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Risk Factors for Toxicity in Elderly Patients Given 
Aminoglycosides Once Daily
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OBJECTIVE: 

 

To determine the risk factors for aminoglyco-
side toxicity in the elderly.

 

DESIGN: 

 

Prospective observational study.

 

SETTING: 

 

Acute care teaching hospital serving predominantly
veterans.

 

PARTICIPANTS: 

 

Consecutive patients aged 70 years and over
receiving aminoglycosides.

 

INTERVENTIONS: 

 

None.

 

MEASUREMENTS AND MAIN RESULTS: 

 

Thirteen (15%) of 88
patients developed aminoglycoside-related nephrotoxicity and
3 (3.4%) developed otovestibular toxicity. Multivariate analy-
sis showed that increasing duration of aminoglycoside therapy
was the only factor significantly associated with development
of toxicity. Elevated baseline serum creatinine level (

 

p

 

 

 

5

 

 .02)
and use of allopurinol (

 

p

 

 

 

5

 

 .03) were risk factors specifically
for nephrotoxicity. Only 2 (3.9%) of 51 patients receiving
aminoglycosides 7 or fewer days developed nephrotoxicity,
as compared with 11 (30%) of 37 receiving the drugs for 8 to
14 days and 4 (50%) of 8 treated for more than 14 days.

 

CONCLUSIONS: 

 

Although toxicity is common in elderly pa-
tients treated with aminoglycosides, limiting the duration of
aminoglycoside therapy to less than a week can substantially
reduce risk of toxicity.
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A

 

minoglycosides are traditionally administered every
8 hours. However, recent reviews have suggested

that administration in larger and less frequent doses (for
example, 4–7 mg/kg body weight once per day) offers sev-
eral advantages, possibly including reduced toxicity.

 

1

 

Advanced age has long been held to be an important
risk factor in the development of aminoglycoside-related
toxicity.

 

2,3

 

 For this reason many physicians avoid use of
aminoglycosides in the elderly. However, intolerance to
antibiotics of other classes and the emergence of organ-
isms that exhibit resistance to quinolones or 

 

b

 

-lactam an-
tibiotics (including the cephalosporins) has necessitated

retention of aminoglycosides as part of the clinical arma-
mentarium for this patient group. Furthermore, ami-
noglycosides remain useful because of their potential
for synergy when used in combination with other classes
of antibiotics. Examples of clinically demonstrated syn-
ergy include lowered mortality when aminoglycosides and

 

b

 

-lactam antibiotics are used in the treatment of significant
sepsis due to 

 

Pseudomonas aeruginosa

 

 and 

 

Klebsiella
pneumoniae

 

.

 

4,5

 

 Finally, aminoglycosides are significantly
cheaper than 

 

b

 

-lactam antibiotics or quinolones, and may
be preferred in some settings purely for this reason.

Given that aminoglycosides may still be a useful class
of antibiotic for the elderly, the purpose of this study was
to determine the risk factors for aminoglycoside toxicity in
the patients aged 70 years or over. Furthermore, we aimed
to develop strategies to reduce aminoglycoside-related tox-
icity in the elderly. All patients were administered ami-
noglycosides on an extended-interval (once daily) dosage
schedule.

 

METHODS

 

All patients receiving an aminoglycoside from Sep-
tember 25 to November 30, 1996, at an acute care teach-
ing facility that serves predominantly veterans were pro-
spectively evaluated. Consecutive patients aged 70 years
or over who were receiving aminoglycosides and were not
in the intensive care or hemodialysis units were included
in this study. Demographic details collected at baseline
included age, gender, number of days hospitalized in the
last year, previous aminoglycoside use, indication for
aminoglycoside, and presence of other factors predispos-
ing to renal disease (such as diabetes mellitus, hyperten-
sion, peripheral vascular disease, gout, or renal calculi).
Serum creatinine level was measured at the commence-
ment of the aminoglycoside course in all patients, and cre-
atinine clearance was determined by use of the Cockcroft-
Gault formula.

 

6

 

 Use of nephrotoxic drugs (for example,
vancomycin, diuretics, angiotensin-converting enzyme in-
hibitors, nonsteroidal anti-inflammatory agents, allopu-
rinol, and amphotericin) or intravenous radiologic contrast
medium during the aminoglycoside course was recorded.
Other factors that have been linked to nephrotoxicity
such as hypotension (defined as systolic blood pressure
less than 80 mm Hg) and sepsis occurring during the
aminoglycoside course were also recorded. Fluid and hy-
dration status was not formally assessed. The weight of
patients was followed daily.

Serum creatinine level was measured every 2 days dur-
ing the aminoglycoside course and for 7 days after its com-
pletion, for patients who remained as hospital inpatients
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after the course was completed. Nephrotoxicity was de-
fined as a rise in serum creatinine above the baseline level
of 0.5 mg/dL (0.045 mmol/L) or more.

 

7

 

 Ototoxicity or ves-
tibular toxicity was evaluated only by means of history
and physical examination in the vast majority of patients.
Formal audiometric testing was performed only if there
was clinical suspicion of hearing loss. Ototoxicity was de-
fined as an increase in auditory threshold of 15 dB or
more at any of two or more frequencies.

 

8

 

 Vestibular toxic-
ity was defined as complaint of nausea or vertigo, which
commenced after the aminoglycoside course had started
and for which no other cause could be found.

Patients were given a starting dose of 4 mg/kg, ad-
ministered over 30 minutes. Subsequent doses were rec-
ommended on the basis of individual pharmacokinetics.
This was determined by collecting two serum samples af-
ter the first dose and then every other dose of aminoglyco-
side. Levels were collected by a small team of phleboto-
mists who were given extensive instruction regarding
collection of serum relative to time of aminoglycoside infu-
sion. The first serum sample was collected on completion
of the infusion, and the second approximately 6 hours
later. These levels were used to calculate the area under
the serum aminoglycoside concentration-time curve. The
recommended dose was obtained by multiplying the dose
that had been given by a target 24-hour area under the
curve (that would be expected in a patient with mean pop-
ulation values of volume of distribution and half-life of
elimination), divided by the measured 24-hour area under
the curve. These calculations were made using a previ-
ously described software program.

 

9

 

 Peak levels of at least
12 mg/L were also a target of this pharmacokinetic pro-
gram. Once-daily dosing was the preferred frequency of
administration, except if this was not pharmacokineti-
cally indicated.

Patient demographics and laboratory data were en-
tered into PROPHET Statistics (BBN Systems and Tech-
nologies, Cambridge, Mass.). The paired Student’s 

 

t

 

 test
was used for continuous variables, and 

 

x

 

2

 

 test for bino-
mial data. Potential risk factors for nephrotoxicity were
analyzed by a logistic regression model and correlation
analysis. The level of statistical significance was regarded
as 

 

p

 

 

 

,

 

 .05.

 

RESULTS

 

This study included 88 patients aged 70 years or
older who had received an aminoglycoside. These patients
ranged from 70 to 91 years old (mean 77.9 years): 22 pa-
tients were 70–74 years, 36 were 75–79, 24 were 80–85
and 6 were more than 85 years old. Seventy-two (82%) of
the patients were male. The patients had spent a mean of
22.6 days in hospital in the last 365 days. Thirty (34%)
had previously received an aminoglycoside during a hos-
pital admission in the last year. Indications for aminogly-
cosides during the current admission included infective
exacerbations of chronic obstructive airways disease (31

patients), pneumonia (16 patients), urinary tract infection
(8 patients), intra-abdominal infection (6 patients), and
other infections (16 patients).

Seventy-three (83%) of the aminoglycoside courses
were with gentamicin, and 15 (17%) were with tobramy-
cin. No patient in this series received amikacin. The mean
duration of the aminoglycoside course was 7.5 days
(range 1–20 days). The percentage of patients receiving
aminoglycosides according to the duration of therapy was
as follows: 1 to 3 days, 20%; 4 to 5 days, 19%; 6 to 7
days, 18%; 8 to 10 days, 20%; 11 to 14 days, 13%; more
than 14 days, 9%.

In all, 15 (17%) of 88 patients who received aminogly-
cosides developed aminoglycoside-related toxicity. Two pa-
tients (one of whom also developed nephrotoxicity) devel-
oped vestibular toxicity, and one developed ototoxicity,
according to the audiometric definition previously men-
tioned. Thirteen (15%) of the 88 patients treated with ami-
noglycosides developed nephrotoxicity during the treatment
course. The peak serum creatinine level during or within 1
week after the aminoglycoside course, in those who met the
definition of nephrotoxicity, was 0.12 to 0.15 mmol/L (1.4
to 1.7 mg/dL) in three patients, 0.16 to 0.20 mmol/L (1.8 to
2.3 mg/dL) in three patients, 0.21 to 0.3 mmol/L (2.4 to 3.7
mg/dL) in four patients, and above 0.30 mmol/L (3.7 mg/
dL) in three patients. One patient whose serum creatinine
level rose from 0.23 mmol/L (2.6 mg/dL) at baseline to 0.61
mmol/L (6.9 mg/dL) at the conclusion of his aminoglyco-
side course died from the effects of uremia.

The study population had a high rate of concomitant
factors that may have contributed to poor renal function.
Mean baseline creatinine level was 0.125 mmol/L (1.4 mg/
dL), and estimated creatinine clearance was 46 mL/min.
Almost two thirds (65%) were on another drug known to be
nephrotoxic during the aminoglycoside course. These in-
cluded diuretics (33%), nonsteroidal anti-inflammatory
agents (23%), angiotensin-converting enzyme inhibitors
(22%), vancomycin (17%), allopurinol (14%), and amphot-
ericin (2.3%). Almost one third (32%) were concomitantly
on more than one other nephrotoxic drug. In addition, 21
(24%) of the 88 patients received intravenous radiographic
contrast medium, and 12 (14%) suffered a severe hypoten-
sive episode during the aminoglycoside course. Twenty-five
(29%) had a history of peripheral vascular disease, 11
(13%) were diabetics, and 5 (5.7%) had a history of struc-
tural renal tract abnormalities.

Using univariate analysis, risk factors for nephrotox-
icity during the aminoglycoside course included increas-
ingly advanced age (

 

p

 

 

 

5

 

 .02) and prolonged duration of
therapy (

 

p

 

 

 

5

 

 .004) (Table 1). Variables that approached
statistical significance included concomitant allopurinol
use (

 

p

 

 

 

5

 

 .07), significant hypotension during the amino-
glycoside course (

 

p

 

 

 

5

 

 .07), and an elevated baseline creat-
inine level (

 

p

 

 

 

5

 

 .095). Factors that did not influence
development of nephrotoxicity included type of aminoglyco-
side used (gentamicin or tobramycin); gender; number of
days in hospital in the previous year; number of days of
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aminoglycoside use in the previous year; and concomitant
therapy with vancomycin, nonsteroidal anti-inflammatory
agents, diuretics, angiotensin-converting enzyme inhibitors,
and intravenous radiographic contrast agents (Table 1).

When multivariate analysis was performed, utilizing
age, duration of therapy, concomitant use of allopurinol,
baseline creatinine level, and hypotension during the ami-
noglycoside course in the model, duration of therapy (

 

p

 

 

 

5

 

.004), baseline creatinine level (

 

p

 

 

 

5

 

 .02), and use of allo-
purinol (

 

p

 

 

 

5

 

 .03) were found to be significantly associated
with nephrotoxicity. Increasing age was not significantly re-
lated to nephrotoxicity in the multivariate analysis (

 

p

 

 

 

5

 

 .06).
The relation between duration of aminoglycoside

course and development of nephrotoxicity is given in Fig-
ure 1. No patient who received aminoglycosides for 3 or
fewer days developed nephrotoxicity. Only 2 (3.9%) of 51
patients who received aminoglycosides 7 or fewer days de-
veloped nephrotoxicity. In contrast, 11 (30%) of 37 pa-
tients receiving aminoglycosides for more than 7 days de-
veloped nephrotoxicity. When aminoglycosides were given
for more than 14 days, 4 (50%) of 8 patients developed
nephrotoxicity.

The relation between baseline serum creatinine level
and development of nephrotoxicity is given in Figure 2.
Only 8 (12%) of 69 patients with a baseline creatinine
level less than 1.7 mg/dL (0.15 mmol/L) developed neph-
rotoxicity, as compared with 5 (26%) of 19 who had base-
line creatinine level of more than 1.7 mg/dL. There was no
correlation between baseline creatinine level of more than
1.7 mg/dL and prolonged duration of aminoglycoside ther-
apy (

 

p

 

 

 

.

 

 .20).
Only three patients had otovestibular toxicity, so it

was impossible to assess specific risk factors for this
adverse effect of aminoglycosides. When the risk of any

toxicity was assessed (that is, either nephrotoxicity or oto-
vestibular toxicity), using both univariate and multivari-
ate analyses, duration of aminoglycoside therapy was the
only factor associated with toxicity (

 

p

 

 

 

5

 

 .01).

 

DISCUSSION

 

Animal studies have suggested that the susceptibility
to aminoglycoside-related nephrotoxicity in the elderly
arises from the declining renal excretory function in this
age group.

 

10,11

 

 It is possible that this is due to the im-
paired capacity for cellular repair and regeneration in the
elderly.

 

12

 

 Some authorities suggest avoiding aminoglyco-
sides completely in all elderly people because of the pro-
pensity for toxicity. However, our aim was to determine

 

Table 1. Association of Variables with Development of Nephrotoxicity (Univariate Analysis)

 

Variable
Nephrotoxicity

(

 

n

 

 

 

5

 

 13)
No Nephrotoxicity

(

 

n

 

 

 

5

 

 75)

 

p

 

 Value

 

Age (mean), years 80.7 77.4 .02*
Male, % 77 83

 

.

 

.20
Duration of aminoglycoside course (mean), days 11.2 6.8 .004*
Mean days in hospital in last year 37.1 20.1 .115
Mean days of aminoglycoside in last year 4.9 2.8 .35
Mean baseline creatinine, mmol/L 0.147 0.121 .095
Mean creatinine clearance, mL/min 39.6 46.7 .21
Hypotension during course, 

 

n

 

 (%) 4 (31) 8 (11) .07
Drug use, 

 

n

 

 (%)
Tobramycin 3 (23) 12 (16)

 

.

 

.20
Allopurinol 4 (31) 8 (11) .07
Vancomycin 2 (15) 13 (17)

 

.

 

.20
NSAID

 

†

 

4 (31) 15 (21)

 

.

 

.20
Diuretic 6 (46) 23 (31)

 

.

 

.20
ACEI

 

‡

 

3 (23) 16 (21)

 

.

 

.20
IV contrast medium 3 (23) 18 (24)

 

.

 

.20

*

 

Significant; all other 

 

p

 

 values were nonsignificant.

 

†

 

NSAID indicates nonsteroidal anti-inflammatory drug.

 

‡

 

ACEI indicates angiotensin-converting enzyme inhibitor.

FIGURE 1. Duration of the aminoglycoside course and its rela-
tion to nephrotoxicity.
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whether there is a subgroup of this population that can
be safely administered aminoglycosides.

We have found that the likelihood of toxicity attribut-
able to aminoglycosides increases with increasing dura-
tion of administration of the drug. This was evident for
both nephrotoxicity and all toxicities combined. Although
only 3.9% of patients developed nephrotoxicity during a
course of 7 days or fewer, 30% developed nephrotoxicity
when a course of longer than a week was given.

Animal studies have shown that at least several days
of aminoglycoside administration are needed before evi-
dence of nephrotoxicity occurs.

 

13,14

 

 In addition, studies on
humans who received multiple daily doses of aminoglyco-
sides have shown the relation between duration of ther-
apy and development of toxicity in some,

 

15

 

 but not all
studies.

 

16

 

 Studies that have analyzed a relation between
duration of aminoglycoside therapy given once daily and
risk of toxicity have been similarly divergent. Examination
of the data of Nicolaou et al. shows that 3.0% of patients
treated with aminoglycosides for more than 7 days devel-
oped nephrotoxicity as compared with 0.8% of those
treated for 7 days or fewer (

 

p

 

 

 

,

 

 .05).

 

17

 

 Their study popula-
tion was considerably younger than our own (median age,
46 years vs 77.9 years in this report). In contrast, other
authors who have examined once-daily therapy have
found no statistically significant association between du-
ration of therapy and nephrotoxicity,

 

7

 

 or they found an
association for gentamicin but not for tobramycin.

 

18

 

 In
one of these studies, sample size was small and a trend
was apparent (mean duration of therapy 9.7 days for
those who developed nephrotoxicity and 7.9 days for
those who did not), but this did not reach statistical sig-
nificance (

 

p

 

 

 

5

 

 .14).

 

7

 

An association between duration of aminoglycoside
therapy and development of nephrotoxicity or ototoxicity
appears biologically plausible. Aminoglycoside nephrotox-
icity can be attributed to absorptive influx of the drug at

proximal convoluted tubule cells. This may lead to an ac-
cumulation of myeloid bodies within lysosomes, thereby
inhibiting lysosomal phospholiases with a subsequent de-
crease in sphingomyelinase activity.

 

1

 

 The uptake of ami-
noglycosides may be a saturable process

 

19

 

; over the course
of a number of days sufficient aminoglycoside becomes
accumulated in proximal tubule cells to lead to decreased
renal tubular function.

In addition to prolonged duration of administration,
we found that baseline creatinine level and concomitant
use of allopurinol were independent risk factors for devel-
opment of nephrotoxicity related to aminoglycoside use.
Poor baseline renal function has been found to be an in-
dependent risk of nephrotoxicity in patients receiving
multiple daily dosing.

 

16,20,21,22

 

 In our study, 26% of patients
who had a baseline creatinine level of 1.7 mg/dL (0.15
mmol/L) or greater developed nephrotoxicity as compared
with 12% of patients with a baseline creatinine level less
than 1.7 mg/dL. In a recent study of aminoglycoside tox-
icity, also in an elderly population, no association was
found between baseline serum creatinine level and neph-
rotoxicity.

 

7

 

 However, patients with baseline serum creati-
nine level greater than 0.176 mmol/L were excluded from
entry into that study, and the mean baseline serum crea-
tinine level of those assessed was 0.088 mmol/L (1.0 mg/
dL). In contrast, we had no exclusion criteria based on se-
rum creatinine level and had a greater diversity of base-
line serum creatinine levels with a mean level of 0.125
mmol/L (1.4 mg/dL).

Concomitant use of a variety of nephrotoxic drugs (for
example, vancomycin or nonsteroidal anti-inflammatory
agents) with an aminoglycoside is associated with in-
creased risk of nephrotoxicity.

 

22–24

 

 We found a trend to-
ward greater nephrotoxicity in patients receiving concom-
itant nonsteroidal anti-inflammatory drugs or diuretics,
but this did not reach statistical significance. Given that
less than a third of patients received these medications
and that our sample size was relatively small (

 

n

 

 

 

5

 

 88), the
power of our study was too small to detect whether these
concomitant drugs really increase the nephrotoxicity of
aminoglycosides. We were unable to confirm the previ-
ously described association between concomitant vanco-
mycin and aminoglycoside use and development of renal
impairment. The duration of concomitant therapy with
both vancomycin and an aminoglycoside is probably an
important determinant of nephrotoxicity of the antibiotic
combination. Patients treated with vancomycin and an
aminoglycoside for a prolonged duration (even 14 days or
more), such as for sepsis or endocarditis due to methicillin-
resistant 

 

Staphylococcus aureus

 

 (MRSA), appear more
likely to develop nephrotoxicity than those with short peri-
ods of concomitant therapy. In one study, 22% of those
given combination therapy developed nephrotoxicity; com-
bination therapy had been given for a mean of 12.6 days.

 

24

 

In our study, 2 (25%) of 8 patients receiving both antibiot-
ics for more than 10 days developed nephrotoxicity. None
of seven patients receiving dual antibiotic therapy for less

FIGURE 2. Association between baseline serum creatinine
level and subsequent development of nephrotoxicity.
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than 10 days developed nephrotoxicity. Hence, duration of
combination vancomycin-aminoglycoside therapy is proba-
bly the most important determinant of the likelihood of
nephrotoxicity developing.

Concomitant allopurinol use has not been previously
mentioned to be a risk factor for aminoglycoside-related
nephrotoxicity. This may in part be because gout is more
common in the elderly, and hence this study of elderly pa-
tients is more likely to reveal such a risk. Allopurinol is an
inhibitor of xanthine oxidase,

 

25

 

 and can in some patients
produce renal dysfunction. Our study suggests that in
this elderly population aminoglycosides and allopurinol
may have an additive effect in producing nephrotoxicity.

In summary, a number of risk factors for aminoglycoside-
related toxicity in the elderly receiving once-daily dosing
have been identified in this study. Aminoglycosides do not
have to be avoided in the elderly. Rather, by limiting the
duration of therapy to no more than 1 week, and by avoid-
ing the drug in patients with baseline serum creatinine
level greater than 1.7 mg/dL, toxicity can be limited. Ami-
noglycoside use in the elderly should be prospectively eval-
uated to validate these guidelines. Our linkage of toxicity
associated with allopurinol use remains to be confirmed by
other investigators.
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