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Abstract

Gastroesophageal reflux disease (GERD) is a common condition in gastroenterology
practice. Classical techniques like endoscopy and 24-h pH-metry are often used to
diagnose patients with symptoms related to GERD. Although these techniques have
been useful over the years both for diagnosis and therapeutic guidance, there are still
many patients with typical or atypical GERD symptoms with normal endoscopy and
pH-metry who do not respond adequately to anti-secretory therapy. 24-h impedance
combined with pH is a new technique and currently considered as the gold standard
for diagnosis of GERD. It offers greater sensitivity for the detection of all reflux
episodes, and allows us to establish their nature (liquid, gas, mixed), composition
(acidic, non-acidic), and clearance. This chapter describes basic principles, tech-
nique, interpretation, and clinical application of 24-h pH impedance monitoring.
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Introduction

Gastroesophageal reflux disease (GERD) is a common problem in Gastroenterology
practice. 24-h pH-metry was considered as the gold standard for diagnosis of GERD
in the past. However, 24-h pH-metry does not pickup reflux of neutral or alkaline
content from the stomach. Therefore, it has a lower sensitivity to diagnose GERD
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and hence, this has been replaced largely by 24-h impedance pH-monitoring. It has
more sensitivity for detection of all reflux episodes and confirms their nature (lig-
uid, gas, mixed), extent, composition, and clearance.

Intraluminal impedance is based on the measurement of electrical impedance
between closely arranged electrodes during a bolus passage, using a probe.
Cylindrical shaped metal electrodes are mounted on a thin plastic catheter. Each
neighboring pair of electrodes (impedance segment) is connected to an impedance
voltage transducer, which measures the resistance between the two neighboring
electrodes. Impedance refers to electrical resistance and is represented by Z. The
impedance is inversely proportional to the electrical conductivity of the luminal
contents and the cross-sectional area between the two electrodes [1, 2]. In the
absence of swallow or reflux within the esophagus, the impedance is identified by
the electrical conductivity of the inner wall and it is relatively stable, and is known
as baseline impedance value [3]. Since air has a low conductivity, gaseous reflux
during belching results in an increase in impedance value; in contrast, swallowed or
refluxed liquid would result in a drop in impedance due to higher electrical conduc-
tivity of liquids. Bolus movement recorded by impedance monitoring are either
retrograde and ante-grade (Fig. 9.1). Retrograde bolus movements denote reflux,
whereas ante-grade bolus movement is due to swallow [4]. The pH sensor during
impedance monitoring classifies reflux episodes as acid (<4) and non acid (>4) [5].
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Fig. 9.1 Antegrade (a) and retrograde (b) bolus movement
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Impedance of Various Boluses

Conductivity of empty esophageal lumen is relatively stable (baseline impedance
value 2000-4000 Q).

Liquid reflux retrograde drop in Z by 50 % of the baseline value, as the ionic con-
tent of the liquid bolus increases electrical conductivity.

Gaseous reflux retrograde rise in Z by ~5000Q, as gas is a poor conductor of
electricity.

Mixed bolus is recognized by change in impedance both on upward and downward
direction from baseline indicating presence of air as well as liquid in the bolus.

pH Monitoring

pH monitoring is performed commonly using two pH sensors made up of either
glass or antimony electrodes, the proximal sensor placed 5 cm above manometri-
cally located upper border of lower esophageal sphincter (LES) zone and the dis-
tal sensor (15 cm below the proximal sensor) placed in the stomach to assess the
degree of gastric HCI secretion. Two types of reflux on 24-h pH monitoring
include [4]:

e Acidic reflux: Reduction in pH <4
* Non-acidic reflux: pH>4

Reflux Detection by 24-h Combined Impedance pH-Monitoring

Since the current technology permits evaluation of gastroesophageal reflux events
by a combination of both impedance and pH monitoring techniques, which is supe-
rior to the conventional technology, 24-h pH-impedance monitoring has replaced
pH-metry alone for diagnosis of GERD. Reflux events (liquid or gaseous) are
detected by impedance monitoring while the acidity of the refluxate is determined
by simultaneous pH monitoring [6].

Indications

Indications for 24-h impedance pH-monitoring include (a) confirmation of the diag-
nosis of GERD, particularly in patients with atypical symptoms; (b) before-surgical
or endoscopic anti-reflux treatment; (c) assessment of response to treatment, includ-
ing nocturnal acid breakthrough in patients on proton pump inhibitor (PPI) and (d)
assessment of efficacy of surgical and endoscopic therapy. In such clinical situa-
tions, impedance testing is able to assess non-acid reflux as well [7-10].
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Equipment

The equipment consists of a pH-impedance catheter, data logger (Fig. 9.2) with
flash card, and computer with software,. Catheters are long, flexible tubes made of
polyurethane in a variety of diameters and lengths. The catheters have multiple
impedance sensor pairs along their length and one or two pH sensors made of either
glass or antimony (Figs. 9.3 and 9.4) [11]. The standard pH-impedance catheter has

Fig. 9.2 Data logger

Fig.9.3 pH-impedance
catheter
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six to eight pairs of impedance sensors that collect data 3, 5, 7, 9, 15, and 17 cm
proximal to the LES [5].

Technique
Steps to be taken prior to and during the monitoring are discussed here.

Patient Preparation

24 h pH-impedance monitoring is done after an overnight fast. All drugs that could
affect esophageal motility must be discontinued at least 72 h before the study. Often,
the study is done while the patient is off anti-secretory agents including PPI. However,
to assess response to anti-secretory treatment or nocturnal acid breakthrough, the
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study has to be done while the patient is on therapy [12]. The procedure must be
adequately explained to the patient.

Entering Patients Details into the System

Since 24-h pH impedance monitoring is an ambulatory procedure, the recorded data
are collected in a flash card, which is a component of the data logger. Hence, the
flash card is inserted into the computer with the pH impedance monitoring software
and is fed with the patient’s details, such as name, hospital number, age, and gender.
There are three event keys which are selected for symptoms (such as event key 1 for
heartburn, key 2 for regurgitation, and key 3 for chest pain). Subsequently, the flash
card is re-inserted into the data logger and then the procedure is initiated.

Electrode Calibration

Electrodes must be calibrated before each study, as failure to do so may lead to
gross inaccuracy. Calibration is performed with both an acidic and neutral buffer
of known pH (usually pH 4 and 7) [11, 12]. Usually, the probe is dipped in pH 4
solution first, then in pH 7 for calibration after washing in between with distilled
water.

Positioning of the Catheter

The catheter is positioned into the esophagus through transnasal route. Initially, both
the pH electrodes (proximal and distal) are placed deep inside the stomach and then
the catheter is pulled gradually to position the proximal port 5 cm above the mano-
metrically determined upper margin of LES zone. Since the change in the pH from
stomach to esophagus (acid drift) can be seen in real time, this parameter also helps in
placement of the pH sensor. The proximal pH electrode needs to be placed 5-cm
above the upper border of LES, determined on manometry. The distal pH electrode is
kept in the stomach to record gastric acidity [12]. The proximal end of the catheter
emerging from the patient’s nose is affixed to the face with tape during the study
period (Fig. 9.5).

24-h Monitoring
The data logger is hung from the patient’s shoulder throughout the 24-h study
period. A diary is given to the patient with instructions to record the time of meal,
symptoms, and body posture. The patient is also instructed to press the pre-defined
event markers in the data logger for all such events such as a meal, lying down, get-
ting up, and symptoms. The patient is instructed to continue usual daily activities
and diet, including those activities known to precipitate symptoms, as changes in
typical routines may affect data interpretation. The patient is asked to avoid acidic
drinks during the study period. Once the study is completed, the catheter is removed.
Subsequently, the flash card is inserted into the computer with software and the
signal files are downloaded and analyzed.

During the analysis, the signal is visually scanned for adequacy of recording
including events marks, gastric pH, and presence of reflux (Fig. 9.6). All reflux
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Fig. 9.5 Patient undergoing 24-h impedance pH-monitoring

events are analyzed during the total recording period, in upright and supine phases.
From the impedance-pH recordings, the parameters of acid and bolus exposure are
analyzed using the software (Tables 9.1 and 9.2) [4]. The standard cut-off values of
percentage time of 24-h recording period, esophageal pH below 4, and of bolus
exposure are used to diagnose abnormal gastroesophageal reflux, as shown in
Tables 9.1 and 9.2. Based on whether the abnormal reflux occurred during supine or
upright period during 24-h recording, patients are further diagnosed as having
supine, upright, or combined refluxers.

Definition of Esophageal Reflux Parameters

Acid exposure (%) Defined as the total time during which the lower esophageal
pH was below four divided by the duration of monitoring.



102

U.C. Ghoshal and R. Singh

| |
| a bhe | | dj |
N v
A b N ,J‘l ?
6 impedance " ’ '
channels , ". £ 1 ||Ee—— | (
.. 4 W L — [ |1', A {
L [Ny ~
: V T E
B | (B
L
By M
p = Sl
Lo
: I | [

2 pH channels

(Lower gastric ' -~

pH and upper L ™

esophageal
pH channel)

Fig. 9.6 Some pH-impedance recording signals using impedance and pH sensors. (a) Acidic
liquid reflux. (b) Non-acidic gas reflux. (¢) Non-acidic liquid reflux. (d) Acidic mixed reflux

Table 9.1 Normal values for 24-h pH impedance monitoring; acid exposure and bolus exposure

Parameters ‘ Upright ‘ Recumbent ‘ Total
Acid exposure (pH)
Percent Time Clearance pH ‘ <6.3 ‘ 1.2 ‘ 4.2
Bolus exposure (impedance)
Median bolus clearance time (sec) <43 <51 <44
Acid percent time <1.7 <0.8 <l.1
All reflux percent time <2.1 <0.7 <l.4
Table 9.2 Composite score Parameters Normal threshold
analysis (DeMeester) Upright time in reflux <8.4
Recumbent time in reflux <3.5
Total time in reflux <4.5
Episodes over 5 min <3.5
Longest episode <19.8
Total episodes <46.9
*Composite score <14.7

aPatient values for composite score are normalized for 24 h
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Bolus exposure (%) Defined as being analogous to acid exposure by adding the
duration of all reflux defined by impedance, and dividing this value by duration of
monitoring.

Symptom index (SI) Defined as the number of symptoms associated with reflux
divided by the total number of symptoms. A value of SI >50 % is abnormal and is
considered to diagnose GERD (i.e., at least half of symptoms are associated with
reflux).

Normal Values of Reflux Parameters

Normal values for impedance-pH monitoring off acid-suppression therapy have
been determined from studies on healthy volunteers [13—15]. Based on the 95th
percentile as the upper limit of normal, the proposed normal value of total distal
reflux is <73, percentage time distal esophageal pH <4.2 (pH parameter), and per-
centage bolus exposure < 1.1 (impedance parameter) (Table 9.1).

Published data on normal values for impedance-pH monitoring while on acid-
suppression therapy are lacking. Such studies are important for interpreting esopha-
geal impedance pH monitoring studies while on acid-suppressive treatment, as
persistent symptoms of gastroesophageal reflux while on acid-suppression therapy
is not uncommon. A study by Vela et al. reported that PPI therapy reduced the num-
ber of acid reflux episodes with a proportional increase in non-acid reflux, the net
result of which was an unchanged total number of reflux episodes on or off therapy
as observed during post-prandial studies [16]. The normal range of reflux episodes
“on therapy” (<73) has been determined by extrapolating the data from healthy
volunteers “off therapy” [13] and by assuming that PPI primarily changes the pH of
the refluxate without affecting the total number of reflux episodes [16]. This pre-
sumption, however, may not be entirely correct.

Interpretation

During assessment of pH- impedance tracings, the impedance channels are used to
detect the occurrence of reflux, and pH changes help to classify the reflux episodes
as acid (pH<4) or non-acid (pH>4) [9]. Data analysis is performed on the liquid
and mixed reflux episodes during the upright, supine, and total phases of measure-
ment. Parameters recorded during pH-impedance monitoring include: (a) total
reflux (liquid and gaseous) percent time and those in upright and recumbent pos-
tures; (b) acidic and non-acidic reflux in upright, recumbent, and both postures; (c)
duration of esophageal pH <4 in upright, recumbent, and both the postures; (d) acid
exposure percent time in upright, recumbent, and both the postures; (e) mean acid
clearance time; and (f) symptom correlation to reflux (acidic and non-acidic) [11].

Clinical Utility
In contrast to pH-metry alone, impedance-pH metry can detect non-acid and gas
reflux in addition to acidic reflux [5, 7, 17]. Therefore, it may be used to diagnose
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reflux even while the patient is on treatment with acid-lowering drugs [18, 19]. In
this condition, impedance testing is intended to assess whether non-acid reflux is the
cause of ongoing symptoms. In the pH-impedance technique, proximal extent of
reflux can be assessed, the type of refluxate be determined (gas, mixed, or liquid),
and a calculated SI may help to evaluate whether the ongoing symptoms correlate
with reflux events [20].

A number of studies have evaluated the utility of impedance testing in GERD
patients both on and off PPI therapy. Moreover, in patients with repeated belching,
impedance monitoring may help to determine whether the belching is gastric or
supra-gastric in nature, and whether there is associated GERD.

A study of 60 patients on PPI treatment reported higher SI with 24-h impedance-
pH monitoring compared with pH testing alone (77.1% vs 66.7%, p<0.05).
Another study of 150 patients with non-erosive reflux disease undergoing 24-h
impedance-pH monitoring (off PPI therapy) found that 87 patients (58 %) had a
normal esophageal acid exposure. However, 15 % of them had a positive SI for acid,
12 % for non-acid, and 5 % for both. Two studies aimed to evaluate genesis of symp-
tom development following reflux reported that a higher proximal extent, greater
reduction in pH, prolonged acid clearance time, and mixed reflux (air and liquid)
were more likely to be associated with symptoms. These studies suggest that 24-h
impedance-pH monitoring (off PPI therapy) in patients with typical symptoms is
more sensitive than pH testing alone [21-24].

In a study of 168 patients with persistent GERD symptoms despite twice-daily
PPI therapy, 86 % were found symptomatic during the 24-h impedance-pH monitor-
ing test; however, more than half of the symptomatic patients had a negative SI (e.g.,
symptoms did not correlate with a reflux event). Of the 69 patients with a positive
SI, acid reflux was the cause of symptom in 11 % and non-acid reflux in 37 %, which
was only detectable by impedance. In another multicentric study of 150 patients, a
positive SI was found in association with non-acid reflux in 32 %. Thus, these stud-
ies suggest that 30—40 % of patients with persistent symptoms on PPI therapy have
non-acid reflux as a cause, and this can currently only be identified with impedance
testing.

24-h impedance-pH monitoring is useful to investigate patients with atypical
symptoms (cough, hoarseness) of GERD [25-31]. In a study of 22 patients with
unexplained chronic cough who underwent impedance-pH monitoring, 30.6 % of
coughing episodes were associated with reflux. Another study of 100 patients with
unexplained chronic cough underwent impedance-pH monitoring. They found that
chronic cough was temporally associated with a reflux event in almost 50 % of
patients. These studies suggest that 24-h impedance-pH monitoring may diagnose
GERD as a cause of chronic cough in some patients that would be missed with only
pH testing.

Advantages of impedance-pH metry, therefore, may be summarized as:

e Nature (liquid, gaseous or mixed), movement, and extent of reflux in the esopha-
geal lumen can be detected
» Efficacy of the PPI therapy can be checked
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This technique has a higher yield in identifying patients with cough due to reflux
compared to pH monitoring alone

Analysis of the relationship between symptoms and all types of reflux events,
both acid and non-acid

However, the disadvantages include:

pH-impedance technique cannot estimate the volume of the refluxate

Costly and time-consuming procedure

Interpretation of non-acid reflux episodes has a high inter-observer variability
Automatic analysis considers only a drop of impedance of >50% as a reflux
episode; however, a drop of 49 % also can contribute to a reflux episode

The recordings are complex and filled with artifacts; a thorough (and time-
consuming) review of the recordings, episode by episode, is still required

Conclusion

Though all patients with GERD may not need physiological testing for confirma-
tion of abnormal gastroesophageal reflux, these tests are essential in a subset of
patients. Catheter-based 24-h impedance pH monitoring scores over conven-
tional 24-pH metry. In expert hand, 24-h pH impedance monitoring is easy to
perform and analyze. These physiological tests are also useful to assess response
to pharmacological and non-pharmacological treatment for GERD, when
indicated.
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