Pharmacokinetics of Ciprofloxacin in Critically Ill Burn and Non-Burn Trauma Patients
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Results
Mean±SD
Age (years)
Male (%)
TBSA (%)
eGFR
(ml/min/1.73m2)

• Compare ciprofloxacin dosing regimens between
burn and non-burn trauma patients
• Examine the effect of augmented renal clearance on
pharmacokinetic parameters
• Evaluate the adequacy of commonly used dosing
regimens for treating common gram-negative
bacteria

Methods
• Plasma samples were collected at steady-state at timed
intervals after a single 400mg IV dose from burn
patients receiving ciprofloxacin q12h or q8h, and ICU
trauma patients dosed q12h (N=3, 3, and 8) who were
enrolled in an IRB-approved PK study.
• eGFR was calculated from measured serum creatinine
levels at the time of sampling using the MDRD
equation. Other demographic data was collected
retrospectively using the electronic medical record.
• Ciprofloxacin levels were measured using HPLC at
multiple time points in order to map a timeconcentration curve.
• PK parameters were estimated by non-compartmental
analysis using WinNonLin (Certara, Inc.). AUC24 was
extrapolated from AUC8 and AUC12 of the q8h and q12h
dosing groups, respectively.
• A 10,000 subject Monte Carlo simulation was
performed using the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) MIC
distributions to determine the cumulative fraction of
response (CFR) for A. baumannii, P. aeruginosa, K.
pneumoniae, E. cloacae, and E. coli (Crystal Ball,
Oracle).
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400mg q12h
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Only the difference between the eGFRs of the burn patients treated with 400mg q8h and the
trauma patients treated with 400mg q12 hours was statistically significant (p = 0.01) (Table 1).

Table 2. Pharmacokinetic parameters by treatment group
Mean±SD

Burn ICU 400mg
q12h
8.22±9.43

Burn ICU 400mg
q8h
6.03±4.16

Trauma ICU 400mg
q12h
4.81±1.45

AUC0-τ(h*ug/mL)

23.3±23.5

22.5±17.9

21.5±7.0

AUC (h*ug/mL)

46.7±46.9

67.4±53.6

43.1±14.1

t1/2 (h)

3.673±0.93

5.57±1.12

5.21±1.29

Cmax (ug/mL)

24
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Burn ICU 400mg
q12h
54.7±32.7
33.3
13.4±11.0
124±20

k (h )

A 10,000-subject Monte Carlo simulation was performed using the data collected and EUCAST
MIC distributions for ciprofloxacin (Mean MIC: A. baumannii 0.25±0.125, P. aeruginosa
0.125±0.06, K. pneumoniae 0.032±0.016, E. cloacae 0.008±0.004, and E. coli 0.016±0.008) (Table
4). Assumptions included the accurate representation of MIC by the EUCAST MIC distributions,
normal renal function for all patients, lognormal distribution for both MIC and AUC, positive values
only for MIC and AUC, and a maximum AUC of 300.
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No statistically significance difference for any parameter was found between the three groups
(p<0.05 for significance) (Table 2).

Table 3. Pharmacokinetic parameters predicted to be affected by augmented
renal clearance
Mean±SD
AUC (h*ug/mL)
24
Weight-normalized
Vdss (L/kg)
Weight-normalized
Cl (mL/kg/h)

800

Burn 400mg q8h

600

Trauma 400mg q12h

400
200

0.0625

The maximum MIC at which a
ratio of AUC:MIC ≥125 could be
achieved was 0.373 ±0.375 µg/
mL, 0.539±0.429 µg/mL, and
0.344 ±0.113 µg/mL for burn
patients dosed q12h, q8h, and
non-burn trauma ICU patients
dosed q12h, respectively.

eGFR>120
35.4±19.7
369±165

eGFR≤120
55.9±33.4
249±76

p-value
0.19
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1.58±0.61
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Presumed augmented renal clearance did not significantly affect weight-based clearance, volume
of distribution or AUC24 (Table 3).

Table 4. Cumulative Fraction of Response: Ciprofloxacin AUC:MIC≥125
Mean±SD
Burn ICU 400mg
Burn ICU 400mg
Trauma ICU
q12h
q8h
400mg q12h
Subjects
3
3
8
eGFR
124±20
87.4±10.1
125±29
(ml/min/1.73m2)
AUC (h*ug/mL)
46.7±46.9
67.4±53.6
43.1±14.1
24
A. baumannii (%)
56.7
77.4
74.8
P. aeruginosa (%)
81.4
94.3
97.2
K. pneumoniae (%)
98.9
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100
E. cloacae (%)
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E. coli (%)
99.9
100
100

0.125

0.25

0.5

1

2

MIC (ug/mL)
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Figure 1. Mean AUC/MIC of
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• Pharmacokinetic (PK) and pharmacodynamic (PD)
parameters altered by organ dysfunction and increasing
antimicrobial resistance, respectively, complicate
antibiotic use in critically ill patients, especially burn
patients. For example, critically ill patients are more
likely than their non-critically ill counterparts to
demonstrate augmented renal clearance (eGFR > 120
ml/min/1.73m2), which can increase antimicrobial
clearance rates.1 Therapeutic efficacy with
conventional dosing regimens thus is less likely.
• Ciprofloxacin frequently is used in the critically ill
population to treat gram-negative infections. With
ciprofloxacin, Cmax:MIC is the PK/PD parameter
associated with early bactericidal activity, whereas
AUC24:MIC better correlates with clinical outcome. For
ciprofloxacin, a total plasma AUC:MIC ≥125 or
Cmax:MIC ≥ 10 is recommended to optimally treat
gram-negative infections.2
• While many studies have suggested the inadequacy of
the standard ciprofloxacin dosing regimen, 400mg
q12h, few have examined its use in burn patients.

.Table 1. Demographic parameters by treatment group

Mean AUC/MIC (h)
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The maximum MIC at which a
ratio of Cmax:MIC ≥10 could be
achieved was 0.823 ±0.942 µg/
mL, 0.603±0.416 µg/mL, and
0.427 ±0.145 µg/mL for burn
patients dosed q12h, q8h, and
non-burn trauma ICU patients
dosed q12h, respectively.
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Conclusions
• Neither q12h nor q8h ciprofloxacin dosing achieved the optimal AUC:MIC ratio of
≥125 in critically ill burn or non-burn patients up to the susceptible breakpoint of 1
µg/mL for Enterobacteriaceae or Pseudomonas spp set by the Clinical and
Laboratory Standards Institute (CLSI).
• Only the q8h ciprofloxacin dosing group achieved the AUC:MIC ratio of ≥125 using
the susceptible breakpoint of 0.5 µg/mL for Enterobacteriaceae or Pseudomonas
spp set by EUCAST.
• More frequent dosing or larger doses could achieve optimal PK-PD at higher MICs,
potentially improving ciprofloxacin efficacy in critically ill burn and trauma patients.
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