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Several classes of drugs have been identified as having oto
toxic potential: aminoglycoside antibiotics, other basic anti
biotics, antimalarial drugs, loop diuretics, and salicylates. 
Various chemicals have also been implicated in causing oto
toxicity. If certain predisposing conditions are present when a 
potentially ototoxic drug is administered, the risk of ototoxic
ity is increased. These conditions include impaired renal func
tioning, pregnancy, previous or concomitant treatment with 
another potentially ototoxic drug, inherited susceptibility to 
ototoxicity, and the effects of noise. Other conditions that 
have been associated with ototoxicity for which there is a lack 
of strong scientific support are age, sex, and pre-existing hear
ing loss. The physician’s awareness of predisposing conditions 
combined with rational drug usage can reduce ototoxic risk to 
the individual.

Drugs that damage inner ear structures are 
labeled ototoxic. Ototoxic drugs may be vestibulo- 
toxic, cochleotoxic, or both, depending upon the 
structures affected. Vestibulotoxic drugs primarily 
affect the vestibular portion of the inner ear, which 
is the mechanism responsible for postural equilib
rium. Cochleotoxic drugs primarily affect the 
cochlear portion of the inner ear, which is the 
organ of hearing. There are some drugs that have a 
debilitating effect on both the vestibular and coch
lear portions of the inner ear.1

Drugs are generally administered to individuals 
orally, locally, intravenously, or topically. Ototox
icity may result from any of these forms of admin
istration if a high concentration of a potentially 
ototoxic drug accumulates in the inner ear.2 Oto
toxicity can occur at the time the drug is adminis
tered and persist after the drug has been with
drawn, or the onset of symptoms may be delayed 
and then appear within approximately six months 
after withdrawal of the drug.3 Vestibular symp
toms of ototoxicity can consist of lightheadedness, 
giddiness, or vertigo; if severe, cochlear symptoms
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can consist of tinnitus or hearing loss.1 The hear
ing loss that results from ototoxicity is always sen
sorineural and may be bilateral or unilateral, tran
sient or permanent, dose related or idiosyncratic.4

Drugs and Chemicals Having 
Ototoxic Potential

Several classes of drugs have been identified as 
having ototoxic potential: aminoglycoside antibi
otics and other basic antibiotics with similar oto
toxic potential, antimalarial drugs, loop diuretics, 
and salicylates. In addition to these drug classes, 
many other drugs and chemicals have been impli
cated in causing ototoxicity (Table l).515

Aminoglycoside Antibiotics
Aminoglycoside antibiotics have a common 

chemical structure and are used in the treatment of 
serious, often life-threatening infections caused by 
gram-negative and acid-fast bacteria. This class of 
drugs, along with other basic antibiotics with simi
lar ototoxic potential, is the most dangerous of all 
drugs implicated in causing ototoxicity.1 The po
tential of aminoglycoside antibiotics for ototoxic
ity is explained by their tendency to accumulate in
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Table 1. Drugs and Chemicals Implicated in 
Causing Ototoxicity

Aminoglycoside Antibiotics

Amikacin Paromomycin
Gentamicin Ribostamycin
Kanamycin Streptomycin
Neomycin Tobramycin
Netilmicin

Other Basic Antibiotics

Ampicillin Minocycline
Capreomycin Polymyxin B
Chloramphenicol Tetracycline
Colistin (polymyxin E) Vancomycin
Erythromycin Viomycin
Framycetin

Antimalarial Drugs

Chloroquine phosphate Quinine sulfate

Loop Diuretics

Ethacrynic acid Furosemide

Salicylates

Aspirin Aspirin compounds

Miscellaneous Drugs and Chemicals

Anconite Dextroamphetamine
Alcohol Ergot
Aniline dyes Formaldehyde
Antipyrine Gelfoam
Arsenic Plexadimethrine
Atropine Hydrocyanide
Barbiturates Iodine
Benzene vapors Iodoform
Bonain's solution Lead
Brinerdin Mercury
Caffeine Morphine
Camphor Nitrobenzol
Carbon disulfide Novocaine
Carbon monoxide Phenylbutazone
Cassava Potassium bromate
Chenopodium Prednisolone
Chlorhexidine Strychnine
Chloroform Tobacco
Cisplatin Valerian

biotics is that symptoms of ototoxicity do not ap
pear during the course of therapy, but rather, they 
appear days to weeks after the termination of ther
apy. Because of the delay in onset of symptoms, 
the physician might not be aware of any ototoxic 
risk to the patient and consequently will not take 
the appropriate action to reduce this risk.17

The aminoglycoside antibiotics can cause coch
lear damage, vestibular damage, or both. If hear
ing loss occurs, it is usually bilaterally symmetri
cal, although cases of unilateral hearing loss have 
been reported.18,19 The degree of hearing loss 
ranges from mild to total deafness and is usually 
permanent. In a study of patients receiving 
aminoglycoside therapy, however, Fee20 reported 
that 90 percent of the ototoxic effects were unilat
eral and that 55 percent of the patients recovered. 
The onset of hearing loss is sometimes preceded 
by tinnitus. Vestibular symptoms are commonly 
experienced as lightheadedness or giddiness along 
with a sense of disequilibrium. The symptoms 
range from mild to severe and are almost always 
reversible.1

Antimalaria/ Drugs
The antimalarial drugs are potentially ototoxic 

when administered in very high daily doses and 
can cause tinnitus and hearing loss. The hearing 
loss is bilaterally symmetrical and is usually re
versible1; however, some cases of permanent con
genital deafness have been reported with the use 
of these drugs during pregnancy.21

Loop Diuretics
Loop diuretics, commonly used in the treat

ment of pulmonary edema or edema resulting from 
renal dysfunction, are potentially ototoxic when 
administered in high doses and can cause tinnitus 
and hearing loss. The hearing loss is infrequently 
accompanied by vestibular symptoms and is usual
ly temporary. Although cases of permanent hear
ing loss have been reported in the literature, many 
of these patients had also concurrently received an 
aminoglycoside antibiotic, a drug known for its 
ototoxic potential.1,22"25

the lymphatic fluids of the inner ear and remain Salicylates
there for a long time.16 A complicating factor ap- Salicylates are commonly prescribed for their
pearing to be unique to the aminoglycoside anti- analgesic properties. They are potentially ototoxic
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when administered in very high daily doses and 
can cause hearing loss, usually preceded by tinni
tus. The hearing loss is bilaterally symmetrical and 
is usually reversible with a reduction in dosage.1 
Even so, some cases of permanent hearing loss 
have been reported.26’27

Predisposing Conditions to Ototoxic Risk
The risk of ototoxicity is basically dependent 

upon the total dose of a potentially ototoxic drug 
and on the concentration of the drug in the blood 
serum. In many studies, however, dosage was not 
shown to be statistically significant when safe, 
therapeutic levels were used.20,28,29 The risk of oto
toxicity is greater when certain predisposing con
ditions are present. These conditions include 
impaired renal functioning, pregnancy, previous 
or concomitant treatment with another potentially 
ototoxic drug, inherited susceptibility to ototoxic
ity, and the effects of noise. Other conditions such 
as age, sex, and pre-existing hearing loss have 
been associated with increased ototoxic risk, al
though the scientific evidence is weak. The physi
cian must be aware of the iatrogenic nature of 
drug-induced ototoxicity when administering a po
tentially ototoxic drug.17 If any of the above con
ditions are present during the course of therapy, 
such conditions may represent contraindications 
to effective therapy.

Ototoxicity and Dosage
A potentially ototoxic drug reaches the inner 

ear by means of the circulatory system. The higher 
the concentration of the drug in the bloodstream, 
the more likely the inner ear structures will be 
affected. A dose larger than normally considered 
safe or administered longer than the recommended 
period serves to increase the risk of ototoxicity.1

Quantification of serum drug level and dosage 
and their relationship to ototoxicity are not well- 
defined.20 In a comparative study, Stupp et al16 
showed that equivalent doses from within the 
group of aminoglycoside antibiotics, when admin
istered to guinea pigs, resulted in significant dif
ferences in drug perilymph concentrations in the 
inner ear. Those aminoglycoside antibiotics that 
achieved the highest perilymph concentrations 
were demonstrated clinically to be the most oto-
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toxic. The toxic effects of the aminoglycoside 
antibiotics may vary. The less toxic the antibiotic, 
the smaller the concentration of the drug in the 
inner ear; conversely, the more toxic the antibi
otic, the greater will be its concentration in the 
inner ear.

Ototoxicity and Nephrotoxicity
The aminoglycoside antibiotics, in addition to 

being potentially ototoxic, are also potentially 
nephrotoxic, which further increases the risk of 
ototoxicity.30 In many cases these antibiotics are 
used in the treatment of renal infections in which 
renal functioning in the patient may be impaired.17 
The aminoglycosides are excreted by glomerular 
filtration at a rate proportional to their concentra
tion in the blood serum. Impaired renal function
ing reduces the rate of clearance from the serum.31 
Because of the reduced capacity of the kidney to 
excrete these drugs, the aminoglycosides will re
main in the blood serum for longer periods of time, 
and higher levels will accumulate in the serum and 
inner ear.1

The use of loop diuretics in the treatment of 
impaired renal functioning resulting from amino
glycoside therapy increases ototoxic risk by 
potentiating the ototoxic effects of the aminogly
cosides.32 Ethacrynic acid has been associated 
with cochlear toxicity when the patient was receiv
ing concomitant treatment with an aminoglycoside 
antibiotic.32'34 Furosemide has been shown to 
interact with the aminoglycoside kanamycin in 
guinea pigs, resulting in permanent cochlear dam
age. The ototoxic effect of this interaction was re
lated to the dose of furosemide, which was much 
larger than the recommended levels considered 
safe for humans.35 When administered to patients 
in standard doses, furosemide has not been shown 
to potentiate aminoglycoside ototoxicity.36

In actual clinical practice, the risk of amino
glycoside-induced ototoxicity related to impaired 
renal functioning is minimal, if it exists at all. 
Through periodic assessments of renal functioning 
and serum aminoglycoside levels, physicians can 
enhance therapeutic efficacy and reduce ototoxic 
risk by adjusting drug dosage to compensate for 
the impaired elimination.20,31 When drug dosage is 
adjusted to maintain predefined serum levels, 
nephrotoxicity and ototoxicity occur independent
ly.28 Whenever possible, physicians should eval-
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uate and follow-up patients who develop symp
toms of ototoxicity related to aminoglycoside 
therapy.31

Ototoxicity and Pregnancy
The inner ear of a developing human fetus is 

basically complete by the end of the second tri
mester of pregnancy.17 It is possible for ototoxicity 
to occur in utero if a potentially ototoxic drug is 
administered to the mother during the first six 
months of pregnancy. Many potentially ototoxic 
drugs are capable of crossing the placental barrier 
and damaging the developing auditory structures 
of the fetus.1

Placental transfer of the aminoglycoside anti
biotics has been demonstrated in both humans and 
experimental animals.37'39 In a study by Conway 
and Birt,40 streptomycin was shown to cross the 
placental barrier, resulting in labyrinthine damage 
and high-frequency hearing loss in the fetus. Al
though streptomycin has been used in treatment 
during pregnancy for over 30 years, there is still 
some doubt as to its effects on the developing fetal 
ear.17 In a study of 300 hearing-impaired preschool 
children, Robinson and Cambon41 identified only 
two cases in which the loss could be clearly at
tributed to treatment of the mothers with strepto
mycin during pregnancy. In another study, 33 
children whose mothers received streptomycin 
during pregnancy were followed up. A minor de
gree of hearing loss, possibly due to the strepto
mycin, was found in only two of the children.42 
When auditory changes in the newborn of mothers 
who were administered aminoglycoside antibiotics 
during pregnancy were reported, the ototoxicity 
occurred independently of ototoxicity in the 
mother.40-41,43-44

A case in which both mother and child became 
deaf after the mother had been treated with kana- 
mycin and ethacrynic acid during the 28th week of 
pregnancy was reported by Jones.45 Loop diuret
ics have been known to interact synergistically 
with aminoglycoside antibiotics, resulting in 
greater ototoxic and nephrotoxic risk than had 
these drugs been used on an individual basis.1 The 
antimalarial drugs quinine and chloroquine phos
phate are also capable of crossing the placental 
barrier. Permanent “congenital” hearing loss was 
reported in the newborn of mothers who were 
administered these drugs during pregnancy.21
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Concomitant treatment with another potentially 
ototoxic drug during pregnancy can increase oto
toxic risk. Also, ototoxic risk is greater if the 
mother experiences renal failure in addition to re
ceiving a potentially ototoxic drug. Although it is 
questionable whether the developing fetal ear 
is more susceptible to ototoxicity than that of an 
adult, physicians need to be cautious when prescrib
ing a potentially ototoxic drug during pregnancy.31

Ototoxicity and Synergism
An individual who has recently received or is 

currently taking a potentially ototoxic drug may 
have a greater risk of ototoxicity by synergism if 
administered an additional drug that is potentially 
ototoxic. The loop diuretics can interact synergis
tically with all of the aminoglycoside antibiotics.17 
The combined effects of ethacrynic acid and strep
tomycin have been shown to cause severe hearing 
loss in uremic patients.11 Synergistic interactions 
have also occurred between loop diuretics and the 
various nonaminoglycoside antibiotics such as 
viomycin, polymyxin B, capreomycin, and forti- 
micin.46 Even the antimalarial drugs have been 
shown to interact synergistically with other po
tentially ototoxic drugs. Nilges and Northern47 re
ported a case of kanamycin ototoxicity resulting 
from synergism in a cochlea primed three weeks 
earlier with antimalarial drugs.

Ototoxicity and Genetic Predisposition
Although it is difficult to predict the effects of 

any drug on a given individual, one factor that 
possibly may render an individual more suscepti
ble to ototoxicity is genetic predisposition. Some 
families were found to be highly susceptible to the 
effects of the aminoglycoside antibiotic strepto
mycin.48-49 However, according to Brummett,17 
there is no evidence that genetic factors play a 
significant role in ototoxic susceptibility to the 
aminoglycosides.

Ototoxicity and Noise
Experimental studies on laboratory animals 

have shown that the aminoglycoside antibiotics 
kanamycin and neomycin can potentiate noise- 
induced cochlear damage. The nature of potentia
tion is in the form of increased cochlear susceptibil-

THE JOURNAL OF FAMILY PRACTICE, VOL. 16, NO. 3, 1983



OTOTOXICITY

ity to damage from low-frequency, high-frequency, 
and impulse noise.50 There is also evidence that 
noise exposure may predispose an individual to 
ototoxicity and that acoustic and drug-induced 
damage may be additive.51 However, Davidson et 
al52 did not find an additive effect in a study of 
children 4 to 10 years of age who received 
kanamycin while premature, and thus exposed to 
incubator noise.

The interaction of the aminoglycoside antibi
otics with noise has broad implications. Many 
patients who spend some time in an intensive care 
unit (ICU) receive aminoglycoside antibiotics as 
part of their treatment. In the ICU these patients 
are often in close proximity to noisy medical 
equipment.20 Such patients may have an increased 
risk of auditory damage, as studies have shown 
that hospital noise levels can exceed the maximum 
of 70 dB on the A-scale of a noise-level meter.53

Ototoxicity and Age
The age of an individual has been associated 

with increased ototoxic risk as it relates to renal 
function status. According to Weinstein and Dal
ton,54 age is a strong determinant of how a drug 
will behave in a given individual. Renal function is 
relatively poor in premature infants and in full- 
term infants under three months of age. Renal 
function also tends to decline with advanced age. 
Axline and Simon55 reported that high serum con
centrations of kanamycin, streptomycin, and 
neomycin were maintained for longer periods of 
time in premature infants. With increased post
natal age, glomerular filtration increased with a 
corresponding decrease in serum half-life. Axline 
and Simon attributed the prolongation of these 
drugs in the serum to immature renal function. 
Elfving et al56 reported one suspected case of se
vere permanent hearing loss with slight vestibular 
dysfunction in a 2-year-old girl treated with 
gentamicin in the newborn period. Finegold et al57 
reported a higher incidence of renal damage in 
older patients from the drug kanamycin. Renal 
toxicity was of concern to these authors in that it 
predisposed a patient to eighth nerve damage. 
Based upon the clinical evidence, age is an impor
tant factor to be considered in determining the ap
propriate dose of a drug and timing of administra
tion based upon blood serum levels and rate and 
degree of excretion.54,55
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Antibiotics should be administered in smaller 
doses to premature and young infants. When renal 
functioning reaches maturity, larger doses are re
quired for the effective treatment of infections. 
With increasing age, accompanied by a gradual 
decline in renal functioning, the dose should be 
reduced.54

Ototoxicity and Sex
Currently only one research study has linked 

sex with risk of ototoxicity. Differential suscepti
bility to ototoxicity on the basis of sex was re
ported by Barza et al29 in a comparative study of 
netilmicin and amikacin toxicity in 90 adults with a 
variety of serious gram-negative infections. Inter
estingly, a significant association was found be
tween male sex and ototoxicity. The results of this 
study imply that male patients may be more sus
ceptible to the ototoxic effects of the aminoglyco
side antibiotics netilmicin and amikacin. Since no 
other study has shown an association between sex 
and ototoxicity, the findings must be interpreted 
with caution.

Ototoxicity and Pre-existing Hearing Loss
At present there is no scientific evidence linking 

pre-existing hearing loss with ototoxicity, al
though an individual with a pre-existing loss may 
be more susceptible to ototoxicity than an individ
ual with normal auditory functioning. Research in 
this area has focused largely on noise-induced 
cochlear damage.1 Reasonable precautions should 
be taken when administering a potentially ototoxic 
drug to an individual who has a hearing loss.

Conclusions
There are many drugs in use that have ototoxic 

potential. The risk of ototoxicity is even greater if 
certain predisposing conditions are present when 
a potentially ototoxic drug is administered. The 
physician’s awareness of these predisposing con
ditions can serve to reduce ototoxic risk to the 
individual. There is a generally accepted adage in 
the medical profession that “ it is better to be deaf 
or dizzy than to be dead.” If potentially ototoxic 
drugs are to be used in treatment, rational drug 
usage by the physician is recommended to mini
mize ototoxic risk.20

493



OTOTOXICITY

References
1. Bergstrom L, Thompson P: Ototoxicity. In Northern 

JL (ed): Hearing Disorders. Boston, Little, Brown, 1976, pp 
136-146

2. Hawkins JE Jr: Ototoxicity. In Maran AJ, Stell PM 
(eds): Clinical Otolaryngology. Oxford, Alden Press, 1979, 
pp 92-99

3. Quick CA: Chemical and drug effects on inner ear. In 
Paparella MM, Shumrick DA (eds): Otolaryngology II: Ear. 
Philadelphia, WB Saunders, 1973, pp 391-406

4. Shulman JB: Ototoxicity. In Goodhill V (ed): Dis
eases, Deafness, and Dizziness. Maryland, Harper & Row, 
1979, pp 691-704

5. Annotation, Ear drops. Lancet 1:896, 1976
6. Ballantyne J, Groves J (eds): Scott-Brown's Dis

eases of the Ear, Nose, and Throat, ed 3, vol 2. Philadelphia, 
JB Lippincott, 1971, pp 446-449

7. Kucers A, Bennett NM: The Use of Antibiotics: A 
Comprehensive Review with Clinical Emphasis, ed 3. Lon
don, William Heinemann Medical Books, 1979, pp 998-999

8. Mukherjee DK, Mukherjee K: Ototoxicity of com
monly used pharmaceutical preparations. Niger Med J 
9:52, 1979

9. Drucker T: Drugs that can cause tinnitus. ATA News- 
lett 4:3, 1979

10. Yamasaku F, Suzuki Y, Umemura K: Pharmacokinet
ics of ribostamycin in healthy volunteers and patients. J 
Antibiot 33:1318. 1980

11. Schaefer SD, Wright CG, Post JD, Frenkel EP: Cis- 
platinum vestibular toxicity. Cancer 47:857, 1981

12. Matsumoto I, Morizono T, Paparella MM: Hearing 
loss following potassium bromate: Two case reports. Oto
laryngol Head Neck Surg 88:625, 1980

13. Bicknell PG: Sensorineural deafness following my
ringoplasty operations. J Laryngol Otol 85:957, 1971

14. Bellucci RJ, Wolff D: Tissue reaction following re
construction of the oval window in experimental animals. 
Ann Otol Rhinol Laryngol 69:517, 1960

15. Shenoi P: Ototoxicity of absorbable gelatin sponge. 
Proc R Soc Med 66:193, 1973

16. Stupp H, Kupper K, Lagler F, et al: Inner ear concen
trations and ototoxicity of different antibiotics in local and 
systematic application. Audiology 12:350, 1973

17. Brummett RE: Drug-induced ototoxicity. Druqs 19: 
412, 1980

18. Dayal VS, Smith EL, McCain WG: Cochlear and ves
tibular gentamicin toxicity. Arch Otolaryngol 100:338, 1974

19. Meyers RM: Ototoxic effects of gentamicin. Arch 
Otolaryngol 92:160, 1970

20. Fee WE: Aminoglycoside ototoxicity in the human. 
Laryngoscope 90:1, 1980

21. Hart CW, Naunton RF: The ototoxicity of chlorquine 
phosphate. Arch Otolaryngol 80:407, 1964

22. Pillay VKG, Schwartz FD, Aimi K, Kark RM: Transient 
and permanent deafness following treatment with etha- 
crynic acid in renal failure. Lancet 1:77, 1969

23. Gallagher KL, Jones JK: Furosemide-induced oto
toxicity. Ann Intern Med 91:744, 1979

24. Schwartz GH, David DS, Riggio RR, et al: Ototoxicity 
induced by furosemide. N Engl J Med 282:1413, 1970

25. Matz GJ, Beal DD, Krames L: Ototoxicity of etha- 
crynic acid: Demonstrated in a human temporal bone Arch 
Otolaryngol 90:152, 1969

26. Ballantyne J: Ototoxicity. In Ransome J, Holden H, 
Bull TR (eds): Recent Advances in Otolaryngology ed 4 
Edinburgh, Churchill, Livingstone, 1973, pp 163-175'

27. Jarvis JF: A case of unilateral permanent deafness 
following acetylsalicylic acid. J Laryngol Otol 80:318, 1966

28. Smith CR, Lipsky JJ, Lietman PS: Relationship be
tween aminoglycoside-induced nephrotoxicity and audi
tory toxicity. Antimicrob Agents Chemother 15:780 1979

29. Barza M, Lauermann MW, Tally FP, Gorbach SL: 
Prospective, randomized trial of netilmicin and amikacin 
with emphasis on eighth-nerve toxicity. Antimicrob Aqents 
Chemother 17:707, 1980

30. Mawson SR, Ludman H: Diseases of the Ear: A 
Textbook of Otology, ed 4. London, Edward Arnold 1979 
pp 485-488

31. Lerner SA, Matz GJ: Aminoglycoside ototoxicity. 
Am J Otolaryngol 1:169, 1980

32. Mathog RH, Klein WJ: Ototoxicity of ethacrynicacid 
and aminoglycoside antibiotics in uremia. N Engl J Med 
280:1223, 1969

33. Johnson AH, Hamilton CH: Kanamycin ototoxicity: 
Possible potentiation by other drugs. South Med J 63:511 
1970

34. Meriwether WD, Mange RJ, Serpick AA: Deafness 
following standard intravenous dose of ethacrynic acid 
JAMA 216:795, 1971

35. Brummett RE, Traynor J, Brown R, Himes D: Coch
lear damage resulting from kanamycin and furosemide. 
Acta Otolaryngol 80:86, 1975

36. Matz GJ: The ototoxic effects of ethacrynic acid in 
man and animals. Laryngoscope 86:1065, 1976

37. Kauffman RE, Azarnoff DL, Morris JA: Placental 
transfer and fetal urinary excretion of gentamicin— com
parison between an animal model and the human fetus. In 
Morselli PL, Garattini MS, Sereni F (eds): Basic and Perina
tal Pharmacology. New York, Raven Press, 1975, pp 75-82

38. Weinstein AJ, Gibbs RS, Gallagher M: Placental 
transfer of clindamycin and gentamicin in term pregnancy. 
Am J Obstet Gynecol 124:688, 1976

39. Yoshioka H, Monma T, Matsuda S: Placental trans
fer of gentamicin. Pediatr Pharmacol Ther 80:121, 1972

40. Conway N, Birt BD: Streptomycin in pregnancy: Ef
fect on foetal ear. Br Med J 2:260, 1965

41. Robinson GC, Cambon KG: Hearing loss in infants 
of tuberculous mothers treated with streptomycin during 
pregnancy. N Engl J Med 271:949, 1964

42. Donald PR, Sellars SL: Streptomycin ototoxicity in 
the unborn child. S Afr Med J 60:316, 1981

43. Rasmussen F: The oto-toxic effect of streptomycin 
and dihydrostreptomycin on the foetus. Scand J Respir Dis 
50:61, 1969

44. Scheinhom DJ, Angelillo VA: Antituberculous ther
apy in pregnancy. West J Med 127:195, 1977

45. Jones HC: Intrauterine ototoxicity: A case report 
and review of the literature. J Natl Med Assoc 65:201,1973

46. Davis RR, Brummett RE: Cochlear destruction re
sulting from an interaction of some non-aminoglycoside 
antibiotics and ethacrynic acid. Pharmacoloqist 21:144, 
1979

47. Nilges TC, Northern JL: Iatrogenic ototoxic hearing 
loss. Ann Surg 173:281, 1971

48. Podvinec S, Stefanovic P: Surdite par la streptomy- 
cine et predisposition familiale. J Fr Otorhinolarynqol 15: 
61, 1966

49. Prazic M, Salaj B, Subotic R: Familial sensitivity to 
streptomycin. J Laryngol Otol 78:1037, 1964

50. Hamernik RP, Henderson D: The potentiation of 
noise by other ototraumatic agents. In Henderson D, 
Hamernik RP, Dosanjh DS, Mills JH (eds): Effects of Noise 
on Hearing. New York, Raven Press, 1976, pp 291-307

51. Darrouzet J, Lima Sobrinho E De: Oreille interne, 
kanamycine, et traumatisme acoustique, etude experimen- 
tale. Rev Laryngol Otol Rhinol 83:781, 1962

52. Davidson S, Brish M, Rein N, et al: Ototoxicity in 
premature infants treated with kanamycin, letter. Pediatrics 
66:479, 1980

53. Bentley S, Murphy F, Dudley H: Perceived noise in 
surgical wards and an intensive care area: An objective 
analysis. Br Med J 10:1503, 1977

54. Weinstein L, Dalton AC: Host determinants of re
sponse to antimicrobial agents. N Engl J Med 279:467,1968

55. Axline SG, Simon HJ: Clinical pharmacology of 
antimicrobials in premature infants: I. Kanamycin, strep
tomycin, and neomycin. Antimicrob Aqents Chemother 4: 
135, 1964

56. Elfving J, Pettay O, Raivio M: A follow-up study on 
the cochlear, vestibular and renal function in children 
treated with gentamicin in the newborn period. Chemo
therapy 18:141, 1973

57. Finegold SM, Winfield ME, Aronsohn RB, et al: Clin
ical experience with kanamycin. Ann NY Acad Sc 76:319, 
1958

494
THE JOURNAL OF FAMILY PRACTICE, VOL. 16, NO. 3, 1983


