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Case Report



Off-Label Use of Ceftolozane/Tazobactam for the Successful Treatment of Healthcare-Associated Meningitis Caused by Extensively Drug-Resistant Pseudomonas aeruginosa in a Polytraumatized Patient—A Case Report
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Abstract

:

Background: Hospital-acquired infections with extensively drug-resistant (XDR) Pseudomonas aeruginosa (PA) have become a worrisome concern because of unfavorable outcomes and limited antimicrobial treatment options. Studies with new antimicrobial substances against XDR-PA show very promising results in different infection types, but the data for central nervous system (CNS) infections are scarce. Case presentation: Here, we report the case of a young patient with healthcare-associated meningitis caused by XDR-PA following severe craniocerebral injury. An off-label use of high-dose ceftolozane/tazobactam (C/T) monotherapy was administered for 10 days in parallel with source-controlling measures. Clinical and microbial recovery could be accomplished promptly. Conclusion: In patients with hospital-acquired CNS infections due to XDR-PA, C/T might be a new, safe and effective alternative with fewer adverse effects compared to older polymyxin- or aminoglycoside-based regimens.
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1. Introduction


Pseudomonas aeruginosa (PA) has become a major healthcare burden in recent years due to severe healthcare-associated infections and poor outcomes [1]. The treatment of PA is challenging due to its resistance to several antibiotics, including β-lactams. Resistance mechanisms include the production of AmpC β-lactamases, efflux pumps, the acquisition of extended-spectrum β-lactamases and carbapenemases. This led to a ‘comeback’ of older antibacterial substances such as polymyxins (colistin), aminoglycosides and fosfomycin in multidrug-resistant (MDR)-PA infections. Unfavorable side effects and unsatisfactory clinical success rates are major drawbacks of these antibiotics [2,3,4].



Ceftolozane/tazobactam (C/T) is a new fifth-generation cephalosporin that has been approved in adults for the treatment of complicated intra-abdominal infections, complicated urinary tract infections, hospital-associated pneumonia and ventilator-acquired pneumonia [5,6,7]. Even though the clinical success rate in the off-label use of C/T in MDR- and extensively drug-resistant (XDR)-PA infections is as high as 76% [8], clinical efficacy data for PA-induced central nervous system (CNS) infections are rare. C/T for the treatment of meningitis has been described in the literature only in case reports.



Here, we report the clinical case of a 16-year-old polytraumatized girl admitted to the emergency department with severe craniocerebral injury and abdominal blunt trauma. The disease course was complicated by hospital-acquired meningitis with XDR-PA, which was successfully treated with C/T monotherapy for 10 days.




2. Case Presentation


A 16-year-old girl was admitted to the emergency department after a car crash. By the time of admission, she was intubated, haemodynamically unstable and showed anisocoria. Haemodynamic instability was due to pneumothoraxes on both sides. Pleural drainage tubes were inserted immediately, and the circulation improved. A computed tomography scan showed polytrauma with severe craniocerebral injury and traumatic dissection of the right internal carotid artery. Moreover, there were severe bilateral pulmonary contusions, the laceration of the spleen and liver, a ruptured bladder with massive venous bleeding and an unstable pelvic fracture. Damage control surgery was performed subsequently with splenectomy, the opening of the bladder and the packing and temporary closure of the abdomen. The fractured pelvis was stabilized with an external fixator, and an intraventricular catheter was inserted to monitor the intracranial pressure (ICP). Only a few hours after the initial procedure, the patient presented with increasing ICP and dilated pupils on both sides. Another computed tomography scan revealed malignant, right hemispheric stroke due to the traumatic dissection with progressive cerebral oedema and signs of herniation (Figure 1). Decompressive craniectomy was conducted immediately to control the ICP. Postoperatively, the patient suffered multiple epileptic seizures and exhibited increasing blood sodium levels due to central diabetes insipidus.



In the following 4 weeks, several re-laparotomies were performed to control the severe abdominal trauma and unclosed traumatic bladder injury. First, microbiology cultures from intra-abdominal swabs revealed broadly susceptible PA strains. Meropenem was administered due to its low sodium content and its probably lesser epileptogenic potential compared to imipenem. After the sixth abdominal procedure (at day 17), PA strains in abdominal swabs revealed multidrug resistance and were susceptible only to cefepime, fluoroquinolones and colistin. Therefore, cefepime was administered in combination with gentamicin for 7 days. Liver function was not compromised due to liver laceration. Another incision and stitching of the bladder were performed on day 21, after which XDR-PA strains were cultured in fresh abdominal swabs. These strains presented with resistance to cefepime and fluoroquinolones, so a new fifth-generation cephalosporin in combination with an old beta-lactamase inhibitor ceftolozane/tazobactam (C/T) was applied for a total of 10 days, since the minimal inhibitory concentration (MIC) for C/T was 1 µg/mL. The microorganisms found and the antibiotic susceptibility testing results are displayed in Table 1. See Figure 2 for the leucocyte count, procalcitonin (PCT) and c-reactive protein (CRP) course with corresponding antibiotic treatment over the first 30 days of the patient’s ICU stay. The patient’s kidney function showed an initial peak on day 2 after ICU admission with acute kidney insufficiency (creatinine values of 1.67 mg/dL, clearance 45 mL/min CKD-EPI) due to severe crush syndrome. The creatinine values normalized soon thereafter with normal values (clearance > 60 mL/min/1.73 m2) throughout the ICU stay. Due to severe craniocerebral injury and cerebral infarction, long-term dependency from mechanical ventilation was expected. This led to surgical tracheostomy on day 10 after ICU admission. During the weaning process, there was one setback with ventilator-associated pneumonia due to Serratia marcescens (see Table 1 for the susceptibility results). After the antibiotic treatment course with cefepime, pneumonia resumed, and weaning could be proceeded. Three weeks after tracheostomy, the patient could be successfully weaned from the ventilator.



Elevated intracranial pressure due to the demarcation of infarction with secondary hydrocephalus was another challenge during the patient’s stay in intensive care. An external ventricular drain (EVD) was inserted after the hemicraniectomy on day 3. The removal of the EVD after 14 days led to a further increase in ICP and hydrocephalus, so a lumbar drain (LD) was inserted instead. On day 34 after the initial accident and day 5 after LD insertion, the quality of the liquor changed from colorless to yellow green. Additionally, her neurological status worsened, with reduced movements on the left side of her body. Although signs of inflammation in the blood had already peaked (see Figure 3), the liquor presented with an increased cell count. Carbapenem-resistant XDR-PA could be isolated from the liquor sample (as assessed by culture-based resistance testing). Although ciprofloxacin’s MIC was ≤0.25 µg/mL (sensitive, S), we did not consider it to be a suitable therapy for two reasons: the patient suffered from recurring epileptic seizures, and previous PA strains from intra-abdominal samples showed fluoroquinolone resistance. Gentamicin was not considered for use because we have already used it before, along with the risk of nephrotoxicity and a history of crush syndrome in this patient. Alternatively, C/T was used for antibacterial therapy and administered as a prolonged infusion over 3 h: 3 × 2 g + 1 g/24 h for 10 days, with an initial bolus of 3 g. See Figure 3 for the leucocyte count and the c-CRP course with the corresponding antibiotic treatment from days 31 and 60 of the patient’s ICU stay.



Source control was also conducted: the initial LD was removed, and a new EVD was inserted due to ongoing high ICP (combination of hydrocephalus e vacuo and malresorptivus). See Figure 4 for the corresponding computed tomography. Therapy success was measured through microbiology cure: The cerebrospinal fluid (CSF) culture became negative after 7 days of C/T treatment, and the CSF cell count decreased. The neurological status improved rapidly as a sign of clinical therapy success, and the CRP and leucocytes decreased rapidly, as shown in Figure 3. Another 10 days later, the definitive treatment of hydrocephalus could be obtained with a ventriculoatrial catheter. By the time of hospital discharge, the patient was awake and able to move all four extremities.




3. Discussion


Our report presents a new and interesting application for C/T because very few data exist for its use in CNS infections caused by XDR-PA. Furthermore, there is almost no information about its pharmacodynamic and pharmacokinetic properties in an intensive care unit (ICU) setting.



Meningitis is a possible complication in patients with an EVD. The diagnosis of healthcare-associated meningitis following head injury and/or neurosurgery is difficult due to the lack of common symptoms in ICU patients [9]. The most likely pathogens linked to CSF infections are coagulase-negative staphylococci, Staphylococcus aureus, Cutibacterium acnes and Gram-negative bacilli (including PA) [10]. Our patient suffered from complicated intra-abdominal and urinary tract infections with PA due to the difficulty of controlling the focus. Apparently, the emergence of MDR-PA was provoked by recurrent peritonitis with the need for multiple courses of antibacterial treatment [11]. Bacterial translocation occurred, most likely from the abdominal cavity. As this MDR-PA was carbapenem-resistant (meropenem ≥ 16 µg/mL (resistant, R)), anti-infective treatment options were limited: piperacillin/tazobactam ≥ 128 µg/mL (R), cefepime ≥ 64 µg/mL (R), ciprofloxacin = 0.25 µg/mL (S), gentamicin = 2 µg/mL (S), colistin = 0.5 µg/mL (S) and amikacin = 4 µg/mL (S).



Ciprofloxacin has acceptable cerebral penetration, but its use is associated with an increased risk of cerebral seizures. A combination of colistin and gentamicin also seemed to be unfavorable because it can lead to serious nephrotoxicity in critically ill patients [12]. Since this patient showed crush syndrome at the beginning of ICU treatment and was only 16 years old, we did not want to take that risk. Moreover, colistin has poor cerebral penetration and may cause harm to neural cells [2]. The data regarding the CSF penetration of C/T in humans are scarce.



In vitro studies show a better time-kill analysis of MDR-PA when C/T is combined with colistin or fosfomycin compared to C/T alone [13]. The clinical cure rates for C/T monotherapy can be up to 70% in MDR- and XDR-PA infections [8,14]. Based on expert opinions, the early use of antimicrobial combination therapies is recommended in cases of suspected PA infection. As soon as susceptibility testing becomes available, an initial combination therapy should be followed by prompt de-escalation to anti-infective monotherapy [1]. Based on the antibiotic susceptibility pattern of the PA strain isolated from CSF and the disadvantageous pharmacokinetic profile of colistin in this clinical setting, we decided to use C/T monotherapy as a rescue therapy.



C/T for the treatment of meningitis is an off-label use, and, to the best of our knowledge, its use has been described only in several case reports. Most reports used C/T in combination with another PA effective drug, with different results. However, only one study group reported a case with C/T monotherapy that was not successful. McCreary [15] presented a case report of a patient with meningitis caused by MDR-PA, which was successfully treated with a combination therapy of C/T plus ciprofloxacin IV plus metronidazole IV plus tobramycin intraventricularly (IVT). Here, therapeutic concentrations of C/T could be achieved in both CSF and plasma using 3 g IV every 8 h. Meschiari et al. [16] reported a case of a patient with XDR-PA meningitis. This patient was treated effectively using C/T plus meropenem IV and amikacin IV. Winans [17] et al. published a case of MDR-PA meningitis after multiple neurosurgical interventions, which eventually was treated with C/T plus cefepime IV plus gentamicin IV plus gentamicin IVT. Samples of both serum and CSF were analyzed using continuous C/T infusion. The CSF concentration of C/T showed 84% of that in serum, reflecting sufficient therapeutic concentrations in CSF. Frattari et al. [18] delivered the only reported case of otogenous meningitis caused by XDR-PA in which a combination of C/T and fosfomycin was successfully used for definitive treatment; and Dinh et al. [19] reported a case of XDR-PA meningitis treated with C/T monotherapy, which resulted in clinical failure.



According to the recommendations for pneumonia, a high-dose regimen (2 g + 1 g every 8 h, with good kidney function) was applied to achieve high intra-cerebral drug concentrations for a total of 10 days in our patient. C/T was administered using a loading dose (3 g) followed by a prolonged infusion regimen over 3 h [20]. Although most recent data suggest that a continuous infusion regimen might be superior to a prolonged infusion strategy [21] in ICU patients with severe infections, this needs to be based on therapeutic drug monitoring. Even though therapeutic drug monitoring for C/T was not established in our daily clinical routine at that time, we were able to measure concentrations of C/T in the CSF (liquor) 2 days after the end of C/T treatment, which was shown to be 0.5 µg/mL. This is low, as the MIC for C/T was 1 µg/mL. Because of the positive clinical and microbiological development of the patient, we suggest that CSF levels must have been above the MIC during therapy. Considering the moment of concentration measurement in the liquor, by which time the intravenous (IV) application of C/T had finished 48 h prior, we hypothesize that the level of C/T in the CSF might have been higher during ongoing antibiotic therapy with C/T. Accordingly, C/T was able to effectively pass through the blood–brain barrier (BBB) in the presented patient with meningitis, which was already shown in other case reports. What this means is that the patient’s status improved shortly after the initiation of C/T treatment, and the number of cells in the CSF decreased to baseline on day 7. A very recently published study from Roberts et al. [22] showed inadequate CSF exposure after C/T (4.5 g/3 times daily) in 10 patients with an EVD. Interestingly, patients with signs of infection had 10× higher free areas under the curve (AUC) compared to patients without signs of infection. There are several points to address before comparing these important findings to our reported case. First, our patient suffered from meningitis. Animal models showed up to 15% increased penetration rates of the BBB in cases of meningitis [23] due to augmented paracellular passage. Second, Roberts et al. studied gram-negative pathogens with MIC for C/T ≥ 0.25 mg/L. In contrast, the causative agent in our case showed a higher MIC C/T of 1 µg/mL. Third, in the reported patient, the C/T in the CSF was measured 2 days after the end of a 10-day treatment course with C/T. Roberts et al. used first-dose data to measure the C/T in CSF. Fourth, all case reports successfully treating MDR-PA meningitis always used C/T with another PA effective antibiotic drug [15,16,17,18]. Further investigations are needed to distinguish between new cephalosporins/β-lactamase inhibitor combinations as a monotherapy versus combination therapies in patients with CNS infections caused by MDR-/XDR PA strains and to identify the optimal treatment duration.



The primary lesson learned from this case report is that, in cases with limited antimicrobial treatment options and severe CNS infections due to XDR-PA, C/T monotherapy might be a safe and effective treatment option if the MIC for the C/T of the causative agent is low.
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	PA
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	MDR
	in multidrug-resistant



	CNS
	central nervous system



	XDR
	extensively drug-resistant
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	intracranial pressure



	C/T
	ceftolozane/tazobactam



	MIC
	minimal inhibitory concentration



	ICU
	intensive care unit
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	extra ventricular drainage



	LD
	lumbar drainage



	CSF
	cerebrospinal fluid



	BBB
	blood–brain barrier



	IV
	intravenous



	IVT
	intraventricular
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Figure 1. Computed tomography of the head showing cerebral oedema and signs of herniation. 
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Figure 2. Leucocyte count, PCT and CRP course with corresponding antibiotic treatment during the first 30 days after ICU admission. 
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Figure 3. Leucocyte count and CRP course with corresponding antibiotic treatment during days 31 and 60 after ICU admission. 
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Figure 4. Computed tomography of the head showing distinctive hydrocephalus with pronounced enlargement of the ventricular system (malresorptivus and e-vacuo components). 
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Table 1. Microorganisms found and antibiotic susceptibility testing results.
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	Drug
	Microorganism/Localization
	Duration of Therapy (Days)
	Drug Susceptibility Testing
	Susceptibility Results

S = Sensible

R = Resistant

I = Intermediate





	Meropenem
	Pseudomonas aeruginosa /Urine
	9
	Piperacillin

Piperacillin/Tazobactam

Ceftazidime

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Amikacin

Tigecycline

Colistin

Aztreonam
	S

S

S

S

S

S

S

S

S

R

S

I



	Fluconazole
	Candida albicans/Intra-abdominal; Urine
	14
	
	



	Cefepime
	Serratia marcescens/Broncho-alveolar-lavage (BALF)
	9
	Amoxicillin/Clavulanate

Piperacillin

Piperacillin/Tazobactam

Cefotaxime

Ceftriaxone

Ceftazidime

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Moxifloxacin

Gentamicin

Tobramycin

Amikacin

Tigecycline

Trimethoprim/Sulfamethoxazole

Fosfomycin

Colistin

Aztreonam
	R

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

R

S



	Cefepime
	Pseudomonas aeruginosa/Intra-abdominal
	9
	Piperacillin

Ceftazidime

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Aztreonam

Piperacillin/Tazobactam
	R

R

S

R

R

S

R

S

I

R

S

R

R



	Gentamicin
	Pseudomonas aeruginosa/Intra-abdominal; Urine
	6
	Piperacillin

Piperacillin/Tazobactam

Ceftazidime

Ceftolozane/Tazobactam

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Aztreonam
	R

R

R

S

R

R

R

R

S

S

S

R

S

R



	Ceftozolane/Tazobactam
	Pseudomonas aeruginosa/Intra-abdominal; Urine
	9
	Piperacillin

Piperacillin/Tazobactam

Ceftazidime

Ceftolozane/Tazobactam

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Aztreonam
	R

R

R

S

R

R

R

R

S

S

S

R

S

R



	Linezolid
	Vancomycin resistant Enterococcus faecicum/Intra-abdominal
	9
	Ampicillin

Amoxicillin/Clavulanate

Imipenem

Tigecycline

Trimethoprim/Sulfamethoxazole

Clarithromycin

Vancomycin

Teicoplanin

Linezolid

Daptomycin
	R

R

R

S

R

R

R

S

S

S



	Ceftozolane/Tazobactam
	Pseudomonas aeruginosa/Liquor
	16
	Piperacillin

Piperacillin/Tazobactam

Ceftazidime

Cefepime

Imipenem

Meropenem

Ciprofloxacin

Gentamicin

Tobramycin

Amikacin

Tigecycline

Colistin

Aztreonam
	R

R

R

R

R

R

S

S

S

S

R

S

R
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