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a  b  s  t  r  a  c  t

Vancomycin  is frequently  administered  as a continuous  infusion  to treat severe  infections  caused  by
Gram-positive  bacteria.  Previous  studies  have  suggested  a loading  dose  of  15  mg/kg  followed  by  con-
tinuous  infusion  of  30  mg/kg  in  patients  with  normal  renal  function;  however,  there  are no dosing
recommendations  in patients  with  renal  failure  undergoing  continuous  renal  replacement  therapy
(CRRT).  Data  from  all  adult  septic  patients  admitted  to  a Department  of Intensive  Care over  a  3-year
period  in whom  vancomycin  was  given  as a  continuous  infusion  were  reviewed.  Patients  were  included
if  they  received  vancomycin  for ≥48  h  during  CRRT.  Vancomycin  levels  were  obtained  daily.  During  the
study  period,  85  patients  (56  male;  mean  age  65  ±  15 years;  weight  85 ± 24  kg)  met  the  inclusion  criteria.
Median  (interquartile  range)  APACHE  II and SOFA  scores  were  24  (20–29)  and  11  (7–14),  respectively,
and  the  overall  mortality  rate was  59%.  Mean  vancomycin  doses  were  16.4  ±  6.4  (loading  dose),  23.5  ± 8.1
(Day 1), 23.2  ±  7.4  (Day  2)  and  23.3  ±  11.0  (Day  3)  mg/kg,  resulting  in  blood  concentrations  of 24.7  ± 9.0
(Day  1), 26.0  ±  8.1 (Day  2) and  27.7  ±  9.3  (Day  3)  !g/mL.  On Day  1, 43  patients  (51%)  had  adequate  drug
concentrations  (20–30  !g/mL),  17  (20%)  had  levels  >30  !g/mL and  25  (29%)  had  levels  <20  !g/mL.  Most
patients  with  adequate  drug  concentrations  received  a daily  dose  of  16–35  mg/kg.  The intensity  of  CRRT
directly  influenced  vancomycin  concentrations  on  Day  1 of  therapy.

© 2012 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

Vancomycin remains one of the first options for treating noso-
comial infections caused by meticillin-resistant Staphylococcus
aureus (MRSA) or other resistant Gram-positive bacteria such as
coagulase-negative staphylococci (CoNS) and ampicillin-resistant
enterococci [1].  Nevertheless, several studies have shown that cur-
rent dosing regimens are not adequate to produce clinical efficacy
against more resistant strains of MRSA, especially those with a
minimum inhibitory concentration for the drug of >1 !g/mL [2].
These regimens would also produce inadequate drug concentra-
tions in pulmonary tissue when treating lung infections caused by
less susceptible staphylococci [3].

Moreover, recommended drug dosages were derived from
studies on healthy volunteers or patients with uncomplicated
infections, so that it is difficult to extrapolate these data to the crit-
ically ill population [4]. In particular, sepsis can significantly alter
the pharmacokinetics of vancomycin, inducing an increase in the
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volume of distribution and altered drug metabolism and clearance,
which may  result in subtherapeutic antibiotic concentrations [5].

The need for higher-dose vancomycin regimens has been shown
in clinical trials on critically ill patients with head trauma and sepsis
[6]. In this setting, continuous infusion of vancomycin may  provide
an alternative mode of drug administration to treat severe MRSA
infections [5].  In a randomised clinical trial, patients receiving
continuous infusions of vancomycin achieved optimal drug concen-
trations faster with a lower daily dose and lower treatment costs
than those receiving standard intermittent infusions, although with
similar efficacy and tolerance [7].  The authors of this study sug-
gested a loading dose of 15 mg/kg followed by continuous infusion
of 30 mg/kg in patients with normal renal function [7]. However,
this strategy has not been validated in the setting of acute kidney
injury (AKI), which is associated with reduced drug clearance and
an increased risk of accumulation and toxicity [8].

Continuous renal replacement therapy (CRRT) is increasingly
being used to manage patients with AKI [9].  However, CRRT can fur-
ther complicate the pharmacokinetics of antimicrobials depending
on the duration, membrane permeability and type of CRRT tech-
nique that is used [10]. Although high-dose vancomycin regimens
may increase the risk of additional renal damage in patients with
AKI, this treatment is frequently used in patients receiving CRRT;
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however, few studies have reported removal rates for vancomycin
during CRRT [10–13].  Accordingly, the vancomycin dose interval
should be prolonged compared with patients with normal renal
function, and doses increased to 500–1000 mg  twice a day [8].  No
study has evaluated drug concentrations during continuous van-
comycin infusion in critically ill patients undergoing CRRT. The
aim of this study was therefore to evaluate continuous vancomycin
infusion regimens in a large cohort of septic patients treated with
CRRT.

2. Methods

The medical charts of all adult patients who were treated with
a continuous infusion of vancomycin, either as monotherapy or
combined with other antimicrobials, in the multidisciplinary 35-
bed Department of Intensive Care of Erasme Hospital (Brussels,
Belgium) over a 3-year period (January 2008 to December 2010)
were reviewed. Patients were identified from the patient data
monitoring system (PDMS) (Picis Critical Care Manager; Picis Inc.,
Wakefield, MA).

Patients were included in the study if they met  the following
criteria: (a) age >18 years; (b) had sepsis according to standard
criteria [14]; (c) had received vancomycin for ≥48 h; (d) were con-
comitantly treated with CRRT; and (e) had daily measurement of
vancomycin levels. Patients with previous administration of van-
comycin by intermittent infusion (within 48 h of the start of the
continuous infusion) were excluded, as were those with residual
urine output >500 mL/day, pregnancy, burns or cystic fibrosis. No
patient included in a previous publication [15] was included in the
present cohort. The study was approved by the Ethics Committee
of Erasme Hospital, which waived the need for informed consent.

The following data were collected for all patients: demo-
graphics; pre-existing chronic diseases; admission diagnosis; and
microbiological findings. The severity of illness of each patient was
assessed using the Acute Physiology and Chronic Health Evaluation
(APACHE) II score [16] on admission and the Sequential Organ Fail-
ure Assessment (SOFA) score [17] at the onset of therapy. Use of
vasopressor agents or mechanical ventilation was recorded, as was
the length of Intensive Care Unit (ICU) stay and outcome.

Vancomycin (Vancocin®; Eli Lilly, Saint-Cloud, France) was
reconstituted according to the manufacturer’s guidelines. In
patients undergoing CRRT, the loading dose of vancomycin
was 15 mg/kg based on total body weight, and the daily dose
was 20–30 mg/kg, adjusted to provide serum concentrations of
20–30 !g/mL (considered as ‘adequate’). If the serum vancomycin
concentration was <20 !g/mL (‘insufficient’), an additional dose of
500–1000 mg  was given followed by an increase in the daily dose
by 500–1000 mg.  If the concentration was >30 !g/mL (‘excessive’),
the continuous infusion was discontinued for 4–8 h and the daily
dose was reduced by 500–1000 mg/day.

Serum concentrations of vancomycin were determined
by particle-enhanced turbidimetric inhibition immunoassay
(Dimension® XPand®; Siemens Healthcare Diagnostics, Newark,
DE). The limit of quantification and the total imprecision of the
assay were 0.8 !g/mL and <5%, respectively. Blood samples (3 mL)
were taken every day at 08:00 h and were sent immediately to the
central laboratory. The nursing staff recorded the exact sampling
time in the PDMS system.

The decision to initiate CRRT was made according to stan-
dard practice, and CRRT was performed through a double-lumen
catheter inserted into the subclavian, femoral or internal jugular
vein. Continuous venovenous haemodiafiltration (CVVHDF) or
continuous venovenous haemofiltration (CVVHF) was performed
using a Prisma® or PrismaFlex® machine (Gambro Hospal, Bologna,
Italy), with polyacrylonitrile (AN69; Hospal, Meyzieu, France) or
polysulfone (Gambro Lundia AB, Lund, Sweden) haemofilters.

Table 1
Characteristics of the patients (n = 85).

Characteristic Data a

Age (years) 65 ± 15
Male/female 56/29
Body weight (kg) 85 ± 24
Pre-existing chronic diseases

COPD, asthma 19 (22)
Hypertension 20 (24)
Cardiopathy 42 (49)
Diabetes 23 (27)
Liver cirrhosis 12 (14)
Cancer 13 (15)
Immunosuppressive therapy 22 (26)
Thromboembolic disease 4 (5)

Medical admission 59 (69)
APACHE II score on ICU admission 24 [20–29]
SOFA score at the onset of therapy 11 [7–14]
Septic shock 70 (82)
Mechanical ventilation 71 (84)
ICU stay (days) 12 [6–20]
ICU mortality 50 (59)

COPD, chronic obstructive pulmonary disease; APACHE, Acute Physiology and
Chronic Health Evaluation; ICU, Intensive Care Unit; SOFA, Sequential Organ Failure
Assessment.

a Data are expressed as n (%), mean ± standard deviation, or median [interquartile
range].

Anticoagulation was obtained using continuous infusion of either
heparin or citrate. Characteristics of the CRRT, including blood
flow, ultrafiltration and dialysate rates, were recorded for each
patient. The intensity of CRRT was  assessed using the formula:
ultrafiltration rate (mL/kg/h) + dialysate rate (mL/kg/h). Patients
were a priori divided into four groups according to the intensity of
CRRT (<20, 20–30, 31–40 and >40 mL/kg/h).

Statistical analyses were performed using SPSS 18.0 for Win-
dows (SPSS Inc., Chicago, IL). Descriptive statistics were computed
for all study variables. A Kolmogorov–Smirnov test was  used, and
histograms and normal-quantile plots were examined to verify the
normality of distribution of continuous variables. Demographics
and clinical differences between study groups were assessed using
a !2 test, Fisher’s exact test, Student’s t-test or Mann–Whitney U-
test as appropriate. One-way analysis of variance (ANOVA) with a
Dunn’s test was used to compare different groups of CRRT intensity.
Multivariate logistic regression analysis with vancomycin concen-
trations on Day 1 as the dependent variable was  conducted; drug
levels on Day 1 of therapy were selected because they repre-
sent the combination of the effects of loading and daily doses as
well as CRRT intensity, whereas drug concentrations thereafter
would also be influenced by dosing adaption by the attending
physician. Only variables showing a significant association (P < 0.2)
with vancomycin concentrations in the univariate analysis were
introduced in the multivariate model. Collinearity between vari-
ables was excluded prior to modelling. Variables considered in
the analysis were demographics, co-morbidities, APACHE II and
SOFA scores, presence of bacteraemia, type of admission (medi-
cal or surgical), loading and daily dose of vancomycin, mechanical
ventilation, administration of vasopressor agents, and CRRT blood
flow and intensity. Discrete variables are expressed as number (%)
and continuous variables as mean ± standard deviation or median
(interquartile range). A P-value of <0.05 was  considered statistically
significant.

3. Results

In total, 85 patients met  the inclusion criteria during the study
period and their characteristics are shown in Table 1. A Gram-
positive pathogen was  identified in 47 patients (55%), including
meticillin-sensitive S. aureus in 7 patients, MRSA in 12 patients,
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Fig. 1. Proportion of patients with inadequate (<20 !g/mL), adequate (20–30 !g/mL) and excessive (>30 !g/mL) vancomycin concentrations on the first 3 days of therapy.

CoNS in 18 patients and Enterococcus spp. in 10 patients. The most
common sites of infection were the lung (n = 39) and abdomen
(n = 27); 28 patients (33%) had concomitant bacteraemia. The char-
acteristics of CRRT are shown in Table 2. The median intensity of
CRRT was 28 (21–40), 29 (18–41) and 25 (18–39) mL/kg/h on Days
1, 2 and 3, respectively.

The mean loading and daily doses of vancomycin during the first
3 days of therapy are shown in Table 3. Mean drug concentrations
were 24.7 ± 9.0, 26.0 ± 8.1 and 27.7 ± 9.3 !g/mL on Days 1, 2 and
3, respectively. Overall, vancomycin concentrations were adequate
in 43/85 patients (51%) on Day 1, 48/85 (56%) on Day 2 and 44/66
(67%) on Day 3 (Fig. 1). In addition, 17/85 patients (20%) had van-
comycin concentrations >30 !g/mL on Day 1 (range 31–49 !g/mL),
18/85 (21%) on Day 2 (31–51 !g/mL) and 17/66 (26%) on Day 3
(32–49 !g/mL). The proportion of patients with insufficient drug
concentrations (<20 !g/mL) decreased significantly from 29% on
Day 1 to 22% and 8% on Days 2 and 3, respectively (P = 0.04). The
proportion of patients with adequate drug concentrations on Day
1 was 27% with a daily vancomycin dose ≤15 mg/kg, 60% with a
dose of 16–20 mg/kg, 50% with a dose of 21–25 mg/kg, 55% with a

Table 2
Characteristics of continuous renal replacement therapy.

Characteristic Median [IQR] a

CVVHF/CVVHDF on Day 1 (n) 43/42
Blood flow (mL/min)

n = 85, Day 1 150 [130–150]
n  = 85, Day 2 150 [130–150]
n  = 66, Day 3 150 [130–150]

Ultrafiltrate (mL/kg/h)
n = 85, Day 1 21 [17–25]
n = 85, Day 2 20 [15–25]
n = 66, Day 3 22 [18–29]

Dialysate rate (mL/kg/h)
n = 42, Day 1 19 [15–23]
n = 44, Day 2 21 [18–24]
n = 17, Day 3 20 [19–23]

Fluid removal (mL/day)
n = 36, Day 1 1100 [650–1800]
n  = 16, Day 2 300 [200–462]
n  = 19, Day 3 250 [200–400]

IQR, interquartile range; CVVHF, continuous venovenous haemofiltration; CVVHDF,
continuous venovenous haemodiafiltration.

a Data are expressed as median (IQR) unless otherwise stated.

Table 3
Characteristics of vancomycin therapy (n = 85).

Characteristic Data a

Duration of therapy (days) 4 [3–7]
Dose (mg/kg)

Loading dose 16.4 ± 6.4
Day  1 23.5 ± 8.1
Day  2 23.2 ± 7.4
Day  3 23.3 ± 11.0

Vancomycin concentration (!g/mL)
Day 1 24.7 ± 9.0
Day  2 26.0 ± 8.1
Day  3 27.7 ± 9.3

Delay to target concentrations (days) 1 [1–2]

a Data are expressed as median [interquartile range] or mean ± standard devia-
tion.

dose of 26–35 mg/kg and 50% with a dose >35 mg/kg (Fig. 2). The
proportion of patients with vancomycin concentrations >30 !g/mL
increased significantly from 6% with a daily dose ≤15 mg/kg to
20% with a dose of 16–20 mg/kg, 23% with a dose of 21–25 mg/kg,

Fig. 2. Proportion of patients with inadequate (<20 !g/mL), adequate
(20–30 !g/mL) and excessive (>30 !g/mL) vancomycin concentrations on the
first day of therapy according to the daily vancomycin regimen (mg/kg).



264 C. Covajes et al. / International Journal of Antimicrobial Agents 41 (2013) 261– 266

Table 4
Evolution of vancomycin concentrations and daily doses over the first 3 days of continuous renal replacement therapy (CRRT), according to CRRT intensity.

CRRT intensity (mL/kg/h) Vancomycin concentration (!g/mL) a Vancomycin daily dose (mg/kg) a

Day 1 Day 2 Day 3 Day 1 Day 2 Day 3

<20 25 [19–27] 26 [23–30] 27 [24–33] 17 [12–24] 20 [13–24] 19 [17–24]
(n  = 21) (n = 25) (n = 23) (n = 21) (n = 25) (n = 23)

20–30 23  [18–32] 25 [21–30] 26 [21–31] 23 [18–30] 22 [18–29] 24 [21–25]
(n  = 26) (n = 19) (n = 16) (n = 26) (n = 19) (n = 16)

31–40 22  [20–27] 23 [18–28] 25 [25–31] 25 [20–30] 25 [20–27] 25 [20–32]
(n  = 20) (n = 19) (n = 15) (n = 20) (n = 19) (n = 15)

>40 22  [17–26] 24 [21–36] 25 [23–33] 28 [24–31] 25 [22–32] 25 [21–35]
(n  = 18) (n = 22) (n = 12) (n = 18) (n = 22) (n = 12)

a Data are expressed as median [interquartile range].

25% with a dose of 26–35 mg/kg and 50% with a dose >35 mg/kg
(P = 0.02).

After similar loading doses, higher daily doses were needed in
patients with the largest CRRT intensity (>40 mL/kg/h) than in other
patients (P < 0.05) (Table 4; Fig. 3). In the multivariate analysis,
age and daily vancomycin doses were significantly associated with
higher drug concentrations on Day 1, whereas greater CRRT inten-
sity was independently associated with lower vancomycin levels
on Day 1 of therapy (Table 5).

4. Discussion

This study showed that continuous infusion of vancomycin
given during CRRT achieved adequate drug concentrations in most
critically ill septic patients. Greater CRRT intensity was associated
with an increased need for higher-dose vancomycin regimens in
order to achieve adequate drug concentrations. Daily vancomycin
dose and the intensity of CRRT were the main determinants of drug
concentrations in the early phase of therapy.

The pharmacokinetic characteristics of vancomycin have been
extensively studied in recent human investigations; because the
drug is primarily excreted unchanged in the urine, dosage must
be adapted in patients with impaired renal function to avoid
drug accumulation [1].  Although results from clinical trials have
suggested use of continuous vancomycin infusion regimens for
patients without AKI [7],  there are no clear recommendations on
continuous infusion dosing for vancomycin during CRRT and regi-
mens are adapted from conventional haemodialysis (HD) data.

During HD, vancomycin clearance is only minimally influenced
by body weight, duration of dialysis, blood flow and dialysate rate,

whereas marked differences have been shown if low- or high-
permeability membranes are used [18]. Hence, a supplemental dose
of the drug could be administered when a high-flux membrane is
used, whereas once-weekly dosing is frequently sufficient in the
case of low-flux devices [19]. Nevertheless, vancomycin dosing in
HD cannot be extrapolated to CRRT because of the differences in fil-
ters, the continuous distribution of drug removal during CRRT, and
the different techniques for performing CRRT; haemodiafiltration
provides the most effective removal of drugs with high molecular
weights [10].

Previous studies have shown that there are significant changes
in vancomycin pharmacokinetics during critical illness and these
changes are further enhanced if the drug is administered during
CRRT [4,5]. The volume of distribution increased almost two-fold
in CRRT patients compared with healthy volunteers with normal
renal function [20,21], especially in the case of concomitant vaso-
pressor therapy [22]. Furthermore, several studies have reported
varying vancomycin clearance rates during CRRT. Macias et al.
showed that nearly 50% of drug removal was  attributed to CRRT,
with residual renal function or non-renal elimination responsible
for the remaining drug clearance [23]. In another study, almost
20% of the drug dose was eliminated by CRRT and an ultrafiltration
rate of 800–1200 mL/h resulted in a vancomycin clearance rate of
0.73 ± 0.21 L/h [13]; the optimal vancomycin dose to maintain drug
concentrations between 15 !g/mL and 20 !g/mL was 500–750 mg
every 12 h (q12 h). Joy et al. [11] showed that for a blood flow of
100 mL/min and ultrafiltration rate of 500–1000 mL/h, drug clear-
ance ranged from 0.28 L/h to 0.36 L/h and was independent of
the type of membrane used. In another study, an ultrafiltration
rate of 1600 mL/h gave a drug clearance of 1.3–1.4 L/h and the

Fig. 3. Differences in required daily vancomycin dose according to different continuous renal replacement therapy (CRRT) intensities on the first 3 days of therapy.
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Table 5
Determinants of vancomycin concentrations on Day 1 of therapy by univariate and multivariate backward logistic regression analysis.

Variable Univariate analysis Multivariate analysis

B factor SE P-value B factor SE P-value

Age (years) −0.135 0.063 0.03 −0.136 0.56 0.03
Male  −1.362 2.075 0.51
Weight (kg) 0.024 0.041 0.55
COPD/asthma −0.792 2.366 0.74
Hypertension −3.328 2.297 0.15
Cardiopathy −1.696 1.964 0.39
Diabetes −3.866 2.180 0.08
Cancer 4.354 2.699 0.11
Liver cirrhosis 0.801 2.832 0.78
Medical admission 2.280 2.242 0.31
APACHE II score 0.008 0.134 0.95
SOFA score 0.68 0.249 0.79
Bacteraemia −0.717 2.097 0.73
Loading dose (mg/kg) 0.338 0.182 0.17
Daily dose (mg/kg) 0.327 0.117 <0.01 0.491 0.113 0.006
Vasopressors −1.732 2.581 0.50
Mechanical ventilation −0.917 2.658 0.73
Blood flow (mL/min) −0.51 0.48 0.29
Intensity of CRRT (<20, 20–30, 31–40, >40 mL/kg/h) −0.166 0.075 0.03 −0.274 0.071 0.007

SE, standard error; COPD, chronic obstructive pulmonary disease; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment;
CRRT,  continuous renal replacement therapy.

authors recommended that the first dose of vancomycin should
be 15–20 mg/kg body weight followed by 250–500 mg q12 h start-
ing 24 h after the first dose [24]. DelDot et al. [25] reported that
for a vancomycin regimen of 750 mg  q12 h and a CRRT intensity
of 3000 mL/h, drug clearance was 1.8 L/h, which constituted 76% of
the total drug clearance. The authors proposed a maintenance dose
of 450 mg  q12 h to achieve a target concentration of 15 !g/mL at
steady state.

These studies show that although there is some non-renal
clearance of vancomycin during CRRT, which may  significantly
affect drug elimination, characteristics of CRRT such as blood flow
or dialysate rate may  alter drug clearance thus increasing drug
requirements. Most of these studies have limited statistical power
because of small sample sizes or because they evaluated only
specific CRRT conditions, e.g. pre-defined dialysate or ultrafiltrate
rates, haemofilter type and only patients without residual renal
function, limiting the generalisation of these results to general crit-
ically ill populations in whom CRRT is not standardised and may
vary over time. Moreover, some of these studies used low-intensity
CRRT techniques, which achieve lower drug clearance rates than
currently used methods. The current study focused on a large cohort
of patients with severe sepsis and septic shock with high mortal-
ity rates, a population in whom optimisation of antibiotic therapy
is mandatory. In addition, a wide range of CRRT intensities and
characteristics was analysed, and patients with minimal residual
renal function were included. This study showed that a daily dose
of 16–35 mg/kg was necessary to achieve adequate drug concen-
trations in >60% of patients. Nevertheless, in the early phase of
treatment almost 20% of patients had insufficient vancomycin lev-
els to treat less susceptible strains, such as MRSA, and 20% had
concentrations above the drug threshold associated with the devel-
opment of adverse events such as renal failure.

In this study, the intensity of CRRT influenced drug elimination.
This observation may  be explained by the hydrophilic composi-
tion of vancomycin, which influences the body’s elimination of
similar medications by purification devices [10]. Hence, CRRT char-
acteristics should be taken into account when determining daily
vancomycin dosages in order to avoid inadequate drug concentra-
tions. This suggestion has already been made in another study, in
which a change in CRRT intensity (i.e. from CVVHF to CVVHDF)
increased drug clearance from 62% to 90%, whereas drug concen-
trations were only minimally affected by the type of membrane

used during CRRT [11]. Similar findings have been shown for other
hydrophilic "-lactams, with drug clearances significantly increased
when higher dialysate rates were used [26]. Moreover, van de
Vijsel et al. [20] recently showed that the ultrafiltrate rate was one
of the most important determinants of vancomycin distribution
volume in a cohort of 24 critically ill patients undergoing CRRT.
Nevertheless, Roberts et al. recently reported that vancomycin
concentrations were not affected by the intensity of CRRT [27];
however, these authors studied only 10 patients at different time
points after the initiation of therapy, limiting the extrapolation of
these data to larger ICU populations. Other factors, such as endoge-
nous non-renal clearance and changes in volume of distribution
over time, may  also influence vancomycin concentrations during
CRRT [27]. These observations support the importance of thera-
peutic drug monitoring in this population.

This study has some limitations. First, vancomycin data were
analysed only during the first 3 days of therapy and this may  not
represent the steady state. However, it is of crucial importance
that drug levels be optimised in the early phase of therapy [28].
Second, the target drug concentrations were between 20 !g/mL
and 30 !g/mL to optimise the benefit/risk ratio, but others may
use different targets [15]. Third, antibiotic removal through CRRT
should be proportional to the concentration of unbound free drug.
Berthoin et al. showed that total vancomycin concentration was
not predictive of free drug concentration, suggesting that direct
determination of the free component may  be desirable [29]. Further
studies are needed to explore this hypothesis, comparing both total
and free vancomycin concentrations to drug removal during CRRT.
Fourth, because of the retrospective nature of the study, it was  not
possible to correct drug prescription for delay and interruption of
CRRT during therapy, which may  have altered drug elimination.
Fifth, no data on efficacy were collected, as this was not within the
scope of this study. Finally, no optimal drug dosage can be proposed
from this study; further studies are needed to provide some practi-
cal guidelines for drug dosage in this setting, taking into account the
impact of CRRT intensity and pharmacokinetic alterations induced
by sepsis.

5. Conclusions

Standard vancomycin doses of 16–35 mg/kg/day are adequate
in most critically ill patients treated with a continuous infusion of
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vancomycin during CRRT. However, drug prescription should take
into account the intensity of CRRT.
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