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The duration of infusion may influence the plasma drug level, thereby influencing effectiveness and toxicity.
Intravenous amikacin (AMK) should not be given as a bolus. Instead, it is recommended to be administered via
intermittent infusion over 30—60 minutes. This study aimed to determine differences in the estimated pharmacokinetic

(PK)/pharmacodynamic parameters of AMK when administered via 30- versus 60-minute infusions, as well as the
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relationship with outcomes and toxicity. The data for this study were gathered from the medical records of adult
inpatients treated with AMK at Dr. Sardjito Hospital in Yogyakarta. Due to the lack of therapeutic drug monitoring,
blood AMK levels were estimated using a pharmacokinetic formula. The results demonstrated that the duration of
AMK infusion had an impact on the estimated AMK levels (Cmax, Cmin, and maximum concentration/minimum
inhibitory concentration ratio). Estimated AMK Cmax and Cmin showed a significant correlation with mortality

and signs of toxicity, and Cmin of <2.5 mg/kgBW/day had a significant difference in clinical outcomes. AMK
administered via 30-minute infusion results in faster and higher estimated Cmax; however, administration of AMK
by 60-minute infusion may be more appropriate to decrease mortality rate while posing the same toxicity risk.
Further research based on actual blood levels is needed.

INTRODUCTION

Infections remain the leading cause of death in the
developing world, owing to the emergence of new diseases, the
re-emergence of controlled diseases, and antimicrobial resistance
[1]. Many of these infections have become difficult to treat,
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and the lack of new antibiotics, particularly for treating gram-
negative bacterial infections, necessitates implementing novel
antibiotic use strategies [2]. Understanding the relationship of
pharmacokinetic/pharmacodynamic (PK/PD) drugs in the fight
against bacteria is the key to optimizing antibiotic dosing [3].
The maximum concentration/minimum inhibitory concentration
(Cmax/MIC) ratio and the area under the curve over 24 hour/
minimum inhibitory concentration (AUC ,/MIC) ratio are
PK/PD predictors of the efficacy of concentration-dependent
antibiotics such as aminoglycosides (AMGs) [4,5].

Amikacin (AMK) is one of the AMGs that possesses
a narrow therapeutic range with toxic concentration, which
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is Cmax of >40 pg/ml and trough concentration (Cmin) of
>10 pg/ml [6]. AMK is used to treat serious infections caused
by Gram-negative bacteria that are resistant to other AMGs,
such as gentamicin [7], as evidenced by its high sensitivity
level compared to other antibiotics [5,8]. A target Cmax/
MIC ratio of >8 or an AUC__ /MIC ratio of >80 should be
achieved to maximize the effectiveness of AMK therapy
[4,9-11]. On the other hand, a prolonged high Cmax or Cmin
may be associated with increased AMG toxicity, particularly
ototoxic and nephrotoxic [12]. To minimize toxicity, most
studies sought a Cmin of <10 or <5 mg/l [13]. AUC has
additionally been associated with the development of AMK
nephrotoxicity [9].

Therapeutic drug monitoring (TDM) should be
performed in AMG due to its limited therapeutic range and
high toxicity risk to reduce toxicity and optimize therapy
[4,5,14]. However, accurate data (such as the dose, sampling
time, and infusion time) must be recorded to interpret serum
concentrations and correctly adjust dosages [4]. Using
antibiotics at optimal doses and proper routes is critical to
improving their efficacy [15], but antibiotic-appropriate routes
remain controversial [16]. Due to a lack of data and concerns
that an excessively rapid and high Cmax could result in toxicity,
such as ototoxicity, intravenous (IV) AMK is not recommended
to be administered via bolus IV [17]. As a result, intermittent
infusion of AMK for 30—60 minutes is recommended [6,12,18].
According to previous research, most AMK was administered
as 30-minute infusions [10,11,19-22], 60-minute infusions
[3,23], or both [24-26].

The duration of infusion is one of the factors that
may influence the blood drug level, as previously reported in
various drugs, such as the extended or continuous versus short-
term infusion of carbapenems [27,28] and other beta-lactams
[29]. Furthermore, the drug effectiveness and toxicity are also
possibly affected by the infusion duration: the toxicity and
immunomodulation of IL-2 are dependent on both dose and
infusion duration [30], mortality of carbapenem or piperacillin/
tazobactam as an extended or continuous infusion (CI) was lower
than that for short-term infusion [2], and the clinical outcomes
(CO) were different on CI compared to intermittent infusions
of antibiotics in infectious disease [31]. Previous research has
focused on carbapenem, piperacillin-tazobactam, ceftriaxone,
b-lactams, and vancomycin, which are time-dependent
antibiotics that require prolonged drug concentrations above the
MIC (fT > MIC) to increase their efficacy.

Unlike time-dependent antibiotics, AMK is a
concentration-dependent antibiotic with a prolonged post-
antibiotic effect (PAE) [4]. It requires a high Cmax to achieve
efficacy, but such a high concentration should not be prolonged
to reduce toxicity risk. Very few studies have examined the
various infusion durations of dose-dependent antibiotics.
According to previous research on pediatric cancer patients,
administering AMK via IV infusion for 30 minutes resulted in
different blood concentrations in which Cmax could be reached
faster and higher, while the drug level became significantly
lower in the following hours compared to 60-minute infusions
[24]. However, the study did not report on treatment outcome
achievement. Thus, more research is required to investigate

the PK/PD parameters of AMK administered via 30- versus
60-minute infusions in adult patients and their correlation with
treatment outcomes and toxicity.

Cmax and Cmin after the administration of IV
infusion are clinically important to estimate the plasma drug
level at a steady state; thus, whether the level is effective or
toxic can be estimated [32]. The weaknesses in measuring the
concentrations in biological liquids are usually related to the
relatively high monitoring cost, the time appropriateness, and
the accuracy of which the samples are taken [33]. Estimating
blood drug levels using a PK equation is an alternative strategy
for measuring drug levels in the blood. The Bauer and Winter
formula can be employed to estimate drug concentration in
a steady state [34,35]. Estimating the blood drug levels can
be a strategic solution for countries where TDM activity in
hospitals has not been practically implemented due to various
constraints, such as Indonesia. This study will concentrate on
estimating blood AMK levels administered via IV infusions,
with the simulation of 30- versus 60-minute infusions, and the
relationship of estimated PK/PD ratio with AMK efficacy and
toxicity in adult hospitalized patients.

METHODS

This research was conducted through a retrospective
study with a cross-sectional design, located in Central General
Hospital Dr. Sardjito Yogyakarta Indonesia, one of the referral
and teaching hospitals in the Special Region of Yogyakarta. This
research obtained ethical approval from the Health Research
Ethics Committee of FKKMK UGM Yogyakarta, number KE/
FK/0885/EC/2020, continued by KE/FK/1060/EC/2021. The
research subjects’ inclusion criteria were the inpatients staying
in the hospital from January to December 2020, aged >18,
receiving AMK therapy administered by IV infusion route, and
diagnosed with infectious disease. Meanwhile, the exclusion
criteria were patients with pulmonary or extrapulmonary TB or
immunocompromised patients.

Data collections

The medical record data of inpatients receiving
AMK therapy were collected using a total sampling technique.
Demographic and clinical characteristics [sex, age, weight,
height, diagnosis, comorbidities, length of stay (LOS), and
discharge condition], as well as AMK usage pattern data
(dosage, frequency, administration route, duration therapy,
and other antibiotics), were collected. To assess the efficacy of
AMK treatment, vital signs, clinical symptoms, and laboratory
data (leukocyte count, procalcitonin, serum creatinine (SCr),
culture and sensitivity test results, radiology test results, and
others) were collected.

Since the TDM was not performed in our hospital or
Indonesia in general due to various constraints, AMK levels
in the blood: highest and lowest blood levels at steady state
(C¥ and Cy) after the administration of infusion IV (with
the simulation of infusion duration for 30 and 60 minutes),
calculated as estimated AMK level using the Bauer and Winter
PK formula [Equations (1) and (2)]. Meanwhile, the minimum
inhibitory concentration (MIC) data of the pathogenic
bacteria were obtained from the hospital-integrated laboratory
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installation and determined based on the examination procedural
standard at the related hospital laboratory.
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Efficacy and toxicity evaluation

The efficacy of AMK was assessed as the primary
outcome (CO) and the secondary outcome (mortality). The
CO and toxicity were evaluated at the end of AMK therapy
compared to the pre-AMK therapy condition. In contrast, the
secondary outcome was measured at the end of hospitalization.
When at least one of the general parameters (improving
statement from a clinician, a negative result of bacteria culture,
or decreasing leukocyte count approaching normal value) and/
or two or more specific parameters (improving vital signs,
clinical symptoms based on the disease, or other supporting
data) had been achieved, the patients’ CO was considered to
be improving. The nephrotoxic development was evaluated
by the presence of an SCr significant increasing value (>0.5
mg/dl) when the SCr baseline was <2 mg/dl or an increase of
>30% when the SCr baseline is >2 mg/dl, and/or a urine output
reduction (<0.5 ml/kg/hour for >6 hours) [9,36]. Another AMK
toxicity was assessed based on clinical signs and symptoms
reported by patients, as stated in their medical records, as none
of the patients had an audiometric examination.

Data analysis

A univariate analysis was conducted on the patient’s
characteristics, AMK usage patterns, and treatment outcome
data. The Cmax, Cmin, and PK/PD ratio (Cmax/MIC) values
were descriptively analyzed and compared within the infusion
duration of 30 versus 60 minutes using the Wilcoxon sign Rank
test. The Targets of the parameters are determined based on
previous study, which were Cmax >64 pg/ml [11,22], Cmin <5
pg/ml [13], and Cmax/MIC >8x [4,9,10,11]. The correlation of
AMK Cmax, Cmin, and Cmax/MIC ratio at various targets with
the AMK efficacy (CO and mortality) and signs of toxicity were
analyzed using chi-square or Fisher exact test assisted with the
Statistical Package for the Social Sciences software version 27.

RESULT AND DISCUSSION

Demographic and clinical characteristics of subjects

Seventy patients met the inclusion criteria and became
subjects in this study. Table 1 demonstrates the characteristics
of the research subjects. The majority of these subjects were
male, in accordance with previous research that the majority
of patients were also male with an age range of 45-64 years
[37]. Most subjects had normal kidney function, with an initial
SCr range of 0.22-5.52 mg/dl. AMK accumulation may occur
in patients with renal dysfunction because almost 100% AMGs
are cleared through glomerular filtration, necessitating a dosage
adjustment or extended dosing interval [38,39]. The ¢, value
of AMK in adults with normal kidney function is +2 hours
(1.4-2.3 hours), whereas it can reach 28-86 hours in patients
with anuria and end-stage renal disease [6,40]. Our previous
study discovered that renal function was related to the patient’s

discharge condition [41]. Because of the narrow therapeutic
index of AMGs, the patient’s renal function should be monitored
to avoid toxicity, and TDM is frequently required [42].

Most patients receiving AMK therapy in this study had
mixed infections, and 64.3% had cardiovascular disease (CVD) or
diabetes mellitus (DM) comorbidities. AMK was mostly used to
treat sepsis/septic shock patients with pneumonia (28 patients), and
the second most common infection was pneumonia [particularly
hospital-acquired pneumonia (HAP)/ventilator-associated
pneumonia], consistent with previous findings that the majority
of sepsis patients receiving AMK had lung infections (community-
acquired pneumonia, healthcare-associated pneumonia and HAP)
[22]. The majority of sepsis patients also had hypertension, CVD,
or DM [37], which can worsen the patient’s condition. High
blood pressure and blood glucose levels that are not continuously
controlled can damage kidney blood vessels and impair kidney
function [43]. AMK PK can be influenced by septic conditions,
which can then affect its PD [22]. Sepsis-related pathophysiological
changes, such as capillary leak syndrome and/or augmented renal
clearance, may result in an increased volume of distribution and
clearance. The PK variability is very high in critically ill patients,
making optimal dose selection difficult [11].

The LOS in this study ranged from 4 to 63 days, and
43.6% of subjects were hospitalized for 15-30 days. At the end
of AMK therapy (EoT), 37.1% of patients improved in clinical
conditions, demonstrating the therapy’s efficacy. At the end of
hospitalization, 41 of 70 patients had no improvement in their
conditions and died (Table 1). According to a previous study, the
LOS of most sepsis patients was 1-5 days, with a 62.5% mortality
rate [37]. A study of critically ill patients reported the length of
intensive care unit (ICU) stay was 20.8 days, 30-day mortality
was 37.6%, the clinical response at EoT was 57.6%, and a Cmax/
MIC ratio was associated with treatment response [9]. AMK is
a concentration-dependent antibiotic, meaning its antimicrobial

Table 1. Demographic and clinical characteristics
of research subjects.

Frequency (percentage)

Characteristics

(n =70 patients)
Gender, Male 45 (64.3)
Age (years), <65 58 (85.9)
Median (range) 57.00 (19-85)
Kidney function, Normal 42 (60.0)

Initial SCr (mg/dl), median (range) 0.79 (0.22-5.52)

Type of infection

One infection 17 (24.3)

Mixed-infections 53 (75.7)
Comorbidities (CVD or DM) 45 (64.3)
LOS, days, Median (range) 24.0 (4-63)
CO (end of AMK therapy)

Improved 26 (37.1)

Worsened 44 (62.9)
Mortality 41(61.4)

SCr=serum creatinine, CVD = cardiovascular disease, DM = Diabetes mellitus.
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activity and clinical efficacy are best linked to its PK/PD index
(Cmax/MIC ratio) [42]. A review found that clinical cure rates
were generally high, and AMK was at least as effective as other
AMGs, depending on organism sensitivity [13]. This study’s
results showed that the efficacy of AMK at the end of therapy is
still quite low, with a relatively high mortality rate, indicating that
further research into the accuracy of the AMK regimen and PK/
PD studies is required.

Pathogenic bacteria

The microbial culture test of the patients’ specimens
revealed 97 pathogenic bacteria in this study. Almost all subjects
had microbial cultures performed before or during AMK
therapy. The results were good and should be improved by the
hospital so patients can get definitive antibiotic therapy based
on the pathogenic bacteria found. There were 10 patients who
had negative test results and only 2 patients who did not have the
culture tests listed in their medical records. Table 2 indicates the
pathogenic bacteria’s characteristics. In most subjects, two or
more pathogenic bacteria causing infection were found. Of 97
bacterial isolates, 87.6% were Gram-negative; the most common
pathogenic bacteria were Acinetobacter baumannii, Klebsiella
pneumoniae, and Escherichia coli. Similar results unveiled that
K. pneumoniae, A. baumanii, Pseudomonas aeruginosa, and E.
coli were bacteria mostly found in ICU patients [22] and K.
pneumoniae was the main pathogenic bacteria in critically ill
patients [9]. Gram-negative bacteria (Klebsiella sp.) were also
reported as the most pathogenic bacteria, although microbial
culture tests were only performed on 16 of 40 patients [37].

The bacteria MIC values in this research had an average
of 6 pg/ml (Table 2). Most bacteria causing infection were
sensitive to AMK, with MIC values of less than 2 pg/ml. Only one
bacterium (4. baumannii) had a MIC of 64 pg/ml and was resistant
to AMK based on the culture results before AMK therapy. The
bacteria were discovered in the wound bed culture of a patient with
a mixed infection (MODS sepsis, HAP, and wound dehiscence).
The patient with impaired renal function had a pleural effusion,
and the sputum cultures revealed the presence of A. baumannii still
sensitive to AMK, so the clinician prescribed AMK therapy at a
dose of 450 mg/24 hours. AMK is an antibiotic that kills Gram-
negative bacteria, including those with severe infection [44,45].

Amikacin therapy

Table 3 shows that most AMK antibiotics were used as
definitive therapy, and only 24.4% of regimens were considered
single AMK therapy. Meropenem was the antibiotic most
commonly combined with AMK in this study. Kato et al. [25]
also reported that most patients received combination therapy
(97.1%). An empirical combination therapy containing at least
one antimicrobial agent to which the pathogen is susceptible
reduces mortality and improves outcomes in patients with
serious infections caused by Gram-negative pathogens [46]. In
patients with a high risk of mortality or when there is concern
that the causative pathogen may be resistant to more commonly
used agents, AMGs are frequently combined with b-lactams for
the empirical treatment of severe sepsis and certain nosocomial
infections [47,48]. Following recent guidelines and expert opinion
on treating sepsis, beta-lactam/AMK combination therapy has
been recommended, particularly in patients with septic shock or
suspected P. aeruginosa infection [48—50].

Table 2. Characteristics of pathogenic bacteria result
from culture test".

Category Frequency (percentage)
Number of bacteria found (n = 70 patients)

1 28 (40.0)

>2 30 (42.9)

Not detected 12 (17.1)

Gram-staining bacteria (n = 97 organisms)

Negative 85 (87.6)
Positive 12 (12.4)
Type of pathogenic bacteria
(n =97 organisms)
Acinetobacter baumannii 27(27.38)
Klebsiella pneumoniae 20 (20.6)
Escherichia coli 10 (10.3)
Enterobacter cloacae ssp. cloacae 6(6.2)
; 5(5.2)
Pseudomonas aeruginosa
i g 4(4.1)
Stenitrophomonas maltophilia
Serratia marcescens 44
Providencia stuartii 33.D
Staphylococcus aureus 36D
Proteus mirabilis 22D
Staphylococcus epidermidis 2.1
- - 2(2.1)
Staphylococcus hominis ssp. hominis
Others® 9(9.3)
MIC (n = 67 organisms)
Mean + SD 6+823
Median (range) 4 (2-64)

“Burkholderia cepacia, Citrobacter koseri, Sphingomonas paucimobilis,
Streptococcus agalactiae, Corynebacterium striatum, Enterococcus faecalis,
Micobacterium tuberculosis, Staphylococcus haemoliticus.

"Data available before AMK therapy.

Table 3. AMK IV usage profile at Dr. Sardjito Hospital during 2020.

Frequency (percentage)

AMK 1V usage profile (n = 82 regimens)

Type of antibiotics, Combination 62 (75.6)
Type of therapy, Definitive 53 (64.6)
Dosage, <15 mg/kgBW/day 43 (52.4)
Median (range) 14.29 (1.74-34.48)
Administration interval, 24 hours 36 (43.9)
Median (range) 12.00 (0.17-48.00)
Duration of therapy, 1-7 days 49 (59.8)
Median (range) 5.00 (1-19)

AMK was obtained at a median dose of 14.29 mg/
kgBW/day in this study, with doses ranging from 1.74 to
34.48 mg/kgBW/day. There were 18 of 82 AMK regimens
administered at a dose of less than 10 mg/kgBW/day, which
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might make achieving the Cmax/MIC target difficult and
possibly affect therapeutic outcomes in these patients. Previous
studies reported that AMK was given at an average dosage of
10 [25], 18.5 [22], and 23.4 mg/kgBW/day. Larger doses may
be required in critically ill patients due to an insufficient Cmax
target attainment rate, but it raises concerns about the risk of
nephrotoxicity associated with high trough concentrations [11].

AMK was mostly administered once a day, and most
subjects in this study received AMK therapy for <7 days.
There were nine patients who died after receiving AMK for
only 1 day, the shortest duration of AMK therapy. All of these
patients were diagnosed with mixed infection with sepsis
or shock-sepsis, and six were more than 60 years old. Their
condition had worsened at the time of initial AMK therapy.
Thus, the timing of starting AMK therapy may also influence
its success. The longest duration of AMK therapy was 19 days
as a definitive therapy given to a 20-year-old male patient with
HAP, septicemia, and TSAH following a traffic accident. The
patient had normal renal function and was discharged from the
hospital in an improved condition. A once-daily dose of AMGs
is as effective and likely less nephrotoxic than multiple-daily
dosing regimens [4]. Peak concentrations in multiple-daily
dose regimens should be calculated to ensure therapeutic
concentrations are achieved. AMGs serum concentrations
also must be monitored for courses lasting more than 2-3
days to ensure efficacy and avoid excessive Cmin to avoid
toxicity [42]. Unfortunately, TDM has not been performed,
particularly in our hospital and in general in Indonesia;
thus, special attention from stakeholders and policymakers is
required to obtain optimal antibiotic therapy.

Impact of duration of infusion on the estimated AMK level

In this study, we investigated how the duration of
AMK infusion (simulated infusion for 30 versus 60 minutes)
affected AMK blood levels and their PK/PD ratio. According
to Spencer et al. [17], there are no AMGs indicated for the
administration of injection bolus IV. AMK was demonstrated
to be more effective when administered via CI rather than
bolus IV on rabbits [51]. AMK 7.5 mg/kg administered for
2 minutes resulted in a serum Cmax with a toxic potential of
68—122 pg/ml [52]. The bolus IV resulted in an abrupt increase
in serum drug concentration, which can result in toxicity and
side effects. This can be avoided by using a slow bolus IV or
controlling the IV infusion [53]. Due to the higher risk factors,
multiple administration of bolus IV was rarely performed, so
the administration through infusion IV constantly in a short
duration between 30 and 60 minutes, repeated with certain time
intervals. The combination of repeated bolus IV and constant
infusion IV predicts drug levels in plasma [32]. The AMK
blood levels in this study were estimated using PK equation
formulas. This concept of PK interpretation can be employed
for calculating dosages and estimating drug concentrations in
blood. If blood drug levels cannot be measured directly, this
PK estimation concept approach can be used, which can also
reduce the cost of sample collection [33,54]. Previous studies
used this PK estimation to estimate drug levels in the blood,
evaluate dosage appropriateness, and assess clinical response
[34,35,55,56].

The results of this study, illustrated in Figure 1 and
Table 4, clearly demonstrated that AMK given as 30-minute
infusions resulted in a higher Cmax (Fig. 1A) and Cmax/MIC
ratio (Fig. 1C) when compared to AMK given as 60-minute
infusions. The higher the MIC value of AMK against the
pathogen, the lower the Cmax/MIC ratio. According to PK
estimation, the average AMK Cmax was 38.64 and 35.95 ng/
ml for 30 and 60 minutes of infusion, respectively, while the
average Cmax/MIC ratio was 14.14 and 13.13, respectively
(Table 4). The Cmax will be reached at the end of the infusion,
resulting in faster achievement of Cmax with AMK infusion
for 30 minutes. Meanwhile, the average AMK Cmin values
between 30 and 60 minutes of infusion were 2.63 and 2.71 pg/
ml, respectively (Table 4), with a trend showing that 30 minutes
AMK infusion Cmin values were relatively similar or lower than
60 minutes of infusion (Fig. 1B). These results are consistent
with previous reports that administering AMK infusion for 30
versus 60 minutes in pediatric patients resulted in faster and
higher Cmax and significantly lower in the following 2, 4, and
6 hours. The peak and trough serum concentrations measured
in the first 3 days of therapy did not differ from those measured
after 3 days in the same patients [24].

The statistical analysis results using the Wilcoxon sign
Rank test revealed that the estimation of AMK level in the blood
was significantly different when administered via infusion for
30 versus 60 minutes. The maximum level (Cmax), trough
level (Cmin), and PK/PD ratio (Cmax/MIC) all had p-values of
<0.001 (Table 4). It demonstrates that the duration of infusion
affects the estimation of drug levels in the patient’s blood and
the PK/PD ratio, as previously stated in several studies. A study
that examined the PK/PD properties of carbapenems found that
extended or CIs kept blood concentrations above the MIC better
than short-term infusions [27,28]. Longer exposure with more
frequent dosing, extended infusions, or CIs has improved the
PD profile of beta-lactams. The duration of infusion of beta-
lactams has been demonstrated to impact their fT > MIC. To
achieve therapeutic effectiveness in time-dependent antibiotics,
levels above the MIC must be maintained for an extended period
of time with a target of 50%—-100% fT > MIC to ensure efficacy
[29], so extended or Cls are preferable. However, infusion
durations that provide Cmax/MIC ratio values exceeding the
target will be more appropriate for concentration-dependent
antibiotics with long PAE, such as AMK.

The proportion of patients who reached the target
of Cmax > 64 pg/ml and Cmax/MIC > 8 times as the PK/PD
target was a little bit higher in 30 minutes infusion, regardless
of whether the proportion of patients based on the Cmin target
in both durations of AMK infusion is similar. The number of
patients who reached the target Cmax of > 64 pg/ml was only
12.2% and 9.8% in the 30 and 60 minutes infusions, respectively.
Interestingly, more patients achieved the Cmax/MIC target of
>8x (61.2% and 59.7% patients, respectively), as well as the
Cmin < 5 pg/ml target (both of 85.4% patients) (Table 4). This
shows the importance of knowing the MIC value of pathogens
in AMK therapy to obtain the appropriate target and determine
the right individualized dose. As a concentration-dependent
antibiotic, higher AMK concentrations in the blood may result
in better antibacterial activity, so higher AMK Cmax and Cmax/
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Table 4. Impact of infusion duration on estimated AMK levels.

Duration of infusion

Estimated level 30 minutes 60 minutes Sig
Cmax (n = 82)
Mean + SD 38.64 +21.85 35.95+21.15 <0.001*
Median (range) 33.48 (7.06-102.24) 31.35 (6.28-100.87)
Cmin (n = 82)
Mean + SD 2.63 +£4.67 2.71+4.76 <0.001*
Median (range)  0.44 (0.00-20.96) 0.50 (0.00-21.29)
Cmax/MIC
(n=067)
Mean & SD 14.14 £ 1091 13.13 +10.57 <0.001*

14.14 (0.00-47.37)  12.12 (0.00-46.42)

Median (range)

Cmax (n = 82)
<64 72 (87.8) 74 (90.2)
>64 10 (12.2) 8(9.8)
Cmax/MIC
(n=67)
<8x 26 (38.8) 27 (40.3)
S8x 41(61.2) 40 (59.7)
Cmin (n = 82)
<5 70 (85.4) 70 (85.4)
>5 12 (14.6) 12 (14.6)

“Wilcoxon sign rank test.

“Statistically significant.

Estimated Cmax and Cmin in pg/ml; Cmax = Maximum concentration,
Cmin=Minimum or trough concentration, MIC = Minimum inhibitory
concentration.

MIC ratios are expected to result in better therapy efficacy.
However, the low Cmin should be maintained to reduce the
risk of toxicity. This study discovered that AMK delivered
a higher Cmax with a comparable Cmin when administered
via IV infusion for 30 versus 60-minute infusions. Based
on the results of the estimation of blood level in this study,
AMK administered as a 30-minute infusion may offer a faster
onset and better antibacterial activity with a relatively similar
toxicity risk. Furthermore, it is necessary to test the correlation
between these estimated levels and therapeutic outcomes or
toxicity.

Several studies have discovered that the duration of
infusion may influence therapeutic outcomes. Thompson et al.
[30] reported that the toxicity and immunomodulation by IL-2
are dose and infusion duration dependent, with CI being maximal
compared with two hours or divided into 15-minute infusions
every 8 hours. A review of the impact of IV administration
duration on CO in patients treated with carbapenem or piper/
tazobactam revealed that extended or CI resulted in lower
mortality than short-term infusion [2]. A study conducted
by Chen et al. [31] compared CI to traditional intermittent
infusions of IV antibiotics for patients with infection, and the
subgroup analysis revealed a shorter ICU stay, higher mortality,
and a longer antibiotic duration.

Correlation of estimated AMK levels and PK/PD with
treatment outcome and toxicity

Considering both PK and PD factors is necessary to
evaluate a drug’s responses. PK principles are used in clinical
settings to produce effective and safe drug therapy [32]. Table
5 indicates the cross-tabulation results of the estimated AMK
levels (Cmax, Cmin, and Cmax/MIC ratio) with the CO, final
discharge condition, and presence of AMK signs of toxicity. In
this analysis, we tested the estimated AMK blood levels when
administrated as a 30-minute infusion by simulating various
target levels. The result showed that the proportion of patients
who did not reach the Cmax target was greater than the patients
who achieved the target. On the other hand, more patients
achieved both Cmax/MIC and Cmin at all targets, which is
consistent with previous findings from Table 4. The AMK levels
(Cmax and Cmin) at all targets revealed a trend of more patients
having a worsening CO at the end of AMK therapy, dying after
hospitalization, and no signs of toxicity. The most common
sign of toxicity found was nephrotoxicity. Furthermore, Cmax/
MIC data revealed similar trends but showed relatively similar
numbers in both COs and mortality.

According to the statistical analysis results, almost all
of the parameters did not influence the patients” COs at the end of
AMK therapy. Interestingly, Cmin in a target of <2.5 pg/ml was
significantly different COs (p-value = 0.039). It can be seen that
the percentage of improved and worsened CO is almost similar
in patients who have Cmin < 2.5 pg/ml but was worse in Cmin >
2.5 pg/ml. Parameters that showed correlation with the secondary
outcome (mortality) were Cmax with a target of >64 pug/ml and
Cmin at all targets (2.5, 5, and 10 pg/ml). These parameters also
showed significant differences (p-value < 0.05) in the signs of
toxicity, except for Cmin with a target of <10 pug/ml. Patients who
reached the estimated Cmax of >64 pg/ml, Cmin > 2.5, >5, and
>10 pg/ml actually experienced more deaths. It means that the risk
of patient death is greater with higher estimated Cmax and Cmin.
Conversely, the lower the estimated Cmax and Cmin values, the
lower the occurrence of signs of toxicity. AMK is associated
with nephrotoxicity and ototoxicity, particularly auditory toxicity
[13]. Meanwhile, the Cmax/MIC ratios at all targets did not differ
significantly in COs, discharge conditions, or signs of toxicity
(p-value > 0.05). This result is in contrast to previous studies
that the achievement of Cmax/MIC targets is related to the
efficacy of AMK therapy [4,9,11]. In general, continuous drug
administration and drug levels in the blood reflect drug levels in
receptors, which results in pharmacological effects. Drugs with
a narrow therapy index require special attention because small
dosage changes can result in subtherapeutic or toxic effects due
to the narrow limits between effect and safety. As a result, precise
dosage regimens are required so that the drug level falls within
the therapeutic range [32].

Overall, the results of this study illustrate that AMK
administered via IV infusion for 30 minutes achieves faster
and higher peak levels (Cmax), with trough levels (Cmin) that
are comparable to administration via infusion for 60 minutes.
But in the other hand, the estimated Cmax and Cmin showed
a significant association with mortality rate and development
signs of toxicity, although they did not influence the primary
COs. Thus, based on the estimated AMK blood levels,
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Table 5. Relationship between estimated AMK level with CO and toxicity.

COs Mortality Signs of toxicity
Estimated AMK* level  Frequency (%) Frequency (%) frequency (%) frequency (%)
Improved Worsened p-value® No Yes p-value® No Yes p-value*®
Cmax (n = 82)
<48 53 (64.6) 22 (26.8) 31(37.8) 0.350 22 (26.8) 31(37.8) 0.752 46 (56.1)  7(8.5) 0.232°
>48 29 (35.4) 9(11.0) 20 (24.4) 11 (13.4) 18 (22.0) 22(26.8)  7(8.5)
Cmax (n = 82)
<64 72 (87.8) 30 (36.6) 42 (51.2) 0.081° 32(39.0) 40 (48.8) 0.044** 62 (75.6) 10(12.2)  0.062*"
>64 10 (12.2) 1(1.2) 9(11.0) 1(1.2) 9(11.0) 6(7.3) 4(4.9)
Cmax/MIC (n = 67)
<6x 17 (25.4) 10 (14.9) 7(10.4) 8 (11.9) 9(13.4) 15(224) 23.0)
0.229 0.940 0.716
>6x 50 (74.6) 21 (31.3) 29 (43.3) 23 (34.3) 27 (40.3) 41(61.2) 9(13.4)
Cmax/MIC (n = 67)
<8x 26 (38.8) 15(22.4) 11(16.4) 0.135 14 (20.9) 12 (17.9) 0.322 24 (35.8)  2(3.0) 0.181°
>8x 41(61.2) 16 (23.9) 25(37.3) 17 (25.4) 24 (35.8) 32(47.8)  9(13.4)
Cmax/MIC (n = 67)
<10x 29 (43.3) 15(22.4) 14 (20.9) 0.434 14 (20.9) 15(22.4) 0.773 26(38.8)  3(4.5) 0.326
>10x 38 (56.7) 16 (23.9) 22 (32.8) 17 (25.4) 21 (31.3) 30(44.8)  8(11.9)
Cmin (n = 82)
<25 60 (73.2) 27(32.9) 33(40.2)  0.039*  31(37.8) 29 (35.4) <0.001* 53 (64.6)  7(8.5) 0.047%°
>2.5 22 (26.8) 4(4.9) 18 (22.0) 2(24) 20 (24.4) 15(18.3)  7(8.5)
Cmin (n = 82)
<5 70 (85.4) 29 (35.4) 41 (50.0) 0.121° 32(39.0) 38 (46.3) 0.023* 61 (74.4)  9(11.0) 0.028%*"
>5 12 (14.6) 2(2.4) 10 (12.2) 1(1.2) 11(13.4) 7 (18.5) 5(6.1)
Cmin (n = 82)
<10 74 (90.2) 30 (36.6) 44 (53.7) 0.248° 33 (40.2) 41 (50.0) 0.019* 63 (76.8) 11(13.4) 0.132°
>10 8(9.8) 1(1.2) 7(8.5) 0(0.0) 8(9.8) 5(6.1) 3.7

*Chi-square test.

°Fischer exact test.

*Amikacin administered by 30-minute infusions.
“Statistically significant.

Estimated Cmax and Cmin in pg/ml, Cmax = Maximum concentration, Cmin = Minimum or trough concentration, MIC = Minimum inhibitory concentration.

administering AMK by 60 minutes infusions may be more
appropriate for use in hospitalized patients, as it is expected
to decrease mortality while posing the same toxicity risk.
This was consistent with a previous report that suggested the
optimal AMK was administered over 60 minutes [24].

The limitations of this study include the fact that the
TDM was not implemented in our hospital, so the estimation of
AMK blood levels in this study was only performed using PK
formulas based on available patient data (body weight, height,
AMK dose, SCr). So it may not accurately represent the real or
actual blood levels of AMK in patients. The actual AMK blood
levels may be affected by the patient’s pathophysiological and
clinical condition, which cannot be predicted by this PK formula.
As a result, more research is urgently needed to determine the
real blood AMK levels and the relationship between patient
COs and adverse drug reactions (ADRs) or toxicity.

Based on the findings of this study, the practical
implications include the use of TDM activities in hospitals or the
determination of blood levels of AMK (and other drugs with a
narrow therapeutic index, PK variability, and serious toxicity) to
optimize AMK therapy regimens to achieve optimal therapeutic
outcomes while minimizing the toxicity. It is also hoped that the
appropriate AMK therapy regimen will prevent the development
of AMK resistance. If TDM cannot be done, the estimation of
drug levels in the blood using PK estimation, as performed in
this study, can be used as an alternative for determining AMK
individualized dose regimens based on the target of blood AMK
levels to be achieved for each patient. The findings of this study
can assist policymakers in improving drug management cycle
standards, particularly in controlling AMK administration to
patients in the health center, as well as implementing TDM, in
order to create optimal, effective, and safe AMK therapy.
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CONCLUSION

The duration of AMK infusion showed an impact on the
estimated AMK levels (Cmax, Cmin, Cmax/MIC). Estimated
AMK Cmax and Cmin did show a significant correlation
with mortality rate and signs of toxicity. Only Cmin showed
a significant difference in primary COs. AMK administered
via 30-minute infusion resulted in faster and higher Cmax,
with relatively similar Cmin value, but AMK might be more
appropriate to be administered via 60 minutes infusion in order
to decrease mortality. Further research is urgently needed to
evaluate the actual AMK plasma levels when administered via
30 versus 60 minutes infusions.
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