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Abstract

Objectives. Animal studies have suggested that exposure of the middle ear to topical local
anaesthesia may be ototoxic. This study aimed to report sensorineural hearing outcomes
and patients’ satisfaction in those who underwent myringotomy and ventilation tube insertion
using topical local anaesthesia.
Methods. Twenty-nine patients (32 ears) were operated on. Pre- and post-operative audiology
findings were compared. A Likert-type questionnaire on treatment satisfaction was completed
at the end of the procedure.
Results. Median patient age was 55 years (range, 27–88 years). Pre- and post-operative bone con-
duction pure tone averages were 26.76 dB and 25.26 dB respectively (mean reduction of−1.22 dB,
95 per cent confidence interval of−5.91 to 8.13 dB; p = 0.7538). One ear (3 per cent) had a reduc-
tion in pure tone average of 10 dB.
Conclusion. The results suggest that sensorineural hearing loss is not a complication of ear
exposure to topical local anaesthesia during myringotomy and ventilation tube insertion.
The procedure was well perceived.

Introduction

Ventilation tube insertion procedures are among the most commonly performed opera-
tions in otolaryngology, with approximately 30 000 cases per annum performed in the
UK.1 The vast majority of these are carried out under general anaesthetic for various rea-
sons, including a stable operative field, assumptions regarding patient acceptance and the
fact that most cases are paediatric. Studies have demonstrated the feasibility of local anaes-
thetic ventilation tube insertion techniques.2,3 However, unfamiliarity with the technique,
questions over patient acceptance and concern regarding the findings of various animal
studies, which have indicated potential ototoxicity, have been barriers to more widespread
implementation.

This study aimed to assess patients’ satisfaction and to report sensorineural hearing
outcomes in a cohort of patients who underwent myringotomy and ventilation tube inser-
tion using topical local anaesthesia.

Materials and methods

A eutectic mixture of local anaesthetics cream was used as a topical local anaesthesia agent
in this study. All patients underwent pre-operative pure tone audiometry performed by
the hospital audiology department. One surgeon performed all the procedures.

The inclusion criteria for this study were: patients aged 18 years and over; and venti-
lation tube insertion indications of otitis media with effusion, tympanic membrane retrac-
tion and Eustachian tube dysfunction. Patients with Ménière’s disease who previously had
a ventilation tube inserted under topical local anaesthesia were excluded, as the underlying
aetiology could cause fluctuations in bone conduction thresholds, independent of any
intervention, which may confound analysis.

On the day of surgery, the patient’s ear was microsuctioned and the topical local anaes-
thesia agent was instilled in the ear under the direct vision of a microscope using a
blunt-ended needle (Mediplast® metal suction tip 17 G) and (2 ml) syringe in a clinic
treatment room. The topical local anaesthesia was applied to the whole of the external
auditory canal and lateral surface of the tympanic membrane. Care was taken to avoid
air bubbles next to the tympanic membrane, as this would affect the topical local anaes-
thesia efficacy.

The patient was then asked towait in the day surgery unit waiting area for at least 45min-
utes, to allow the topical local anaesthesia to take effect. After transfer to the operating the-
atre, the topical local anaesthesia agent was microsuctioned, antero-inferior myringotomy
was performed and a Shah ventilation tube was inserted. Topical antibiotic drops
(Sofradex®) were then instilled.

The patient subsequently completed a questionnaire with a score range of 1 to 7 (with 1
being very unsatisfied and 7 being very satisfied). The questions addressed were the
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following: (1) How satisfied were you with the waiting times
involved?; (2) How satisfied were you with the explanation of
the treatment?; (3) How did your experience of the procedure
meet expectations following the explanation?; (4) If you required
this again, how likely would you be to choose local anaesthetic?;
and (5)How satisfied areyou overall with your experience today?

All patients were discharged on the same day as surgery,
and out-patient audiological review was arranged.

A pure tone audiogram with appropriate masking was per-
formed within three months of the date of surgery. As all of
the pure tone audiograms included hearing thresholds at fre-
quencies 0.5, 1, 2 and 4 kHz, based on the National Institute
of Clinical Excellence guidelines for the management of otitis
media with effusion,4 the averages of these frequencies were
selected to measure bone conduction thresholds in order to
assess for evidence of sensorineural hearing loss. Based on
similar published literature to this study,5 a drop of 10 dB in
bone conduction thresholds was considered clinically signifi-
cant for sensorineural hearing loss. For the purpose of statis-
tical analysis, a student’s t-test was used to compare mean
pure tone audiogram results.

Results

A total of 31 patients were included in this study over a
22-month period. Two patients were lost to follow up and
did not have post-operative audiometric assessment. Those
two patients were therefore excluded from the data analysis
of bone conduction hearing loss but included in the patient
satisfaction survey results. A total of 29 patients (32 ears)
had a complete set of data.

Twenty-six ventilation tubes were inserted for otitis media
with effusion (81.2 per cent), three ventilation tubes were
inserted for tympanic membrane retraction management
(9.4 per cent) and three ventilation tubes were inserted for
Eustachian tube dysfunction (9.4 per cent). No procedures
were abandoned because of patient discomfort. The median
patient age was 55 years (range, 27–88 years). Sixty-five per
cent of the patients were male. Pre- and post-operative bone
conduction pure tone averages were 26.76 dB and 25.26 dB
respectively (mean reduction of −1.22 dB, 95 per cent confi-
dence interval of −5.91 to 8.13 dB; p = 0.7538). One ear
(3 per cent) had a reduction in pure tone average of 10 dB.

The mean patient satisfaction survey scores (Figure 1) were:
5.93 out of 7 for satisfaction with the waiting time involved
(median = 6); 6.90 out of 7 for satisfaction with the treatment
explanation (median = 7); 6.45 out of 7 for the patient’s experi-
ence of the procedure meeting their expectations after the
explanation (median = 7); 6.55 out of 7 for the likelihood of
choosing to have local anaesthetic ventilation tube insertion
again (median = 7); and 6.68 out of 7 for overall satisfaction
with their experience (median = 7).

The following questionnaire responses were graded as 6 or 7,
indicating patients’ satisfaction: satisfaction with waiting times =
90 per cent; satisfaction with explanation = 100 per cent; meeting
expectations following the explanation = 84 per cent; willingness
to choose local anaesthetic again = 90 per cent; and overall satis-
faction = 90 per cent.

Discussion

The provision of safe and effective local anaesthetic to the
external ear canal and tympanic membrane has been pursued
since the end of the nineteenth century.6 Those efforts began

in 1884 with Zaufel, who anaesthetised the tympanic mem-
brane with cocaine dissolved in alcohol after applying a macer-
ating solution to the keratinised outer layer.6 A similar
approach was adopted with the advent of Bonain’s solution,
which combined cocaine with phenol and menthol; this
would be used to necrotise the superficial layers of the tym-
panic membrane and anaesthetise deeper layers. Whilst
being as effective as anaesthetic agents, their use carried sig-
nificant risks, including tympanic membrane perforation, ves-
tibulocochlear damage, facial nerve palsy and toxicity.6 Despite
this, they were adopted widely in the first half of the twentieth
century. Some have attempted anaesthesia through a
Eustachian tube route, but this is not popular given the risk
of sensorineural hearing loss.6

Use of iontophoresis to anaesthetise the tympanic mem-
brane was first described by Albrecht in 1911.7 A direct elec-
trical current was used to move the positively charged ions
of an anaesthetic agent into the tympanic membrane. The
method was effective in inducing anaesthesia, but was aban-
doned given the high risk of cochlear damage.7 The method
was modified in 1973 by Comeau et al., who reduced the
amperage and substituted cocaine for lidocaine.8 However, it
was a time-consuming and cumbersome procedure, and did
not anaesthetise the skin of the canal wall due to the ions
being transported directly across the tympanic membrane,
this being the route of least electrical resistance.

Injection of local anaesthesia into the ear canal skin is a
commonly performed part of many general anaesthetic oto-
logical procedures, but can cause as much pain as the proced-
ure itself in the setting of a local anaesthetic grommet
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Fig. 1. Patients’ satisfaction with the local anaesthetic ventilation tube insertion pro-
cedure (with a score of 1 indicating very unsatisfied and 7 reflecting very satisfied).
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insertion, necessitating prior topical anaesthetic use, which in
itself would provide adequate anaesthesia.

In 1988, Anniko and Schmidt instilled a eutectic mixture of
local anaesthetics into the tympanic cavities of guinea pigs.9

They found severe morphological damage to the organ of Corti
in the first 4 mm from the round window, with a clear demarca-
tion between the normal and damaged areas. These changes were
found to be independent of the frequency of administration.9

Further research by Anniko et al. (in 1989) centred on elu-
cidating the effects of xylocaine, eutectic mixture of local
anaesthetics and other substances on inner-ear function after
24 hours and at 6 months, and comparing them to pre-
treatment conditions.10 Each drug was instilled into the
round window niche of the test animals, and repeat auditory
brainstem response (ABR) testing was performed. Following
this, the cochleae were examined with light microscopy mor-
phologically. They found that xylocaine caused changes in
ABR with no morphological changes. Eutectic mixture of
local anaesthetics caused a functional impairment, with corre-
lated morphological injury to the basal coil in the organ of
Corti. Furthermore, they found outer hair cells to be more vul-
nerable to damage than inner hair cells.10

In 1990, Schmidt et al. conducted experiments to ascertain
the effects of different topical anaesthetics on cochlear func-
tion in rats.11 The round window niche was exposed to lido-
caine, lidocaine-prilocaine and phenol. They tested ABRs at
various frequencies from 2 kHz to 31.5 kHz, before applica-
tion, and three weeks, two months and six months after expos-
ure. Microscopic analysis of the rats’ cochleae was then
performed. All three tested agents caused severe impairment
in ABR thresholds within 24 hours, with a slow recovery for
the following 2 months; however, there were some effects last-
ing up to 6 months at the higher frequencies. The lower fre-
quencies recovered. Microscopic examination showed no
effect from lidocaine, but there was morphological damage
from lidocaine-prilocaine and phenol.11

Eutectic mixture of local anaesthetics is a mixture of two
local anaesthetic agents: lignocaine and prilocaine, with an
emulsifying agent, Arlatone™.6 It has been designed as a top-
ical skin anaesthetic that achieves penetration by maintaining a
high concentration of anaesthetic base with water.6 An equal
concentration of the two anaesthetics (1 g of eutectic mixture
of local anaesthetics contains 25 mg each of prilocaine and
lidocaine bases) with Arlatone would make an oil–water emul-
sion.6 The resultant droplets of emulsion maintain an 80 per
cent concentration of anaesthetic per droplet, with an overall
5 per cent concentration as a whole.6

A double-blind, randomised controlled trial conducted by
Timms et al. in 1988 compared eutectic mixture of local anaes-
thetics cream to hand cream in anaesthetising the ear canal and
tympanicmembrane for electrocochleography in 15 patients (30
ears).6 Analysis revealed that eutectic mixture of local anaes-
thetics provided adequate anaesthesia for the procedure.6

In 1989, Roberts and Carlin compared the efficacy of eutec-
tic mixture of local anaesthetics versus prilocaine injection for
tympanic membrane anaesthesia prior to ventilation tube
insertion.12 Eutectic mixture of local anaesthetics was found
to be as effective as prilocaine injection in achieving anaesthe-
sia of the tympanic membrane, but the former was preferred as
patients found the discomfort of ear canal injection similar to
that experienced when performing myringotomy with no
anaesthesia.12

Bingham et al. conducted a trial in 1991 of ventilation tube
insertion with eutectic mixture of local anaesthetics in 29

patients.13 They reported good tolerance from all patients,
with no evidence of ototoxicity at one-month follow up.

Patient selection is important to the success of such proce-
dures; factors such as patient age, acceptance of local anaes-
thetic procedures and external ear canal anatomy are
influential when selecting the most appropriate technique.

Limitations of the study include: biases in patient selection,
based on age, patient acceptance and ear canal size associated
with perceived ease of the procedure; the lack of long-term fol-
low up to exclude late toxicity; and the relatively small sample
size. Other barriers to more widespread implementation are
the perceived risk to cochlear function based on the findings
of previous animal studies, which suggested possible ototoxicity
when anaesthetic agents penetrate the round window. However,
there seems to be minimal risk of this occurring, as anaesthetic
agents are applied onto an intact tympanic membrane and
thoroughly suctioned before myringotomy is performed.
Naturally, the presence of a perforation would render the
insertion of a ventilation tube, and the preceding instillation
of local anaesthetic, completely unnecessary.

• Myringotomy and ventilation tube insertion are very common
ENT procedures

• Limited animal study data have shown some ototoxicity with
local anaesthetic agents

• This study indicated that ototoxicity is not a complication of
local anaesthetic ventilation tube insertion in humans

• Local anaesthetic is a viable alternative with correct patient
selection

We report the findings of one of the largest series to date
addressing the potential ototoxicity of topical local anaes-
thetic, and describing patients’ satisfaction, for myringotomy
and ventilation tube insertion. The one patient with a stat-
istically significant reduction in bone conduction threshold
had bilateral mixed hearing loss pre-operatively. The find-
ings for this particular patient could have been due to the
natural progression of the pre-existing sensorineural hearing
loss component during the time interval between the pre-
and post-operative pure tone audiograms during the study
period. Our results therefore suggest that sensorineural hear-
ing loss is not a complication of ear exposure to topical
local anaesthetic during myringotomy and ventilation tube
insertion. In addition, this technique provides a viable alter-
native to the established general anaesthetic technique that
is well accepted by patients. This could result in significant
savings in time and expense, for hospitals, clinicians and
patients.
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