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Objective: To explore the early diagnosis and treatment plan of intracranial infection with Acinetobacter baumannii.

Methods: The clinical data of a patient with intracranial infection caused by Acinetobacter baumannii after intracranial hemorrhage
surgery were analyzed. Combined with literature review, analyze the treatment plan for intracranial infection of Acinetobacter
baumannii.

Results: During the hospitalization of this patient, cerebrospinal fluid culture and routine biochemical monitoring were combined with
procalcitonin and C-reactive protein for auxiliary diagnosis. The antibiotic treatment regimen was intravenous injection of meropenem
and vancomycin, combined with artificial cerebrospinal fluid replacement and lumbar cisterior drainage. After one week of treatment,
the patient’s condition improved and the bacterial culture of cerebrospinal fluid was negative.

Conclusion: For intracranial infection caused by Acinetobacter baumannii, in this case, the patient was treated with meropenem +
vancomycin via intravenous administration, combined with artificial cerebrospinal fluid replacement surgery + lumbar cistern drainage
surgery. Although this treatment approach achieved relatively satisfactory therapeutic results, it is still a single-case empirical
treatment. Due to the high rate of drug resistance and poor prognosis of intracranial Acinetobacter baumannii infection, there is
currently no standardized unified treatment plan. More clinical studies are needed to accumulate data and further explore effective and
with fewer adverse reactions treatment strategies to improve the clinical prognosis of such patients.

Keywords: Acinetobacter baumannii, intracranial infection, meropenem, vancomycin, lumbar cistern drainage, artificial cerebrospinal
fluid replacement surgery

Introduction

Intracranial infection following neurosurgical craniotomy is a serious surgical complication, with a difficult treatment due
to the existence of the blood-brain barrier which restricts the effective penetration of drugs into the cerebrospinal fluid,
making it difficult to achieve an effective therapeutic concentration.'> At the same time, the pathogenic bacteria causing
intracranial infection often exhibit resistance to multiple antibiotics, which further increases the complexity of treatment
and makes it significantly different from infections in other parts. Acinetobacter baumannii, as a non-fermenting Gram-
negative coccus, is widely distributed in water, soil, hospital environments, and human skin surfaces. In recent years, it
has become one of the important opportunistic pathogenic bacteria causing nosocomial infections, presenting significant
challenges to clinical treatment.® Acinetobacter baumannii is not neurotropic by nature. Its intracranial infection is
secondary, iatrogenic, and invasive, and rarely occurs spontaneously through hematogenous dissemination. All confirmed
cases of intracranial infection are closely related to direct channels that breach the human anatomical barriers. Based on
clinical evidence and the biological characteristics of the pathogen, the routes of intracranial infection can be
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systematically classified into the following four types: The first is the direct implantation route through medical devices
(the most important and common), such as infections related to external ventricular drainage tubes (EVD) or lumbar
cistern drainage tubes, infections from ventriculoperitoneal shunt (VP shunt), intracranial pressure monitoring probes,
deep brain stimulation electrodes and other neurosurgical implants; The second is the direct inoculation route through
open head trauma or neurosurgical surgery (high-risk, acute onset), such as open head injuries (such as depressed
fractures, firearm wounds, scalp avulsion with skull defect), contamination during craniotomy; The third is the secondary
hematogenous dissemination route (rare but highly fatal), which is common in critically ill patients with sepsis,
especially those with ventilator-associated pneumonia (VAP), central venous catheter-related bloodstream infection
(CLABSI), or abdominal infections in ICU patients; Acinetobacter baumannii breaches the vascular endothelium, enters
the brain parenchyma or meninges through choroid plexus capillaries or damaged blood-brain barrier (such as disruption
of tight junctions due to inflammation or hypoxia). This route often leads to concurrent meningitis and brain abscesses,
and multiple ring-enhanced lesions can be seen on imaging; The presence of a clear extracranial infection focus and
systemic intoxication symptoms (persistent high fever, shock, DIC, etc.) is required, and blood cultures are often positive.
The fourth is the direct spread from adjacent structures (relatively rare, with anatomical specificity), such as sinusitis/
mastoiditis — epidural/subdural abscess — meningitis, which is common in patients who are bedridden for a long time,
immunosuppressed, or diabetic.*> The department of neurosurgery of the second affiliated hospital of Xi’an Medical
University recently admitted a patient with intracranial infection caused by Acinetobacter baumannii after craniotomy for
hemorrhage in the thalamus that entered the ventricular system. Through a multi-pathway combined medication
treatment plan, good clinical results were achieved. This study systematically summarized and analyzed the diagnosis
and treatment process of this patient and conducted discussions based on relevant literature. The results are presented
below.

Clinical Data

Statement

All the data involved in this case report have been obtained with the consent of the patient’s relatives (patient’s son) and
have been approved for publication.(the patient has authorized her son to handle all matters on her behalf, we have
a delegate authorization letter signed by the patient and her son). Institutional approval to publish the case details was
also obtained from the Ethics Committee of the Second Affiliated Hospital of Xi ’an Medical University.

General Information
The patient in this case is a 51-year-old female. She was admitted to our neurosurgery department at 07:40 on April 21,
2024 due to “aphasia and hemiplegia on the right side of the body for 1 hour”.

Present lliness History

The patient suddenly lost the ability to speak and experienced limb movement disorders on the right side when getting up
in the morning 1 hour ago. After the onset, there was no convulsive episode or incontinence of urine or stool. Later, the
family members discovered this and rushed him to our emergency center for treatment. A cranial CT examination was
performed and it showed: left thalamus hemorrhage that had broken into the ventricular system (Figure 1). Subsequently,
he was admitted to our neurosurgery department for emergency treatment.

Past Medical History
The patient was diagnosed with “hypertension” 10 years ago and has been regularly taking “Compound Reserpine” to
control blood pressure; 2 years ago, the patient was diagnosed with “coronary heart disease” and was treated with oral
medications, but the specific treatment details are unknown; 6 years ago, “Type 2 diabetes” was discovered, and the
patient has been taking ‘“Metformin Hydrochloride Extended-release Tablets” regularly to control blood sugar, but the
specific efficacy is unknown.
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Figure | Preoperative Cranial CT Scan.

Physical Examination
Temperature: 36.1°C, Pulse: 76 beats per minute, Respiration: 20 breaths per minute, Blood pressure: 174/103 mmHg.

Specialized Examination

Consciousness is in a drowsy state. When called, the eyes can be opened and simple questions can be answered. GCS
score is 10 points, E3V3M4. Both pupils are equal in size and round, with a diameter of approximately 3.0 mm. The light
reflex is sluggish. The muscle strength of the left limb is 3+ grade, with normal muscle tone. The muscle strength of the
right limb is 1 grade, with relatively high muscle tone; Both Babinski signs are suspiciously positive.

Initial Diagnosis
1. Left thalamus hemorrhage; 2. Secondary ventricular hemorrhage; 3. Grade 3 hypertension (extremely high risk); 4.
Type 2 diabetes; 5. Coronary heart disease.

Diagnosis and Treatment Process

After admission, comprehensive preoperative examinations and preparations were carried out actively. On the same day,
under general anesthesia, a left lateral ventricle intracranial pressure probe implantation surgery + right lateral ventricle
puncture and drainage surgery were performed. On the second day after the operation, a cranial CT scan was conducted
(Figure 2), and after 7 days of drainage, the bilateral ventricular drainage tubes were removed on April 28, 2024 and
a cranial CT scan was performed again (Figure 3); On April 29, 2024, a high fever occurred, and a high suspicion of
intracranial infection was raised. On April 28, 2024, a lumbar puncture was performed and cerebrospinal fluid tests were
conducted, indicating: color: red; coagulation: no; transparency: turbid; protein qualitative: (+); white blood cell count:
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Figure 2 Postoperative review of cranial CT scan.

0.125x10'%/L1; glucose: 6.28mmol/L1; protein: 98.71mmol/L?; chloride: 117.21mmol/L|; smear + drug sensitivity: (-).
On April 29, 2024,a second lumbar puncture was performed and cerebrospinal fluid tests were conducted again,
indicating: color: pale red; coagulation: no; transparency: slightly turbid; protein qualitative: (+); white blood cell
count: 4.55x10'%/L1; glucose: 0.3mmol/L|; protein: 543.54mmol/L?; chloride: 101.50mmol/L|; smear + drug sensitiv-
ity: (). On May 1, 2024, a third lumbar puncture was performed and cerebrospinal fluid tests were conducted again,
indicating: color: yellow; coagulation: no; transparency: turbid; protein qualitative: (+); white blood cell count:
21.3x10"%/L1; glucose: 0.3mmol/L|; protein: 238.85mmol/L1; chloride: 98.60mmol/L|; smear + drug sensitivity: G+
cocci 2+: a small amount; white blood cells 3+: a moderate amount; drug sensitivity suggested: Acinetobacter baumanii.
The patient presented with persistent high fever, and the treatment plan was adjusted to: meropenem + vancomycin +
lumbar cistern drainage surgery. After the third lumbar puncture, the cerebrospinal fluid was milky in appearance and the
drainage tube was blocked (Figure 4). Therefore, the drainage tube was removed and a new lumbar cistern drainage
surgery was performed. At the same time, meropenem (2024 May 4th, 1g every 8 hours), vancomycin (2024 May 1st,
1000mg every 8 hours), lumbar cistern drainage surgery + cerebrospinal fluid replacement surgery (2024 May 1st—
May 6th, continuous replacement for 6 days) were performed. From May 2nd to May 6th, 2024, the cerebrospinal fluid
culture was positive for Acinetobacter baumanii. After active treatment, the patient’s body temperature gradually
improved, and the cerebrospinal fluid culture was (-) on May 7th, 2024. The process of cerebrospinal fluid culture is
shown in Figure 5.The cerebrospinal fluid color changes (Figure 6), laboratory test changes of cerebrospinal fluid
glucose, protein, chloride, and white blood cells, as well as changes of calcium, calcitonin, and C-reactive protein
(Figures 7-10); Changes in body temperature over time (Figure 11); Changes in white blood cell and neutrophil ratio in
blood tests (Figures 12 and 13); Changes in calcitonin and C-reactive protein in blood tests (Figures 14 and 15). After
active treatment, the patient’s consciousness response improved, vital signs were stable, body temperature was normal,
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Figure 3 Re-examination of cranial CT after removal of the head drainage tube.

Figure 4 The cerebrospinal fluid appears like rice soup and has blocked the drainage tube.
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Individualized Treatment Courses and Measures for Intracranial Infections
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Figure 5 Cerebrospinal fluid culture and treatment measures.

Figure 6 The process of cerebrospinal fluid morphological changes.
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Figure 7 Curve of cerebrospinal fluid glucose variation.
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Figure 8 Curve of Cerebrospinal Fluid Protein Changes.
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Figure 9 Curve of Chloride lon Changes in Cerebrospinal Fluid.
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Figure 10 Curve of Changes in Cerebrospinal Fluid White Blood Cells.
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Temperature change curve graph
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Figure 12 Curve of white blood cell changes in blood routine examination.
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Figure 13 Curve of Neutrophil Ratio Change.

and there were no obvious abnormalities in the test results. The intracranial condition was stable, and no obvious
complications were observed.

Discussion

The Acinetobacter baumannii strain is highly capable of acquiring resistance and spreading through cloning. Multiple-
resistant, extensively-resistant, and fully-resistant Acinefobacter baumannii strains are globally prevalent and have
become one of the most important pathogenic bacteria causing nosocomial infections in China.® Antibiotic-resistant
Acinetobacter baumannii is classified into three types: multidrug-resistant (MDR),” extensively-resistant (XDR),® and
fully-resistant (PDR).” Extensively-resistant Acinetobacter baumannii refers to the strain that is only sensitive to 1-2
types of potential antibiotic-resistant agents (mainly referring to tigecycline and/or polymyxin).'® In this case, the patient
developed high fever 7 days after ventricular puncture for cerebral hemorrhage. The initial consideration was intracranial
infection, and antibiotics meropenem were promptly administered. After abnormal cerebrospinal fluid tests and the
appearance of cerebrospinal fluid resembling rice soup, combined treatment with vancomycin was given, and lumbar
cistern drainage and cerebrospinal fluid replacement were performed. According to the 2012 “Expert Consensus on
Diagnosis, Treatment and Prevention of Acinetobacter baumannii Infection in China”, for central nervous system
infections caused by multi-drug-resistant Acinetobacter baumannii, combined medication is recommended; thus, the
antibiotic regimen was adjusted to meropenem + vancomycin and combined with lumbar cistern drainage + cerebrospinal
fluid replacement. The continuous lumbar cistern drainage mainly involves opening the lumbar cistern drainage tube to
establish a flushing and drainage channel, promptly removing inflammatory substances and pathogens in the ventricles
and subarachnoid space to avoid secondary damage caused by their retention; this method is also conducive to dynamic
observation of cerebrospinal fluid, allowing for routine, biochemical tests and bacterial cultures to be performed at any
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time to understand the infection control situation and guide treatment."' Due to the appearance of rice soup-like
cerebrospinal fluid, drainage was prone to cause poor drainage or blockage during the procedure. In this case, the patient
experienced a blocked drainage tube during the drainage period, so the lumbar cistern drainage tube was replaced
promptly and cerebrospinal fluid replacement was further adopted. This not only allowed for the placement of a new
blocked drainage tube but also facilitated the replacement of the rice soup-like cerebrospinal fluid, accelerating the
circulation of cerebrospinal fluid and achieving better therapeutic effects with lumbar cistern drainage combined with
cerebrospinal fluid replacement for Acinetobacter baumannii intracranial infections. Studies have shown that for 30
patients with Acinetobacter baumannii intracranial infections after craniocerebral trauma surgery, the treatment group
receiving lumbar cistern drainage plus gentamicin irrigation had significantly better efficacy than the control group, with
total effective rates of 86.7% and 66.7%, respectively.'? Additionally, it has been reported that tigecycline is the first
member of the glycosylated cycline class of antibacterial drugs and has good antibacterial activity against extensively-
resistant Acinetobacter baumannii, but due to its extensive tissue distribution, low blood concentration, and poor ability
to penetrate the blood-brain barrier, it is difficult to reach an effective inhibitory concentration in cerebrospinal fluid and
often requires combination with other antibacterial drugs; its pharmacokinetics does not fully support the treatment of
Acinetobacter baumannii intracranial infections.'® Therefore, although this patient was treated with intravenous medica-
tion without combined intrathecal injection of tigecycline, but a physiological saline artificial cerebrospinal fluid
replacement was adopted, which also achieved good therapeutic effects. Some scholars have reported successful
treatment of extensively-resistant Acinetobacter baumannii intracranial infections with meropenem combined with
cefoperazone sodium sulbactam; some have reported the use of meropenem and amikacin for treatment of neurosurgical
postoperative infections caused by Acinetobacter baumannii."*'> This patient also achieved good therapeutic effects by
using meropenem combined with vancomycin.

Acinetobacter baumannii rarely causes community-acquired meningitis, but its association with intracranial infections
after neurosurgery is becoming increasingly close, and it has become the main pathogen causing central nervous system
infections in hospitals. The mortality rate of intracranial infections caused by it is 15%—71%.'¢ Preoperative GCS score <
5 points, cerebrospinal fluid leakage, placement of ventricular drainage, contamination of surgical incision, long surgical
duration (> 4 hours), more than one surgery, and concurrent infections in other parts are independent risk factors for
intracranial infections after neurosurgery.'”"'® This patient developed high fever 7 days after surgery, with a cerebrospinal
fluid white blood cell count of 54.917x10'? /L, increased protein content and decreased sugar content, but the
cerebrospinal fluid bacterial culture was still negative at this time; To confirm the diagnosis, procalcitonin and C-
reactive protein tests were performed, with results of 2.1 pg/L and 56.34 mg/L respectively; At the same time,
cerebrospinal fluid culture was continued, and Acinetobacter baumannii was detected, thus highly suspecting
Acinetobacter baumannii infection. Studies have shown that compared with patients with viral meningitis or no
meningitis, the procalcitonin content in the cerebrospinal fluid of patients with bacterial meningitis is significantly
increased. Procalcitonin in the cerebrospinal fluid may be a valuable marker for diagnosing bacterial meningitis,
especially for patients after neurosurgery.'” Some studies have also shown that procalcitonin content can be used to
assist in the differential diagnosis of patients with postoperative intracranial bacterial infections, with a diagnostic
threshold of 0.803 ng/mL; and procalcitonin has the same change trend as other cerebrospinal fluid routine indicators
(white blood cells, sugar, protein, etc.) and C-reactive protein in bacterial meningitis.”® Therefore, procalcitonin testing
can indicate suspected intracranial bacterial infection in advance and guide medication. Currently, high-throughput
pathogen gene testing (NGS technology) is also a good choice for diagnosing intracranial infections and is worthy of
clinical adoption.*!

At present, Acinetobacter baumannii can also be detected in blood samples, and there are several clinically validated
nucleic acid testing methods available for its rapid, specific and sensitive identification and characterization. The current
mainstream nucleic acid testing methods include conventional polymerase chain reaction (PCR) and its derivative
technologies, such as targeted single-gene PCR, multiplex PCR and real-time fluorescent quantitative PCR (qPCR).
Additionally, isothermal amplification techniques and high-throughput and cutting-edge molecular technologies are also

gradually being applied.>>*
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Post-neurosurgery intracranial infection is one of the serious and common complications. Due to the existence of the
blood-brain barrier, it is difficult for antibacterial drugs to pass through it, and the drug concentration in the intracranial
area is relatively low. Therefore, when there are widespread drug-resistant bacteria in intracranial infection, its treatment
becomes a major clinical problem. In this case, the patient developed intracranial infection after ventricular puncture,
with a critical condition and persistent high fever. Through the use of cerebrospinal fluid culture and routine biochemical
monitoring combined with procalcitonin and C-reactive protein for auxiliary diagnosis to achieve early diagnosis of
intracranial infection, effective guarantees were provided for timely treatment. After continuous intravenous administra-
tion of meropenem + vancomycin for 2 weeks, combined with lumbar cistern drainage + artificial cerebrospinal fluid
replacement, the patient’s intracranial infection was controlled and improved. Thus, it can be seen that the above
treatment plan has certain efficacy in treating Acinetobacter baumannii infection in the intracranial area. However,
given that this study is merely an aggregated analysis of the diagnostic and treatment process for individual patients, and
that advanced next-generation sequencing (NGS) technology was not employed for monitoring during the diagnosis
stage, there is a certain lag in the treatment aspect. Therefore, regarding the treatment plan for Acinetobacter baumannii
intracranial infection and its efficacy and safety, large-sample clinical studies are still needed to confirm these aspects.
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