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ABSTRACT This retrospective study included pediatric intensive care unit patients
receiving continuous veno-venous hemodiaﬁltration (CVVHDF) being treated with
cefepime. The free drug concentration above one time the MIC (fT⬎1⫻MIC) and
four times a presumed MIC (fT⬎4⫻MIC) of 8 g/ml were calculated. Four patients
received doses ranging from 48 to 64 mg/kg of body weight every 6 to 12 h. Three
patients achieved 100% fT⬎1⫻MIC, with the fourth patient achieving 98%
fT⬎1⫻MIC. Therapeutic drug monitoring should be considered for critically ill patients receiving cefepime on CVVHDF.
KEYWORDS intensive care units, pediatrics, pharmacodynamics, pharmacokinetics,
renal replacement therapy

C

ontinuous renal replacement therapy (CRRT) has become the standard of care for
patients in an intensive care unit (ICU) who experience acute kidney injury (AKI),
ﬂuid overload, or electrolyte or acid-base derangements (1). Volume of distribution (Vd)
and clearance (Cl) are pharmacokinetic (PK) parameters affected to various degrees in CRRT
patients depending on patient size, residual renal function, and modality of CRRT clearance
delivered, among other factors (2, 3). Contrary to data for adults (4–7), there are currently
no published CRRT pharmacokinetic data for cefepime in pediatric patients.
Cefepime is a fourth-generation cephalosporin with broad Gram-negative activity,
including activity against Pseudomonas aeruginosa, and is commonly used empirically
in critically ill patients. The pharmacodynamic (PD) parameter which optimizes bacterial
killing for ␤-lactam antibiotics like cefepime is the fraction of the dosing interval for
which the free drug concentration remains above the MIC (fT⬎MIC). Traditionally, this
goal has been 40% of the dosing interval for bacteriostasis and 70% for bactericidal
activity with cephalosporins, largely based on animal model data (8). Further in vitro
studies suggested increased bacterial killing when an fT⬎MIC of 100% of the dosing
interval was achieved (9). Subsequent in vivo studies involving critically ill patients
demonstrated improved patient outcomes with similarly aggressive PD targets, with
optimal free trough concentrations ranging from one to four times the MIC (100%
fT⬎1– 4⫻MIC) (10–14). The aim of this study was to describe cefepime PK and PD in
critically ill pediatric patients on continuous veno-venous hemodiaﬁltration (CVVHDF)
across a range of cefepime dosing regimens and CRRT clearances.
A retrospective chart review was performed from 1 January 2014 through 31 July
2017. The electronic health record (EHR) was queried to identify pediatric ICU patients
undergoing CVVHDF and receiving intravenous cefepime with at least two quantiﬁable
cefepime serum concentrations from which PK calculations could be performed.
Cefepime peak, midinterval, and trough concentrations were measured at steady state.
Concentrations that were not drawn in the same dosing interval were extrapolated
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TABLE 1 Patient demographics
Data by patient
1
1.1
Male
Liver transplant
10
0.45
0.14
0.41
1.3
0.22
48
8
3
3
18

2
0.6
Female
Liver failure
6
0.33
Unknownc
0.53
1.6
0.64
57
8
0.5
2
3

3
0.5
Male
Hyponatremia
5.4
0.33
0.15
0.59
1.4
0.07
55
6
0.5
3
7

4
5
Male
HLHa
25
0.94
0.3
3.37
0.25
0
64
12
0.5
3
2

aHLH,

hemophagocytic lymphohistiocytosis.
serum creatinine.
cUnknown baseline SCr level due to transfer from outside hospital.
d24 h prior to CRRT initiation.
e48 h around the time of sampling.
fBased on estimated dry weight.
bSCr,

using the dose prior to determine the expected steady-state trough. This study was
approved by the Baylor College of Medicine institutional review board.
All serum cefepime samples were collected in the course of usual clinical care, with
cefepime dosing at the discretion of the primary medical team. Serum cefepime assays
were performed by Atlantic Diagnostic Laboratories (Bensalem, PA) using validated
liquid chromatography-tandem mass spectrometry.
The following equations were used to calculate patient-speciﬁc steady-state elimination rate constant (ke), volume of distribution (Vd), and total body clearance (Cl):
C1
C2
ke 共h⫺1兲 ⫽
t2 ⫺ t1
ln

Vd 共liters ⁄ kg兲 ⫽

Dose ⫻ 共1 ⫺ e⫺ketinf兲
wt ⫻ tinf ⫻ ke ⫻ 共Cmax ⫺ Cmin ⫻ e⫺ketinf兲

Cl 共liters ⁄ kg ⁄ h兲 ⫽ ke ⫻ Vd
where C1 is concentration 1, C2 is concentration 2, wt is weight, tinf is infusion time,
Cmax is the maximum concentration of drug in the serum, and Cmin is the minimum
concentration of drug in the serum. f T⬎1⫻MIC and f T⬎4⫻MIC were calculated for
each patient using a presumed MIC of 8 g/ml, as this is the highest MIC one would
cover in clinical practice (15). Protein binding was assumed to be 20% based on
published references (16).
Renal replacement therapy was delivered in hemodiaﬁltration mode with preﬁlter
hemodilution using bicarbonate-based commercial ﬂuids with an HF1000 ﬁlter
(Gambro, Baxter, Deerﬁeld, IL). All circuits were regionally anticoagulated with
citrate. The minimum starting clearance dose was 2,000 ml/1.73 m2/h with 50%
diffusive and 50% convective clearance. For liver failure and hyperammonemia, the
minimum starting dose was 3,000 ml/1.73 m2/h, as per institutional protocol, with
escalation as needed. Further modiﬁcation in individual CVVHDF doses was prescribed by the attending nephrologist if necessary, such as in situations of uncontrolled hyperammonemia.
Four patients were included (Table 1). Cefepime was used as empirical therapy in
three patients and for Klebsiella pneumoniae pneumonia in the fourth patient. Patients
1, 2, and 3 were in the ICU due to complications of liver failure, for which high CVVHDF
clearance was prescribed to aid in ammonia clearance in addition to AKI and ﬂuid
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Characteristic
Age (yr)
Sex
Hospital admission diagnosis
Estimated dry wt (kg)
Body surface area (m2)
Baseline SCr (mg/dl)b
SCr at CRRT initiation (mg/dl)
Mean urine output at CRRT initiation (ml/kg/h)d
Mean urine output at sampling (ml/kg/h)e
Cefepime dose (mg/kg)f
Dosing interval (h)
Infusion time (h)
No. of samples collected
No. of doses received prior to ﬁrst sample
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TABLE 2 CVVHDF parameters
Data by patient
Parameter
Dialysate (ml/h)
Pre-ﬁlter replacement (ml/h)
Post-ﬁlter replacement (ml/h)
Blood ﬂow (ml/min)
Blood ﬂow (ml/kg/min)
Normalized efﬂuent rate (ml/1.73 m2/h)
Efﬂuent urea/BUN ratioa
Delivered CVVHDF clearance (ml/1.73 m2/h)b
Circuit age (h)c

1
1,500
500
50
90
9
8,750
0.75
6,563
22.6

2
1,000
450
50
40
6.7
8,593
0.75
6,445
33.8

3
550
500
50
70
13
6,089
0.75
4,567
15.2

4
650
600
50
100
4
3,076
0.77
2,369
11.2

aBUN,
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blood urea nitrogen.
CVVHDF clearance ⫽ normalized efﬂuent rate ⫻ BUN/efﬂuent urea nitrogen ratio.
cMeasured from circuit change to time of cefepime dose prior to sampling.
bDelivered

overload. Patient four received CVVHDF for AKI and ﬂuid overload. Urine output was
low or absent in all patients around the time of therapeutic drug monitoring, likely
minimizing the effect of intrinsic renal clearance on cefepime PK. Delivered CVVHDF
clearance rates ranged from 2,400 to 6,500 ml/1.73 m2/h (Table 2).
Individually calculated PK parameters are summarized in Table 3. Overall, three
patients reached 100% fT⬎1⫻MIC, with the fourth patient achieving 98.3% fT⬎1⫻MIC.
Only one patient (patient 4) achieved the more aggressive PD goal of 100% fT⬎4⫻MIC.
Of note, this patient had the lowest CVVHDF clearance and blood ﬂow rates when
normalized for body weight. No adverse effects directly attributable to cefepime were
noted in any patient.
This report represents the ﬁrst published PK data for cefepime in critically ill
pediatric patients receiving a range of CVVHDF clearances. Sepsis represents a significant source of morbidity and mortality in pediatric patients (17), with patients on CRRT
demonstrating even higher mortality rates (18–20). With numerous reports suggesting
improved patient outcomes by achieving more aggressive PD targets (10–14), optimal
dosing data in pediatric patients on CRRT are vital. Although limited by the number of
patients included, these data suggest that therapeutic drug monitoring may aid in
achieving more aggressive PD targets of 100% fT⬎1– 4⫻MIC in pediatric patients
receiving CVVHDF, especially with higher prescribed clearance. Patient 4’s disparate
apparent Vd compared to the other patients cannot be fully explained, but the relatively
lower prescribed CVVHDF clearance and normalized blood ﬂow rate likely contributed
to the achievement of 100% fT⬎4⫻MIC in this patient.
Several limitations are present in this study. The limited number of cefepime
concentrations gathered, while adequate for clinical use, does not allow for more
speciﬁc calculations to be performed, such as sieving coefﬁcient, dialysate saturation,
membrane adsorption, and nonrenal clearance. Calculated Vd and half-life (T1/2) values

TABLE 3 Calculated PK and PD parameters
Data by patient
Parameter
ke (h⫺1)
T1/2 (h)a
Vd (liters/kg)
Cl (liters/h/kg)
Calculated free Cmax (g/ml)b
Calculated free Cmin (g/ml)c
%fT⬎1⫻MICd
%fT⬎4⫻MICd

1
0.24
2.9
0.23
0.055
138.6
22.7
100
82.3

2
0.44
1.6
0.17
0.075
244.8
9.1
100
63.8

3
0.67
1
0.12
0.08
306.4
7.7
98.3
65

4
0.31
2.2
0.04
0.012
1,268.2
38.6
100
100

aT

1/2, half-life.
bBack-extrapolated

to the end of the infusion.
to the end of the scheduled dosing interval.
dBased on a presumed MIC of 8 g/ml.
cExtrapolated
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were similar to values published for pediatric patients without renal impairment, but a
more deﬁnitive relationship between delivered CVVHDF clearance and cefepime clearance cannot be inferred from these limited data. The retrospective nature of data
collection relies on accurate charting in the EHR. Differences in actual timing of dose
administration and serum drug concentration collection from the charted time cannot
be captured retrospectively. Additionally, the HF1000 hemoﬁlter set has a blood
volume of 165 ml, so depending on the size of the patient, this may or may not change
the effective Vd to a clinically signiﬁcant degree compared to patients who are not
critically ill or undergoing CRRT. Changes in protein binding are also seen in critical
illness, so the assumed protein binding of 20% may be different in clinical practice,
which would then impact f T⬎MIC. However, free drug concentrations were not
available for analysis. Finally, due to the small number of patients in this report,
more speciﬁc dosing recommendations cannot be made. Despite having a large
pediatric critical care nephrology program, patient volume at our center remains
signiﬁcantly lower than that in adult programs, making subject accrual a lengthy
process. However, this report does underscore the need for therapeutic drug
monitoring of ␤-lactam antibiotics in critically ill patients. Further studies are
necessary to more speciﬁcally characterize cefepime clearance across a range of
CVVHDF clearance rates, as well as to study the effect of different ﬁlter types and
sizes in addition to other CRRT modalities.
In conclusion, aggressive pharmacodynamic targets of 100% fT⬎1– 4⫻MIC may be
difﬁcult to reach in critically ill pediatric patients undergoing CVVHDF using standard
cefepime doses of 50 mg/kg every 12 h. Therapeutic drug monitoring should be
strongly considered.
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