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Gentamicin ototoxicity: a 23-year selected
case series of 103 patients

entamicin is an important bac-
tericidal antibiotic with two
serious potential adverse
effects: nephrotoxicity and ototoxicity.
Clinicians are well aware that rising
serum creatinine levels in patients
treated with gentamicin could indicate
nephrotoxicity. However, many do
not know that, contrary to textbooks
and antibiotic guidelines, gentamicin
ototoxicity causes impairment of
vestibular, not auditory, function.?
Vestibulotoxicity is frequently over-
looked in patients having gentamicin,>”
so that severe, irreversible, bilateral
vestibular loss can occur, causing
permanent imbalance, which is partic-
ularly debilitating in elderly people.
We reviewed patients presenting to
a balance disorders clinic between
1988 and 2010 with severe, selective,
bilateral vestibular loss, who had been
treated in hospital with gentamicin
between 1975 and 2010.

Patients

Over the 23-year period, 552 patients
were diagnosed with severe, symmet-
rical, selective (ie, normal hearing for
age), bilateral vestibular loss. Of these,
263 patients had gentamicin vestibulo-
toxicity (GVT). In the remainder, the
vestibular loss was caused by cisplati-
num ototoxicity (9), meningitis (6),
hereditary factors (29), or bilateral
sequential vestibular neuritis (61); in
184 the condition was idiopathic.®
Patients with GVT who had severe
bilateral vestibular loss after having
gentamicin in hospital were inter-
viewed and examined, and hospital
records for the “gentamicin admis-
sion” were obtained. Our study
included 103 patients with normal
renal function at the start of gen-
tamicin treatment (serum creatinine
level, <121 pmol/L [eGFR, >59mL/
min/1.73 m?)) and for whom the follow-
ing data were available: (i) total dose
and dosage regimen of gentamicin; (ii)
renal function before and during treat-
ment; (iii) serum gentamicin level; (iv)

Objective: To review patients with severe bilateral vestibular loss associated

with gentamicin treatment in hospital.

Design and setting: A retrospective case series of presentations to a balance

disorders clinic between 1988 and 2010.

Main outcome measures: Relationship between vestibulotoxicity and
gentamicin dose or dosing profile; indications for prescribing gentamicin.

Results: 103 patients (age, 18—84 years; mean, 64 years) presented with
imbalance, oscillopsia or both, but none had vertigo. Only three noted some
hearing impairment after having gentamicin, but audiometric thresholds for all
patients were consistent with their age. In all patients, the following tests gave
positive results: a bilateral clinical head-impulse test, a vertical head-shaking
test for vertical oscillopsia, and a foam Romberg test. In 21 patients, imbalance
occurred during gentamicin treatment (ignored or dismissed by prescribers in
20) andin 66 after treatment; the remaining 16 could not recall when symptoms
were first noticed, except that it was after gentamicin treatment in hospital.
Total gentamicin dose range was 2—-318 mg/kg (mean, 52 mg/kg), daily dose
range was 1.5-5.6 mg/kg (mean, 3.5 mg/kg), and duration was 1-80 days
(mean, 17 days). Six patients had only a single dose; 26 had five or fewer doses.
Serum gentamicin levels, measured in 82 patients, were in the recommended
range in 59. Time to diagnosis ranged from 4 days to 15 years. Nephrotoxicity
developed in 43 patients. Gentamicin dosage complied with contemporary or
current Australian antibiotic guidelines in under half the patients.

Conclusions: Gentamicin ototoxicity is vestibular, not cochlear, producing
permanent loss of balance, but not of hearing. Gentamicin can be vestibulotoxic
in any dose, in any regimen, at any serum level.

indications (clinical and microbiologi-
cal) for using gentamicin;, (v) when
imbalance was first noted by the
patient; and (vi) when bilateral vestib-
ular loss was first clinically recognised.

Ethics approval was not required for
this retrospective review.

Diagnosis

Vestibular loss

Bilateral vestibular loss was diagnosed
if all the following gave positive results:
(i) bi-directional, horizontal and verti-
cal head impulse test (Videos 1-4);° (i)
vertical oscillopsia with loss of at least
three lines of visual acuity on a Snellen
chart during vertical head shaking
(Video 5);1% and (i) negative results of
a Romberg test on a firm surface and
positive results on a foam surface
(Video 6) (Videos 1-6; available at
mja.com.au).!!

Vestibular testing

To confirm the diagnosis and quantify
vestibular loss, 95 patients with GVT
(the remaining eight were too frail to
test) had either caloric or rotational

vestibular testing of lateral semicircular
canal function, or both (Box 1; available
at mja.com.au).'?

Auditory testing

Air-conduction, pure-tone threshold,
clinical audiometric graphs (0.25-
8kHz), from hearing measurement in
each ear when GVT was diagnosed,
were available in 73 of the 103 patients.
Frequencies above 8kHz were not
tested. In patients with air-conduction
thresholds above normal for age and
in those with middle-ear disease,
bone-conduction thresholds were also
measured. Audiologists” descriptive
reports of the audiometric results were
available for the remaining 30 patients.

Indications for gentamicin

We reviewed patients’ clinical diagnoses
to determine (i) whether gentamicin
therapy complied with contemporary
(at the time of admission to hospital) or
with current (2010) Australian antibiotic
guiclelines;13 and (ii) whether the treat-
ment was empirical, but appropriate, or
based on results of cultures.
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The 103 patients who fulfilled our crite-
ria comprised 47 men, 56 women;
mean age, 64 years (range, 18-84
years). Forty-eight presented with both
imbalance and oscillopsia, 39 with
imbalance only, and four with oscillop-
sia only; and in 12 patients we were
unable to determine their main pre-
senting symptom. In all patients, the
following tests gave positive results: a
bilateral clinical head impulse test,® a
vertical head-shaking test for vertical
oscillopsia,'” and a foam Romberg test
(Videos 1-6; available at mja.com.au).'!
Thirty-eight patients had recurrent falls
or required a walking aid, and 44
required vestibular rehabilitation.!*
Twenty-one patients first noted
symptoms in hospital during gen-
tamicin treatment (gentamicin treat-
ment was stopped in only one patient);
29 patients had completed treatment
but were still in hospital; 37 experi-
enced symptoms after discharge; and
16 could not remember when they first
noticed symptoms, except that it was
after gentamicin treatment in hospital.

Time to diagnosis

The delay to diagnosis of bilateral ves-
tibular loss ranged from 4 days (the
only patient in whom GVT was diag-
nosed during treatment) to 15 years.
GVT was diagnosed less than 12
months after treatment in 69 patients,
and more than 12 months after treat-
ment in 34 patients.

Absence of cochleotoxicity

Only three of the 103 patients with GVT
complained of hearing impairment after
gentamicin treatment, in each case
while still in hospital. No patient had
audiometry at the time gentamicin was
given, but all had audiometry later as
part of the assessment of vestibular loss.
For the 73 patients whose audiograms
were retrieved, hearing loss at each fre-
quency, averaged for each age group

4 Trough or peak levels of serum gentamicin (ug/mL) (n =82)

Trough, mean

(range)* Peak, mean (range)?
All patients? 24(0-129) (n=51) 53(03-19.0) (n=53)
No nephrotoxicity 1.8(0-129) (n=26) 4.6(0.3-19.0) (n=28)

Nephrotoxicity 3.4 (0.6-6.6) (n=25) 59(1.4-13.5) (n=25)

*Reference interval, 0.5-2.0 ug/mL. 1 Reference interval, 4.0-10.0 ng/mL.
}In 21 patients there was no record of either a trough or a peak serum level. ¢
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and both ears, was not different from
accepted age-group means (Box 2;
available at mja.com.au).’>!® Audio-
metry in the three patients who com-
plained of hearing loss also showed
thresholds consistent with age. The
pure-tone thresholds in the 30 descrip-
tive reports were reported as normal or
showing only high-frequency hearing
loss, consistent with age and noise
exposure. We were unable to retrieve
audiometry data from before gen-
tamicin treatment for any of the
patients.

Nephrotoxicity

During gentamicin treatment 43 of 103
patients developed nephrotoxicity,
defined as a serum creatinine level
>120 pmol/L (range, 121-841pumol/L)
and eGFR <60 mL/min/1.73 m? (range,
59-<6mL/min/1.73m? on two
sequential daily measurements.

Dosage and administration

The gentamicin dose ranged from 160
to 320mg/day, equivalent to 1.5 to
5.6mg/kg/day (mean, 3.5mg/kg/day).
The total gentamicin dose ranged from
160 to 16520mg, equivalent to 2-
318 mg/kg (mean, 3639mg or 52mg/
kg). The mean total dose in the 43
patients who developed nephrotoxicity
was 4363 mg, in contrast to 3240 mg in
the 60 who did not. The gentamicin
doses our patients with GVT received
in hospital, between 1975 and 2010,
indicate that there was no change in
the total dose or daily dose of gen-
tamicin given in this period. Box 3
(available at mja.com.au) shows total
dose (mg/kg) versus daily dose (mg/
kg/day) for each patient.

Fifty-five patients received only one
daily dose of gentamicin; 14 received
three doses per day, nine received two
to three doses per day, 11 received two
doses per day, one received a combina-
tion of one and three doses per day, and
two received four doses per day. For 11
patients, we were unable to obtain reli-
able data on doses per day given. The
total number of doses over the treat-
ment period ranged from one to 129
(mean, 30). Twenty-six patients received
five or fewer doses of gentamicin and
six patients received a single dose only.

Duration of treatment ranged from 1
day (the six patients who had only a
single dose) to 80 days (mean, 17 days).

It was not possible from the treat-
ment chart information to determine
the exact method of intravenous
administration used: slow infusion
(recommended) or bolus injection.

Serum gentamicin levels

Serum gentamicin levels (trough or
peak or both) were retrieved in 82
patients; in 23, a trough or a peak level
was above the recommended range.
Peak levels were higher in those who
developed nephrotoxicity than in those
who did not (Box 4).

Indications and results of culture

Adherence to contemporary or cur-
rent antibiotic guidelines for gen-
tamicin use!® is shown by patient
diagnosis in Box 5 and by clinician
subspecialty in Box 6.

Culture results were available in 73 of
103 patients; 44 showed no growth. An
organism was isolated in 29 cultures,
sensitive to gentamicin in 11; in another
11 gentamicin was not indicated for
treatment of the organism isolated (eg,
methicillin-sensitive Staphylococcus
aureus); and in seven gentamicin sensi-
tivity was not tested or reported.

Loss of balance, not of hearing

All these patients developed symptoms
and signs of bilateral vestibular impair-
ment after treatment with gentamicin,
but only three noted any hearing
impairment. Audiometric thresholds in
the all patients were not significantly
different from age-matched thresh-
olds."™>1® Unless pre-gentamicin audi-
ometry is available, high-frequency (4-
8kHz) hearing loss, especially in eld-
erly men, cannot be assumed to be due
to gentamicin; noise and ageing are
much more common causes of hearing
loss.! Measuring hearing before and
after gentamicin treatment'”® shows
only slight (about 15dB) high-fre-
quency (4-8kHz), asymptomatic hear-
ing loss. This suggests that any hearing
loss from gentamicin ototoxicity would
not be noticed by patients with normal
hearing,'*? and certainly not by those
with pre-existing, high-frequency
hearing loss. By contrast, symptoms of
vestibular loss are obvious to patients,
as are the clinical signs to the aware
clinician.



Delayed recognition

All patients noted imbalance either
during hospital admission or immedi-
ately after discharge. We were able to
confirm that they had received gen-
tamicin and had no other potential
cause for bilateral vestibular loss.
Even though it has been known since
1952%! that certain aminoglycosides,
including streptomycin and gen-
tamicin, can cause severe, selective
loss of vestibular function,'® prescrib-
ers rarely recognise GVT.>*

Because vestibular loss is, at least
initially, bilateral and symmetrical,
patients will develop imbalance and
oscillopsia, not vertigo, the hallmark
of acute, unilateral vestibular loss.
Bed-bound patients will be unaware
of their imbalance until they walk
again. Unless clinicians know how to
test for bilateral vestibular loss, gen-
tamicin treatment will not be stopped
and vestibulotoxicity will most likely
be aggravated. Bilateral vestibular loss
can now be objectively confirmed at
the bedside using video-vestibulome-
try (Box 7; Video 3, Video 4; available
at mja.com.au),??> dynamic visual
acuity’® and the foam Romberg test
(in ambulant patients) (Video 6; avail-
able at mja.com.au).'!

Even when patients report that
imbalance developed after hospital
admission, gentamicin is rarely con-
sidered as the possible cause. With
delayed diagnosis, it is difficult with-
out a subpoena® to obtain hospital
drug treatment charts to confirm that
gentamicin was given.

Dosage and administration

There has not been any change in the
overall gentamicin dose given to
patients who develop GVT since
1994.> We found that regardless of
total dose, daily dose, number of
doses per day or duration of treat-
ment, patients can still develop GVT.
We also confirmed that GVT can
occur even when serum trough or
peak levels are at or below the recom-
mended range.>*

In all but one of our patients, GVT
was not diagnosed during treatment,
and six patients had only a single
gentamicin dose. Thus, 96 of our
patients would have continued being
given gentamicin after developing
vestibulotoxicity (many were bed-

bound), so that the total dose given to
these 96 patients must have exceeded
the toxic dose.

A study of 33 patients with GVT
also found no relationship between
daily dose, total dose or serum levels
and GVT, and 32 of their patients
were diagnosed after hospital dis-
charge.*

Link with nephrotoxicity

The mean total dose and serum lev-
els of gentamicin in the 43 patients
with GVT who developed nephro-
toxicity?*? were substantially higher
than in the 60 who did not. Patients
who develop vestibulotoxicity seem
more likely to develop nephrotoxicity
(42%) than patients in general receiv-
ing gentamicin (5%-17%),% suggest-
ing a common mechanism or
predisposing factor.

Guideline indications

The current (2010) Australian anti-
biotic guidelines advise that use of
gentamicin for empirical treatment
should be limited to 48 hours, pend-
ing the results of microbiological
investigations. Directed therapy is
indicated only for infections in which
there is resistance to other, safer, anti-
microbials; for combination therapy
in serious Pseudomonas aeruginosa and
Brucella infections; and as synergistic
treatment for streptococcal or entero-
coccal endocarditis. It should be con-
sidered for prophylactic use only in
patients at specific risk of developing
endocarditis from genitourinary or
gastrointestional procedures.’®

Gentamicin was given according to
current antibiotic guidelines!® in 47%
of our 103 patients; 52% were given
empirical gentamicin for longer than
the recommended 48 hours; and in
only 46% of patients was gentamicin
given in accordance with contempo-
rary antibiotic guidelines. Few medical
and surgical specialists prescribed
gentamicin based on culture results,
and in some cases continued it even
when culture showed that it was not
indicated.

Previous studies have examined the
inappropriate use of aminoglyco-
sides;?”?® in one, 10.2% of antibiotic-
days were deemed inappropriate.?’ An
education program for junior medical
officers improved appropriate prescrib-
ing of gentamicin from 52% to 78%.%°

Research

5 Diagnoses and compliance with current or contemporary
guideline indications for gentamicin; for current
indications, number with appropriate duration (< 48 h)

Number of patients

Guideline indications

Diagnosis Total Current (<48h) Contemporary
Endocarditis 18 18 (18) 18
Pneumonia 12 1 (1) 1
Sepsis 3 3 (0) 3
Urinary tract infection/ 9 6 (3) 6
sepsis

Febrile neutropenia 7 0 (na) 7
Wound infection/ulcer 10 0 (na) 0
Peritonitis 6 6 (0) 5
Surgical prophylaxis 8 5% (1) 5
Biliary sepsis 9 9 (0) 2
Pancreatitis 2 0 (na)

Septic joint/ 15 0 (0) 0
osteomyelitis

Thrombophlebitis 2 0 (na) 0
Other (otitis externa, 2 0 (na) 0
vascular abscess)

Total 103 48/103 (23/48) 47/103

na = not applicable as gentamicin not indicated on current guidelines. *In 4

of 5, gentamicin was listed as second choice.

6 Specialists prescribing gentamicin and compliance with
current or contemporary antibiotic guideline indications

Number of patients

*

Guideline indications

Specialty Total Current Contemporary
Cardiology; cardiac surgery 20 20 20
General surgery 29 17 9
General medicine 15 7 7
Urological surgery 3 2 2
Gynaecological surgery 1 1 1
Haematology 7 0 7
Rheumatology 1 0 0
Geriatric medicine 2 (0] 0
Respiratory medicine 9 1 1
Orthopaedic surgery 16 0 0
Total 103 48 47

Study limitations

As our study did not include a control
group, it is not possible, from our data
alone, to establish an unequivocal
causal link between gentamicin and
vestibulotoxicity. However, published
clinical’® and experimental®*? stud-
ies remove any doubt.

Minimising vestibulotoxicity

As there is always a risk of vestibulo-
toxicity with gentamicin, regardless of
dose or serum level, it should be given
only as recommended by antibiotic
guidelines'® and when there is no
safer alternative. Clinicians prescribing
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gentamicin should use bedside meth-
ods to monitor for vestibulotoxic-
ity,1%22 although this is possible only
in conscious, cooperative patients.
Stopping gentamicin treatment early
could prevent further damage, allow-
ing some hair cell regeneration and
recovery of vestibular function.*

Our report of 103 cases seen over 23
years suggests that vestibulotoxicity is
rare (Addendum). However, our crite-
ria excluded patients in whom we were
unable to obtain dosing and clinical
details, those with pre-existing renal
failure, and those with partial bilateral’
or unilateral vestibulotoxicity.34

GVT can occur with any dose, in
any regimen, at any serum level, and
is often not recognised. Vestibulotox-
icity can be devastating and con-
scious patients should be warned of
this risk before being treated with
gentamicin.

Acknowledgements: We thank Dr Richard Benn for
helpful discussions over many years and Dr Vicki
Levidiotis for reviewing the manuscript. The study
was supported by Garnett Passe and Rodney Williams
Memorial Foundation (Hamish MacDougall) and
National Health and Medical Research Council Grant
245515 (Michael Halmagyi).

Competing interests: Michael Halmagyi and Hamish
MacDougall have acted as unpaid consultants for GN
Otometrics.

Received 5 Jul 2011, accepted 5 Mar 2012.

1 Dobie RA, Black FO, Pezsnecker SC, Stallings VL.
Hearing loss in patients with vestibulotoxic
reactions to gentamicin therapy. Arch Otolaryngol
Head Neck Surg 2006;132: 253-257.

2 Seemungal BM, Bronstein AM. Aminoglycoside
ototoxicity: vestibular function is also vulnerable.
BMJ 2007, 335: 952.

3 Halmagyi GM, Fattore CM, Curthoys IS, Wade S.
Gentamicin vestibulotoxicity. Otolaryngol Head
Neck Surg1994;111: 571-574.

4 Black FO, Pesznecker S, Stallings V. Permanent
gentamicin vestibulotoxicity. Otol Neurotol 2004;
25: 559-569.

5 Ishiyama G, Ishiyama A, Kerber K, Baloh RW.

Gentamicin ototoxicity: clinical features and the

effect on the human vestibulo-ocular reflex. Acta

Otolaryngol 2006; 126: 1057-1061.

Ariano RE, Zelenitsky SA, Kassum D.

Aminoglycoside-induced vestibular injury:

maintaining a sense of balance. Ann

Pharmacother 2008; 42:1282-1289.

Minor LB. Gentamicin-induced bilateral

vestibular hypofunction. JAMA 1998; 279:

541-544.

Zingler VC, Cnyrim C, Jahn K, et al. Causative

factors and epidemiology of bilateral

vestibulopathy in 255 patients. Ann Neurol 2007;

61: 524-532.

Weber KP, Aw ST, Todd MJ, et al. Horizontal head

impulse test detects gentamicin
vestibulotoxicity. Neurology 2009; 72: 1417-1424.
10 Vital D, Hegemann SC, Straumann D, et al. A new
dynamic visual acuity test to assess peripheral
vestibular function. Arch Otolaryngol Head Neck
Surg 2010; 136: 686-691.

11 Vereeck L, Truijen S, Wuyts FL, Van de Heyning
PH. The dizziness handicap inventory and its

(-]

~

o

704 MJA196 (11) - 18 June 2012

7 Lateral, anterior and superior semicircular canal vestibulo-ocular reflexes measured with video-

oculography* during a head impulse test

A. Normal subject

Left lateral

Left anterior

1009/s Left posterior

Right lateral

Right anterior

Right posterior

B. Bilateral vestibulotoxicity

(A) In a normal subject, eye velocity (polarity inverted for ease of comparison) exactly matches head velocity for lateral, anterior
and posterior vestibulo-ocular reflexes. (B) In a patient with severe gentamicin vestibulotoxicity, vestibulo-ocular reflexes from all
six semicircular canals are severely deficient; patient makes salvos of catch-up saccades (arrows), often visible to the clinician.?
*|CS Video vestibulometry, GN Otometrics, Schaumburg, Illinois, USA, and Tastrup, Denmark. *
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1 Definitions of severe bilateral vestibular loss

Caloric testing: < 4°/s peak nystagmus slow-phase velocity from each
ear in response to 30°C and 44°C stimulation or < 6°/s in response to
0°C stimulation, or both.

Rotational testing: < 10°/s peak nystagmus slow-phase velocity, or
time constant of < 8s, or both, in response to a constant acceleration
stimulus of 20°/s? for 55, or 40°/s? for 3s or 100°/s*for 1s. *

Research

2 Hearing by age in 73 patients with gentamicin vestibulotoxicity (two ears) — average and range of lowest pure-tone thresholds

in decibels at 500—-8000 Hertz

Average (range) of lowest pure-tone thresholds in dB at 500—-8000 Hz

Age group No. of

(years) patients 500 1000 2000 4000 6000 8000
<30 1 5.0 10.0 15.0 5.0 10.0 0.0

31-40 5 5.5 (0-15) 6.5 (0-20) 75 (0-20) 12.0 (0-25) 20.0 (0-30) 21.0 (10-50)
41-50 4 20.5 (10-40) 22.0 (10-35) 23.0 (5-65) 18.0 (5-35) 20.0 (5-45) 455 (15-90)
51-60 15 15.0 (0-50) 14.0 (0-55) 21.0 (0-65) 32.0 (0-75) 39.0 (10-100) 46.0 (25-90)
61-70 18 19.0 (5-35) 20.0 (10-45) 26.0 (5-60) 39.0 (10-60) 46.0 (20-85) 72.0 (35-100)
71-80 26 25.0 (5-65) 26.0 (0-65) 35.0 (10-80) 49.0 (20-80) 65.0 (25-95) 73.0 (40-105)
81-90 4 29.0 (10-85) 28.0 (10-70) 59.0 (35-80) 77.0 (45-105) 85.0 (65-100) 86.0 (80-105)

3 Totaldose (mg/kg) versus daily dose (mg/kg/day) of gentamicin in 103 patients
with vestibulotoxicity

350
*
300
250
3.3mg/kg/day 240mg/day for 10 days
200 | in a 72kg patient
*
150 | < o
:: * * *
*
100 o e
. .“ * ' e 0 ¢ -
50 R A PR PR
. otare : 33mg/kg
. ”» & s 3 LIPS v
0 | se Do t W, e | | |
0 1 2 3 4 5 6 7 8

Daily dose (mg/kg/day)

The horizontal and the vertical lines showing total dose (33 mg/kg) and daily dose (3.3 mg/kg/day),
respectively, represent a typical dose of 240 mg/day given for 10 days to a 72 kg patient. Note that 50
patients had less than this total dose, 48 patients had less than this daily dose, and 29 patients had
both. *
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