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Abstract

Background: Aminoglycosides have a concentration-dependent
the minimal inhibitory concentration
IS objective is
to assess the proportion of patients achieving the pharmacokinetic/pharmacodynamic (PK/PD)
using the&in critically ill patients treated for documented Gramh bacilli (

Methods: Retrospective analysis from February 2016 to December 2017 of a prospective database conducted in
2 intensive care units (ICU). All patients with documented severe GNB infections treated with amikacin (single daily
dose of * (TBW)) with both MIC and C,,,, measurements at first day of treatment (D1)
were included. Results are expressed in n (%) or median [min-max].

Results: 93 patients with!-documented infections were included. The median C,,., was 55.2 mg/L [12.2—
was

max
165.7] and the median M| mg/L [0.19-16]. i i i while a

C,a > 64 mg/L was achieved in only 38 patients
hwas found betweenﬂand clinical
Conclusion: According to PK/PD parameters observed in our study,
appears to bei

when peak serum concentration

s dos s s s o

in-critically ill patients treated for severe infections.
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Key points Background

Management of severe infections in intensive care unit
(ICU) represent a major challenge for clinicians, and
prompt initiation of effective antibiotic therapy is essen-

patients

infections. tial to improve patient’s survival [1, 2]. In patients with

+ An exclusive measure-  septic “ - anti-
ment is probably or a reliable pharmaco-  microbial therapy wi particularly
dynamic assessment of amikacin therapy. when Gram-negative bacilli are suspected or

documented [2].
anti-GNB activity of amikacin is achieved
concentration
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which the bacteria have intermediate susceptibility
based on Climdeﬁned by m, the
target C,,, should therefore be 64—80 mg/L as recom-
mended by French guidelines on aminoglycosides use
[4, 5].

Previously published data with single daily dose of 15
to 25 mi‘kﬁ of amikacin pointed out that this target of

max = 04 mg/L. was not reached for most patients [6—8].
Thus, inorder to optimize the C, ,MIC ratio, it is sug-
gested tolincrease amikacin loading dose up to 30 mg/Kg/
day of total body weight (TB$ for severe patients [5].

However, inmost clinical [studies and in daily practice,
the pharmacological efficacy of amikacin is only assessed
by |Chax measurements (objective of C, . >64 mg/L
based “on clinical breakpoints) and not by measured
MICs.

To our knowledge, few studies have reported the anti-
bacterial effect of amikacin based on C,,,/MIC ratio
using measured MIC for each patient profile.

We therefore undertook a retrospective analysis of our
prospective database to assess pharmacodynamic target
attainment (C,,,,/MIC > 8)—considering amikacin meas-
ured MICs—in critically ill patients empirically treated
for documented severe GNB infections.

Methods

Study design, settings and patients

We performed a retrospective analysis from February
2016 to December 2017 of a prospective observational
database conducted in 2 ICUs.

The ANSM (French National Agency for Medi-
cines and Health Products Safety) registration number
of the study is 2017-A01083-50. French Data Protection
Agency declaration of the database was done. The local
hospital ethics Committee was consulted and did not
indicate the need for a formal approval, according to
French law [9].

ICU patients who met the following criteria were
included: (i) empirical combination treatment includ-
ing amikacin for sepsis or septic shock (as defined by
the 3rd Surviving Sepsis Campaign) [2], with a diagnosis
made according to CDC infections classifications [10];
(if) amikacin administered according to the standard-
ized protocol of both ICUs (described below) and follow-
ing microbiological sample for pathogen identification
and (iv) documented GNB infection with amikacin MIC
measurement available.

Patients with the following criteria were excluded: (i)
death within 48 h after amikacin administration; (ii) no
GNB documented in microbiological sample; (iii) incor-
rect amikacin regimen; (iv) resistance to amikacin on
antibiogram; (v) no MIC measurement available.
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Protocol

Patients were receiving empiric antibiotic therapy with
amikacin in combination with one (or more) other anti-
microbial agents, whose choice was left to the discre-
tion of clinicians.

Amikacin was administered according to the stand-
ardized protocol of both ICUs (in place since 2015):
recommended single daily dose of 25 mg/kg of TBW
(weight of the day, using a weighing bed), diluted in
50 mL NaCl 0.9% and continuously infused (electric
syringe) over 30 min.

The duration of treatment with amikacin was left to
the discretion of clinicians.

According to the standardized protocol, peak amika-
cin concentration was measured 30 min after the end
of infusion (C,,,,) and trough serum concentration 24 h
after the end of infusion and before the next injection
of amikacin, if necessary (C,,;,).

Reinjection was not recommended if C,;, was beyond
2.5 mg/L, according to national guidelines [5].

When GNB was identified, clinicians could ask the
microbiology laboratory of each hospital to perform
amikacin MIC measurement for patients who received
amikacin. Measurement was performed using a dif-
fusion technique in an agar medium (Etest strips) for
each strain according to the manufacturer’s instruc-
tions (bioMérieux laboratory, Marcy l’étoile, France).
The toxicology laboratory performed amikacin serum
concentrations measurements as a routine procedure
available 24 h a day, 7 days a week, using a fluorescence
polarization immunoassay (FPIA) [11].

Objectives of the study and endpoints

The main objective of the study was to determine the
proportion of patients achieving a C,,,,/MIC ratio > 8,
using both MIC and C,,,, measurements at first day of
treatment.

In case of a polymicrobial infection, the highest ami-
kacin MIC among identified GNBs was considered.

The secondary objectives were to describe amikacin
pharmacological parameters; to determine the overall
probability of pharmacodynamic target attainment in
patients treated with a 25 mg/kg daily dose of amikacin,
taking into account the distribution of C,,,, and MIC;
to identify covariables of amikacin C_,, in critically
ill patients. We also evaluated the impact of amikacin
pharmacokinetic/pharmacodynamic (PK/PD) param-
eters on clinical outcome. Poor clinical outcome was
defined as a composite criteria: SOFA score > 3 or death
at D8.
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Data collection
D1 was defined as the first day of amikacin administra-
tion (calendar day).

For all patients enrolled, demographic data, Simpli-
fied Acute Physiology score (SAPS 2) [12], SOFA score
(Sequential Organ Failure Assessment) [13], reason for
ICU admission, type of infection, and clinical and bio-
logical parameters were retrospectively collected on D1
and D8.

Daily fluid intake on D1, vasopressor support, duration
of mechanical ventilation, use of renal replacement ther-
apy (RRT), of Optiflow® or ECMO (extracorporeal mem-
brane oxygenation) were noted, if applicable.

Patient vital status was assessed on D8 and D28.

Statistical analysis
Variables were expressed as numbers (percentages) and
medians [minimal-maximal].

Patients or infections were compared according to
different pharmacokinetic and pharmacodynamic
parameters (C,,. C,.x/MIC ratio) on D1, and for the
clinical outcome evaluated on D8 and D28. A non-para-
metric test was used to compare the continuous variables
(Mann—Whitney test), and an appropriate test was used
to compare the categorical variables (Chi-square test or
Fisher’s exact test).

Variables associated with C,,,>64 mg/L in univari-
ate analysis were included in a multivariate analysis using
stepwise logistic regression.

A p value less than 0.05 was considered statistically
significant.

The overall probability of pharmacodynamic target
Cax/MIC ratio>8 was calculated by adding the indi-
vidual probabilities for each observed MIC value, taking
into account the frequency of observation of each MIC
and the observed C_,, distribution.

The statistical analyses were performed using R soft-
ware (Team RC) and JMP 14.1 (SAS Institute Inc, Cary,
NC, USA http://www.R-projectorg/).

Results

Patients characteristics

From February 2016 to December 2017, 93 patients with
98 GNB infections were eligible (Fig. 1). Patients charac-
teristics at admission are reported in Table 1.

The clinical characteristics of patients and infections on
D1 are reported in Table 1.

A PB-lactam (4th generation cephalosporin or pipera-
cillin-tazobactam in 49% and carbapenem in 32.6% of
infections) was used in combination with amikacin in 97
infections (99%). Empiric antibiotic therapy was active
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against the pathogen(s) in 87 infections (89%) among
which amikacin was the only active antibiotic in only 5
(5.1%) infections.

Amikacin median MIC for all GNBs identified in our
study was 2 mg/L [0.19-16] and the median MIC of
Pseudomonas aeruginosa was 3 mg/L [1-8]. Two infec-
tions involved bacteria with amikacin MIC of 12 mg/L
and 16 mg/L, respectively (intermediate susceptibility
according to EUCAST).

MICs distribution of amikacin is available in (Addi-
tional file 1: Fig. S1).

Primary outcome
The C,,,/MIC ratio, calculated for each infectious epi-
sodes on D1, was above or equal to 8 in 87 infectious
episodes (88.8%) (Table 2). Excluding the two infections
involving GNB with intermediate susceptibility according
to EUCAST, which usually discourage amikacin prescrip-
tion, a C,,/CMI ratio > 8 was achieved in 91% of treated
infections.

Secondary outcomes

Pharmacological parameters

The PK/PD parameters of amikacin are reported in
Table 2. The median C,,, on D1 was 55.2 mg/L [12.2—
165.7]. In 38.8% of infectious episodes, amikacin C,,,
was > 64 mg/L on D1.

Pharmacodynamic description was also performed
including the following criteria: C,,, >80 mg/L and
Cnax/ MIC ratio > 10 (Table 2).

The overall probability of target attainment C_,./
MIC=> 8, with single daily dose of 25 mg/kg amikacin
under the study conditions, according to C,,,, and MICs
distributions, was 93% (Fig. 2). This probability was 89%
for a target of C,,, /MIC > 10.

GNBs infections treated with a C,,,,/CMI ratio<8 ver-
sus > 8 were associated with both higher amikacin MICs
(8 [4-16] versus 2 mg/L [0.19-8], p<0.0001) and lower
Ca on D1 (34.2 [12.2-77.8] versus 57.6 mg/L [22.3—

max

165.7], p=0.001) (Additional file 1: Table S1).
Cimax COvariables

Factors associated with a C,,,>64 mg/L in univariate
analysis are reported in Table 3. In multivariate analy-
sis, after adjustment with the SOFA score on D1 and the
administered dose, serum creatinine on D1 was the only
factor independently associated with a C,, >64 mg/L
(OR=1.01 [1.00-1.01], p=0.004).

Clinical outcome

The median length of stay in intensive care unit was
16 days [2—123]. Overall mortality at D28 was 24.7% and
ICU mortality was 22.6%.
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2057 patients admitted to the ICU from
February 2016 to December 2017

229 suspicions of infection empirically
treated with amikacin

30 unconfirmed infections

199 confirmed infections

101 infections excluded:
* 61 no GNB identified

98 infections in 93 patients included

Fig. 1 Flowchart of the study

* 40 no MIC available

There was no significant differences in mortality and
SOFA score on D8 according to the C,, /MIC ratio.
Similarly, the clinical outcome of patients on D28 was not
different (Table 4).

PK/PD parameters were not different whether the clin-
ical outcome was favorable or poor on D8 (Additional
file 1: Table S2), and similarly between patients alive or

dead on D28 (Additional file 1: Table S3).

Discussion

In this prospective database performed in critically ill
patients with documented GNB infections and receiv-
i ingle daily dose of amikacin, the overall

ese data are not in accordance with Iprevious stud-
ies that showed a risk of treatment failure, only based on

amikacin C,,, measurement (64 to 80 mg/L) or C, .,/

MIC ratio calculated with clinical breakpoints (8 to
10-fold a 8 mg/L MIC) [7, 8]. Most studies concluded
that a 25 mg/kg loading dose of amikacin is insufficient in
critically ill patients to achieve these pharmacodynamic
targets and therefore endanger treatment efficacy.
However, in our study, although lonly 38.8%| patients
only achieved an amikacin C_, =64 mg/L,|more| than
90% had a [C,.../ over=tire= pharmaeedynamic
target (> 8) when susceptible strains were involved.
Ami Cax measurements ranged from [12.2 to
mmﬂl a/median of 55.2 mg/L. This significant
ispersion found in several studies conducted in ICUs is
explained by the |inter-individual variability of pharma-
cokinetic parameters in these patients [7, 8, 14—16].
Nevertheless, in our study, the median amikacin C,..
was much lower than in the literature (summarized in
Additional file 1: Table S4). Indeed, three studies per-
formed in critically ill patients and receiving a 25 mg/kg
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Table 1 Patients and infections characteristics on admission
and on D1
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Table 2 Pharmacokinetic/pharmacodynamic parameters
observed

Patients characteristics on admission Values (n=93)

PK/PD parameters of amikacin

Age (years) 62 [24-90]
Female 37 (40)
BMI (kg/m?) 25 [15-45]
Chronic renal failure 17 (18.2)
SAPS 2 admission 54 [15-124]
Types of admission
Medical 52 (56)
Scheduled surgery 13(14)
Urgent surgery 28 (30)
Reasons for admission
Septic shock 36 (39)
Acute respiratory failure 30 (30.6)
Heart failure 8(8.1)
Pulmonary transplantation 8(8.1)
Other 16 (16.2)

Clinical characteristics on D1 Values (n=98)

Delay admission-D1 (day) 45[1-71]
Weight (kg) 77 [45-130]
Temperature (°C) 378 [35-41]
Leukocytes (G/L) 14.3[0.1-78.7]
Creatinine (umol/L) 77 [23-609]
SOFA score 7[0-17]
Vasopressors 58 (59.1)
Mechanical ventilation 62 (63.3)
Infections characteristics
Types of infection
Pulmonary 52(53)
Intra-abdominal 24 (24.5)
Urinary 15(15.3)
Cutaneous 3(3.1)
Other 44)
Bacteriemia 14 (14.3)
Polymicrobial infections 46 (46.7)
Gram-negative bacilli documented (n=132)
E. coli 41 (31.1)
P aeruginosa 39(29.5)
E. cloacae 10 (7.6)
K. pneumoniae 11(8.3)
Morganella spp 8(6.1)
P mirabilis 5(3.8)
C. koseri 5(38)
Others 13(9.8)
Bacteria other than GNB identified 35(35.7)

Data presented in n (%) or median [min-max]

(TBW) loading dose reported a median amikacin C

max

around 70 mg/L [7, 8, 14]: De Montmollin et al. showed

that of patients enrolled - an

Total administered dose (mg) 1900 [1000-3250]

Dose administered by body weight on D1 (mg/kg) 25[15.6-31.8]

Time [end of infusion—C,,,, measurement] (min) 30 [10-55]

Crnax D1 (mg/L) 55.2[12.2-165.7]
Coax D1 > 64 mg/L 38(388)

Cinax D1=80 mg/L 18(184)
Cra/MICon D1 23.1[1-169]
Crax/MIC=8 0on D1 87(88.8)
Cra/MIC=100n D1 86 (87.8)

Copin D2>2.5 mg/L* 49 (59.8)

Data presented in n (%) or median [min-max]
2 Among the 82 (84%) C,.,, available on D2

02 05 2 3 4 6 8 12 16

5 075 1 15

100,0%
90,0%
80,0%
70,0%
60,0%

R 500%
40,0%
30,0%
20,0%
10,0%

0,0%

MIC (mg/L)

mg/L [7] and Taccone et al. reported .)f
hieving this- [8].

Patients characteristics in our study and those reported
above seem similar especially in terms of severity (esti-
mated by the SOFA score), but there are significant dif-
ferences in renal function (renal replacement therapy
resort and serum creatinine were lower in our patients).
These differences are all the more important as

patients an
n C,., found in our
study [14, 17]. We confirm these results because, in mul-
tivariate analysis, after adjustment with the SOFA score



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Logre et al. Ann. Intensive Care Page 6 of 8
Table 3 Comparison of patients and treated infections, according to the 1st C, ., observed (on D1)
Patients data? Cinax ON D1 p

<64 mg/L > 64 mg/L

(n=156) (n=37)
Female 20(35.7) 17 (45.9) 0.32
Age (years) 60 [24-90] 66 [46-88] 0.038
BMI admission 24.5 [15-42.4] 254[18.8-45.1] 0.17
SAPS 2 admission 51.5[15-105] 54 [29-124] 0.38
Chronic renal failure 7(12.5) 10 (27) 0.10
Data on D1 (n=60) (n=38)
Admission time—D1 (d) 501-71] 411-35] 0.25
Weight (kg) 75.5 [45-130] 79.5 [48-120] 0.15
Weight gain/admission (kg) 0[—15-25] 0[—12-23] 0.26
SOFA 6.5 [0-17] 81[0-15] 0.17
Mechanical ventilation 41 (68.3) 21(55.2) 0.19
Vasopressor support 32(53.3) 26 (68.4) 0.14
Renal replacement therapy 2(33) 3(7.9) 037
Urine 24 h volume (mL) 1100 [0-5300] 1225 [0-4900] 0.52
Serum creatinine (umol/L) 58.5 [23-453] 132 [31-609] 0.0003
24-h fluid intake (mL) 3200 [1000-12,642] 2868 [1000-11,000] 0.90
Dose administered per kg (mg) 25[15.6-31.8] 25[20.3-31.3] 0.11
Total dose administered (mg) 1800 [1000-3250] 2000 [1250-3000] 0.034

Data expressed in n (%) or median [min-max]

? Comparison according to the C,,

Table 4 Comparison of patients clinical outcome
and treated infections, according to (. /MIC ratio
observed <or>8onD1

Overall population Cphax/MICon D1 p
<8 >8
Patients? (n=93) (n=10) (n=83)
Length of stay in 16 [2-123] 16 [2-123] 16 [2-96] 0.80
intensive care unit
(d)
Mortality D28 23 (24.7) 2 (20) 21 (25.3) 1
Infectious episodes (n=98) (n=11) (n=87)
Mortality D8 11(11.2) 2(182) 9(10.3) 0.60
SOFA D8 3[0-12] 2 [0-6] 3[0-12] 0.75

Data expressed in n (%) or median [min-max]

@ Comparison according to the C,,,/MIC ratio observed during the first episode
of infection treated with amikacin

In any event, it is even more striking to reach about
90% of PK/PD target attainment with these lower amika-
in Coy which seems related to low amikacin MICs,

ﬁcin median MICs of al s identified in our
study was Mg [0.19-16] and the median MIC of
Pseudomonas aeruginosa was 3 mg/L [1-8]. These results

measured during the first episode of infection treated with amikacin

were comparable to amikacin MICs distribution for|(GNB
published byﬂ}AST and in the literature [18, 19].
Unsurprisingly, in the group of infectious episodes that
did not reach the C,,,/CMI ratio target, the median MIC
of amikacin was higher (8 mg/L [4-16]). But excluding
intermediate susceptibility GNBs, a C.../CMI ratio > 8
was achieved in 91% of treated infej‘—
Few other studies reported inconsistencies between
calculated C,,, or C.,/MIC (using clinical break-
points) and measured C,,,/MIC (using measured MICs).
A study based on measured MICs (for some patients
enrolled), reported a C,,,,/MIC ratio > 10 in 93% of cases,
with a median loading dose of 29.6 mg/kg, while target
amikacin C,,, was only achieved in 77% of cases [20].
Similarly, Pajot et al. reported that C,,, /MIC ratio> 10
was achieved in 87% patients with documented ventila-
tor-associated pneumonia treated with only 20 mg/kg
amikacin [18]. Finally, De Winter et al. in an emergency
department, in which a cohort of patients with septic
shock/severe sepsis received 25 mg/kg amikacin, showed
that |C,.../MIC ratio>8 was achieved in 76% of cases

when using critical MICs (EUCAST), and in 95% of cases

when using measured MICs [21].



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Logre et al. Ann. Intensive Care (2020) 10:75

These findings suggest that an exclusive focus on target
Cnax Without MIC measuremenm
to evaluate the pharmacodynamic efficacy of amikacin
therapy in clinical studies. Thus, added value of daily

practice amikacin pharmacodynamic assessment is also

uncertain, as the probability of pharmacodynamic failure
to treat susce tlbie GNBs with a 25 mg,Eg amikacin dose
%sm Tess than !iiyo when evaluateg by the measured C ,

max
in several ditferent studies.

~ Nevertheless, when the MIC is above 4 mg/L, the [risk
of pharmacological failure is 'higher (aroun and
clinicians should kemﬂﬁn@ey role of the MIC,
particularly when_m aeruginosa is involved.
Thus, dose adjustment could be relevant, based on local
epidemiology (MICs distribution and/or P aeruginosa
infections incidence).

Increasing AMK loading dose could, however, lead
to withhold the subsequent doses, if needed. Indeed,
we reported a C.;,>2.5 mg/L—when measured on
D2—in 49/82 (60%) of treated infections and Roger
et al. found similar results with a 30 mg/kg loading dose
(Cpyin > 2.5 mg/L in 49% of their patients) [20].

No correlation was found between C,, /MIC ratio and

max’
CIM on D& or DZ38 1n our study. etal.

and Kashuba et al. demonstrated, 30 years ago, that the
clinical benefit of aminoglycosides for the treatment of
GNB infections was optimal if __ reach 8 to tenfold

the MIC [3, 22].

should be put into perspective
w1th the various variables that may possibly explain mor-
tality in intensive care. The combination with another
antibiotic, most often a -lactam, could also explain the
lack of demonstration.

Even so, the median C,,,,MIC ratio in our study greatly
exceeded the threshold proposed by Moore et al. [3] (23.1
versus 8), but the proportion of pharmacodynamic failure
according to the following criteria (C,,,,/MIC<8) was
low, around 10%, which represents a small cohort for sta-
tistical comparisons.

Our study has several limitations. First, it is a retro-
spective study, based on a prospective database in 2
participating ICUs and in daily practice, BGN-docu-
mented infections are not systematically assessed with
measured amikacin MIC. Factors that led to meas-
ure the MIC could introduce a selection bias, leading
to measure the MIC only in the most difficult clinical
situations. Nevertheless, the patients evaluated in our
study are similar to those evaluated by De Montmollin
et al. and Taccone et al. (in term of SAPS II score and
mortality), allowing indirect comparison of our data
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with the literature [7, 8]. Second, we did not assess the
incidence of renal toxicity following amikacin adminis-
tration. However, 64% of infections were treated with
single daily dose of amikacin, minimizing the risk of
nephrotoxicity. In addition, data from the literature do
not report an increase in renal toxicity following the
initial dose [24].

codynamic profile of amikacin during the first 24 h of
administration. This is consistent with usual durations
of aminoglycoside treatments (48 to 72 h) and with
data reported by Kashuba et al. [22] that highlighted
the impact of the first aminoglycoside dose on patient’s
clinical outcome.

Conclusion

In critically ill patients treated with amikacin for sus-
ceptible Gram-negative bacilli infections, a 25 mg/kg
(TBW) single daily dose actually achieved pharmaco-
dynamic target in more than 9 6, of treated infections.

Thus, in light of these results, the ‘current trend of ami-
kacin increase dose in the treatment of severe infec-
Tons does not appear justified when local GNB ecology
relevance of systematic C,,, measurement is also ques-
tionable or may require MIC measurement as well to
ensure a reliable pharmacodynamic target assessment.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513613-020-00685-5.

Additional file 1: Table S1. Comparison of patients and treated infections
based on the C,,,,/CMl ratio. Data presented in n (%) or median [min-
max]. Table S2. Comparison of patients and treated infections according
to clinical outcome on D8 evaluated by SOFA score. Data presented in n
(%) or median [min-max]. Table $3. Comparison of patients and infec-
tions treated according to mortality on D28. Data presented in n (%) or
median [min-max]. Table S4. PK/PD parameters observed in intensive
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