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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Gentamicin pharmacokinetics show wide

inter-individual variability across all age
groups and impaired gentamicin clearance
is associated with impaired creatinine
clearance in older people.

• Changes in body composition and renal
function with old age and frailty are likely to
affect the pharmacokinetics of gentamicin.

• There is current debate on whether the
Modification of Diet in Renal Disease
(MDRD) equation estimate of glomerular
filtration rate (GFR) should replace the
Cockcroft Gault equation estimate of
creatinine clearance for calculation of doses
of renally excreted drugs.

WHAT THIS STUDY ADDS
• The volume of distribution of gentamicin is

not significantly lower in frail than in non
frail older people.

• The correlation between volume of
distribution of gentamicin and actual
bodyweight is poor in frail and moderate in
non frail older people.

• Gentamicin clearance is significantly lower
in frail than in non frail older people.

• The Cockcroft Gault calculation of creatinine
clearance, calculated using ideal
bodyweight, gave the best estimate of
gentamicin clearance in this population of
frail and non frail older people.

• The MDRD estimate of GFR and Cockcroft
Gault estimate of creatinine clearance,
calculated using actual bodyweight,
overestimate gentamicin clearance in frail
and non frail older people.

AIMS
Frailty, a syndrome of decreased physiological reserve that is prevalent
in old age, impacts on clinical pharmacology. The aims of the study
were to (1) determine whether frailty affects the pharmacokinetics of
gentamicin and (2) assess the accuracy of different estimates of body
size and renal clearance as estimates of gentamicin pharmacokinetics
in older inpatients.

METHODS
This was an observational study of gentamicin pharmacokinetics in a
cohort of Australian hospital inpatients aged �65 years, who were
administered prophylactic intravenous gentamicin.

RESULTS
Of the 31 participants, 14 were frail and 17 non frail on the Reported
Edmonton Frail Scale. The mean volume of distribution of gentamicin
was 14.8 � 1.4 l in frail participants and 15.3 � 2.2 l in non frail (NS).
Volume of distribution correlated best with lean bodyweight.
Gentamicin clearance was significantly lower in frail participants (46.6
� 10.7 ml min-1) than in non frail (58.2 � 12.4 ml min-1, P = 0.01). The
Cockcroft Gault estimate of creatinine clearance calculated using ideal
bodyweight gave the best estimate of gentamicin clearance (mean
error – 0.15 ml min-1, 95% CI -2.67, 2.39). The Cockcroft Gault creatinine
clearance calculated using actual bodyweight and the estimated
glomerular filtration rate from the modified diet in renal disease
equation overestimated gentamicin clearance, with mean errors of
-10.15 ml min-1 (95%CI -13.60, -6.71) and -18.86 ml min-1 (95% CI
-22.45, -15.27), respectively. The Cockcroft Gault creatinine clearance
calculated using lean bodyweight underestimated gentamicin
clearance (mean error 6.54 ml min-1, 95% CI 4.18, 8.90).

CONCLUSIONS
Frail older people have significantly lower gentamicin clearance than
non frail. The best estimate of gentamicin clearance is obtained from
the Cockcroft Gault creatinine clearance calculated using ideal
bodyweight.
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Introduction

Gentamicin is a broad spectrum aminoglycoside bacterio-
cidal antibiotic that is used frequently in older patients to
prevent and treat infections caused by gram negative bac-
teria [1, 2].The efficacy of gentamicin requires an adequate
peak concentration, and the toxicity relates to the area
under the concentration–time curve. Optimal dosing of a
narrow therapeutic index drug such as gentamicin is criti-
cal in old age and frailty to ensure benefit with minimal
adverse effects. Frailty is characterized by high susceptibil-
ity to disease, impending decline in physical function and
reduced functional reserve [3, 4]. Recently, several vali-
dated measures of frailty have been developed that can
facilitate research into the clinical pharmacology of frailty
[4–6].

Gentamicin is a hydrophilic drug that is distributed to
body water and excreted unchanged by the kidneys, pre-
dominantly by glomerular filtration.Factors that may affect
the pharmacokinetics of gentamicin in old age include
reduced lean bodyweight and declining renal function, as
well as drug interactions from the increasing prevalence of
polypharmacy. These factors are likely to be more preva-
lent in frail older people [7]. Previous studies of gentamicin
pharmacokinetics demonstrated wide inter-individual
variability in volume of distribution across all age groups,
and impaired gentamicin clearance which was associated
with impaired creatinine clearance in older people [2].

An equation for estimating lean bodyweight was
recently validated in frail and non frail community dwelling
older men [8], and hospitalized older women [9], which
may provide a good estimate of volume of distribution of
hydrophilic drugs like gentamicin. There is currently
debate on whether the Modification of Diet in Renal
Disease (MDRD) equation estimate of glomerular filtration
rate [10] should replace the Cockcroft Gault equation esti-
mate of creatinine clearance [11] for calculation of doses of
renally excreted drugs [10, 12], with evidence that MDRD
tends to systematically overestimate renal function in geri-
atric inpatients [13–16]. Stratification of older patients by
frailty may allow better prediction of gentamicin pharma-
cokinetics and identification of clinical measures to esti-
mate these parameters.

The primary aim of this study was to evaluate the phar-
macokinetics (volume of distribution and clearance) of
gentamicin in frail and non frail older hospital patients in
Sydney, Australia. A secondary aim was to assess the accu-
racy of different estimates of body size and renal clearance
as estimates of gentamicin volume of distribution and
clearance in this population.

Methods

A prospective, observational study of gentamicin pharma-
cokinetics was performed in frail and non frail urology

inpatients aged �65 years receiving a single dose of pro-
phylactic gentamicin.The survey was conducted from Feb-
ruary 2008 to September 2009 across three teaching
hospitals in Sydney, Australia: The Royal North Shore Hos-
pital (RNSH), Hornsby Hospital and Ryde Hospital. Patients
unable to speak English and those with severe cognitive
or hearing impairments were excluded. The study was
approved by the Human Research Ethics Committee of the
Northern Sydney and Central Coast Health Service, Sydney,
Australia.Signed informed consent was obtained from par-
ticipants, or if they were not competent, from the person
responsible.

Patients were screened for frailty at the baseline inter-
view using the Reported Edmonton Frailty Scale [6]. The
Reported Edmonton Frail Scale is based on performance in
10 different domains including cognitive impairment,
balance and mobility, mood, functional independence,
medication use, social support, nutrition, health attitudes,
continence, burden of medical illness and quality of life.
Reports are obtained from the patient, carer and/or
medical notes. All patients who received a score of 8 or
above were classified as frail and those with scores less
than 8 were non frail. Baseline assessments included
demographics, use of medications and self reported phy-
sician diagnosis of renal disease risk factors. Risk factors for
renal disease were derived from the National Kidney Foun-
dation disease outcomes initiative clinical guidelines [17]
and from a validated survey to detect occult kidney
disease [18]. The Charlson Co-Morbidity Scale was used to
screen for co-morbidities [19]. The patient’s hospital and
medical records were reviewed after the interview for
additional or unreported data.

Ideal body weight (IBW) was calculated for each patient
based on their gender, height and estimated body frame
using the Devine formula [20].

IBW kg kg
kg

cm
of height cmMale( ) = + >50

0 9
152

.

IBW kg kg
kg

cm
of height cmFemale( ) = + >45 5

0 9
152.

.

Lean bodyweight (LBW) was estimated using the gender
specific semi-mechanistic LBW equations [21]:

LBW kg
Wt

BMIMale( ) =
×

+ ×( )
9270

6680 216

LBW kg
Wt

BMIFemale( ) =
×

+ ×( )
9270

8780 244

where Wt is weight (kg) and BMI is body mass index
(kg m-2).

During the urology surgery, the dose of gentamicin
administered, time and duration of infusion were recorded
for all participants. A venous blood sample was taken
30–60 min after the end of the infusion for measurement
of serum creatinine and gentamicin concentration. Addi-
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tional samples were collected after 2 h and where possible,
4–6 h, for gentamicin concentrations. Blood samples were
delivered to hospital pathologists within the Pacific Labo-
ratory Medicine Services for analysis. For each patient, con-
centrations of serum creatinine were measured on the
Roche Modular Autoanalyzer. Gentamicin concenatrations
were measured using a Siemens Dimension RxL analyzer
with Siemens reagents and calibrators. The calibrators are
traceable to United States Pharmacopeia standards. At
mean concentrations of 2.5 mg l-1, 5.3 mg l-1 and 7.1 mg l-1

the coefficients of variation were 5.6%, 2.8% and 2.3%,
respectively. The lower limit of quantitation was 0.5 mg l-1.

Estimation of gentamicin pharmacokinetics
and renal function
Gentamicin volume of distribution and clearance were
determined using the Target Concentration Intervention
(www.tciworks.info/) software, which is a population phar-
macokinetics software package that uses an algorithm for
dose individualization for patients [22]. The precision and
validity of TCIWorks at estimating volume of distribution
and clearance have been evaluated against the gold stan-
dard population pharmacokinetic modelling program
NONMEM. In this evaluation, TCIworks provided similar
accuracy and precision on all test examples to NONMEM
(Personal communication, Carl Kirkpatrick TCIWorks devel-
opment team).

Creatinine clearance was estimated from the Cockroft
Gault equation. For each participant, creatinine clearance
was calculated using the participant’s actual bodyweight
as well as their ideal bodyweight and lean bodyweight. As
the lean bodyweight equations are gender specific, the
0.85 correction for females was only applied to the Cock-
croft Gault equation when actual and ideal bodyweights
were used [23]. Each participant’s eGFR, determined by the
MDRD equation, was also derived from results of biochem-
istry reports and normalized to the participant’s body
surface area using the Dubois-Dubois formula [24].

Data analysis
In this study four different methods were used to estimate
renal function: (i) the Cockcroft Gault equation for creati-
nine clearance using actual bodyweight, (ii) the Cockcroft
Gault equation for creatinine clearance using ideal body-
weight, (iii) the Cockcroft Gault equation for creatinine
clearance using lean bodyweight and (iv) the MDRD equa-
tion for estimated glomerular filtration rate. Each equation
generated a different estimate of renal function, which was
then compared with gentamicin clearance. The predictive
performance of the equations to estimate gentamicin
clearance was determined graphically using Bland-Altman
plots [25] generated with Statistical Package for the Social
Sciences (SPSS) Graduate Pack version 17.0 (Chicago, IL,
USA) and quantitatively using precision and bias statistics
[26] using Microsoft Office Excel 2007.

Bland-Altman plots demonstrated the agreement
between each equation and gentamicin clearance. The
limits of agreement were defined as the mean difference
between gentamicin clearance and each equation � two
standard deviations (SD) of the difference [25]. Precision
and bias statistics were also calculated to determine the
predictive performances of the equations: Cockcroft Gault
(using actual, ideal and lean body weight) and MDRD in
relation to gentamicin clearance [26]. The predictive per-
formance of the equations was assessed in terms of the
mean error (ME), a measure of bias, which should include
zero in a nonbiased model, and root mean square error
(RMSE), a measure of precision, with 95% confidence inter-
vals (CI) [26].

The Statistical Package for the Social Sciences (SPSS)
Graduate Pack version 17.0 (Chicago, IL, USA) was used for
data entry and generation of descriptive statistics. Cross-
tabulations were constructed to summarize nominal vari-
ables across different groups and Chi squared tests
assessed differences in their distribution. Frail and non frail
participant characteristics and pharmacokinetics were
compared using Student’s t-test in which differences were
considered statistically significant when P < 0.05.The asso-
ciation of gentamicin volume of distribution with each
measure of bodyweight was measured using Pearson’s
correlation.

Sample size was estimated using SAS Power and
Sample Size 3.1 (SAS Institute Inc., Cary, NC, USA) at 16
participants in each group, based on a difference in gen-
tamicin clearance (effect size) of 10 ml min-1 between frail
and non frail participants, and a statistical power of 80% at
the 0.05 alpha level, as this was likely to be a clinically
significant difference for dosing guideline brackets. Vari-
ability was estimated from previous studies [2].

Results

Of 127 patients who were screened, 57 met eligibility cri-
teria and 31 participated in the study. Most of those who
were ineligible were under the age of 65 years.The partici-
pants had a mean age (�SD) of 77.0 (�7.1) years and were
predominantly male (80.6%). The frail participants (n = 14)
were significantly older and shorter than the non frail par-
ticipants (n = 17) and used more medications.The majority
of participants underwent cystoscopies, with one non frail
patient undergoing an open prostatectomy. Estimated
creatinine clearance calculated using ideal bodyweight
and lean bodyweight were both significantly lower in the
frail than in the non frail participants. Table 1 shows the
baseline characteristics of participants stratified by frailty.

The pharmacokinetic parameters of gentamicin in the
frail and non frail participants are summarized in Table 2.
The volume of gentamicin distribution in frail patients was
not significantly lower than in the non frail participants.
Gentamicin clearance was significantly lower in the frail
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than the non frail (P = 0.01). The volume of distribution
correlated best with lean bodyweight, and least well with
actual bodyweight, particularly in the frail participants
(Table 3).

Figure 1 represents the Bland–Altman analysis of
agreement plots for each estimate of renal function with
gentamicin clearance, for all participants stratified by
frailty status. Gentamicin clearance was overestimated by
both the equation calculated using actual bodyweight
(Figure 1A) and ideal bodyweight (Figure 1B), as well as by

the MDRD equation (Figure 1D) with mean differences
(limits of agreement) of -10.15 ml min-1 (-28.95,
8.65 ml min-1), -0.15 ml min-1 (-13.99, 13.69 ml min-1) and
-18.86 ml min-1 (-38.44, 0.72 ml min-1), respectively. The
Cockcroft Gault equation calculated using lean body-
weight (Figure 1C) underestimated gentamicin clearance
with mean differences (limits of agreement) of
6.54 ml min-1 (-6.32, 19.40 ml min-1).

Table 4 represents the predictive performance of the
four estimates of renal function compared with gentami-
cin clearance, stratified by frailty. The magnitude of bias
was consistently smaller in both the frail and non frail
patients for creatinine clearance using ideal bodyweight
compared with the other three estimates. This indicates
that the use of ideal bodyweight in the Cockcroft Gault
creatinine clearance calculation gave relatively better esti-
mates of actual renal function with respect to gentamicin
clearance. The creatinine clearance estimate using ideal
bodyweight gave a smaller RMSE value in both frail and
non frail groups, indicating better precision in estimating
actual gentamicin clearance. Relative to the other
methods, the MDRD estimate gave the largest magnitude
of bias and had the poorest precision in both frail and non
frail participants.

Discussion

In this study of older inpatients receiving prophylactic gen-
tamicin,we observed no significant difference in volume of
distribution and a significant reduction in clearance of
gentamicin in the frail compared with the non frail partici-
pants. Volume of distribution correlated best with lean
body weight in all participants,and particularly poorly with

Table 1
Baseline characteristics of frail and non frail participants

Parameter Frail (n = 14) Non frail (n = 17) P value

Age (years) 80.4 � 6.4 74.2 � 6.5 <0.05
Gender (male/female) 12/2 14/3 NS

Charlson Co-morbidity Score 3.1 � 1.9 2.4 � 1.9 NS
Number of medications 4.6 � 2.0 2.1 � 1.8 0.001

Number of renal disease risk factors 1.35 � 1.06 1.57 � 0.94 NS
Height (cm) 165.1 � 8.6 171.2 � 7.4 <0.05

Actual bodyweight (kg) 77.1 � 11.7 76.8 � 10.8 NS
Ideal bodyweight (kg) 62.0 � 6.5 66.4 � 7.9 NS

Lean bodyweight (kg) 54.6 � 8.8 55.8 � 8.4 NS
SCr (mg dl-1) 1.1 � 0.1 1.0 � 0.3 NS

CGABW (ml min-1) 56.7 � 16.0 68.4 � 15.9 NS
CGIBW (ml min-1) 45.7 � 10.9 59.4 � 13.8 <0.01

CGLBW (ml min-1) 40.8 � 10.7 51.0 � 11.5 <0.05
eGFR (ml min-1) 65.8 � 14.4 76.8 � 17.9 NS

All values except gender are quoted in mean � standard deviation (SD); CGABW, Cockcroft Gault estimate of creatinine clearance calculated using actual bodyweight; CGIBW,
Cockcroft Gault estimate of creatinine clearance calculated using ideal bodyweight; CGLBW, Cockcroft Gault estimate of creatinine clearance calculated using lean bodyweight; eGFR,
estimated glomerular filtration rate calculated using the Modified Diet in Renal Disease equation normalized for body surface area (ml min-1); NS, not significant; SCr, serum
creatinine.

Table 2
Pharmacokinetic parameters of gentamicin in frail and non frail
participants

Parameter Frail Non frail P value

Vd (l) 14.8 � 1.4 15.2 � 2.2 0.56 (NS)
CL (ml min-1) 46.6 � 10.7 58.2 � 12.4 0.01

All values are quoted as mean � SD; NS, not significant; Vd, volume of distribution;
CL, clearance.

Table 3
Correlation of volume of distribution (Vd) with different measures of
bodyweight in frail and non frail participants

Measure of weight that Vd (l)
is correlated with r2 for Frail r2 for Non frail

Actual bodyweight (kg) 0.39 0.50
Ideal bodyweight (kg) 0.66 0.63

Lean bodyweight (kg) 0.72 0.71
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Figure 1
Bland–Altman plots with the mean difference (solid line) and limits of agreement (dashed line) comparing different estimates of renal function with
optimized gentamicin clearance. Creatinine clearance determined by the Cockcroft Gault equation using actual bodyweight (1A), ideal bodyweight (1B),
lean bodyweight (1C) and estimated glomerular filtration rate determined by the Modified Diet in Renal Disease equation (1D) are plotted against
gentamicin clearance. Participants were stratified by frailty, � frail, � non frail. CG ABW, Cockcroft Gault estimate of creatinine clearance calculated using
actual bodyweight (ml min-1); CG IBW, Cockcroft Gault estimate of creatinine clearance calculated using ideal bodyweight (ml min-1); CG LBW, Cockcroft
Gault estimate of creatinine Clearance calculated using lean bodyweight (ml min-1); Gentamicin CL, Gentamicin clearance (ml min-1); MDRD, Modified Diet
in Renal Disease equation estimate of glomerular filtration rate normalized for body surface area (ml min-1)
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actual bodyweight in the frail participants. Gentamicin
clearance was best predicted by the Cockcroft Gault equa-
tion for creatinine clearance calculated using ideal body-
weight. Both the Cockcroft Gault equation for creatinine
clearance calculated using actual bodyweight and the
MDRD equation normalized for body surface area over-
estimated gentamicin clearance. The Cockcroft Gault
equation for creatinine clearance calculated using lean
bodyweight underestimated gentamicin clearance.

We found that frail older participants had higher actual
body weight and lower lean body weight than the non frail
(Table 1). This is consistent with the increased prevalence
and severity of sarcopenia in frailty [4]. The volume of dis-
tribution of gentamicin in our population was lower than
that reported in other older populations when normalized
for actual bodyweight (0.20 � 0.02 l kg-1), although com-
parable when normalized for lean bodyweight (0.28 �
0.03 l kg-1) [2]. This could be because our population was
older, with a higher prevalence of sarcopenia than those
studied previously, and because unlike the participants in
other studies,ours were not septic,and sepsis increases the
volume of distribution of gentamicin [27]. Our findings
(Table 3) suggest that the loading dose calculation, which
depends on volume of distribution [28], would be more
accurate in older patients if lean bodyweight was used
rather than actual bodyweight, particularly in the frail.
Dosing based on actual bodyweight may result in poten-
tially toxic doses, particularly in frail older patients.

The gentamicin clearance that we observed in both
frail and non frail participants was lower than that reported
in most previous studies of older patients [2]. This is con-

sistent with the high prevalence of renal disease risk
factors and renal impairment in our urologic surgery
population.

Renal function, calculated with the Cockcroft Gault esti-
mate of creatinine clearance using ideal or lean body-
weight, and with the MDRD equation, was significantly
poorer in the frail participants than the non frail. There is a
complex relationship between frailty, ageing and chronic
disease [3]. A previous study demonstrated an association
between frailty and chronic renal insufficiency indicated
by elevated serum creatinine [29]. However, another
pharmaco-epidemiologic study found that impaired
physical function, which is closely linked to frailty, was
associated with elevated Cystatin C, but not with impair-
ment of creatinine-based measures of renal function [30].
Cystatin C is increased with inflammation [31], which is also
part of the frailty syndrome. An increased prevalence of
diseases or medicines that are associated with renal
impairment may partly explain the association between
frailty and impaired renal function.

The Cockcroft Gault equation for creatinine clearance
calculated using ideal body weight gave the most accurate
estimate of gentamicin clearance in frail and non frail older
patients. Gentamicin clearance was overestimated by the
use of actual bodyweight in the Cockcroft Gault equation
and by the MDRD equation. However gentamicin clear-
ance was underestimated by Cockcroft Gault using lean
bodyweight (Figure 1, Table 4). These findings are consis-
tent with those of another study in older hospitalized
patients [14], which also found that the MDRD equation
overestimated gentamicin clearance and the Cockcroft

Table 4
Precision and bias calculated according to the methods of Sheiner & Beal comparing different estimates of renal function with gentamicin clearance in frail,
non frail and all participants

Renal function estimate ME (95% CI) %ME (95% CI) RMSE (95% CI) r2

CGABW

Frail -10.12 (-14.62, -5.63) -21.25 (-29.36, -13.14) 12.60 (-90.91, 116.11) 0.82
Non frail -10.18 (-15.73, -4.63) -18.40 (-27.81, -8.98) 14.60 (-131.24, 160.42) 0.54
Combined -10.15 (-13.60, -6.71) -19.69 (-25.67, -13.70) 13.73 (-74.30, 101.77) 0.69

CGIBW

Frail 1.12 (-1.17, 3.42) 2.26 (-2.84, 7.36) 4.00 (-10.57, 18.55 0.87
Non frail -1.20 (-5.63, 3.24) -2.52 (-10.46, 5.42) 8.45 (-91.29, 108.20) 0.62
Combined -0.15 (-2.67, 2.39) -0.36 (-5.10, 4.38) 6.81 (-46.52, 60.14) 0.76

CGLBW

Frail 5.75 (3.38, 8.11) 12.54 (7.49, 17.60) 6.97 (-22.10, 36.04) 0.86
Non frail 7.19 (3.11, 11.27) 11.80 (5.42, 18.18) 10.54 (-71.83, 92.90) 0.61
Combined 6.54 (4.18, 8.90) 12.14 (8.20, 16.08) 9.10 (-36.98, 55.18) 0.76

eGFR (MDRD)
Frail -19.24 (-23.06, -15.42) -41.98 (-50.63, -33.33) 20.27 (-126.04, 166.57) 0.82
Non frail -18.55 (-24.71, -12.38) -32.87 (-44.14, -21.60) 21.89 (-273.75, 317.54) 0.56
Combined -18.86 (-22.45, -15.27) -36.98 (-44.09, -29.88) 21.17 (-145.05, 187.40) 0.68

ME, Mean Error (ml min-1), a measure of bias; %ME, Mean Error (bias) expressed as a percentage of optimized gentamicin clearance; RMSE, Root Mean Square Error (ml min-1), a
measure of precision; CGIBW, Cockcroft Gault estimate of creatinine clearance calculated using ideal bodyweight; CGABW; Cockcroft Gault estimate of creatinine clearance calculated
using actual bodyweight; CGLBW; Cockcroft Gault estimate of creatinine clearance calculated using lean bodyweight; eGFR(MDRD), estimated glomerular filtration rate calculated
using the Modified Diet in Renal Disease equation normalized for body surface area (ml min-1).
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Gault equation using ideal bodyweight provided a better
estimate of gentamicin clearance. The findings are also
consistent with observations in young obese people: use
of actual bodyweight in the Cockcroft Gault equation over-
estimates gentamicin clearance by more than 50%,
whereas use of LBW and IBW give the best predictions of
gentamicin clearance [32].

The present study had several strengths. It incorpo-
rated an accurate and detailed data collection protocol on
gentamicin dosing, the timing of blood sample collection
and recording of patient information. The study used vali-
dated clinical tools including the Reported Edmonton
Frailty Scale [6] and Charlson Co-morbidity Scale [19].
Serum concentrations of gentamicin were measured by a
National Association of Testing Authorities accredited
laboratory and validated population pharmacokinetic
software [22] was used to calculate gentamicin volume of
distribution and clearance.

There were also several important limitations to the
present study. The sample size was quite small (31
patients), which may have limited the power to detect dif-
ferences in volume of distribution between frail and non
frail participants. The response rate was 65% of eligible
patients, which may limit generalizability of the findings.
Multiple investigators (n = 3) collected the data, which
could have resulted in information bias. The study popula-
tion consisted of urology patients who were receiving pro-
phylactic gentamicin. This limits the generalizability of our
results in other populations of older hospital patients such
as critically ill septic patients. These patients generally
show an increased volume of gentamicin distribution and
decreased gentamicin clearance [27]. Our participants
were predominantly males, which further limits the gener-
alizability of the results to the predominantly female older
population.

Further investigation is needed to determine whether
frailty is associated with differences in gentamicin pharma-
cokinetics in other populations of older hospitalized
patients. Pharmacokinetic–pharmacodynamic studies are
also required to establish the therapeutic window of gen-
tamicin in frail older people. Frail patients may have poorer
functioning immune systems [33], and thus may require
higher concentrations of gentamicin to control sepsis,
and may also be increasingly susceptible to gentamicin
toxicity.

In conclusion, we found that while there were some
differences in pharmacokinetic parameters between frail
and non frail older participants, the same prescribing
guidelines could be used to optimize the dose of gentami-
cin for frail and non frail patients. It is important to use lean
bodyweight rather than actual bodyweight to calculate
the loading dose of gentamicin, especially in the frail. Gen-
tamicin clearance, which influences the loading and main-
tenance doses, was significantly lower in the frail than the
non frail participants. However in all participants, gentami-
cin clearance correlated best with creatinine clearance

determined by the Cockroft and Gault equation using
ideal bodyweight. Current Australian [34] and British [1]
dosing guidelines for gentamicin are given per kilogram of
actual body weight, and only recommend using ideal
bodyweight in those who weigh over 20% more than ideal
bodyweight [34] or are obese [1], without specifying direc-
tions for sarcopenic obese frail patients. Our study has
established that use of ideal bodyweight in the Cockcroft
Gault equation results in an estimate of renal function that
better predicts gentamicin clearance in older, and parti-
cularly in frail, hospitalized patients receiving prophylactic
gentamicin.
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