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pper esophageal pH monitoring: Transnasal placement
f the Bravo wireless capsule system
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Laryngopharyngeal reflux (LPR) is a common entity and is known to be associated with many common
aerodigestive disorders. The diagnosis of LPR based on symptoms or laryngeal findings alone is
unreliable. Upper esophageal pH monitoring enables the otolaryngologist to objectively confirm the
presence of LPR and to gauge the response and effectiveness of medical therapy. In this article, we
present the technique for transnasal placement of a wireless pH monitoring capsule for the diagnosis of
LPR. This technique can be performed by otolaryngologists in the office. It is safe and can be done
under local anesthesia, in conjunction with transnasal esophagoscopy. The main advantage is that,
unlike single- or double-probe pH monitoring devices, wireless capsule monitoring does not interfere
with patients’ daily activities and diet, giving a more accurate measurement of reflux episodes in the
upper esophagus. The technique has a low potential for complications, and monitoring can be per-
formed for 24- and 48-hour periods.
© 2007 Elsevier Inc. All rights reserved.
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It is estimated that laryngopharyngeal reflux (LPR) may
e the etiologic cause in up to 50% of patients that present
o otolaryngologists complaining of laryngeal and voice
isorders.1 The symptoms of LPR are numerous and, be-
ause they differ significantly from the presentation of clas-
ic gastroesophageal reflux disease, patients do not attribute
hem to acid reflux. In fact, patients with LPR have less than
0% incidence of heartburn, and only 25% incidence of
sophagitis.2 Hoarseness, globus sensation, chronic cough,
nd excessive throat clearing are all common symptoms to
umerous voice disorders, which can have several potential
auses. Moreover, laryngoscopic findings often associated
ith LPR, such as thickening or edema of the posterior wall
f the glottis (posterior laryngitis), are not pathognomonic
nd may indeed be present in patients without LPR.3
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Recently, a wireless pH monitoring system (Bravo;
edtronic, Shoreview, MN) was introduced as an alterna-

ive to conventional single- or double-probe pH monitoring.
his technique has been previously shown to be a compa-

able alternative in quantifying esophageal acid exposure.4

ireless monitoring offers several advantages over pH-
robe monitoring. It eliminates the need for a transnasal
atheter that can significantly alter, because of discomfort
nd pain, the patient’s physical activity, sleeping pat-
erns, diet, and social schedule, thus potentially causing
alse-negative readings as the result of reflux-reducing
ehavior.5

perative technique

he delivery system comes as a prepackaged assembly,
ncorporating both the capsule and the delivery probe. The
andle of the delivery system, 80 cm in length, is separated

rom the end, which houses the capsule in a 6-F tubular



c
f
p
a

p
p
s
n
e
a
n
t
b
a
s
T
a
a
i
a
l
m
i
r
m
a
p
a
d
m
o

1
i

t
s
p
a
i
t
c
t
o
n
i
a
s
t
w
d
s
(
r
p
a
9
c
t
o
d
l
a
t
f
i

c
c

em (im

325Friedman and Schalch Upper Esophageal pH Monitoring
omponent. The pH capsule is designed to transmit a radio-
requency signal to a receiver-pager (Figure 1).6 The set-up
rocedure before capsule placement is simple and takes
bout 10 to 15 minutes to complete.

The technique for transnasal placement of the wireless
H capsule monitor is most easily performed when the
atient is in the upright position. The patient’s nose is
prayed with a mixture of topical 2% lidocaine with 1%
eosynephrine about 5 minutes before the initial transnasal
sophagoscopy, followed by 4% viscous lidocaine, which
cts as a lubricant as well. Anterior rhinoscopy and flexible
asal endoscopy are performed, to ascertain the patency of
he nasal airway and document septal deformities and tur-
inate size, which could affect the passage of the endoscope
nd the delivery system. A flexible esophagoscope is in-
erted through the nose and advanced into the hypopharynx.
he patient is then given a cup of water with a straw and
sked to swallow small sips of water while the scope is
dvanced into the piriform sinus and into the esophageal
nlet. The scope is slowly advanced until the gastroesoph-
geal junction is visualized. Transnasal esophagoscopy al-
ows visualization and inspection of the mucosa to docu-
ent the presence of ulcers, erosions or edema. The scope

s slowly withdrawn until the level of the cricopharyngeus is
eached, at which point, a measurement is taken to deter-
ine the distance between the incisors and the upper esoph-

gus, just below the cricopharyngeus. We add 5 cm from the
iriform sinus, to ensure placement below the upper esoph-
geal sphincter, and this corresponds to the final insertion
epth, which usually ranges from 17 to 20 cm. The final
easurement is marked on the delivery system with a piece

f tape (Figure 2).
The capsule is previously calibrated with standard pH

.07 and 7.01 solutions, and linked to the receiver, follow-

Figure 1 The Bravo wireless pH monitoring syst
ng manufacturer’s instructions. The delivery system con- T
aining the capsule at the tip is then inserted through the
ame nare through which transnasal esophagoscopy was
erformed. The probe can be passed along the nasal floor or
bove the inferior turbinate, depending on intranasal find-
ngs. The surgeon should lubricate the capsule and the tip of
he catheter, taking care not to clog the suction port in the
apsule, which could cause problems with the attachment to
he mucosa. The patient is instructed to swallow small sips
f water after the delivery system is passed through the
asopharynx, as it is advanced into the hypopharynx and
nto the esophagus. Once the delivery catheter has been
dvanced all the way to the previously marked depth, the
ystem is connected to a vacuum pump. The vacuum suc-
ions esophageal mucosa into the port of the capsule, to
hich the capsule will attach once the attachment pin is
eployed (Figure 3). The vacuum pump is run for at least 30
econds after the pressure has stabilized at about 75 kPa
�510 mm Hg). After the 30 seconds elapses, the safety is
emoved from the handle and the activation button is
ressed all the way in, which activates the steel pin that
ttaches to the mucosa in the suction chamber. A clockwise
0° turn of the button then follows, which releases the
apsule from the delivery system (Figure 4). It is important
o make sure the button goes back to its original position
nce it is released, otherwise the capsule might not be
eployed from the delivery system. The suction should be
eft on while deploying the capsule, which ensures better
ttachment of the capsule. It is also very important to turn
he suction pump off before the delivery system is removed
rom the patient’s esophagus; otherwise, there is a risk of
njuring the mucosa or perforating the esophagus.

Repeat transnasal esophagoscopy is then performed to
onfirm successful placement and to identify the exact lo-
ation of the wireless pH monitoring capsule (Figure 5).

age courtesy of Medtronic Inc., Shoreview, MN).
he capsule normally sloughs off together with the
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326 Operative Techniques in Otolaryngology, Vol 18, No 4, December 2007
sophageal mucosa by days 7-10, and it is passed through
he bowel and eliminated with the stool without being
oticed.

ostoperative management and complications
he wireless pH monitoring capsule transmits information

o a receiver (designed to be carried as a pager, Figure 1),
hich the patient needs to keep at a distance of no more

han 3 to 5 feet away from his body throughout the 24 to 48
ours of monitoring. Patients are asked to keep a detailed
og of all meals and symptoms, as well as situations when
he patients are in supine position (eg, naps or bedtime).

igure 2 Transnasal placement of the wireless capsule in the up
ndicating the exact distance from the nostril to the level just belo
mphasis should be made on the importance of maintaining r
ormal diet and activity as well as avoiding antireflux med-
cations. After monitoring is concluded, patients return the
ager and the data contained in it is downloaded to a
omputer. A software program provided by the manufac-
urer then generates a report that should be interpreted by
he treating physician.

Data for analysis contained in a report includes total
ecording time, total number of reflux episodes (defined
s a pH �4), number of reflux episodes longer than 5
inutes, duration of longest reflux episode, and total and

ercentage of time with pH �4.0. A breakdown of reflux
pisodes recorded in the upright and supine positions is
lso included in the report. According to Postma and
oworkers7 a decrease in pH level to �4 is defined as a

phagus with the help of a nasal speculum. Note the piece of tape
cricopharyngeus.
per eso
eflux event, as long as it s not associated with meals. The
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327Friedman and Schalch Upper Esophageal pH Monitoring
ecrease should be sharp and rapid, not gradual. Consis-
ent with methodology from other authors, four or more
pisodes of reflux in a 24-hour period were considered to
e positive for LPR. To be valid, a study must contain at
east 16 hours of continuous pH monitoring recording.4

Friedman and coworkers8 reported that, of a total of 89
atients that underwent transnasal upper esophageal place-
ent of the wireless monitoring capsule, 6 patients (6.7%)

id not tolerate the procedure because of pain during trans-
asal insertion or excessive gag reflex. Two patients had
nsuccessful capsule attachment during the procedure. Two
atients had recordings less than 16 hours long, 1 patient
ad an invalid study because of noncapture of data by the
eceiver, and 1 patient had a premature capsule detach-
ent after confirmatory transnasal esophagoscopy. Capsule

lacement success rate was 86.5%. There were no instances
f laryngospasm or vaso-vagal reactions. Four patients that
ad an unsuccessful initial capsule placement attempt (con-
rmed by means of control transnasal esophagoscopy); in
ne of these 3 cases, a second attempt was also unsuccess-

igure 3 The vacuum suctions esophageal mucosa into the
apsule chamber, into which the attachment pin is deployed.
ul.
Potential side effects of the procedure include difficulty
wallowing, pain, and inability to eat a normal diet. All
atients do experience some degree of chest discomfort or
ain during the first 48 hours after capsule placement. These
ymptoms usually subside after 72 hours without the need
or pain medication. More serious complications include
ailed detachment of the capsule after 72 hours, which may
Figure 4 The capsule is released from the delivery system.
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ead to persistent pain and esophageal perforation. In these
ases, endoscopic removal might be required. In cases of
rolonged chest pain or discomfort, esophageal perforation
hould be ruled out. Epistaxis, although rare, might also be
n immediate or delayed complication of transnasal esopha-
oscopy and capsule placement, and should be managed
ccordingly.

onclusions

lthough many expert otolaryngologists can detect the la-
yngeal changes suggestive of LPR, some studies have
hown that the changes often associated with LPR are not
atognomonic and may indeed be present in patients with-

igure 5 The wireless pH capsule after transnasal endoscopic
lacement on the wall of the upper esophagus.
ut LPR. Wireless upper-esophageal pH monitoring is a
aluable diagnostic tool for patients with suspected LPR.
ransnasal placement of the capsule can effectively be per-

ormed with topical nasal anesthesia with minimal potential
or complications and is acceptable to most patients. The
echnique is safe and reliable, for it has been shown to be
omparable to conventional single- or double-probe pH
onitoring. The most significant advantage is its low inci-

ence of complications, and the decreased impact on the
atient’s daily routine, diet and sleep. This technique may
e used by otolaryngologists for the evaluation of LPR, to
etermine the effectiveness of medical therapy, and make
ny adjustments as necessary.
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