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Introduction: Post-neurosurgical central nervous system (CNS) infection caused by multidrug-resistant (MDR)/extensively drug-resistant (XDR) Gram-negative bacteria remains a major clinical challenge. This study describes our experience of treating such patients with combined intraventricular (IVT) and intravenous (IV) polymyxin B administration.

Methods: This retrospective study included six patients with post-neurosurgical CNS infections of carbapenem-resistant Acinetobacter baumannii (CRAB) or carbapenem-resistant Klebsiella pneumoniae (CRKP). All patients were treated in the intensive care unit (ICU) of First Affiliated Hospital, Zhejiang University School of Medicine (Hangzhou, China) between November 2020 and November 2021, and all received IVT plus IV polymyxin B. Data including patients' characteristics, therapeutic process, symptoms, cerebrospinal fluid (CSF) examination, laboratory tests, and complications were collected.

Results: Six patients with post-neurosurgical CNS infection were enrolled in the study. The patients comprised five males and one female, and the average age was 58 years (range, 38–73 years). Four out of the six cases were CRAB-positive in CSF culture, while two cases were CRKP-positive. The mean duration of polymyxin B administration was 14 ± 5.69 days (range, 6–20 days). The average period of patients reaching CSF sterilization was 10.33 ± 3.67 days (range, 5–14 days). All six cases were cured without acute kidney injury or epilepsy.

Conclusion: IVT plus IV polymyxin B is a safe and effective treatment for post-neurosurgical patients with intracranial infection caused by MDR/XDR Gram-negative bacteria.
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INTRODUCTION

Central nervous system (CNS) infection is one of the most common complications following neurosurgery and can be difficult to treat due to the blood–brain barrier (BBB). The BBB is crucial for the protection of the CNS against microbial entry from the circulation, but can also prevent various drugs from entering the brain.

The microbes responsible for CNS infection are predominantly Gram-negative and Gram-positive bacteria. According to the 2021 China Antimicrobial Surveillance Network (CHINET) report,1 the detection rate of Gram-negative bacteria Acinetobacter baumannii (AB) and Klebsiella pneumoniae (KP) in the CNS from patients with intracranial infection was 11.3 and 9.1%, respectively. Moreover, multidrug-resistant (MDR)/extensively drug-resistant (XDR) bacterial strains in critical-care patients have become much more common in recent years, making the treatment of CNS infections increasingly difficult. Furthermore, meningitis-related mortality is significantly associated with carbapenem resistance (1). Fortunately, the MDR/XDR pathogens remain susceptible to the polymyxins, although only a small proportion of the intravenous (IV) polymyxin dosage reaches the CNS infection site due to limited penetration of the BBB by this class of antibiotics (2, 3). Consequently, the cerebrospinal fluid (CSF) distribution of polymyxin is very low.

According to the 2017 guidelines of the American Society for Infectious Diseases (IDSA) (4), intraventricular (IVT) injection combined with IV polymyxin B or colistin is recommended for the treatment of intracranial MDR Gram-negative bacterial infections. Multiple studies have suggested IVT+IV colistin or polymyxin B is the optimal treatment option for CNS infections with MDR/XDR Gram-negative bacteria (5–7). Current IDSA guidelines for IVT polymyxin B recommend a dose of 5 mg once daily for 10–21 days (4). However, there are limited data on the safety, efficacy, and optimal dose/duration of polymyxin B for patients with intracranial infection. The present study describes our experience of six patients with post-neurosurgical CNS infections of carbapenem-resistant Acinetobacter baumannii (CRAB) or carbapenem-resistant Klebsiella pneumoniae (CRKP) and their treatment with IVT+IV polymyxin B.



METHODS

In this retrospective case series, the medical records of six patients with post-neurosurgical CNS infections of CRAB/CRKP, who were hospitalized in the intensive care unit (ICU) of First Affiliated Hospital, Zhejiang University School of Medicine (Hangzhou, China) between November 2020 and November 2021, were reviewed.


Inclusion and Exclusion Criteria

Inclusion criteria for enrollment in the study included: (1) patients ≥18 years old; (2) cases with both clinical and imaging evidence of post-neurosurgical CNS infection; (3) laboratory tests (routine and biochemical tests) of CSF suggestive of CNS infection; (4) detection of CRAB/CRKP in CSF culture; (5) concomitant use of IVT and IV polymyxin B.

Exclusion criteria for enrollment in the study were: (1) history of intracranial infection before craniotomy; (2) previous treatment with IV polymyxin B/colistin for intracranial infection or infection at other positions in the past 3 months; (3) administration of either IV polymyxin B or IVT polymyxin B alone.



Microbiological Methods

The broth microdilution method was used for bacterial strain identification and antimicrobial susceptibility tests. One exception was the method for ceftazidime-avibactam susceptibility, which was tested by the Kirby-Bauer method. Antimicrobial susceptibility results are presented in Table 1.


Table 1. Antibiotic minimum inhibitory concentration (MIC, μg/mL)/susceptibility of CSF isolates from patients enrolled in the study.
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Treatments

After diagnosis of a CNS infection, the external ventricular drain (EVD) was removed and replaced. Before the detection of CRAB/CRKP was confirmed, systemic control of infection with intravenous antibiotics—including meropenem, vancomycin, cefoperazone-sulbactam, and piperacillin-tazobactam—was performed based on clinical experience. Polymyxin B administration was initiated once positive culture of CRAB/CRKP was confirmed in the CSF. IVT polymyxin B at a dose of 5 mg (50,000 units) per 24 h, plus IV polymyxin B at a dose of 1.5 mg/kg every 12 h was given (4, 8). IVT polymyxin B was diluted in 5 mL of 0.9% saline solution and injected into the ventricle through the EVD. Thereafter, the EVD was flushed with 2 mL of 0.9% saline solution and clamped for 2 h. After 3 days of treatment, CSF samples were collected from the EVD every 2 days.



Clinical Outcomes

Clinical cure was defined as: (1) remission of the clinical symptoms and signs of CNS infection; (2) routine and biochemical tests of CSF back to normal; (3) three consecutive negative CSF cultures.



Data Collection

For each case, collected data included clinical characteristics (age, gender, primary disease, surgeries, foreign body), therapeutic process (antibiotic usage prior to positive CSF culture, concomitant infection, time from symptoms onset to IVT polymyxin B administration, IVT+IV polymyxin B duration, CSF sterilization time), symptoms and signs [temperature, Glasgow Coma Scale (GCS)], CSF examination (culture, susceptibility, polymorphonuclear leukocytes, glucose, protein), laboratory tests (white blood cell (WBC), C-reactive protein (CRP), procalcitonin (PCT), creatinine, glucose), and complications [hydrocephalus, additional surgery of ventriculoperitoneal shunt (VPS) for hydrocephalus, epilepsy, acute kidney injury (AKI), and skin hyperpigmentation]. Adverse events related to polymyxin B were graded using the Common Toxicity Criteria for Adverse Events (CTCAE), version 5.0.



Data Analysis

Statistical analysis was performed using RStudio (version 2021.09.1+372). Numeric data with a normal distribution were shown as mean ± standard deviation, and a paired t-test was conducted for the comparison between pre- and post-treatment variables. Non-normally distributed data were presented as median with interquartile range, and statistical analysis was performed by the Wilcoxon test. P < 0.05 was considered statistically significant.




RESULTS

Between November 2020 and November 2021, six patients with post-neurosurgical CNS infection treated with IVT+ IV polymyxin B were enrolled in the study, including five males and one female. The age of the patients ranged from 38 to 73 years with an average of 58 years. Primary neurological diseases and surgical methods are shown in Table 2. An EVD catheter was placed for all patients during the operation.


Table 2. Clinical characteristics of patients enrolled in the study.
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Of the six cases, four patients were confirmed with CRAB infection in CSF culture, three of whom also showed CRAB in sputum samples. The other two cases were CRKP-positive in both CSF and sputum culture. Before CSF culture results were available, all patients were treated with meropenem and vancomycin (Table 3). Additionally, three patients received cefoperazone-sulbactam and one received piperacillin-tazobactam. The time between onset of symptoms and known bacterial susceptibility was 3 days, then the treatment of IVT+IV polymyxin B was administered based on drug susceptibility tests. The mean duration of IVT+IV polymyxin TB administration was 14 ± 5.69 days (range, 6–20 days), while the mean duration to achieve sterile CSF was 10.33 ± 3.67 days (range, 5–14 days) (Table 3).


Table 3. Cerebrospinal fluid (CSF) culture and treatment strategies for each patient.
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Clinical features and laboratory data before and after treatment are presented in Table 4. The median CSF/blood glucose ratio of the six patients increased significantly following IVT plus IV polymyxin B administration (0.013 pre-treatment vs. 0.684 post-treatment, P < 0.05). Glucose in CSF (0.1 vs. 4.95 mmol/L, P < 0.05) and GCS score (5.00 ± 2.28 vs. 7.17 ± 3.43, P < 0.05) also improved markedly after the polymyxin B treatment. Meanwhile, the number of polymorphonuclear leukocytes in CSF showed a significant decrease compared with pre-treatment tests (11,525 vs. 218 cells/μL, P < 0.05). Serum creatinine was not significantly different from the baseline level (63.00 ± 38.13 vs. 58.50 ± 28.02 μmol/L, P = 0.45).


Table 4. Clinical symptoms and laboratory data in patients.
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Clinical cure was achieved in all patients (100%). During treatment and follow-up, three patients (50%) presented with hydrocephalus because of severe infection and two of them subsequently underwent VPS surgery for this complication. Four patients (66.6%) had skin hyperpigmentation after polymyxin usage. No drug-related epilepsy or AKI were found (Table 5). Furthermore, no adverse events of grade 3 or higher were observed.


Table 5. Clinical outcomes and complications.
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DISCUSSION

CHINET (see footnote 1) online data for 2021 show that the isolation rates of AB and KP in CSF were 11.3 and 9.1%, respectively, ranking second and third. Furthermore, a marked increase in drug resistance of AB to imipenem was seen from 31% in 2005 to 71.5% in 2021, and a similar increase was seen in the resistance rate of AB to meropenem—from 39% in 2005 to 72.3% in 2021. Increased resistance of KP to these two antibiotics was also observed (from 3.0% in 2005 to 23.1% in 2021 for imipenem, and from 2.9% in 2005 to 24.4% in 2021 for meropenem). Clinical data on CRAB/CRKP in our hospital exhibited similar trends.

CNS infection is one of the most common complications after neurosurgery (9), and such CNS infections caused by MDR/XDR Gram-negative bacteria after neurosurgery have a higher mortality rate. Treatment of these infections is difficult due to the limited choice of antibiotics and the presence of the BBB (10). Polymyxins are one of the most effective classes of antibiotics against MDR/XDR Gram-negative bacteria (11). However, polymyxins have difficulty penetrating through the BBB when administered by the IV route due to the polycationic structure and higher molecular weight of these antibiotics (12). Consequently, the CSF distribution of polymyxin after IV injection is relatively low, with a reported CSF-to-serum concentration ratio of 0.07 (3). To increase the concentration of polymyxin B in the CSF, the IVT route was conducted.

The IDSA guidelines state that if carbapenem resistance is suspected then a combination of IV and IVT polymyxin B is recommended, especially when systemic IV medication is not effective (4). Pan et al. (7) collected 61 cases with CSF culture of CRAB and found that the intrathecal/intracerebral polymyxin B group had significantly lower 28-day mortality and higher rates of microbiological clearance compared with the IV group. Therefore, the IVT+IV polymyxin B approach is suggested as the optimal treatment option for CNS infections with MDR/XDR Gram-negative bacteria. In the current study, IVT+IV polymyxin B was used to treat patients with CRAB or CRKP in CSF cultures, and all patients were successfully cured without severe adverse events or 28-day mortality.

Despite the success of IVT+IV polymyxin B treatment, the optimal dose/duration of IVT polymyxin B remains unclear. Current IDSA guidelines for IVT polymyxin B recommend a dose of 5 mg/day for 10–21 days (4). In the International Consensus Guidelines for the Optimal Use of the Polymyxins, the dose is 5 mg/day for IVT polymyxin B with a mean duration of 18 days (8). However, the quality of evidence is low as the guidelines have stated. Literature in the PubMed database with the keywords of intraventricular/intrathecal polymyxin B was reviewed (Table 6). Most of the identified papers/studies were case reports, including infants and pediatric patients. Chen et al. (16) reported a total of 28 patients with MDR/XDR Gram-negative bacilli intracranial infection after neurosurgery. IVT polymyxin B at a dose of 5 mg/day was used for 14.96 ± 4.28 days (range, 9–23 days) and the clinical cure rate was 82.1% (23/28). Chen et al. (17) recruited a total of 21 patients with MDR/XDR-AB-induced intracranial infection after neurosurgeries, all of which received IVT polymyxin B at a dose of 5 mg/day for 18.19 ± 12.36 days, and the clinical cure rate was 81.0% (17/21). In the present study, a daily IVT dose of 5 mg polymyxin B was used. The mean duration of administration was 14 ± 5.69 days (range, 6–20 days), the mean duration to achieve sterile CSF was 10.33 ± 3.67 days (range, 5–14 days), and the clinical cure rate was 100% (6/6). Based on existing evidence and data from the current study, a daily IVT dose of 5 mg polymyxin B is considered the optimal adult dose, and the treatment duration of IVT polymyxin B should be at least 10 days.


Table 6. Studies of CNS infections treated with intrathecal (IT) or intraventricular (IVT) polymyxin B*.
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Regretfully, the concentration of polymyxin B in CSF, which might be able to guide the optimal dosage of polymyxin B, was not monitored in most studies. In a recent study, Ni et al. (21) administered colistin (also known as polymyxin E) at 100,000 units/24 h via IVT to 10 patients with CNS infections. Three days later, the concentration of colistin in the CSF was determined by selective ultra-performance liquid chromatography (UPLC) at 2, 4, 6, 8, 12, and 24 h after IVT colistin administration. The measured trough concentration was 1.12–8.33 μg/mL, which was above the minimum inhibitory concentration (MIC) of 0.5 μg/mL. Microbial cure was observed in all patients. However, information on the CSF pharmacokinetics of polymyxin B is lacking.

Polymyxin B has been reported to have side effects such as nephrotoxicity and skin hyperpigmentation. Using the definition from Kidney Disease Improving Global Outcomes (KDIGO) guidelines (22), no cases of AKI were observed in the current study. Furthermore, the incidence and severity of nephrotoxicity was reported to be rare and mild in other studies (7, 16). This suggests the dosage of combined administration of polymyxin B in the present study was comparatively safe for renal function. The kidneys are the primary sites of polymyxin elimination, thus the dosage must be carefully monitored (23), and it is therefore recommended to monitor the blood/CSF concentration of polymyxin B. In the current study, all patients were successfully cured without AKI, epilepsy or other adverse events of grade 3 or higher. Recent case reports have mentioned the adverse effect of skin hyperpigmentation following IV polymyxin B treatment (24–26), but this is usually mild and can gradually disappear after discontinuation of medication (27). In the present study, skin hyperpigmentation was observed in four patients (66.6%).

There are some limitations to the current study, including the small sample size, the retrospective nature of the study, the lack of control groups, and the absence of monitoring the concentration of polymyxin in the CSF or blood. These limitations must be considered when drawing conclusions from the study.



CONCLUSION

In conclusion, IVT combined with IV polymyxin B is a safe and effective treatment for post-neurosurgical patients with intracranial infection caused by MDR/XDR Gram-negative bacteria. Furthermore, a daily IVT dose of 5 mg polymyxin B is considered the optimal adult dose. However, the small sample size and lack of a control group limit the reliability of such conclusions. Further large-scale randomized controlled trials are warranted to confirm the findings from this study.
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Case CSFisolate Susceptibility Antibiotics Concomitant Time from onset Dose of Dose of IV Duration CSF

usage prior  infection of symptoms to % polymyxin  of NT+IV  sterilization
to positive IVTHV polymyxin  polymyxin B polymyxin  time (days)
CSF culture Badministration B (mg/day) (mg/kg/12h) B (days)
(days)
1 AB Carbapenem-resistant;  Cefoperazone-  Preumonia 5 5 15 15 13
Susceptible to sulbactam; (AB+PA)
polymyxin Meropenem;
Vancomycin
2 AB Carbapenem-resistant; ~ Meropenem;  No 3 5 15 9 7
Susceptible to Vancomycin
polymyxin
3 AB Carbapenem-resistant; ~ Cefoperazone-  Preumonia 5 5 15 6 5
Susceptible to sulbact »8)
polymyxin Meropenem;
Vancomycin
4 AB Carbapenem-resistant;  Piperacilln-  Peumonia 7 5 15 20 13
Susceptible to tazobactam;  (AB)
polymyxin Meropenem;
Vancomycin
5 KP Carbapenem-resistant; ~ Cefoperazone-  Pneumonia 6 5 15 14 10
Susceptible to sulbactam; (KP)
polymyxin Meropenem;
Vancomycin
6 KP Carbapenem-resistant;  Meropenem;  Pneumonia 4 5 15 20 14
Susceptible to Vancomycin  (KP)
polymyxin

CSF, cerebrospinal fluid; AB, Acinetobacter baumannii; KP. Klebsiella pneumoniae; PA, Pseudomonas aeruginosa; VT, intraventricular; IV, intravenous.
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Laboratory measurement  Beginning of  Resolutionof  P-value
CNS infection  CNS infection

Temperature (°C) 39.3+0.45 37.13+0.21 <0.001
acs 500+228 747343 0.027
Serum
WBC count (x 109/L) 18.85 + 6.41 799221 0.004
CRP (mg/L) 1520344896  1928+1192 0002
PCT (ng/m) 086 +0.55 021020 0.023
Creatinine (umol/L) 630043813 58502802 045
CSF
Leukocytes (cells/jul) 11,525 218(31,3915) 0028
(5.275,

21,412.5)
Glucose (mmol/L) 01(0.1,07)  495(40,59) 0028
CSF/blood glucose 0013(00,0.)  0.684(07,07) 0028
Protein (/L) 596(34,80)  241(1542)  0.116

CNS, central nervous system; GCS, Glasgow Coma Scale; WBC, white blood cel; CRP.
G-reactive protein; PCT, procalcitonin; CSF, cerebrospinal fluid. Data are presented as the
mean = standard deviation or median (interquartile range).
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>32/R
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e
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an
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>8R
216R
8/
2320R

Case (CSF isolate)

3(AB)

<05/s
an
NT
=16/R
>16/R
>128/R
32R
=128
=64/R
>32R
<8
<158
>4/R
>8R
/8
<1/s
>820R

4(AB)

<05/5
2s
NT
=16/R
216/R
=128
>64/R
>128R
>64/R
>32/R
NT
<15
>4/R
>8R
216/R
=16/R
2320R

5(KP)

18
1/5
27 /s
=16/R
216/R
=128R
264/R
>128R
264/R
282/R
>64/R
>16/R
>4/R
>8R
216/R
=16/R
2320R

6 (KP)

/s
05/5
25 mm/S
NT
>16/R
>128R
>64/R
NT
>64/R
>32/R
=64/R
NT
NT

NT
NT
=320/R

*The broth microdilution method was used for all antibiotics except Ceftazidime-Avibactam, which was tested by the Kirby-Bauer method.
CSF, cerebrospinal fluid; AB, Acinetobacter baumannii; KP, Klebsiella pneumoniae; S, susceptible; |, intermediate; R, resistant; NT, not tested.
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TBI, traumatic brain injury; ICH, intracerebral hemorrhage; EVD, external ventricular drain.
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