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Ceftriaxone is a β-lactam antibiotic with extensive
protein binding (85% to 95%).1,2 Low albumin levels
commonly found in critically ill patients may increase
the ceftriaxone unbound fraction and affect phar-
macodynamic target attainment.2–4 We assessed the
effect of unbound ceftriaxone plasma concentrations
on the pharmacokinetic-pharmacodynamic targets in
a critically ill patient requiring continuous venovenous
hemofiltration (CVVH) and present a new ceftriaxone
dosing recommendation.

A 76-year-old female patient (body mass index
28 kg/m2) was admitted to our intensive care unit
with Gram-negative septic shock due to E coli. Her
APACHE IV score at admission was 121, indicating
a mortality risk of 81%. Serum albumin concentra-
tion was 10 g/L (normal 5-50 g/L), and hematocrit
was 0.21 (normal 0.35-0.45). She received intravenous
ceftriaxone at the standard dose of 2000 mg once
daily and developed renal failure (Kidney Disease Im-
proving Global Outcomes stage 3) requiring CVVH at
day 11.

CVVHwas conducted using the AN69ST hemofilter
with a surface area of 1 m2 following the regional
citrate anticoagulation CVVH protocol.5 Blood flow
and ultrafiltrate rates were set at 180 and 0 mL/min,
respectively. Prismocitrate 18/0 at 1440 mL/h and
Phoxilium at 1600 mL/h were infused as prefilter and
postfilter dilutions, respectively, with an effluent flow
rate of 3040 mL/h.

Ceftriaxone, plasma, prefilter, postfilter, ultrafiltrate,
and urine samples were collected over 40 hours at 8 dif-
ferent time points. Total and unbound concentrations
of ceftriaxone were measured using validated liquid
chromatography–tandemmass spectrometry and calcu-
lating the sieving coefficient (SC).6 A 2-compartment
model was used for pharmacokinetic analysis.

Total ceftriaxone concentrations ranged between
36.0 and 139.6 mg/L, and unbound ceftriaxone
concentrations ranged between 21.2 and 102.9 ml/L.
The median unbound ceftriaxone fraction was 67.8%
(interquartile range 58.9-73.7). Total ceftriaxone
clearance was 40.6 mL/min. Clearance by CVVH was
40.0 mL/min, which accounted for approximately
99% of total ceftriaxone clearance. The volume of
distribution was 16.1 L, and median SC was 0.74
(interquartile range 0.63-0.82). The residual renal
clearance was 0 mL/min.

Our case demonstrates that extreme hypoalbumine-
mia greatly impacts pharmacokinetics during CVVH
treatment and translates into higher concentrations
of ceftriaxone exposure (Figure 1). In our patient
the standard recommended dose of ceftriaxone,
2000 mg, administered intravenously resulted in
unbound concentrations approximately 5 times greater
than the present EUCAST (European Committee
on Antimicrobial Susceptibility Testing) minimum
inhibitory concentration (MIC) breakpoint of 1 mg/L
for E coli (90% to 100% ƒT4x MIC -5x MIC).7 Simulations
based on total ceftriaxone concentrations and 95%
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Figure 1. Dose simulation graphs based on 2-compartment analysis showing the result of concentration-time curves of total and unbound ceftriaxone
plasma concentrations in a critically ill patient with hypoalbuminemia receiving CVVH and treated using several dosing regimens of ceftriaxone. The x-
axis shows the dose regimens of intravenous ceftriaxone administered intermittently (ceftriaxone 2000 mg once daily, ceftriaxone 1000 mg twice daily,
ceftriaxone 2000 mg twice daily) or via continuous intravenous infusion (CI) over 24 hours (respectively 3000 mg, 2000 mg, 1000 mg, and 500 mg).The
y-axis shows the calculated total and unbound concentrations of ceftriaxone. The graph with the solid line represents simulations based on the total
plasma concentration. The graph with the dotted line represents simulations based on measured unbound ceftriaxone concentrations. The median
unbound fraction was set at 67.8% as was found in our patient. The upper horizontal dashed line represents the ceftriaxone target concentration of
80 mg/L based on total drug concentration in a patient with a normal unbound fraction corresponding to 95% protein binding. The lower horizontal
dashed line represents the PK/PD threshold of unbound ceftriaxone of 1 mg/L and target attainment of 4×100% fT above the present EUCAST
MIC breakpoint for E coli. CI indicates continuous infusion of 500-3000 mg/day; CVVH, continuous venovenous hemofiltration; EUCAST, European
Committee on Antimicrobial Susceptibility Testing; MIC, minimum inhibiting concentration; PD, pharmacodynamics; PK, pharmacokinetic; q12, twice
daily; q24, once daily.

albumin binding (Figure 1) showed the discrepancy
between measured and predicted unbound concen-
trations. Unbound ceftriaxone dosing simulations
indicate target attainment with a dosing regimen of
500 mg/24 h by continuous intravenous infusion,
thereby preventing potential toxic side effects and
ineffective therapy (Figure 1). High unbound plasma
ceftriaxone concentrations may also have accounted
for the higher SC values found in our analysis.6,8,9 We
can expect the measurement of unbound antibiotic
concentrations to increase inWestern countries because
of the increased demand for individualized patient care
and personalized antibiotic dosing schedules.

Our data emphasize the importance of using
unbound concentrations of ceftriaxone to determine
dosage regimens in patients with hypoalbuminemia
who are receiving CVVH. Pharmacokinetic modeling
revealed unbound ceftriaxone pharmacokinetic/
pharmacodynamic target attainment for E coli follow-
ing 500 mg/24 h by continuous intravenous infusion.
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