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“

High-resolution esophageal manometry represents undeniable progress in the exploration of esophageal motility. Studies indicate a
diagnostic gain of between 5% and 20% compared with conventional manometry. Above all, high-resolution manometry improves
the characterization of the different subtypes of achalasia, with implications for the therapeutic management of patients. The ease of
implementation and training allows for skill transfer and easy retrospective review.Wireless pH measurement by Bravo Capsule® for
the diagnosis of gastroesophageal reflux is a significant improvement
on classical “wired” pH measurement, both in terms of safety and
diagnostic yield. The diagnostic gain associated with this technique
is due both to a reduced limitation of patient activity and also an
extension of the recording period (up to 48 to 96 hours). This is a
technique that can easily be proposed in the immediate aftermath
of an upper endoscopy. The dissemination of these two techniques
beyond expert centers is unfortunately limited due to their higher cost,
which is poorly adapted to the modalities of healthcare reimbursement currently in operation.”
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High-resolution esophageal manometry
Esophageal motility disorders (EMD) can cause dysphagia and even
chest pain. Although EMD may be secondary to systemic diseases,
they are most often primary motility disorders that can be diagnosed
and characterized by esophageal manometry.

High-resolution manometry
“Conventional” esophageal manometry is performed using perfused
catheters that usually consist of four sensors, allowing assessment of
the body of the esophagus and the lower esophageal sphincter (LES).
In recent years, conventional manometry has gradually been replaced
– at least in expert centers – by “high-resolution” manometry (HRM),
which has two distinct innovations:
• the development of solid electronic pressure sensors, allowing the
manufacture of catheters containing 36 pressure sensors spaced 1
cm apart (figure 1) ;

Figure 1. High-resolution manometry catheter with electronic sensors.

•
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computer processing of the data, which are presented as a function of time in three dimensions, rather than as traditional pressure
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given according to the anatomical position of the sensors (figure 2).
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Figure 2.Representation of a high-resolution esophageal
manometry. Normal peristaltic sequence.

Compared to conventional manometry, HRM is faster and better tolerated [1] because the two areas of high pressure corresponding to
the upper sphincter and gastroesophageal junction can be easily located, allowing verification of the correct positioning of the catheter.
Measurements are made simultaneously from the pharynx to the stomach, without the requirement to gradually withdraw the catheter,
which significantly shortens the duration of the examination. In addition, the color-coded graphical representation of the pressure variations facilitates learning of the technique and improves interobserver
reproducibility, even for nonexperts [2]. The major drawback of HRM
remains the high cost of the catheters, which explains why it is mostly
only expert centers that are currently equipped for this procedure. The
dissemination of this technique is, nevertheless, in progress in France.
The gain in diagnostic performance of HRM compared with conventional manometry is estimated to be between 10% and 20% for the exploration of unexplained dysphagia [3]. A recent, multicenter French
study, for which the results are currently in press, showed a diagnostic
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gain of a little less than 5% in expert centers. The main advantage of
high-resolution manometry is probably a better distinction between
esophageal achalasia and esophageal spasms, according to the Chicago
classification criteria. This distinction is important because the prognoses and treatments of these two diseases are different

The Chicago classification
This classification [4] allows for a “step by step” analysis, based on the
parameters obtained by HMR (figure 3).
The key parameter is the four-second integrated relaxation pressure
(4s-IRP), which corresponds to the lowest pressure recorded at the
esophagogastric junction during four (consecutive or nonconsecutive)
seconds, in response to swallowing. The threshold of 15 mm Hg allows
for good discrimination between patients with achalasia and control
subjects. Analysis of the body of the esophagus allows for the distinction of three types of achalasia, plus possible variants. In the event
of a normal IRP, significant abnormalities in the motility of the esophageal body may be responsible for dysphagia (esophageal spasm,
“jackhammer esophagus”). Other anomalies (esophageal hypoperistalsis, nutcracker esophagus, etc.) are found more frequently than in
controls, but their roles in the occurrence of dysphagia are debated. It
is important to note that the Chicago classification does not address
postoperative problems, motility disorders related to gastroesophageal
reflux disease (GERD), or pharyngolaryngeal dysphagias. High-resolution manometry has facilitated the identification of three different
profiles of esophageal achalasia (figure 4).
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Achalasia
- Type I
- Type II (with esophageal
compression)
- Type III (fragments,
contraction or spasms)

Impaired EGJ relaxation
- Achalasia variant
- Mechanical obstruction
- Hyperperistalsis

No

Normal IRP and absent contraction

3 or lowered distal latency

Yes

or ICD > 8 000 mmHg -s-cm

- Absent Contraction
- Esophageal spasm
- Jackhammer esophagus

No

4

Normal IRP and contraction
disorders
No

Yes

Hypoperistalsis
Intermittent peristalsis
Hyperperistalsis
(nutcracker)
Accelerated peristalsis

Normal
Figure 3. Diagnostic algorithm for the Chicago classification. EGJ: esophagogastric junction; IRP: integrated relaxation pressure; ICD: distal contractile integral.
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Figure 4. The three types of esophageal achalasia. In all
cases there is a impaired relaxation of the gastroesophageal junction and a lack of peristaltic sequence. Type I:
lack of pressurization; type II: pan-esophageal pressurization; type III: esophageal contractions.

In type I (“classical”) achalasia, there is no increase in pressure in the
esophagus in response to swallowing, and a relaxation defect of the
gastroesophageal junction. In type II, there is pressurization of the esophagus associated with a compression of the ingested bolus between
the UES and the distal functional obstruction. In type III (“spastic”)
achalasia, there are nonpropagated esophageal waves of large amplitude. It now appears to be well established that the response to treatment (dilatation, botox injection, or surgery) is better for type II achalasia [5]. Type III appears to fall within the scope of surgery rather than
balloon dilatation, as shown by a recent randomized study [6]. HRM
would allow a better differentiation between achalasia and diffuse esophageal spasm disease via the identification of pseudo relaxations of
the LES associated with the ascent of the lower esophageal sphincter
during swallowing. It is also easier to distinguish between an increase
in intraesophageal pressure (pressurization of the esophagus) and an
authentic esophageal contraction [7].

10

High-resolution

manometry and the

Bravo ® capsule®

The exploration of oropharyngeal dysphasias
Another advantage of HRM compared with conventional manometry
is that HRM allows the evaluation of dysphagia of pharyngeal origin.
The study of pharyngeal contraction waves, of the pressurization of
the UES, and of the waves in the proximal third of the esophagus
may reveal abnormalities affecting the striated muscles (e.g. absence
of pharyngeal contraction wave or relaxation defect of the UES during
swallowing). Although a cricopharyngeal bar can be suspected in the
case of a pharyngoesophageal pressure gradient, swallowing analysis
using fluoroscopy remains the gold standard for pharyngolaryngeal
dysphagias.

Conclusion
HRM of the esophagus represents undeniable progress in the exploration of esophageal motility. Characterization of the different subtypes
of achalasia has consequences for therapeutic management. The ease
of implementation and training allows for skill transfer and easy postevent review, however the cost of the equipment currently limits its
diffusion.

The wireless pH-monitoring Bravo ® capsule
Esophageal pH monitoring is essential in the diagnosis of GERD. If
endoscopy is normal, esophageal pH monitoring is most frequently
indicated to establish a diagnosis of GERD when atypical symptoms
(digestive, respiratory, ENT) are present. Conventional pH monitoring is carried out by placing an electrode in the esophagus, inserted
through the nose. Despite miniaturization of the equipment and the
widespread use of antimony electrodes, which are much better tolerated than glass electrodes, tolerance of the examination is often poor.
In fact, the “wired” (nasoesophageal) catheter per se is the cause of
the nasal, oral, and sometimes pharyngeal, discomfort. Patients, thus,
have a tendency to alter their activities (social, professional, leisure)
and diet during the recording, which may decrease the sensitivity of
the test for the diagnosis of GERD. In wireless pH monitoring, the
antimony electrode is incorporated into a capsule that is attached to
the wall of the esophagus, and pH changes are transmitted from the
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capsule to an external receiver by telemetry. This technique allows the
discomfort associated with the presence of the catheter to be limited.
In addition, it allows for an extension of the recording time up to 48 to
96 hours, and hence an additional increase in the sensitivity of the pH
measurement [8].

Technical aspects
The Bravo ® capsule measures 25 x 6 x 5.5 millimeters and contains a
battery, a radio transmitter, and an antimony pH electrode at its distal
end (figure 5)

Figure 5. Bravo ® capsule on its delivery catheter, and
attached to the wall of the esophagus.

As for “wired” pH monitoring, the pH electrode of the capsule is calibrated with buffer solutions before use. The insertion and fixation
device allows the aspiration of a mucosal fold of the esophagus onto
which the Bravo ® capsule is “stapled”. The device can be inserted
into the esophagus either through a nostril or, more easily, through
the mouth. Once in place and activated, the electrode samples the esophageal pH once every six seconds and the data are transmitted every
twelve seconds to a receiver box attached to the patient’s belt. It is
currently recommended that the capsule be positioned 6 cm above
the squamous junction identified by endoscopy (assuming that the
proximal edge of the LES is about 1 cm above this junction) [9]. The
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alternative is to locate the superior edge of the LES by manometry,
applying a correction of 4 cm for introduction via the mouth [10]. The
various possibilities for installation of the capsule are represented in
figure 6.

Procedure for installation
of the Bravo ® capsule

During an upper endoscopy

No upper endoscopy

Localization anterior to
the Z line (cm from the DA)

No localization anterior to
the Z line (cm from the DA)

Esophageal manometry

Introduction
by mouth
6 cm above
the Z line

Introduction
by mouth
6 cm above
the Z line

Introduction
by mouth
9 cm above
the LES

Introduction
through the nostril
5 cm above
the LES

Figure 6. Installation procedures for the Bravo ® capsule.
DA: dental arches; LES: lower esophageal sphincter.

This is a simple installation technique, with a 90–95% success
rate [11, 12]. Early detachment of the capsule may be observed in
about 10% of cases, with premature passage of the capsule into the
stomach and a misinterpretation of the acid exposure [12, 13]. pH
profiles in the case of capsule detachment are, however, quite easy
to recognize and interpretation errors are extremely unusual. Loss
of the pH capsule signal can occur if the patient is too far from the
receiver, however the missing data are generally of minimal importance and do not impact on the overall result of the recording [11].
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Comparison of wired- and wireless pH monitoring
As classical pH monitoring has a higher sampling frequency than wireless pH monitoring, significantly more reflux episodes are observed
with the former type of measurement, principally short reflux episodes
that have a limited impact on esophageal acid exposure [14]. This is
the reason why there is a good correlation between the two devices for
the evaluation of esophageal acid exposure and the diagnosis of GERD
[11]. Nevertheless, it must be borne in mind that these differences can
have an impact on the calculation of reflux-symptom indexes, which
themselves take into account each detected reflux episode. Finally, to
date there has been no validation study of symptomatic indexes for
wireless pH monitoring.

Tolerability and complications
The most common symptoms associated with the attachment of the
capsule are chest pain, dysphagia, and the sensation of a foreign body,
which are usually mild. Exceptionally, this may lead to the endoscopic
removal of the capsule [11, 12,15], which proves to be necessary in less
than 2% of cases. To date, only one case of esophageal perforation has
been reported in the literature [16]. A failure of capsule detachment
with prolonged retention requiring endoscopic resection is rare. Two
randomized studies [13, 17] showed a better tolerance of wireless pH
monitoring than of pH monitoring with a catheter; this better tolerance was related to the level of nasal, oral, and pharyngeal discomfort
experienced, the maintenance of normal daytime activity, and the preservation of quality of sleep and of the diet

Potential advantages of prolonged recording
For wireless pH monitoring, numerous studies have shown that extension of the recording time to 48 hours increases the likelihood of diagnosing GERD. This analysis can take into account the total acid exposure over the entire recording time and/or day during which the acid
exposure is abnormal (figure 7) [8].
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Figure 7. Example of a 48-hour Bravo ® pH monitoring plot. Nighttime periods are in green, meals are in
yellow. The vertical bars correspond to activation of the
event marker.

For example, a study in patients who had negative results from 24hour wired pH monitoring showed that pathological acid exposure
was found in 37% (average) and 47% (day of worst registration) of
cases when prolonged Bravo pH monitoring (mean 72 hours) was performed. When the probability of symptom association was taken into
account, these percentages were 34% and 63%, respectively [18]. Wireless pH monitoring prolonged to 96 hours also gives the opportunity to evaluate GERD without, and then with, treatment with proton
pump inhibitors (PPI). Using two different receivers calibrated to the
same Bravo ® capsule, Garrean et al. performed esophageal pH monitoring for four days in 60 patients with refractory symptoms, permitting an analysis “without” and then “with” double-dose PPI [19].
Of the patients presenting an abnormal acid exposure on day 1, only
2% had not normalized their exposure by the fourth day. This study
demonstrated the feasibility that measuring pH for four days can facilitate, in a single procedure, documentation of the presence of symptoms associated with acid reflux, both without and with treatment.
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Role of the Bravo ® capsule in the diagnosis of GERD
Schematically, the indications for Bravo ® pH monitoring are the same
as those for conventional pH monitoring, namely to document GERD
in the case of atypical symptoms and/or resistance to empirical medical treatment (figure 8). The capsule seems to be particularly useful
in cases where symptoms are intermittent and infrequent. It is also
very easy to pose the capsule in the immediate aftermath of a normal
upper endoscopy (in the absence of esophagitis) performed to investigate GERD, especially if this procedure is performed under sedation.
This approach allows for a comprehensive management of the patient
within a single time frame..
Symptoms consistent with GERD
Probable clinical
diagnosis *

Doubtful clinical
diagnosis **
Daily/frequent
symptoms

Empirical PPI
therapy
Success
Diagnosis
established

Endoscopy
+
Impedance-pH monitoring***
(after stopping PPI)
Endoscopy
Failure

Esophagitis

Intermittent
symptoms

Endoscopy
+
pH Capsule
(after
stopping PPI)

Normal

pH capsule
after stopping PPI
if diagnostic doubt

Impedance-pH
monitoring under PPI
if searching for the cause of failure

Figure 8. Algorithm for the diagnostic management of
gastroesophageal reflux disease (GERD). PPI: proton
pump inhibitors. *Typical symptoms and/or a known history of esophagitis; **atypical symptoms; ***replaced by
“conventional” pH monitoring in non-equipped centers.
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Conclusion
There is no doubt that wireless pH monitoring represents an improvement over the conventional “wired” pH monitoring technique, both in
terms of patient tolerance and of diagnostic yield. It is a technique that
can be easily proposed in the immediate aftermath of an upper endoscopy. In France, the distribution of wireless pH monitoring is currently
limited by its cost and by lack of reimbursement by the healthcare
system.

Conflicts of interest
Frank Zerbib is a speaker and consultant for Covidien GI Solutions,
Shire-Movetis, and Reckitt Benckiser

References
1. Roman S, Bruley Des Varannes S, Cargill G, et al. Manométrie œsophagienne de haute résolution avec analyse topographique des pressions œsophagiennes : conseils pour la pratique et adaptation française de la classification de Chicago. Hépato-Gastro et Oncologie Digestive 2012 ; 19 : 316-28.
2. Soudagar AS, Sayuk GS, Gyawali CP. Learners favour high resolution
oesophageal manometry with better diagnostic accuracy over conventional
line tracings. Gut 2012 ; 61 : 798-803 (Epub 2011/10/15). doi: 10.1136/
gutjnl-2011-301145
3. Pandolfino JE, Fox MR, Bredenoord AJ, Kahrilas PJ. High-resolution manometry in clinical practice: utilizing pressure topography to classify oesophageal motility abnormalities. Neurogastroenterol Motil 2009 ; 21 : 796806 (Epub 2009/05/06). doi: 10.1111/j.1365-2982.2009.01311.x
4. Bredenoord AJ, Fox M, Kahrilas PJ, et al. Chicago classification criteria of
esophageal motility disorders defined in high resolution esophageal pressure topography. Neurogastroenterol Motil 2012; 24 Suppl 1 : 57-65 (Epub
2012/02/22). doi: 10.1111/j.1365-2982.2011.01834.x.
5. Pandolfino JE, Kwiatek MA, Nealis T, Bulsiewicz W, Post J, Kahrilas
PJ. Achalasia: a new clinically relevant classification by high-resolution
manometry. Gastroenterology 2008 ; 135 : 1526-33. doi: 10.1053/j.gastro.2008.07.022.
6. Rohof WO, Salvador R, Annese V, et al. Outcomes of treatment for achalasia depend on manometric subtype. Gastroenterology 2013 ; 144 : 718-25;
quiz e13-4 (Epub 2013/01/02). doi: 10.1053/j.gastro.2012.12.027.
7. Roman S, Zerbib F, Queneherve L, Clermidy H, Varannes SB, Mion
F. The Chicago classification for achalasia in a French multicentric cohort. Dig Liver Dis 2012 ; 44 : 976-80 (Epub 2012/09/04). doi: 10.1016/j.

17

From technological innovation to medical practice

dld.2012.07.019
8. Roman S, Mion F, Zerbib F, Benamouzig R, Letard JC, Bruley des Varannes S. Wireless pH capsule--yield in clinical practice. Endoscopy 2012 ;
44 : 270-6 (Epub 2012/01/26). doi: 10.1055/s-0031-1291541
9. Hirano I, Richter JE. ACG practice guidelines: esophageal reflux testing.
Am J Gastroenterol 2007 ; 102 : 668-85.
10. Ayazi S, Lipham JC, Portale G, et al. Bravo catheter-free pH monitoring:
normal values, concordance, optimal diagnostic thresholds, and accuracy.
Clin Gastroenterol Hepatol 2009 ; 7 : 60-7. doi: 10.1016/j.cgh.2008.08.020
11. des Varannes SB, Mion F, Ducrotte P, et al. Simultaneous recordings of
oesophageal acid exposure with conventional pH monitoring and a wireless system (Bravo). Gut 2005 ; 54 : 1682-6. doi: 10.1136/gut.2005.066274
12. Remes-Troche JM, Ibarra-Palomino J, Carmona-Sanchez RI, Valdovinos
MA. Performance, tolerability, and symptoms related to prolonged pH
monitoring using the Bravo system in Mexico. Am J Gastroenterol 2005 ;
100 : 2382-6.
13. Pandolfino JE, Richter JE, Ours T, Guardino JM, Chapman J, Kahrilas
PJ. Ambulatory esophageal pH monitoring using a wireless system. Am J
Gastroenterol 2003 ; 98 : 740-9.
14. Pandolfino JE, Zhang Q, Schreiner MA, Ghosh S, Roth MP, Kahrilas
PJ. Acid reflux event detection using the Bravo wireless versus the Slimline
catheter pH systems: why are the numbers so different? Gut 2005 ; 54 :
1687-92.
15. Prakash C, Jonnalagadda S, Azar R, Clouse RE. Endoscopic removal
of the wireless pH monitoring capsule in patients with severe discomfort.
Gastrointest Endosc 2006 ; 64 : 828-32.
16. Fajardo NR, Wise JL, Locke GR, 3rd, Murray JA, Talley NJ. Esophageal
perforation after placement of wireless Bravo pH probe. Gastrointest Endosc
2006 ; 63 : 184-5.
17. Wong WM, Bautista J, Dekel R, et al. Feasibility and tolerability of transnasal/per-oral placement of the wireless pH capsule vs. traditional 24-h
oesophageal pH monitoring--a randomized trial. Aliment Pharmacol Ther
2005 ; 21 : 155-63.
18. Sweis R, Fox M, Anggiansah A, Wong T. Prolonged, wireless pH-studies
have a high diagnostic yield in patients with reflux symptoms and negative
24-h catheter-based pH-studies. Neurogastroenterol Motil 2011 ; 23 : 41926. doi: 10.1111/j.1365-2982.2010.01663.x
19. Garrean CP, Zhang Q, Gonsalves N, Hirano I. Acid reflux detection and
symptom-reflux association using 4-day wireless pH recording combining
48-hour periods off and on PPI therapy. Am J Gastroenterol 2008 ; 103 :
1631-7. doi: 10.1111/j.1572-0241.2008.01829.x

18

