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Background: Intracranial infection is a common complication caused by craniotomy. In particular, patients in Intensive Care Units 
(ICU) are prone to intracranial infection with multiple drug-resistant bacteria. Due to the lack of sensitive antibiotics for the treatment 
of multiple drug-resistant bacteria, there are few literatures focusing on the treatment of intracranial infection, and patients often fail to 
receive unified and standardized treatment. Consequently, patients with Carbapenem-resistant bacteria intracranial infection report 
poor prognosis and high mortality. It is very important to discuss how to treat patients with intracranial infection caused by multidrug 
resistant bacteria.
Case Presentation: We reported a case of intracranial infection of Carbapenem-resistant Klebsiella pneumoniae(CRKp) due to high 
flap tension, poor wound healing and CSF leakage caused by subcutaneous fluid accumulation after intracerebral hemorrhage 
craniotomy. Since the patient was exposed to intracranial infection resulted from subcutaneous fluid accumulation, we adopted the 
method of continuous drainage with subcutaneous tube. When subcutaneous effusion disappeared, the subcutaneous drainage tube was 
pull out, while patients exhibited high fever again, the waist big pool drainage catheter and continuous drainage were carried out. 
According to the result of Subcutaneous effusion and CSF culture indicated multiple drug resistant Klebsiella pneumoniae intracranial 
infection and drug susceptibility, The treatment of gentamicin intrathecal injection, intravenous use amikacin and oral Paediatric 
Compound Sulfamethoxazole Tablets was adopted, the condition of intracranial infection was eventually controlled, with the 
consciousness restored. This patient was characterized by intracranial infection with Carbapenem-resistant Klebsiella 
pneumoniae(CRKp).
Conclusions: Subcutaneous effusion is a high-risk factor for poor wound healing and interventions are required to be conducted to 
promote healing as early as possible to contribute to decreasing the menace of CSF leakage. In this case, Continuous drainage and 
intrathecal injection of sensitive antibiotics serve as critical process to determine the best strategy for clinical treatment of intracranial 
infection.
Keywords: intracranial infection, carbapenem-resistant Klebsiella pneumoniae, lumbar cistern drainage, intrathecal injection, 
gentamicin

Background
Intracranial infection, as a common complication after craniotomy that we strive to avoid while still often 
occur, is one of the most serious postoperative complications in neurosurgery. According to a meta-analysis study, 
number of operations, cerebrospinal fluid (CSF) leakage, CSF drainage, duration of operation (>four hours) and venous 
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sinus entry are the risk factors for neurosurgical site infection after craniotomy.1 They are also mentioned in a case- 
control study.2 Non-standard operation during surgery, CSF leakage and Poor tightness of drainage device can be risk 
factors for intracranial infection.2 Especially in Intensive Care Units (ICU), once CSF leakage occurs, the bacteria are 
generally composed of multiple drug resistant bacteria,3,4 involving Acinetobacter baumannii, Klebsiella pneumoniae, 
Escherichia coli, Pseudomonas aeruginosa, etc.5 A study have shown that gentamycin irrigation can significantly reduce 
28-day surgical site infection after emergency neurosurgery.6 A number of antibiotics fail to effectively enter the 
intracranial because of the blood-brain barrier. Without forming sufficient intracranial blood drug concentration, there 
have no effective drugs for multiple drug-resistant bacteria, resulting in the high mortality rate of intracranial infection. 
Continuous and effective drainage, the application of sensitive antibiotic and elevation of the individual immunity are the 
essential aspects of the treatment of intracranial infection. Due to the patient’s own disease status, the body’s immune 
capacity is generally at a low level.7 Therefore, the control of intracranial infection depends on continuous and effective 
drainage as well as the application of sensitive antibiotics. Intrathecal injection has developed to be an effective measure 
to elevate the concentration of intracranial antibiotics. Carbapenem-resistant Klebsiella pneumoniae(CRKp) is a kind of 
multi-drug resistant bacteria prevalent in the world, which is characterized by strong virulence, high adaptability and high 
infectivity.8 Intracranial infection caused by carbapenem-resistant Klebsiella pneumoniae(CRKp) is uncommon, while 
has a strong drug resistance and rather high mortality, as was reported to be about 42.14% in a meta-analysis study about 
the combined mortality of pneumonia patients infected with carbapenem-resistant Klebsiella pneumoniae(CRKp).9 

Currently, intracranial infection of carbapenem-resistant Klebsiella pneumoniae(CRKp) is rarely reported, which, how
ever, results in higher mortality than pneumonia. At present, the treatment of carbapenem-resistant Klebsiella pneumo
niae(CRKp) mainly adopts polymyxin B and tigecycline,10,11 but there still appears drug resistance transformation in the 
treatment process.12 In this report, a patient with carbapenem-resistant Klebsiella pneumoniae(CRKp) intracranial 
infection after intracerebral hemorrhage craniotomy was treated with continuous Lumbar cistern drainage, Polymyxin 
and tigecycline could not be purchased in time due to the cost pressure on the family of patient, the treatment options of 
amikacin intravenous injection, gentamicin intrathecal injection and the use of oral co-trimoxazole, and the intracerebral 
infection was rapidly controlled, reporting a better prognosis.

Case Presentation
The 40-year-old male patient was admitted to hospital on April 18, 2022 due to sudden hemiplegia of the right limb for 
1 hour and subsequent coma for 2 hours. Physical examination on admission reported, coma, GCS score = E1V1M3 =5, 
muscle strength of the right limb level 0, with stabbing and flexion of the left limb, diagnosed with cerebral hemorrhage 
in the left basal ganglia region (Figure 1A); After admission, the left frontotemporal parietal craniotomy was performed 
for hematoma removal and decompression with bone flap removal. The head CT reexamination on April 19 (Figure 1B) 
suggested that the hematoma in the left basal ganglia region had been cleared, the middle line was in the center, and the 
cistern was clearly displayed. After craniotomy on Apr 21, subdural effusion can be seen (Figure 1C). The head CT 
reexamination on April 24 (Figure 1D) indicated that residual hematoma and intraventricular hematoma in left basal 
ganglia region were basically absorbed, and effusion could be seen beside falx and subcutaneously. The head CT 
reexamination On May 10 (Figure 1E) showed that subcutaneous effusion significantly progressed. On May 11, due to 
the high tension of the flap, cerebrospinal fluid (CSF) leakage occurred in the wound, and the highest body temperature 
was 39.5°C. Lumbar puncture was performed, and the CSF was cloudy, with 1690×106/L white blood cells, 2034.6 mg/ 
L protein and 0.16 mmol/L glucose (Table 1). On May 12, the intracranial infection was considered to be caused by CSF 
leakage from the wound caused by subcutaneous effusion. In order to solve the flap tension and continuous drainage, the 
decompression window flap was subcutaneous drainage (Figure 2A) and drainage tube was fixed (Figure 2B). The test 
results of subcutaneous effusion were 4916×106/L white blood cell, 3.30 mmol/L glucose and 2565.8 mg/L protein 
(Table 1). Four groups of puncture fluid were taken for culture and drug sensitivity test. The head CT reexamination on 
May 14 (Figure 1F) showed a significant decrease in subcutaneous effusion. On May 16, the tension of the flap had 
decreased significantly and the body temperature was normal. The subcutaneous drainage tube was removed. On May 17, 
the head CT reexamination (Figure 1G) indicated that the subcutaneous effusion of left frontotemporal parietal had 
disappeared, and CT enhancement (Figure 1H) showed no obvious enhancement. However, after the removal of 
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subcutaneous drainage tube, high fever occurred again, and the body temperature continued above 39.5°C. Lumbar 
puncture was performed, with 570×106/L white blood cells, 2.56 mmol/L glucose and 2506.8 mg/ L protein in CSF 
(Table 1), indicating that severe intracranial infection still existed, so lumbar cistern catheter drainage was performed. On 
May 18, all CSF culture and drug sensitivity results suggested multiple drug resistant Klebsiella pneumoniae, and the 
isolated strain was Enterobacteriaceae resistant to carbapenems antibiotics (Table 2). Due to the lack of polymyxin B and 
tigecycline of our hospital, patients’ families failed to buy polymyxin B and tigecycline, only can use amikacin. On 
May 19, the patient’s body temperature continued to be above 39.5°C, and the CSF was cloudy (Figure 3A). The white 
blood cells in the CSF rose again to 6168×106/L, glucose 1.83 mmol/L, and protein 1403.0mg/ L (Table 1). Due to the 
lack of polymyxin B and tigecycline, intrathecal injection of gentamicin and oral cotrimoxazole were used according to 
drug sensitivity results (Table 2). On May 20, the patient’s body temperature was controlled below 38°C, and the CSF 
white blood cells were 112×106/L, glucose 2.03 mmol/L, and protein 1643.0mg/L (Table 1). On May 21, the patient’s 
body temperature was controlled at about 38°C, and the CSF white blood cells were 366×106/L, glucose 2.95 mmol/L, 

Table 1 Laboratory Examination of CSF in Patient with Intracranial CRPK Infection

Time Point WBC (×106/L) Glu (mmol/L) Protein (mg/L) Culture Results

Apr 26, 2022 1762 3.23 2445.4 Negative

Apr 27, 2022 2218 4.4 1368.2 Negative
May 11, 2022 1690 0.16 2034.6 Negative

May 12, 2022 4916 3.3 2565.8 Four tubes are CRPK

May 17, 2022 570 2.56 2506.7 Negative
May 19, 2022 6168 1.83 1403.0 Negative

May 20, 2022 112 2.03 1643.0 Negative

May 21, 2022 366 2.95 1464.6 Negative
May 22, 2022 84 2.93 1093.7 Negative

May 23, 2022 6 2.20 1683.6 Negative

May 28, 2022 8 2.41 1279.3 Negative
May 31, 2022 8 2.18 1271.0 Negative

Figure 1 Brain CT after admission in patient with intracranial CRPK infection. (A) Before craniotomy on Apr 18. (B) After craniotomy on Apr 19. (C) After craniotomy on 
Apr 21, subdural effusion can be seen. (D) After craniotomy on Apr 24, a small amount of subdural effusion appeared. (E) After craniotomy on May 10, Subdural Effusion has 
developed significantly. (F) After cerebrospinal fluid leakage and intracranial infection on May 14, subcutaneous drainage tube was inserted, subdural Effusion decrease. (G) 
After cerebrospinal fluid leakage and intracranial infection on May 17, Subdural Effusion disappear. (H) enhanced CTbrain scanning showed no brain abscess on May 17. (I) 
After the treatment of anti-infective regimen on May 24. (J) After the treatment of anti-infective regimen on May 30, Ventricular Dilatation was observed.
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and protein 1464.6 mg/ L (Table 1). On May 22, the patient’s body temperature was controlled at 37°C, and the CSF 
white blood cells were 84×106/L, glucose was 2.93 mmol/L, and protein was 1093.6 mg/ L (Table 1). On May 23, the 
patient’s body temperature was normal, with CSF white blood cells of 6×106/L, glucose of 2.20 mmol/L, and protein of 
1683.6 mg/L (Table 1). The lumbar cistern is blocked, and the tube should be pulled out. On May 24, the head CT 
(Figure 1I) showed no obvious hydrocephalus, subcutaneous effusion disappeared, the middle line was centered, and the 
cistern was clear. On May 28, the patient’s body temperature was normal, and the CSF white blood cells were 8×106/L, 

Figure 2 Location of subcutaneous drainage tube and method of compression in skull defect area. (A) Location of subcutaneous drainage tube. (B) A sport headband is 
used to pressurize the skull defect area.

Table 2 Bacterial Culture of CSF in Patient with Intracranial 
Infection

Antibiotics MIC value Drug Sensitivity

Ampicillin ≧32 Resistant
Piperacillin and tazobactam ≧128/4 Resistant

Ceftazidime ≧32 Resistant

Cefoperazone/Sulbactam ≧64/32 Resistant
Cefepime ≧32 Resistant

Imipenem ≧16 Resistant

Meropenem ≧16 Resistant
Minocycline ≧16 Resistant

Cefazolin ≧8 Resistant

Cefuroxime ≧32 Resistant
Cefoxitin ≧32 Resistant

Ciprofloxacin ≧4 Resistant

Ampicillin/Sulfamethoxazole ≧64/32 Resistant
Ceftriaxome ≧64 Resistant

Levofloxacin ≧8 Resistant

Chloramphenicol 16 Resistant
Ceftazidime ≧32 Resistant

Ticarcillin-clavulanic acid ≧128/2 Resistant

Colistin ≧2 Susceptible
Trimethoprim/Sulfamethoxazole ≧0.5/9.5 Susceptible

Gentamincin ≧1 Susceptible

Amikacin ≧4 Susceptible

Abbreviation: MIC, Minimum inhibitory concentration.
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glucose was 2.41 mmol/L, protein was 1279.3mg/ L (Table 1), the CSF was clear (Figure 3B). On May 30, slight 
hydrocephalus was observed (Figure 1J). At present, the infection has been controlled and the consciousness was 
regained. The patient has been transferred to a rehabilitation hospital for further treatment.

Discussion and Literature Review
Causes of Intracranial Infection
Here reported a case of hypertensive intracerebral hemorrhage, and the patient’s body temperature remained low in the 
early postoperative period. The subdural effusion progressed gradually after craniotomy, and broke through the 
incision,13 causing the CSF leakage on wound. The body temperature of patient obviously elevated the second day, 
lasting more than 39.5 °C, the physical measures such as ice blankets exhibited poor cooling effect. CSF examination 
revealed an obvious elevation of CSF protein and white cells level, the CSF glucose level decreased, which prompted 
severe intracranial infection. In this case, the intracranial infection sourced from a leak of CSF from the wound, which 
has always acted as the primary cause of intracranial infection, whether it is CSF leakage from incision, skull base 
fracture, or poor sealing of drainage device. Once intracranial infection occurs, the condition will be significantly 
aggravated, generally accompanied with difficult treatment.14 Therefore, close attention requires to be paid to the 
existence of CSF leakage in clinical course management, and maintain the characteristic of an airtight seal of 
cranial cavity by preventing the CSF leakage through early intervention.15

Selection of Anti-Infection Treatment Strategies for Carbapenem-Resistant Klebsiella 
Pneumoniae(CRKp)
The patient was clearly diagnosed in a rather short period from onset. Previous to the use of high-intensity antibiotics, we 
consciously obtained CSF samples, the obtained culture and drug sensitivity results indicated carbapenem-resistant 
Klebsiella pneumoniae(CRKp), of which the polymyxin B and tigecycline serve as the first choice for the treatment of 
infection according to the literature and guidelines.10,16 Vancomycin and meropenem were adopted before CSF culture 

Figure 3 Changes in cerebrospinal fluid (CSF) in patient with intracranial A. baumannii infection before and after treatment. (A) CSF on May 19; (B) CSF on May 28.
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and drug sensitivity results were obtained, but failed to achieve the expected effect. The patient’s family had not 
purchased polymyxins B or tigecycline, while the high fever continued to become worse. We had no choice but to select 
sensitive antibiotics from CSF cultures, taking the protocol of amikacin intravenous injection. After two days of amikacin 
intravenous injection, the body temperature exhibited a downward trend, but the white blood cells in CSF showed 
a significant upward trend, counted to be 6168×106/L. Therefore, continuous drainage plus intravenous amikacin failed to 
achieve significant results. So we added two other sensitive antibiotics, intrathecal injection of gentamicin and oral co- 
trimoxazole, and the patient’s body temperature decreased significantly in two days. The body temperature and CSF 
indicators gradually returned to normal under this treatment, and the consciousness regained. In this case, co-trimoxazole 
was generally difficult to form effective intracranial concentrations across the BLOOD-brain barrier, and amikacin was 
initially ineffective. Therefore, continuous drainage of lumbar cisterns and intrathecal injection of gentamicin may be the 
crux to successful treatment of carbapenem-resistant Klebsiella pneumoniae(CRKp) intracranial infection.17

Characteristics of Carbapenem-Resistant Klebsiella Pneumoniae(CRKp)
Carbapenem-resistant Klebsiella pneumoniae(CRKp), as a well-known superbug, causes hospital infections and develops 
to a major threat to public health security. Carbapenem-resistant KLEbsiella pneumoniae(CRKp) is common in the ICU 
and exhibits colonizing, which has a significantly increased risk to be contracted by patients hospitalized in the ICU.18 

Carbapenem-resistant Klebsiella pneumoniae(CRKp) infections account for 64% of carbapenem-resistant enterobacteria
(CRE), aggravating hospital stay and medical costs to a large extent, and affecting prognosis.19 Resulted from the 
conjugate plasmids of carbapenem-resistant Klebsiella pneumoniae(CRKp) that encode drug resistance and high viru
lence, its capability to transmit infection is greatly enhanced. Typical of carbapenem-resistant Klebsiella pneumoniae 
(CRKp) ST11 and ST307, widespread in ICU environment, often cause hospital outbreaks and transmission.12,20–22 

Polymyxin B and tigecycline have large molecular weight with weak BBB permeability. Therefore, intrathecal injection 
is recommended for the clinical use of these two drugs.17,23

Applicability and Application of Gentamicin in the Treatment of Carbapenem-Resistant 
Klebsiella Pneumoniae(CRKp)
Gentamicin is recommended for the treatment of severe infections caused by sensitive Gram-negative bacteria such as 
Escherichia coli, Klebsiella, Enterobacter, Proteus, Serratia, Pseudomonas aeruginosa and methicillin-sensitive 
strains of staphylococcus. At the same time, the instructions clearly stated that gentamicin can serve for the treatment 
of central nervous system (CNS) infection caused by sensitive bacteria, such as meningitis, ventriculitis, and can also 
be injected intrathecal as an auxiliary treatment. However, gentamicin is not the first choice for the treatment of CRKp 
intracranial infection. In this case, amikacin and gentamicin are commonly used injection preparations, but the drug 
instruction manual of amikacin does not specify that it can be used for intrathecal injection, which is a legal risk. And 
the MIC value of amikacin is four. According to the drug instruction manual, the antibacterial spectrum of amikacin 
and gentamycin are similar, gentamicin prospectus can specify intrathecal injection treatment of intracranial infection 
and ventricle inflammation, and the MIC value of gentamicin is one, it is lower than amikacin, and more sensitive than 
amikacin. In the routine operation process, We also often use gentamicin for irrigation,6 so we chose gentamicin for 
intrathecal injection. The dose of intrathecal and intraventricular injection was 4–8 mg for adults and 1–2 mg for 
children (over 3 months old) every 2–3 days. During injection, the drug solution was diluted to a concentration of no 
more than 0.2%, pumped into a sterile syringe of 5 mL or 10 mL. After lumbar puncture, a considerable amount of CSF 
was injected into the syringe, and all the drug solution was slowly injected within 3 ~ 5 minutes by pumping and 
pushing. In this case, intracranial infection of carbapenem-resistant Klebsiella pneumoniae(CRKp) was finally con
trolled by intrathecal injection of 8 mg/time/day as per the instruction for 4 days. Although aminoglycosides are 
historically susceptible antibiotics for CRE, they are not widely adopted as monotherapy for severe infections due to 
the lower clinical efficacy, potential toxicity, and extensive drug resistance.24 Chen Xiuli et al studied Synergistic 
Effect and Mechanism of Plumbagin with Gentamicin Against Carbapenem-Resistant Klebsiella pneumoniae(CRKp), 
so as to reduce the dosage of gentamicin in the treatment.25 Intrathecal injection of gentamicin may cause convulsions 
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and other symptoms. During the use of gentamicin, attention should be paid to preventing seizures and strictly control 
the concentration of intrathecal injection during the use of gentamicin at the same time, In fact, the incidence of 
seizures is very low when gentamicin is widely used in China. In this case, gentamicin appeared no toxic or side 
effects. Marcelino Gonzalez-Padilla et al reported a research about gentamicin therapy for sepsis due to carbapenem- 
resistant and colistin-resistant Klebsiella pneumoniae.26 Shmuel Benenson et al reported a case of Carbapenem- 
Resistant Klebsiella pneumoniae(CRKp) endocarditis successful treated by gentamicin and colistin.27 Therefore, If 
the susceptibility test is positive, gentamicin is also effective in treating carbapenem-resistant Klebsiella pneumoniae 
(CRKp).

Summary
The good effect in this case may benefit from the following aspects. Firstly, the diagnosis in a timely manner. In the CSF 
leak on the first day, the patient showed a fever, the line of lumbar puncture was carried out in time, the CSF examination 
has cleared the diagnosis of intracranial infection, and the bacteriology examination has cleared the resistance to carbon 
penicillium alkene with Klebsiella pneumoniae intracranial infection. Secondly, decisive treatment. Continuous subcu
taneous drainage was conducted punctually, with a daily drainage flow of about 200 mL, subcutaneous effusion 
disappeared, and the infected dead cavity was eliminated. Thirdly, lumbar cistern drainage. The lumbar cistern drainage 
was immediate, and the intracerebral inflammation was relieved. The last, treatment of sensitive antibiotics. The key is 
the high sensitivity of gentamicin to carbapenem-resistant Klebsiella pneumoniae(CRKp). After intrathecal injection of 
gentamicin only once, white blood cells significantly decreased, indicating that gentamicin has rather robust bactericidal 
capacity to this bacterium.

Conclusion
Firstly, subcutaneous effusion is a high-risk factor resulting in poor wound healing, which should be treated punctually to 
reduce flap tension and inhibit the chance of CSF leakage. The second, lumbar cisternal drainage with intrathecal 
injection of sensitive antibiotics is an effective way to treat intracranial infection. At present, the successful case of 
gentamicin in the treatment of carbapenem-resistant Klebsiella pneumoniae intracranial infection has not been reported, 
and lacks large sample randomized controlled studies, its effectiveness remains to be further studied.

Abbreviations
BBB, blood-brain barrier; CNS, Central nervous system; CSF, Cerebrospinal fluid; CT, Computed tomography; GCS, 
Glasgow Coma Scale; MIC, Minimum inhibitory concentration; MDR, multiple drug-resistant; CRKp, Carbapenem- 
resistant Klebsiella pneumoniae.
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