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Plasma and Cerebrospinal Fluid
Therapeutic Drug Monitoring of
Ceftolozane and Tazobactam During
Treatment of Multidrug-Resistant
Pseudomonas aeruginosa Meningitis
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We report a case of multidrug-resistant Pseudomonas
aeruginosa meningitis treated with ceftolozane-tazobactam
with concomitant therapeutic drug monitoring of plasma
and cerebral spinal fluid. The data suggest that ceftolozane-
tazobactam may be an option for select central nervous system
infections; however, treatment decisions should be interpreted
on a case-by-case basis.
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Multidrug-resistant (MDR) gram-negative bacteria associ-
ated with difficult-to-treat phenotypes are a major challenge in
clinical practice and are associated with high mortality [1, 2].
Central nervous system (CNS) infections pose an additional
layer of complexity for clinicians due to low and possibly inad-
equate antimicrobial concentrations obtained in cerebral spinal
fluid (CSF) at standard dosing as well as the poorly described
distribution of drug into other spaces within the CNS [3]. While
recently developed B-lactam/(-lactamase inhibitors (BLBLIs)
including  ceftolozane-tazobactam, ceftazidime-avibactam,
meropenem-vaborbactam, and imipenem-relebactam have
demonstrated promise in the treatment of pneumonia, urinary
tract infections, intraabdominal infections, and bloodstream
infections due to carbapenem-resistant Enterobacteriaceae [4,
5] and Pseudomonas aeruginosa [6-8], the real-world experi-

ence for use of these agents in CNS infections is limited [9-19].
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Here, we describe a case of MDR P aeruginosa meningitis
treated with ceftolozane-tazobactam with concomitant thera-
peutic drug monitoring (TDM).

CASE

A 39-year-old male presented to a referring facility as a level 1
trauma following an unhelmeted motorcycle crash resulting in a
right frontotemporal contusion with subarachnoid hemorrhage
and subdural hematoma. The patient was emergently taken to
the operating room (OR) for a right subdural hematoma evac-
uation and frontotemporal decompressive hemicraniectomy.
Upon arrival to our facility the next day, repeat imaging demon-
strated stable multiple compartment intracranial hemorrhage.
On hospital day 10, the patient became tachycardic and had
new-onset leukocytosis. He was subsequently taken to the OR
for right frontotemporoparietal wound washout and revision.
Operative cultures grew Escherichia coli, Serratia marcescens,
methicillin-susceptible Staphylococcus aureus, P. aeruginosa,
and Bacteroides spp., which were treated with meropenem 2 g
intravenously (IV) every 8 hours infused over 30 minutes.

The patient had subsequent wound debridement on hos-
pital day 19 and wound closure with tensor fascia dural graft
placement on hospital day 21. On hospital day 37, while on
continued meropenem treatment, the patient developed new
fevers, worsening leukocytosis, and tachycardia. Corresponding
blood cultures were negative; however, CSF cultures grew MDR
P. aeruginosa (Table 1). In response, meropenem was discon-
tinued in favor of ceftolozane-tazobactam 3 g (2 g ceftolozane,
1 gtazobactam) IV every 8 hours infused over 1 hour (minimum
inhibitory concentration [MIC]=1 ug/mL), ciprofloxacin
400 mg IV every 8 hours (MIC < 1 pg/mL), and metronida-
zole 500 mg IV every 8 hours. In addition, tobramycin 10 mg
(MIC<1 pg/mL) was administered intraventricularly once
on hospital day 38, followed by 5 mg every 24 hours on days
40-43. The patient demonstrated rapid clinical improvement
with resolution of fever, leukocytosis, and hemodynamic sta-
bility and was subsequently discharged to an inpatient rehabili-
tation unit on hospital day 55. He completed a 6-week course of
ceftolozane-tazobactam, ciprofloxacin, and metronidazole with
complete wound and flap healing and resolution of meningitis.
The patient remained infection-free through 1 year after treat-
ment completion.

PHARMACOKINETIC ANALYSIS

Steady-state plasma and CSF ceftolozane and tazobactam con-
centrations were measured on hospital days 42 and 44 (Table 1).
CSF was drawn from an external ventricular drain (EVD).
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Table 1.

Ceftolozane and Tazobactam Plasma and CSF Levels Measured During Treatment of Multidrug-Resistant Pseudomonas aeruginosa Meningitis®

Total Tazobactam

Total Ceftolozane Concentration,

Hospital Day Time Action Concentration, ng/mL ng/mL
41 2344 2 g ceftolozane, 1 g tazobactam (dose #7) administered (1-h NA NA
infusion)
42 0750 Plasma sample drawn 8.46 1.4
42 0801 2 g ceftolozane, 1 g tazobactam (dose #8) (1-h infusion) NA NA
42 1000 Plasma sample drawn 54.81 12.58
42 1210 Plasma sample drawn 29.45 3.34
42 1546 Plasma sample drawn 8.76 0.59
42 1625 2 g ceftolozane, 1 g tazobactam (dose #9) (1-h infusion) NA NA
42 1830 Plasma sample drawn 55.75 11.44
42 1830 CSF sample drawn 4.13 BDL
44 0755 2 g ceftolozane, 1 g tazobactam (dose #15) (1-h infusion) NA NA
44 0905 Plasma sample drawn 81.61 24.30
44 0905 CSF sample drawn 6.98 0.82

Abbreviations: BDL, below detectable limit of 0.4 ng/mL; CSF, cerebral spinal fluid; MIC, minimum inhibitory concentration; NA, no sample collected.

P aeruginosa isolate was resistant to aztreonam (MIC > 16 ug/mL), ceftazidime (MIC > 16 ug/mL), cefepime (MIC > 16 pg/mL), piperacillin/tazobactam (MIC > 64 pg/mL), and meropenem
(MIC > 8 pug/mL) and susceptible to ciprofloxacin (MIC <1 pg/mL), gentamicin (MIC <1 pg/mL), tobramycin (MIC <1 pg/mL), ceftolozane/tazobactam (MIC = 1 pg/mL), and ceftazidime/

avibactam (MIC = 3 pg/mL).

Whole-blood samples were immediately centrifuged; plasma
and CSF were stored at ~80°C until analysis by validated high-
performance liquid chromatography (HPLC) as described pre-
viously [20]. At the time of sampling, the patient weighed 70 kg
and had an estimated glomerular filtration rate of 119 mL/
min/1.73 m” The patient was in the neurosurgical intensive
care unit (ICU) but was not intubated or sedated at the time of
sampling.

After the patient’s eighth dose of ceftolozane-tazobactam,
the calculated maximum (C__ ) and minimum (C__ ) plasma
concentrations of ceftolozane were 72.7 ug/mL and 9.8 ug/mL,
respectively. Ceftolozane half-life, Vd, and total body clear-
ance from plasma were 2.42 hours, 35.9 L, and 10.28 L/h, re-
spectively. Corresponding values for tazobactam were 23 ug/
mL (C_ ), 0.3 pg/mL (C_ ), 1.13 hours (t, ), 32.6 L (Vd), and
19.9 L/h (CL). Two hours after the start of the next dose of
ceftolozane-tazobactam, simultaneous samples from plasma
and CSF showed ceftolozane concentrations of 55.75 pg/mL
and 4.13 ug/mL, respectively. Total and free drug (assuming
20% plasma protein binding) penetration ratios were 0.074 and
0.093, respectively. Corresponding tazobactam concentrations
from plasma and CSF were 11.44 pg/mL and <0.4 ug/mL, re-
spectively. Repeat plasma and CSF samples drawn 1 hour after
the start of 15th dose showed ceftolozane concentrations of
81.61 pg/mL and 6.98 pg/mL, respectively; calculated penetra-
tion ratios using total and free drug concentrations were 0.085
and 0.107. At the same time point, the tazobactam concentra-
tion in plasma was 24.30 pg/mL, and in CSF it was 0.82 pg/mL.

DISCUSSION

We present a case of MDR P. aeruginosa meningitis treated
with ceftolozane-tazobactam where concomitant TDM was

performed in both plasma and CSE The confluence of drug-
resistant bacteria causing a life-threatening infection at a body
site impermeable to many antibiotics represents a serious chal-
lenge to clinicians. For these reasons, we opted to use combina-
tion therapy for this patient, which confounds the interpretation
of any specific therapy on the patient outcome. It is unclear if
a shorter duration of therapy or treatment with monotherapy
would have resulted in a similar outcome. Nevertheless, we
have shown that therapeutic concentrations of ceftolozane were
achieved in the CSF with standard doses that may have contrib-
uted to clinical cure for the patient.

Our experience builds upon limited clinical data describing
the use of ceftolozane-tazobactam for the treatment of men-
ingitis and is similar to a previously published case report
of MDR P. aeruginosa otogenous meningitis treated with
ceftolozane-tazobactam in combination with IV fosfomycin,
rifampin, and appropriate source control [14]. Another case
report of ceftolozane-tazobactam for MDR P. aeruginosa men-
ingitis is a 22-year-old male who received monotherapy for
11 days with initial microbiological cure and a favorable clin-
ical outcome, but had recurrence of infection by day 28 [16].
Winans and colleagues described a 36-year-old male who re-
ceived ceftolozane-tazobactam 9 g via continuous infusion for
treatment of carbapenem-resistant P. aeruginosa meningitis;
they measured ceftolozane concentrations in the CSE, which
were 83% of those in the serum [19]. There are also limited
data to suggest that ceftazidime-avibactam may be a viable
option for treatment of meningitis. In our case, ceftolozane-
tazobactam was chosen based on our local susceptibility rates,
which demonstrate a higher likelihood of activity in the em-
piric setting, and was continued after susceptibility testing
confirmed a lower MIC than ceftazidime-avibactam against
the MDR P. aeruginosa isolate.
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While the pharmacokinetics of antibiotics in the CSF are
poorly defined, the half-life of cephalosporins may be pro-
longed and vary based on rates of CSF production, EVD
drainage pressure scale and alternations, volume of CSF space
including ventricle size, and integrity of the blood-brain bar-
rier [3]. As drug entry into the CSF is delayed compared with
other body fluids and compartments through a phenomenon
known as system hysteresis, it is likely that the ratio of drug
in CSF to plasma increases from the time of initiation of the
drug infusion [18, 21]. Therefore, the ratio of the AUC of CSF
to serum at steady state (AUC_/AUC,) is the most accurate
means of characterizing drug penetration into the CSF [3, 18].
The AUC_,
0.007 to 0.17 and is dependent upon the degree of meningeal in-

/AUC,_ for traditional cephalosporins ranges from

flammation and other patient-specific factors [3, 22]. Recently,
Sime and colleagues evaluated 10 critically ill patients with
/AUC

CSF plasma

an indwelling EVD and found a mean free AUC
ratio of 0.2 after a single 3-g dose of ceftolozane/tazobactam
[18]. Notably fAUC ratios were highly variable (SD of 0.2) and
lower among patients without CNS infections (mean penetra-
tion ratio of 0.0685 + 0.0156). We were unable to define the
AUC_, for our patient due to limited EVD drainage; however,
our point estimates are similar to those described for cephalo-
sporins used commonly in the treatment of meningitis, even in
patients with uninflamed meninges [3]. It should be noted that
at the time of sampling, our patient had been hospitalized for 6
weeks and demonstrated stable encephalomalacia on imaging.
We anticipate that ceftolozane penetration ratios may be even
higher in the setting of acute meningeal inflammation com-
pared with those observed here, which are consistent with the
findings of Sime and colleagues [18].

The ceftolozane-tazobactam MIC was 1 pg/mL against the
P, aeruginosa strain in this case, and thus pharmacodynamic tar-
gets of 100% fT > MIC and 100% fT > 4x MIC were achieved in
the plasma. These targets are useful predictors of clinical efficacy
and suppression of resistance, respectively [23]. A plasma level
drawn 4 hours after the start of the ceftolozane infusion in our
patient was 29.45 pg/mL; if 9%-11% of unbound ceftolozane
penetrated into the CNS as suggested by our sampling, then
at least 50% fT > MIC was achieved in the CNS. The efficacy
target for ceftolozane and P. aeruginosa meningitis has not been
described. In a nonmeningitis murine model, an fT' > MIC of
31.5% + 3.9% achieved 1-log, bacterial kill against wild-type
P. aeruginosa, a threshold lower than other cephalosporins that
is associated with more rapid killing of P. aeruginosa [24].

It is important to note that while CSF concentration is the
closest approximation of drug concentration in the extracellular
space of the CNS and is therefore used in clinical practice as a
surrogate of total drug exposure in the CNS, it has been dem-
onstrated that antibiotic levels in the CSF vary significantly and
do not predict clinical cure [25]. Moreover, it is unknown how
drug concentrations in various compartments of the nervous

tissue (eg, interstitial space, meningeal layers) are related to CSF
concentrations at any point in time. Indeed, biopsied animal
brain tissue has demonstrated antimicrobial concentrations in
brain parenchyma that are 10%-20% of those in serum despite
undetectable CSF levels [26].

Our data should be interpreted cautiously when consid-
ering ceftolozane-tazobactam for non-P. aeruginosa CNS in-
fections. The concentration threshold of free tazobactam when
combined with ceftolozane for efficacy in CTX-15-producing
Escherichia coli and Klebsiella pneumoniae infections has been
described as half the value of the ceftolozane-tazobactam MIC
(ie, a tazobactam concentration threshold of 0.5 pug/mL for an
isolate with an MIC of 1 pg/mL) for 77% of the dosing interval
to achieve a change in log, | CFU from baseline [27]. Based on
our patient’s peak tazobactam concentration in CSF and pre-
viously published pharmacokinetic data regarding tazobactam
and CSE ceftolozane-tazobactam is unlikely to achieve the
tazobactam pharmacodynamic target necessary for 1-log  bac-
terial kill against extended-spectrum B-lactamase (ESBL)-pro-
ducing Enterobacterales in the CSF [28].

CONCLUSIONS

This is the first described case of steady-state plasma and CSF
ceftolozane and tazobactam concentrations measured during
the treatment of MDR P. aeruginosa bacterial meningitis. The
data suggest that ceftolozane pharmacodynamic targets in both
the CSF and plasma can be achieved using a regimen of 3g IV q
8h; however, these data should be interpreted on a case-by-case
basis. Further investigations are needed to make any distinction
between specific -lactam/[p-lactamase inhibitor combinations
for meningitis, for monotherapy vs combination therapy con-
siderations, and to determine the optimal duration of treatment
for MDR P, aeruginosa meningitis.
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