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Introduction: To achieve target concentrations, the application of higher-than-standard doses
of amikacin is proposed for the treatment of sepsis due to an increase in volume of distribu-
tion and clearance, but little data are available on aminoglycoside administration in critically
ill elderly patients.

Patients and methods: Forty critically ill elderly patients (aged over 65 years) who required
amikacin therapy due to severe documented, or suspected gram-negative infections, were randomly
assigned to two treatment groups. Group A (20 patients) received 15 mg/kg amikacin and Group
B (20 patients) received 25 mg/kg amikacin per day as a single daily dose. All the patients were
monitored for renal damage by the daily monitoring of serum creatinine. The amikacin peak
(C_ )and trough (C

max- min

) serum concentrations were measured on Days 3 and 7 postadministration.
Results: Data from 18 patients in Group A and 15 patients in Group B were finally analyzed.
On Day 3, the amikacin mean C__levels in the standard and high-dose treatment groups were
30.4%11 and 52.3£16.1 pg/mL (P<0.001), and the C ; levels were 3.242.1 and 5.2+2.8 pg/mL,
respectively (P=0.035). On Day 7,the C__levels in the standard and high-dose groups were 3317.3
and 60.0£17.6 ug/mL (P=0.001), and the C___levels were 3.242.9 and 9.315.6 ug/mL, respectively
(P=0.002). In only six (40%) of the patients in the high-dose groups and none of the patients in the
standard-dose group, amikacin C__reached the target levels (>64 pg/mL), whereas the amikacin
mean C_, levels in the high-dose group were above the threshold of toxicity (5 pg/mL).
Conclusion: Our results suggest that the optimum dose of amikacin should be determined for
elderly critically ill patients. It seems that higher-than-standard doses of amikacin with more
extended intervals might be more appropriate than standard once-daily dosing in the elderly
critically ill patients.

Keywords: amikacin, elderly, high-dose, critical illness, pharmacokinetics, therapeutic drug

monitoring

Introduction
Aminoglycosides are polar and low-protein binding antibiotics. They demonstrate
interesting pharmacokinetic and pharmacodynamic characteristics, making them a
valuable class of antibiotics in the treatment of invasive microorganisms. The emerging
bacterial resistance and decline in microbiological susceptibility for aminoglycosides
has not been developed extensively during the last decades, in comparison to other
classes of antibiotics.

In critically ill patients, the pharmacokinetic properties of aminoglycosides may
differ. The most important change is the increase in the volume of distribution (VD)
of polar drugs, which can lead to suboptimal dosing.? The amount of increase in VD is
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related to the severity of illness, and the VD of aminoglyco-
sides may be a predictor of capillary leakage that is derived
from sepsis.® The antibacterial activity of aminoglycosides
) and the
ratio of C__to minimum inhibitory concentration (MIC) for

is best related to plasma peak concentration (C__
specific bacteria. It is suspected thata C__ /MIC ratio greater
than eight is required for optimum bactericidal effects and can
improve the patients’ outcome, particularly if highly resistant
bacteria are responsible for the infection.* For serious infec-
tions and those caused by multidrug-resistant pathogens in
an intensive care unit (ICU) setting, such as Pseudomonas
aeruginosa and Enterobacteriaceae, the MIC clinical break-
point is 8 uL/mL for amikacin.’ Thus, to achieve the target
C,./MIC, reaching a C__ >64 uL/mL would be necessary.

An increase in VD can diminish the achievement of desir-
able C__ with standard recommended doses in critically ill
patients. It has been demonstrated that the administration of
higher-than-standard doses of amikacin (ie, 25-30 mg/kg) in
critically ill patients might result in more patients achieving
appropriate target peak levels without additional toxicity.°

Aging is associated with various physiological changes
in the human body. These changes can alter the pharmaco-
kinetic properties of prescribed drugs in the elderly. The
most important changes that result in the alteration of phar-
macokinetic properties are: reduction in renal capacity to
eliminate drugs and changes in body water and fat content
that can alter the drug’s volume of distribution.” A decrease
in the VD of water-soluble drugs such as aminoglycosides in
geriatric patients acts contrary to the increase in VD by sepsis
and edema. This can cause the dosing of aminoglycosides to
be more complex in this population.

The aim of this study was to evaluate the suitability of
high-dose amikacin for critically ill elderly patients and to
compare this to the standard 15 mg/kg dose in achieving
desired peak levels and monitoring related trough levels for
toxicity concerns.

Patients and methods

This was a prospective, randomized, multicenter study per-
formed in three ICUs. Forty elderly (age 265 years) patients
with a documented or suspected severe gram-negative infec-
tion in whom amikacin treatment was indicated, and who have
a normal serum creatinine (SrCr) level (<1.2 mg/dL), were
consecutively enrolled in the study and randomly assigned to
two treatment groups. Group A patients received 15 mg/kg
amikacin once daily and Group B patients received 25 mg/kg
amikacin once daily. Amikacin was infused over one hour in
all cases. All the patients received other standard treatments
and care based on staff decisions. Amikacin was administered

for 7 days during the study period, and the physician made
a continuation decision after 7 days, usually based on the
culture results. All the patients were monitored for at least
10 days for changes in the renal function tests. The ethical
committee of Tehran University of Medical Sciences and
Health Services approved the study protocol. In all cases,
a written informed consent form was obtained from the
patient’s closest relatives or guardian, which was accepted by
the ethical committee. Amikacin was given in combination
with a broad-spectrum B-lactam or carbapenem based on
the local protocols. Patients were excluded from the study if
they had any of the following conditions: dissatisfaction of
patients or family, receiving an aminoglycoside in the last 2
weeks prior to the study, baseline creatinine clearance (CICr)
<40 mL/min, increase in SrCr by 0.3 mg/dL or more, need
for amikacin dose adjustment for any reason, viral hepatitis,
rise in hepatic aminotransferases to more than three times
the normal upper limit, BMI 235 kg/m?, severe heart failure
(ejection fraction <30%), neoplastic disorders with a history
of chemotherapy, neuromuscular disease, and a history of
allergy to the aminoglycosides. Ideal body weight (IBW) was
used to calculate the amikacin dose for every patient using the
following formula: IBW =50 kg (45 kg in women) + 2.3 kg
for each inch over five feet. In patients whose body weight
was over 30% of their IBW, the adjusted body weight (ABW)
was used to calculate the amikacin doses:®

ABW =IBW +0.4*(TBW — IBW)

The blood samples of the patients were collected on base-
line and on Days 3 and 7, after 1-hour infusion for measuring
serum amikacin peak (C_ ) levels, and 30 min before the next
dose for measuring the serum amikacin trough (C,

min

) levels.
The samples were collected in 5-mL plain tubes (without
anticoagulant). After clots were completely formed (15-30
min), all blood samples were centrifuged for 10 min in 3,000
rpm and then serum was separated. All samples were stored
at —70°C until analysis.

Demographic data, comorbidities, and admission diag-
noses were recorded for all patients. Disease severity was
characterized by the Acute Physiology and Chronic Health
Evaluation II score.’ Positive microbiological cultures were
recorded. Biological data, including coagulation parameters,
complete blood count, electrolytes, urea, and creatinine were
recorded at inclusion and daily thereafter. CICr was estimated
with the Cockcroft—Gault equation:

(140 -age)*IBW

(CICr =
SrCr*72

in women x 0.85)
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Renal dysfunction was diagnosed when SrCr was
>1.2 mg/dL. Acute renal failure was defined by a rise in
SrCr by 0.3 mg/dL or higher and/or urine output <0.5 mL/
kg per hour for more than 6 hours, based on AKIN criteria.'

The amikacin serum concentrations were quantified by
fluorescence polarization immunoassay with the COBAS
INTEGRA analyzer (Roche GmbH, D-68298 Mannheim).

Statistical analyses were performed using SPSS 16.0
(SPSS Inc., Chicago, IL, USA) for Windows. Descriptive sta-
tistics were computed for all study variables. A Kolmogorov—
Smirnov test was used, and histograms and normal quantile
plots were examined to verify the normality of distribution
of continuous variables. Discrete variables were expressed
as counts (percentage), and continuous variables as mean *
SD. The demographic and clinical differences between study
groups were assessed using x?, Fisher’s exact test, Student’s
t-test, or the Mann—Whitney U-test, as appropriate.

For every individual patient, the elimination constant was
calculated using the following equation:

Amikacin half-life (t/2), VD, and clearance (Cl) for every
patient was calculated using the following equations:

0.693
D=

(S)(F)(Dose)
_ Cssl —kr1
=——¢
(1-e7)
Cl=KxVd

Results

Forty patients (=65 years) were enrolled in the study over
a l4-month period. Seven patients were excluded from the
study due to different reasons: Four patients died during the
study period, two patients were excluded due to early dis-
charge from ICU, and in one patient amikacin was discontin-
ued on the second day because of the culture results. Finally,
data from a total of 33 patients were analyzed: 18 patients in
Group A received 15 mg/kg amikacin per day and 15 patients
in Group B received 25 mg/kg amikacin per day. The mean
age of the patients was 72.90 years, SD: +7.7. The results
of the independent sample #-test revealed that there were
no significant differences in age, sex, baseline CICr, initial
Acute Physiology and Chronic Health Evaluation II score,

Table | The baseline parameters of the patients in Groups A
and B

Patient’s demographic Group A Group B P-value
(15 mg/kg) (25 mglkg)

Age (years) 71384633 74.73%9.1 0.443

Sex (men/total) 12/18 9/15 0.357

Baseline APACHE Il score 16.00+4.6 16.2614.43 0.965

Baseline Cr (mL/min) 65.43+20.15 56.09+£12.94 0.187

IBW (kg) 60.72+11.48  56.53+832 0279

Note: Data is presented as mean * SD, except for sex.
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; CrCl,
creatinine clearance; IBW, ideal body weight.

and IBW between two treatment groups. Table 1 shows the
baseline parameters as well as the SD of the mean amounts
and the P-value of differences in Groups A and B.

Seven patients (21% of the total) had positive blood cul-
tures: one for Escherichia coli, one for P aeruginosa, one
for Acinetobacter baumannii, three for Klebsiella spp., and
one with mixed Klebsiella and A. baumannii.

The mean amikacin dose in Group A and B patients was
927 mg, SD: +180 (range: 600—1,250 mg), and 1,423 mg,
SD: £277 (range: 1,000—1,750 mg) respectively. The average
C, .. onDay 3 in Group A patients with 15 mg/kg/d amikacin
was 30.41 pg/mL, SD: £11.09 (range: 16.72-56.64) and
average C_. was 3.26 pg/mL, SD: +2.13 (range: <0.3-8.7).
In Group B, the average C___on Day 3 was 52.28 ug/mL,
SD: £16.11 (range: 23.86-70.28) and the average C . was
5.22 pg/mL, SD: £2.87 (range: <0.3—11.4). On Day 7 of
therapy, the average C__in Group A was 33.05 pg/mL, SD:
+7.31 (range: 22.18-50.02) and the average C . was 3.20
pug/mL, SD: £2.92 (range: <0.3-9.9). In Group B, the aver-
age C__on Day 7 was 60.01 ug/mL, SD: +17.64 (range:
37.79-81.53) and the average C_. was 9.28 pg/mL, SD:
15.62 (range 2-20.4). There was no significant difference
between C__and C . of Day 3 and Day 7 in the patients
in low-dose group (Group A), but in the high-dose group
(Group B) the C ; of amikacin on Day 7 was significantly
higher than on Day 3 (P=0.012) although the peak levels
were not different.

The average amikacin VD on Day 3 in Group A was 0.54
L/kg, SD: £0.19 (range: 0.25-1.06) and on Day 7 was 0.45
L/kg, SD: £0.09 (range: 0.33-0.63), (P=0.279). In Group B,
the average VD on Day 3 was 0.53 L/kg, SD: £0.25 (range:
0.31-1.21) and on Day 7 was 0.49 L/kg, SD: £0.18 (range:
0.31-0.85). The mean pharmacokinetic parameters of ami-
kacin in both groups are shown in Table 2.

When considering all the patients in both groups, there
were no significant differences between VD of Day 3 and
Day 7 (P=0.14). Changes in VD during Days 3—7 was also
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compared between each group, and again there were no
significant differences (for Group A: P=0.125, for Group B:
P=0.731).

As a primary outcome, no patient in Group A and only
40% of the patients in Group B attained target peak levels
(C,, >64 ug/mL) for killing the resistant pathogens. On the
other hand, five patients in Group A (27.8%) and 13 patients
(86.7%) in Group B had at least one trough level above
5 ug/mL. No patient in Group A and six patients (40%) in
Group B had at least one trough level above 10 pg/mL.

The CICr of the patients in Groups A and B was calcu-
lated using the Cockcroft-Gault formula. The mean values
of CICr for each group on Days 0, 3, 5, 7, and 10 of the study
are shown in Table 3. The average CICr of patients in each
group was compared point-by-point using a #-test. Analysis
showed that there were no significant differences between
the CICr of the baseline and the CICr of Days 3, 5, and 7 in
both groups and the CICr of Day 10 in Group A. However,
in Group B, CICr was significantly reduced in comparison
with the baseline on Day 10 (P=0.016).

Although there was no statistically significant difference
in the baseline CICr between the two groups, when compar-
ing the mean differences between the groups, CICr was sig-
nificantly lower in the high-dose group on Day 3 (P=0.037),
Day 7 (P=0.049), and Day 10 (P=0.004).

A repeated-measure analysis of CICr also revealed that
there was a significant difference in trend of CICr between

Table 2 Mean pharmacokinetic parameters of amikacin in
Groups A and B

two groups and in Group B, and that the trend was decreas-
ing (P=0.038).

Amikacin clearance was calculated for every patient using
individual elimination constant and VD on Days 3 and 7. CICr
and amikacin clearance did not significantly change in Group
A during Days 3-7, but in Group B, although CICr did not
change significantly, amikacin clearance reduced significantly
from Days 3 to 7 (P=0.048). As presented in Table 2, amikacin
t’2 and, consequently, its trough concentrations increased on
Day 7 compared to Day 3 in the high-dose group.

The Pearson correlation test showed a weak but significant
correlation between amikacin clearance on Day 7 and CICr
on Day 10 (P=0.031, r=0.46).

None of the patients in either Group A or B developed
kidney injury based on the AKIN criteria during the study
period.

Discussion

Although the standard amikacin dosage is 15 mg/kg/d in
most references,!!? it is shown that higher than this standard
dose (ie, 25-30 mg/kg) is necessary in critically ill patients
to achieve the target C__ /MIC value of higher than 8-10 for
more resistant bacteria in ICU settings.%'

Presently, to the best of our knowledge, our study is the
first that tested the success of high-dose, once-daily ami-
kacin for achievement of target serum level, in the elderly
population.

It is shown that the peak amikacin level <40 pug/mL is
associated with worse outcomes.'* In our study, almost all
the patients who received standard doses of amikacin (15 mg/

Values (meantSD) :;Il;o:;fl\(g) :;2';0:1';:(g) P-value kg/d) had peak levels <40 pg/mL in one or both of the two
VD Day 3 (Ukg) 0.5420.19 0.5350.25 0279 measuring days. Even when the amikacin trough exceeded
VD Day 7 (L/kg) 0.45+0.09 0.49+0.18 0.549 the threshold of toxicity (>5 pg/mL)," in four (27%) patients
Amikacin dose (mg/d) 927+180 14231277 0.000 of this group, the peak drug concentrations remained at <40
C..in Day 3 (pg/ml) 326£2.13 5224287  0.035 ug/mL. This is not surprising because the VD in critically
Cya, Day 3 (ng/ml) 30411109 5228+l6.11  0.000 ill patients increased largely in comparison to the normal
C_ Day 7 (ug/ml) 3.20£2.92 9281562  0.002 i . . ) .

C: Day 7 (ug/ml) 33050731 600141764 0001 population. In noncritically ill adult patients, the aminogly-
t% Day 3 (hour) 7 1142.46 5.5140.84 0.568 coside VD is 0.25 L/kg,'s but the mean VD in our patients
t% Day 7 (hour) 6.55+2.46 9.04+2.60 0.018 was 0.54 and 0.46 L/kg on Days 3 and 7, respectively. Some
Cl amikacin Day 3 (mL/min) 55435 56122 0.91 studies reported a mean value of 0.4-0.45 L/kg for VD of
Clamikacin Day 7 (ml/min) 51432 47126 072 aminoglycosides in critically ill adult patients.'>'” Fernandez
Abbreviations: Cl, clearance; t'4, half-life; VD, volume of distribution. de Gatta ct al'® reported a mean value of 0.52+0.21 L/kg for
Table 3 Mean values for CrCl in Groups A and B

Groups (mL/min) CICr base CICr Day 3 CICr Day 5 CICr Day 7 CICr Day 10
Group A (15 mg/kg) 65420 68421 65+27 6723 72426

Group B (25 mg/kg) 56+12 54+14 5315 53t14 47£10

Abbreviation: CICr, clearance of creatinine.

submit your manuscript

226

Dove

Infection and Drug Resistance 2018:1 1


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

High-dose amikacin for achieving serum target levels

the VD of amikacin in critically ill patients. This is in line
with our study, but their patient’s mean age was 50 years
while all of our patients were 265 years and with a mean
age of 73 years. We know that aging is associated with an
increase in body fat and a decrease in lean body mass and
total body water; these changes will affect the apparent VD of
drugs, and in the case of polar drugs VD will be decreased.
Surprisingly, we found that in our elderly patients, the VD of
amikacin increased to at least as high amount as previously
reported for younger adult critically ill patients. However,
variations of VD in our patients were very high (0.25-1.2 L/
kg), which emphasizes the great importance of therapeutic
drug monitoring in geriatric critically ill patients.

In the study of Galvez et al,® only 39% of patients with
25 mg/kg and 76% with 30 mg/kg of amikacin reached peak
amikacin levels >60 pg/mL. White et al?® in a retrospective
investigation reported that with a higher than approved dose
for amikacin (ie, >15 mg/kg/d), only 63.0% and 36.9% of
patients in their institution reached the target Cmax/MIC of
210 and AUC, /MIC of =75 respectively, but only 45.3% of
their patients were critically ill.2° Our study revealed that
with standard doses of amikacin (ie, 15 mg/kg/d), no patient
reached target peak levels. Even in the high-dose group, in
less than half of the patients did the amikacin peak concen-
trations reach the target level (>64 pg/mL).

As shown in Table 2, elimination tY% is increased in our
elderly critically ill patients compared to the t/2 of 23 hours
in the normal adult population. This is partly due to the
preexisting renal dysfunction due to aging, although other
factors such as critical illness, decreased renal flow due to
hypo-perfusion, etc., could also play a role.

There are some limitations which should be addressed
in this study. The sample size is relatively small, but con-
sidering the difficulty of patient enrollment based on the
inclusion and exclusion criteria and because the primary
objective was to show the efficiency of two dose regimen
of amikacin to achieve desired level and not a statistical
comparison of a clinical outcome, the results might be less
influenced by the sample size. Another limitation which
could be mentioned is the CICr estimation by the Cockcroft—
Gault equation. This equation may overestimate CICr in the
elderly population because of reduced lean body mass by
aging. Measuring CICr by the method of 24-hour urine col-
lection is the gold standard method. Also, we acknowledge
that more frequent sampling during a 24-hour period would
offer a more precise calculation of some pharmacokinetic
parameters such as VD compared to a peak and trough level
measurement.

Conclusion

It might prove reasonable to administer amikacin in high
doses (at least 25 mg/kg) in elderly critically ill patients to
achieve target peak levels (>64 pg/mL). Nevertheless, to
reduce toxicity, the kidneys should be allowed more time
to eliminate the drug. This interval in the elderly people
should be more than 24 hours (based on the renal functional
reserve). It should be noted that due to the great variability in
the VD between patients and rapid changes in critical illness,
the true interval cannot be predicted unless the drug level is
measured at appropriate times and individualized treatment
is available for every patient.

Disclosure
The authors report no conflicts of interest in this work.
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