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Research

tion’s definition of a “massive” public
health problem.1,2 CSOM is a chronic
infection of the middle ear, defined as
otorrhoea of at least 2 weeks’ duration
in the presence of tympanic membrane
(TM) perforation.1 Research in 1998–
2001 showed that 23% of Aboriginal
children from remote regions of the
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ABSTRACT
Objectives:  To compare the effectiveness of ototopical ciprofloxacin (0.3%; CIP) with 
framycetin (0.5%), gramicidin, dexamethasone (FGD) eardrops (5 drops twice daily for 
9 days) together with povidone-iodine (0.5%) ear cleaning as treatments for chronic 

tive otitis media (CSOM) in Aboriginal children.

and participants:  Aboriginal community-controlled, community-based, 
tre, double-blind, randomised controlled trial in eight Aboriginal Community 
ed Health Services across northern Australia, involving 147 Aboriginal children 
OM.

tcome measures:  Resolution of otorrhoea (clinical cure), proportion of 
 with healed perforated tympanic membrane (TM) and improved hearing, 

10–21 days after starting treatment.

Results:  111 children aged 1–14 years (CIP, 55; FGD, 56) completed treatment. 
CSOM cures occurred in 64% (CIP, 76.4%; FGD, 51.8%), with a significantly higher 
rate in the ciprofloxacin group (P = 0.009, absolute difference of 24.6% [95% CI, 
15.8%–33.4%]). TM perforation size and the level of hearing impairment did not 
change. Pseudomonas aeruginosa was the most common bacterial pathogen (in 
47.6%), while respiratory pathogens were rare (in 5.7%).

Conclusions:  Twice-daily ear cleaning and topical ciprofloxacin is effective at 
community-level in achieving cure for CSOM. Healthcare providers to Aboriginal 
children with CSOM should be given special access to provide ototopical ciprofloxacin 

MJA 2003; 179: 185–190

as first-line treatment.
CHRONIC SUPPURATIVE OTITIS MEDIA
(CSOM) is a disease of poverty. It is
very common among Australian Abo-
riginal children, with the prevalence
exceeding the World Health Organiza-

Northern Territory had evidence of
perforated tympanic membranes.3 In
Aboriginal children, CSOM usually
commences in infancy, is evident
within a few weeks of birth,4 causes
conductive and sensorineural hearing
loss,5,6 and has adverse effects on child
development.7 It is recurrent,8 can per-
sist into adulthood,9 may result in a
need for hospitalisation10 and may have
other neurological and life-threatening
sequelae.11

Ototopical antibiotic treatment with
aminoglycosides is more effective than
systemic antibiotic therapy in eliminat-
ing otorrhoea in CSOM, while dry
mopping alone appears to be ineffec-
tive.12 A topical aminoglycoside anti-
biotic containing framycetin (0.5%),
gramicidin, and dexamethasone (FGD)
is the mainstay of treatment for CSOM
in Australia,13 even though trials have
reported that topical fluoroquinolones
(such as ciprofloxacin) are more effec-
tive at drying up otorrhoea in CSOM
than topical aminoglycosides.12
Although clinical studies report no
changes in hearing levels when topical
aminoglycosides are used to treat
CSOM,12 they have been shown to be
ototoxic in animal studies,14 and are
used purposely to cause vestibular toxic-
ity in patients with Menières disease.15

By contrast, topical fluoroquinolones
are non-toxic when administered into
the middle ear,16-18 and there is negligi-
ble systemic absorption in children.19
Here we report the first Aboriginal
community-controlled, multicentre,
double-blind, randomised controlled
trial among Aboriginal children in Aus-
tralia (known as the NACCHO
[National Aboriginal Community Con-
trolled Health Organisation] Ear Trial)
to compare the effectiveness of topical
ciprofloxacin (CIP) and FGD for treat-
ing CSOM in Aboriginal children.

METHODS

Setting and participants

The trial was conducted in eight Aborigi-
nal communities in northern Western Aus-
tralia and Queensland through Aboriginal
Community Controlled Health Services
(ACCHS). The Aboriginal community-
controlled research process has been
described elsewhere (unpublished data).
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Children aged less than 15 years with
at least 2 weeks of otorrhoea and TM
perforation were eligible for inclusion.1

Exclusion criteria were: current febrile
illness, current antibiotic use or use in
the preceding 2 weeks, allergy to oto-
topical medications and specific allergy
to fluoroquinolones, need for renal dial-
ysis, recent ear surgery or an in-situ
grommet or tympanostomy tube, mas-
toid surgery in the preceding 12
months, congenital ear or hearing prob-
lems, obstructed middle ear (eg, polyp),
pregnancy, and being unlikely to be
resident in the study region over the
follow-up period.

Informed consent was obtained from
each child’s parents.

Randomisation and blinding

A statistical program20 was used to pro-
duce balanced random sequences for
each site to assign the two ototopical
medications to a list of client identifica-
tion numbers. Participants were then
assigned a client number according to
the sequence, which was concealed
from them and from investigators for
the duration of the trial and analysis.
None of the investigators, health team
nor the children knew which agents had
been allocated (double-blind).

Both topical antibiotics had the same
pH (4.5), colour, viscosity and similar
storage requirements, but they had
slightly different odours. To achieve
blinding, third parties transferred the
agents into brown glass bottles (each
containing 8 mL) with droppers,
checked them for sterility, labelled them
with client numbers, generic product
safety information, and site number,
packaged them according to the ran-
domisation sequence and distributed
them to clinic sites.

Children with bilateral CSOM
received treatment for both ears,
although only one ear (randomly cho-
sen) was monitored for the study.

Interventions and assessments

Children received either ciprofloxacin
(0.3%, Ciloxan, Alcon Labs Pty Ltd) or
framycetin (0.5%), gramicidin and dex-
amethasone (Sofradex, Aventis Pharma
Pty Ltd) — five drops twice daily for 9
days.
186
A clinical cure was defined as a com-
plete absence of discharge in the middle
ear and canal determined by otoscopy.
During the treatment period, each child
was assessed daily, with half the ototop-
ical treatments applied by health work-
ers and the other half by parents/
guardians. If clinical cure was achieved
by Day 10, treatment was stopped and
the child was reassessed at Day 14.
Guardians were instructed in applying
eardrops (supine into external meatus),
including the use of tragal pressure
(pressing several times on the flap of
skin in front of the ear canal) which aids
middle-ear penetration.21

Ears were cleaned twice each day
before the eardrops were administered.
Cleaning comprised gentle syringing of
the discharge in the external ear canal
with 0.5% povidone-iodine solution
until the TM perforation was clear of
purulent material. Children were not
permitted to swim while receiving oto-
topical medications.

All recruitment, treatment, and clini-
cal assessment was conducted by
trained Aboriginal Health Workers
(AHWs) at each participating ACCHS.
Most workers had previously completed
the Commonwealth-sponsored training
program by Australian Hearing.22

Acquisition of skills in otoscopy, video
otoscopy/photography capture, and
audiometry during training were
audited by Australian Hearing. All sites
had calibrated screening audiometers
(Welch Allyn, Skaneateles Falls, NY),
soundproof rooms, and otoscopy and
video otoscopy equipment.

Baseline measurements included: age,
sex, height, weight, living conditions,
family size, type of housing, prior his-
tory and treatment of otorrhoea, and
risk factors for CSOM. The clinical
assessment at baseline and at Days 10
and 14 included otoscopy for otorrhoea,
grading of the discharge, sample of the
discharge for bacteriological examina-

Glossary

AHW: Aboriginal health worker

CSOM: chronic suppurative otitis media

CIP: ciprofloxacin

FGD: framycetin, gramicidin, and 
dexamethasone

TM: tympanic membrane
tions, size estimates of the TM perfora-
tion, pure-tone audiometry (air
conduction) for hearing thresholds at
frequencies of 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz (after ear clean-
ing and drying with tissue paper
spears). Pure-tone audiometry was con-
ducted in sound-proof rooms in chil-
dren aged over 3 years.

An ear swab was obtained by inserting
a sterile swab deep in the ear canal
before commencing ear cleaning. This
method was selected because pathogens
isolated from the middle ear correlate
well with those from the external canal
in patients with CSOM-related otor-
rhoea.23 All microbiological processing
of swabs was blinded and was con-
ducted at the same site in Perth to
assure uniform standards. Queensland
sites used an interstate courier transport
system, while Western Australian sites
used existing storage and transport poli-
cies (insulated packing with ice bricks),
to ensure swabs would reach the labora-
tory within 72 hours of sampling.

Ear swabs were cultured on cysteine
lactose electrolyte deficient agar, blood
agar, and horse haematin agar (all incu-
bated at 35°C for 48 hours in 5% CO2),
as well as blood agar containing colistin
and nalidixic acid and Sabourauds agar
(incubated at 35°C and 30°C, respec-
tively, for 48 hours in air). All isolates of
conventional pathogens were reported
individually. Other organisms not usually
colonising the healthy external ear canal
were reported only when seen as a heavy
predominant growth. Susceptibility test-
ing of significant isolates was performed
according to NCCLS guidelines.

The size of TM perforation was
assessed by visual grading as a propor-
tion of the TM surface area. A sample
of digital images of tympanic mem-
branes (using video otoscopy) were cop-
ied to CD-ROM and sent to two
otolaryngologists for validation of per-
foration size as reported by AHWs.

Adherence to treatment was assessed
by the number of AHW checks per child
and the proportion of scheduled drops
applied by the AHW and guardian.

Outcomes

The primary outcome was the propor-
tion of children with clinical cure on
review. Secondary outcomes included
MJA Vol 179 18 August 2003
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the proportion of children with healed
perforated tympanic membranes (one-
step or two-step decrement in size of the
perforation or complete healing) and
improved hearing (reduced thresholds
on review compared with baseline).

Ethical approval

The Western Australian Aboriginal
Health Information and Ethics Com-
mittee and James Cook University
(North Queensland) Ethics Committee
approved the study. All participating
ACCHS and their Aboriginal Commu-
nity Boards also approved the study
with written consent.

Statistical analysis

We hypothesised that the use of cipro-
floxacin in children would lead to a 20
percentage point increase in resolved
CSOM after 9–10 days of twice-daily
treatment than would the use of FGD.
From cure percentages in previous ran-
domised trials of ototopical aminoglyco-
sides, we calculated that 100 children
were needed in each treatment arm to
detect an improvement in resolution of
CSOM from 50% to 70% with a power of
80% at an � level of 5%.24,25 To allow for
a 30% loss to follow-up, 300 children
were needed (30–60 per recruitment site).

Univariate statistics: Categorical var-
iables were described as percentages. As
the distributions of most of the numeri-
cal variables proved to be skewed,
medians were used as measures of cen-
tral tendency, and 25% and 75% per-
centiles as measures of dispersion for
descriptions of numerical information.
The hearing threshold level for each
child was averaged over four frequencies.
Differences in average hearing threshold
and grade of perforation were calculated
for each child to compare pretreatment
and posttreatment outcomes.

Bivariate statistics: Comparisons
between treatment groups were per-
formed using exact versions of �2-type
tests for nominal and exact-trend tests
for ordinal information. Numerical vari-
ables were compared using exact ver-
sions of the Mann–Whitney tests. For
all statistical tests, exact P values are
stated; values below 0.05 were regarded
as significant. Confidence limits (95%)
MJA Vol 179 18 August 2003
for proportions were calculated using
exact binomial probabilities.

Multivariable statistics: Stepwise
logistic regression modelling for dichot-
omous outcomes was applied to check
for potential confounders of the bivari-
ately observed difference in rates of
successful cures between the two treat-
ment regimens. No “intention to treat”
analysis was conducted as no informa-
tion on children lost to follow-up was
available. No “interim” analysis was
performed.

RESULTS

Between 1 April 2001 and 30 June 2002,
147 children commenced study treat-
ment (Box 1). The strict inclusion crite-
ria resulted in slower recruitment than
predicted, and the trial was stopped
because of resource constraints before
achieving the intended sample size.

Thirty-six children randomly allo-
cated to the treatment arms did not
complete the follow-up schedule: 18
were lost to follow-up (CIP, 10; FGD,
8), 8 had incomplete follow-up (CIP, 3;
FGD, 5), nine withdrew for reasons
unrelated to the study, mainly because
of family leaving (CIP, 6; FGD, 3), and
one (CIP) withdrew as otorrhoea
cleared up before the scheduled assess-
ment. The final sample for primary
endpoint analysis comprised 111 chil-
dren aged 1–14 years (see Box 1). The
follow-up period after starting treat-
ment ranged from 10 to 21 days.

Baseline assessment

None of the demographic variables nor
clinical assessments at baseline differed
significantly between the two groups

1: National Aboriginal Community Con
study population

Randomly  
allocated

Treatment  
group

Lost to 
 follow-up

Ciprofloxacin 75

20

Pretreatment and 
posttreatment analysis 55
(smallest P value, 0.17; data available
from the authors). At a median age of 6
years, more than 90% of children had
had prior episodes of a discharging ear
and 57% had perforations larger than
25% of the TM surface area. Hearing
was poor in the affected ear of children
over the age of 3 years, with 54% (45/
83) having an average air conduction
hearing threshold higher than 26 dB. In
the “non-trial” ear, the average hearing
threshold was 21.2 dB (interquartile
[IQ] range, 15.9–30.3) and 34.9% (29/
83) had an average hearing threshold
over 26 dB. No relationship was demon-
strated at baseline between average
hearing threshold and the size of the
TM perforation (P = 0.24). Children
shared living space with a median of
four children under 15 years of age, over
a third of whom were also reported to
have discharging ears. Sixty-one chil-
dren (55%) lived in homes with more
than seven people (median, 2.3 people
per bedroom). Most children with
CSOM (76/111; 68.5%), lived with
adults who smoked in the house.

Bacterial pathogens

At baseline, the most common bacterial
pathogen was Pseudomonas aeruginosa
(in 50/105 children; 47.6%); respiratory
pathogens were rarely isolated (6/105
children). A ciprofloxacin-resistant iso-
late (Streptococcus pneumoniae) was cul-
tured from one of the 36 children lost to
clinical follow-up, and, after treatment,
a new isolate of Comamonas acidovorans
(not present before treatment) was
resistant to ciprofloxacin in a child in
the FGD group. No other cipro-
floxacin-resistant pathogens were iso-
lated from children after treatment.

trolled Health Organisation Ear Trial 

147 

Framycetin, gramicidin  
and dexamethasone72 

16

56
187
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Concordance with study protocol

Children received a median of six out of
nine scheduled visits and ototopical
treatments from AHWs and seven of the
nine scheduled treatments from par-
ents/guardians the evening before AHW
visits. The two treatment arms did not
differ significantly with respect to adher-
ence to the protocol (data available from
the authors).

Clinical outcomes

Overall, cure of CSOM was observed in
71 of the 111 children (64%). Cure was
significantly correlated with the type of
treatment (P = 0.009). In the FGD
group, 29 of the 56 children (51.8%)
were cured compared with 42 of the 55
(76.4%) in the CIP group. This reflects
an absolute difference of 24.6% (95%

2: Outcome variables and difference f

Post-treatment variables

Number with clinical cure (% [95%CI])*

Grade of tympanic membrane perforation [n (%)

Nil

Small (0–25%)

Medium (25%–50%)

Large (50%–75%)

Very large (> 75%)

Difference in grade of TM perforation [n (%)]
188
CI, 15.8%–33.4%). No significant dif-
ference (before and after treatment) was
found in the size of TM perforation or
the level of hearing impairment, nor was
there a difference in these variables
according to the ototopical medication
used (Box 2).

We found no association between
clinical cure and any of the assessed
potential confounders (age, sex, his-
tory of exposure to cigarette smoke
inside dwellings, crowding in house-
holds, other children with CSOM in
the household, duration and grade of
discharge at baseline, history of prior
ear infection, history of swimming with
head underwater in the preceding 2
weeks, and number of visits by
AHWs).

Children who were not cured after a
course of ototopical medication (31/83

rom baseline in the ear monitored for th

All (n=111) CIP (n=

71 (64.0 [54.3–72.9]) 42 (76.4 [63

] (n = 69) (n = 3

2 (2.9) 1 (2.

45 (65.2) 24 (66

9 (13) 8 (22

11 (15.9) 3 (8.

2 (2.9) 0

(n = 64) (n = 3
with baseline audiometry) were more
likely to be those with poor hearing at
baseline (average hearing threshold,
36.2 dB compared with 23.7 dB,
P = 0.01). No relationship between clin-
ical cure and the initial size of the TM
perforation was shown.

Safety

Minor adverse reactions were reported
in 21 of the 111 children (18.9%). This
included bitter taste (CIP, 8; FGD, 6),
ear pain (CIP, 3; FGD, 2) and transient
dizziness (CIP, 2; FGD, 1).

Validation of size of TM perforations

Health workers were 87.5% accurate in
judging TM perforation size (concord-
ance with at least one of two otolaryn-
gologists).

e trial

55) FGD (n=56) P

.0–86.8]) 29 (51.8 [38.0–65.3]) 0.009

6) (n = 33) 0.18

8) 1 (3.0)

.7) 21 (63.6)

.2) 1 (3.0)

3) 8 (24.2)

2 (6.1)

4) (n = 30) 0.21
Larger (1-step increment) 10 (15.6) 3 (8.8) 7 (23.3)

No change 38 (59.4) 22 (64.7) 16 (53.3)

Smaller (1-step decrement) 14 (21.9) 7 (20.6) 7 (23.3)

Smaller (2-step decrement) 2 (3.1) 2 (5.9) 0

Average hearing threshold [median (IQR)]† (n = 52) (n = 25) (n = 27) 0.59

23.1 dB (15.0–36.3 dB) 28.8 dB (14.3–37.5 dB) 22.5 dB (15.0–35.0 dB)

Difference in average hearing threshold [median (IQR)]† (n = 49) (n = 23) (n = 26) 0.62

1.3 dB (-5.0–11.9 dB) 1.3 dB (-7.5–12.5 dB) 1.9 dB (-2.5–11.8 dB)

Level of hearing impairment [n (%)]† (n = 52) (n = 25) (n = 27) 0.57

25 dB or better 27 (51.9) 48.0 (12) 55.6 (15)

26–40 dB 18 (34.6) 36.0 (9) 33.3 (9)

41–60 dB 7 (13.5) 4 (16.0) 3 (11.1)

61–80 dB 0 0 0

Difference in level of hearing impairment [n (%)]† (n = 49) (n = 23) (n = 26) 0.99

Worse (1-step increment) 11 (22.4) 26.1 (6) 19.2 (5)

No change 26 (53.1) 47.8 (11) 57.7 (15)

Improved (1-step decrement) 10 (20.4) 21.7 (5) 19.2 (5)

Improved (2-step decrement) 2 (4.1) 4.3 (1) 3.8 ( 1)

CIP = ciprofloxacin. FGD = framycetin (0.5%), gramicidin, and dexamethasone. IQR = interquartile range. dB = decibels.
* Defined as a complete absence of discharge in the middle ear and canal determined by otoscopy in the ear monitored for the trial. 
† Air conduction averaged for 500 Hz, 1000 Hz, 2000 Hz and 4000 Hz (an improved difference in level of hearing impairment means there was a decrease 
in the average hearing threshold).
MJA Vol 179 18 August 2003
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DISCUSSION

We found ciprofloxacin (0.3%) ear
drops were 47% more likely to cure
CSOM in Aboriginal children after a
single course of twice-daily treatment
than combined framycetin (0.5%),
gramicidin and dexamethasone ear
drops.

None of the potential confounders
assessed, which may have otherwise
explained the difference in clinical cure,
were of any relevance. We found no
differences between the two antibiotic
treatment groups in concordance with
the study protocol, which supports the
success of blinding. Whether the antisep-
tic effect of ear cleaning contributed
overall to clinical cure remains unknown,
as a control arm without antibiotics was
excluded for ethical reasons.

The proportion of children cured
with ciprofloxacin (76%) is consistent
with that reported in children from hos-
pital-based studies (69%–91%).26,27

These studies used ototopical cipro-
floxacin two or three times daily for 10–
14 days (a total of 18–20 mg) compared
with our 9-day schedule (total 13.5 mg,
or 6% of a single 250 mg tablet). To
make blinding possible in our study, the
children in the FDG group received 10
drops per day instead of the recom-
mended 12 drops.13 We believe this
slightly lower dose is unlikely to have
altered the outcome. CSOM cure
fractions of 30%–87% with topical
a minog ly cos ide s  have  been
reported.27,28

No change in hearing or TM healing
was evident through the use of ototopi-
cals within the follow-up period (a
longer term analysis is in progress).
Resolution of otorrhoea does not imme-
diately resolve conductive hearing loss,
because of persistent TM perforation
and disruption of the ossicular chain.
However, if CSOM-related otorrhoea is
cured, surgery for persistent TM perfo-
rations can improve hearing by an aver-
age of 13 dB.12

We found no evidence that the use of
ototopical ciprofloxacin led to antibiotic
resistance in baseline or subsequent
pathogens isolated from the ear. The
environment of the middle ear is not
conducive to the development of resist-
ance to ciprofloxacin, as topical doses
ensure an antibiotic concentration thou-
MJA Vol 179 18 August 2003
sands of times higher than the mini-
mum inhibitory concentration for
pathogens, while minimising systemic
exposure.29

Many of the Aboriginal children in
our study had air-conduction hearing
thresholds indicating enough hearing
impairment to warrant hearing aids
(WHO criteria, � 26 dB).30 Over a third
of the children also had impaired hear-
ing in the other ear, although only 13%
had bilateral CSOM. The children in
our study also had well recognised risk
factors for CSOM, such as serious over-
crowding, high proportions of CSOM
among siblings and contacts, and signif-
icant passive exposure to cigarette
smoke. While only 0.5% of the general
Australian population had seven or
more people resident in 3-bedroom
dwellings in 1996,31 this was the norm
for 54% of our children. The propor-
tion passively exposed to cigarette
smoke (68.5%) is also much higher than
smoking prevalence among parents of
infants in the general population
(28.9%).32 These data underscore the
need to address economic, social and
environmental inequities faced by the
Aboriginal population.

The use of aminoglycosides in
patients with a perforated TM is fraught
with medicolegal and ethical implica-
tions, as product information precludes
such use.33 Ignoring these issues when
ototopical f luoroquinolones have
replaced aminoglycosides as treatment
for CSOM in the United States, Japan,
Spain and other countries,34 is unjustifi-
able. Australian federal authorities
should look at increasing access to
twice-daily ototopical ciprofloxacin or
other fluoroquinolones as first-line
treatment for CSOM in Aboriginal chil-
dren. Special access schemes may be
required and should be considered
urgently.
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