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Abstract

Purpose Post-neurosurgical infection caused by extensively drug resistant Pseudomonas aeruginosa (XDR-PA) are becom-
ing a matter of great concern due to limited therapeutic options. Although not approved for these indications, the new
BetaLactam-BetaLactamase Inhibitor combinations (BLBLIs) could represent a valid salvage treatment. We describe one
nosocomial meningitis and two cervical osteomyelitis due to an XDR-PA who were treated with ceftazidime/avibactam
(CZA) and ceftolozane/tazobactam (C/T) and review the literature.

Methods The first and the third patients developed an osteomyelitis following cervical stabilization surgery due to an XDR-
PA. Although the first patient started treatment with a high dose of C/T, resistance to C/T occurred, so therapy was switched
to CZA plus aztreonam. The third patient switched to aztreonam plus CZA due to development of acute kidney injury dur-
ing therapy with colistin. The second patient had an XDR-PA meningitis following the insertion of an external ventricular
catheter and he was treated with C/T plus meropenem and amikacin.

Results All three cases reported were successfully conservatively treated thanks to the use of the new BLBLIs with dif-
ferent combinations. Only few experiences demonstrated an equally favorable outcome: one patient treated with C/T plus
fosfomycin for otogenic meningitis caused by an XDR-PA and another case of XDR-PA post-surgical meningitis with CZA
in combination with colistin. Finally, the combination of CZA plus aztreonam has proven to be effective on XDR-PA only
in limited mostly in vitro studies.

Conclusion These recently developed antibiotics, C/T and CZA are promising and complementary therapy options against
post-neurosurgical hard-to-treat P. aeruginosa infections. Further prospective real-life studies are required to validate these
findings in this special setting.
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this specific setting have yet to be defined [8, 9]. Although
not (yet) FDA approved for these indications, the new Beta-
Lactam-BetalLactamase Inhibitor combinations (BLBLIs)
could represent a valid salvage treatment for patients with
XDR-PA. We describe three patients with XDR-PA post-
neurosurgical infection who were treated with new BLBLIs
in our clinical practice in 2018 and review the literature.

Case 1

A 66-year-old man, with no previous medical history, was
referred to our emergency department for tetraparesis fol-
lowing cervical trauma. The spinal cord computed tomogra-
phy (CT) scan revealed a compound fracture of the vertebral
body of C6, associated with a disjointed fracture of the C7
transverse epiphysis to the right, and with rupture of the
intervertebral disk at C6—C7. The patient underwent imme-
diate cervical stabilization, and after 48 h an external fixa-
tion device was placed. On the 24th day of hospitalization,
the patient developed severe acute obstructive respiratory
failure, fever (39 °C) and leukocytosis (15,000 WBC/mm?
(neutrophils 85%). The chest radiograph showed increased
density of the right basal lobe, suggestive of pneumonia. In
addition, pus drained from a fixator pin. Empirical antibiotic
therapy with piperacillin/tazobactam (TZP) plus linezolid
was started. Cultures from pus and bronchoalveolar-lavage
(BAL) showed growth of a carbapenem-resistant PA. Clini-
cal and microbiological findings confirmed cervical verte-
bral osteomyelitis. Table 1 panel P1.1 shows the antibiogram
of the isolated pathogen. TZP was suspended and ciproflox-
acin 400 mg three times daily was initiated. On the 34th
day the external fixator was removed and an internal osteo-
synthetic fixation was performed. On the 45th day purulent
material drained again from the wound, and the patient had a
fever (38.5 °C), arise in C-reactive protein (CRP) (18.5 mg/
dL, normal limit 5 mg/dL) and leukocytosis. A CT scan of
the neck and thorax showed a 4 X 1.5 cm collection in the

right paratracheal area and two confluent collections behind
the spinous processes of C5 and C6, 6 cm in diameter. No
surgical reintervention was deemed possible. New cultures
from aspirate of the wound showed only growth of PA, now
also resistant to ciprofloxacin (MIC >4 mcg/ml). Antibiotic
therapy was changed to ceftolozane/tazobactam (C/T) 3 g
three times daily plus amikacin 15 mg/kg once daily. On the
55th day of hospitalization, 7 days after the last antibiotic
escalation, the patient’s clinical condition worsened with
purulent secretion from the wound. Cultures of the aspirate
showed only growth of XDR-PA resistant to C/T (Table 1
P1.2). Antibiotic therapy was switched to ceftazidime-avi-
bactam (CZA) 2.5 g four times daily in extended infusion
plus aztreonam 2 g four times daily for 6 weeks. At the end
of treatment on the 100th day, magnetic resonance imaging
(MRI) showed complete bone consolidation and the patient
was discharged.

Case 2

A 57-year-old woman was admitted to the Intensive Care
Unit (ICU) due to left cerebral brain spontaneous intra-
parenchymal hemorrhage. She presented with vomiting,
bradycardia, anisocoria, bilateral mydriasis and impaired
consciousness requiring intubation and artificial ventila-
tion. As a brain CT scan reported hydrocephalic dilata-
tion of the ventricular system, an external ventricular drain
(EVD) was inserted. After 20 days of clinical improve-
ment, the 21th day the patient developed fever (39 °C) leu-
kocytosis (20,000 WBC/mm?, 90% neutrophils), and was
comatose requiring a new cycle of artificial ventilation.
On suspicion of a hospital-acquired meningitis (HAM),
empirical antibiotic treatment consisting of continuous-
infusion vancomycin and extended-infusion meropenem
was initiated. Cerebrospinal fluid (CSF) obtained from the
EVD contained 15.000 cells/mm? and grew cefotaxime-
susceptible Klebsiella pneumoniae. Antibiotic therapy was

Table 1 Antimicrobial

A Patient number Isolate number AMK FEP MEM CIP TZP CST CZA C/T ATM
susceptibility patterns of
XDR-PA isolates Pl 1.1 2 >32 >32 05 >32 < 4 2 12
1.2 >16 >32 >32 >4 >128 >8 8 >16 12
P2 2.1 4 16 32 1 16 <1 8 2
P3 3.1 <2 16 4 >2 >32 <1 4 <1 32
32 2 >16 64 >2 >32 1 16 4 32

AMK amikacin, FEP cefepime, MEM meropenem, CIP ciprofloxacin, CST colistin, TZP piperacillin-tazo-
bactam, CZA ceftazidime-avibactam, C/T ceftolozane-tazobactam, ATM aztreonam; from https://aac.asm.
org/content/abbreviations-and-conventions

Susceptibility patterns were expressed by the different values of minimum inhibitory concentration (MIC),
determined by broth microdilution using the Micronaut S MDR MRGN-Screening 3 panel (MERLIN
Diagnostika GmbH). MICs were interpreted taking as reference the EUCAST 2018 clinical breakpoint val-
ues (susceptibility of PA to C/T and CZA for MIC values of <4 and <8 mcg/ml, respectively)
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deescalated to ceftriaxone 2 g twice daily. After 10 days
of antibiotic therapy the whole EVD system was changed.
On the 44th day the patient developed again fever (39 °C),
leukocytosis, and impaired consciousness. Presuming a
recrudescence of HAM, antibiotic therapy was escalated
to meropenem 2 g four times daily along with vancomy-
cin 30 mg/kg. CSF cultures via EVD showed growth of
XDR-PA. The susceptibility is shown in Table 1 P2.1. The
EVD was removed and another reinserted after several
days; antibiotic therapy was escalated to C/T 3 g three
times daily and meropenem 2 g four times daily, both by
extended infusion and associated with amikacin 15 mg/
kg once daily. Three weeks after antibiotic escalation, a
ventriculoperitoneal shunt was implanted. One week later,
after obtaining a negative CSF culture, the antibiotic treat-
ment was stopped and the patient showed no evidence of
CSF infection thereafter.

Case 3

A 29-year-old man was referred to our hospital ninety
days after surgical vertebral fixation performed elsewhere
for a cervical trauma C6-C7. The patient presented with
fever (39 °C) leukocytosis (23,000 WBC/mm?) and a rise
in CRP (30 mg/dl). A CT scan showed presence of four
small lamellar bone formations anterior-laterally to the
vertebral body of D1 on the left, compatible with disloca-
tion of fragments of osteosynthetic material and a fluid
collection anterior of the vertebral bodies of C5-C6-C7,
adjacent to the esophagus. The presumed diagnosis was
cervical osteomyelitis with mediastinitis due to esophageal
fistulization. Empirical antibiotic treatment with TZP plus
linezolid was started the same day. Surgical debridement
and closure of a skin-esophageal fistula were performed
the next day. The intraoperative cultures yielded XDR-PA
plus Carbapenemase-producing Klebsiella pneumoniae
(KPC). Table 1 P3.1 shows the susceptibility pattern. Anti-
biotic therapy was escalated on the 6th day to extended-
infusion CZA 2.5 g three times daily plus colistin 9 MU
once daily. On the 11th day the patient developed acute
renal failure so CST was stopped and aztreonam 2 g four
times per day was added. A repeat CT scan showed that
the prevertebral fluid collection adjacent to the posterior
cervical esophagus extended caudally to the posterior-
superior mediastinum. A new surgical debridement was
performed on the 20th day. The therapy was continued for
a total of 8 weeks and a CT scan showed complete reso-
lution of the picture on 60th day of hospitalization. The
rectal swab performed for routinely screening at the end
of treatment yielded XDR PA with acquired resistance to
CZA (MIC =16 mcg/ml) (Table 1 P3.2).

Discussion

XDR-PA healthcare associated infections are of great con-
cern due to limited therapeutic options and high attribut-
able mortality [2]. To date, the BLBLIs C/T and CZA have
been approved for complicated urinary tract infection and
complicated intra-abdominal infection [10, 11]. Recently,
CZA was approved for the treatment of hospital-acquired
pneumonia and, in Europe, also for Gram-negative infec-
tions with limited treatment options [11]. Only few data
are available on post-neurosurgical osteomyelitis and
central nervous system (CNS) infections [5-7]. However,
from these preliminary results on hard-to-treat infections,
these 2 antibiotics appear to be a promising therapeutic
option.

Our patients 1 and 3 had cervical osteomyelitis in the
presence of internal osteosynthetic fixation material that
could not be safely removed, and was successfully treated
with CZA associated with aztreonam. The reasons for the
use of CZA were resistance to C/T in patient 1 and super-
infection with KPC in patient 3, while we added ATM con-
sidering the paper by Davido B et al. which demonstrated
the superiority of the combination of ATM and CAZ/AVI
due to synergistic activity on an AmpC-hyperproducing
strain of Pseudomonas aeruginosa susceptible only to ami-
kacin and colistin (MIC, 0.25 mg/1)” [13].

To the best of our knowledge, these are the first con-
firmed cases of cervical osteomyelitis caused by XDR-PA.
It is well recognized that this rare site of bone infection
has limited surgical options due to high incidence of neu-
rological deficits that occur as a result of direct spinal cord
compression by epidural abscess, segmental deformity and
instability [14]. So, on one hand we were obliged to use
the best available and powerful antibiotic treatment, on
the other the strain had acquired resistance to C/T thus
limiting treatment options. Indeed, although we have used
in both cases a high-dose regimen of C/T [10] to improve
bone penetration, resistance to C/T occurred during treat-
ment. In case 3, combination therapy with colistin had to
be discontinued early due to acute kidney injury. However,
while colistin and aminoglycoside could be an effective
option in this specific setting, these drugs have also impor-
tant limitations: rapid emergence of resistance especially
when used in monotherapy, pharmacokinetic restrictions
due to inadequate drug concentrations in target action sites
and several toxicities, especially nephrotoxicity [15]. This
experience of the management of XDR-PA cervical ver-
tebral osteomyelitis shows the success of combination
antibiotic therapy and sample-based follow-up in order to
prevent further development of antibiotic resistance.

The second case describes an XDR-PA CNS infection
treated with a combination therapy of high- dose C/T,

@ Springer



552

M. Meschiari et al.

amikacin and meropenem. To the best of our knowledge,
just one other experience was reported showing an equally
favorable outcome with high-dose C/T plus fosfomycin for
treatment of otogenic meningitis caused by XDR-PA [6].
The role of combination therapy remains to be clarified,
as well as the optimal dose to obtain sufficient penetration
into the CNS. Extended infusion of beta-lactam antibiot-
ics, in particular meropenem, are currently recommended
for meningitis to optimize CSF penetration. [16]. A later
published Monte Carlo simulation seems to predict a bet-
ter probability of target attainment increasing dosages
in patients with Klebsiella pneumoniae carbapenemase
(KPC)-producing Klebsiella pneumoniae (KPC-Kp) infec-
tions with MIC of up to 64 mg/liter [17].

A study on blood-brain barrier penetration among critically
ill patients with an infected EVD is still ongoing [12]. Steri-
lization of CSF in MDR bacterial infections has been shown
with intrathecal and intravenous colistin [8, 9]. However, this
strategy is not easy to perform for reasons of toxicity, allergy
and limited neurosurgical expertise with the drug, or not fea-
sible in case of early EVD removal [9].

In conclusion, we think that either high-dose C/T or CZA
alone or in combination therapy might be valuable and com-
plementary options for post-neurosurgical infections due to
XDR-PA. Further prospective real-life studies are required to
validate these findings in this special setting.
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