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Auditory Brainstem Responses (ABR) changes in children 
treated with high doses cisplatin
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Abstract

Introduction: Cisplatin can cause cochlear damage by oxidative stress in hair cells, but there are few studies regarding 
toxicity in the central auditory pathways. Objective: To study cisplatin neurotoxicity in the central auditory pathways 
in children treated with high doses cisplatin for solid malignant tumors. Methods: Thirteen children (Group S) 
aged 3-19 years who had been treated with cisplatin (60-120 mg/m2/cycle) were studied using evoked otoacoustic 
emissions (EOA), conventional auditory evaluation and auditory brainstem response (ABR). Thirteen normal children 
matched for age and sex composed the control group (Group C). Results: Group S - 7.5% percent of ears showed 
enlargement of latencies of waves I and V, and 3.8% of wave III. Six ears (23%) showed enlarged interpeak intervals. 
Four ears showed increased interpeak I-III and two showed increased interpeak III-V. The results were compared 
using the Mann-Whitney test. Interpeak III-V differed significantly between groups S and C when only the left ears 
were considered. EOA results were normal in both groups. Discussion/Conclusion: Abnormal values in the interpeak 
I-III associated with normal distortion product OEA suggest neurotoxicity in the brainstem pathways. The statistical 
significance reached only in the left ear may be due to small number of cases studied.
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INTRODUCTION

Cisplatin is a chemotherapeutic agent used 
in the treatment of several solid malignant tumors 
like carcinomas, sarcomas, lymphomas, malignant 
melanomas, hepatoblastomas, neuroblastomas 
and osteossarcomas. Ototoxicity of cisplatin is well 
documented and is related to oxidative stress of hair 
cells in the cochlea and vestibule1,2. Some studies3,4 have 
reported cisplatin toxicity to the central nervous system. 
However, very litle is known about cisplatin toxicity to the 
central auditory pathways.

The American Speech-Language-Hearing 
Association stated that all patients on cisplatin treatment 
should be evaluated for hearing loss before or at least 
24hs after the beginning of treatment5. Fausti et al.6 
in 1984 already recommended the elaboration of an 
audiological protocol to be applied to patients on 
cisplatin treatment for malignant tumors.

Patients on high doses cisplatin treatment present 
sensorineural hearing loss and low discrimination of 
words7. Cisplatin ototoxicity for the cochlea and vestibule 
is well described and documented6,8-11. Distortion product 
evoked otoacoustic emissions (DPEOAE) has shown dys-
function of outer hair cells as a result of cisplatin treatments 
for malignant tumors. Cisplatin neurotoxicity for the central 
auditory pathways has been poorly studied up to now.

Auditory brainstem responses (ABR) is a 
non-invasive, reproducible and reliable electrophysiologic 
test for the study of the central auditory pathway from the 
cochlear nerve up to the mesencephalus12. It is therefore 
a suitable test to study cisplatin toxicity to the central 
auditory pathways from the cochlear nerve to the low 
mesencephalus.

We studied the central auditory pathway of 
children treated with high doses cisplatin for solid 
malignant tumors using the ABR protocol currently 
recommended in attempt to assess central neurotoxicity 
of this commonly used chemotherapeutic drug.

PATIENTS AND METHODS

The study was performed at University Hospital 
of Brasilia Medical School, Brazil and involved children 
being treated with high doses cisplatin for solid malignant 
tumors at Public Department of Health, Brasília, Brazil, a 
facility specialized on pediatric cancer care. All included 
patients had permission to participate, and a consent 
form was signed by the parents or caretakers after all 
the information about the study was explained to them.

The study group (S) included children from 3 to 
18 years who were treated with cisplatin doses from 60 
to 120 mg per square meter per cycle. Children who 
had any previous otologic problem or had been treated 
with any ototoxic drug in the past were excluded. These 

children had normal hearing before treatment according 
to interview with parents and caretakers and had not 
have any otologic problem but they were not examined 
before starting the chemotherapy protocol as this was 
not a prospective study.

The control group (C) was formed by children who 
have never used cisplatin or any other ototoxic drug, 
and they were matched by age and sex with the children 
in the study group. The inclusion criteria for this group 
were: 1) Hearing thresholds from 250 to 8000 Khz equal 
or below to 15 dB; 2) Absence of middle ear, neurologic 
or cardiovascular diseases; 3) Negative history of noise 
exposure; as well as no history of vertigo or treatment 
of this symptoms in the last six months.

Group C - Standard audiometry, vocal audiometry, 
tympanometry, DPEOAE, and ABR were performed in 
all patients of the group. Model aud-plus from Biologic 
was used to perform the audiometric evaluation. The Ep 
25 equipment from Interacoustics was used to perform 
the ABR examination. All patients were examined At the 
audiologic clinic of the Otolaryngology Department at the 
University of Brasilia Medica School.

Group S - All patients underwent all tests 
mentioned for group C after finishing their chemotherapy 
protocol with high doses of cisplatin.

All tests were performed by one Audiologist 
assisted by two of the authors (LMV and ALLS) 
following the same protocol in the same equipment, 
and in an electrically shielded room in order to eliminate 
all possible artifacts. Each ear and central auditory 
pathways was evaluated separately. The criteria for 
normalcy adopted were described by Hall13. The 
active electrode was positioned in the frontal area, 
the reference one was positioned in the ipsilateral 
mastoid process and the neutral one was positioned 
in the opposite mastoid process in order to register the 
brainstem evoked potentials. The stimulus employed 
was a click with frequencies from 2000 to 4000 Hz in 80 
dB. The potentials were recorded during the first 12 ms. 
Absolute latencies of waves I, III and V and interpeak 
intervals I-III. III-V and I-V were recorded and analyzed 
in the result section.

Statistical analysis was performed by using the 
Mann-Whitney test and significancy was considered 
when P < 0.05. The SPSS software (version 20.0) was 
employed. As both groups were matched for age and sex 
we compared left side and right side from each group in 
relation to the results of the tests described.

RESULTS

Group S had 13 patients, 7 male and 6 female. 
Group C had 13 patients matched for age and gender. 
Both groups had ages between 3 and 18 years (Table 1). 
The average age for both groups was 11.47 years.
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Table 1. Group S: latencies of waves I,III and V, and of interpeaks I-III, III-V and I-V.

Patients Age Accumulated dosis of 
cisplatin (mg/m2) Sex Ear I III V I-III III-V I-V

1 11 192 M
R 2.03 3.87 5.57 1.83 1.7 3.53

L 1.57 4.07 5.47 2.5 1.4 3.9

2 3 92 M
R 1.07 3.73 5.37 2.67 1.63 4.3

L 1.23 3.97 5.17 2.73 1.2 3.93

3 10 120 M
R 1.7 3.47 5.4 1.77 1.93 3.7

L 1.4 3.47 5.27 2.07 1.8 3.87

4 3 122 F
R 1.33 3.5 5.17 2.17 1.67 3.83

L 1.3 3.5 5.23 2.2 1.73 3.93

5 8 66 F
R 1.27 3.43 5.23 2.17 1.8 3.97

L 1.33 3.5 5.4 2.17 1.9 4.07

6 18 335 F
R 1.3 3.63 5.37 2.33 1.73 4.07

L 1.33 3.6 5.33 2.27 1.73 4

7 11 60 M
R 1.5 3.63 5.47 2.13 1.83 3.97

L 1.4 3.77 5.43 2.37 1.67 4.03

8 14 200 F
R 1.47 3.47 5.3 2 1.83 3.83

L 1.4 3.4 5.17 2 1.77 3.77

9 12 500 M
R 1.9 3.87 6.27 1.97 2.4 4.37

L 1.63 3.83 5.93 2.2 2.1 4.3

10 13 205 M
R 1.37 3.57 5.57 2.2 2 4.2

L 1.43 3.7 5.6 2.27 1.9 4.17

11 16 60 F
R 1.47 3.7 5.3 2.23 1.6 3.83

L 1.43 3.93 5.47 2.5 1.53 4.03

12 17 480 F
R 1.37 3.37 5.17 2.0 1.8 3.43

L 1.37 3.5 5.1 2.13 1.6 3.73

13 13 221 M
R 1.6 3.77 5.6 2.17 1.83 4.0

L 1.67 3.93 5.13 2.27 1.2 3.47
M: Male, F: Female, R: Right, L: Left.

Group S - patients had undertaken high 
cisplatin doses ranging from 60 to 120 mg/m2/cycle 
of chemotherapy and accumulated doses from 60 to 
480 mg/m2 (Table 1). Twenty-six ears were analyzed. 
Group C was composed by patients who had not used 
cisplatin and were otherwise matched to their Group S 
counterparts. Twenty-six ears were also analyzed. The 
follow up period in Group S ranged from one to 144 
months and only three patients (six ears) were analyzed 
after 24 months the beginning of cisplatin treatment and 
10 (twenty ears) were analyzed before 12 months after 
the treatment with cisplatin.

Group S - when compared with reference values14 
one patient had lengthening of absolute latency of waves 
I and V. Another patient had lengthening of absolute 
latency of wave I of right ear and of wave III of the 
left ear. Therefore the percentage of ears with altered 
absolute latencies in Group S was 7.6% for waves I and 
V and 3.8% for wave III. Four ears had lengthening of 

interpeak I-III, two of interpeak III-V, none had lengthening 
of interpeak I-V. Therefore, Twenty three percent of ears 
had interpeak alterations in a total of four patients in 
Group S (Table 1). Two of these four patients had follow 
up below 12 months of duration and two had more than 
24 months follow up after cisplatin treatment. Two of 
these four patients had hearing thresholds above 15 dB 
in both ears at the frequencies of 6000 Hz and 8000 Hz, 
and DPEOAE absent in all frequencies evaluated. Of Nine 
patients who did not have any change in ABR results six 
had hearing thresholds above 15dB in at least one of the 
ears in 6000 Hz and 8000 Hz and of these only two had 
absent DPEOAE in one or more frequencies examined. 
Tympanometry was normal in all ears.

Group C had normal results in all tests performed.
Statistical analysis using the Mann-Whitney test 

and SPSS software and by comparing the results of 
absolute latencies of waves I, III and V and interpeaks 
I-III, III-V and I-V of Groups S and C showed significant 
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statistical difference between groups only for interpeaks 
III-V of the left ear comparisons (Table 2).

apoptosis of the spiral ligament20,21 have been described. 
Cisplatin also blocks the generation of antioxidants 
enzymes producing reactive oxygen radicals and leads 
to apoptosis of the outer hair cells22,23.

Several studies24-26 have shown a cumulative 
doses of 300 to 400 mg/m2 are more often associated 
with ototoxicity. Our patients had cumulative doses from 
60 to 480 mg/m2 and we could not find a doses related 
toxicity. Moreover, children are considered to be more 
vulnerable to cisplatin toxicity and patients younger than 
5 years old are particularly vulnerable27.

A direct effect of cisplatin on the central auditory 
pathways could explain our finding: 31% of our patients 
had interpeak abnormalities. However, a quantitative 
analysis, in another study, only small percentage of the 
cisplatin doses crosses the blood-brain barrier. Some 
speculate that blood supply to the central pathways is 
reduced by a vaso-spastic action of cisplatin or by direct 
toxicity to the blood vessels16.

It is important in the pediatric population 
undergoing chemotherapy with cisplatin to monitor the 
ototoxicity effect during the therapy. Otolaryngologist, 
Audiologist and Psychologist must be available to 
monitor these patients during their treatment and a 
protocol must be elaborated in each chemotherapeutic 
Center for this endeavor.

Conventional audiologic evaluation must be part of 
this protocol. DPEOAE and ABR are also important. Some 
authors state ABR can detect prolonged waves in patients 
on chemotherapy before hearing loss begins. However the 
size of the samples studied by these authors was too small 
and no definitive statement can be made at this point28,29.

High frequency audiometry could improve 
the monitoring of these patients according to some 
authors. Others state that tone burst ABR is more 
effective in detecting impending hearing loss than click 
ABR. Brainstem evoked response audiometry (BERA) 
has also been tried in young children to detect early 
cisplatin ototoxicity but apparently was less sensible 
than conventional audiometry in this regard problably 
because of the high incidence of middle ear disease in 
this population10.

One limitation of our study is not having a baseline 
evaluation of the group S patients before starting the 
chemotherapy. However the inclusion criteria for this 
group was very severe in excluding any patient with 
previous otologic problems or suspected hearing loss. 
This rigid criteria led to the small number of patients 
studied which is the second limitation of this work. 
Our findings must be considered therefore preliminary 
but we believe they suggest the need for prospective 
well controlled studies with larger number of patients 
searching for central toxicity of cisplatin in the auditory 
pathways.

Table 2. Statistical Comparison between Groups S and C.
Ear I III V I-III III-V I-V

Right 0.920 1.000 1.000 0.960 0.687 0.801

Left 0.511 0.186 0.362 0.101 0.022 0.801

DISCUSSION

Ototoxicity is a characteristic of platinum derived 
antineoplastic drugs. Specially in children it is important 
to achieve early diagnosis and intervention in order to 
avoid the handicap of hearing loss for the patient14,15. 
Ototoxicity of cisplatin for the cochlea and vestibule 
have been well studied but there are few studies on the 
side effects of cisplatin in the central auditory pathways.

Hansen et al.16 studied 30 patients treated for 
solid malignant tumors with cisplatin, bleomicin and 
vinblastin. Twenty-two out of 30 patients had hearing 
loss (73%). ABR results showed normal latency of 
wave I and a lenghtening of interpeak I-V, which was 
statistically significant (P < 0.01) when compared to 
normal population. He suggested that toxicity of the 
chemotherapeutic drugs had a central component 
involving the auditory pathways.

In this study, seventy seven percent of group S 
patients had sensorineural hearing loss, according to 
standard audiometry. Interpeak I-III was enlarged in at 
least one ear of patients 1, 2 and 11. However when 
we compared groups S and C there was no statistically 
significant difference between the two groups in relation 
to interpeak I-III (P = 0.96 for right ear and 0.10 for 
left ear). Patient 9 had enlargement of interpeak III-V 
in both ears and when we compared groups S and C 
there was statistically significant difference between left 
ears regarding interpeak III-V (P = 0.022 for left ear and 
0.687 for right ear). Furthermore patient 9 had normal 
audiometry and DPEOAE in both ears. These results 
taken together suggest the possibility of central auditory 
neurotoxicity of cisplatin.

Two out of four patients displaying changes in 
ABR results were evaluated 12 months after cisplatin 
treatment and two others with similar ABR alterations 
were examined 24 months after the same treatment. 
These results might suggest that there is no relation 
between ABR changes and the follow up time after 
cisplatin treatment as suggested by Hansen et al.16.

The ototoxicity of cisplatin has been well studied 
in the temporal bone. Animal studies have shown 
pathologic changes in the organ of Corti, spiral ganglion, 
stria vascularis and spiral ligament17. Demyelization 
of the spiral ganglion cells18, edema, rupture and loss 
of cytoplasmatic organelles in the stria vascularis19, 
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