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Abstract
The objective of this study was to determine risk factors of pejorative evolution course in patients suffering from postopera-
tive cranial infection. The data of patients who developed an intracranial infection after craniocerebral surgery in the neuro-
surgical intensive care unit of the First Affiliated Hospital of Nanjing Medical University in Nanjing, Jiangsu, China, from 
February 2018 to August 2019 were retrospectively analyzed. Logistic regression was used to analyze the factors influencing 
the prognosis of intracranial infection treatment. Sixty-four patients developed an infection after craniocerebral surgery, 
and 48 of them with negative CSF cultures received experimental anti-infectives. In 16 patients, cerebrospinal fluid culture 
showed pandrug-resistant pathogens, including 11 Acinetobacter baumannii (11), Klebsiella pneumoniae (3), Escherichia 
coli (1), and Candida glabrata (1). Nine patients received intraventricular or intrathecal injections of polymyxin B. The 
mean duration of infection treatment was 22.2 ± 9.9 days, and the clinical cure rate was 85.9% (55/64). Logistic multivariate 
regression analysis showed that inadequate CSF drainage (OR, 6.839; 95% CI, 1.130–41.383; P = 0.036) and infection with 
drug-resistant bacteria (OR, 24.241; 95% CI, 2.032–289.150; P = 0.012) were independent risk factors for postoperative 
intracranial infection. Intracranial infection with positive CSF culture and inadequate CSF drainage are factors contributing 
to the poor prognosis of intracranial infection. Moreover, early anti-infection treatment and adequate CSF drainage may 
improve patient outcomes. In particular, intraventricular or intrathecal injection of polymyxin B may be a safe and effective 
treatment strategy for MDR/XDR gram-negative bacilli infection.

Keywords Postoperative · Intracranial infection · Prognosis · Risk factors · Zhen Yue and Xiaohui Zhi contributed equally 
to this work.

Introduction

Intracranial infection is a serious complication that can occur 
after craniocerebral surgery, and the incidence of intracra-
nial infection is approximately 4.6–25%, with bacteria being 
the most common cause [1]. Reportedly, the mortality rate 
of nosocomial meningitis (NM) is approximately 14–25%, 
and the mortality rate of pan drug-resistant bacterial infec-
tion can reach up to 55% [2, 3]. At present, there are many 
reports on the factors related to intracranial infection. How-
ever, there are few studies on the factors negatively affecting 

the prognosis of NM. The treatment of intracranial infec-
tions is complex and variable. To further understand these 
varied responses to intracranial infection treatment, the data 
of 64 patients with NM who were admitted to our hospital’s 
NICU from February 2018 to August 2019 were analyzed. A 
summary of the treatment experience and analysis of factors 
affecting the prognosis is presented.

Materials and methods

Population study

A review of 734 patients undergoing craniocerebral surgery 
admitted to the NICU of the First Affiliated Hospital of 
Nanjing Medical University from February 2018 to August 
2019 was conducted. The research protocol was approved 
by our hospital ethical committee (No. 2022-NT-07). Head 
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skin was prepared 2 h before surgery in all patients, and sec-
ond-generation cephalosporin antibiotics were administered 
intravenously as prophylaxis 30 min before surgery. Antibi-
otics were routinely given for 24 h. The incision dressing 
was changed regularly after the operation, and the drainage 
tube under the scalp was removed within 48 h. According 
to the inclusion and exclusion criteria, 670 patients were 
excluded, and 64 patients who developed NM were included 
(Fig. 1).

Admission criteria

Inclusion criteria were as follows: (1) patients who under-
went craniocerebral surgery and standard treatment after sur-
gery; (2) patients who developed NM, as defined by the cri-
teria for intracranial infection proposed by the Neurosurgery 
Branch of the Chinese Medical Association [4]; (3) patients 
who were 18–80 years old; and (4) patients who themselves 
or their family members signed informed consent forms.

Exclusion criteria were as follows: (1) patients had a prior 
history of craniotomy or had a history of intracranial infec-
tion; (2) patients with immunodeficiency diseases and severe 
chronic heart, lung, kidney, and other serious diseases; (3) 
patients with an intracranial infection before surgery; (4) 
patients who did not receive standardized treatment or vol-
untarily withdrew from treatment after the surgery.

Diagnostic criteria for intracranial infection were as 
follows: (1) clinical manifestations—systemic inflamma-
tory reaction, altered consciousness, symptoms of cranial 

hypertension, meningeal stimulation, and concomitant 
symptoms; (2) imaging manifestations—diffuse cerebral 
edema, dural thickening and enhancement, ventricular sys-
tem dilation, and annular enhancement; (3) blood-related 
examination—blood leukocyte count >10.0×109 cells/L or 
neutrophil ratio >80%; (4) CSF examination—(a) intracra-
nial pressure: lumbar puncture open pressure >200  mmH2O; 
(b) CSF traits: cloudy, yellow, or purulent in the acute phase; 
(c) CSF cell count: CSF leukocyte count >100~1000×106 
cells/L with neutrophil ratio >70%; (d) CSF biochemis-
try: glucose <2.6 mmol/L or CSF glucose/serum glucose 
<0.66; (5) smears and cultures of CSF—positive bacteriol-
ogy examination of CSF, surgical incision secretion, and 
surgical specimens. The clinical diagnosis was consistent 
with (1)–(4), and the etiological diagnosis was consistent 
with (1)–(5) [5].

Study protocol

Sixty-four patients with NM as defined in the inclusion 
criteria underwent lumbar cistern drainage or ventricular 
drainage. The patients with negative CSF cultures were 
given broad spectrum empirical anti-infective treatment, 
and those with positive CSF cultures were given tar-
geted anti-infective treatment based on the patient’s drug 
sensitivity test. Intraventricular or intrathecal medica-
tion was given to patients with drug-resistant bacterial 
infection. CSF was regularly collected from the lumbar 
cistern or ventricle for routine, biochemical, and culture 

Fig. 1  Flow chart of patient 
enrollment
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examinations. We retrospectively evaluated age, sex, route 
of admission, number of operations, daily CSF drainage, 
primary lesions, intracranial infection sites, CSF sugar con-
tent, CSF white blood cell count, CSF culture results, artifi-
cial material placement, and route of antibiotic administra-
tion. The observation endpoint of the study was 1 month 
of treatment for intracranial infection and three months of 
postoperative follow-up. Cure was defined as 3 consecu-
tive normal values of the following parameters within l~2 
weeks: (1) normal body temperature; (2) disappearance 
of clinical signs of infection; (3) normal CSF sugar con-
tent, CSF sugar content/serum glucose content ≥ 0.66; (4) 
normal white blood cells in CSF; (5) negative CSF bacte-
rial culture; (6) normal white blood cells and neutrophils. 
According to the prognosis, the patients were divided into 
a clinically cured group and a deteriorated group.

Statistical analysis

The data were statistically analyzed using IBM SPSS 
Statistics, version 19 software (SPSS Inc., Chicago, IL, 
USA). Categorical variables are described by count. Con-
tinuous variables are described using x2 ± s or median 
(range). Univariate binary logistic regression was initially 
used to identify potential predictor variables associated 
with clinical efficacy. Variables with P values less than 
0.10 were included to assess independent risk factors by 
multivariate binary logistic regressions. Statistical sig-
nificance was set at a two-sided P value less than 0.05.

Results

Population study

Among the 64 patients with NM, 49 were males and 15 
were females, and they were aged 19 to 80 years old. 
According to the type of primary disease, there were 
35 cases of cerebral hemorrhage, 10 cases of brain 
trauma, 7 cases of brain tumor, and 12 cases of other 
diseases. The lesions were above the tentorium in 55 
patients and below the tentorium in 9 patients. The sur-
gical approaches included 33 hematoma evacuations, 15 
external ventricular drainage procedures, 5 craniocer-
ebral tumorectomies, 7 aneurysm clipping techniques, 
and 4 ventriculoperitoneal shunt procedures. There were 
no significant differences in primary diseases or surgical 
approaches between the cured group and the deteriorated 
group (Table 1).

NM occurred on 8.4 ± 3.6 (mean and standard deviation) 
days after surgery. The white blood cell counts in the CSF 
of all patients increased to varying degrees. There were 20 
patients with a white blood cell count ≥ 10,000/μL and 44 
with a count < 10,000/μL, while there were 54 patients with 
a CSF glucose content ≥ 1.1 mmol/L and 10 patients with 
a CSF glucose content < 1.1 mmol/L. Combined with brain 
computed tomography or magnetic resonance, 19 patients 
were diagnosed with ventriculitis, and 45 patients were diag-
nosed with meningitis. Artificial materials such as intrac-
ranial meninges, skull repair titanium plates, hemostatic 

Table 1  Basic data and different 
prognostic classifications

a These data were analyzed by the Mann–Whitney U test
b These data were analyzed by correction for continuity
c These data were analyzed by Fisher’s exact test

Characteristic Cured group
(n = 50)

Deteriorated group
(n = 14)

χ2/Z/t P

Age (years) [M(Q1–Q3)]a 56(41–63) 56(42–63) 0.146 0.884
Sexb 0.311 0.577
 Male 49 37
 Female 15 13
Primary  diseasec 3.557 0.307
 Intracranial hemorrhage 28 7
 Intracranial trauma 7 3
 Intracranial tumor 4 3
 Others 11 1
Surgical  approachc 5.495 0.596
 Hematoma evacuation 24 9
 External ventricular drainage 13 2
 Tumorectomy 3 2
 Aneurysm clipping 7 0
 Ventriculoperitoneal shunt 3 1
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materials, and ventriculoperitoneal shunts were placed in 
50 patients, while no artificial materials were placed in 14 
patients. Of all the patients who underwent external ven-
tricular or lumbar drainage, drainage was adequate (≥ 50 
mL/day) in 50 patients and inadequate (< 50 mL/day) in 
14 patients.

Treatment and outcome

Forty-eight patients with negative CSF cultures were given 
anti-infectives experimentally. Vancomycin or linezolid was 
combined with cephalosporin or meropenem for anti-infec-
tive therapy. The CSF cultures of 16 patients were positive 
for pandrug-resistant pathogens, including 11 Acinetobacter 
baumannii (11), Klebsiella pneumoniae (3), Escherichia coli 
(1), and Candida glabrata (1). A combination of two or three 
drugs, including meropenem, tigecycline, or polymyxin B, was 
selected for intravenous anti-infective therapy. After 72 h of 
intravenous treatment, polymyxin B was given to 9 patients via 
drainage tube or intrathecal injection at a dose of 50,000 units 
each time. After injection, the tube was clamped for 1 h once a 
day, and the course of treatment was 5 to 7 days. Three patients 
developed cerebral empyema and were treated with endoscopic 
lavage and intermittent ventricular flushing. The mean dura-
tion of infection treatment in all patients was 22.2 ± 9.9 (mean 
and standard deviation) days. After active treatment, clinical 
cure was achieved in 50 patients, and deterioration occurred 
in 14 patients. The percentage of patients with overall dete-
rioration was 22%. Among the 16 patients with drug-resistant 
bacteria in cerebrospinal fluid culture, 9 patients were treated 
with topical polymyxin B, and the clinical cure rate was 55.5% 
(5/9). The other 7 patients were not treated with polymyxin B, 
and the clinical cure rate was 28.6% (2/7). After 3 months of 
follow-up, the Glasgow Outcome Score was 5 in 7 patients, 
4 in 14 patients, 3 in 16 patients, 2 in 8 patients, and 1 in 19 
patients. Thirty-one patients had secondary complications, 
including pulmonary infection in 15 patients, hydrocephalus 
in 10 patients, and epilepsy in 6 patients.

Prognostic single‑factor analysis

According to the prognosis, patients were divided into 
the cured group (50 patients) or the deteriorated group 
(14 patients). Single-factor analysis was used to compare 
age, sex, route of admission, number of operations, CSF 
drainage, primary lesions, intracranial infection sites, CSF 
glucose content, CSF white blood cell count, CSF culture 
results, artificial material placement, and route of antibiotic 
administration between the two groups. The results showed 
that the number of operations, CSF glucose content, intrac-
ranial infection sites, CSF drainage, CSF culture, and route 
of antibiotic administration were important factors affecting 
prognosis (P < 0.1, Table 2).

Logistic multivariate regression analysis

Binary logistic multivariate regression analysis was per-
formed on statistically significant variables. The results 
showed that inadequate drainage of CSF and positive CSF 
cultures were independent risk factors for deterioration of 
NM (P < 0.05, Table 2).

Discussion

The incidence of NM varied among operations. According 
to research, the incidence of postoperative meningitis ranges 
from 1.5 to 8.6%, and the incidence of EVD-related infec-
tions ranges from 8 to 22% [6]. The various clinical mani-
festations of NM and the low positive rate of cerebrospinal 
fluid pathogen culture lead to difficulties in early diagnosis. 
In addition, the blood–brain barrier, drug-resistant bacteria, 
and individual immunity affect the efficacy of NM treatment 
[7]. Even if patients survive, only a few will fully recover 
after treatment. In our study, only 7 out of 64 patients 
returned to normal at 3 months of follow-up .The vast major-
ity of patients were accompanied by varying degrees of dis-
ability or death. Therefore, it is necessary to summarize the 
following treatment experience.

Early diagnosis and early anti‑infective treatment

The content of pathogenic bacteria in the CSF was low, and 
the infection symptoms were mild in the early stage of NM. 
As the number of bacteria increased, the symptoms of infec-
tion gradually worsened. For all patients with NM, external 
lumbar cisterna drainage or ventricular drainage should be 
performed early to drain out infected CSF, promote CSF 
circulation, reduce the bacterial concentration of infected 
CSF, and facilitate anti-infection [8]. Among the 64 patients 
in this group, 48 had a negative cerebrospinal fluid culture, 
with a cure rate of 91%. However, the CSF cultures were 
positive in 16 patients with drug-resistant bacterial infec-
tions, and the cure rate was only 38%. Multivariate regres-
sion analysis suggested that NM with positive CSF culture 
was an independent risk factor for deterioration. The dete-
rioration rate of the CSF culture-positive patients was 24.4 
times that of the CSF culture-negative patients. The patients 
with positive CSF culture had high CSF bacterial density 
and severe symptoms of infection. Moreover, cerebrospinal 
arachnoid adhesion leads to CSF circulation disorder and 
poor anti-infective effects. Therefore, early initiation of anti-
infective treatment is critical to the prognosis of patients. 
Clinically, the culture period of CSF is approximately 3 to 
5 days, and the positive rate of traditional CSF culture is 
lower than 40% [9]. Macrogene sequencing improves the 
detection of bacteria in CSF, but the disadvantage is that 
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drug sensitivity results cannot be obtained [10–12]. The fre-
quency of positive cultures in this study was only 25%. It is 
not realistic to detect pathogens during the early stages of 
infection. Clinical diagnosis should be based on the com-
bination of clinical symptoms, imaging, blood, and CSF 
examinations, and empirical anti-infective treatment should 
be performed as soon as possible after the specimens are 
taken. The choice of empirical medication is based on (1) 
pathogen epidemiology and bacterial resistance in this ward; 
(2) recent use of antibiotics; (3) the patient’s systemic organ 

function; and (4) the pharmacokinetics and pharmacody-
namic characteristics of the drug [13].

In recent years, according to the monitoring of bacterial 
resistance in China, NM after neurosurgery is still domi-
nated by gram-positive bacteria. Gram-positive bacteria 
maintain high sensitivity to vancomycin, teicoplanin, and 
linezolid [14]. Third- or fourth-generation cephalosporins or 
carbapenems are preferred for treating gram-negative bacilli. 
In this study, 16 CSF cultures were positive, of which 15 
were gram-negative bacilli and 1 was fungal. Gram-positive 

Table 2  Univariate analysis and multivariate analysis of risk factors for different prognoses in patients

CSF cerebrospinal fluid, WBC white blood cell count

Influence factor Cured group
(n = 50)

Deteriorated group
(n = 14)

Univariate 
analysis,  
P value

Univariate analysis,
OR (95% CI)

Multivariate 
analysis,  
P value

Multivariate analysis,
OR (95% CI)

Age, [M(Q1–Q3)] 56 (41–63) 56 (42–63) 0.741 0.993 (0.953–1.035)
Operation frequency, 

median (range)
1 (1–4) 1 (1–4) 0.069 0.485 (0.223–1.057) 0.414 0.642 (0 .222–1.858)

CSF WBC, 
   average ± s

10251 ± 
16804

16661 ± 19169 0.237 1.000 (0.999–1.001)

Sex
 Male, n 37 12 1
 Female, n 13 2 0.368 0.474 (0.093–2.409)
Lesion location
 Above tentorium, n 43 12 1
 Under tentorium, n 7 2 0.978 0.977 (0.179–5.329)
CSF sugar content
 Less than 1.1 

mmol/L, n
3 7 1 1

 More than 1.1 
moll/L, n

47 7 0.001 15.667 (3.265–75.181) 0.617 1.795 (0.181–17.793)

Infection site
 Meninges, n 38 7 1 1
 Ventricle, n 12 7 0.067 0.316 (0.092–1.083) 0.349 3.067 (0 .294–31.949)
Adequate drainage
 Yes, n 45 5 1 1
 No, n 5 9 0.000 16.200 (3.872–67.787) 0.036 6.839 (1.130–41.383)
Artificial material 

implantation
 Yes, n 37 13 1
 No, n 13 1 0.162 0.219 (0.026–1.842)
Diabetes
 Yes, n 4 1 1
 No, n 46 13 0.916 1.130 (0.116–11.009)
Positive CSF culture
 No, n 44 4 1 1
 Yes, n 6 10 0.000 18.333 (4.346–77.338) 0.012 24.241 (2.032–289.150)
Route of administration
 Intravenous, n 45 10 1 1
 Intravenous and 

topical, n
5 4 0.090 0.278 (0.063–1.223) 0.418 2.673 (0.248–28.853)
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cocci are mostly nonresistant bacteria and are easily killed 
by drugs, which may be the reason for the low rate of cul-
tures testing positive for cocci. A combination of drugs to 
treat both positive and negative bacilli is recommended for 
patients whose pathogen cannot be determined [15].

It is difficult to achieve an effective antibiotic concentra-
tion in the CSF due to the blood–brain barrier, so it is recom-
mended to use the maximum drug dose that is allowed in the 
instruction manual and possibly a long course of treatment 
[6]. When empirical treatment given for at least 72 h is not 
effective, it is necessary to consider the occurrence of new 
pathogens or the effects of pharmacology and pharmacody-
namics of antibiotics and to adjust the anti-infection program 
accordingly.

Clearance of the infected area and continuous 
adequate drainage of CSF

Numerous guidelines and expert consensus suggest that sur-
gical placement of ventricular shunts, skull repair materi-
als, artificial meninges, electrode plates, and other artificial 
materials are risk factors for NM, as artificial materials can 
carry external pathogens into the brain [16, 17]. Ependy-
mal inflammatory infiltration, intraventricular adhesion, and 
diaphragm formation easily cause hydrocephalus and intra-
ventricular infectious separation, resulting in deterioration 
of examination outcome. The removal of infected foreign 
bodies and adequate CSF purification drainage are the basic 
principles for the treatment of NM.

CSF drainage is a safe and potentially beneficial therapy 
in carefully selected patients with acute bacterial meningi-
tis, particularly in the context of intracranial hypertension. 
Both LD and EVD are suitable for drainage of intracra-
nial infections, but severe cranial hypertension should be 
excluded before LD placement. In addition, when topical 
antibiotics are required, the effective CSF drug concentra-
tion is more easily achieved by EVD than by LD [18]. EVD 
and LD play important roles in draining pathogens in the 
subarachnoid cerebrospinal fluid exudates and inflammatory 
factors, reduce the concentration of bacteria in the cerebro-
spinal fluid, accelerate the circulation of the cerebrospinal 
fluid, prevent the ependymal and subarachnoid adhesion, and 
reduce the occurrence of hydrocephalus [19]. In addition, 
when accompanied by severe intracranial infection, drainage 
can be placed through the ventricle or intrathecal adminis-
tration of drugs to treat the infection [20]. However, cer-
ebral hemorrhage, turbid CSF, and improper drainage tube 
positioning may cause drainage tube obstruction. Inadequate 
drainage of infectious CSF may lead to more severe intrac-
ranial infection and a vicious cycle.

All the patients in this study underwent CSF drainage, 
and nine of the 14 patients with inadequate drainage had a 

worse prognosis. Multivariate statistical analysis suggested 
that patients with inadequate CSF drainage (less than 50 ml/
day) were 6.8 times more likely to experience deterioration 
of the prognosis than those with adequate CSF drainage. In 
recent years, many studies have suggested that continuous 
extracranial drainage plays an important role in the treatment 
of intracranial infection. There is no definitive research on 
optimal drainage of CSF [19]. The optimal drainage var-
ies from patient to patient due to the degree of intracranial 
infection and intracranial pressure. Insufficient drainage may 
cause cranial hypertension or low anti-infection efficiency. 
Excessive drainage may lead to intracranial hemorrhage or 
even cerebral hernia [21]. In our study, patients with a daily 
drainage volume more than 50ml had a better prognosis than 
those with less than 50ml, and the optimal drainage volume 
still needs to be confirmed by a large number of studies.

However, at the same time, catheter-related ventriculitis 
and meningitis are serious complications of CSF drainage 
[22], for example, the time of ventricle or lumbocisterna 
drainage tube placement > 5 days, frequent retention of cer-
ebrospinal fluid samples during the indwelling of drainage 
tube, cerebrospinal fluid leakage at the opening of drainage 
tube, puncture canal bleeding, and simultaneous EVD on 
both sides and other factors related to drainage tube [6]. 
Studies have reported a decrease in the rate of infection of 
LD to 0.8% with a strict protocol, including no monitoring 
of cerebrospinal fluid sampling, drainage no longer than 5 
days, strict aseptic procedures when disconnected or dam-
aged drainage tubes need to be reconnected, and removal of 
drainage tubes after a second disconnection or fracture [23]. 
Other studies reported the risk of infection can be reduced 
by making timely dressing changes for the incision, using 
broad-spectrum antibiotics, shortening the drainage time, 
and reducing the number of drainage tube operations such 
as sampling and drug injection [24, 25]. It was confirmed 
that longer duration of external ventricular CSF drain place-
ment increased the risk of infection. However, we agree with 
the IDSA’s strong recommendation that regular replacement 
of the external drainage tube (such as every 5 days) can-
not reduce the infection rate. For those who need long-term 
external ventricular drainage, replacement should be con-
sidered unless a change is necessary because of CSF infec-
tion or catheter malfunction, and regular replacement of the 
drainage tube is not recommended [6].

Treatment of multidrug‑resistant infections

In recent years, the number of resistant bacteria in intrac-
ranial infection patients has gradually increased. In the 
intensive care unit, patients with severe conditions need to 
undergo many invasive medical procedures, which may lead 
to the increased prevalence of drug-resistant bacteria. In this 
study, CSF cultures of 16 patients with NM were positive, 
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and all were positive for multidrug-resistant bacteria. The 
high rate of drug resistance may be related to the rapid muta-
tion of drug-resistant bacteria caused by the application of 
antibiotics in recent years. At the same time, the application 
of broad-spectrum antimicrobial agents as empirical anti-
infective treatment results in reduced culture rates of suscep-
tible bacteria and detection of resistant bacteria. Vancomy-
cin-resistant cocci were not cultured in the CSF in this study. 
However, carbapenem-resistant Enterobacter, Acinetobacter 
baumannii, and multidrug/pandrug-resistant Pseudomonas 
aeruginosa were less responsive to anti-infection treatment. 
Therefore, infection progresses rapidly, especially in patients 
with carbapenem-resistant Klebsiella pneumoniae, causing 
systemic septic shock or even death. In this study, all five 
patients with NM due to carbapenem-resistant Klebsiella 
pneumoniae died after treatment.

At present, the vast majority of multidrug-resistant 
gram-negative bacilli are sensitive to polymyxin B [5, 26, 
27]. Although polymyxin B does not easily penetrate the 
blood–brain barrier, intraventricular or intrathecal adminis-
tration is feasible. The advantage of local administration is 
the high concentration of drugs in the cerebrospinal fluid, 
which reduces the need for high-dose intravenous injections 
of drugs [28, 29]. Nine patients with multidrug-resistant 
infections were given intraventricular or intrathecal poly-
myxin, and five patients were cured in our study. The univar-
iate analysis suggested that intravenous combined with local 
administration had a better clinical effect than intravenous 
administration alone.

The local administration dose should be appropriately 
increased during external drainage of CSF and ventricu-
lar irrigation. The effective therapeutic dose and interval 
should ensure that the minimum drug concentration in CSF 
is 10–20 times the minimum inhibitory concentration (MIC) 
of the pathogen. Therefore, the dose is mainly determined 
according to the MIC value of the drug and the volume of 
CSF when the CSF drug concentration cannot be measured. 
However, local administration can increase the risks of rein-
fection and intracranial hypertension, and excessive drug 
concentrations will cause chemical encephalitis and nerve 
root irritation. Excessive drug administration will also lead 
to convulsions, coma, and other adverse reactions [30].

The consequences of NM are serious. It is character-
ized by a high disability rate and a high death rate. In 
our study, 19 patients died after 3 months of follow-up. 
Among them, 14 died of intracranial infection accompa-
nied by shock, 4 died of secondary intractable hydrocepha-
lus and cerebral edema, and 1 died of respiratory failure 
caused by pulmonary infection. The high mortality rate 
(19/64) was considered to be related to the patients' origin 
from NICU. Patients in NICU have low GCS score, criti-
cal illness, low resistance, and high risk of drug-resistant 
bacterial infection. Studies have reported that GCS < 9 

score also is a risk factor for intracranial infection [31]. 
Increased intracranial pressure caused by meningoen-
cephalitis can be treated with sedation, hyperventilation, 
corticosteroids, osmotherapy, hypothermia, cerebrospinal 
fluid drainage, and other measures. Cranial decompression 
is an extreme measure. Studies have reported that the treat-
ment of decompressive craniotomy can be chosen when 
the treatment of craniostatic pressure is not effective [32]. 
At the same time, complications such as hydrocephalus, 
epilepsy, and disturbance of consciousness often occur in 
the later stage and should be actively prevented in clinical 
practice [33].

Our study also has several limitations, including its 
small sample size and retrospective and single-center 
design. Due to the short follow-up time of this retrospec-
tive study, patients who experienced recurrence and long-
term complications were not included in the study. A mul-
ticenter randomized controlled trial is required to verify 
the findings of the present study in the future.

Conclusion

In conclusion, intracranial infection with positive CSF cul-
ture and inadequate drainage of CSF are all factors corre-
lated with a deterioration of the prognosis for patients with 
NM. In contrast, early reasonable anti-infection treatment 
and adequate cerebrospinal fluid drainage are effective for 
the treatment of infection. In particular, intraventricular 
or intrathecal injection of polymyxin B may be a safe and 
effective treatment strategy for MDR/XDR gram-negative 
bacilli infection.
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