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Pseudomonas aeruginosa-
induced brain abscess in a child
post-craniotomy: a case report
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The treatment of brain abscess induced by carbapenem-resistant Pseudomonas

aeruginosa (CRPA) is a clinical challenge around the world. Apart from novel b-
lactam/b-lactamase inhibitors and polymyxins, there are few sufficiently

powerful antibiotics that are effective against CRPA-induced infections.

Considering the blood-brain barrier factor, there are even fewer drugs that can

be used to treat intracranial CRPA-induced infections. In this article, we reported

a case of CRPA-induced brain abscess that was successfully treated with

intravenous ceftazidime/avibactam and intrathecal colistimethate sodium in a

child after intracranial tumor resection.
KEYWORDS

brain abscess, central nervous system infections, carbapenem-resistant pseudomonas
aeruginosa, ceftazidime/avibactam, colistimethate sodium
1 Introduction

Brain abscess is a serious postoperative complication after neurosurgical craniectomy,

which usually leads to prolonged hospitalization and higher mortality rates. Although the

incidence is only 0.17% (1), once a brain abscess has formed, more than 60% of patients

need secondary craniectomy due to the limited availability of effective antibiotics (2). Brain

abscesses are mainly caused by Gram-positive cocci, but 20% are due to Gram-negative
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bacilli (2, 3). Pseudomonas aeruginosa (PA), which is highly virulent

and invasive, is one such Gram-negative bacillus. The risk factors

for PA-induced central nervous system infections (CNSI) include

craniocerebral trauma, otorhinolaryngology-head and neck surgery,

cerebrospinal fluid (CSF) leakage or ventricular drainage,

implantation of invasive catheter, spreading of ear or sinus

infections, immune deficiency, and chemotherapy. If CNSI is

caused by CRPA, clinical treatment is extremely difficult.

Traditional antibiotics with anti-PA activity include piperacillin/

tazobactam, cefoperazone/sulbactam, ceftazidime, aztreonam,

quinolones (ciprofloxacin, levofloxacin), aminoglycosides

(gentamicin, amikacin), and carbapenems (meropenem, imipenem).

If CRPA is susceptible to these conventional antibiotics, it should be

treated with them in the first instance. However, if these drugs do not

effectively control the CRPA-induced infection or the infection is

severe, a novel b-lactam/b-lactamase inhibitor can be used, such as

ceftolozane/tazobactam, ceftazidime/avibactam, imipenem-cilastatin/

relebactam, meropenem/vaborbactam, or polymyxins combined with

other conventional sensitive drugs (4). In addition, some studies

reported that a combination of antibiotics with glucocorticoids or

vitamin C could effectively reduce the brain abscess area by

modulating glucocorticoid receptor and toll-like receptor-2

expression, glucocorticoids or vitamin C can be considered as an

adjuvant therapy (5–7). Because polymyxins such as colistimethate

sodium (CMS) barely penetrate the blood-brain barrier (BBB), CMS

has been approved for ventricular/intrathecal administration to treat

CRPA-induced intracranial infections. In addition, among these novel

b-lactam/b-lactamase inhibitors, only ceftazidime/avibactam, an

excellent antimicrobial drug against most carbapenem-resistant

Enterobacteriaceae (CRE), including CRPA (8), has been approved

for clinical application in China. Some studies have reported that

ceftazidime/avibactam is able to penetrate the BBB to treat intracranial

infections, but the degree of penetration into the brain abscess is still

unknown. Currently, intravenous ceftazidime/avibactam combined

with intrathecal CMS, or intravenous or intrathecal amikacin, or

intravenous fosfomycin have been reported to successfully treat

CRPA-induced meningitis or ventriculitis (8–13), but the use of

these drugs for treatment of CRPA-induced brain abscess has not

yet been reported. In this article, we presented the first case of a child

with CRPA-induced brain abscess after intracranial tumor resection

that has been successfully cured by intravenous ceftazidime/avibactam

combined with intrathecal CMS. We have also reviewed the literature

to provide new ideas and experience to inform clinical

pharmacological therapy of CRPA-induced brain abscess.
2 Case report

The male patient was 14-years-old, 168 cm tall, and weighed 55

kg. He had complained of intermittent headaches and vomiting

since September 2023. A ventricular tumor was identified by

enhanced magnetic resonance imaging (MRI) and the patient

underwent ventricular tumor resection by ventriculoscope at

another tertiary care hospital on October 4th 2023. The
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pathological type of the tumor was subventricular giant cell

astrocytoma. The patient developed positive cervical resistance

immediately after surgery, with a maximum body temperature of

39°C. He was treated by intermittent lumbar puncture and a

combined regimen of linezolid and meropenem for 20 days.

Unfortunately, the treatment had little success. Therefore, the

patient was transferred to our hospital for further treatment.

On day 1, he had a body temperature of 39°C with nuchal

rigidity. He underwent lumbar cistern drainage, which drained-out

turbid orange CSF. Routine and biochemical examination of the CSF

showed a positive Pandy test with a leukocyte count of 192/mm3

(normal range: 0-8/mm3), microprotein 273 mg/dL (normal range: 0-

40 mg/dL), chloride 118.6 mmol/L (normal range: 120-132 mmol/L),

and glucose 2.64 mmol/L (normal range: 2.5-4.4 mmol/L). A

computed tomography (CT) scan of the head showed slight

hyperdensity along the surgical path. Vancomycin (20 mg, qd,

intrathecal) combined with meropenem (2 g, q8h, intravenous) was

used empirically. On day 4, the child remained intermittently febrile

with a maximum body temperature of 40°C. Accordingly, the CSF

was sampled for bacterial culture and drug susceptibility testing.

On day 5, the patient had a sudden convulsion of the limbs with

loss of consciousness and an upward gaze, which was diagnosed as

an epileptic seizure. The seizure was not alleviated by intravenous

phenobarbital and valproate, but was eventually controlled by

continuous intravenous pumping of midazolam. An urgent

routine blood examination found a leukocyte count of 13.9 × 109/

L and the neutrophil ratio was 85.4%. Routine CSF and biochemical

examination showed a positive Pandy test, leukocyte count

increased to 510/mm3, microprotein increased to 282 mg/dL,

glucose increased to 5.8 mmol/L, and normal chloride (121.8

mmol/L). A head CT scan showed a round cystic-solid lesion in

the operative area, with the interior of the lesion being hypointense

and the surrounding solid cystic wall being hyperintense. The brain

tissue around the lesion was evidently edematous (Figure 1).

Enhanced MRI of the head showed significant enhancement of all

brain parenchyma along the surgical path, and the lesion localized

in the surgical area formed a complete cystic wall, which exhibited

significant central enhancement (Figure 2). Consequently, the child

was diagnosed with a brain abscess according to the CT and MRI

data. Metagenomic next generation sequencing identified PA. On

day 6, analysis of CSF cultures indicated that the pathogen was

CRPA (the antimicrobial susceptibility data, which was determined

by agar dilution, are shown in Table 1). A clinical pharmacist

participated in the treatment and suggested adjusting the regimen

to intravenous ceftazidime/avibactam (2.5 g, q8h) combined with

intrathecal CMS (125,000 U, qd).

On day 9, after treatment with the new regimen for 3 days, the

child’s body temperature and routine blood results returned to

normal, but cervical resistance remained positive. The CSF was pale

yellow and the Pandy test was weakly positive. The CSF leukocyte

count was reduced to 284/mm3, microprotein was reduced to 143 mg/

dL, glucose to 2.58 mmol/L, while chloride remained normal at 124.4

mmol/L. The head CT showed that the lesion was smaller and there

was reduced edema in the surrounding brain tissue. All of these results

suggested that the regimen exerted therapeutic effectiveness.
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On day 20, after treatment with the new regimen for 14 days,

the patient’s body temperature and routine blood results remained

normal, with negative cervical resistance. The CSF was colorless and

clear, and the Pandy test was negative. The CSF leukocyte count

decreased to 54/mm3, microprotein reduced to 56 mg/dL, while

chloride (125.6 mmol/L) and glucose (2.61 mmol/L) were

unchanged. A head CT and enhanced MRI showed that the

abscess cavity had disappeared (Figures 3, 4). According to these

results, the therapeutic regimen was terminated and the lumbar

drainage tube was removed. Two days later, the child underwent

lumbar puncture again and the CSF examination showed a further

reduction of leukocyte count to 28/mm3, microprotein was 57 mg/

dL, while chloride (126.6 mmol/L) and glucose (3.16 mmol/L)

remained normal. Ultimately the child was successfully cured and

discharged from the hospital. A summary of the clinical treatment

process is shown in Figure 5.
Frontiers in Oncology 03
3 Discussion

Brain abscess is a focal suppurative inflammation of brain tissue

with a distinct wall that is associated with a high rate of lethality and

disability. Because of the high risk of death in patients with intracranial

CRPA-induced infections, the World Health Organization has

classified CRPA as a strain that urgently needs new antibiotic

treatment as well as innovative and effective therapies (14).

Because there are few reports on CRPA-induced CNSI, the optimal

antimicrobial regimen remains unclear. In the present case, the results

of antimicrobial sensitivity screening showed that the pathogen was not

only resistant to conventional b-lactam/b-lactamase inhibitors

(piperacillin/tazobactam, cefoperazone/sulbactam), quinolones and

aminoglycosides, but also resistant to imipenem and meropenem

(Table 1). The carbapenem-resistance mechanisms of PA are

complex, but one is its ability to produce multifarious b-lactamases,
FIGURE 2

Results of MRI before the new therapeutic regimen. T2 scanning showed that the T2 signal from the interior of the lesion was long, while that from
the surrounding cystic wall was short. Enhanced MRI scanning showed significant enhancement along the surgical path. The lesion localized in the
surgical area formed a complete cystic wall and was significantly enhanced.
FIGURE 1

CT scanning before the new therapeutic regimen showed a round cystic-solid lesion in the operative area, with the interior of the lesion being
hypointense and the surrounding solid cystic wall being hyperintense. The brain tissue around the lesion was evidently edematous.
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including extended-spectrum b-lactamases (ESBLs), AmpC b-
lactamases, carbapenemases such as Klebsiella pneumoniae

carbapenemase (KPC), and oxacillinase-48-like (OXA-48)

carbapenemases (15). Avibactam, a novel semisynthetic b-lactamase

inhibitor, inhibits the above enzymes to restore the efficacy of

ceftazidime against CRE (16). Globally, the susceptibility of CRPA to

ceftazidime/avibactam is above 60% (17). Currently, ceftazidime/

avibactam has been approved by the US Food and Drug

Administration for the treatment of hospital-acquired pneumonia,

complicated abdominal infections, complicated urinary tract

infections, and associated bacteremia caused by CRE, including

CRPA. There are, however, limited clinical data available on the

treatment of CRPA-induced CNSI with ceftazidime/avibactam.

To investigate the clinical therapeutic effects of ceftazidime/

avibactam against PA-induced CNSI, we conducted a comprehensive
Frontiers in Oncology 04
review of literature in the PubMed, Medline, and Web of Science

databases from their inception to January 2024 for all case reports and

series reports on CNSI caused by PA. The search keywords were:

Pseudomonas aeruginosa, brain abscess, meningitis, ventriculitis,

central nervous system infection, and ceftazidime/avibactam. Only

seven reports were found that covered the use of ceftazidime/

avibactam to treat PA-associated CNSI, among which the pathogens

in six cases were CRPA. In one case, drug resistance of the pathogen

was not described (Table 2).

We found from the seven reports that: (1) the medication

regimens were ceftazidime/avibactam combined with another

drug, including intrathecal CMS, intravenous or intrathecal

aminoglycosides, and intravenous fosfomycin; and (2) the

ceftazidime/avibactam concentration in CSF from one case

suggested that a standard dose (2.5 g, q8h) could achieve effective

therapeutic concentrations (ceftazidime: 21-29 µg/mL, avibactam:

1.42-2.44 µg/mL) (8). Previous studies have demonstrated that

ceftazidime effectively penetrated into inflammatory CSF (18),

whereas the ability of avibactam to cross the BBB requires further

investigation. Yasmin M (8) used astandard dose of ceftazidime/

avibactam to treat a patient with CRPA-induced ventriculitis and

found that the steady-state concentration ratio of avibactam in CSF

compared to serum was in the range of 20% to 38%, which is

consistent with that observed in a rabbit meningitis model (19). The

percentage of the dosing interval during which ceftazidime/

avibactam free drug concentration was above the MIC (% fT >

MIC) reached 50% (12). Gatti M reported that if the dose of

ceftazidime/avibactam was increased to 2.5 g q6h, the % fT >

MIC increased to 100% (9). These results indicate that

ceftazidime/avibactam can reach an effective therapeutic

concentration for treating CRPA-induced infections in CSF. As

drug concentration in brain abscesses is difficult to measure in

clinical practice, the drug concentration in CSF is used as a
TABLE 1 Antimicrobial susceptibility data.

Antibiotics MIC (mg/L) Susceptibility

Amikacin ≥64 resistant

Piperacillin/Tazobactam ≥128 resistant

Imipenem ≥8 resistant

Levofloxacin ≥8 resistant

Ceftazidime 32 resistant

Tobramycin 8 resistant

Ciprofloxacin 2 resistant

Cefepime ≥32 resistant

Meropenem ≥8 resistant

Cefoperazone/Sulbactam ≥64 resistant
FIGURE 3

CT scanning results after treatment with the new regimen for 14 days showed that the abscess had disappeared and that there was little edema in
the surrounding brain tissue.
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surrogate in the clinic based on the assumption that drugs in CSF

can permeate through the brain abscess by continuous exchange

with interstitial fluid. However, this exchange between CSF and

interstitial fluid barely reaches an equilibrium state (20).

Unfortunately, there are no studies on whether an effective

therapeutic concentration of ceftazidime/avibactam can be

achieved in brain abscesses. Considering that the location of the

infected lesion in this patient was deep within the brain

parenchyma, we selected ceftazidime/avibactam combined with

polymyxins such as CMS to achieve an optimal therapeutic effect.

Polymyxins are antibiotics having cationic cyclic peptide structures

that have strong affinity for lipid A of the bacterial extracellular

membrane. They are able to competitively replace magnesium and

calcium ions of lipopolysaccharide to increase permeability of the

bacterial extracellular membrane, resulting in leakage of the cellular

contents, and thus exert bactericidal effects (21). Accordingly,

polymyxins have excellent antimicrobial activity against most

carbapenem-resistant gram-negative bacilli, including CRPA.

However, the low penetration of intravenous polymyxins into CSF

does not provide an effective bactericidal concentration at conventional

doses, and high intravenous doses of polymyxins carry a risk of renal

damage (22). The Infectious Disease Society of America recommended
Frontiers in Oncology 05
ventricular/intrathecal administration of polymyxins to treat

intracranial infection, so that polymyxins in the CSF can diffuse and

penetrate into the brain abscess and exert their antibacterial effect (20,

23). Currently, polymyxins used in the clinic include CMS, polymyxin

B and polymyxin E. Only CMS has been approved for ventricular/

intrathecal administration. Because the child patient in this case only

underwent lumbar puncture drainage, we adopted intrathecal injection

of CMS to treat CRPA-induced intracranial infection.

CMS can remove lipopolysaccharide from the bacterial outer

membrane, which facilitates binding of ceftazidime/avibactam to

penicillin-binding proteins to inhibit synthesis of bacterial cell wall,

thus exerting a synergistic antibacterial effect. Based on the above

analysis, we adopted a therapeutic regimen of intravenous

ceftazidime/avibactam combined with intrathecal CMS. After 14

days of this combined regimen, the patient’s brain abscess had

disappeared and the results of routine CSF and biochemical tests

were essentially normal. Ultimately, he was discharged from the

hospital successfully without any adverse drug reactions. The

difference between our case and other reported cases was that the

brain abscess in our case had formed after severe CNSI. Enhanced

head MRI showed that the abscess was completely encapsulated.

Generally, under these circumstances, surgical abscess resection is
FIGURE 5

A summary of the clinical treatment process.
FIGURE 4

Enhanced MRI scanning after treatment with the new regimen for 14 days showed that the abscess had disappeared, with little enhancement along
the surgical path.
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TABLE 2 Summary of cases of ceftazidime/avibactam in the treatment of Pseudomonas aeruginosa-induced CNSI.
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required. However, our protocol of intravenous ceftazidime/

avibactam combined with intrathecal CMS effectively cured the

brain abscess, which avoided the pain of a second craniotomy for

the child patient. Therefore, the therapeutic regimen in our case

provided a novel therapeutic approach for the treatment of CRPA-

induced brain abscess. Recent findings suggested that attenuating

cytokine-induced microglial activation, for instance, Th1 and Th17

cytokines in Gram-positive cocci-induced and Th2 cytokine in

Gram-negative bacilli-induced CNSI, may contribute to a

reduction of the brain abscess and promote the restoration of

neurological function (24, 25). The major limitation of this case

was that our present study was predominantly focused on the

pharmacological rationale behind the bactericidal effectiveness of

antibiotics at the lesion site, with no investigation into the possible

efficacy in neuroendocrine-immune interaction, which can be

undertaken in future research.

In conclusion, according to the experience from our present

case, we believe that intravenous ceftazidime/avibactam combined

with intrathecal CMS may be an effective therapeutic regimen to

treat CRPA-induced CNSI, which is worthy of clinical reference.
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