
Aural irrigation using the OtoClear1 Safe Irrigation
System in children

Ellen M. Mandel*, Joseph E. Dohar, Margaretha L. Casselbrant

Department of Pediatric Otolaryngology, Children’s Hospital of Pittsburgh and the Department of
Otolaryngology, University of Pittsburgh School of Medicine, 3705 Fifth Ave., Pittsburgh, PA 15213, USA

Received 11 December 2003; received in revised form 23 April 2004; accepted 27 April 2004

International Journal of Pediatric Otorhinolaryngology (2004) 68, 1295—1299

www.elsevier.com/locate/ijporl

KEYWORDS
Cerumen;
Irrigation;
Earwax;
Ear canal

Summary

Objective: To evaluate the safety and efficacy of the OtoClear1 Safe Irrigation
System for removing cerumen from the external auditory canal in children.
Methods: Eligible subjects were 6 months—17 years of age with cerumen obstructing
�50% of the tympanic membrane (TM) from view (by otoscopy). Pneumatic otoscopy,
tympanometry, and audiometry were performed followed by cleansing of the affected
ear canal(s) with the OtoClear1 Safe Irrigation System and warm tap water. Otoscopy
wasperformedaftereachwashofthecanal.Acuretteorsmallalligatorforcepswasused
to remove remaining cerumen if necessary. Tympanometry and audiometry were
repeated after all procedures were completed. Telephone contact was made 1 week
later regarding symptoms of acute otitis externa or any other problems.
Results: Eighteen children (28 ears) ages 1—10/12 to 11—2/12 years were entered.
Four had previously had tympanostomy tubes. At entry, there was no visible TM in 19
ears, 5—10% visible TM in 5 ears, 20% in 1 ear, and 30—40% of the TM in 3 ears. The
number of washes needed per ear was: 1 wash–—16 ears, 2 washes–—8 ears, 3 washes–—
1 ear, 4 washes–—2 ears; washing was stopped in 1 ear because of pain. After
irrigation, a curette or forceps was used in 6 ears. Following the procedures,
�95% of the TM was visible in 24 ears, and �80% was visible in all ears. Six ears
(4 children) with flat tympanograms at entry became normal after irrigation. On
audiometry, a conductive loss in 2 ears at entry resolved after irrigation. The mean
change in pure tone average (PTA) was �2.9 dB. Three subjects were noted to have
hearing losses >5dB at some frequencies which on review by audiologists were
deemed non-significant. No perforations of the TM occurred. There were no reports
of otitis externa or any other adverse events occurring after leaving the clinic.
Conclusion: We found the OtoClear1 Safe Irrigation System to be safe and effective
in our small sample of children. It was well tolerated in most and provided a non-
traumatic method for the removal of obstructing cerumen.
� 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Though some cerumen is necessary for the main-
tenance of normal physiologic homeostasis within
the lateral auditory canal, excessive accumulation
leads to a pathological condition known as ceru-
men impaction. Cerumen, or too much of it, is a
problem in pediatrics for several reasons. Physi-
cians must often remove cerumen in children’s
ears to examine a febrile child or one complaining
of ear pain or pulling at their ears. Lack of visibility
of the tympanic membrane (TM) may prevent
accurate diagnosis of middle-ear disease as well
as problems of the external canal; cerumen accu-
mulation has also been linked to chronic cough
secondary to stimulation of Arnold’s nerve, a
branch of the vagus nerve [1]. Decreased hearing,
a common pediatric complaint, can be the result of
mechanical blockage of the canal as well as middle-
ear disease, and for some, removal of the obstruct-
ing wax plug may be curative. Watkins et al. [2]
reported that among 2959 schoolchildren in Dallas,
Texas who failed pure tone audiological screening,
137 (4.63%) failed because of cerumen in the canal.
For audiologists, cerumen management becomes a
very common problem, as use of hearing aids may
obstruct the normal extrusion of cerumen from the
external canal [3] in addition to preventing accurate
audiological testing. Long-standing cerumen impac-
tion may encourage proliferation of bacterial and
fungal pathogens that, in turn, result in low-grade
otitis externa. Certain populations are known to be
particularly prone to cerumen impaction, such as
children with Down syndrome [4], as well as others
with mental retardation, and the geriatric popula-
tion [5].

Several techniques have been used to remove
cerumen from the external auditory canal. Ceru-
men can be removed mechanically under visuali-
zation by means of a curette or wire loop. Various
substances have been used to try to soften the
cerumen prior to removal. Oil-based organic solu-
tions, such as olive oil, glycerin, and propylene
glycol lubricate the plug and facilitate its mechan-
ical removal. Aqueous solutions, such as water,
10% bicarbonate, 3% hydrogen peroxide, and 2%
acetic acid, expand and loosen or dissolve the
cerumen plugs [6]. Irrigation devices, such as an
ear syringe, or Water Pik dental device [7] have
also been widely used by practitioners. However,
unlike devices which aim the stream of irrigation
fluid at the TM, the OtoClear1 Safe Irrigation Tip
(Bionix, Toledo, Ohio) directs the water stream to
the canal wall. This non-comparative, descriptive
study was designed to evaluate the safety and
efficacy of the OtoClear1 Safe Irrigation System

for removing cerumen from the external auditory
canal in children.

2. Methods

This study was performed at the ENT Research
Center at Children’s Hospital of Pittsburgh (CHP)
and was approved by the Human Rights Commit-
tee of this institution. Subjects were eligible for
entry if they were between 6 months and 17 years
of age with cerumen in the external canal
obstructing at least 50% of the tympanic mem-
brane (TM) from view, as estimated on otoscopy.
Children were excluded for: stenotic or atretic
ear canals; known or suspected otitis externa or
acute otitis media; TM perforation; tympanost-
omy tube present in the TM; history of prior
otologic surgery other than tube insertion; history
of trauma to the ear; known sensorineural hearing
loss; neoplastic or inflammatory disorders of the
ear; eczema or other inflammatory disorders of
the skin; life threatening illnesses; known immune
deficiency; and use of ear drops within 1 week of
entry.

Children were recruited from patients followed
in the ENT Research Center or the ENT clinic at
CHP and from referrals from outside clinics or
physicians. If the patient qualified and informed
consent was obtained, the subject underwent
pneumatic otoscopy, tympanometry, and audio-
metry. The subject then underwent irrigation of
the affected ear canal(s) using the OtoClear1

Safe Irrigation Tip attached to a Krups BioCare
Irrigation unit. The irrigation tip is made of dis-
posable medical grade plastic polymer with a
central channel and three angled exit ports
at the distal tip to allow water to exit the irriga-
tion tip in three streams aimed at the canal
walls rather than impacting the eardrum directly
(Fig. 1). The tip also has continuous fluid exit
passages to allow the effluent and debris to escape
without pressure build-up. The BioCare base is a
rechargeable portable device with a 205 ml water
reservoir that supplies the irrigation fluid (tap
water warm to the touch). The child was seated
on an examining table or on a parent’s lap and a
plastic cape was applied to protect the child’s
clothes from the water. A small plastic basin (an
emesis basin was used) was held underneath the
child’s ear, the irrigation tip was gently inserted
into the child’s ear and the device was then acti-
vated. The base was gently rotated back and forth
while the tip was in the ear to facilitate cerumen
removal. The device was turned off when the reser-
voir was empty; this was considered ‘‘one wash’’.
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After otoscopic inspection of the ear canal, the
procedure was either repeated or not, depending
on the visibility of the tympanic membrane. If a
large piece of cerumen had been dislodged and
was blocking the entrance to the external canal, it
was removedmanuallywith forceps or curette rather
than repeating the irrigation. Tympanometry and
audiometry were repeated after all procedures were
completed. Telephone contact was made 1 week
after the procedure to inquire about symptoms of
acute otitis externa or any other problems after the
irrigation.

Tympanograms were performed using a GSI-33
middle ear analyzer (Grason-Stadler Inc., Milford,
NH). The test included an estimate of the acoustic
equivalent volume of the external ear canal and a
tympanogram from which estimates of peak com-
pensated static acoustic admittance, tympano-
metric width and tympanometric peak pressure
were determined. Audiometric procedures varied
as a function of the age of the child. For children
5 years and older, air-conduction pure-tone thresh-
olds for each ear at 0.5, 1, 2, and 4 kHz were
obtained using conventional audiometric methods.
Bone-conduction testing was done when air-con-
duction thresholds exceeded 15 dB HL. For children
30—59 months of age, play audiometry was used to
obtain pure tone thresholds in each ear. The thresh-
old-estimating protocol and criterion for bone
conduction were the same as that used for older
children. For younger children, visual reinforce-
ment audiometry with a unilateral head turn, as
described by Wilson and Thompson [8], was used to
obtain sound field minimum response levels. Stimuli
were speech and warble tones at audiometric test
frequencies of 500—4000 Hz.

3. Results

Eighteen children (28 ears) ages 1—10/12 to 11—2/
12 years were entered. Only 1 child was less than 3
years of age; a total of 8 children were less than 6
years old. Twelve were male, 11 were Caucasian,
and 7 were African-American. Four had previously
had tympanostomy tubes and 6 had been swimming
in the week prior to entry. By otoscopy at entry,
there was no visible TM in 19 ears, 5—10% visible TM
in 5 ears, 20% in 1 ear, and approximately 30—40% of
the TM was visible in 3 ears. The distribution of
number of washes needed per ear was 1 wash–—16
ears, 2 washes–—8 ears, 3 washes–—1 ear, 4 washes–—
2 ears; washing could not be completed in 1 ear
because of pain. No more than four washes were
performed on any one ear because of erythema and
irritation of the canal (one child) or by the subject’s
request (one child). After irrigation, a curette or
forceps was used in six ears to remove a large wax
plug from the entrance to the canal (three ears) or
to remove a piece of residual wax from farther down
the canal (three ears). By the end of the procedures,
�95% of the TM was visible in 24 ears, and �80% of
the TM was visible in all ears. In six ears (four
children) tympanograms were flat at entry and
became normal after irrigation. On audiometry,
two ears with a conductive loss at entry had resolu-
tion of the conductive loss after cleaning of the
canal. Mean change in hearing thresholds between
entry and end of procedures in the 27 ears on which
ear-specific thresholds could be obtained are shown
in the Table 1. In three (16.7%) of the 18 subjects
hearing was noted to be poorer by greater than 5 dB
at one or two frequencies after cerumen removal at
various frequencies: one subject at 2000 Hz (10 dB),
one at 1000 (20 dB) and 4000 Hz (15 dB), and one at
500 (15 dB) and 4000 Hz (10 dB). On review of the
audiograms by an audiologist these were deemed
non-significant. Possible causes were test-retest
inconsistency, residual water in the canal, and
the inherent limitations in testing children just after
a procedure. No perforations of the TM occurred
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Fig. 1 Illustration of OtoClear1 Tip attached to irriga-
tion device, showing the streams of irrigation fluid direc-
ted at the canal walls rather than the tympanic membrane
(courtesy of Bionix Development Corporation).

Table 1 Change in hearing after cerumen removal (N
= 27 ears)

Measure (Hz) Mean (dB) Range (dB)

500 �3.15 �15, +15
1000 �2.60 �20, +20
2000 �3.00 �25, +10
4000 �1.65 �25, +15
PTA* �2.90 �16.7, +8.3

Note: Negative value indicates lower hearing level, i.e.,
improvement.Hz:Hertz; dB: decibels; PTA:pure toneaverage.

* PTA: average of values at 500, 1000, and 2000 Hz.



during the study. Two children, one with a history of
motion sickness, complained of dizziness immedi-
ately after canal irrigation but did not have nystag-
mus; the dizziness resolved in minutes. Another
child had undiagnosed otitis externa behind the
impacted cerumen and cried with pain immediately
at the start of the irrigation. No children were
diagnosed with otitis media. Follow-up information
was obtained on nine subjects; there were no
reports of otitis externa or any other adverse events
occurring after irrigation.

4. Discussion

We found aural irrigation with the OtoClear1 Safe
Irrigation System to be safe and effective in the
small group of 18 children in our study. However, to
truly determine safety, a larger number of subjects
would be needed. The OtoClear1 Tip, utilizing
three jets of water aimed at the canal walls rather
than at the TM, was well tolerated in most subjects
in our study and provided a non-traumatic method
for the removal of obstructing cerumen. This may
be particularly useful in screaming, squirming chil-
dren in whom removal of cerumen by curette would
likely traumatize the canal or possibly perforate
the TM. It should be re-emphasized that irrigation
as a tool to remove wax in the ear canal is contra-
indicated in a non-intact TM. Prior to irrigation,
it should always be determined that the TM is
intact. In a child with a past history of otorrhea
or tympanostomy tubes, an examination subse-
quently documenting an intact TM should be sought
in the medical records. In children without com-
plete occlusion of the canal by cerumen, mobility
on pneumatic otoscopy or a small canal volume
on tympanometry would provide evidence of an
intact TM.

In addition to allowing inspection and evaluation
of the tympanic membrane, improvement in mean
hearing levels at all frequencies was noted. Sharp et
al. [9] reported a mean improvement in hearing in
20 outpatients (age not specified but presumably
adults) of 5 dB after removal of occlusive cerumen.
Memel et al. [10] reported the results of their
single-blind randomized trial in adults (mean age
63 years) of hearing testing before and after ear
syringing versus twice before ear syringing. They
found an improvement in the 4-frequency PTA of
10 dB or more in 34% of the intervention group
compared to 1.6% of the control group; for those
whose improvement was greater than 10 dB, the
improvement ranged from 15 to 36 dB with a mean
of 24 dB. In the intervention group, 39 (74%) of 53
patients had their ear syringed specifically for

complaints of decreased hearing. In our series,
mean pure-tone thresholds improved at all frequen-
cies but mean improvement was less than 5 dB
which is within the range of test-retest fluctuation.
Audiology was obtained in our study to document a
lack of harm rather than as a measure of benefit
but we did note that in two ears (one subject) a
conductive loss present prior to irrigation was no
longer present after the procedure. Also, in our
patient group, cerumen had to be blocking visibi-
lity of at least 50% of the TM and total occlusion of
the canal was not required; total occlusion would,
presumably, be associated with greater loss of
hearing.

We did not use any ceruminolytic substances
prior to irrigation as recommended by some
[3,11]. In spite of this, we were able to produce
good visibility of the TM (�80%) in all ears. Use of
ceruminolytics prior to irrigation may have allowed
us to use fewer ‘‘washes’’ of the canal and there-
fore less time or produced better results, i.e., more
than 80% visibility of the TM but another study would
be needed to ascertain this.
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