication for manometry is the evaluation of dysphagia not
definitively diagnosed by means of endoscopy and/or radiology.(2,6,7,9-12,33-40) Manometry provides the gold standard
method for formal diagnosis of the well-characterised primary
oesophageal motility disorders (achalasia and diffuse
oesophageal spasm).
Hence, manometry may allow formal diagnosis of a primary
oesophageal motility disorder in a patient with non-cardiac
chest pain and/or dysphagia.(2,6,7,9-12,33-40) However,
achalasia and diffuse oesophageal spasm are relatively
uncommon conditions and require well-defined manometric
criteria for their diagnosis. The significance of other manometric findings, such as hypertensive contractions (including
so-called “nutcracker oesophagus”) are more controversial.
One classification system for oesophageal dysmotility disorders is provided in Section 3.4.
There have been many descriptive studies reporting manometric findings in large series of patients referred for
manometry.(17,26,41-52) These reports describe findings in
subjects with suspected oesophageal symptoms (eg. non-cardiac chest pain, suspected oesophageal pain or dysphagia)
and some include data for symptom-free controls.(4244,46,53,54) Achalasia and diffuse oesophageal spasm appear
to be specific disorders that are absent in healthy volunteer
groups. Other non-specific motility disorders are reported to
be found in a proportion of apparently symptom-free volunteers. The clinical significance of non-specific motility
disorders is therefore uncertain. Available data suggest that
neither symptom severity nor clinical course correlate closely
with non-specific manometric findings(51;55) and these
manometric abnormalities may be inconsistent over time.
(56)
Blinded therapeutic trials in non-specific motility disorders
have shown active treatments may improve manometric
parameters but not symptom response,(57) or improve symptoms without detectable changes in manometric
parameters.(58) A single controlled trial has reported
improvements in both manometry and symptom scores in
nutcracker oesophagus using the calcium antagonist, diltiazem.(59) Hence, repeat manometry is not recommended as a
routine part of the assessment of patient response to pharmacological treatment of non-specific dysmotility (Evidence
grade: C)
Manometric assessment of oesophageal function is not recommended in the routine diagnosis of gastro-oesophageal
reflux disease (GORD). A wide array of manometric abnormalities has been described in GORD, including dysfunction
of the LOS (eg. hypotension,(60) increased transient relaxations(61) or a shorter length(26)) and defective
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peristalsis.(62) Such findings are not required for the diagnosis of GORD and do not contribute to management decisions
for most patients. Manometry is, however, recommended to
guide the placement of pH electrodes in subjects requiring
ambulatory monitoring studies (Evidence grade
B).(5,7,9,10,37,38,63,64)
It is recognised that GORD may account for a significant
proportion of non-specific manometric abnormalities. A therapeutic trial of anti-reflux therapy (eg. a proton pump
inhibitor) is recommended prior to using less conventional,
unlicensed drug treatments in patients with suspected
oesophageal symptoms who have non-specific motility abnormalities identified at manometry (Evidence grade C). In
patients being considered for anti-reflux surgery, the role for
pre-operative manometry prior to fundoplication is controversial.(35,36,65-69) There has been concern about a risk of
obstructive complications following total fundoplication in
patients with impaired oesophageal motor function. Some
authorities have considered impaired peristaltic function to be
a relative contra-indication to anti-reflux surgery. However,
there are conflicting reports on the ability of pre-operative
manometry to predict outcomes. Furthermore, improvements
in pre-operative peristaltic abnormalities (failed or hypotensive peristalsis) have been demonstrated following
fundoplication surgery. Pre-operative manometry does prevent anti-reflux surgery in the rare patients who present with
clinical features suggestive of GORD but have a primary
motility disorder such as achalasia. Data are insufficient to
support a firm recommendation, though our consensus view
is that pre-operative manometry is a desirable investigation
(Evidence grade: C)

3.4 A CLASSIFICATION OF MOTILITY DISORDERS
There is no internationally agreed classification system for the
primary oesophageal motility disorders, though one proposed
scheme is given in Panel 2.(70) A detailed review of the
manometric features of these disorders is beyond scope of
these guidelines but a brief summary follows:
A CLASSIFICATION OF PRIMARY OESOPHAGEAL
MOTILITY DISORDERS
• Inadequate LOS relaxation
Achalasia
Atypical disorders of LOS relaxation
• Uncoordinated contraction
Diffuse oesophageal spasm
• Hypertensive contraction
Nutcracker oesophagus
Hypertensive LOS
• Hypotensive contraction
Ineffective oesophageal motility
Hypotensive LOS
Achalasia is the only primary motility disorder for which
an underlying pathological process has been well characterised.(34,40,71) Manometric features of achalasia include:
(1) Aperistalsis in the oesophageal body – whereby all wet
swallows are followed by simultaneous identical contractions
(isobaric or “mirror images”). Generally, these contractions
are of low amplitude (10-40 mmHg) and may be repetitive.
Aperistalsis may occur with normal or increased amplitude
contractions in some patients, so-called “vigorous achalasia”;
and (2) Abnormal lower oesophageal sphincter relaxation –
sphincter relaxation is absent or incomplete with wet swallows in 70-80% of patients with achalasia. In the remainder,
relaxations of the LOS are complete to gastric baseline but are
of short duration and functionally inadequate. The resting
LOS pressure is often high in achalasia (not low) although it
can be within the normal range (eg. 10-45 mmHg).
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Atypical variants of achalasia are recognised and interpretation of manometry depends on clinical features and the
results of other tests (eg. barium radiology). Patients with
LOS abnormalities that fail to fully meet manometric criteria
for achalasia may be categorised as having an atypical disorder of the LOS. Such patients may have some degree of
preserved peristalsis, oesophageal body contractions exceeding 40mmHg and/or seemingly complete relaxation of the
LOS but of inadequate duration.
Diffuse oesophageal spasm is characterised manometrically by uncoordinated oesophageal contractions. Published
criteria have varied, but a key feature is the finding of simultaneous contractions induced by wet swallows.
(34,43,45,70,71) One proposed set of manometric criteria are:
(1) Simultaneous contractions associated with >10% of wet
swallows and (2) Mean simultaneous contraction amplitude
>30mmHg.(70) Other features may occur, including spontaneous
contractions,
repetitive
contractions
and
multiple-peaked contractions. Normal peristalsis should be
present intermittently. Incomplete relaxation of the LOS is not
a typical feature.(70)
Other non-specific disorders of motility are described in
which there is manometric evidence of either ‘hypertensive’
or ‘hypotensive’ oesophageal contraction. The definition and
clinical significance of these entities remains controversial.(72) Nutcracker oesophagus is a term used to describe
hypertensive peristalsis, typically defined as an average distal
peristaltic amplitude of >180mmHg.(34,59,70,71,73)
Hypertensive LOS refers to the finding of elevated resting
LOS pressure (eg. >45mmHg).
The finding of weak and/or non-transmitted distal
oesophageal contractions has led some authors to suggest a
hypotensive category of ineffective oesophageal motility.(72) Proposed criteria for this manometric phenomenon
are the finding of >30% of swallows associated with low
amplitude contractions (eg. Less than 30 mm Hg) at one or
more of the distal recording channels in the lower oesophagus. This entity includes low amplitude waves that may be
either propagated (peristaltic) or non-propagated (failed peristalsis) or mixtures of the two. Studies involving
simultaneous monitoring of bolus transit at the time of
manometry, either radiologically or with the emerging technique of intraluminal impedance, are beginning to clarify the
functional significance of non-specific disorders.(74)
The term hypotensive LOS is used to describe a weak resting LOS. Other non-specific manometric observations include
triple-peaked contractions or peristaltic waves of prolonged
duration. The functional significance of these findings and
their relationship to symptoms are poorly defined at present.
Secondary disturbances of oesophageal motor function
occur in association with systemic diseases such as collagen
vascular disease (eg. Systemic Sclerosis), diabetes, amyloidosis, Chaga’s disease, multiple sclerosis, alcoholism,
hypothyroidism and during ageing.(40)

3.5 RECOMMENDATIONS FOR MANOMETRY REPORTING
This section proposes a minimum dataset for oesophageal
manometry reporting, based on elements that are common to
many published technical reports.(2,6-8,11,12,34,40,71,75)
Many units will produce more detailed reports but the proposed scheme represents a minimum standard.(Evidence
Grade C)
General information: The report should include patient
identification details, the date and timing of the test, the indications for the procedure and a list of current medications.
The report should stipulate whether the catheter was placed
via the mouth or nares. Details of the type of apparatus should
be recorded (ie. type of catheter and recording device). Any
medications used during the procedure should be noted. If
any technical difficulties were encountered during the proce-
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dure, such as patient intolerance or problems with catheter
placement or equipment function, these should be recorded.
Lower oesophageal sphincter: The location of the upper
and lower border of the high pressure zone (HPZ) should be
noted, as measured from the nares or incisors. This allows calculation of LOS length. Data for the baseline lower
oesophageal sphincter (resting) pressure should be recorded.
A maximal resting pressure and/or the mean (+/- range)
should be provided. Pressures are measured relative to gastric
pressure in millimetres of mercury. It is useful to state if LOS
pressures have been measured in relation to respiration (ie.
end-expiratory values) or as an average of all pressures.
Information relating to swallow-induced LOS relaxation is
essential, as assessed by the residual pressure during maximal
LOS relaxation. The number and/or percentage of wet swallows accompanied by complete relaxation should be given.
Oesophageal body: Measurements (eg. mean values +/range) should be provided for the amplitude of pressure
waves at a number of standard locations within the distal
oesophagus. An oesophageal pressure wave is defined as transient elevations of intra-oesophageal pressure of >20 mmHg
above the baseline. Values for the percentage of wet swallows
that produce (i) normally propagated peristalsis, (ii) failed
peristalsis, (iii) simultaneous pressure waves, (iv) low pressure / feeble peristaltic waves (<30 mmHg) and (v) repetitive
waves (>3 peaks at a recording site) are noted.
Interpretation: A meaningful summary should be provided. There should be a manual review of any automated
reports with the aim of providing a clinically interpretable
result. A manometric diagnosis should be given where possible, though it is important to emphasise that the final
diagnostic formulation for an individual patient should be
based on a careful consideration of clinical features, radiological and/or endoscopic findings in addition to the manometric
information. Quality radiological studies (standard barium
swallow or ‘marshmallow’ swallow) can provide important
information about bolus transit. Treatment decisions should
not be based solely on manometric findings (Evidence
grade: C).

4.0 OESOPHAGEAL PH MONITORING
4.1 TECHNICAL ASPECTS OF AMBULATORY
OESOPHAGEAL PH MONITORING
pH electrodes
There are two forms of commercial pH electrode – antimony
and glass. Antimony electrodes are less expensive, of smaller
diameter and are better tolerated but have a shorter operational life. Antimony electrodes have been reported to drift
more during recordings and have a less linear response than
glass electrodes but appear adequate for clinical purposes.
(76,77)
Prior to and following ambulatory oesophageal pH monitoring, a calibration using neutral and acidic buffers should be
undertaken with appropriate temperature compensation to
ensure the electrode is responsive and has not drifted during
the study by more than 0.5 pH units (Evidence grade C).
(77)
A wireless pH telemetry capsule has recently been developed for ambulatory oesophageal pH monitoring. (78) Two
comparative studies with conventional pH electrodes have
been published. (79,80) Both studies revealed lower levels of
acid exposure with the wireless system compared with
catheter-based monitoring. However, detailed analysis has
suggested that the discrepancies found largely relate to a fault
in the thermal calibration system for the catheter electrode
and very similar acid exposure was found when appropriate
compensation was made. (79) The National Institute for
Health and Clinical Excellence have recently approved wire-

November 2006

5

less pH monitoring for clinical use within the United
Kingdom. The wireless system has the potential advantage of
extended recording up to 48 hours but is also considerably
more expensive than catheter-based monitoring, as
endoscopy is required to place the pH telemetry capsule.
Wireless pH monitoring is of obvious value in patients intolerant of catheter-based monitoring but its wider clinical role
remains to be established.
Data loggers
Data loggers should sample pH at least eight times a minute
for clinical purposes. (81) Data loggers should include an
event marker for patients to record the occurrence of symptoms during the monitoring period.
Electrode positioning
By established convention, the pH electrode is placed 5cm
above the manometrically determined upper border of the
lower oesophageal sphincter, to prevent the electrode temporarily entering the stomach during the oesophageal
shortening associated with swallowing. (82) Simultaneous
monitoring of pH at 5 and 10cm above the lower oesophageal
sphincter has revealed reduced acid exposure at 10 cm and
reduced sensitivity in discriminating between patients with
normal and abnormal acid reflux on ambulatory oesophageal
pH monitoring. (83)
Alternative methods of pH electrode placement have been
described. However, pH step-up, fluoroscopy, endoscopic
measurements and body height formulas have all been found
to be inferior to manometry (Evidence grade B). (84, 85)
Restrictions prior to and during ambulatory oesophageal pH
monitoring
If the pH recording is to be carried out in the absence of acid
suppressing drugs, proton pump inhibitors should be withdrawn seven days and Histamine H2 antagonists three days
before the study. (77) Antacids should not be consumed on
the day of the study.
Historically, restrictions on diet, smoking, alcohol and exercise have been imposed during ambulatory oesophageal pH
monitoring. Increasing awareness of the importance of correlating symptoms and oesophageal acid exposure has led to
such restrictions being abandoned to increase the chance of
symptoms occurring during the recording period. However,
exclusion of the meal period from the analysis of the pH
recording does improve the separation of normal and abnormal oesophageal acid exposure. (86) Patients should therefore
complete a diary during oesophageal pH monitoring documenting the timing of meals, symptoms and supine periods.
Duration of ambulatory oesophageal pH monitoring
Poor tolerance of 24-hour ambulatory oesophageal pH monitoring in a minority of patients has led to assessments of
shorter recording periods. Unfortunately, published studies
have compared a 24-hour recording with a shorter period of
the same recording. (87-89) The studies therefore imply that
patients should still undergo 24-hour monitoring but that
potentially only a shorter period of the recording requires
analysis, which is of little clinical value. The reproducibility of
ambulatory oesophageal pH monitoring depends on the
length of the study (90) and therefore in the absence of true
comparative studies, ambulatory oesophageal pH monitoring
should be for 24 hours (Evidence grade C).
Reproducibility
Intra-subject reproducibility of ambulatory oesophageal pH
monitoring has been studied on consecutive (90) or two separate (91) days. 85% of subjects had either a normal or
abnormal total time oesophageal pH<4 on both occasions but
an individual’s total time oesophageal pH<4 could vary by up
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to three-fold between studies. (91) Furthermore, a study of
simultaneous recordings from two pH electrodes positioned at
the same point in the oesophagus revealed surprising discrepancies, even to the point that two out of ten patients changed
from having a normal to an abnormal total time oesophageal
pH<4. (92)

4.2 INTERPRETATION OF OESOPHAGEAL PH DATA
Criteria for acid reflux event
A fall below pH 4 in oesophageal pH has been conventionally
taken to indicate acid reflux. Other pH thresholds have been
studied for their ability to discriminate patients with gastrooesophageal reflux disease (GORD) from asymptomatic
controls. (93) Although pH 4 tends to underestimate acid
reflux, it is still considered the most appropriate threshold for
clinical use. (93) The most accurate method for detecting gastro-oesophageal reflux events, whether they contain acid or
not, is oesophageal impedance monitoring. (94) Preliminary
experience with impedance monitoring suggests reflux events
with a nadir pH between 4 and 7, which are termed weakly
acidic reflux events, may be associated with symptoms in
patients with persistent reflux symptoms despite a proton
pump inhibitor (94) or chronic cough. (95) However, the clinical role of combined pH and impedance monitoring remains
to be defined.
Oesophageal pH monitoring variables
A number of variables have been described that have value in
discriminating patients with acid reflux symptoms from
asymptomatic controls: percentage total time oesophageal
pH<4; percentage time upright oesophageal pH<4, percentage time supine oesophageal pH<4; number of episodes
oesophageal pH<4; number of episodes oesophageal pH<4
for more than 5 minutes; and the longest single episode
oesophageal pH<4. (96). A composite score was developed to
express them. It has subsequently been recognised that unlike
the other variables the number of episodes oesophageal pH<4
has poor reproducibility. (91) Furthermore, the composite
score has no advantage over the simpler percentage total time
oesophageal pH<4 in discriminating patients with GORD
from asymptomatic controls. (97,98)
It has been suggested that oesophageal pH values of >7
may represent alkaline or duodeno-gastro-oesophageal reflux.
(99) However, studies utilising a fibreoptic probe to detect
bilirubin found no association between bilirubin reflux and
“alkaline” reflux (100) and this variable is of no clinical value.
Oesophageal pH monitoring variables in asymptomatic
subjects
Oesophageal pH recordings in asymptomatic subjects have
revealed that acid reflux is a normal, physiological occurrence.
(96) Attempts have therefore been made to define physiological acid reflux in order to differentiate it from pathological
acid reflux associated with acid reflux symptoms with or
without endoscopic oesophagitis. Initially, physiological acid
reflux was defined as the mean plus two standard deviations
of oesophageal pH variables derived from studying asymptomatic subjects. (96) However, it became apparent that pH
variables are not normally distributed (98,101) and non-parametric 95% percentiles have subsequently been used to define
physiological acid reflux. (102)
In the absence of locally determined ranges for physiological acid reflux, it has been recommended that data from the
largest published series are utilised: percentage total time
oesophageal pH<4 <5%; percentage upright time
oesophageal pH<4 <8%; percentage supine time oesophageal
pH<4 <3%; number of episodes pH<4 for >5 minutes <3.
(77,102) (Evidence grade B).
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Oesophageal pH monitoring variables in patients with
oesophagitis
Ambulatory oesophageal pH monitoring is both sensitive
(>85%) and specific (>90%) in differentiating patients with
endoscopic oesophagitis from asymptomatic subjects, using
the percentage total time oesophageal pH<4. (97,98,103-105)
However, up to a quarter of patients with oesophagitis still
had a percentage total time oesophageal pH<4 within the
physiological range, emphasising that oesophageal pH monitoring is associated with a significant false negative rate.
(103,104) Furthermore, endoscopic evidence of oesophagitis
establishes a diagnosis of GORD and ambulatory oesophageal
pH monitoring is of no value in this context.
Oesophageal pH monitoring variables in patients with acid
reflux symptoms without oesophagitis
Discriminating between patients with acid reflux symptoms
without endoscopic oesophagitis and asymptomatic subjects
is potentially more clinically relevant. However, although
ambulatory oesophageal pH monitoring in this context
remains a specific test (>90%), sensitivities of only 0, 61%
and 64% due to false negative tests have been reported, limiting its value as a diagnostic test. (103-105).
Analysis of symptoms
Although ambulatory oesophageal pH monitoring has clear
limitations in defining pathological acid reflux, it is the only
investigation that is able to provide information on whether
patients’ symptoms are related to episodes of acid reflux. A
detailed analysis of different time windows has suggested
that the optimal period for analysis is from two minutes
before to the time the event marker on the data logger was
pressed (Evidence grade B). (106)
Symptom index
The symptom index is the number of symptom episodes associated with acid reflux as a percentage of the total number of
symptom episodes. (107) Further experience suggested that a
symptom index of at least 50% was the optimal threshold.
(108) However, the value of the symptom index depends on
the number of symptoms during the monitoring period. Few
symptoms and frequent acid reflux episodes may lead to a
positive symptom index due to a chance association.
Symptom sensitivity index
The symptom sensitivity index was developed in an attempt
to account for the limitations of the symptom index. It is
defined as the number of acid reflux episodes associated with
symptoms as a percentage of the total number of acid reflux
episodes. (109) A positive symptom sensitivity index was
arbitrarily defined as at least 10%. (109)
Symptom association probability
Neither the symptom index nor the symptom sensitivity
index utilise all of the available data to determine the association of symptoms with acid reflux. The symptom association
probability is a potentially useful statistical attempt to rectify
this. It is calculated by dividing the data into two-minute sections and determining whether acid reflux or symptoms
occurred in each section. (110) Fisher’s exact test is used to
determine whether the distribution of the four possible permutations – symptom and reflux, symptom no reflux, reflux
no symptom, no symptom or reflux – occurred by chance. A
symptom association probability of >95% is considered
positive.
Only the symptom index has been prospectively shown to
be of clinical value. A positive symptom index predicted a
response to dose escalation in patients poorly responsive to
standard dose proton pump inhibitors. (111) It has also been
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shown to predict a successful response to a proton pump
inhibitor (112) or used as a criterion for successful anti-reflux
surgery (113) in patients with acid reflux symptoms without
oesophagitis and a percentage total time oesophageal pH<4
within the physiological range.

4.3 CLINICAL ROLE OF AMBULATORY OESOPHAGEAL PH
MONITORING
The indications for ambulatory oesophageal pH monitoring
are summarised in panel 3. Patients should be studied after
withdrawal of proton pump inhibitors if the purpose of pH
monitoring is to exclude excess acid exposure. However, when
analysis of the correlation between symptoms and acid exposure is required, the patient should be studied while taking a
proton pump inhibitor
INDICATIONS FOR AMBULATORY OESOPHAGEAL PH
MONITORING
1) Patients with symptoms clinically suggestive of acid
gastro-oesophageal reflux, who fail to respond during a
high dose therapeutic trial of a proton pump inhibitor
(Evidence grade C).
2) Patients with symptoms clinically suggestive of acid
gastro-oesophageal reflux without oesophagitis or with
an unsatisfactory response to a high dose proton pump
inhibitor in whom anti-reflux surgery is contemplated
(Evidence grade C).
3) Patients with persistent acid gastro-oesophageal
reflux symptoms despite anti-reflux surgery (Evidence
grade C).
Patients with heartburn or acid regurgitation
Ambulatory oesophageal pH monitoring has no role in the initial management of patients with heartburn or acid
regurgitation who have evidence of endoscopic oesophagitis,
as the diagnosis of GORD has already been established.
A therapeutic trial of a proton pump inhibitor rather than
ambulatory oesophageal pH monitoring has become the diagnostic investigation of choice in patients with heartburn or
acid regurgitation and no evidence of oesophagitis at
endoscopy. (114) (Evidence grade B). A therapeutic trial
with a proton pump inhibitor is cheaper, less invasive and
more readily available than ambulatory oesophageal pH monitoring. (115) Although placebo-controlled therapeutic trials
of a proton pump inhibitor in patients with heartburn or acid
regurgitation and no oesophagitis are difficult to compare due
to differences in trial design, drug dose, length of treatment
and patient population, some conclusions can be drawn. High
dose proton pump inhibitor trials (e.g. omeprazole 40mg BD)
increased sensitivity to more than 80% compared with abnormal ambulatory oesophageal pH monitoring. (116) A
seven-day trial appeared sufficient (117) and a symptomatic
improvement of at least 75% provided the highest sensitivity
compared with ambulatory oesophageal pH monitoring. (115)
A one-week high dose proton pump inhibitor trial in routine
clinical practice without a placebo, in patients with heartburn
or acid regurgitation and no oesophagitis, revealed 97% sensitivity compared with ambulatory oesophageal pH monitoring
confirming the value of this approach. (118)
Patients with heartburn or acid regurgitation refractory to
medical therapy
Patients who continue to have heartburn or acid regurgitation
despite a high dose proton pump inhibitor may benefit from
ambulatory oesophageal pH monitoring (Evidence grade C).
Combined oesophageal and gastric pH monitoring in such
patients may reveal persistent gastric acid secretion despite
the proton pump inhibitor. (119)
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Patients with persistent acid reflux on ambulatory
oesophageal pH monitoring and a positive symptom index
despite continuing to take omeprazole 20mg BD during pH
monitoring, responded to doubling the omeprazole dose but
patients with a negative symptom index did not. (111) It
could be argued that such patients should simply have their
proton pump inhibitor dose increased but assessment of the
correlation of symptoms and acid reflux during oesophageal
pH monitoring does obviate the need for repeated, potentially
futile, attempts at dose escalation.

PATIENTS WITH CHEST PAIN, THROAT OR RESPIRATORY
SYMPTOMS
Chest pain
A number of studies have reported that up to 50% of patients
with chest pain and unremarkable cardiac investigations have
abnormal ambulatory oesophageal pH monitoring and/or a
positive symptom association between episodes of chest pain
and acid reflux. (120-123) However, many of the patients
investigated in these studies had chest pain and typical acid
reflux symptoms (120,122) and it is therefore not surprising
that many were found to have an abnormal pH study or a positive symptom association.
It has been suggested that patients with chest pain and acid
reflux symptoms be treated without further investigation but
that patients with chest pain alone should be investigated
with ambulatory oesophageal pH monitoring. (124) Although
a therapeutic trial of a high dose proton pump inhibitor in
patients with chest pain has been reported to have a sensitivity of 78% and a specificity of 86% compared with a diagnosis
of GORD by endoscopy or ambulatory oesophageal pH monitoring (125), the vast majority of these patients had acid
reflux symptoms. A study of a therapeutic trial of a proton
pump inhibitor in patients with chest pain but no acid reflux
symptoms has not been undertaken. However, given the cost
advantages (125), availability and less invasive nature of a
therapeutic trial, it seems logical to recommend this approach
in all patients with chest pain and unremarkable cardiac
investigations (Evidence grade C).
Ambulatory oesophageal pH monitoring should be reserved
for patients with chest pain, who fail to respond to a high dose
proton pump inhibitor, to judge whether further dose escalation is appropriate. Patients should be studied while taking a
proton pump inhibitor. (Evidence grade C).
Throat symptoms
Symptoms of throat clearing, soreness, globus and dysphonia
may relate to gastro-oesophageal reflux and may be associated with evidence of chronic laryngitis, with erythema,
oedema and nodularity on laryngeal examination. (126) Such
symptoms and laryngeal signs may improve with treatment
with a proton pump inhibitor. (127) Simultaneous ambulatory pH monitoring of the lower oesophagus and pharynx in
such patients has been reported to reveal increased pharyngeal but not lower oesophageal acid reflux, compared with
patients with GORD without throat symptoms. (128)
However, ascribing throat symptoms and laryngeal abnormalities to gastro-oesophageal reflux has become an area of
considerable controversy. A study of asymptomatic volunteers
found a high prevalence of laryngeal signs previously attributed to gastro-oesophageal reflux, questioning their clinical
value. (129) Two placebo-controlled trials of a high dose proton pump inhibitor in patients with symptoms and signs
suggestive of chronic laryngitis failed to show any advantage
of active treatment over placebo, as both groups tended to
slowly improve with time. (130,131) Unfortunately, pharyngeal pH recordings have been shown to lack sensitivity and to
be poorly reproducible, limiting their value. (132)
Furthermore, pharyngeal and oesophageal pH monitoring
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failed to predict which patients would respond to a proton
pump inhibitor in the controlled trials. (130,131)
In patients with throat symptoms and laryngeal signs, particularly with heartburn or acid regurgitation and no obvious
alternative explanation for the throat symptoms, it would
seem appropriate to undertake a therapeutic trial of a proton
pump inhibitor (Evidence grade C). Studies suggest this
should be high dose and for four months as a symptomatic
response may be delayed. (133) Ambulatory oesophageal pH
monitoring off therapy may be of value to exclude excess acid
gastro-oesophageal reflux when this appears unlikely or pH
monitoring on a proton pump inhibitor may be of value when
there is an inadequate response to a therapeutic trial to judge
whether further dose escalation is appropriate (Evidence
grade C).
Respiratory symptoms
Diagnostic protocols evaluating patients with chronic cough
report abnormal ambulatory oesophageal pH monitoring in a
substantial minority despite the absence of heartburn or acid
regurgitation in many cases. (134) Ambulatory oesophageal
pH monitoring with distal and proximal pH probes in patients
with chronic cough reveals a better correlation between distal
acid exposure and episodes of coughing, suggesting an
oesoghagotracheobronchial reflex. (135) Placebo-controlled
therapeutic trials of high dose proton pump inhibitors in
patients with chronic cough have reported significant
improvements in symptom frequency. (136,137). However,
the results of ambulatory oesophageal pH monitoring did not
predict patients who would respond, as all patients had
abnormal pH monitoring results but only a minority
responded to a proton pump inhibitor. (136)
Patients with a chronic cough, particularly with heartburn
or acid regurgitation and no alternative explanation for their
cough, should undergo a therapeutic trial of a proton pump
inhibitor (Evidence grade B). As with throat symptoms, this
should be high dose and for at least two months. (137)
Ambulatory oesophageal pH monitoring off therapy may be of
value to exclude excess acid gastro-oesophageal reflux when
this appears unlikely or pH monitoring on a proton pump
inhibitor in patients with cough may be of value when there
is an inadequate response to therapy to judge whether further
dose escalation is appropriate (Evidence grade C).
A temporal relationship between episodes of acid reflux and
50% of episodes of coughing or wheeze has been reported in
asthmatics (138). Unfortunately placebo-controlled studies of
proton pump inhibitors in patients with asthma and abnormal oesophageal pH monitoring have been too small (139) or
too short (140) to show a significant benefit. Uncontrolled
data suggests that at least three months high dose therapy is
required for an improvement in asthma symptoms and FEV1.
(141) Patients with asthma should be managed, as patients
with chronic cough, if there is a clinical suspicion of GORD,
with a therapeutic trial of a proton pump inhibitor and ambulatory oesophageal pH monitoring on a proton pump inhibitor
should be reserved for patients with an inadequate response
to therapy, to judge whether further dose escalation is appropriate (Evidence grade C).
Patients contemplating anti-reflux surgery
Patients with endoscopic oesophagitis and a good response to
a proton pump inhibitor do not require a pre-operative ambulatory oesophageal pH study. (142) Successful surgical series
of patients undergoing anti-reflux surgery have used an
abnormal total time oesophageal pH<4 or, if this is within the
physiological range, a positive symptom index as a selection
criterion. (143) An abnormal total time oesophageal pH<4 is
also an independent predictor of a good outcome following
anti-reflux surgery. (144) Patients with symptoms suggestive
of acid reflux but no endoscopic oesophagitis and a good
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response to a proton pump inhibitor should therefore undergo
pre-operative ambulatory oesophageal pH monitoring off
therapy (Evidence grade C).
Patients with symptoms potentially due to acid reflux who
fail to respond to a high dose proton pump inhibitor should
undergo ambulatory oesophageal pH monitoring prior to antireflux surgery, since a poor response is an independent
predictor of a poor outcome following surgery. (144)
(Evidence grade C) The pH study should be undertaken
while continuing to take a high dose proton pump inhibitor
and evidence of persistent acid reflux and a good correlation
between the patient’s symptoms and acid reflux episodes, as
assessed by the symptom index, established .
Ambulatory oesophageal pH monitoring should also be
undertaken in patients with persistent heartburn or acid
regurgitation following anti-reflux surgery, particularly if further surgery is planned, to ensure there is evidence of
persistent acid reflux and a good correlation between the
patient’s symptoms and acid reflux episodes, as assessed by
the symptom index (Evidence grade C).

4.4 RECOMMENDATIONS FOR PH MONITORING
REPORTING
General information: The report should include patient
identification details, the date and timing of the test, and a
list of current medications, in particular whether acid suppressing drugs were withdrawn or continued during the
study.
Oesophageal acid exposure: percentage total time
pH<4; percentage upright time pH<4; percentage supine
time pH<4; number of episodes pH<4 for >5 minutes.
Symptom analysis: symptom index and the number of
symptomatic events during the study. (Evidence grade C).

5.0 CONTRAINDICATIONS TO OESOPHAGEAL
MANOMETRY AND PH MONITORING
Oesophageal manometry and pH monitoring should not be
performed in cases of suspected or confirmed pharyngeal or
upper oesophageal obstruction, in patients with severe coagulopathy (but not anticoagulation within the therapeutic
range), bullous disorders of the oesophageal mucosa, cardiac
conditions in which vagal stimulation is poorly tolerated, or in
individuals who are not able to comply with simple instructions. Patients with peptic strictures, oesophageal ulcers,
oesophageal or junctional tumours, varices or large diverticulae are at increased risk of complications from blind
oesophageal intubation and such conditions are a relative
contra-indication to performing manometry and pH monitoring. There may be special circumstances in which manometry
or pH monitoring is indicated in certain of the above categories of patient, in which case special precautions should be
considered (eg. endoscopic or radiological guidance).
(Evidence Grade C).

6.0 MORBIDITY, MORTALITY AND CONSENT
Oesophageal manometry and ambulatory oesophageal pH
monitoring are associated with minor morbidity, largely vasovagal episodes, discomfort from the catheter and a runny
nose, and restrictions affecting diet and activity. (145,146)
Theoretically, intubation with a manometric catheter or pH
electrode may result in trauma to the nose, pharynx, larynx or
oesophagus resulting in bleeding, perforation, vocal cord
injury or bronchospasm. However, the occurrence and the frequency of these events have not been documented in the
published literature.
Patients with a heart valve replacement or a previous
episode of bacterial endocarditis are potentially at risk of bacteraemia during intubation. Although there are no
documented cases of bacterial endocarditis following
oesophageal manometry or pH monitoring, antibiotic prophy-
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laxis, as recommended in the British Society of
Gastroenterology guidelines for antibiotic prophylaxis in gastrointestinal endoscopy (147), should be given to such
patients (Evidence grade C).
All patients undergoing oesophageal manometry or ambulatory oesophageal pH monitoring should give written
informed consent (Evidence grade C). This process should
include discussion of the morbidity associated with the procedure and available alternative investigations.

6.0 GOVERNANCE ISSUES
To ensure high clinical standards in oesophageal function
testing, all clinicians undertaking oesophageal manometry or
pH monitoring in the United Kingdom should be registered
with the Association of Gastrointestinal Physiologists (AGIP)
(Evidence grade C). Units undertaking oesophageal
manometry or pH monitoring should be regularly assessed by
AGIP to ensure good clinical practice.

7.0 AUDIT
The following topics are suggestions for audit:
Minimum number of procedures per year within a unit performing oesophageal manometry and ambulatory
oesophageal pH monitoring should be 100 of each.
Oesophageal manometry and pH monitoring reports should
contain the recommended minimum dataset.
Clinicians undertaking oesophageal manometry and ambulatory oesophageal pH monitoring should be registered with
the Association of Gastrointestinal Physiologists and their
units assessed on a regular basis.
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represent a consensus of best practice based on the available evidence at the time of
preparation. They may not apply in all situations and should be interpreted in the light
of specific clinical situations and resource availability.
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