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Abstract
Gastroesophageal reflux disease (GERD) is defined as the abnormal transit 
of gastric contents into the esophagus. It is caused by an alteration of the 
anti-reflux barrier, causing multiple symptoms or complications. In order to 
achieve accurate diagnosis and proper therapeutic approach, integration 
of clinical findings, endoscopic findings and 24-hour esophageal pH mo-
nitoring, with or without impedancometry, is required. These tests must be 
performed following technical specifications and their interpretation must be 
based on the best clinical evidence available to obtain accurate diagnoses 
that allow making the best decisions to the benefit of patients.

Recently, the Lyon Consensus incorporated new guidelines for the 
diagnosis of GERD by esophageal pH monitoring, which are reviewed in 
this paper.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) refers to the 
abnormal transit of gastric contents into the esophagus due 
to an alteration in the antireflux barrier, causing symptoms 
or complications (1). Traditionally, GERD has been diag-
nosed based on the presentation of symptoms, which have 
been classified as typical (heartburn, regurgitation) and 
atypical (chest pain, cough, among others). Response or not 
to treatment is evaluated with acid suppressants, specifica-

lly proton pump inhibitors (PPI) (2, 3). However, in addi-
tion to clinical manifestations, other studies, such as upper 
endoscopy, are required as part of complementary diagnos-
tic studies to document findings that confirm the diagnosis 
(Barrett’s esophagus, peptic stenosis, and esophagitis grades 
C and D, according to the Los Angeles classification) (4).

Endoscopy may be normal in up to 60% of patients with 
GERD and this condition is known as non-erosive GERD. 
Esophageal pH monitoring, with or without impedance, 
is considered the study of choice to confirm the diagno-

https://orcid.org/0000-0001-5714-1953
https://orcid.org/0000-0003-1396-0759
https://orcid.org/0000-0002-9219-4548
https://orcid.org/0000-0002-4523-7947
https://orcid.org/0000-0002-9621-7655


Rev Colomb Gastroenterol. 2021;36(1):73-80. https://doi.org/10.22516/25007440.60874 Review articles

sis of GERD, even with normal endoscopic studies. This 
also makes it possible to establish if there is an adequate 
response to acid suppressive therapy in patients with 
persistent symptoms during their follow-up and to clas-
sify the type of reflux (acid and non-acid). It is indicated 
without suppressive therapy with PPIs during presurgical 
assessment of patients with GERD considered as candida-
tes for antireflux surgery, confirmed GERD, atypical symp-
toms after antireflux surgery, and persistent symptoms 
despite PPI treatment. On the other hand, it should be 
performed with PPI therapy in patients with grade C and 
D esophagitis according to the Los Angeles classification, 
Barrett’s esophagus, peptic stricture, or previous positive 
pH-impedance measurement (5, 6).

EPIDEMIOLOGY

GERD affects people of all ages and genders, with an esti-
mated global prevalence of 8-33%. Given the widespread 
use of over-the-counter PPIs and the high frequency of diag-
nostic tests, this disease comes at a tremendous cost to the 
health system (5, 7). A study conducted in 4 capital cities of 
Colombia using the GERDQ questionnaire (gastroesopha-
geal reflux disease questionnaire) found that the prevalence of 
reflux symptoms is 11.98 %, as well as an association with 
comorbidities such as arterial hypertension (8).

MEDICAL INDICATION

pH-impedance is useful to confirm the diagnosis of GERD 
in patients with normal esophagogastroduodenoscopy, 
atypical symptoms, when antireflux surgery is considered, 
and in the context of refractoriness to treatment with PPIs. 

Measurement with this test is indicated without acid sup-
pressive therapy when GERD has not been confirmed, there 
is no previous pH measurement monitoring, and in patients 
undergoing antireflux surgery (so that surgical treatment 
is not offered to a patient who does not have the disease). 
However, in patients with proven GERD (Barrett’s esopha-
gus, peptic stricture, esophagitis grades C and D according 
to the Los Angeles classification) or with a previous positive 
pH monitoring study, evaluation with a double dose of acid 
suppressive therapy is recommended to establish an asso-
ciation between refractory symptoms and reflux episodes. 
Impedance adds value to pH monitoring, as it allows esta-
blishing non-acidic reflux, given that most reflux episodes in 
patients receiving PPI suppression are weakly acidic. Figure 
1 shows the indications for pH impedance with and without 
acid suppressor treatment (9).

TECHNICAL ASPECTS OF THE TEST

For the performance of pH-impedance without acid-sup-
pressive therapy, it is recommended to suspend PPIs 7 days 
before the test; H2 antagonists, 3 days before; antacids, 6 to 
12 hours before; and prokinetics, 5 to 7 days before. Prior to 
transnasal catheter placement for pH-impedance monitoring, 
the patient should have a 6-hour fast to avoid emesis and pul-
monary aspiration. Patients must be instructed to eat their 
regular meals while being monitored, as well as to keep track 
of their intake, their periods in vertical and supine positions 
(including the time they go to bed), and symptoms (9, 10).

The pH-impedance catheter is made up of a pH sensor 
and 8 impedance sensors. Multichannel impedance mea-
surement uses the inherent conductive properties of the 
intraluminal bolus (liquid, gaseous or mixed) to examine the 

Atypical symptoms, prior to antireflux surgery, persistent 
symptoms with PPI, or after antireflux surgery.

Monitoring of pH measurement or pH- impedance for 24 
hours without treatment. pH-impedance monitoring with double doses of PPIs

Esophagogastroduodenoscopy without grade C and D 
esophagitis, Barret’s esophagus or peptic stricture.

Persistent symptoms suggestive of GERD

Grade C and D esophagitis, Barrett’s esophagus, peptic 
stricture, or previous positive pH measurement

Figure 1. Indications of pH- impedance with and without treatment (9). Taken from: Roman S et al. Neurogastroenterol Motil. 2017;29(10):1-15.
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Impedance testing is generally used in combination with 
pH monitoring because this method provides additional 
information and allows for a better assessment of GERD. 
Impedance analysis combined with pH monitoring allows 
the detection of gastroesophageal reflux of various incon-
sistencies (acid, non-acid, liquid, and non-liquid events). 
These findings are relevant because a significant percentage 
of patients with GERD (45%) who do not respond to acid 
suppressive therapy have non-acid reflux, which can be 
diagnosed using impedance (10, 11).

The pH sensor is positioned 5cm above the lower 
esophageal sphincter, where the catheter does not move 
with swallowing into the stomach. Underreporting of 
reflux episodes has been demonstrated if it is placed at a 
greater distance. The location of the catheter should ideally 
be guided by esophageal manometry, thus establishing the 
position of the lower esophageal sphincter (LSS) for proper 
positioning. If this tool is not available, it can be found by 
verifying that the pH is alkaline, which allows establishing 
its location in the esophagus 5cm proximal to the LSS (10).

The pH catheter must be properly calibrated prior to its 
placement in buffer solutions, with a pH between 4 and 7, 
following the manufacturer’s instructions.

ANALYSIS AND INTERPRETATION OF PH 
MEASUREMENT AND IMPEDANCE ANALYSIS

Throughout history, the method for diagnostic evaluation 
of GERD has been modified in accordance with seve-
ral consensus. In 2006, the Montreal Consensus defined 

presence and transit of the bolus in the esophageal lumen. 
There are devices available to allow for combined monitoring 
(monitoring of esophageal pH and impedance or esophageal 
manometry and impedance) (10, 11) (Figure 2).

Figure 2. pH- impedance catheter (one pH sensor and 8 impedance 
sensors) Source: Own elaboration. 

Impedance analysis is a measure of total resistance to AC 
current flow, which depends on the properties of the mate-
rial in contact with the electrodes and reflects the presence 
of esophageal contents during the test (10, 11).

With impedance measurement, it is possible to diffe-
rentiate between liquid, gaseous or mixed boluses. It also 
allows the evaluation of esophageal bolus transit. The direc-
tion of the bolus is determined by the sequence time from 
bolus entrance to bolus exit through different measurement 
segments (10, 11) (Figure 3).

Figure 3. Representation of the bolus between 2 impedance electrodes, which initially records an increase in impedance 
due to the air that opens the way for the bolus in the esophagus, with a subsequent rapid decrease in impedance when 
the bolus is located between the two electrodes. Then, an increase in impedance is observed, which corresponds to the 
esophageal contraction caused by the bolus impulse, with a subsequent progressive return to baseline impedance as 
the bolus is cleared from the segment between the 2 electrodes (10). 
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GERD as an esophageal disorder that occurs when reflux of 
stomach contents into the esophagus causes symptoms or com-
plications. It also classified individuals with GERD into 
esophageal or extraesophageal syndromes based on their 
symptoms, which does not differentiate well from other 
esophageal and extraesophageal disorders; this situation 
calls into doubt the diagnosis of GERD considering only 
symptoms (12, 13).

The Lyon Consensus, the most recent on GERD, pro-
posed that symptoms may be unreliable, and indicated an 
objective evaluation of patients with suspected GERD with 
a diagnosis based on endoscopic findings (severe esopha-
gitis, peptic stenosis, long-segment Barrett’s esophagus) 
and 24-hour pH-impedance findings, which define GERD 
when esophageal acid exposure (EAE) is >6%. For this 
reason, this consensus provides most of the criteria for 
interpretation of pH-impedance described below (5). An 
example of a pH-impedance plot is shown in Figure 4.

The DeMeester score has been used for the past 50 years 
to diagnose GERD. It is a composite score that measures 
acid exposure during the 24-hour pH- impedance reflux 
monitoring. Acid reflux is defined whenever the pH of the 
esophagus measured 5cm above the upper edge of the LSS 
decreases to 4 or less. DeMeester parameters include the 
total number of reflux episodes, total esophageal pH time 
less than 4, upright esophageal pH time less than 4, supine 
esophageal pH less than 4, number of reflux episodes grea-
ter than 5 minutes, and longest reflux episode (13). 

For proper analysis and interpretation of pH-impedance, 
it is recommended to perform it in steps.

Step 1: Duration of pH-impedance monitoring

Evaluating the duration of pH- impedance monitoring, 
which should be at least 16 hours in order to establish an 
adequate analysis (5, 9).

Step 2: Determining EAE

EAE refers to the time the esophagus is exposed to pH less 
than 4 and correlates with the presence of GERD. If the 
EAE is less than 4 %, it is considered normal; if it is greater 
than 6 % within 24 hours, it is considered abnormal and 
establishes the diagnosis of GERD. If EAE between 4% and 
6% is reported, it is classified as inconclusive or gray area 
and additional action is required to confirm the diagnosis 
(Figure 5) (5, 9, 14). 

Step 3: Evaluating the number of reflux episodes

Reflux episodes are classified as acidic and non-acidic (inclu-
ding weakly acidic). Less than 40 acid reflux episodes in 24 
hours is considered normal, while a number greater than 
80 is considered abnormal. When more than 80 acid reflux 
episodes occur, GERD is diagnosed even if the EAE is in an 
inconclusive range or gray area (between 4% and 6%). The 

Figure 4. 24-hour pH- impedance monitoring study without treatment. UES: Upper esophageal sphincter; RIP: Respiratory inversion point. Source: 
Own elaboration. 

Duration Number of reflux 
episodes

Acidic reflux Weakly acidic reflux Non-acid 
reflux 

EAE Reflux >5 
mins 

DeMeester Symptom SI PM

22:29 hours 262 230 32 0 14.6 % 2 59.3 Heartburn 100 100 %

PH-impedance monitoring without positive treatment for acid and non-acid reflux. 
Probability of symptomatic association and positive symptomatic index for acid reflux.
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GERD NOT GERD

Consider number of reflux episodes, basal impedance, 
microscopic esophagitis, DeMeester index?

Figure 5. Definition of GERD. Adapted from: Lyon Consensus.

Esophagogastroduodenoscopy

24-hour pH- impedance (with 
or without PPI)

Grade C and D esophagitis, 
peptic stenosis, or Barrett’s 

esophagus

or

EAE > 6 %

Normal esophagus
Grade A and B 

esophagitis

or

EAE 4 %-6 %

EAE < 4 %

number of non-acidic reflux episodes establishes the diagno-
sis of non-acid reflux disease when more than 27 episodes 
of this type occur without acid suppressor therapy, or when 
more than 44 occur while the test is performed in the pre-
sence of acid suppressor therapy. Both acidic and non-acidic 
reflux episodes should be reported if they occurred in a verti-
cal, supine, or postprandial position (5, 9, 10, 15).

Step 4: Establishing the association of symptoms with 
reflux episodes

The association of symptoms with reflux episodes compri-
ses the clinical manifestations of GERD reported by the 
patient that occur up to 2 minutes before recording the 
reflux episode. To consider the association of a symptom 
with reflux episodes, it must have been reported 3 times or 
more in the patient’s record. The association of symptoms 
with reflux episodes includes two evaluations: the symp-
tom index (SI) and the symptom association probability 
(SAP). SI is the percentage of symptomatic events prece-
ded by reflux episodes; it is considered positive when it is 
≥ 50%. This index was defined as the number of times the 
symptom occurred when the pH was less than 4.0, divided 
by the total number of times the symptom was reported, 
multiplied by 100 %.

SAP takes into account the total number of symptom 
events, reflux episodes, and reflux-related symptoms; it is 
considered positive when it is >95%. These two assessments 
are complementary, measure different parameters and can-
not be compared with each other. It is possible to have a 
positive SI and a negative SAP, or vice versa, indicating 
an uncertain area in which additional interpretation with 
other parameters is required to define the diagnosis; mea-
surements that could be used are the EAE, number of reflux 

episodes, and baseline impedance. Interpretation of these 
indexes is also useful in determining differential diagnoses 
such as functional heartburn and reflux hypersensitivity. 
When there is a positive SAP and SI with EAE less than 
4%, the diagnosis of reflux hypersensitivity is established.

The diagnosis of functional heartburn is defined as the pre-
sence of heartburn in a patient with normal pH impedance, in 
addition to negative SAP and SI, in whom other organic causes 
explaining the symptoms have been ruled out (eosinophilic esopha-
gitis, rumination, and supragastric belching) (Figure 6) (13, 15).

Step 5: Evaluating the DeMeester score

The DeMeester score is used to diagnose GERD since 1974 
with a performance very similar to EAE. It may play a deci-
sive role in defining, in specific cases, when a patient has 
or does not have GERD, particularly in situations in which 
the other parameters are not defining (5, 9). In our unit, we 
use it to establish a diagnosis of GERD when the EAE and 
the total number of acid reflux episodes are indeterminate. 
In this particular case, a DeMeester score greater than 14.7 
establishes the diagnosis of GERD.

Step 6: Mean nocturnal baseline impedance

The mean nocturnal baseline impedance is the expression 
of mucosal integrity and provides evidence of macrosco-
pic and microscopic esophageal damage after exposure to 
reflux. It consists of measuring baseline impedance 3 to 
5cm above the lower esophageal sphincter during sleep. 
Impedance measurements are taken in 3 periods of 10 
minutes to obtain the measurement. Values less than 2292 
Ohm suggest the presence of GERD and are correlated 
with patients with suspected GERD associated with typical 
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however, when patients receive PPIs and are on a prescription 
plan, they may present with nocturnal acid breakthrough, 
which is defined as an episode of acid reflux during the overnight 
period for at least 60 continuous minutes (17-20).

CONCLUSION

The study and diagnosis of GERD requires the integration 
of clinical aspects, endoscopic findings, and confirmation 
with objective documentation of GERD with the perfor-
mance of 24-hour pH-impedance monitoring, conditions 
that will allow patients to be classified into different pheno-
typic groups to better address their therapeutic needs. The 
stepwise interpretation of pH-impedance allows, in a logi-
cal order, to make an adequate reading of this digestive phy-
siology study for its subsequent application in our patients. 
It is important to inform patients of all the technical details 
of the study to obtain the most reliable results with the best 
possible observation. To date, pH-impedance measure-
ment is the gold standard in the diagnosis of GERD, with a 
sensitivity of 77-100 % and a specificity of 85-100 %.

symptoms that respond to treatment with PPIs or antiref-
lux surgery (5, 9, 16).

Step 7: Post-reflux swallow-induced peristaltic wave index 

This index reflects the integrity of esophageal peristalsis, 
stimulated by reflux episodes, and clearance due to saliva, 
which contains a large amount of bicarbonate. It is abnor-
mal when there is an anterograde 50% drop in impedance 
within 30 seconds after a reflux episode originating at the 
proximal impedance sites and reaching the distal impe-
dance sites and followed by at least 50% return to baseline. 
The cut-off value set is 61% (10, 16).

Step 8: Evaluating the presence of nocturnal acid 
breakthrough 

Rebound acid hypersecretion is defined as the increase in acid 
secretion after a period of acid suppression. It has been reported 
after treatment with histamine blockers as well as with PPIs. 
During sleep, the frequency of reflux episodes decreases; 

Figure 6. Algorithm for functional heartburn and esophageal hypersensitivity according to the Rome IV criteria (15). Taken from: Aziz Q et al. 
Gastroenterology. 2016;150(6):1368-79. 

pH-impedance without PPI pH-impedance with PPI

Unproven GERD

Heartburn
Normal endoscopy and biopsy

Proven GERD

Normal acid exposure.Normal acid exposureNormal acid 
exposure. Negative 
symptomatic reflux 

association

Functional heartburn

Normal acid 
exposure. Positive 
symptomatic reflux 

association

Negative symptomatic 
association

Reflux 
hypersensitivity

Functional heartburn

Abnormal acid 
exposure. Positive or 
negative symptomatic 

reflux association

Positive symptomatic 
association

GERD

Reflux 
hypersensitivity

GERD

Overlapping GERD



79Updated interpretation of Impedance–pH monitoring

Endosc Clin N Am. 2009;19(1):1-22, v. https://doi.
org/10.1016/j.giec.2008.12.009

11.	 Hobbs P, Gyawali CP. The role of esophageal pH-impe-
dance testing in clinical practice. Curr Opin Gastroenterol. 
2018;34(4):249-257. https://doi.org/10.1097/
MOG.0000000000000441

12.	 Ribolsi M, Giordano A, Guarino MPL, Tullio A, Cicala 
M. New classifications of gastroesophageal reflux disease: 
an improvement for patient management? Expert Rev 
Gastroenterol Hepatol. 2019;13(8):761-769. https://doi.
org/10.1080/17474124.2019.1645596

13.	 Neto RML, Herbella FAM, Schlottmann F, Patti MG. 
Does DeMeester score still define GERD? Dis Esophagus. 
2019;32(5):doy118. https://doi.org/10.1093/dote/
doy118

14.	 Mainie I, Tutuian R, Shay S, Vela M, Zhang X, Sifrim D, 
Castell DO. Acid and non-acid reflux in patients with 
persistent symptoms despite acid suppressive therapy: a 
multicentre study using combined ambulatory impedance-
pH monitoring. Gut. 2006;55(10):1398-402. https://doi.
org/10.1136/gut.2005.087668

15.	 Aziz Q, Fass R, Gyawali CP, Miwa H, Pandolfino JE, 
Zerbib F. Esophageal disorders. Gastroenterology. 
2016;150(6):1368-79. https://doi.org/10.1053/j.gas-
tro.2016.02.012

16.	 Savarino V, Marabotto E, Zentilin P, Furnari M, Bodini G, 
De Maria C, Tolone S, De Bortoli N, Frazzoni M, Savarino 
E. Pathophysiology, diagnosis, and pharmacological 
treatment of gastro-esophageal reflux disease. Expert Rev 
Clin Pharmacol. 2020;13(4):437-449. https://doi.org/10.
1080/17512433.2020.1752664

17.	 Hani de Ardila Albis. Pruebas diagnósticas en enfer-
medad por reflujo gastroesofágico (ERGE). Rev Col 
Gastroenterol. 2009;24(2):210-222. 

18.	 Helgadottir H, Bjornsson ES. Problems Associated 
with Deprescribing of Proton Pump Inhibitors. Int J 
Mol Sci. 2019;20(21):5469. https://doi.org/10.3390/
ijms20215469

19.	 Lødrup AB, Reimer C, Bytzer P. Systematic review: 
symptoms of rebound acid hypersecretion following 
proton pump inhibitor treatment. Scand J Gastroenterol. 
2013;48(5):515-22. https://doi.org/10.3109/00365521.2
012.746395

20.	 Waldum HL, Qvigstad G, Fossmark R, Kleveland PM, 
Sandvik AK. Rebound acid hypersecretion from a phy-
siological, pathophysiological and clinical viewpoint. 
Scand J Gastroenterol. 2010;45(4):389-94. https://doi.
org/10.3109/00365520903477348

1.	 Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R; 
Global Consensus Group. The Montreal definition 
and classification of gastroesophageal reflux disease: a 
global evidence-based consensus. Am J Gastroenterol. 
2006;101(8):1900-20; quiz 1943. https://doi.
org/10.1111/j.1572-0241.2006.00630.x

2.	 Patti MG. An Evidence-Based Approach to the Treatment 
of Gastroesophageal Reflux Disease. JAMA Surg. 
2016;151(1):73-8. https://doi.org/10.1001/jama-
surg.2015.4233

3.	 Cesario S, Scida S, Miraglia C, Barchi A, Nouvenne 
A, Leandro G, Meschi T, De’ Angelis GL, Di Mario F. 
Diagnosis of GERD in typical and atypical manifesta-
tions. Acta Biomed. 2018;89(8-S):33-39. https://doi.
org/10.23750/abm.v89i8-S.7963

4.	 Yadlapati R, Pandolfino JE. Personalized Approach in the 
Work-up and Management of Gastroesophageal Reflux 
Disease. Gastrointest Endosc Clin N Am. 2020;30(2):227-
238. https://doi.org/10.1016/j.giec.2019.12.002

5.	 Gyawali CP, Kahrilas PJ, Savarino E, Zerbib F, Mion 
F, Smout AJPM, Vaezi M, Sifrim D, Fox MR, Vela MF, 
Tutuian R, Tack J, Bredenoord AJ, Pandolfino J, Roman 
S. Modern diagnosis of GERD: the Lyon Consensus. 
Gut. 2018;67(7):1351-1362. https://doi.org/10.1136/
gutjnl-2017-314722

6.	 Chen J, Brady P. Gastroesophageal Reflux Disease: 
Pathophysiology, Diagnosis, and Treatment. Gastroenterol 
Nurs. 2019;42(1):20-28. https://doi.org/10.1097/
SGA.0000000000000359

7.	 El-Serag HB, Sweet S, Winchester CC, Dent J. Update on 
the epidemiology of gastro-oesophageal reflux disease: a 
systematic review. Gut. 2014;63(6):871-80. https://doi.
org/10.1136/gutjnl-2012-304269

8.	 Páramo-Hernández DB, Albis R, Galiano MT, de Molano 
B, Rincón R, Pineda-Ovalle LF, Rodríguez A, Otero-
Regino W, Hani A, Sabbagh LC, Sandoval-Salinas C, 
Sánchez-Pedraza R. Prevalencia de síntomas del reflujo 
gastroesofágico y factores asociados: una encuesta pobla-
cional en las principales ciudades de Colombia. Rev Col 
Gastroenterol. 2016;31(4):337-346.

9.	 Roman S, Gyawali CP, Savarino E, Yadlapati R, Zerbib F, 
Wu J, Vela M, Tutuian R, Tatum R, Sifrim D, Keller J, Fox 
M, Pandolfino JE, Bredenoord AJ; GERD consensus group. 
Ambulatory reflux monitoring for diagnosis of gastro-
esophageal reflux disease: Update of the Porto consensus 
and recommendations from an international consensus 
group. Neurogastroenterol Motil. 2017;29(10):1-15. 
https://doi.org/10.1111/nmo.13067

10.	 Hong SK, Vaezi MF. Gastroesophageal reflux monitoring: 
pH (catheter and capsule) and impedance. Gastrointest 

REFERENCES


