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Colistin is increasingly used as a last option for the treatment of severe infections due to Gram-negative bacteria in critically ill
patients requiring intermittent hemodialysis (HD) for acute renal failure. Our objective was to characterize the pharmacokinet-
ics (PK) of colistin and its prodrug colistin methanesulfonate (CMS) in this population and to suggest dosing regimen recom-
mendations. Eight intensive care unit (ICU) patients who were under intermittent HD and who were treated by CMS (Colimy-
cine) were included. Blood samples were collected between two consecutive HD sessions. CMS and colistin concentrations were
measured by a specific chromatographic assay and were analyzed using a PK population approach (Monolix software). Monte
Carlo simulations were conducted to predict the probability of target attainment (PTA). CMS nonrenal clearance was increased
in ICU-HD patients. Compared with that of ICU patients included in the same clinical trial but with preserved renal function,
colistin exposure was increased by 3-fold in ICU-HD patients. This is probably because a greater fraction of the CMS converted
into colistin. To maintain colistin plasma concentrations high enough (>3 mg/liter) for high PTA values (area under the concen-
tration-time curve for the free, unbound fraction of a drug [fAUC]/MIC of >10 and fAUC/MIC of >50 for systemic and lung
infections, respectively), at least for MICs lower than 1.5 mg/liter (nonpulmonary infection) or 0.5 mg/liter (pulmonary infec-
tion), the dosing regimen of CMS should be 1.5 million international units (MIU) twice daily on non-HD days. HD should be
conducted at the end of a dosing interval, and a supplemental dose of 1.5 MIU should be administered after the HD session (i.e.,
total of 4.5 MIU for HD days). This study has confirmed and complemented previously published data and suggests an a priori
clear and easy to follow dosing strategy for CMS in ICU-HD patients.

Over the last several years, colistin (polymyxin E) has been
increasingly used as a last option for the treatment of in-

fections caused by multidrug-resistant Gram-negative bacte-
ria, such as Pseudomonas aeruginosa, Acinetobacter baumannii,
and Klebsiella pneumoniae (1, 2), for which the mortality rate has
increased (3).

Colistin is administered as a prodrug, colistin methanesulfon-
ate (CMS), which is mostly excreted unchanged in urine (70%)
and is partly converted to colistin (30% at most), whereas renal
excretion of colistin is negligible (4). As a result, in patients with
renal failure, a greater fraction of the CMS dose may be converted
into colistin (5); therefore, all other things being equal, colistin
plasma concentrations at steady state should increase. The elimi-
nation of colistin is nonrenal—it undergoes extensive renal tubu-
lar reabsorption—and nonbiliary by unknown mechanism (1).

It has recently been shown that in intensive care unit (ICU)
patients, colistin plasma concentrations at steady state are mostly
governed by renal function and that creatinine clearance can be
used for dosing regimen adaptation (5, 6). Studies have also been
conducted in critical care patients with acute renal failure requir-
ing intermittent hemodialysis (HD) (5, 7–9). However, focus was
placed on CMS and colistin clearance during HD rather than be-
tween two consecutive HD sessions. CMS is produced by fermen-
tation that results in a mixture of approximately 30 compounds,
which may be partially converted into intermediates before ad-
ministration and which explains that CMS and colistin pharma-
cokinetics (PK) may vary with the CMS brand (5, 6, 10). There-
fore, the aim of this study was to characterize CMS and colistin PK
in ICU patients with end-stage renal failure and to compare these
results with those previously obtained from ICU patients with

preserved renal function (6) and from healthy volunteers (4) re-
ceiving the same CMS brand.

MATERIALS AND METHODS

Study population. This population PK study was conducted in two sites:
University Hospital of Poitiers, France, and Hôpital Lariboisière, Paris,
France. The study protocol was approved by the local ethics committee
(CPP Ouest III, approval number 09.02.01) and by French national au-
thorities (National Security Agency of Medicines and Health Products
[ANSM] number 2009-009578-28). Informed consent was obtained from
all patients or their relatives. Patients were eligible for enrollment in the
study if they were between 18 and 85 years of age, receiving CMS as part of
their treatment according to dosage regimens freely chosen by physicians,
and under intermittent HD for acute renal failure. Patients were not eli-
gible if they had received colistin for 7 days prior to the study. At study
onset, the following data were collected: age, sex, weight, diagnosis on
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admission, serum urea, serum creatinine, and simplified acute physiology
score (SAPS II).

Hemodialysis. Intermittent hemodialysis sessions (Gambro AK 200)
were typically performed over 4 h every 2 days. Hemodialysis conditions
were standard with the blood flow setting at 300 ml/min and dialysis
effluent at 500 ml/min, using a 1.6 m2 B3 polymethylmethacrylate mem-
brane (Toray industries, Tokyo, Japan).

CMS administration. Each patient received CMS (Colimycine;
Sanofi-Aventis, Paris, France) as a 1-h infusion every 8 h according to
dosage regimens freely chosen by physicians. The solutions were prepared
just before administration by dissolution of CMS in 50 ml of saline solu-
tion. Some patients also received CMS as an aerosol, after dissolution in 10
ml of saline, and nebulization over 30 min with a vibrating-mesh nebu-
lizer (Aeroneb Pro; Aerogen, Galway, France).

Sample collection. Venous blood samples (n � 90) were collected
between hemodialysis sessions. Blood samples were collected immedi-
ately before and at 0.5, 1, 2, 3, and 8 h after the beginning of the first
infusion and at various times following consecutive administrations.
Samples were immediately centrifuged (3,000 � g for 10 min) at 4°C, and
plasma was stored at �20°C until analysis.

Determination of CMS and colistin concentrations in plasma. CMS
and colistin concentrations were measured as previously described (4, 6,
7, 11) with a validated liquid chromatography-tandem mass spectrometry
(LC-MS/MS) assay with a limit of quantification of 0.04 mg/liter for CMS
and colistin.

Population PK modeling. CMS and colistin plasma concentrations
were analyzed simultaneously using a nonlinear mixed-effect model, with
Monolix version 4.3.2 (Lixoft). A previously reported PK model (6, 12)
was fitted to the data. CMS pharmacokinetics was described using a one-
compartment model. CMS renal clearance (CLRCMS) was fixed at 0, i.e.,
the fraction of CMS excreted unchanged in urine was supposed to be
equal to zero, whereas clearance equal to nonrenal clearance (CLNRCMS)
and volume of distribution (VCMS) were estimated. A one-compartment
model was also used for colistin pharmacokinetics, but only apparent
volume of distribution (Vcol/fm) and apparent total clearance (CLcol/fm)
can be estimated, where fm corresponds to the unknown fraction of CMS
nonrenally cleared that was eventually converted into colistin (5). The
clearances of CMS and colistin due to hemodialysis sessions were set to
values previously determined experimentally with the same brand of CMS
and the same hemodialysis apparatus, i.e., a CLHD,CMS of 90 ml/min and a
CLHD,COL of 137 ml/min (7). The contribution of aerosol cotreatment on
plasma CMS and colistin concentrations was taken into consideration by
fixing the relevant pharmacokinetic parameter values previously esti-
mated as independent estimates (12). Considering this model for aerosol
administration of CMS, about 9% of the dose reached the systemic com-
partments, of which 1.4% was presystemically transformed into colistin.
The typical PK parameters of the population and the interindividual vari-
ability (IIV) (assuming a log-normal distribution) were estimated. The
between-occasion variability was not estimated because of the lack of data.
The residual variability was modeled as combined (additive and propor-
tional) for CMS and colistin plasma concentrations (6). Differences of
objective function values (OFV) were used to discriminate between dif-
ferent models, with a reduction of at least 10.83 (corresponding to a P
value of �0.001 for 1 degree of freedom) required to choose the more
complex model. Because the number of HD patients was limited (n � 8),
a full exploration of the correlation between PK parameters and covariates
was not conducted. Only the covariates previously detected for ICU pa-
tients from the same clinical study but who did not require HD were tested
(6). Covariate model building was performed in a stepwise fashion with
forward inclusion (P � 0.05) and backward deletion (P � 0.01). The
covariates evaluated included body weight, age, creatinine clearance, se-
rum urea concentration, and temperature. Plasma concentrations below
the limit of quantification were handled by the Beal M3 method (13). (The
control stream for the final model can be found in the supplemental ma-
terial.) Model performance was assessed by visual inspection of diagnostic

plots (normalized prediction distribution errors [NPDE] had to be nor-
mally distributed with a mean of 0 and a standard deviation of 1), the
evaluation of the residual error, and the precision of parameter estimates.

Simulations. Three types of simulations were conducted.
First, CMS and colistin PK were compared between ICU patients re-

quiring intermittent HD, ICU patients with preserved renal function, and
virtual ICU patients with the same PK as the latter but with no renal
clearance of CMS. CMS and colistin concentrations were simulated after a
single 3-million-international-unit (MIU) dose of CMS in the following 3
types of patients over a 48-h period without HD session: a typical ICU-HD
patient using PK parameter values estimated in the present study, a typical
ICU patient with preserved renal function (ICU-85 patient) using PK
parameter values previously estimated by us for creatinine clearance
(CLCR) equal to 85 ml/min (and therefore a CLRCMS of 68.5 ml/min) (6),
and a virtual ICU patient (ICU-00 patient) with the same PK parameter
values as those in the previous group (6) (except for CLCR) and therefore
a CMS renal clearance fixed at zero (CLCR � CLRCMS � 0 ml/min).

Second, the effect of HD sessions on colistin plasma concentrations
was assessed by simulating 4-h HD sessions with different values of CMS
and colistin HD clearances reported in the literature, i.e., 94.8, 90, and
94.8 ml/min for CMS and 56.7, 137, and 66.5 ml/min for colistin, respec-
tively (5, 7, 8). For this simulation, PK parameter values— except HD
clearances—were fixed to estimates of the present analysis, and the dosage
regimen consisted of repeated administrations of CMS at 1.5 MIU every
12 h (q12h) and a supplemental reloading dose of 1.5 MIU administered
along with the scheduled 1.5-MIU dose just after the HD session.

Third, the probability of target attainment (PTA) with the usual rec-
ommended dosage regimen was assessed. A 1,000-patient Monte Carlo
simulation was carried out using Berkeley Madonna (version 8.3.18; Uni-
versity of California) to evaluate the PTA in a typical ICU-HD patient with
twice-daily administrations of 1.5 MIU of CMS. The pharmacokinetic/
pharmacodynamic (PK/PD) target was defined as a free area under the
concentration-time curve from 0 to 24 h (AUC0 –24)/MIC of �15 (non-
pulmonary infection) or 50 (pulmonary infection) (14) assuming 50%
protein binding (15). PTAs were evaluated for each dosing regimen across
a range of MICs from 0.125 to 2 mg/liter for 24-h periods of time includ-
ing no HD sessions.

RESULTS

A total of 2 women and 6 men were enrolled. Their demographic,
clinical, and biological data are summarized in Table 1. The me-
dian first dose was 1.5 MIU (range from 0.4 to 9 MIU), and the
median maintenance dose was 0.5 MIU every 8 h (q8h) (0.4 to 2
MIU q8h) (1 MIU is equivalent to 80 mg of CMS sodium) (16).
Seventeen out of 24 PK were assessed on a day without HD, and 7
PK parameters were assessed on a day with HD (4 before and 3
after the HD session). Four patients received CMS as an aerosol—
one of them received a single aerosol of 2 MIU 8 h before the
intravenous (i.v.) infusion with PK assessment and the three oth-
ers received 1 or 1.5 MIU of CMS as multiple aerosol treatments
administered every 8 h. The delay between aerosol and the start of
i.v. infusion for PK assessment was variable (range, 0 to 6 h).
Measured plasma concentrations of CMS and colistin are shown
on Fig. 1. Twelve CMS concentrations and 9 colistin concentra-
tions were below the limit of quantification. Goodness of data fit
plots were satisfactory with unbiased individual fits (not shown).
NPDE values were �2, and no obvious bias was observed versus
time (Fig. 2). No covariate was included in the model due to non-
significant decreases of the objective function values. The residual
variability (Table 2) was moderate for CMS plasma concentra-
tions (48% proportional and 0.11 mg/liter additive) and low for
colistin plasma concentrations (15% proportional and 0.13 mg/
liter additive). (Visual predictive check and observed-versus-pre-
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dicted concentrations for CMS and colistin can be found in the
supplemental material.)

Estimated PK parameter values in ICU-HD patients are pre-
sented in Table 2 and are compared with those obtained in ICU-85
patients (6). The typical CLNRCMS value in these ICU-HD patients
was estimated at 113 ml/min, and the typical CMS volume of dis-
tribution was estimated at 21 liters, with a resulting elimination half-
life equal to 2.1 h. Typical colistin apparent clearance (CLcol/fm) was
estimated at 37.7 ml/min, and the typical apparent volume of distri-
bution (Vcol/fm) was estimated at 28 liters with a corresponding
colistin half-life equal to 9.8 h. The precision of the parameter
estimates (expressed as relative standard error [RSE] in Table 2)
was good (�45%).

Figure 3 shows CMS and colistin plasma concentration-time
profiles simulated after a single dose of CMS (3 MIU) in the three
predefined populations. The CMS plasma concentration profiles
simulated in a typical ICU-HD patient and in a typical ICU-85
patient were virtually superimposed, and accordingly, corre-
sponding area under the concentration-time curve from 0 h to
infinity (AUC0 –�) values were almost identical (33.0 mg · h/liter
and 33.25 mg · h/liter, respectively) (Fig. 3, left). However, CMS
systemic exposure was noticeably increased by almost 2.5-fold in
the virtual ICU-00 patient with a corresponding AUC0 –� value of
85.4 mg · h/liter (Fig. 3, left).

Different observations were made for colistin. In particular,
the predicted AUC0 –� value in a typical ICU-HD patient (79.4
mg · h/liter) was about three times higher than that in a typical
ICU-85 patient (27.6 mg · h/liter) and was close to the value sim-
ulated for the virtual ICU-00 individual (70.8 mg · h/liter). Al-

though colistin exposure was comparable in ICU-HD and in
ICU-00 patients, concentration profiles differed with a lower
maximum concentration of drug in plasma (Cmax) in HD patients
(3.6 versus 4.9 mg/liter). This is likely due to a larger volume of
distribution, which also leads to a longer half-life (Fig. 3, right).

Simulations suggest that after multiple administrations of
CMS at 1.5 MIU q12h in an ICU-HD patient, plasma colistin
concentrations at steady state should fluctuate between 3 and 4
mg/liter. However, at the end of HD sessions, colistin concentra-
tions drop to 1 to 1.5 mg/liter depending on the HD clearance
used for simulation. Administration of a 3-MIU reloading dose of
CMS instead of the regular 1.5 MIU dose after each HD session
reduces the time necessary to return to steady state (Fig. 4). How-
ever, with these colistin concentration profiles, a high PTA should
be obtained for bacteria with an MIC of �1.5 mg/liter for nonpul-

TABLE 1 Demographic and clinical characteristics of ICU-HD patientsa

ID no. Genderb Age (yr) Weight (kg)
Serum creatinine
(�mol/liter)c

SAPS II
score

Loading dose
(MIU)

Maintenance dose
(MIU q8h)

Receiving
aerosol

1 M 71 83 172 60 2 0.5 Yes
2 M 62 100 470 49 2 2 No
3 M 36 58 304 39 1 1 No
4 M 39 88 375 63 0.5 0.5 No
5 F 82 80 329 70 0.4 0.4 Yes
6 M 73 80 223 55 9 0.5 Yes
7 F 63 52 296 75 0.8 0.5 Yes
8 M 66 75 315 42 2 2 No
Median 65 80 310 58 1.5 0.5
a Table provides values at baseline.
b M, male; F, female.
c Eighty-four micromoles per liter of serum creatinine corresponds to 1 mg/dl.

FIG 1 Plasma concentrations of CMS (left) and colistin (right) measured in
ICU-HD patients. Times are relative to the last dose.

FIG 2 Normalized prediction distribution errors (NPDE) as a function of
time from previous administration for CMS (left) and colistin (COLI) (right)
plasma concentrations. Results are presented for each visit with a PK assess-
ment (OCC, occasion).
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monary infections and for bacteria with an MIC of �0.5 mg/liter
for pulmonary infections (Fig. 5).

DISCUSSION

This study allowed comparisons between CMS and colistin PK in
ICU patients with preserved renal function (ICU-85) and those
with acute renal disease requiring intermittent HD (ICU-HD).
However, in order to evaluate whether ICU-85 and ICU-HD pa-
tients present the same CMS and colistin PK parameter values
(except for CMS renal excretion), simulations were also carried
out in virtual patients (ICU-00) using the PK parameters of
ICU-85 patients (6), except for a CLRCMS value set to 0 ml/min.
This will be discussed first, and the effect of HD on CMS and
colistin PK will then be considered to provide practical dosing
regimen recommendations in ICU-HD patients.

As can be seen in Fig. 3, the AUC of CMS is 2-fold lower for
ICU-HD patients than that for ICU-00 patients, which means that
ICU-HD patients cannot be considered as just ICU-85 patients
without renal clearance of CMS. The CMS volume of distribution
was moderately increased in ICU-HD patients compared with
that in ICU-85 patients (Table 2), but, surprisingly, total clearance

in ICU-HD patients (typical value, 113 ml/min) was virtually the
same as that in ICU-85 patients (typical value, 112 ml/min). This
result suggests that CMS nonrenal clearance (CLNRCMS) is in-
creased by approximately 2-fold (from 43.7 ml/min to 113 ml/
min) in HD patients, which was not seen in previous studies (5, 8).
Accordingly, CMS concentrations versus time profiles in typical
ICU-HD and ICU-85 patients are virtually superimposed (Fig. 3,
left). Yet, because the exact mechanism of CMS nonrenal clear-
ance remains unknown, it is difficult to assess the origin of this
increased CLNRCMS in ICU-HD patients. Noticeably, because
CMS PK parameters were estimated between HD sessions, arti-
facts such as drug adsorption onto HD membranes must be ruled
out. Other methodological issues seem unlikely since the same
procedures were used by the same group across these various stud-
ies (4, 6, 7). Among the various potential explanations, it can be
hypothesized that endogenous substances that accumulate in
plasma between HD sessions perhaps increase the hydrolysis of
CMS occurring at a physiologic pH and eventually lead to colistin

TABLE 2 Population pharmacokinetic parameters of ICU-HD patients compared with those of ICU-85 patients (6)

Parameter Volume of distribution or clearance

ICU-HD patients ICU-85 (6)a

Typical value
(% RSE)

IIV, % CVb

(RSE, %)

Residual Errors

Typical value
(% RSE)

IIV, % CV
(% RSE)

Proportional
% CV (% RSE)

Additive
(mg/liter)
(% RSE)

CMS
VCMS (liters) Volume of distribution of CMS 21 (13) 24 (45) 48 (12) 0.11 (28) 15.7 (7) 44 (14)
CLRCMS (ml/min) Renal clearance of CMS 0 (fixed) 0 (fixed) 68.5 (12) 72 (11)
CLNRCMS (ml/min) Nonrenal clearance of CMS 113 (14) 31 (35) 43.7 (11) 42 (18)

Colistin
Vcol/fm (L) Apparent volume of distribution of colistin 28.3 (18) 42 (36) 15 (24) 0.13 (27) 10.2 (16) 81 (15)
CLcol/fm (ml/min) Apparent clearance of colistin 33.3 (16) 42 (29) 37.7 (10) 37 (15)

Renal replacement
CLHDCMS (ml/min) Dialysis clearance of CMS 90 (fixed)
CLHDCOL (ml/min) Dialysis clearance of colistin 137 (fixed)

a Typical value for a patient of 70 kg with a creatinine clearance of 85 ml/min.
b CV, coefficient of variation.

FIG 3 Plasma concentration-time profiles of CMS (left) and colistin (right)
after single-dose administration of CMS (3 MIU), predicted from PK param-
eter values corresponding to a typical ICU-HD patient (black full line), a
typical ICU-85 patient (black dashed line), and a virtual ICU-00 patient (gray
full line).

FIG 4 Simulations of colistin plasma concentration-time profiles in ICU-HD
patients receiving a 4-hour HD session on day n and dosed with 1.5 MIU q12h
of CMS. The CMS dose planned before the HD session was postponed to
immediately after the session and was 3 MIU. Curves were simulated with
different values of CMS and colistin HD clearances reported in the literature,
i.e., 94.8, 90, and 94.8 ml/min for CMS and 56.7, 137, and 66.5 ml/min for
colistin (solid grey line, solid black line, and dashed black line), respectively (5,
7, 8). PK parameter values— except HD clearances—were fixed to estimates of
the present analysis.
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(17, 18). However, it should also be noted that measured CMS
concentrations correspond to the sum of various methanesulfon-
ate derivative intermediates (i.e., all five or only a part of the pri-
mary amine group of colistin is methanesulfonated in CMS) and
are eventually converted into colistin (19). Therefore, CMS PK
parameters, including CLNRCMS, correspond to apparent param-
eters that must be carefully interpreted.

More importantly for dosing regimen optimization, it should
be noted that colistin exposure, or average colistin concentration
at steady state, is determined by its rate of formation and its rate of
elimination. The rate of formation depends on the fraction of the
CMS dose that is eventually converted into colistin and not on
CLNRCMS. In ICU patients with acute renal failure, the renal excre-
tion of CMS between HD sessions is very low. As a consequence,
most CMS is available for colistin formation (1 � fe � 100%),
whereas for ICU patients with preserved renal function, about
61% of CMS is excreted unchanged in urine (1 � fe � 39%) (6).
The estimation of the apparent clearance of colistin in ICU-HD
patients (CLcol/fm, 33.3 ml/min) was comparable to that previ-
ously estimated in ICU-85 patients (CLcol/fm, 37.7 ml/min) in the
same conditions. Therefore, the almost 3 times greater AUC of
colistin in ICU-HD patients compared with that in ICU-85 pa-
tients (Fig. 3) is very likely due to the abolished CMS renal excre-
tion in ICU-HD patients. Colistin elimination half-life is about 3
times longer in ICU-HD patients than in ICU-85 patients (9.8 h ver-
sus 3.1 h), but this is apparently mostly due to an increased volume of
distribution (Table 2) of several potential origins that need to be ex-
plored but among which might be a decreased binding on alpha-1-
acid glycoprotein (15, 20) or a disease-related increased distribution
within tissues, e.g., increased vascular permeability due to sepsis,
edema formation, or fluid administration (21).

A CMS dosing regimen in ICU-HD patients must take into
account the consequences of renal failure on colistin formation
and elimination but also on CMS and colistin removal during HD.
Although this specific aspect was not investigated during the pres-
ent study, we have previously shown that CMS and colistin were
efficiently cleared during HD (7). Because HD clearance may vary
with the type of HD system and membrane, we have used CMS
and colistin HD clearance values previously determined in a sim-
ilar setting (7). Our estimate of CMS HD clearance (90 ml/min or

5.4 liters/h) is fully consistent with values reported by Garonzik et
al. (5) and by Jitmuang et al. (8), and it predicts that 90% of the
CMS is cleared during a 4-h HD session. However, our estimate of
colistin HD clearance (137 ml/min or 8.22 liters/h) differs some-
what from values previously reported (5, 8). These differences
may be due to different methods of determination (modeling,
amount recovered in dialysate, or difference of concentrations in
pre and postmembrane plasma samples) or different hemodialysis
characteristics. From our estimate of colistin HD clearance, it can
be estimated that 76% of the colistin present in the body is cleared
during an HD session, whereas only approximately 55% is cleared
according to colistin HD clearance estimates by Garonzik et al. (5)
or Jitmuang et al. (8), which has few impacts on colistin concen-
tration-time profiles (Fig. 4). Therefore, considering the current
knowledge about CMS and colistin clearance during intermittent
HD, it seems appropriate not to administer CMS before HD but
rather immediately after HD sessions.

From our results, we have determined a dosing regimen that
should allow typical colistin plasma concentrations of about 3 to 4
mg/liter (Fig. 4). Considering the large interindividual variability,
higher dosing regimens might result in toxicities for many pa-
tients, and in this case, it is recommended to monitor plasma
concentrations and toxicity signs. An appropriate maintenance
dosing regimen may be 3 MIU/day on days without HD session
(Fig. 4), which is comparable with the recommendations of Ga-
ronzik et al. (5). On days with an HD session, a post-HD reloading
CMS dose may be 3 MIU, leading to 4.5 MIU administered on
days with HD. This dosing regimen, which corresponds to a 50%
increase in daily dose on days with HD compared with days with-
out HD, is consistent with that of Garonzik et al., suggesting the
addition of 30% to 50% to the daily maintenance on days with a
HD session (5). However, because colistin PK reported for ICU
patients vary between studies (5, 6, 10), particularly concerning
the half-life of colistin (from 3 h to 14 h), the extrapolation of our
recommendations to other populations/countries or brands
should be considered with caution.

Two different targets were used for nonpulmonary infections
(area under the concentration-time curve for the free, unbound
fraction of a drug [fAUC]/MIC, �15) and for pulmonary infec-
tions (fAUC/MIC, �50) (14). The protein binding of colistin in
patients was fixed at 50% as for ICU patients who do not require
intermittent HD (15). The protein binding of drugs may actually
be altered in patients with acute renal failure (21); however, con-
sequences on the unbound fraction (fu) are much more likely for
compounds presenting extensive protein binding. To our knowl-
edge, there is no report that the fu of CMS or colistin is modified in
patients with altered renal function. Furthermore, the hypotheti-
cal effect of acute renal failure on colistin protein binding should
also be balanced by interpatient variability, which has not been
documented yet. Therefore, the 50% value used for PTA calcula-
tions seems reasonable. PTA estimates suggest that by providing
an MIC of �1.5 mg/liter for nonpulmonary infections and an
MIC of �0.5 mg/liter for pulmonary infections, the proposed
dosing regimen should provide satisfactory success rates. Among
the pathogens most frequently encountered in the ICU, A. bau-
mannii and P. aeruginosa have epidemiological cutoff values
(ECOFF) for MICs of 2 and 4 mg/liter, respectively (http://mic
.eucast.org/Eucast2/SearchController/search.jsp?action�init). The
ECOFF for K. pneumoniae was not determined, with MICs greater
than 4 mg/liter for 4% of the strains. Therefore, some pathogens

FIG 5 Probability of target attainment (PTA) of colistin in ICU-HD patients
dosed with 1.5 MIU q12h of CMS on days without HD for nonpulmonary
(dashed line) and pulmonary (solid line) infections.
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might not be covered by the proposed regimen, particularly in the
case of pulmonary infection. In this case, combinations, aerosol
administration, or an increase of dose can be considered. As
higher doses may result in toxic exposure, the appearance of renal
and neurological toxicities should be particularly monitored.

In conclusion, an unexpected and difficult-to-explain increase
of CMS nonrenal clearance between HD sessions, compensating
for its abolished renal clearance, was evidenced for the first time in
HD patients. Moreover, because in ICU patients with acute renal
failure the renal excretion of CMS is abolished, more colistin is
formed and plasma concentrations are increased. These findings
were subsequently used to conduct PK/PD simulations, which
show that a dosing regimen with 1.5 MIU of CMS given twice
daily, except for a supplemental reloading dose of 1.5 MIU admin-
istered along with the scheduled 1.5-MIU dose just after the HD
session (i.e., total of 4.5 MIU on HD days), would allow for the
maintenance of colistin plasma concentrations between 3 and 4
mg/liter. These concentrations should be sufficient to obtain high
PTA values, at least for bacteria with MICs of �1.5 mg/liter
(fAUC/MIC, �15) for nonpulmonary infections and 0.5 mg/liter
(fAUC/MIC, �50) for pulmonary infections, in the absence of
combination with another antibiotic. This dosing regimen seems
a priori to be the best initial choice for ICU-HD patients.
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