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Abstract. We evaluated 14 children on long-term perito- 
neal dialysis for ototoxicity associated with aminogly- 
coside (AG) therapy. Baseline evaluation of  all patients 
and 7 controls included pure-tone audiometry (PTA) and 
cl ick-evoked auditory brain stem response (ABR). Nine 
patients had repeat PT A and A B R  evaluations and vestibu- 
lar testing 1 year after study entry. Five patients had an 
additional assessment fol lowing intraperitoneal AG ther- 
apy. The baseline auditory function of  the patients was 
significantly poorer than controls at 6.0 and 8.0 kHz by 
PTA (P <0.05), whereas the results of  A B R  testing were 
not different. Of  the 14 patients, 4 (28%) had hearing loss, 
3 o f  w h o m  had a history of  intravenous AG therapy. In 
contrast, none of  the patients who received intraperitoneal 
AG therapy only, or without a history o f  A G  therapy, had 
hearing loss (P <0.005). There was no evidence o f  progres- 
sive loss o f  hearing acuity with time or associated with 
intraperitoneal A G  therapy. One patient had findings of  
vestibular dysfunction. We conclude that children receiv- 
ing peritoneal dialysis are at risk of  A G  ototoxicity. While 
intraperitoneal administration of  A G  may  be associated 
with less ototoxicity than intravenous administration, 
further study is necessary to verify this finding and close 
monitoring o f  A G  levels remains mandatory irrespective o f  
the route o f  administration. PTA rather than cl ick-evoked 
A B R  appears to be the best indicator o f  abnormal hearing 
acuity in this population. 
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Introduction 

Ototoxicity is defined as the tendency of  certain therapeu- 
tic agents and other chemical  substances to cause 
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functional impairment and cellular degeneration o f  the tis- 
sues o f  the inner ear, in particular the end organs and 
neurons o f  the cochlear and vestibular divisions o f  the 
eighth cranial nerve [1]. The aminoglycoside (AG) antibi- 
otics are a class o f  antibiotics active against gram-negative 
organisms and are known to have significant ototoxic po- 
tential. Studies by Jackson and Arcieri [2] have clearly 
demonstrated that the most  dramatic potentiator of  the 
ototoxic effects of  AG is renal insufficiency. In patients 
receiving long-term peritoneal dialysis, the ease of  admin- 
istering A G  therapy by the intraperitoneal route has made 
it a c o m m o n  practice in patients who require antibiotic 
therapy for the treatment o f  peritonitis or other systemic 
infections. While this approach to therapy produces a fairly 
constant plasma concentration of  the AG, little information 
exists on the ototoxic potential o f  such therapy in adults or 
children [3, 4]. The present study was designed to evaluate 
children receiving long-term peritoneal dialysis for the 
presence of  A G  ototoxicity. 

Patients and methods 

Fourteen patients aged 8.9 +4.0 years (range 3.3-16.7 years) under- 
going automated peritoneal dialysis for 17.3 + 15.1 months (range 1.0- 
43.0 months) were enrolled in the study. Seven pediatric patients without 
medical illness served as controls. The study was approved by the Insti- 
tutional Review Board and informed consent was obtained in each case. 

Upon entry into the study, historical information pertaining to AG 
usage was obtained for each patient from a review of their medical 
record. The hearing sensitivity of each subject was evaluated by conven- 
tional pure-tone audiometry (PTA) and the click-evoked auditory brain 
stem response (ABR) test. Hearing thresholds were determined over a 
range of frequencies from 250 to 8,000 Hz. We considered as evidence of 
acquired auditory toxicity an increase in the auditory threshold of 15 dB 
or more at any two frequencies or 20 dB at one or more frequencies when 
compared with the patient's baseline audiogram. The diagnosis of hear- 
ing loss upon entry into the study was based on a comparison of the 
patient's baseline andiogram and the audiogram of the control patients. 
The following criteria were used in characterizing audiometric losses [5]: 
15-25 dB, not significant; 26-40 dB, slight loss; 41-55 dB, mild loss; 
56-70 dB, marked loss; 71-90 dB, severe loss. The parameters studied 
with the ABR test were the wave V latency-intensity function and the 
interpeak latencies of wave intervals I -  Ill, Ill - V, and I -  V as measured 
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Fig. 1. Pure-tone hearing thresholds (0.25-8.0 kHz) of dialysis patients 
at study entry (. - - - ) ,  patients at 1-year evaluation ( ), 
and of controls ( . . . .  ). * P _<0.05 patients vs. controls 
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Fig. 2. Pure-tone hearing thresholds of patients who received intraperi- 
toneal aminoglycoside therapy at initiation of therapy ( I ), at comple- 
tion of therapy ( ~ ), and 4-6  weeks later ( V ~ )  

in milliseconds at 80 dBnHL (decibel normed heating level) and 
recorded for each ear. 

All 14 patients received baseline PTA and ABR evaluations. Five 
patients subsequently received kidney transplants and were removed 
from the study. The remaining 9 patients completed the entire study and 
had PTA and ABR evaluations repeated 1 year after entry into the study. 
Patients and controls also had tympanograms performed prior to each 
PTA evaluation to assess for possible conduction abnormalities. Abnor- 
mal tympanograms were followed by postponement of the PTA until the 
conduction abnormalities were corrected. 

Of the 9 patients who completed the entire study, 5 had an additional 
PTA and ABR evaluation performed at the time of intraperitoneal AG 
therapy. The evaluations were conducted within 48 h of initiating therapy 
(baseline), within 48 h of completing therapy, and 4 -6  weeks later (post 
therapy). In 4 of the cases, therapy with intraperitoneal tobramycin was 
designed to maintain a steady-state serum drug level of 4 -6  gg/ml). 

The vestibular function of the 9 patients who completed the entire 
study was evaluated 1 year after entry into the study using dynamic 
posturography (Neurocom Equitest, Clackamas, Ore., USA) and com- 
pared with control data. Movement coordination and the relative con- 
tributions of vision, proprioception, and vestibular sense to the ability to 
maintain postural control were assessed. 

Chi-squared analysis with Yates' correction for small samples was 
used to determine the significance of the association between intravenous 
AG usage and abnormal hearing acuity. Analysis of variance and covari- 
ance with repeated measures and the Newman-Keuls multiple compari- 
son tests were used to determine levels of significance among test varia- 
bles, In each case, the results obtained from testing of the right and left 
ear were combined and averaged. Data are presented as mean _+ SD and 
significance was accepted at the P <0.05 level. 

Resu l t s  

The mean pure-tone thresholds at 6,000 Hz and 8,000 Hz, 
respectively for all 14 patients upon entrance to the study 
( 1 8 . 0 +  12.0 dB and 20.5 + 2 0 . 2  dB) and for the 9 patients 
who completed the entire study, at baseline (17.2 + 5.3 dB 
and 1 8 . 1 + 1 1 . 8  dB) and at 1 year after study entry 
( 2 0 . 0 + 1 6 . 6  dB and 19.4_+18.0 dB) were significantly 
different f rom the thresholds of  the control population 
(7.8_+4.7 dB and 7.8_+5.1 dB, P <0.05) (Fig. 1). The 
differences in the mean pure-tone thresholds at 6,000 and 
8,000 Hz  between the larger and smaller patient groups 

were not significant. Of  the 14 patients, 4 (28%) demon- 
strated abnormal pure-tone thresholds. 

The severity of  the hearing loss at 6,000 Hz was charac- 
terized as not significant in 3 o f  the patients and slight in 1. 
At  8,000 Hz, the hearing loss was slight in 3 patients and 
mild in 1 patient. In no case was the hearing loss clinically 
evident to the patient. In addition, there was no evidence o f  
progressive heating loss when evaluated by PTA, as the 
patient 's  mean pure-tone threshold values at all frequen- 
cies obtained at baseline and at 1 year were not significant- 
ly different and no additional patients developed evidence 
of  abnormal hearing acuity. 

Vestibular testing revealed normal  performance in 8 of  
the 9 patients when compared with controls. One child, 
with a history o f  the hemolyt ic  uremic syndrome and a 
cerebral vascular accident, demonstrated evidence of  mild 
peripheral vestibular dysfunction. There were no signifi- 
cant differences noted between the A B R  testing o f  the 
patients and controls when the results o f  the two groups 
were compared at baseline and at the fol low-up assessment 
(Table 1). 

Five patients received intraperitoneal A G  therapy 
during the initial year o f  the study. Four  cases o f  peritonitis 
and one case of  pyelonephritis were treated with four 
courses of  tobramycin and one course of  kanamycin.  The 
mean steady-state serum concentration o f  tobramycin was 
4 . 2 + 0 . 3  gg/ml  with a dose o f  8 . 3 + 0 . 5  mg/1. The mean 
intraperitoneal dose of  kanamycin  and the steady-state se- 
rum drug level were 15 mg/1 and 6.5 Bg/ml, respectively. 
No  significant differences were noted between the individ- 
ual and group mean pure-tone threshold values obtained at 
baseline and following therapy (Fig. 2). In addition, there 
was no significant change noted in A B R  testing in associa- 
tion with intraperitoneal A G  therapy. 

Finally, 4 o f  the 5 patients who received intravenous 
A G  therapy prior to initiating dialysis therapy, with or 
without the subsequent use of  intraperitoneal and/or in- 
tramuscular therapy, demonstrated hearing loss. Three o f  
these 4 patients received two courses of  intravenous gen- 
tamicin each, while 1 patient had received four courses o f  
intravenous gentamicin and four courses o f  intravenous 
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Table 1. Brain stem auditory evoked responses of pediatric dialysis patients and controls 

I-III I-V III-V 
interval interval interval 
(ms) (ms) (ms) 

Wave V 

80 70 60 50 40 
(dB) (dB) (dB) (dB) (dB) 

Baseline 
Patients 2.2+_0.2 3.9 • 0.3 1.7 • 5.8 • 

(n = 14) 

Controls 2.1• 3.9• 1.9• 5.6• 
(n = 7) 

Follow-up 
Patients 2.1 +0.2 4.0 • 0.2 1.9 • 5.8 • 

(n = 9) 

5.9• 6.2• 6.5• 6.9• 

5.9• 6.2• 6.5• 6.9• 

6.0• 6.3• 6.7• 7.1• 

tobramycin. In contrast, none of the patients who received 
intraperitoneal AG therapy only (4 patients), or who had no 
history of AG therapy (5 patients), had impaired hearing 
acuity (P <0.005). There was no significant correlation 
noted between the presence or severity of the hearing loss 
and either the plasma AG levels or the total dosage of AG 
as determined by chart review. 

In 3 of the patients with hearing loss, there was a history 
of exposure to an additional ototoxic drug. Two patients 
received two 10-day courses each of intravenous vancomy- 
cin, 1 of whom also received a course of intravenous 
furosemide. The third patient had three courses of in- 
travenous vincristine as part of a chemotherapeutic regi- 
men for Wilms' tumor. Two of the patients with normal 
hearing and a history of intraperitoneal AG therapy re- 
ceived a single 10-day course of intravenous vancomycin. 

Discussion 

Ototoxicity is a potential complication of AG antibiotic 
usage and may affect both the auditory and the vestibular 
functions of the ear [1, 2, 5-9] .  Laboratory detectable 
cochlear toxicity associated with gentamicin and tobramy- 
cin usage occurs in 3%-41% of patients [10]. Vestibular 
dysfunction probably occurs as commonly or more com- 
monly than cochlear dysfunction and may manifest itself as 
dizziness, vertigo, or ataxia [5, 9]. 

Previous studies have suggested that factors which in- 
crease the risk of AG-related ototoxicity include: concom- 
itant ototoxic drug use, increased duration of AG therapy 
and increased dosage of the AG, elevated plasma AG 
levels, advanced age, and noise exposure [11-16]. How- 
ever, Jackson and Arcieri [2] and others have found that 
ototoxicity occurred with the greatest frequency in the 
presence of impaired renal function. While the exact mech- 
anism of ototoxicity is not known, it has been suggested 
that it may be largely dependent on the AG levels present 
in the fluids of the inner ear, the per• and endolymph 
[5, 9]. These fluids are in direct contact with the vestibular 
and cochlear sensory hair cells. Animal studies have de- 
monstrated rapid elimination of the per• AG with 
normal kidney function, while anephric animals maintain 
inner ear fluid AG concentrations at a higher level for a 

prolonged period of time [17, 18]. This may, in turn, alter 
the ionic concentration of the fluids predisposing to dam- 
age to the sensory hair cells. 

Very little information exists on the audiovestibular 
function of the patient receiving long-term peritoneal 
dialysis [3, 4, 19]. It has been suggested that the use of 
intraperitoneal gentamicin and tobramycin, with a resultant 
constant plasma AG concentration, may be particularly 
risky in terms of the development of ototoxicity. While 
elevated peak and trough AG levels have variably been 
associated with ototoxicity, it has also been suggested that 
a closer correlation may exist between total exposure (the 
"area under the curve") and ototoxicity, making the contin- 
uous ambulatory peritoneal dialysis (CAPD) and auto- 
mated peritoneal dialysis population particularly sus- 
ceptible. 

Nikolaldis et al. [3] recently studied 40 adult CAPD 
patients who received intraperitoneal tobramycin and were 
unable to demonstrate a consistent pattern of ototoxicity. 
While ototoxicity was diagnosed by PTA in 25% of the 
patients following treatment, hearing was inexplicably im- 
proved in 7 other patients. Chong et al. [19] described four 
cases of severe vestibular toxicity occurring in adult perito- 
neal dialysis patients treated with intraperitoneal gentami- 
cin. Unfortunately, gentamicin levels were not followed 
closely in any of the patients. 

In the only other pediatric study, Salmon and Arant [4] 
studied 25 children on dialysis and found that 7 (28%) had 
evidence of a neurosensory hearing loss when evaluated 
with PTA. In 6 of these 7 patients, there was a history of 
prior intravenous AG usage. The lack of follow-up testing 
in this study prevented any "long-term" assessment of the 
audiovestibular function and its relationship to intraperi- 
toneal AG therapy. 

Our study confirms the results of Salmon and Arant [4] 
that children with renal insufficiency are at risk of develop- 
ing hearing loss, especially in the high frequency range. 
The baseline evaluation of our patients revealed signifi- 
cantly poorer auditory function at 6,000 Hz and 8,000 Hz 
when compared with the control population. High 
frequency hearing loss is characteristic of AG toxicity and 
is detectable audiometrically well before it involves the 
speech frequency range (e. g., 250-3,000 Hz) in which the 
abnormality can be detected by the patient. We also found, 
as did Salmon and Arant [4], that the majority of our 
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patients with evidence of  neurosensory hearing loss had a 
history o f  intravenous A G  therapy. This finding empha- 
sizes the necessity o f  closely monitoring A G  therapy in 
patients with preexisting renal insufficiency. 

Acknowledging  the limitations of  our small sample 
size, none of  our patients had evidence o f  a progressive 
high frequency hearing loss. In addition, and in contrast to 
the experience with intravenous therapy, in no case was 
intraperitoneal A G  therapy alone associated with ototoxic- 
ity when evaluated with PT A and ABR.  It should be noted 
that various drugs, when used in combinat ion with AG 
therapy, can contribute to the development  o f  ototoxicity in 
the dialysis population [8, 20]. Three o f  our patients with 
impaired hearing acuity had a history o f  exposure to an 
additional ototoxic drug. While these medications were 
given separate f rom AG,  each may  have adversely in- 
f luenced hearing acuity. 

Our assessment o f  vestibular function revealed that only 
1 of  the 4 patients with evidence o f  auditory abnormalities 
had an abnormal vestibular evaluation. In this patient, the 
history of  a cerebral vascular accident makes it unlikely 
that the abnormal vestibular function was related to AG 
usage alone. 

It is o f  interest that, despite the suggestion that A B R  
testing may improve the detection o f  A G  ototoxicity, no 
abnormalities were noted by A B R  in our patients [21 ]. This 
was most  likely due to the fact that the cl ick-evoked A B R  
primarily tests the frequency range between 2,000 and 
4,000 Hz, frequencies which were outside the range in 
which abnormalities were detected during our evaluation. 

On the surface, our study suggests that the hearing loss 
present in this population is not progressive and that in- 
traperitoneal A G  therapy, when closely monitored with 
serum drug levels, does not contribute to auditory or vesti- 
bular toxicity. However ,  it must  be recognized that a far 
greater number  of  patients must  be studied before such a 
conclusion can be reached and that close monitoring o f  A G  
therapy in the dialysis population remains mandatory.  Fu- 
ture evaluations should use techniques such as ultra-high 
frequency pure-tone testing in the 10,000- to 16,000-Hz 
range as a means o f  detecting very early or subtle changes 
in hearing acuity. Only with the use o f  such investigative 
methods can we determine the most  effective and least 
toxic approach to A G  therapy in pediatric patients receiv- 
ing long-term peritoneal dialysis [22]. 

R e f e r e n c e s  

1. Hawkins JE Jr (1976) Drug ototoxicity. In: Keidel WD, Neff WD 
(eds) Handbook of sensory physiology, vol 5. Springer, New York 
Berlin Heidelberg, pp 707-748 

2. Jackson GG, Arcieri G (1971) Ototoxicity of gentamicin in man: a 
survey and controlled analysis of clinical experience in the United 
States. J Infect Dis 124:S130-S137 

3. Nikolaidis P, Vas S, Lawson V, Kennedy-Vosu L, Bernard A, 
Abraham G, Izatt S, Khanna S, Bargman JM, Oreopoulos DG (1991) 
Is intraperitoneal tobramycin ototoxic in CAPD patients? Petit Dial 
lnt 11: 156-16l 

4. Salmon RF, Arant BS (1988) Aminoglycoside-related neurosensory 
hearing loss (NHL) in pediatric dialysis patients (abstract). Kidney 
Int 33:249 

5. Neu HC, Bendush CL (1976) Ototoxicity of tobramycin: a clinical 
overview. J Infect Dis 134:$206-$218 

6. Brogard JM, Couranx C, Collard M, Lavillanreix J (1982) Ototoxic- 
ity of tobramycin in humans - influence of renal impairment. Int 
J Clin Pharmacol Ther Toxicol 20:408-416 

7. Johnson JT, Kamerer DB (1985) Aminoglycoside ototoxicity - an 
update, with implications for all drug therapies. Postgrad reed 77: 
131-138 

8. Rybak LP (1986) Drug ototoxicity. Annu Rev Pharmacol Toxico126: 
79-99 

9. Gailiunas P, Dominguez-Morena M, Lazarus M, Lowrie EG, Gott- 
lieb MN, Merrill JP (1978) Vestibular toxicity of gentamicin - 
incidence in patients receiving long-term hemodialysis therapy. Arch 
Intern Med Vol 138:1621 - 1624 

10. Sataloff J, Wagner S, Menduke H (1964) Kanamycin ototoxicity in 
healthy men. Arch Otolaryngo180:413-417 

11. Brummett RE ( 1981) Effects of antibiotic-diuretic interactions in the 
guinea pig model of ototoxicity. Rev Infect Dis 3:$216-223 

12. Black RE, Lau WK, Weinstein RJ, Young LS, Hewitt WL (1976) 
Ototoxicity of Amikacin. Antimicrob Agents Chemother 9: 
956-961 

13. Henry KR, Guess MB, Chole RA (1983) Hyperthermia increases 
aminoglycoside ototoxicity. Acta Otolaryngol (Stockh) 95:323 - 327 

14. Fee WE Jr (1980) Aminoglycoside ototoxicity in the human. Laryn- 
goscope 90 [Supp124]: 1-9 

15. Jauhiainen T, Kohonen A, Jauhiainen M (1972) Combined effects of 
noise and neomycin on the chochlea. Acta Otolaryngol (Stockh) 73: 
387-390 

16. Moore RD, Smith CR, Lietman PS (1984) Risk factors for the 
development of auditory toxicity in patients receiving aminogly- 
cosides. J Infect Dis 149:23-30 

17. Black J, Calesnick B, Williams D, Weinstein M (1963) Pharma- 
cology of gentamicin: a new broad-spectrum antibiotic. Antimicrob 
agents Chemother 8: 138-147 

18. Federspel P, Schatzle W, Tiesler E (1976) Pharmacokinetics and 
ototoxicity of gentamicin, tobramycin and amikacin. J Infect Dis 
134: $200- $205 

19. Chong TK, Piranio B, Bernardini J (1991) Vestibular toxicity due to 
gentamicin in peritoneal dialysis patients. Perit Dial Int 11: 1 5 2 - 1 5 5  

20. Koegel L (1985) Ototoxicity: a contemporary review of aminogly- 
cosides, loop diuretics, acetylsalicylic acid, quinine, erythromycin, 
and cisplatinum. Am J Otol 6: 190-199 

21. Kohelet D, Usher M, Arbel E, Arlazoroff A, Goldberg M (1990) 
Effect of gentamicin on the auditory brainstem evoked response in 
term infants: a preliminary report. Pediatr Res 28: 232-234 

22. Sorkin MI (1988) Aminoglycosides, ototoxicity, and peritoneal 
dialysis. Semin Dial 1: 185 - 186 


