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Take home message: An amikacin loading
dose of 25 mg/kg is insufficient to reach the
pharmacodynamic target in 33 % of
critically ill patients, in particular in patients
with a positive 24-h fluid balance. When
total body weight is used, BMI < 25 kg/m
tended to be associated with amikacin
underdosing. This study suggests the need
for tight amikacin serum monitoring in
every ICU patient, and higher loading doses
in this particular subset of patients.
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Abstract Purpose: Amikacin
requires pharmacodynamic targets of
peak serum concentration (Cy,,x) of
8-10 times the minimal inhibitory
concentration, corresponding to a
target Cy.x of 60-80 mg/L for the
less susceptible bacteria. Even with
new dosing regimens of 25 mg/kg,
30 % of patients do not meet the
pharmacodynamic target. We aimed
to identify predictive factors for
insufficient C,,,, in a population of
critically ill patients. Meth-

ods: Prospective observational
monocentric study of patients admit-
ted to a general ICU and requiring a
loading dose of amikacin. Amikacin
was administered intravenously at the
dose of 25 mg/kg of total body
weight. Independent determinants of
Crnax < 60 mg/L were identified by
mixed model multivariate analysis.
Results:  Over a 1-year period, 181
episodes in 146 patients (SAPS

2 = 51 [41-68]) were included. At
inclusion, the SOFA score was 8
[6-12], 119 (66 %) episodes required
vasopressors, 150 (83 %) mechanical
ventilation, and 81 (45 %) renal
replacement therapy. The amikacin
Crnax Was 69 [54.9-84.4] mg/L.
Overall, 60 (33 %) episodes had a
Cinax < 60 mg/L. The risk of

Chax < 60 mg/L associated with
BMI < 25 kg/m? varied across quar-
ters of inclusion. Independent risk
factors for Cy,,x < 60 mg/L were a
BMI < 25 kg/m” over the first quar-
ter (odds ratio (OR) 15.95, 95 %
confidence interval (CI) [3.68-69.20],
p < 0.001) and positive 24-h fluid
balance (OR per 250-mL increment
1.06, 95 % [CI 1.01-1.11],

p = 0.018). Conclusions: Despite
an amikacin dose of 25 mg/kg of total
body weight, 33 % of patients still
had an amikacin C,,, < 60 mg/L.
Positive 24-h fluid balance was iden-
tified as a predictive factor of

Chax < 60 mg/L. When total body
weight is used, low BMI tended to be
associated with amikacin underdos-
ing. These results suggest the need for
higher doses in patients with a posi-
tive 24-h fluid balance in order to
reach adequate therapeutic targets.
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Introduction

The management of severe infections in the ICU repre-
sents a major challenge for clinicians, and prompt
initiation of effective antibiotic therapy is a critical
intervention to improve patients’ survival [1, 2]. Although
recent guidelines [1] do not specifically recommend
combination antimicrobial therapy, a recent meta-analysis
showed a survival improvement with combination therapy
over monotherapy in patients with septic shock [3].
Empirical combination antibiotic therapy aims to cover
Gram-negative bacilli, and usually includes a B-lactam in
combination with an aminoglycoside or a fluoroquino-
lone, data suggesting that aminoglycosides could offer
broader coverage [4]. Amikacin is the aminoglycoside of
choice given its good bactericidal activity on Pseudo-
monas aeruginosa and the low resistance rate observed
with other Gram-negative bacilli [5].

The antibacterial effect of amikacin on Gram-negative
bacilli is determined by the ratio of peak serum concen-
tration (Cp,ax) over the minimal inhibitory concentration
(MIC) of the targeted pathogen (C,,../MIC ratio). Opti-
mal antibacterial activity and clinical response rate are
achieved with a C,,,./MIC ratio of between 8 and 10
[6, 7]. In critically ill patients with severe infections,
antimicrobial therapy should target difficult-to-treat
pathogens such as P. aeruginosa and enterobacteriaceae,
with MIC as high as 8 mg/L for amikacin [8]. The target
Ciax for amikacin should therefore be 64-80 mg/L. A
target Cy.x of >60 mg/L is considered as clinically rel-
evant, and has been recommended by the latest French
guidelines on aminoglycoside use [9].

It has been well demonstrated that critically ill patients
have increased distribution volumes for aminoglycosides
[10, 11] and recent studies suggest that, in such patients,
loading doses of 25-30 mg/kg are necessary to achieve
the pharmacodynamic target of C,,x > 64 mg/L [12, 13].
However, in a previous study, an increased loading dose
of 25 mg/kg of total body weight (TBW) failed to achieve
an amikacin Cp,,, > 64 mg/L in 30 % of patients, while
36 % had a Cy,,x over the pharmacodynamic objective of
80 mg/L [12]. Indeed, there is considerable inter- and
intra-individual variability in the distribution volume of
amikacin, which is a hydrophilic molecule with very low
serum protein binding [14].

Although factors increasing amikacin distribution
volume have been identified in critically ill patients [15],
to date no study has identified the predictive factors of
insufficient amikacin C,, in critically ill patients, and the
relationship between C,,,, and outcome is not known
when a high initial dosing regimen is used. We therefore
undertook a prospective study to identify the predictive
factors of insufficient amikacin C,,,, concentrations and
their potential impact on patient outcomes [16].

Materials and methods
Study design and patients

We conducted a prospective observational study in the
25-bed general ICU of a university hospital from
December 2011 to January 2013. Inclusion criteria were
age >18 years and a suspected Gram-negative infection
requiring an antimicrobial treatment, including a loading
dose of intravenous amikacin. Exclusion criteria were (1)
administration of any dose of amikacin within the previ-
ous 7 days; (2) incorrect amikacin regimen (<22.5 or
>27.5 mg/kg); (3) incorrect time of amikacin infusion
(£5 min); (4) incorrect time of C,,x measurement
(%15 min); or (5) the absence of C,,, measurement. A
patient could be included more than once, provided that
the last amikacin dose was given more than 7 days before
inclusion. The study protocol was approved by the local
hospital ethics committee and an information letter was
given to the patient or to the family whenever possible.

Study endpoints

Amikacin Cp,,x > 60 mg/L after the first injection was
considered the target concentration and corresponded to
the primary endpoint. This threshold is less stringent than
64 mg/L, as clinically relevant, and is recommended by
the latest French guidelines on aminoglycoside use [9].
Subsequent amikacin injections were not recorded. All
patients were followed until hospital discharge or death.
Secondary endpoints were (1) hospital and ICU mortality;
(2) hospital and ICU length of stay; (3) duration of sup-
portive therapies (catecholamines, mechanical ventilation,
and renal replacement therapy). Acute kidney injury
(AKI) in patients alive at ICU discharge was monitored in
patients with amikacin overdosage, as defined by a
Cinax > 80 mg/L.

Amikacin administration and serum concentration
dosage

Amikacin was administered according to the standard-
ized protocol of our ICU: 25 mg/kg of TBW (weight of
the day, using a weighing bed), diluted in 50 ml of NaCl
0.9 % and continuously infused over a 30-min duration.
Peak amikacin concentration was measured 30 min after
the end of infusion (Cy.x), and trough serum concen-
tration 24 h after the end of infusion (C,;,). The
toxicology laboratory performed amikacin measurements
as a routine procedure available 24 h a day, 7 days a
week, using a fluorescence polarization immunoassay
(FPIA) [17].
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Data collection

Data were prospectively collected for the study using a
standardized form, including demographics, comorbidi-
ties, and reason for admission. Disease severity was
characterized by the Simplified Acute Physiology Score 2
(SAPS 2) [18] and chronic health status by the Knaus
chronic health status score [19].

At inclusion, i.e. on the day of amikacin administra-
tion, we recorded clinical and biological parameters.
Organ dysfunction was assessed using the Sequential
Organ Failure Assessment (SOFA) score [20]. In patients
discharged alive from ICU, AKI was defined as a RIFLE
score “R” or “I” or “F” [21]. Glomerular filtration rate
(GFR) was based on urinary creatinine excretion. Fluid
intake was defined by the addition of volume of saline,
colloids, and transfusions. Saline used for intravenous
medication was not taken into account. Fluid output was
defined by the addition of volume of urine, ultrafiltration,
and drains. Fluid balance was defined as the difference
between fluid intake and fluid output. Proteinemia and
hematocrit were recorded on inclusion and 24 h before
inclusion and the delta was calculated as (X, — Xp_24)/
(Xno + Xn_24)/2. Pharmacodynamic/pharmacokinetic
parameters, including patients’ weight, were recorded at
inclusion. Microbiologic variables, including site of
infection and identified pathogen, were recorded at
inclusion and at ICU discharge or death. Associated
nephrotoxic treatments were defined as the use of van-
comycin, colimycin, or iodinated contrast material at any
time during the patients’ ICU stay.

Statistical analysis

To perform a multivariate analysis with six variables [22,
23], we considered that 60 patients were needed in the
Cinax < 60 mg/L group. On the basis of a study using the
same amikacin regimen and showing 30 % of patients
with Cp.x < 64 mg/L [12], we calculated that 180
patients had to be included for a minimum of 60 patients
in the Cp.x < 60 mg/L group.

Categorical variables were expressed as numbers and
percentages, and continuous variables as median and
interquartile range. The statistical unit of analysis was the
episode of amikacin administration.

For the primary objective, demographics and clinical
and biological factors associated with a Cy,x < 60 mg/L
were identified using univariate mixed models, introduc-
ing the patient as a random effect, in order to take into
account multiple episodes. Factors associated with a
Ciax < 60 mg/L in the univariate analysis (p < 0.10), or
clinically relevant, were included in a multivariate mixed
model. Colinearity between independent factors was
investigated. In the case of colinearity between factors,

the most clinically relevant factor was chosen to construct
the multivariate model. Unadjusted and adjusted odds
ratios were obtained, with their 95 % confidence interval
[OR (95 % CD)].

The variable “24-h fluid balance” could not be col-
lected in all patients, because fluid intake and output in
the past 24 h could not be monitored in patients included
on the day of ICU admission, resulting in missing data.
Missing data were handled according to a recently pub-
lished algorithm using multiple imputations [24, 25]. This
analysis constituted a sensitivity analysis.

Statistical analyses were performed using R version
2.15.2 (©2012 The R Foundation for Statistical Com-
puting). A p value less than 0.05 was considered
significant. Mixed models were computed using the
“Ime4” package, and the “mi” package was used for
multiple imputations.

Results

Patients

From December 2011 to January 2013, 248 episodes of
amikacin initiation in patients with suspected Gram-neg-
ative infections were screened for eligibility, of which 67
were excluded (Fig. 1). Therefore, 181 episodes in 146
patients were included in the final analysis (Fig. 1).
Patient characteristics at admission and at inclusion are
reported in Table 1. Main reasons for ICU admission
were acute respiratory failure and severe sepsis/septic
shock. Patients were severely ill, as reflected by high
admission SAPS 2 and SOFA scores. BMI was 24.6
[21.7-29.4] kg/m?.

At inclusion, the SOFA score was 8 [6-12], 119
(66 %) patients being treated with catecholamines, 150
(83 %) were under mechanical ventilation, and 81 (45 %)
under renal replacement therapy (Table 1). Of the 81
patients undergoing renal replacement at inclusion, 70
(86.4 %) were under intermittent hemodialysis and 11
(13.6 %) were under continuous veno-venous hemodial-
ysis. Extracorporeal membrane oxygenation (ECMO)
support was used in 28 (15 %) patients. Fluid balance in
the 24 h preceding inclusion was 0 [—1,200 to 1,200] mL,
fluid balance in the 6 h preceding inclusion was 300
[—150 to 1,000] mL.

Amikacin pharmacokinetic parameters are reported in
Table 2. The Cy,,x was 69 [54.9-84.4] mg/L. The phar-
macodynamic target of Cp,,,x > 60 mg/L was not reached
in 60 (33 %) episodes. Cp,;, Was recorded in 147 episodes
(81.2 %), and was above the toxicity threshold of 5 mg/L.
in 96 (65.3 %) episodes. Of the 70 patients undergoing
intermittent hemodialysis, 51 (73 %) had their renal
replacement therapy session between the C,.x and the
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Fig. 1 Flow chart of the study

1381 patients admitted to the ICU from
December 2011 to January 2013

248 episodes of amikacin treatment initiation
assessed for eligibility

67 episodes excluded
» 12 with an amikacin injection within previous 7 days
« 19 with incorrect amikacin administration

« 36 with incorrect C

17 with incorrect amikacin dose (<22.5 or >27.5mg/kg)
2 with incorrect amikacin time infusion

max Measurement

17 with incorrect time of amikacin C,,,, measurement

19 with no amikacin C,,, measurement

A 4

181 episodes in 146 patients included
in final analysis

Chnin- The distribution of C,,, among the 181 episodes is
represented in Fig. 2.

Detailed sites of infection and microorganisms are
reported in the supplementary material (Table 1).

ICU and hospital mortality rates were 45 and 51 %,
respectively. Durations of stay in the ICU and in hos-
pital were 18 [7-42] days and 40 [20-73] days,
respectively. Median supportive treatment duration was
7 days for catecholamines, 13 days for mechanical
ventilation, and 2 days for renal replacement therapy. Of
the 100 patients alive at ICU discharge, 39 (39 %) had
AKI, and 30 (30 %) had had associated nephrotoxic
treatment.

Primary outcome: predictive factors
for Cphax < 60 mg/L

Complete univariate analysis is reported in Table 2 of the
supplementary material. Identified predictive factors were
BMI < 25 kg/m? at admission (22.8 [20.3-26.5] kg/m>
for Cpax < 60 versus 25.1 [23.1-30.1] for C.x = 60,
OR = 2.8 [1.4-5.6]); cirrhosis (8 (13.3 %) versus 4
(3.3 %), OR = 5.3 [1.4-19.9]); ascites (8 (13.3 %) versus
6 (5 %), OR = 3.2 [1.0-10.3]); 24-h fluid balance (550
[—450 to 2,450] mL versus —500 [—1,600 to 750],
OR = 1.7 [1.0-1.1] per 250-mL increment]; and 24-h
fluid intake (1,550 [500-3,060] mL versus 950
[75-2,000], OR = 1.1 [1.0-1.1] per 250-mL increment).
In contrast, SAPS 2 at admission, SOFA score at inclu-
sion, use of ECMO, use of catecholamine or mechanical
ventilation, 6-h fluid balance, 24-h hematocrit and pro-
teinemia delta, reason for antibiotherapy initiation and

site of infection were not different between groups. Fig-
ure 3 represents the distribution of 24-h fluid balance
according to amikacin C,y.

Analysis of amikacin C,,,x distribution over time
showed a statistically significant difference between
periods (p < 0.001), with Cp,x < 60 mg/L more frequent
in the first quarter, as compared to the three others (66.6
versus 31.5 %, OR = 0.2 [0.1-0.5]). Moreover, we
showed that the risk of C,,,x < 60 mg/L associated with
BMI < 25 kg/m? varied across quarters, corresponding to
a significant interaction between inclusion period and
BMI. Therefore, this interaction was introduced into the
multivariate model. Supplementary Fig. 1 represents
identified risk factors for amikacin C,, < 60 mg/L
according to the inclusion period. No other interaction
was identified.

Multivariate analysis of factors associated with ami-
kacin C,,,x < 60 mg/L (Table 3) retained BMI < 25 kg/
m? over the first period (OR 15.95, 95 % CI [3.68-69.20],
p <0.001 in first period, but OR 2.04, 95 % CI
[0.70-5.89], p = 0.19 in second period] and 24-h fluid
balance (OR per 250-mL increment 1.06, 95 % CI
[1.01-1.11], p = 0.018). Cirrhosis was not significantly
associated with Cinax < 60 mg/L (OR = 4.15,
[0.92-18.76], p = 0.065). Sensitivity analysis after mul-
tiple imputations did not show major differences with the
first model (Table 3).

Secondary outcomes

Univariate analysis of outcomes at ICU and hospital
discharge or death according to C.x < 60 mg/L are



1002

Table 1 Episodes

characteristics at ICU admission Y ariable n =181
and study inclusion Characteristics at ICU admission
Male gender 131 (72.4)
Age (years) 62 (50-70)
Comorbidities®
Chronic heart failure 68 (37.6)
Diabetes 40 (22.1)
Cirrhosis 12 (6.6)
Terminal renal insufficiency 15 (8.3)
Chronic obstructive pulmonary disease 19 (10.5)
HIV infection 16 (8.8)
Cancer 15 (8.3)
Type of admission
Medical 138 (76.2)
Unscheduled surgery 30 (16.6)
Scheduled surgery 13 (7.2)
Reason for admission
Acute respiratory failure 55 (30.4)
Severe sepsis/septic shock 46 (25.4)
Cardiogenic shock 29 (16)
Cardiac surgery 34 (18.8)
Other 17 (9.4)
Knaus scale “C” 4+ “D” 53 (29.3)
Time from hospitalization to ICU admission (days) 2 (0-10)
BMI (kg/rnz) 24.6 (21.7-29.4)
SAPS I 51 (41-68)
Characteristics at inclusion
SOFA score 8 (6-12)
Catecholamines 119 (65.7)
ECMO 28 (15.5)
Mechanical ventilation 150 (82.9)
PaO,/FiO, ratio 220 (140-320)
Renal replacement therapy 81 (44.8)
AKI 105 (58)
GFR (mL/min) 0 (0-36.4)
Glasgow score 15 (13-15)
DIC 19 (10.5)

24-h fluid balance (mL)
24-h fluid intake (mL)

0 (—1,200 to 1,200)
1,000 (250-2,137)

Data are median (IQR) or n (%)

IQR interquartile range, BMI body mass index, SAPS Simplified Acute Physiology Score, SOFA
Sequential Organ Failure Assessment, ECMO extracorporeal membrane oxygenation, DIC dissemi-
nated intravascular coagulation, GFR glomerular filtration rate, AKI acute kidney injury

? Total is more than 100 % because patients could have more than one comorbidity

Table 2 Pharmacokinetic/pharmacodynamic parameters at inclusion

Variable n = 181

Weight at time of Cy.x (kg)
Amikacin dose (mg)
Amikacin regimen (mg/kg)
Amikacin Cy,, (mg/L)

76 (64-90)

1,900 (1,600-2,250)
25 (24.6-25.5)

69 (54.9-84.4)

Patients with C,x < 64 mg/L 76 (42)
Patients with Cp,x < 60 mg/L 60 (33.1)
Patients with C,,,,x > 80 mg/L 56 (30.9)
Amikacin Cyy, (mg/L) 9.7 (2.6-17.6)
Time between ICU admission and Ci,,« 4 (1-13)

(days)

Time between C,,x and Cy;, (hours) 23 (22.9-23.9)

Data are median [IQR] or n (%)
IOR interquartile range, C,,. amikacin peak concentration,
C,.in amikacin trough concentration

reported in Table 3 of the supplementary material.
Amikacin Cp,x < 60 mg/L. was associated with a
significant increased ICU mortality at day 14 (27
versus 13 %, p = 0.03) in univariate analysis, but did
not remain significant after adjustment with the
SOFA score at inclusion. Among ICU survivors,
durations of mechanical ventilation, renal replacement
therapy, and catecholamine treatment were not influ-
enced by an amikacin Cy,x < 60 mg/L. ICU
discharge rate at day 14 was equivalent in both
groups.

In patients discharged alive from ICU, there was no
statistical difference in the incidence of AKI between the
group of patients with Cp,,x > 80 mg/L (n = 13, 46.4 %)
and the group of patients with C,,x < 80 mg/L (n = 26,
44.1 %) (p = 0.82).
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Discussion

In this prospective study performed in a large cohort of
critically ill patients and receiving an amikacin loading
dose of 25 mg/kg of TBW, we identified a positive 24-h
fluid balance as being an independent risk factor for an
amikacin Cy,x < 60 mg/L. BMI tended to be identified as
an independent risk factor, but its effect varied across
periods. Our study evaluated amikacin pharmacokinetics
in a mixed medical/surgical population of ICU patients
with high severity scores at admission and inclusion,
including patients with shock requiring mechanical cir-
culatory support (ECMO).

The only previous study with a similar design included
74 general ICU patients with severe sepsis/septic shock
and had failed to detect any correlation between amikacin
Cnax and clinical or hemodynamic variables, partly owing
to the important interindividual variability of amikacin
distribution volume in this specific population [12].

Our results are in accordance with previous studies that
showed increased amikacin distribution volume in critically
ill patients [11, 23, 24] and stress the need for even higher
doses and/or a tailored regimen adapted to each patient
individually. We used TBW for dose calculation because it
has been shown that use of ideal body weight could lead to
underdosing in critically ill patients [12]. Indeed, use of
TBW takes into account patients with both capillary leakage
and large amounts of water retention, which significantly
increases amikacin distribution volume. The target used in
the present study, namely a C,,,, < 60 mg/L, was slightly
different from that of Cp,,x < 64 mg/L, dictated by phar-
macodynamic data as strictly eight times the MIC of the less
susceptible pathogens potentially encountered. We chose
this threshold because it is recommended by the latest
French guidelines on aminoglycoside use [9], and has been
used in recently published studies on amikacin loading
doses [13].

Using a TBW dose of 25 mg/kg, we found that BMI
< 25 kg/m? tended to be independently associated with
amikacin underdosing. Those results are concordant with
previously published data [12] and are at least partly
explained by the use of TBW versus ideal body weight
(IBW) or adjusted body weight (ABW). Indeed, as ami-
kacin is a hydrophilic molecule, use of TBW for dose

Table 3 Multivariate analysis of predictive factors of amikacin Cy,,x < 60 mg/L

Multivariate analysis® (n = 144)

Multiple imputation (n = 181)

OR 95 % CI OR 95 % CI
BMI < 25 kg/m2 15.95 3.68-69.20 15.92 3.89-65.16
Cirrhosis 4.15 0.92-18.76 5.53 1.36-22.51
24-h fluid balance (per 250-mL increment) 1.06 1.01-1.11 1.02 0.97-1.07

OR odds ratio, CI confidence interval, BMI body mass index

* Adjusted for inclusion period and interaction between inclusion period and BMI < 25 kg/m?. A statistically significant interaction

between inclusion period and BMI < 25 kg/m* was identified
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calculation overestimates amikacin distribution volume in
patients with high BMI and increased fat compartment.
Use of ABW for dose calculation is proposed to avoid this
problem, but does not take into account fluid retention
that can occur in critically ill patients. However, use of
ABW is currently recommended in obese patients,
regarding the use of hydrophilic molecules [26]. Cirrhosis
tended to be associated with amikacin underdosing, but
this was not statistically significant because of the small
number of patients per analyzed group. This finding is
consistent with the fact that cirrhotic patients with sepsis
have increased amikacin distribution volume [27].
Finally, our multivariate analysis identified 24-h fluid
balance as a predictive factor for Cp,,x < 60 mg/L. Fluid
balance had not been identified in previous studies as a
risk factor for amikacin underdosing. We believe this may
be due to an insufficient number of patients included in
previous studies and to the use in our study of a less strict
cutoff value for defining amikacin underdosing.

Severity scores at admission and at inclusion were not
predictive of amikacin C,,,,, nor were the use of cate-
cholamines, mechanical ventilation, or renal replacement
therapy. Hemodilution parameters such as 24-h protein-
emia and hematocrit delta were not associated with
amikacin 60 mg/L. Failure to identify clinical and bio-
logical variables associated with amikacin underdosage
has been attributed to an important interindividual vari-
ability of amikacin pharmacokinetics [28]. These results
support amikacin management by tight serum monitoring
in critically ill patients [29]. Data on ECMO and amino-
glycosides pharmacokinetics are scarce. Pediatric studies
suggest that ECMO in neonates increases gentamicin
distribution volume, but generalization to adults is not
possible because the volume of blood contained in an
ECMO circuit is superior to that in a neonate [30, 31]. In
our study, the use of ECMO was not associated with a
lower amikacin C,,,,. Therefore, our data do not support
amikacin dose adjustment in this subset of patients.

Using the definition of AKI established by interna-
tional consensus [21], we found that C,,.x > 80 mg/L was
not associated with an increase of acute kidney injury at
ICU discharge. However a high C,,,y is associated with an
increase of the duration with trough concentration above
the nephrotoxic threshold of 5 mg/L. The interpretation of
these results is difficult, as AKI is multifactorial in ICU,
and 30 % of our patients had received other nephrotoxic
drugs during their stay. Furthermore, these results, in
accordance with those of a previous study that reported no
correlations between amikacin C,,,, and renal function at
ICU discharge [13], should encourage higher amikacin
loading doses in order to achieve the pharmacodynamic
target in a higher percentage of patients. However, we did
not analyze subsequent trough and peak concentrations
after the first 24 h of the study.

This study has several limitations. First, it is a single-
center study in the general ICU of a tertiary university
hospital with 19 % of patients admitted for postoperative
care of cardiac surgery, and our results may not be gen-
eralizable to other ICUs. Second, 22 % of screened
episodes were not included because of an error in the
protocol of amikacin administration or C,,,x measure-
ment. However, the majority of protocol errors concerned
Cnax mMmeasurements, and amikacin was incorrectly
administered in only 19 (7.7 %) episodes. These rates are
explained by strict quality criteria that could not always
be met in emergency situations at the bedside. Third,
considering the correct time of C,,,, measurement, the
chosen interval of +15 min as an exclusion criteria could
be too wide, considering the short half-life of amikacin,
and could have impacted the accuracy of C,,x measure-
ment. Fourth, although patients were included
consecutively over the 1-year inclusion period, amikacin
Ciax distribution varied with the period of inclusion, and
patients were more frequently underdosed in the first
quarter of inclusion. We could not identify any cause for
this effect, and despite statistical adjustment in the mul-
tivariate model, we cannot be certain that these factors did
not impact on our final results. A population pharmaco-
kinetic analysis approach could have overcome some of
our study limitations; however, this possibility was not
taken into account at study initiation, and the collected
data were not sufficient to carry it out post hoc.

Conclusion

Despite a loading dose of 25 mg/kg of TBW of amikacin,
33 % of critically ill patients did not reach the target of
Chax = 60 mg/L. A positive 24-h fluid balance was
identified as a risk factor for amikacin Cp,,x < 60 mg/L.
On the basis of the literature where regimens of 30 mg/kg
TBW have been previously used in critically ill patients
without increased nephrotoxicity [13], our results suggest
the use of a 30 mg/kg dose in patients with a positive 24-h
fluid balance, in association with a tight therapeutic drug
monitoring. When TBW is used, patients with low BMI
tend to have lower amikacin C,,,4, but this needs to be
confirmed in further studies. Whether these regimens are
associated with improved outcomes is unknown. A pro-
spective randomized controlled study in critically ill
patients is warranted to assess the effects of higher
loading doses of amikacin on C,,.x, infection control and
survival, and its impact on renal and hearing functions.
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