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Aminoglycosides are the major components for the
empirical treatment of infections caused by gram-nega-
tive organisms."” Two major toxicities associated with
the use of aminoglycosides are nephrotoxicity and oto-
toxicity.* Nephrotoxicity is related to the duration of
exposure rather than the high serum levels. On the other
hand, ototoxicity is related to the elevated trough con-
centration, which is sometimes irreversible.**® A sug-

gested approach to reducing these toxicities is to
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decrease the dosing frequency. As a result, a new dosage

strategies for administering aminoglycosides, namely
extended-dosing intervals and once-daily dosing regimen,
are increasingly being practiced.”® Unlike that of B-lac-
tams, the rate and extent of aminoglycoside’s capability
against gram-negative bacteria are more a function of
the concentration of the antibiotic. As a result, a higher
peak concentration (C ) and a higher C,,,/MIC ratio
produce a rapid and complete bactericidal effect and
have been postulated to be the best predictors of thera-
peutic efficacy. Prolonged post-antibiotic effect, bacteri-
cidal activity, reduced potential for adaptive post-
exposure, and decreased risk of nephrotoxicity and oto-

toxicity are all associated with the once-daily regi-



Pharmacokinetics of Once-Daily Amikacin in Korean Adult Patients

men.”*” Many meta-analysis and clinical trials indicate
that once-daily dosage of aminoglycosides is as effec-
tive as multiple-dosage regimen with similar or lower
toxicity.'*!?

The pharmacokinetics of amikacin has large intra-
and inter-patient variations due to several factors such
as creatinine clearance (CLcr), gender, age, body
weight, serum creatinine (Scr), and the presence of sep-
sis or cirrhosis.'*7!*1?) Interestingly, a recent study of
the once-daily dose of amikacin with lower peak target
concentrations in intensive care unit (ICU) patients
reported good clinical responses (94%) and bacterio-
logic responses (84%) with no nephrotoxicity.**

All previous studies recommend that amikacin should
be administered with individualized dosing regimens
that take into account the factors that influence amika-
cin’s pharmacokinetic parameters. However, these pre-
vious studies have several limitations in that they had
insufficient population sizes, validation problems, and
restricted-population patients’ groups, among many oth-
ers.'” Although the use of once-daily aminoglycoside is
becoming increasingly prevalent in Korea, the optimal
once-daily dosing strategy remains unknown and no
clear guideline for its monitoring is available. Dosing
strategies in Korean patients have been based on phar-
macokinetic data from Western populations. Thus, phar-
macokinetic and pharmacodynamic studies of amikacin
therapy need to be performed among various Korean
subpopulations. This study aims to evaluate the phar-
macokinetic parameters of a once-daily amikacin regi-
men in adult Korean patients and compare them
according to renal function so as to help design the
optimal regimen for individualized once-daily amikacin
administration.

METHODS

Study Population

This retrospective study was undertaken for patients
receiving amikacin once daily against gram-negative
infection from March 2001 to March 2004 at a tertiary
care university hospital in Seoul, Korea. Patients were
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included for analysis if they were over 18 years of age,
have received two or more once-daily doses of amika-
cin, and have had steady state pre-and post-dose serum
concentrations measured. Patients with endocarditis,
burns and on hemodialysis were excluded from the

evaluation.

Data Collection

Patient characteristics such as gender, age, weight,
height, type of infection, underlying disease, baseline bio-
chemical markers, number of treatment days, and dosing
information were collected. Biochemical markers [e.g.,
Scr, blood urea nitrogen (BUN), albumin, serum hemoglo-
bin (Hb), and serum amikacin concentration] were
obtained on the day of each amikacin concentration mea-
surement. Other information such as the patients’ total
daily dose of amikacin, dosing interval, duration of infu-
sion, and duration of therapy were collected.

The exact time of administration of amikacin was
acquired from the nursing medication administration
record, interviews of the charge nurse, and the data
sheet maintained by the pharmacy department. The
sampling time of amikacin was obtained from a medi-
cal technologist. Each patient’s CLcr, ideal body
weight, and degree of obesity were calculated.

Drug Administration

A usual dose of 500 mg of amikacin in a 100mL nor-
mal saline solution was administered once daily in
combination with one or more antibiotics. Clinical
pharmacists adjusted the subsequent patients’ doses
using the software program CAPCIL® (Simkin Inc., FL,
USA).

Drug Concentration Analysis

Two amikacin plasma samples at steady state were
drawn from each of the patients who were receiving
once-daily doses of amikacin. A post-dose sample was
drawn 30-60 minutes after the completion of the 30-
minute infusion of amikacin, whereas a pre-dose sam-
ple was drawn 60 minutes before the next dose. The
serum concentrations of amikacin were determined by
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means of fluorescence polarization immunoassay
(Cobas Integra 800 analyzer, Roche, Germany). The
lowest and highest limits of detection were 0.3 mg/L

and 80 mg/L, respectively.

Criteria for Diagnosis of Infection

The diagnosis of infections was based on symptom-
atic, physical, histological, laboratory and radiological
findings as well as bacteriological assessment through
the isolation of a pathogen from an appropriate source.
The definition of each infection was based on the stan-
dard definitions of the Center for Disease Control and
Prevention (CDC).*”

Pharmacokinetic Parameters of Amikacin

A pharmacokinetic analysis was performed for each
patient using the CAPCIL® program. The pharmacoki-
netic parameters of amikacin including clearance (CL),
half-life (T,,), and volume of distribution (Vd) were
calculated using the multiple-point linear method. Indi-
vidual patient data including serum concentrations, age,
weight, height, gender, Scr, dosage history, and indication
for therapy were entered into the CAPCIL® program. The
measured levels that were less than 0.3 mg/L were revised
to 0.15 mg/L. The therapeutic plasma concentration range
of amikacin for its Cp, and Cyg Were regarded to be
between 1 mg/L and 40 mg/L.>'>

Comparison of Pharmacokinetic Parameters Accord-
ing to CLcr

To evaluate the difference between the pharmacoki-
netic parameters (CL, T,,,, and Vd) of amikacin accord-
ing to the renal function, the patients were classified into
four subgroups based on their CLcr as follows: CLer <
40 mL/min; 40 mL/min CLcr 60 mL/min; 60 mL/min <
CLcr 90 mL/min; CLcr > 90 mL/min.

Statistical Analyses

ANOVA was used to evaluate the difference between
L and C
amikacin in four subgroups divided by CLcr. Scheffe

the pharmacokinetic parameters Cy,,, peak Of

was used for post hoc analysis. The p-value of < 0.05
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was considered statistically significant. Statistical anal-
yses were performed using the SAS computer program
(Windows 8.0 version).

RESULTS

Baseline characteristics of the patients

A total of 353 adult in-patients treated with once-
daily doses of amikacin were included in the evalua-
tion. Clinical pharmacists monitored these patients’
doses. Patient characteristics are shown in Table 1. The
patients included in this study had significant variations
in age, weight, height, and baseline biochemical mark-
ers as shown in Table 1. One hundred sixty-nine (45%)

Table 1. Patient characteristics (n=353)

Characteristics

Gender
Male, n (%)
Female, n (%)

213 (60)
140 (40)

Age (years)

Weight (kg)
Total body weight
Ideal body weight
Degree of obesity (%)

Height (cm)

60.9£17.0 (18.0-91.0)

58.6+ 12.2 (26.7-120.0)
58.7+ 9.4 (36.0-79.5)
100.9+ 18.5 (49.9-157.4)

163.7£ 9.1 (131.0-185.0)

Indication for therapy, n (%)

Pneumonia 131 (37.1)
Urinary tract infection 51(14.5)
Sepsis 29 (8.2)
Cholecystitis 22 (6.2)
Others 120 (34.0)
Underlying diseases, n (%)
Cancer 75 (21.2)
Hypertension 67 (19.0)
Diabetes mellitus 61(17.3)
Liver cirrhosis 15(4.2)
Chronic renal failure 13(3.7)
Congestive heart failure 6 (1.7)
None 116 (32.9)

Baseline biochemical markers
Serum BUN (mg/dL)
Serum creatinine (mg/dL)

16.1£13.1 (1.6-112.1)
1.0£0.5 (0.2-7.6)

Creatinine clearance (mL/min) 63.9£35.3 (8.9-300.0)

Serum albumin (g/dL) 3.1£0.5(1.5-4.4)

Serum Hemoglobin (g/dL) 10.842.0 (6.8-15.9)
Administration of amikacin

Dose (mg/day) 467.4+138.6 (100-1000)

Dose (mg/kg/day) 8.32.9(1.5-19.2)

Duration (days) 11.97.9 (3-105)

Values are presented by mean + SD (range).
SD, standard deviation; BUN, blood urea nitrogen
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Table 2. Pharmacokinetic parameters of amikacin

Parameters Mean+SD Range
Clearance (mL/hr/kg) 55.4423.7 7.2-152.3
Volume of distribution (L/kg) 0.35+0.12 0.12-0.80
Half life (hr) 5.2243.34 1.88-29.30
Cpeak (mg/L) 26.3549.28 9.50-61.00
Cirough (mg/L) 1.14£1.95 0.01-14.94

Cpear  Predicted serum peak concentration of amikacin; Cigyons
predicted serum trough concentration of amikacin; SD, standard
deviation

patients were 65 years of age or older. 194 (55%)
patients had CLcr that was lower than 60 mL/min. 67
out of 353 total patients were admitted in the intensive
care unit and CLcr was lower than 60 mL/min in 61%
of them (n=41).

Most patients received amikacin once daily except for
seventeen patients (4.8%) who received amikacin every
other day. Seventy percent of the patients received 500
mg of amikacin once a day. Frequently administered
concomitant antibiotics were penicillins (n = 47), third-
generation cephalosporins (n = 258), macrolides (n =
42), and glycopeptides (n = 26).

Pharmacokinetic Parameters of Amikacin
The estimated values of CL, Vd, T, C
» of amikacin are shown in Table 2. The number

peaks and

Ctroug

of patients with C,, ., level between 1 and 5 mg/L or

trou,
above 5 mg/L. was 9g3 and 18, respectively. The ICU
patients were noted to have higher C,, levels than
general ward patients, as 14.9% of ICU patients, com-
pared to the 2.8% of general ward patients, had Cyygn
above 5 mg/L, as well as 44.8% of ICU patient, com-
pared to the 22.0% of general ward patient, had Cyqn
between 1 and 5 mg/L. 40.3% of ICU patient and
75.2% of general ward patient had C,,, below 1 mg/

L. The number of patients with C_,, levels between 40

pea

and 50 was 35 and that with above 50 mg/L was 6.

Comparison of Pharmacokinetic Parameters Accord-
ing to Creatinine Clearance

CL, Vd, and T, ,, of amikacin stratified by CLcr were
compared as shown in Figure 1. There were significant
differences in the mean values of the CL, T, and Vd
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Fig. 1. Comparison of (A) clearance, (B) volume of
distribution, and (C) half life of amikacin by creatinince
clearance of patient.
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Fig. 2. Comparison of (A) predicted serum trough concentra-
tion, and (B) predicted serum peak concentration of amikacin
by creatinince clearance of patient.

among 4 groups stratified by CLcr (p<0.001 for all).
Generally, CL and Vd of amikacin decreased whereas
T,» increased when CLcr diminished. Post hoc analysis
showed (1) clearance of amikacin with CLcr lower than
40 mL/min decreased significantly compared to CLcr
higher than 60 mL/min, (2) volume of distribution with
CLecr lower than 60 mL/min decreased significantly
compared to CLcr higher than 90mL/min, and (3) half
life with CLcr lower than 40 mL/min increased signifi-
cantly compared to CLcr higher than 40mL/min. The
estimated Cy,, compared by CLer had differences as
shown in Figure 2. No difference was observed in the
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mean C,, values of the patients with different states of
renal function (p=0.4471).

DISCUSSION

Several studies have shown variability in the pharma-
cokinetic parameters of amikacin among patients with
different underlying diseases.'>%1%16:181921.22) pyqp
ever, only limited data is available on the pharmacoki-
netic or pharmacodynamic variations of once-daily
amikacin therapy in Korean adult patients with various
underlying diseases and states. This study evaluated the
pharmacokinetic parameters of once-daily amikacin
doses in adult Korean patients. It is worth noting that
most of the patients in the study received an 8.26+2.9 mg/
kg dose for the once-daily dose of amikacin, which is
lower than what has been recommended by literatures
on once-daily amikacin administration.'”'*!321-23) Thjs
may not have been a problem among our study patients,
considering that many of them were old and had
impaired renal functions. The most frequently adminis-
tered (70%) dose of amikacin was 500 mg, given once
a day. As a result, the mean C., and C,,,, of amika-
cin were lower than what has been reported in other
studies,37+15:2223)
This study also showed that more ICU patients than

general ward patients had C,,,,, levels above 1 mg/L,

trou,
which might have been due to tghe impaired renal func-
tions of the ICU patients. The amikacin dosage in
patients with high C,,, levels were adjusted to keep
their Cyqp levels below 1 mg/L. Raveh ef al. reported
that renal damage is correlated with a high aminoglyco-
side trough level (> 1.1 mg/L), a low Hb level (< 10 g/
dL), a hospital stay longer than 7 days prior to ami-
noglycoside treatment, and aminoglycoside treatment
longer than 11 days.” Moreover, several studies report
that the nephrotoxicity associated with aminoglycoside
treatment is related to the duration of the treatment.”®"
In the study conducted by Bacopoulou et al., there were
significant correlations between amikacin’s Cyo, and
its elimination rate constant, CL, or T, ,.”)

Clearance of amikiacin has been reported to increase
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in young, healthy people and to decrease in critically ill
patients or the elderly.*'®*? Previous studies showed
that CLer was an important factor in the clearance of
amikacin.'*'>1?? Clearance of amikacin significantly
differed according to CLcr. The mean clearance was
lowest in patients with the most serious renal impair-
ment (CLcr < 40 mL/min) and highest in patients with
the least serious renal impairment (CLcr > 90 mL/min).
Diabetes Mellitus (DM) has been shown to be a risk
factor for nephrotoxicity.>**> Therefore, patients with
impaired renal functions or underlying diseases that
influence their renal functions such as DM, or who
have been admitted in ICU must have their amikacin
dose monitored and adjusted according to their renal
functions. In patients with severe renal dysfunction, a
dose of every 48 hrs or longer is recommended. The
mean T, of amikacin in the critically ill patients was
larger than those found in other studies.>**'?? Many
studies have shown that the T, of amikacin increases
in the presence of an impaired renal function and DM,
and is strongly correlated with the elimination rate
constant,>**1-*)

The mean Vd of amikacin in this study was larger
than what is reported for healthy volunteers but smaller
than that of ICU patients.>*'”)

One limitation of this study was that there were signifi-
cant variations in the characteristics of the study popula-
tion. Further studies with specific patient groups are
needed. As suspected, a lower peak level was observed in
the subjects since the dose that was administered was
lower than what is traditionally recommended for once-
daily doses. However, it is believed that this lower peak
level was sufficient for the patient group, as a study by
Bacopoulou et al., which included ICU patients, showed
that a lower peak level for a once-daily amikacin dose has
adequate efficacy with less nephrotoxicity.”) The optimal
once-daily amikacin dosing regimen and the relationship
between the C, and Cy,q;, and the efficacy or toxicity of
the regimen remain unknown, and there are no clear
guidelines for monitoring the once-daily administration of
aminoglycosides.>?*3% Nevertheless, the results of this

study indicate that the pharmacokinetic parameters of ami-
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kacin are influenced by CLcr. Therefore, the dose of ami-
kacin should be individualized per patient, considering
renal function to achieve its maximal therapeutic efficacy.

CONCLUSION

The mean C
dose, once-daily amikacin samples were 26.354+9.28
mg/L and 1.14+1.95 mg/L, respectively. The mean Vd,
CL, and T,,, were 0.35£0.16 L/kg, 55.40£23.72 mL/hr/
kg, and 5.22+3.34 hrs, respectively. Clearance of ami-

wough and Cpcy obtained from the low-

kacin with CLcr lower than 40 mL/min significantly
decreased compared to that of CLcr higher than 60mL/
min. Volume of distribution with CLcr lower than 60
mL/min significantly decreased compared with that of
CLecr higher than 90mL/min. Half life with CLcr lower
than 40 mL/min significantly increased compared with
that of CLcr higher than 40mL/min. C,,,, of patients
whose CLcr is lower than 40mL/min were significantly

higher than others, whereas C_.,, in various CLcr were

pea

not significantly different. This result indicates that the
pharmacokinetic parameters of amikacin are dependent
on CLcr, so the dose of amikacin should be individual-
ized per patient for optimal effect.

ACKNOWLEDGEMENT

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea
government (MEST) (No. 2011-0000354)

REFERENCES

1. Tod M, Lortholary O, Seytre D, er al., Population
pharmacokinetic study of amikacin administered once or
twice daily to febrile, severely neutropenic adults.
Antimicrob Agents Ch 1998; 42: 849-56.

2. Lugo G Castafleda-Hernandez G Amikacin bayesian
forecasting in critically ill patients with sepsis and cirrhosis.
TDM 1997; 19: 271-6.

3. Bacopoulou F, Markantonis SL, Pavlou E, et al., A study of
once-daily amikacin with low peak target concentrations in
intensive care unit patients: pharmacokinetics and associated
outcomes. J Crit Care 2003; 18: 107-13.

4. Raveh D, Kopyt M, Hite Y, ef al, Risk factors for



214

10.

11.

12.

13.

14.

15.

16.

17.

. Giamarellou H, Yiallouros

nephrotoxicity in elderly patients receiving once-daily
aminoglycosides. Q J Med 2002; 95: 291-7.

. Beauchamp D, Labrecque G Aminoglycoside nephrotoxicity:

do time and frequency of administration matter? Current
Opinion in Critical Care 2001; 7: 402-8.

. Rougier F, Ducher M, Maurin M, ef al., Aminoglycoside

dosages and nephrotoxicity. Clin Pharmacokinetic 2003;
42: 493-500.

K, Petrikkow G et al,
Comparative kinetics and efficacy of amikacin administered
once or twice daily in the treatment of systemic gram-
negative infections. J Antimicro Chemoth 1991; 27: 73-9.

. Freeman CD, Nicolau DP, Belliveau PP, et al., Once-daily

dosing of aminoglycosides: review and recommendations for
clinical practice. J] Antimicrob Chemoth 1997; 39: 677-86.

. Rougier F, Claude D, Maurin M, er al, Aminoglycoside

Nephrotoxicity: Modeling, simulation, and control. Antimicrob
Agents Ch 2003; 47: 1010-6.

Hatala R, Dinh T, Cook DJ. Once-daily aminoglycoside
dosing in immunocompetent adults: a Meta-analysis. Ann
Intern Med 1996; 124: 717-25.

Ferriols-Lisart R, Aldés-Almifiana M. Effectiveness and
safety of once-daily aminoglycosides: A meta-analysis.
Am J Health-Syst Pharm 1996; 53: 1141-50.

Karachalios GN, Houpas P, Tziviskou E, et al,
Prospective randomized study of once-daily versus twice-
daily amikacin regimens in patients with systemic
infections. Int J Clin Pharm Th 1998; 36: 561-4.

Staneva M, Markova B, Atanasova I, et al., Pharmacokinetic
and pharmacodynamic approach for comparing two
therapeutic regimens using amikacin. Antimicrob Agents Ch
1994; 38: 981-5.

Santre C, Georges H, Jacquier JM, et al., Amikacin
levels in bronchial secretions of 10 pneumonia patients
with respiratory support treated once daily versus twice
daily. Antimicrob Agents Ch 1995; 39: 264-7.

Bressolle F, Gouby A, Martinez JM, et al., Population
pharmacokinetics of amikacin in critically ill patients.
Antimicrob Agents Ch 1996; 40: 1682-9.

Vanhaeverbeek M. Pharmacokinetics of once-daily
amikacin in elderly patients. J Antimicrob Chemoth
1993; 31: 185-7.

Botha FJ, van der Bijil P, Seifart HI, et al., Fluctuation
of the volume of distribution of amikacin and its effect

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kor. J. Clin. Pharm., Vol. 21, No. 3, 2011

on once-daily dosage and clearance seriously ill patients.
Inten Care Med 1996; 22: 443-6.

Nathalie B, Biatrice AL, Alain L, ef al., Diurnal changes
in the pharmacokinetic behavior of amikacin. TDM 2000;
22: 307-12.

Romano S, Fdez de Gatta MM, Calvo MV, et al.,
Population pharmacokinetics of amikacin in patients with
haematological malignancies. J Antimicrob Chemoth
1999; 44: 235-42.

Gamer JS, Jarvis WR, Emori TG DCP definitions for
nosocomial infections. Am J Infect Control 1998;16:128-40.
Anwera PV. Pharmacokinetic evaluation of single daily
dose amikacin. J Antimicro Chemoth 1991; 27 :63-71.
Marik PE, Havlik I, Monteagudo FS, e al, The
pharmacokinetics of amikacin in critically ill adult and
paediatric patients: comparison of once-versus twice dosing
regimens. J Ant. Chemo 1991; 27: 81-9.

Blaser J, Donig C, Ftio R, et al., Multicenter quality
control study of amikacin assay for monitoring once-daily
dosing regimens. TDM 1995; 17: 133-6.

Raveh D, Kopyt M, Hite Y, ef al., Risk factors for
nephrotoxicity in elderly patients receiving once-daily
aminoglycosides. Q J Med 2002; 95: 291-7.

Susser Z, Raveh D, Yinnon AM. Safety of once-daily
aminoglycosides in the elderly. ] Am Geriatr Soc 2000;4
8: 857-9.

Bartal C, Danon A, Schlaeffer F, et al., Pharmacokinetic
dosing aminoglycosides: A controlled trial. Am J Med
2003; 114: 194-198.

Zaera S, Hermida J, Tutor C. Effect of analytical
inaccuracy on dose adjustment for vancomycin, amikacin,
and tobramycin using the abbottbase pharmacokinetic
systems. TDM 2002; 24: 696-700.

Desoky E, Meinshausen J, Buhl K., er al., Generation of
pharmacokinetic data  during routine  therapeutic  drug
monitoring: bayesian approach vs. pharmacokinetic studies.
TDM 1993; 15: 281-8.

Ried LD, Mckenna DA, Horn JR. Effect of therapeutic
drug monitoring services on the number of serum drug
assays ordered for patients: A meta-analysis. TDM 1989;
11: 253-63.

Winston L, Benowitz N. Once-daily dosing of
aminoglycosides: How much monitoring is truly required?
Am J Med 2003; 114: 239-40.



