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Background: Gentamicin is an aminoglycoside antimicrobial commonly used in horses at 6.6 mg/kg IV once daily. Thera-

peutic drug monitoring (TDM) can confirm desired peak concentration is reached for common bacterial isolates, and detect

toxicosis associated with high trough values.

Objectives: Determine the relationship between gentamicin dose and plasma concentration in hospitalized horses, and

identify a starting dose range to achieve peaks > 32 lg/mL.

Animals: Sixty-five horses (2002–2010) receiving once-daily gentamicin with TDM performed (N = 99 sets).

Methods: Retrospective study. Data from hospitalized horses including weight, dose, plasma peak, and trough gentamicin

concentration, creatinine concentrations and presence of focal or systemic disease were collected from medical records. Peak

concentrations measured 25–35 minutes after administration were included (N = 77). Data were divided into low (<7.7 mg/kg),

medium (7.7–9.7 mg/kg) and high (>9.7 mg/kg) dose groups, and were grouped by the horse having focal or systemic disease.

Results: Peak concentrations resulting from doses ≥7.7 mg/kg were 5.74 lg/mL (SE 2.1 lg/mL) greater than peaks from

doses <7.7 mg/kg (P = .007). Peak concentrations was 3.6 times more likely to be >32 lg/mL if dose was ≥7.7 mg/kg (P = .04).

There were no significant effects of dose on trough or creatinine concentration. At a given dose, horses with focal disease had

higher peaks than those with systemic disease (P = .039).

Conclusions and Clinical Importance: These data suggest gentamicin dosage should be individually determined in horses

using TDM, but support an initial once-daily dose of 7.7–9.7 mg/kg IV to achieve peaks >32 lg/mL and trough concentra-

tions <2 lg/mL. Further studies evaluating the safety of doses >6.6 mg/kg are required.
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Gentamicin is an aminoglycoside antimicrobial com-
monly used to treat Gram negative infections in

humans and many veterinary species, including
horses.1–3 It is a water-soluble, bactericidal, concentra-
tion-dependent antimicrobial, and is most commonly
administered intravenously (IV) to adult horses at
6.6 mg/kg every 24 hours, based on pharmacokinetics
in healthy horses.2,4,5 However, dose calculations often
need to be adjusted after plasma peak and trough levels
are obtained in hospitalized equine and human
patients,6–8 although these equine studies used 6–12
hourly dosing regimens. Once-daily dosing has been
examined in surgical colics,9 but not a wider population

of hospitalized horses. Gentamicin is reportedly most
effective when its concentration : minimum inhibitory
concentration (MIC) ratio is 8–10 : 1 (gentam-
icin : MIC).10 The MIC of most equine pathogens is
≤2 lg/mL, with 4 lg/mL for organisms with intermediate
susceptibility.11 Due to concerns with gentamicin resis-
tance, the MIC for intermediate resistance is used in our
hospital where gentamicin treatment is indicated before
bacterial culture and antimicrobial sensitivity results are
available. Using an MIC of 4 lg/mL gives a target peak
range of 32–40 lg/mL (8–109 MIC), while a trough
value of <2 lg/mL is considered indicative of adequate
renal clearance,12 reducing the risk of acute tubular
necrosis.1 Lower target trough values of <0.5–2 lg/mL
have been suggested5,13 and there is no consensus on tar-
get trough values for horses. Previous studies investigat-
ing gentamicin use in systemically ill horses investigated
6-, 8-, or 12-hourly dosing regimens,7,8 which are no
longer recommended. As once-daily dosing in hospital-
ized patients has been studied only in surgical colics,9

investigation of the once-daily dosing regimen in a wide
range of hospitalized equine patients is warranted.

Routine performance of TDM for gentamicin in our
hospital suggests that an IV, once-daily dose >6.6 mg/kg
is generally required to achieve a target peak concentra-
tion of >32 lg/mL, when measured 30 minutes after
administration of gentamicin. Based on this observation,
our specific aims for undertaking this study were
first to determine whether a once-daily IV dose of gen-
tamicin >6.6 mg/kg is required to achieve plasma levels
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>32 lg/mL in hospitalized horses; second to determine
whether TDM results lead to dose adjustments and
repeat TDM; and, finally, to determine whether sys-
temic, as opposed to focal disease, affects the dose
required to achieve plasma levels >32 lg/mL.

Materials and Methods

This study was conducted retrospectively using records from

horses >3 months of age presented to the University’s large animal

hospital from 2002 to 2010. Clinical pathology logs were used to

identify cases with TDM performed, then medical records were

evaluated in detail. Data collected included age, breed, sex,

whether the horse had focal (for example musculoskeletal or oph-

thalmic) or systemic (likely to cause a systemic inflammatory

response, for example pleuropneumonia, colitis, surgical colic,

metritis) disease, body weight, dose of gentamicin administered,

time of sampling for TDM after administration, peak gentamicin

plasma concentration, trough gentamicin plasma concentration,

whether the dose was adjusted after TDM was performed, dura-

tion of gentamicin treatment, creatinine concentration on presenta-

tion, and any subsequent creatinine values obtained. Peak

gentamicin concentrations were only included if they were taken

between 25 and 35 minutes after injection. Cases were excluded if

actual dose (mg/kg) could not be determined because of the

horse’s weight not being recorded.

Data were analyzed by a priori division of peak and trough val-

ues into 3 groups by dose: a low dose group receiving <7.7 mg/kg,

a medium dose group receiving 7.7–9.7 mg/kg, and a high dose

group receiving >9.7 mg/kg. Initial dose administered was deter-

mined based on clinician preference. As weight was often estimated

at the time dose was determined, a wide range of initial doses were

given when calculated using the horse’s actual weight.

Plasma gentamicin concentrations were measured using a com-

petitive binding immunoassay (2002–2005; analyzer 1),a or a latex-

enhanced immunosorbent assay (2008–2010; analyzer 2).b Analyzer

1 was validated by the manufacturer; however, these data (other

than limit of quantification) were not available because of the age

of the machine meaning it is no longer supported by the manufac-

turer. Limit of quantification for this analyzer was 0.27 lg/mL.

Analyzer 2 was validated by the manufacturer for human serum

but not equine plasma. Human validation data for this analyzer

are: intra-assay coefficient of variation 2.99%, inter-assay coeffi-

cient of variation 8.76%, and limit of quantification 0.85 lg/mL.

Data on limit of detection were not available. Accuracy and preci-

sion was ensured through compliance with the College of Ameri-

can Pathologists’ quality assurance program. Gentamicin TDM

logs from 2006–2007 were not available and were not included.

Creatinine concentration was measured in plasma.c Troughs were

taken at 22 hours post administration. For trough samples

obtained earlier than 22 hours (7–20 hours), the anticipated

22 hour trough was calculated by extrapolation from the peak and

trough data points, using the formula:14

Ctrough 22 ¼ Cpeak � eð�22 h�peak timeÞ�b

where Ctrough 22 is the plasma trough concentration at 22 hours,

Cpeak is the plasma peak concentration, e is the base of the natural

logarithm, peak time is the time in hours that the peak was taken

after gentamicin administration, and b is the slope of the ln (con-

centration) versus time plot (that is, elimination rate constant for

the single compartment model). Where the measured trough value

was below the quantification limit of the assay, the limit of quan-

tification was used (0.27 lg/mL for analyzer 1, and 0.85 lg/mL

for analyzer 2).

Peak and trough values were also divided into two groups

based on whether the horse from which the value came had focal

or systemic disease. The focal disease group comprised horses with

diagnoses such as infected synovial structures, lacerations, and

ophthalmic disease that were otherwise healthy, and the systemic

disease group comprised horses with diagnoses such as surgical

colic, pleuropneumonia, metritis, and colitis. There were no elec-

tive surgical cases included in the focal disease group; however,

gentamicin might have been given primarily as perioperative pro-

phylaxis to some cases in both groups, most commonly

ophthalmic cases and surgical colics.

Statistical Analysis

All analyses were performed using commercial software.d To

determine whether any differences in sex, breed, age, and weight

existed between groups, analysis was performed using Chi squared

tests of association with Somers’ D procedure or clustered regres-

sion analysis. Normality of data was tested using a Shapiro-Wilk

test. Regression analysis was used to determine the relationship

between dose group on peak gentamicin concentration. Where

needed and the regression model allowed, clustering was used to

account for multiple peaks coming from individual horses. Robust

regression was used to assess the consequences of outlying data

points on the regression results. Where distinct dose groups were

very similar with regard to items measured, consideration was

given to amalgamating the groups. Logistic regression, again with

clustering, was used to quantitate associations between dichoto-

mous outcomes and study predictors. Somers’ D procedure15 was

also used to confirm any strong associations that were detected

with logistic regression. Trough data were non-normally dis-

tributed and not susceptible to normalization, therefore these data

were analyzed using the Kruskal-Wallis rank test. Duration of

treatment data were not normally distributed and were square root

transformed to achieve normality, after which robust regression

was used for analysis, and results back transformed. Highest crea-

tinine value measured for any particular horse was normally dis-

tributed and regression methods were used to analyze the

relationship between dose and highest creatinine value obtained.

Data for change in creatinine (Dcreatinine) were not normally dis-

tributed, and the relationship between dose and Dcreatinine was

analyzed using Spearman’s rank correlation coefficient. Somers’ D

was deferred to in order to protect against type 1 errors because

of the underestimation of observation variance (compared with

Spearman’s correlation tests of association). The level of

significance was set at <0.05.

Results

Ninety-nine peak values, 92 raw trough values, and 84
trough values either taken at 22 hours (n = 9) or extrapo-
lated to 22 hours (n = 75) were obtained from 65 horses,
with 27 horses having TDM performed more than once.
Not all data points were available for all horses. Troughs
could not be extrapolated to 22 hours if time of sampling
was not available. Twenty-two peaks were excluded
because of sample collection being outside the defined
25–35 minute timeframe, giving 77 peaks from 53 horses
for the peak analyses. Of these 77 peaks, 6 were obtained
at 25 minutes, 66 at 30 minutes, and 5 at 35 minutes.
There were 23 horses with peaks measured at 25–35 min-
utes more than once. Ages ranged from 3 months to
20 years, and there were 26 females, 29 geldings, 8 intact
males, and 2 horses for which sex was not recorded.
Weight was not significantly different between dose
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groups. Females were over-represented in the medium
dose group, and geldings in the low dose group
(P = .002). Horses in the low dose group were signifi-
cantly older than in the other 2 groups (P = .04). As peak
data were extremely similar between the medium and
high dose groups, they were combined posthoc into a sin-
gle group, and, the significant differences in age no longer
existed (P = .45). Breeds classed as “other” were not
matched across dose groups as other breed categories
were, with significantly higher numbers in the low dose
group (P = .028). Horses with TDM performed more
than once were often split across dose groups (caused by
dosage adjustments in response to TDM), and this was
accounted for statistically by using the Somers’ D proce-
dure and clustering by horse.

Data for duration of treatment were available for 27
horses, 7 of which had peak values taken across multiple
dose groups. The highest dose group that the horse had a
peak value recorded for was used for analysis. On aver-
age, horses in the low dose group were treated for
1.2 days, whereas horses in both the medium and high
dose groups were treated for 6.1 days (P = .00). For the
two different analyzers used, 72, 60 and 67% of analyses
were performed with analyzer 1 in the low, medium and
high dose groups, respectively. Median (range) doses for
each dose group were 6.7 (4.3–7.6) mg/kg for the low
dose group, 8.8 (7.7–9.6) mg/kg for the medium dose
group and 11.0 (9.8–15.0) mg/kg for the high dose group.

Twenty-three of the 53 horses that had peaks mea-
sured between 25–35 minutes after gentamicin adminis-
tration had TDM performed on 2 (22 cases) or 3 (1
case) occasions. Of the 77 total peaks, 51 (66%) were
below the minimum target peak of 32 lg/mL. Of these
51 peaks of <32 lg/mL, a dose adjustment was made
69% of the time (35 out of 51 peaks). In the low dose
group, 83% of peaks were <32 lg/mL, in the medium
dose group 57% of peaks were <32 lg/mL, and in the
high dose group 63% of peaks were <32 lg/mL. Peak
and trough values in the high dose group came entirely
from horses that had had an upwards dose adjustment
after TDM was previously performed, resulting in the
proportion of peaks above 32 lg/mL increasing from 0/
11 (0%) to 4/11 (36%). An additional 3 horses reached
peaks just below 32 lg/mL, achieving peak concentra-
tions of 31.0, 31.25 and 31.4 lg/mL (Fig 1). Thirty-six
peaks and 38 trough values came from horses with focal
disease, and 41 peaks and 43 troughs came from horses
with systemic disease.

Mean (�SD) peak for the low dose group was 26.7
(�7.7) lg/mL (n = 24), for the medium dose group was
33.7 (�11.4) lg/mL (n = 42), and for the high dose
group was 32.1 (�5.5) lg/mL (n = 11). The medium
and high dose groups were combined into a single
group (dose ≥ 7.7 mg/kg) as these groups in isolation
were found to be very similar in the logistic regression
model. Therefore, this resulted in two dose groups, one
for doses <7.7 mg/kg and another for doses ≥ 7.7 mg/
kg. Peaks in the ≥7.7 mg/kg dose group were on aver-
age 5.7 lg/mL (standard error 2.1 lg/mL) greater than
peaks in the <7.7 mg/kg group (P = .007). Peaks
were 3.6 times more likely to be >32 lg/mL in the

≥7.7 mg/kg dose group than the <7.7 mg/kg dose group
(P = .047, 95% CI 1.0–12.4) (Fig 2).

Median (range) of extrapolated or actual 22 hour
trough values were 0.01 (0.00–0.85) lg/mL (n = 25) for
the low dose group, 0.01 (0.00–0.85) lg/mL (n = 45) for
the medium dose group and 0.00 (0.00–1.10) lg/mL
(n = 14) for the high dose group. The upper limit of the
range of 0.85 reflects the limit of quantification of

Fig 1. Peak gentamicin concentrations obtained from horses with

peaks in the high dose group, which consisted entirely of peaks

achieved after therapeutic drug monitoring (TDM) had previously

been performed and a dose adjustment made. Dashed line repre-

sents the desired minimum peak of 32 lg/mL. Before dose adjust-

ment, 0/11 (0%) of peaks were above 32 lg/mL, and after dose

adjustment 4/11 (36%) of peaks were above 32 lg/mL. An addi-

tional 3 peaks were measured at 31–32 lg/ml, making a total of

7/11 peaks that were 31 lg/ml or above.

Fig 2. Effect of dose group on peak plasma gentamicin concen-

trations. Boxes represent the interquartile ranges from the 25th to

the 75th percentiles. Horizontal lines within the boxes indicate

median values; whiskers represent the 10th (lower whiskers) and

90th (upper whiskers) percentiles. Peaks from the ≥7.7 mg/kg

group were on average 5.7 lg/mL higher than those in the

<7.7 mg/kg group (P = .007), and were 3.6 times more likely to

be >32 lg/mL (P = .047). Dashed line represents the desired mini-

mum peak concentration of 32 lg/mL.
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analyzer 2, therefore the actual upper limit of the range
may have been lower. Values below the limits of
quantification of the analyzers are derived from the
extrapolation calculations. Raw trough data were taken
between 7 hours and 23 hours 45 minutes after gentam-
icin administration. Time of trough sample collection
after gentamicin administration was 7–10 hours (median
1.2 lg/mL, range 0.2–6.5 lg/mL; n = 58), 10–13 hours
(median 0.8 lg/mL, range 0.2–1.7 lg/mL; n = 21) and
18–24 hours (median 0.5 lg/mL, range 0–1 lg/mL;
n = 13); none were taken between 13–18 hours. Seven
of the 92 raw trough values were greater than the maxi-
mum desired trough value of 2 lg/mL (median 2.9 lg/
mL, range 2.2–6.5 lg/mL), which were all taken
between 7 hours 20 minutes and 8 hours 40 minutes
after the gentamicin administration. All extrapolated or
actual 22 hour troughs in all dose groups were <2 lg/
mL, with a maximum trough value of 1.1 lg/mL. Med-
ian trough values were not significantly different
between dose groups (P = .600).

Values for peak creatinine concentration and Dcrea-
tinine were available for 21 horses: 8 and 13 in the low
and medium dose groups, respectively. Creatinine values
were recorded for the initial dose group to which the
horse was assigned. Therefore, as all horses in the high
dose group initially received lower doses, their crea-
tinine values were recorded against the initial dose
administered and no creatinine parameters were
recorded in this group. Median (range) Dcreatinine was
0.0 (0.0–1.1) mg/dL for the low dose group and 0.0
(0.0–0.2) mg/dL for the medium dose group. There was
no significant relationship between peak creatinine
(P = .957) or Dcreatinine (P = .956) and dose group,
and no correlation between Dcreatinine and dose
(Spearman’s q = 0.013, P = .954). In 18/21 cases for
which more than one creatinine value was recorded,
peak creatinine was the value taken at admission. Only
two horses had an increase in creatinine that exceeded
the upper limit of the reference range of 1.6 mg/dL; one
in each of the low and medium dose groups. In the low,
medium and high dose groups, respectively, 42% (10/
24), 60% (25/42) and 55% (6/11) had systemic disease.
Horses with systemic disease had significantly lower
peaks (Fig 3) (P = .039, Somers’ D coefficient �0.25,
95% CI �0.49 to 0.01). There was no association
between focal or systemic disease and trough (P = .60,
Somers’ D coefficient 0.04, 95% CI �0.203 to 0.118).

Discussion

These results show that in hospitalized horses, a
once-daily IV gentamicin dose of ≥7.7 mg/kg is more
likely to result in a peak of >32 lg/mL, and that the
6.6 mg/kg dose was generally inadequate to reach that
target peak concentration. The clinical relevance of the
difference in mean peak values (32.6 versus 27.2 lg/mL)
between these doses is unknown. This is in contrast
to previous work, where a once-daily IV dose of
6.6 mg/kg in horses that had undergone abdominal sur-
gery was documented to result in plasma gentamicin
concentrations >32 lg/mL.9 It has also been reported

that a calculated IV dose of 6.8 mg/kg could be pre-
dicted to achieve optimum plasma concentrations if an
MIC of ≤4 lg/mL was used, and mean plasma concen-
trations of 40.71 lg/mL were achieved 20 minutes after
intravenous administration of a 6.6 mg/kg IV dose.9

Gentamicin peak concentrations are classically obtained
30–60 minutes after dosing,16 when the distribution
phase ends and the elimination phase begins. As peak
concentrations can change rapidly during the distribu-
tion phase, and because of the difference in sampling
time points, no direct comparisons can be made
between peak concentrations in this and other studies.

The 25–35 minute post-gentamicin administration
range for sampling of peaks may have meant some
peaks were taken within the distribution phase. As only
peak and trough samples were taken, the exact point on
the distribution/elimination curve that each individual
horse was at the time of peak sampling cannot be deter-
mined. It should also be noted that the ideal time for
peak sampling for TDM of gentamicin in horses is
unknown, therefore the 25–35 minute sampling time-
frame might not be ideal. However, only including
peaks taken within a short timeframe allows for some
consistency, enabling comparison of peak data.

The peak range of 32–40 lg/mL is based on a target
peak concentration of 8–109 the MIC of 4 lg/mL,
rather than the lower target peak range of 16–20 lg/mL
based on an MIC of ≤2 lg/mL. While the MIC for vet-
erinary pathogens has been reported as being ≤4 lg/
mL, recent guidelines from the Clinical Laboratory
Standards Institute (CLSI) document MIC of suscepti-
ble equine pathogens as ≤2 lg/mL, with the MIC for
intermediately susceptible pathogens being 4 lg/
mL.11,17,18 Therefore, it should be noted that the target
peak range used in our study is higher than that recom-
mended based on the CLSI guidelines, and that lower
doses are likely adequate to reach this lower target peak
range. After Streptococcus species, gram negative patho-
gens are the most common isolates from hospitalized

Fig 3. Effect of focal versus systemic disease on plasma gentam-

icin peak values. Boxes represent the interquartile ranges from the

25th to the 75th percentiles. Horizontal lines within the boxes indi-

cate median values; whiskers represent the 10th (lower whiskers)

and 90th (upper whiskers) percentiles. Horses with focal disease

that were considered systemically healthy had significantly higher

peaks than those with systemic disease (P = .039).
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horses.19 While gentamicin remains a common first line
antimicrobial, there are relatively high proportions (26–
50%) of common gram negative equine pathogens
reported as not susceptible to gentamicin.20–22 Not all
of these studies used broth microdilution methods in
which an MIC was determined, making comparison dif-
ficult. However, in one study using broth microdilu-
tion,22 the breakpoint used was 4 lg/mL. Therefore,
resistance might even be problematic at higher concen-
trations. In another study, 30% of Actinobacillus suis
isolates, the most commonly isolated gram negative
pathogen in the population sampled, were not suscepti-
ble to gentamicin.23 This lack of susceptibility ranged
up to 44% for other gram negative isolates reported in
that study.23 Again, the disk diffusion method was used,
making comparison to MIC difficult. In some popula-
tions there is evidence of increasing resistance to gen-
tamicin in commonly isolated equine pathogens.24

Therefore, where pathogens might be expected to have
an MIC that falls between the susceptible and resistant
breakpoints, the intermediate susceptibility MIC break-
point may be used to determine desired target plasma
peak concentration.25 However, knowledge of resistance
patterns of expected nosocomial organisms or culture
and susceptibility testing should be used to guide peri-
operative antimicrobial choice and individual treatment
decisions. Because of the risk of treatment failure with
aminoglycoside monotherapy, specific studies evaluating
the ability of high doses of aminoglycosides to prevent
resistance in clinical patients are lacking.26

All TDM data in the high dose group came from
horses that had TDM previously performed which indi-
cated need for dose increase. The high dose group
therefore most likely comprised horses that had higher
volumes of distribution or greater clearance. The med-
ium and high dose groups in this study were combined
posthoc into one group of TDM values resulting from
doses of ≥7.7 mg/kg. Despite the high dose group com-
prising entirely of second or subsequent TDM values,
combining these groups was considered justified because
of the data in the 2 groups being extremely similar,
indicating these groups were better represented by com-
bining them for analysis.

Variable peaks within dose groups (especially the low
and medium dose groups) highlight the need to perform
TDM on each patient when confirmation of peak con-
centrations is indicated. This is supported by results from
the high dose group (consisting entirely of horses with an
upwards dose adjustment after a peak of <32 lg/mL
obtained by previous TDM). The much smaller standard
deviation for peak concentration of this group indicates
that TDM allows more accurate dose determination,
providing more predictable peak concentrations for
specific patients. In human patients receiving aminogly-
coside antimicrobials in intensive care units, TDM is
considered essential because of decreased probability of
these patients to achieve therapeutic concentrations at
initial doses given.3,6,27,28 The low proportion of peak
concentrations >32 lg/mL in our study suggests this
applies to our population of equine patients. Similar
results were previously found in systemically ill horses

treated with gentamicin, however, these studies evaluated
the older 6–12 hourly dosing regimens.7,8

Despite the low percentage of peaks that were
>32 lg/mL, TDM did not always elicit a dose adjust-
ment. While the majority of TDM results where the
peak was <32 lg/mL were followed by a dosage adjust-
ment, 31% of cases had no action taken. Therefore,
sometimes clinicians do not make dose adjustments
despite peak values being below the target range. This
may be caused by a perceived clinical improvement at
the current dose, and that TDM was performed primar-
ily to ensure adequate renal clearance. Horses in the
low dose group had significantly shorter treatment
duration compared to those in the medium and high
dose groups. For horses with TDM performed more
than once, the highest dose group they qualified for was
used for this analysis. Therefore, this difference is not
simply caused by the horses in the low dose group mov-
ing up to a higher dose group after TDM was per-
formed. It is possible that shorter treatment duration in
the low dose group was because of a perceived lack of
response to treatment after which antimicrobial class
was changed, or because this group comprised a smaller
percentage of horses with systemic disease, and may
therefore have been changed to an oral antimicrobial or
discontinued antimicrobial treatment sooner.

No effect of gentamicin dose was seen on either high-
est creatinine value or Dcreatinine, although available
creatinine data were limited. A major limitation is the
small number of horses that had more than one crea-
tinine value collected from the medical record for evalu-
ation of Δcreatinine during gentamicin treatment. As
most creatinine values were taken at admission, often
before gentamicin treatment being started, peak crea-
tinine was not considered to be affected by gentamicin
treatment. Time between initial creatinine and subse-
quent creatinine values was not collected and this fur-
ther limits interpretation of Dcreatinine results. Because
of low numbers, this study is likely underpowered to
detect a difference. More sensitive markers of nephro-
toxicity such as urine GGT : creatinine ratio1 were not
evaluated and therefore subtle indications of nephrotox-
icosis may have been missed. However, an increased
urine GGT:creatinine ratio does not necessarily indicate
gentamicin treatment requires alteration, therefore its
clinical usefulness in this situation is questionable as it
may be too sensitive.29 Further limiting the study was
that creatinine values for 3 horses were split across dose
groups. These horses had TDM performed more than
once, after which dose adjustments were made and
TDM repeated. The creatinine values for these horses
were assigned to the dose group for the first dose of
gentamicin administered, as most commonly the highest
creatinine value obtained was on admission. It must be
emphasized that no inference on safety of gentamicin
doses >6.6 mg/kg can be made from this study because
of the small number of horses for which Δcreatinine
was recorded, and the relatively short duration of treat-
ment for many of these horses.

Increases in creatinine concentrations occurred in 2
horses. The first was a 4 month-old foal in the low dose
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group whose creatinine increased from 1.1 to 2.2 mg/dL.
This foal, considered systemically healthy at the time of
TDM, developed antimicrobial-associated colitis which
coincided with the creatinine increase. Antimicrobial
treatment was then discontinued. The increase in crea-
tinine may have been pre-renal because of effects of coli-
tis, caused by gentamicin treatment, or both. The second
horse was in the medium dose group and had a crea-
tinine increase from 1.6 to 1.7 mg/dL. This horse was
receiving other nephrotoxic drugs (phenylbutazone and
regional limb perfusion with amikacin) and was also sys-
temically healthy. The increase was considered clinically
insignificant as the creatinine decreased to 1.3 mg/dL
before discontinuation of gentamicin.

All 22 hour troughs were below the maximum target
trough value of 2 lg/mL, and were not significantly dif-
ferent between dose groups. Troughs measured before
22 hours were extrapolated to a 22 hour value to allow
comparison of values. It is possible that calculated
troughs underestimate the actual value, because extrap-
olation from two data points implies a single compart-
ment pharmacokinetic model and ignores the potential
effect of multi-compartment kinetics. Specifically, our
data points did not take third compartment accumula-
tion into consideration. Therefore, effects of higher
doses on renal function cannot be determined from this
study. Low 22 hour values are expected with once-daily
administration, because typically >10 half-lives of gen-
tamicin will elapse during the intertreatment inter-
val.30,31 However, there is no consensus of how low
troughs should be. In the human and veterinary litera-
ture, recommended trough concentrations range from
<0.5–2 lg/mL.1,13,32 Therefore, whether all troughs of
<2 lg/mL are adequately low should be interpreted
with caution, as actually some troughs, although <2 lg/
mL, may be increased and indicative of inadequate
renal clearance. Troughs from horses with normal renal
function tend to be close to zero at 22–24 hours after
gentamicin administration.5 Further studies are required
to determine an appropriate maximum trough concen-
tration in horses.

A significant effect of focal or systemic disease on
peak gentamicin concentration was evident. Previous
studies in horses investigating gentamicin pharmacoki-
netics given at 6–12 hour intervals in systemically ill
horses, found horses defined as septic frequently
required dosage adjustments.7,8 The need for TDM and
dose adjustments in systemic illness is also emphasized
in human medicine. As previously mentioned, TDM of
aminoglycosides in human intensive care units is consid-
ered essential.3,6,27,28,33 Further, human studies have
shown that volume of distribution in septic patients
changes as disease state changes.33 In our study, volume
of distribution was not determined, but no difference in
this or other kinetic parameters was seen between septic
and healthy equine patients in another study.8 However,
volume of distribution significantly decreased in healthy
horses administered endotoxin.34 Ideally, a control
group of healthy horses administered gentamicin would
have been included; however, the retrospective nature
of the study precluded this. Our results emphasize the

need for TDM in hospitalized equine patients, especially
those with systemic disease.

The absence of equine validation data for the two
analyzers is an obvious further limitation of the study.
Validation data for analyzer 1 were not available
because of the age of the machine, and has not been
retained by our laboratory; however, was validated by
the manufacturer at the time it was being used. Ana-
lyzer 2 is validated for human serum. While equine
plasma validation data are absent, results obtained from
this analyzer are considered to be clinically relevant by
multiple clinicians requesting gentamicin concentrations
in equine patients. Further, the analyzer provides con-
sistent acceptable results for accuracy and precision for
samples run through compliance with the College of
American Pathologists’ quality assurance program.

Concurrent administration of gentamicin and nons-
teroidal anti-inflammatory drugs (NSAIDs) was not
examined. Phenylbutazone can cause changes in the rate
and extent of distribution and elimination of gentamicin
in horses35; however, the dose used in that study
(2.2 mg/kg) was low compared to doses in the current
study, and also to the dose now commonly used clini-
cally. Most horses included in our study had a condi-
tion that would typically require NSAID
administration, and likely received NSAIDs. Concurrent
administration of gentamicin and NSAIDs is typical in
hospitalized horses; therefore, the results of our study
are still applicable to general hospitalized populations.

There was a significant difference in age and sex
between dose groups; however, once the medium and
high dose groups were combined the difference in age
was no longer significant. The difference in sex between
the dose groups was unexpected. It is difficult to deter-
mine the clinical importance of sex on gentamicin
TDM.

In conclusion, using IV gentamicin doses of ≥7.7 mg/
kg in hospitalized horses is more likely to achieve
plasma peak concentrations >32 lg/mL. Individuals
show great variation in peaks achieved from the dose
given, making gentamicin TDM advisable for individual
horses where possible. Further safety studies are
required to determine whether IV gentamicin doses
>6.6 mg/kg have substantial renal or other toxic effects.
The effect of focal versus systemic disease on the phar-
macokinetics of once-daily IV dosing of gentamicin
requires further investigation; however, systemically ill
horses might benefit most from TDM when receiving
gentamicin.

Footnotes

a Abbott TDx FLx; GMI, Inc., Ramsey, MN.
b Randox Daytona; R Randox Laboratories-US, Kearneysville,

WV.
c Ortho Diagnostic Vitros 350 Dry Slide Analyzer; Ortho Clinical

Diagnostics, Rochester, NY.
d Stata 11.0; StataCorp, College Station, TX.
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