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Abstract
Introduction: We report the successful treatment of a patient who, following vestibular schwannoma resection, developed 
intracranial infection caused by multidrug-resistant Acinetobacter baumannii (MRAB). 
Case Presentation: The patient was diagnosed with multidrug-resistant Acinetobacter baumannii infection based on 
clinical manifestations and cerebrospinal fluid (CSF) culture. The treatment included external ventricular drainage, posterior 
fossa decompressive craniectomy, endoscopic lavage for fourth ventricle, subdural drainage, and intravenous injection/
ventricular irrigation of sulperazone. The MRAB-induced intracranial infection was successfully cured. The follow-up 
lasted for 84 months, and the patient has resumed normal life and work.
Conclusion: Active individualized treatment should be administered at the earliest. The drainage of CSF, ventricular 
lavage, and proper choice of antibiotics are key to treat intracranial infections caused by multidrug-resistant Acinetobacter 
baumannii.
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resistance and poor drug penetration through the blood-
brain barrier. Herein, we report a successfully treated case 
with intracranial infection of MRAB, along with a review 
of recent literature.

Case Report

The first operation and postoperative treatment
A 45-year-old female underwent left vestibular 

schwannoma resection via retrosigmoid approach on 
24 July 2014 (Figure 1). On the seventh post-operative 
day, she developed delirium, chills, low fever and neck 
rigidity. A lumbar puncture revealed cerebrospinal fluid 
(CSF) turbidity and massive flocculation. The pressure 
of lumbar puncture was 110 mmH2O, the concentration 
of CSF white blood cells was 8200×106/L, the percentage 
of neutrophils was 95%, and the concentration of sugar 
and proteins was 0.01 mmol/L and 1.92 g/L (0.15–0.4), 
respectively. Empirical intravenous (IV) antibiotics 
(meropenem, 2.0 q8h; vancomycin,1.0 q12h) were started, 
and CSF replacement by lumbar puncture (replaced with 
30 ml saline each time) was administered. 

The second operation and postoperative conditions
On 4 August 2014, the patient deteriorated into coma, 

and CT indicated hydrocephalus (Figure 2). A right frontal 
external ventricular drain (EVD) was urgently placed to 
drain infected CSF (Figure 3). After surgery, the patient 
became conscious. 

Introduction

Ventriculitis and meningitis are known complications 
following neurosurgical procedures. Recently, the 

number of multidrug-resistant Acinetobacter baumannii 
(MRAB) is steadily rising,1 and this makes the treatment 
extremely difficult, resulting in the mortality rate as high 
as 15–71%.2 The treatment of intracranial Acinetobacter 
baumannii infections is made difficult by multidrug-
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The third operation and postoperative conditions
On 5 August 2014, the patient went into a coma 

again. Cranial MRI indicated tonsillar hernia, ventriculitis 
and meningitis (Figure 4), for which posterior fossa 
decompressive craniectomy, endoscopic lavage for fourth 
ventricle and subdural drainage were urgently carried 
out (Figure 5). CSF culture (CSF sample sent on 31 July 
2014) revealed A. baumannii resistant to cephalosporin, 
gentamicin, carbapenems and ticarcillin (Table 1). 
Therefore, meropenem was replaced by sulperazone (a 
combination of cefoperazone and sulbactam) (3.0 gm, 
iv infusion q6h) postoperatively. On 6 August 2014, 
intraventricular lavage with sulperazone (q8h) was 
performed (irrigation fluid: 500 ml saline + 0.075 g 
sulperazone; pump: Terufusion infusion pump TE-135, 
Japan), by pumping 10 ml (20 drops per min) of the 
irrigation fluid into the EVD, and diverting 10 ml out from 
the subdural drainage tube of the posterior cranial fossa. 
By repeated in and out pumping, the ventricle was washed 
by 120 ml fluid each time, and the patient showed stable 
vital signs during the irrigation. On 8 August 2014, the 

patient regained consciousness. CSF from EVD became 
clear and CSF sugar and cell counts normalised within 
next 2 weeks. On 21 August 2014, intraventricular lavage 
was stopped. Intrathecal (IT) sulperazone (75 mg/5 ml) 
was done daily, the EVD was clapped for 2 h and then 
opened. On 31 August 2014, EVD was removed, and 
the posterior fossa subdural drainage tube was closed. 
The patient occasionally vomited, which improved by 
mannitol dehydration. The subdural drainage tube was 
removed on the next day. 

The postoperative conditions
From 13 to 15 September, multiple CSF analysis 

revealed a non-meningitis picture and CSF cultures were 
sterile. The patient was subsequently treated with lumbar 
peritoneal shunt (LPS) for hydrocephalus (Figure 5). The 
patient did not develop a fever postoperatively, and was 
discharged on 25 September 2014. 

The follow-up lasted for 84 months. The patient 
resumed normal life and work. 

Antimicrobials MIC  Drug Sensitivity*

1 Ampicillin >16 R
2 Piperacillin >64 R
3 Cefazolin >16 R
4 Cefoxitin >16 R
5 Cefuroxime >16 R
6 Cefotaxime >32 R
7 Ceftazidime >16 R
8 Ceftriaxone >32 R
9 Cefepime >16 R
10 Aztreonam >16 R
11 Meropenem >8 R
12 Ertapenem >4 R
13 Amoxicillin/Clavulanic >16/8 R
14 Ticarcilline/Clavulanic >64 R
15 Ciprofloxacin >2 R
16 Levofloxacin >4 R
17 Tobramicin >8 R
18 Gentamicin >8 R
19 Amikacin >32 R
20 Tetracycline >8 R
21 Cefotaxime/Clavulanic >4 R
22 Ceftazidime/Clavulanic >2 R

Table 1: The results of drug sensitivity test for Acinetobacter baumannii/ haemolyticus in cerebrospinal fluid. 
Note *resistance (R)
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Figures (1) After left vestibular schwannoma resection, T1-weighted axial MRI indicated complete resection of the tumor, 
and the fourth ventricle did not show significant enlargement. (2) Head CT scan indicated hydrocephalus. (3) Head CT scan 
indicated the drainage tube of right ventricle was in position; the hydrocephalus was improved. (4) T1-weighted sagittal 
MRI scan indicated cerebellar tonsil hernia, meningitis and ventriculitis. (5) Head CT scan indicated the left occipital 
bone flap was removed, and the subdural drainage tube was in position. (6) T1-weighted sagittal MRI scan indicated the 
meninges and ventricle did not show significant enhancement.

Discussion

In the recent decade, A. baumannii has emerged 
as an important nosocomial infectious agent due to its 
ability to tolerate desiccation and to accumulate diverse 
mechanisms of resistance. MRAB associated with high 
mortality have become a new challenge for anti-infective 
treatment.2 The patient was infected after vestibular 
schwannoma resection. Blood, sputum and cerebrospinal 
fluid cultures showed MRAB. During the same period, 
no similar infection occurred in the ICU and operating 
room. Therefore, the patient’s infection was considered 
to be related to perioperative management. Prevention 
is the most important, but when infected with MRAB 
ventriculitis or meningitis, treatment must be started 
immediately. IV/IT colistin significantly increased the cure 
rate and decreased the mortality of meningitis caused by 
MRAB.4-10 However, colistins are nephrotoxic, ventricular 
irrigation might lead to chemical ventriculitis/meningitis, 
making it difficult to determine when to stop antibiotics 
and perform post-infectious hydrocephalus shunt.11 

Tigecycline is also used for the treatment of A. 
baumannii infection. Since the blood-brain barrier 
permeability of this drug is low, the treatment should also 
be combined with IT injection.12 Nowadays, Tigecycline is 
often excluded from routine drug sensitivity tests in many 
Chinese hospitals. The price of Tigecycline is relatively 
high and it is not covered by the medical insurance, which 
further restricts its application. 

The use of sulbactam-containing regimens may play a 
role in the treatment of infections caused by carbapenem-
resistant A. baumannii that remain susceptible to 
sulbactam.13-15 The recommended dose of sulbactam for 
the treatment of severe A baumannii infection is 9 to 12g 
daily. However, the dosage of sulbactam was just 4.0g 
daily in our patient’s case (2:1 Cefoperazone/sulbactam, 
i.e. 12 g of sulperazone, contains 8 g of cefoperazone and 
4 g of sulbactam). This is the maximum dose of sulbactam 
recommended for sulperazone. Therefore, intrathecal and 
intraventricular injection can increase blood concentration 
to treat intracranial MRAB infection. In this case, although 
a sensitivity test was not performed on sulbactam, the 
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patient showed improved symptoms without serious 
complications and was cured with sulperazone. However, 
the number of A. baumannii strains resistant to sulbactam 
is gradually increasing; sensitivity tests on sulbactam 
should be promoted in order to prevent worsening of the 
infection. 

IT instillation of antibiotics can achieve high 
intraventricular and the subarachnoid space concentration. 
Reducing intracranial pressure and drainage of infected 
CSF may be achieved via an EVD.20 After MRAB 
infection, CSF with high levels of proteins and floccules 
reduce the mobility, making it difficult for drugs to diffuse 
when delivered by lumbar puncture or EVD drainage. In 
such resistant cases, intraventricular lavage in combination 
with IV and IT antibiotics may help expedite eradication of 
resistant infection. The irrigation velocity was controlled 
by a micro-infusion pump. The dose of sulperazone in the 
irrigation fluid was 1/20 of the single dose (1.5 g). The 
irrigation obtained good treatment outcomes and had 
no significant adverse reactions. The main purpose of 
ventricular lavage is to reduce inflammatory substances 
and bacterial load. We believe that in order to avoid or 
reduce the side effects caused by drug accumulation, 
the drug concentration of lavage should be as low as 
possible, or the warm saline with or without drugs should 
be lavaged. Finally, according to the recommended dose 
reported in the literature, intraventricular or intrathecal 
injection of drugs were done. After every injection, the 
CSF drain was temporarily closed for 2 h to prevent the 
untimely washout of the drug.

A large amount of cellulose deposit was observed in 
the fourth ventricle and cerebellopontine angle cistern 
using a ventriculoscope. Moreover, we hypothesized that 
lavage under ventriculoscope, which eliminated large 
amounts of inflammatory fibrous substances and reduced 
bacterial load, is more efficient in controlling infection and 
reducing postoperative adhesion. Based on our results, this 
route was well tolerated and had excellent outcomes. We 
think that early intraventricular lavage is very important 
for the control of the disease.

MRAB has made the treatment of intracranial 
infections challenging. It brings huge economical and 
psychological burden to the patients and their families. In 
order to avoid or decrease MRAB infections, prevention 
should be the first priority instead of treatment: aseptic 
operation should be strictly performed; invasive operation 
in the ICU should be avoided if possible; the use of 
antibiotics and drainage tubes, and the treatment of wounds 
should involve standardized management.22,23 Once 
MRAB infection is identified, individualized treatment 
should be administered at the earliest. The drainage of 
CSF, ventricular lavage, and proper choice of antibiotics 
are key to the treatment of intracranial infections caused 
by MRAB. We believe that these comprehensive measures 

(ventricular cistern lavage under ventriculoscope, timely 
drainage and decompression of bone flaps; ventricular 
lavage, intrathecal injection of lumbar puncture, etc.) 
could be important in managing these life-threatening 
MDR ventricular infections. Our patient was cured, which 
is similar to the previously reported cases. However, 
because this report only involved one patient, more studies 
must be conducted to demonstrate the therapeutic effects.

Conclusions

Intracranial infection of MRAB after neurosurgical 
procedures is difficult to treat, and has an extremely high 
mortality. Our recommendations for the management 
include prevention, individualized treatment (combined 
drug treatment with intrathecal injection) and ventricular 
irrigation at an early stage. 
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