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ABSTRACT - Background — Prolonged monitoring increased our knowledge on gastroesophageal reflux (GER), and the disease became known as

gastroesophageal reflux disease (GERD). Prolonged reflux monitoring permits the diagnosis of GERD when endoscopic findings are not enough
to characterize it. Objective — The objective of this paper is to review the current knowledge on impedance-pH monitoring, taking into account the
published literature and the authors experience with 1,200 exams. Methods — The different types of prolonged reflux monitoring, namely: conventional
pHmetry, catheter-free pHmetry and impedance-pHmetry will be briefly described. The new possibilities of evaluation with impedance-pHmetry are
emphasized, namely: the study of symptomatic patients in use of proton pump inhibitors (PPIs); evaluation of patients with symptoms suggestive
of GERD although with normal endoscopy and normal pHmetry, diagnostic elucidation of patients with atypical symptoms or supra-esophageal
symptoms, mainly chronic cough, study of patients complaining of belch, differentiating gastric and supra-gastric belching, and the proper work-up
before anti-reflux surgery. Results — When impedance was associated to pH monitoring, an impressive technological evolution became apparent, when
compared to pH monitoring alone. The main advantages of impedance-pHmetry are: the ability to detect all types of reflux: acid, non-acid, liquid,
gaseous. In addition, other important measurements can be made: the ability of the esophagus in transporting the bolus, the measurement of basal
mucosal impedance and the evaluation of primary peristalsis post reflux. Conclusion — Impedance-pHmetry is a promising method, with great advan-
tages over conventional pHmetry. The choice between these two types of monitoring should be very judicious. The authors suggest the importance
of careful evaluation of each reflux episode by the physician responsible for the examination, necessary for the correct interpretation of the tracings.

HEADINGS - Gastroesophageal reflux. Esophageal pH monitoring. Electric impedance.

INTRODUCTION

Prolonged reflux monitoring, introduced in clinical practice in
the mid 70s, enlarged our knowledge on GER. Until then, reflux was
recognized only when it provoked inflammation of the esophageal
mucosa, identified during endoscopy. The disease caused by reflux,
was then designated as reflux esophagitis. With the introduction of
prolonged pH monitoring the quantification of reflux in healthy
volunteers was established and named physiologic reflux. Reflux
above this level was named pathologic reflux and classified according
to body position, in three types: upright (the most common type),
supine and combined. A large portion of patients with symptomatic
pathologic reflux did not have esophagitis identified by endoscopy.

Therefore, the concept of this disease became known as GERD,
which can be diagnosed by endoscopic changes suggestive of reflux
such as erosive esophagitis and/or pathologic reflux, identified by
prolonged reflux monitoring.

The initial monitoring tool in clinical use — esophageal pHme-
try- identified only episodes of acid reflux. With the evolution of
this method, represented by impedance—pH monitoring, other types
of reflux such as non-acid and gaseous reflux were recognized.
They can also provoke symptoms and are not shown by conven-

tional pHmetry alone. The purpose of this paper is to review reflux
monitoring by impedance-pHmetry, taking into account data of
the literature, and the experience of the authors with this method
in 1,200 exams.

TYPES OF PROLONGED REFLUX MONITORING

Prolonged reflux monitoring can be done by catheter pHmetry
or by catheter-free pH testing, using a telemetric capsule placed by
endoscopy in the distal esophagus; when associated with impedance
(impedance-pHmetry), it identifies non-acid reflux (pH above 7)
and slightly acid (pH between 4 and 7). Impedance-pH monitoring
has excellent sensitivity (77%-100%) and specificity (85%—100%)
for the diagnosis of pathologic reflux. Therefore, this method is
considered the gold standard by many authors®?.

Standard catheter pHmetry

PHmetry is done through a catheter introduced trans-nasally,
with one or more pH sensors. The distal sensor is positioned 5 cm
above the upper limit of the lower esophageal sphincter (LES),
previously identified by manometry. The catheter is connected to
a portable data logger, that register pH data every 4 sec during a
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18 to 24 hour period. The patient registers the beginning and end
of meals, upright and supine periods, as well as the occurrence of
symptoms. Acid reflux is defined as a fall of esophageal pH below
4; the time percentage of pH<4 during the total time is the most
reliable measurement for the diagnosis of GERD, considering the
upper limit of normal between 4% and 5.5%.

Catheter-free pHmetry

Catheter-free pHmetry is done with a device, the size of a
capsule, which is fixed to the esophageal mucosa, usually during
endoscopy, 6 cm above the Z line®. This technique was developed,
aiming to reduce patient discomfort, thereby permitting more
prolonged monitoring, and increasing the sensitivity of the test,
since the patient can go through normal daily activities without
the discomfort of the trans-nasal catheter. Nevertheless, a Brazil-
ian study published in 2012, showed that, although catheter-free
revealed a larger percentage of time of reflux than conventional
pHmetry, both methods were comparable in the diagnosis of
pathologic reflux and its correlation with symptoms®©.

Impedance-pHmetry

Esophageal impedance is a method that allows to follow the
ante-grade (bolus transport) and retro-grade movements (reflux) of
intraluminal contents”. When impedance is associated with pHme-
try — esophageal impedance-pHmetry (imp-pH), we can evaluate
the retrograde movement of the refluxed material, characterizing
its physical and chemical nature. Therefore, we can determine if
there is reflux, if it is liquid, gaseous or mixed, acid or non-acid, and
mainly, to correlate symptoms with all types of reflux®?, Since the
method identifies reflux regardless of its pH, it can be done while
on anti-secretory drugs.

The imp-pH catheter has the same diameter of the conventional
pHmetry catheter (2 mm), with one or two pH sensors and six

pairs of metallic electrodes, allowing several configurations. The
catheter is connected to a portable data-logger, and this data is
kept in a memory card. At the end of the examination, the data is
transferred to a computer to be analyzed by a dedicated software.
The method is based on the measurement of alterations in the
resistance to alternating electric current (measured in Ohms), which
occur between pairs of metallic electrodes, distributed along the
catheter, positioned inside the esophagus. The electric conductance
is directly related to the concentration of ions inside the esophageal
lumen. When the content has a high concentration of ions (food,
saliva, gastric contents), the electrical conductivity is high, and
therefore, the impedance is low. When the intraluminal contents
have a low ionic concentration (absence of bolus or presence of
air), the electrical conductivity is low and, therefore, the impedance
is high. Observing the impedance changes along the catheter, we
can verify if the direction of the bolus is ante-grade, such as dur-
ing food ingestion, or retrograde, as occurs during reflux. When a
pH sensor is attached to this catheter, we can identify the acid or
non-acid nature of the refluxed material!'”. (FIGURE 1).

MAIN INDICATIONS FOR IMPEDANCE-PHMETRY

Impedance-pHmetry is the method with the best sensitivity to
detect all reflux episodes, as well as its distribution in the esophagus
and pharynx, composition and clearance!''3), It was validated in
the detection of acid reflux, identifying 97% to 98% of acid refluxes
detected by pHmetry, not only in patients with GERD, but also
in healthy controls, and in the identification of non-acid refluxes,
detecting more than 93% of non-acid refluxes and in superimposed
refluxes (“re-reflux”). This method, nevertheless, does not allow
detection of very small volume refluxes (<1mL); but such episodes
are less frequent in clinical practice. Next are the main indications
and advantages of the method.
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FIGURE 1. On the left, an intra-esophageal catheter is depicted; on the right, there is a graphic representation of a reflux episode mainly
liquid (shown by the decrease in impedance), acid (demonstrated by the fall of pH in the lower tracing), with proximal extension up
to the pharynx. It is also shown that this reflux episode is cleared by primary peristalsis, seen by the descending movement of liquid content.
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Assessment of non-acid reflux

As already mentioned, esophageal pHmetry evaluates properly
acid GER, but is not so with non-acid reflux. About 30% of patients
continue having symptoms, in spite of anti-secretory drugs, have
their symptoms due to non-acid reflux, not detected by conventional
pHmetry. The term non-acid reflux is not very precise, since the
majority of these refluxes have pH between 4 and 7. This aspect
was discussed in an international consensus on the definition of
reflux, and it was suggested that the term non-acid reflux should
be used when pH is above 7, and refluxes with pH between 4 and
7 should be called slightly acidic refluxes®. Nonetheless, in clinical
practice the term non-acid is used whenever a reflux has pH>4, all
of them not detected by conventional pHmetry.

Several studies in adults and children, indicate that impedance-
pHmetry is the gold standard for the diagnosis of GER. Tutuian R
and Castell DO, in a review on this subject®?, claim that the pres-
ence and proximal extension of non-acid reflux (which occur mainly
in the post-prandial period when gastric acidity can be neutralized
by food, and during treatment with anti-secretory drugs), can now
be adequately studied. The possibility of correlating clinical symp-
toms and non-acid reflux is of great value, especially in patients
who remain symptomatic while in use of anti-secretory drugs.

Other methods for the detection of non-acid reflux (scintigra-
phy and bilimetry) have several limitations. Scintigraphy involves
radiation and can only be done over short periods of time, allowing
a momentaneous analysis of reflux. Bilimetry does not correlate
well with intra-gastric pH, and does not detect reflux without bili-
rubin, which amounts to more than 90% of non-acid refluxes’.
Pace F et al.19, evaluating bilimetry together with impedance-pH,
noted that there is no significant relation between bile reflux and
non-acid reflux. The majority of bile reflux are associated with
acid reflux.

Assessment of proximal extension and
composition of reflux

Regarding proximal extension, refluxes are limited to the
distal esophagus, or ascend proximally to the upper esophagus.
Neither pHmetry, nor impedance-pHmetry can measure volume.
The measurement of proximal extension is a surrogate for volume,
since larger volume of reflux, occupying more space, extends proxi-
mally. This measurement of proximal extension (by impedance) is
important, since there are symptoms that are not due to its acidity,
but to the volume of refluxed material, such as regurgitation, chest
pain and cough. Moreover, the increased proximal extension of
reflux can be the reason of refractory symptoms in patients with
hypersensitive esophagus!?.

Regarding the composition of reflux, we observe a similar
proportion of liquid (51%) and mixed refluxes (49%). Regarding
esophageal clearance, it is noted that the necessary time to pH to
return to a level above 4, is twice longer than the time to imped-
ance to return to previous level. There are some publications on
normal values for imp-pH; among them we emphasize: Zerbib F
et al., with 68 asymptomatic controls'® and Zentilin P et al., with
25 controls™.

It is important to stress that symptoms often do not depend
on the chemical composition of the reflux, but on its physical
composition (liquid, gaseous or mixed content). In these cases,
symptoms are not due to stimulation of chemoreceptors, but on
mechanoreceptors. The association of symptoms with gaseous
distention, can only be detected by impedance-pHmetry. It is worth
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mentioning that gaseous content of reflux is an important factor
in the proximal extension and development of extra-esophageal
complaints.

Imp-pH also permits the diagnosis of “re-reflux” (superimposed
acid reflux). It represents a new episode of reflux that occurs while
the pH is still below 4. Conventional pHmetry can not distinguish a
“re-reflux” from a prolonged reflux episode®”. Acid reflux is twice
more frequent than non-acid reflux, and superimposed reflux (“re-
reflux”) occurs in an even smaller frequency.

Assessment of patients with refractory symptoms in
spite of anti-secretory drugs

When imp-pH is indicated in the evaluation of patients not
responding well to the use of anti-secretory drugs, the exam should
be preferably done during treatment to establish if symptoms are
due to acid reflux not adequately blocked, if symptoms are due to
non-acid reflux, or not due to reflux at all. In a classic study with
imp-pH in symptomatic patients in spite of anti-secretory drugs,
it was shown that 11% of them had their symptoms due to acid
reflux not adequately neutralized by anti-secretory drugs (these
cases could be identified by conventional pHmetry). Nevertheless,
37% of patients had symptoms related to non-acid reflux (detect-
able only by impedance-pH). In the remaining 52% of the patients,
symptoms were not related to reflux®".

When imp-pH is indicated for the diagnosis of GERD, it is
preferable to withhold medication for at least one week. By doing
so, we can assess the total number of refluxes and their distribution
in acid or non-acid. We can determine the percentage of time of
acid exposure, which is considered pathologic when greater than
6%. Another reason is that with a tendency for an increase in the
number of symptoms when off medication, there is a greater chance
for symptom correlation with reflux.

When evaluating asymptomatic controls without anti-secretory
drugs, it is noted that 2/3 of reflux is acid and 1/3 is non-acid.
When patients are taking anti-secretory drugs, we do not notice
a significant reduction in the total number of reflux episodes,
but there is a significant change in the distribution, and non-acid
refluxes predominate.

Vela et al., in a classic publication on this subject®?, evaluated
the effect of omeprazole in 12 patients, submitted to impedance-
pHmetry, before and during the use of this drug. They observed
that before treatment, 55% of the refluxes were non-acid and 45%
were acid. During the use of omeprazole, the total number of reflux
was the same, but there was a great change in the distribution; 97%
of the refluxes became non-acid, and 3% remained acid.

Evaluation of atypical symptoms

Ambulatory impedance-pH monitoring has become a great
diagnostic tool in the evaluation of atypical GERD symptoms like
chronic cough and belching.

According to a systematic review and meta-analysis of ran-
domised controlled trials 21% to 41% of chronic cough without an
underlying respiratory disease is associated with gastro-oesophageal
reflux®, Sifrim et al.® analyzing 22 patients suffering from chronic
cough has observed that 22.7% had chronic cough related to acid
reflux, 13.6% related to weakly acid reflux and 9% related to both.
In this study, the ability in determination of temporal association
between cough and reflux was observed in 31.5% for pH-monitoring
alone and in 45.5% for impedance-pH. Besides, a subgroup of
patients with chronic cough clearly associated with weakly acidic re-
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flux was identified. In another case series, the same author analyzed
a total of 100 patients with chronic cough. It was demonstrated
that acid reflux could be a potential mechanism for cough in 45
patients, weakly acidic reflux could be a potential mechanism for
cough in 24 patients and reflux could not be identified as a potential
mechanism for cough in 31 patients®.

One of the mechanisms that have been proposed to explain
unexplained chronic cough refractory to PPI is the occurrence
of esophageal distension by weakly acidic reflux®). Impedance-
pH-monitoring identified patients in whom cough can be related
to reflux that would have been disregarded using the standard
diagnostic criteria for acid reflux.

In patients with excessive belching, impedance-pH can dif-
ferentiate patients who present belching from the gas content of
the stomach through the esophagus, those who expulse swallowed
air and those who expulse air stored in the esophagus itself. Such
differentiation is important in therapeutic management.

Belching (eructation) is classically defined as a physiological
mechanism that prevents the accumulation of gas in the stomach
due to the venting of the accumulated intragastric air into the
esophagus followed by oral expulsion®. However, with the use of
esophageal impedance monitoring, supragastric belching has been
identified. During this type of belch, air is rapidly brought into the
esophagus and immediately followed by a rapid expulsion. Imped-
ance tracers demonstrate an increase in impedance level starting
in the proximal channel and progressing to the most distal chan-
nel. The air is then cleared from the esophagus in oral direction
that is seen as a return to the baseline impedance level, starting in
the most distal channel and progressing to the proximal channel.
On the other hand, gastric belch is characterized by an increase
in impedance level starting in the distal channel and progressing
to the most proximal channel accompanied by lower esophageal
sphincter relaxation®”.

Differential diagnosis of functional disorders

Symptomatic reflux, abnormal acid exposure, and mucosal
acid sensitivity are separate, though related, aspects of GERD. It
is known that 10%-40% of patients presenting heartburn do not
respond to proton pump inhibitor (PPI) use and that a proportion
of those patients have normal esophageal acid exposure and no
correlation between reflux events and symptoms®. This group is
named “functional heartburn”®.

According to Rome IV criteria, diagnosis of functional
heartburn must include all of the following: burning retrosternal
discomfort or pain; no symptom relief despite optimal antisecre-
tory therapy; absence of evidence that gastroesophageal reflux or
EoE is the cause of symptoms and absence of major esophageal
motor disorders®”.

In other hand, reflux hypersensitivity refers to patients with
esophageal symptoms (heartburn or chest pain) triggered by physi-
ologic reflux®”.

Thus, it is observed that imp-pH is essential for the diagnosis of
functional heartburn and hypersensitivity to reflux®?. Classifying
patients with symptomatic nonacid reflux as having a hypersensi-
tive esophagus decreases the number of patients with functional
heartburn®. This characterization is important considering that
patients with functional heartburn may not respond to anti-
secretory drugs®).

Identification of candidates for surgical treatment

It is well established that GERD is a disease of acid escape
and not acid production and that transient lower esophageal
sphincter relaxation (TLESR) is one of the main mechanism of
gastroesophageal reflux disease. Although TLESRs number are not
consistently increased in GERD patients compared to controls, it
is known that TLESRs are more frequently associated with reflux
episodes in GERD patients®>¥,

Fundoplication results in significant decrease in TLESR fre-
quency compared to GERD and normal patients, and less TLESRs
associated with reflux events®¥. Moreover, fundoplication can
restore the disrupted anatomy of esophagogastric junction (EGJ)
in case of hiatus hernia. However, because of the invasive nature
of the operation, it is not considered as first-line therapy to GERD
patients. Thus, patient selection is the key role for surgery success.
The best candidates are those with typical symptoms who respond
to PPI therapy®. However, non-responders can also be candidates
when they have positive correlation between symptoms and acid
or weakly acid reflux. In a study of 200 patients with persistent
symptoms despite PPIs twice daily, 18 patients with positive cor-
relation of symptoms with reflux underwent laparoscopic Nissen
fundoplication. Seven of these patients complaining of chronic
cough had their symptoms related to non-acid reflux, and all of
them remained asymptomatic at 14 months follow-up®®. This
indicates that, unlike the treatment with antisecretor®s*”, surgical
management can also treat non-acid reflux.

Imp-pH could also demonstrate that the drugs used to reduce
transient relaxation of the esophageal lower sphincter, especially
baclofen, reduce the total number of reflux episodes and not only
change their chemical composition, as do the antisecretor®.
However, their important side effects may limit their clinical use.

AUTHORS’ EXPERIENCE WITH THE METHOD

We have started the use of imp-pH in 2005 carrying out 1,200
procedures. We advocate that the main indication of the method
is the study of symptoms refractory to the clinical treatment of
GERD. Analyzing a series of 20 consecutive patients, with predomi-
nant typical complaints, we observed that 19 (95%) had symptoms
during the examination; (31.6%) with no reflux, 6 (31.6%) related to
non-acid reflux, 6 (31.6%) related to non-acid reflux and 2 (10.5%)
related with both. Roughly, we can say that among patients with
refractory GERD, 1/3 has symptoms due to acid reflux, 1/3 due
to non-acid reflux and in 1/3 it is not possible to relate persistent
symptoms to any reflux modality.

In our series, the main indications of the method were: antise-
cretors symptom refractory patients, atypical or extraesophageal
complaints and patients with clinical suspicion of GERD not
confirmed by endoscopy or by conventional pHmetry. Kline MM
et al.® evaluating 37 patients with typical GERD symptoms
with normal endoscopy and pHmetry, have found that 10 (27%)
presented acid reflux and 14 (38%) acid reflux and non-acid reflux
symptoms demonstrating incremental value of imp-pH over con-
ventional pHmetry in diagnostic performance.

Additional advantages of impedance-pH versus pHmetry
A recently published consensus on the diagnosis of GERD,

Lyon consensus™), interesting statements are set regarding the

monitoring of GERD. The authors advocated that the most
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relevant parameter in monitoring by pHmetry is the percentage
of total reflux time; percentages above 6 should be considered
pathological, less than 4 physiological and between 4 and 6 incon-
clusive. Regarding imp-pH monitoring, the number of episodes
of reflux has been highlighted; pathological over 80, physiological
below 40 and inconclusive between 40 and 80. The authors have
emphasized that imp-pH, considering all reflux modalities, has a
greater chance of relating clinical symptoms with reflux than con-
ventional pH monitoring. Three additional advantages of imp-pH
monitoring in relation to conventional pHmetry are pointed out:
analysis of bolus transport, basal esophageal impedance and post
reflux peristalsis. We have evaluated the transport of the bolus
since the beginning of our experience; and, in the last three years,
we added the analysis of baseline impedance and peristalsis post
reflux in all performed procedures. The importance of these three
measurements is demonstrated as follows.

¢ Analysis of the bolus transport

At the beginning of recording, with the patient in recumbent
position, 10 oral instillations of 5ml of saline are made, 30 seconds
interval between them. The following day, after removal of the
equipment, it is verified, by impedance, if there is complete trans-
port of the bolus. Adequate transport of at least eight (80.0%) of
the swallows studied is considered normal“. FIGURE 2 shows an
adequate transport record of the ingested bolus. This information
is important in the preoperative evaluation, since complete bolus
transport is indicative of the efficacy of the contractile activity of
the esophagus, even if there is hypocontractility of the esophageal
body on manometric study.

In our experience, retrospectively reviewing the last 1,000
cases, we found abnormal bolus transport (<80%) in 31 (3.1%)
cases. There were several causes for impairment of bolus trans-
port; among them: relevant motor disorders of the esophagus,
dysphagia after fundoplication and large gastric herniations. In
12 (1.2%) cases the analysis of the bolus transport was impaired
by very low baseline impedance in the esophageal body. The most
common causes for the difficulty of bolus transport analysis due to
low baseline impedance were: long Barrett’s esophagus, esophageal
involvement due to collagen disease and megaesophagus. In our

view, the study of bolus transport by impedance-pHmetry provides
important reference information; however, it does not represent
a specific and sensitive method for definitive characterization of
esophageal transport function. For a more specific analysis of
this question, a radiological contrast study is recommended. A
radiological contrast study of the esophagus can be performed in
two ways: conventional and dynamic. The dynamic study, with film
of the passage of contrast material through the esophagus, has a
higher diagnostic sensitivity than the conventional study.

¢ Basal impedance

When the esophagus is empty, the intraluminal impedance
recorded corresponds to that of the esophageal mucosa. In the
presence of active inflammation of the same, Barrett’s esophagus
and esophageal involvement in collagenosis, the basal impedance is
very much reduced. Therefore, by the analysis of the basal imped-
ance (BI) one can infer about the integrity of the mucosa. In the
presence of liquid-alimentary residue in the esophagus, the base-
line impedance is also reduced, impeding adequate evaluation of
reflux“?, FIGURE 3 shows a record of both low and normal Bl in
the lower esophagus. The BI should be evaluated during sleep, when
the impedance is more stable, as there are fewer refluxes and degluti-
tion. This is calculated as an average of three periods of 10 minutes.

In our experience, it has been noted that low baseline imped-
ance makes it difficult to interpret reflux episodes; however, we
have observed a relationship between the percentage of exposure
time to acid and baseline impedance and also that the reduced BI
tends to normalize with anti-secretory use. Baseline impedance has
been considered a good marker of esophageal mucosal lesion®?.

Mucosal integrity and BI are longitudinal evidences, that is, over
time, reflects exposure to acid. Reduced BI, in the absence of stasis,
indicates impairment of esophageal mucosal integrity. Obviously,
mucosal integrity can also be assessed by upper digestive endos-
copy; however, it must be emphasized that there may be involve-
ment of the mucosa without visible endoscopic alterations. When
biopsies are performed to identify microscopic esophagitis, mucosal
integrity can be assessed in greater detail. However, macroscopic
esophagitis may be present in up to 15% of healthy individuals®®.
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FIGURE 2. Analysis of the bolus transport.
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FIGURE 3. Demonstration of both low and normal basal impedance in

¢ Peristalse post reflux

Here we stop worrying only about the reflux and we begin to
worry about what happens after the reflux, that is, with its clearance.
It is known that acid reflux triggers esophageal-salivary reflex®®.
After an episode of reflux, one can identify, by impedance-pH,
whether there is esophageal peristalsis. By analyzing the reflux
episodes individually, we observed how many elicited esophageal
peristalsis in the 30 seconds following reflux. With this, one can
analyze the percentage of refluxes that trigger peristalsis after
reflux; that is, the so-called post reflux peristalsis index (PRPI).
Initial publications on the subject have pointed out that this in-
dex reflects the capacity of clearance of the esophagus. Normal
indices (greater than or equal to 61%) suggest good capacity of
esophageal clearance of the refluxed material. Relating this index
to the degree of mucosal lesion, lower rates of erosive GERD,
intermediate non-erosive and normal asymptomatic controls have
been noted“®. FIGURE 4 shows post-reflux peristalsis promoting
acidity clearance of reflux.

It has been noted that the rate of peristalsis post reflux is more
reduced in patients with Barrett’s esophagus with dysplasia®?.
Barrett’s neoplastic degeneration seems to relate more to low
PRPI than to inadequate response to antisecretors. Quantifying
reflux may be dispensable in Barrett because the diagnosis is al-

the lower esophagus.

ready established; however, the evaluation of PRPI may justify the
achievement of impedance-pH in these cases. The evaluation of
PRPI is also important in patients who undergo lung transplanta-
tion; the risk of rejection is greater when there is reduced PRPI“®.
The measurement of the PRPI has not yet been incorporated into
the software; therefore, careful visual analysis of all acid or mildly
acid reflux episodes is necessary. Episodes of gas reflux are not
considered in the calculation of PRPI because they do not trigger
esophageal-salivary reflux.

INDICATIONS OF IMPEDANCE-PHMETRY

1. Study of patients who remain symptomatic during the treat-
ment of reflux with anti-secretory drugs. In these cases, the test
should be performed during the period on medication.

2. Patients with symptoms suggestive of GERD who do not
present esophagitis at endoscopic examination and who have nor-
mal pHmetry. In these cases, the test should be performed without
the use of anti-secretory agents.

3. Diagnostic clarification of patients with atypical symptoms
and supra-esophageal symptoms, not explained by other causes.
Principally: coughing and belching.

4. Assistance in the indication of surgical treatment of reflux.
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FIGURE 4. Demonstration of post-reflux peristalsis promoting acidity clearance of reflux.

CONCLUSION

Prolonged monitoring increased knowledge about gastroe-
sophageal reflux; the condition resulting from it, has been renamed
Gastroesophageal reflux disease. Monitoring allows the diagnosis
of GERD in cases without sufficient endoscopic alterations to
characterize the condition.

The choice of the type of monitoring to be used should be
judicious. The main advantages of impedance-pHmetry to pH-
monitoring alone are: the possibility of evaluating all reflux modali-
ties; i.e. acid, non-acid, liquid and gaseous and also the possibility
of studying other important variables; i.e., bolus transport capacity,
basal impedance of the esophagus and peristalsis post reflux.

The main indications of impediment-pH monitoring in clini-
cal practice are: the study of symptoms refractory to the clinical
treatment of GERD, the study of atypical reflux manifestations;
among them, in particular, the chronic cough and the study of
the eructations differentiating them in gastric and supragastrics.

82 ¢ Arg Gastroenterol ® 2018. v. 55. Suplemento

Our experience with the method is encouraging. It should be
noted, however, that the method is much more labor intensive
than conventional pHmetry. The automatic reflux analysis by the
computer program often misinterprets impedance traces, consider-
ing as reflux what in reality is an anterograde flow (deglutition).
Therefore, one should analyze all episodes referred to as reflux for
correct interpretation; only the retrograde propagation pattern is
indicative of reflux. The characterization of the reflux should not be
left on account of the computer program. Finally, it is emphasized
that the study of the bolus transport capacity, the measurement of
the nocturnal basal impedance and the post reflux peristalsis have
become important components of the prolonged monitoring of
impedance-pH monitoring®.
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Nasi A, Queiroz NSF, Michelsohn NH. Monitorizag¢do prolongada do refluxo gastroesofagico por impedancio-pHmetria esofagica: uma revisao sobre o

tema ponderada com nossa experiéncia de 1.200 casos com o método. Arq Gastroenterol.

RESUMO - Contexto — A monitorizagdo prolongada ampliou o conhecimento sobre o refluxo gastroesofagico; a afeccao decorrente do mesmo, passou

a ser designada por doenga do refluxo gastroesofagico (DRGE). O estudo prolongado do refluxo viabiliza o diagnoéstico da DRGE nos casos sem
altera¢des endoscopicas suficientes para caracterizagao da afecgao. Objetivo — O objetivo do presente trabalho é apresentar uma revisao sobre a moni-
torizagao do refluxo por impedancio-pHmetria, ponderando-se os dados de literatura com a experiéncia dos autores com o método em 1.200 exames
realizados. Métodos — Sao apresentados detalhes dos diferentes tipos de monitorizagao prolongada do refluxo; ou seja, a pHmetria convencional,
a pHmetria sem cateter e a impedancio-pHmetria. Salientam-se as novas possibilidades de avaliagdo que a impedancio-pHmetria propicia e suas
principais indicagdes: estudo de pacientes que permanecem sintomaticos durante o tratamento do refluxo com antissecretores; analise de pacientes
com sintomas sugestivos de DRGE que nao apresentem esofagite ao exame endoscopico e que tenham pHmetria normal; esclarecimento diagnostico
de pacientes com sintomas atipicos e supraesofagicos — em especial na tosse cronica; estudo da eructagao diferenciando-as em dois grupos: gastricas
e supragastricas e no auxilio na indicagao do tratamento cirtrgico do refluxo. Resultados — A monitorizagao associando duas modalidades de avalia-
¢ao: a impedancio-pHmetria representa evolug@o tecnologica expressiva em relagdo a modalidade baseada apenas na analise do pH (pHmetria). As
principais vantagens da impedancio-pHmetria sdo: possibilidade de avaliagdo de todas modalidades de refluxo; ou seja, acido, nao-acido, liquido e
gasoso e também a possibilidade de estudo de outras variaveis importantes; ou seja: capacidade de transporte do bolus, impedancia basal do es6fago
e peristalse pos refluxo. Conclusido — A impedancio-pHmetria ¢ um método promissor, com grandes vantagens sobre a pHmetria convencional. A
escolha do tipo de monitorizagdo a ser utilizada, deve ser criteriosa._ Os autores destacam a importancia da analise cuidadosa de cada episodio de
refluxo, pelo médico responsavel pela execu¢dao do exame, para correta interpretagao e valorizagao dos dados obtidos.

DESCRITORES - Refluxo gastroesofagico. Monitoramento do pH esofagico. Impedancia elétrica.
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