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Ventriculitis is a complication of meningitis (community-acquired or nosocomial) or other central nervous system (CNS)
infections such as brain abscess. They are associated with a different spectrum of microorganisms, from resistant gram-negative
bacilli to staphylococci, that can lead serious illness with high mortality. Difficult-to-treat resistance (DTR) gram-negative bacilli
may increase to 20% of deaths respective to susceptible isolates of the same bacteria. We present the first report of a clinical
cured case of DTR Pseudomonas aeruginosa ventriculitis in which cefiderocol penetration into the CNS has been confirmed in
blood and cerebrospinal fluid. Cefiderocol might be considered for difficult-to-treat CNS infections in view of the recent new

cases published as well as our case.
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Cefiderocol is a new siderophore cephalosporin approved for the
treatment of carbapenem-resistant gram-negative bacterial infec-
tions, including carbapenemase-resistant Enterobacterales and
nonfermentative gram-negative bacilli such as Acinetobacter
spp, Pseudomonas spp, and Stenotrophomonas spp, being one
of the main alternative therapies in these cases [1].
Difficult-to-treat resistance (DTR) gram-negative bacilli are those
that show resistance to all f-lactams, including combinations with
B-lactamase inhibitors and carbapenems and quinolones [2]. The
European Medicines Agency has approved the use of cefiderocol
for patients who have limited treatment options, based on
pharmacokinetic/pharmacodynamic analyses and on limited clin-
ical data from the CREDIBLE-CR and APEKS-NP clinical trials
[3-5]. There are currently no recommendations in European
guidelines on how to use cefiderocol in severe infections caused
Pseudomonas

by carbapenem-resistant aeruginosa  [6].

Furthermore, the latest update of the Infectious Diseases Society
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of America (IDSA) [7] guidance on the treatment of DTR P. ger-
uginosa infections only includes the indication of this drug in uri-
nary tract infections.

The lack of evidence for cefiderocol central nervous system
(CNS) activity becomes more apparent when pivotal trials are
reviewed. Phase 2 and 3 studies systematically excluded patients
with CNS infections, so there is no indication in the technical
datasheet for the use of cefiderocol in these patients [4, 5, 8].
However, there are inconclusive data on its use in CNS infections;
clinical experience in treating these infections is limited [9], and
the article from Kawaguchi et al on pharmacokinetics and phar-
macodynamics of cefiderocol does not even mention CNS infec-
tions [10]. Recently, a few sporadic cases of ventriculitis by DTR
P. aeruginosa have been reported [11, 12], in which cefiderocol
was used as treatment, being only effective in some of them. As
we are already aware, ventriculitis is a difficult-to-treat CNS in-
fection associated with poor clinical outcomes [13], with an
even worse prognosis if it is caused by a DTR bacteria [14, 15].

CASE REPORT

We describe a 63-year-old man with frontal craniotomy sur-
gery for recurrence of right frontotemporal meningioma with
enlargement of previous margins with complete tumor dissec-
tion and DTR P. aeruginosa ventriculitis in October 2021.

Figure 1 shows a visual timeline of antimicrobial administra-
tion in our case.

On day 20 after surgery, he presented an external fistula of ce-
rebrospinal fluid (CSF), and a lumbar bypass catheter was
placed. Twenty-four hours later, he was febrile and the
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Figure 1.
daily; R, resistant; VIM, carbapenemase VIM.

Timeline of antimicrobial administration periods and events in our case. Abbreviations: bid, twice daily; CSF, cerebrospinal fluid; IV, intravenous; gid, 4 times

requirements for vasoactive drugs were increased. We started
empirical antimicrobial therapy with ceftazidime (2 g intrave-
nous [IV] 3 times daily), linezolid (600 mg IV twice daily),
and acyclovir (750 mg IV 4 times daily), and performed CSF
cultures without microbiological isolation. Nonetheless, he con-
tinued with a persistent fever, and we performed an analysis of
CSF. It showed an abnormal CSF leukocyte count (183 cells/
mm?®) with 67% polymorphonuclear cell predominance, an
increase of total protein (110 mg/dL), and a normal lactate
concentration (3.6 mmol/L) and glucose (80 mg/dL). We ob-
tained new CSF cultures with VIM carbapenemase-producing
P. aeruginosa isolation, susceptible (increased exposure) to
aztreonam with a minimum inhibitory concentration
(MIC) of 16 mg/L, and susceptible to colistin with an MIC
<0.5 mg/L, based on European Committee on Antimicrobial
Susceptibility Testing clinical breakpoints [16] (Table 1).
Thereafter, we diagnosed a secondary nosocomial ventriculitis
based on the IDSA guideline for healthcare-associated ventricu-
litis and meningitis [14]. On day 26 after craniotomy surgery, we
modified treatment to aztreonam (2 g IV 4 times daily) admin-
istered in extended infusion after those results. He remained
febrile and VIM carbapenemase—producing P. aeruginosa con-
tinued to be isolated in CSF cultures, so we added treatment
with intrathecal colistin (125000 IU daily) on day 32 after
surgery (day 7 after isolation).

The next CSF cultures showed in vitro resistance to aztreonam
(MIC >64 mg/L) (Table 2). We did not observe a synergistic effect
in the laboratory between aztreonam and ceftazidime-avibactam;
cefiderocol was in vitro susceptible (MIC = 0.5 mg/L); and colistin
MIC remained unchanged (Table 3). After these results, on day
+42 after surgery (day 17 after isolation), we changed to IV colistin
(4.5 MIU every 12 hours, given as a 1-hour infusion) and we start-
ed cefiderocol (2 g IV 4 times daily, in a 3-hour infusion) despite
the low evidence of its penetration from the brain-blood barrier
(BBB). The neurosurgery team removed the lumbar drainage
catheter and placed an external shunt; subsequently, the patient
presented clinical improvement with repeated sterile CSF

Table 1. Initial Pseudomonas aeruginosa Susceptibility Testing Using an
Automated Broth Microdilution System (VITEK 2)

Antimicrobial MIC, mg/L Interpretation
Ceftazidime >64 Resistant
Cefepime >32 Resistant
Ceftolozane-tazobactam >32 Resistant
Ceftazidime-avibactam >64 Resistant
Piperacillin-tazobactam >128 Resistant
Tobramycin >16 Resistant
Gentamycin >16 Resistant
Amikacin >64 Resistant
Aztreonam 16 Susceptible (increased exposure)
Imipenem >16 Resistant
Meropenem >16 Resistant
Ciprofloxacin >4 Resistant
Colistin <0.5 Susceptible

MICs interpreted by European Committee on Antimicrobial Susceptibility Testing clinical
breakpoints.

Abbreviation: MIC, minimum inhibitory concentration.

cultures. The patient required sporadic renal replacement therapy
by continuous venovenous hemodiafiltration because he had oli-
guria, but without antimicrobial therapy dose adjustment needed,
with a urine creatinine clearance from 90 mL/minute to 120 mL/
minute. We stopped IV colistin on day 11 of prescription (day 53
after surgery) and maintained cefiderocol 3 weeks since the first
sterile culture, with clinical, neurological, and inflammatory labo-
ratory data improvement. After 3 months of hospital admission,
the infection did not relapse.

We tested drugs levels, obtaining samples of CSF through the
external shunt drainage on 4 consecutive days (Figure 1), and we
also analyzed 2 simultaneous plasma samples. We took peak (2
hours after infusion) and trough (immediately before infusion)
samples on days 10-13 from the start of cefiderocol (Table 3).

We found detectable levels of cefiderocol in CSF in 2 of the 4
samples. We quantified a decrease of 1;o4 in plasma concentra-
tion between peak and trough, as well as decrease of 1j,4 be-
tween plasma and CSF trough test.
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Table 2. Consecutive Pseudomonas aeruginosa Susceptibility Testing
Using an Automated Broth Microdilution System (VITEK 2) That Showed
In Vitro Development of Aztreonam Resistance

Antimicrobial MIC, mg/L Interpretation
Ceftazidime >64 Resistant
Cefepime >32 Resistant
Ceftolozane-tazobactam >32 Resistant
Ceftazidime-avibactam >64 Resistant
Cefiderocol 0.5 Susceptible
Piperacillin-tazobactam >128 Resistant
Tobramycin >16 Resistant
Gentamycin >16 Resistant
Amikacin >64 Resistant
Aztreonam >64 Resistant
Imipenem >16 Resistant
Meropenem >16 Resistant
Ciprofloxacin >4 Resistant
Colistin <0.5 Susceptible

MICs interpreted by European Committee on Antimicrobial Susceptibility Testing clinical
breakpoints.

Abbreviation: MIC, minimum inhibitory concentration.

Table 3. Cefiderocol Levels Achieved in Cerebrospinal Fluid (CSF)
(Samples 1 and 2) and CSF Simultaneously With Plasma (Samples 3 and 4)

Cefiderocol

Days of Cefiderocol Sample No. Matrix Concentration, pg/mL
10 1 (peak) CSF 3.628
11 2 (peak) CSF No peak
12 3 (peak) CSF No peak

Serum 219.2
13 4 (trough) CSF 1.586

Serum 40.18

Abbreviation: CSF, cerebrospinal fluid.

DISCUSSION

Although the penetration of B-lactam antibiotics through the
BBB is variable [17], there were no data on cefiderocol beyond
experimental studies performed in rats [18] at the time of our
case. We decided to measure drug levels due to limited clinical
experience with cefiderocol for CNS infections, with only few
data from experiments conducted in the nervous system of an-
imals [18].

We found detectable levels of cefiderocol in CSF in 2 of the 4
samples. CSF drug levels were probably undetectable in the
other 2 samples because the patient was under sporadic renal re-
placement therapy by continuous venovenous hemodiafiltra-
tion, which would limit drug bioavailability. CSF cefiderocol
trough levels corresponded to approximately 4% of the drug
concentration simultaneously achieved in plasma, which was
slightly lower than the results found for other B-lactams. Nau
etal [19, 20] observed that the penetration ratio between plasma
and CSF (area under the curve [AUC] CSF/AUC serum) with-
out meningeal inflammation is usually <15% (ie, 2% in

penicillins, 10% in cephalosporins, and 20% in carbapenems).
However, an increase in the ratio (AUC CSF/AUC serum) was
observed the greater the meningeal inflammation (20% in pen-
icillins, 15% in cephalosporins, and 30% in carbapenems). A di-
rect comparison of these findings with our results is unfeasible
because we test punctual concentration data and lack continu-
ous evolution. As an example of the complexity of comparing
data in our case, the target trough total [C,,;,] CSF/serum ratio
of 4% was lower than in the findings of Meschiari et al (Cpyy,
CSF/serum ratio of 12.4%) and Luque-Paz et al (AUC,_gy, ratio
of 44%) [9, 12]. However, this ratio was not associated with sur-
vival as both our patient and Meschiari et al’s patient survived,
but not the patient of Luque-Paz et al.

Therapeutic options for the treatment of CNS infections
caused by multidrug-resistant (MDR) bacteria are scarce due
to the different penetration of antibiotics through the BBB
that often requires clinicians to associate intrathecal therapies
[17]. In 2020, Bavaro et al reported a case of a neurosurgical
site infection with MDR P. aeruginosa successfully treated
with cefiderocol [21]. In 2021, Meschiari et al reported 17 cases
of complex DTR P. aeruginosa infections, including a case of
nosocomial meningitis with a favorable evolution after treat-
ment with cefiderocol [9]. However, in none of these cases
did the authors quantify drug levels reached in blood or CSF.
Recently, Luque-Paz et al published a case report of an MDR
P. aeruginosa ventriculitis treated with cefiderocol, in which
they measured CSF trough drug levels that were similar to lev-
els found in our work, but peak drug levels were unknown [12].
Concurrently, another patient with a DTR P. aeruginosa ventri-
culitis was published with measured CSF cefiderocol levels [11].
The CSF levels found in both cases and ours were in the same
range (1.22-24.4 pg/mL), although the doses of cefiderocol
used in each case were different [11, 12]. Thus, Luque-Paz
et al prescribed 2 g IV every 6 hours through 3-hour extended
infusion after a 2-g bolus, Stevenson et al 1 g IV 4 times daily,
and in our case 2 g IV 4 times daily through 3-hour extended
infusion. These 4 well-known patients with complex meningitis
have received combined treatment with colistin [9, 11, 12], but
only our patient and Meschiari et al’s patient have recovered.

Plasma and CSF druglevels and the bacterial clearance in CSF
cultures after cefiderocol onset support the hypothesis of its
penetration in BBB and the probable effect in CNS infections,
although the coadministration with colistin, first intrathecal
and then IV, might also play a significant role. Further research
is necessary to understand the individual effect of these 2 drugs,
but given the severity of these infections, the use of new antibi-
otics such as cefiderocol opens new therapeutic options.

CONCLUSIONS

Our work adds to previous case reports showing the penetra-
tion of cefiderocol through the BBB, suggesting the future
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possibility of its use for CNS infections by MDR microorgan-
isms. Given that patients with clinical pictures such as the
one presented in this case are not represented in clinical trials,
we provide information that could be relevant when designing
treatments for infections by MDR bacteria in the CNS.
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