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Abstract: Objective: To analyze the influence factors of intracranial infection in patients with meningioma recurrence after
reoperation. Methods: The clinical data of 213 patients with meningioma recurrence and reoperation selected from the department of
neurosurgery in our hospital from February 1995 to September 2014 were retrospectively collected. One-way analysis and multivariate
Logistic regression analysis were used to analyze the correlative factors of intracranial infection. Results: Malignant tumor, an age not less
than 55 years old, staying in bed for a long time before operation, being complicated with organ dysfunction, obesity and diabetes mellitus,
chemotherapy before the operation, a preoperative KPS score not more than 70 points, an interval time between the recurrence and first
operation not less than 6 months and intensive care after operation are the risk factors of intracranial infection in patients with meningioma
recurrence after reoperation, and the differences are statistically significant(P<0.03); the results of multivariate Logistic regression analysis
show that a preoperative KPS score not more than 70 points, an interval time between the recurrence and first operation not less than 6
months and being complicated with diabetes mellitus are the independent risk factors of intracranial infection in patients with meningioma
recurrence after reoperation(P<0.001, =0.033, <0.001). Conclusion: The risk of intracranial infection in patients with meningioma recurrence
after reoperation is higher when the patients are complicated with diabetes mellitus, have preoperative KPS scores not more than 70 points
and interval time between the recurrence and first operation not less than 6 months.
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The nature of the meningioma is benign and it is one of the

Clinical data

most common tumors in the central nervous system (Bo-Jie,&

The clinical data of 213 patients with meningioma recurrence in

Cheng-Chuan et al.,2013). At present, the most important treatment

our hospital from February 1995 to September 2014 were

for meningioma is to remove the tumor and bones and meninges

retrospectively collected, which recorded the patients’ gender, age,

invaded by tumor simultaneously by operation. However, when the

tumor nature, tumor location, tumor size, whether the patients were

tumor invade to the basicranial blood vessels or venous sinuses and

complicated with organ dysfunction, hypoproteinemia, emaciation,

other important structures (Heng,& Xinghu, 2014), it can not be

anemia, obesity, diabetes mellitus and extracranial infection before

completely removed, which is one of the main reasons for tumor

operation, smoking history, drinking history, history of previous

recurrence. For the patients with meningioma recurrence, the

infection operation, whether the patients stayed in bed for a long

important and effective treatment currently is still excision (Leonello,

time before operation, preoperative radiotherapy and chemotherapy

& Mario,G et al., 2012). The patients with meningioma recurrence

history, preoperative hospitalization time, preoperative KPS score,

experience radiotherapy or chemotherapy, whose resistance is

interval time between the recurrence and first operation, times of

significantly lower than the normal people (Dai,& Gang et al.,2013).

previous craniotomies, whether that was emergency operations,

Therefore, when the craniotomy is performed again, the risk of

whether that was the first operation, intraoperative bleeding, whether

intracranial infection is greatly increased, and the difficulty of the

skull and dura mater repair materials were used, duration of

operation is also greatly increased. If intracranial infection occurs in

operation, drainage time after operation, whether intracranial

patients after operation, it means that patients and their families have

hematoma occurred after operation and whether intensive care was

to bear a huge psychological and economic burden. The clinical data

needed after operation.

of 213 patients with meningioma recurrence in our hospital from
February 1995 to September 2014 were retrospectively collected in
the

study.

Their

basic

conditions,

perioperative

treatment,

Diagnostic criteria for intracranial infection
The diagnostic criteria of intracranial infection after reoperation
for patients with meningioma recurrence are as follows: ① The

postoperative infection and others were analyzed, and the risk factors

cerebrospinal fluid test shows that chloride＜119mmol/L, glucose＜

of postoperative infection in patients were summarized, in order to

2.50mmol/L, protein content＞0.45g/L， number of white blood

provide more theoretical basis for clinical prevention and treatment

cell ＞ 10106/L ； ② The patient shows continuous fever early,

of patients with meningioma recurrence.

accompanied by nausea, vomit, headache and other symptoms of
intracranial hypertension, as well as meningeal irritation sign；③

Materials and Methods

Bacterial growth is found in the culture of cerebrospinal fluid, and
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the bacteria are found in the cerebrospinal fluid smear under

time＞5 hours, 178 cases with

microscope. If the patient meets the above two or more than two

times and 35 cases≥2 times, 71 cases using skull and dura mater

criteria, it can be diagnosed as intracranial infection. If two or more

repair materials in operation, 87 cases in the intensive care after

than to kinds of bacteria are found in the culture of cerebrospinal

operation, 33 cases with postoperative drainage time that more than

fluid, it can be diagnosed as mixed bacterial infection.

2 days, 41 cases with intracranial hematoma after operation. 213

times of previous craniotomies＜2

Statistical methods

cases of patients preventively used antibiotics half an hour before

The data were analyzed using SPSS17.0 software. One-way

operation, among which 177 patients used cephalosporin antibiotics

analysis was performed by chi square test, and the risk factors of

and 36 patients allergic to cephalosporin antibiotics used quinolone

postoperative intracranial infection were selected. Multivariate

antibiotics.

analysis was performed by Logistic regression model, and then the

Analysis of postoperative infection

independent risk factors of intracranial infection after reoperation for

In the 213 cases of patients with meningioma recurrence after

patients with meningioma recurrence were established by Binary and

reoperation, there were 39 cases（18.3%） of intracranial infection.

stepwise method. A p value ＜ 0.05 was considered statistically

There were 23 cases of patients showing positive in cerebrospinal

significant.

fluid culture, including 8 cases of Streptococcus, 2 cases of
Staphylococcus aureus infection, 2 cases of Escherichia coli, 5 cases
Results

of Pseudomonas aeruginosa, 6 cases of Staphylococcus epidermidis,

Basic data

and no patients were infected by mixed bacteria. If the patient was

In the 213 cases of patients with meningioma recurrence, there

diagnosed with intracranial infection after operation, the antibiotics

were 91 women and 121 men, whose age distributed between 4665

can be chosen or replaced on the basis of the original

years old with an average of （55.4±4.3） years old. Among them

broad-spectrum antibiotic treatment, according to the patients’ drug

there were 181 cases of benign tumors and 32 cases of malignant

sensitivity test results, cerebrospinal fluid culture, and the clinical

tumors, 134 cases with tumor diameter＜5cm and 79 cases with

manifestations of meningeal irritation sign, body temperature, etc.

tumor diameter≥5cm, 87 cases with convex meningioma and 126

None of the patients suffered from hydrocephalus, subdural

cases with skull base meningioma, 45 cases with diabetes mellitus

empyema and brain abscess and other complications. 213 cases of

before operation, 33 cases with drinking history, 89 cases with

meningioma recurrence all obtained good curative effect.

smoking history, 13 cases with extracranial infection, 42 cases with

Results of Statistical Analysis

organ dysfunction, 37 cases with hypoproteinemia, 37 cases with

It can be found after the selection with chi square test that

emaciation, 32 cases with anemia, 43 cases with obesity, 37 cases

malignant tumor, an age not less than 55 years old, staying in bed for

with a history of previous infection operation, 36 cases staying in

a long time before operation, being complicated with organ

bed for a long time before operation, 7 cases with radiotherapy and

dysfunction, obesity and diabetes mellitus, chemotherapy before the

57 cases with chemotherapy before the operation, 47 cases with a

operation, a preoperative KPS score not more than 70 points, an

preoperative hospitalization time ＞ 10 days, 157 cases with

interval time between the recurrence and first operation not less than

preoperative KPS score＞70 points and 56 cases with KPS score≤

6 months and intensive care after operation are the risk factors of

70 points, 177 cases with interval time between the recurrence and

intracranial infection in patients with meningioma recurrence after

first operation＞6 months and 36 cases≤6 months, 17 cases of

reoperation, and the differences are statistically significant(P<0.03).

emergency operations, 24 cases of non first operation, 75 cases with

Table 1.

amount of intraoperative bleeding＞500mL, 92 cases with operation
Table 1

Analysis of the risk factors of intracranial infection in patients with meningioma recurrence after reoperation
Items

Infection group

Non infection group

（n=39）

（n=174）

x2

value

P value

Age≥55 years old

38

75

37.760

＜0.001

Gender（man）

27

94

3.003

0.083

Tumor diameter≥5cm

19

60

2.767

0.096

Tumor nature(malignant)

20

12

49.164

＜0.001

Tumor location（convex）

20

67

2.152

0.142

2

11

0.079

0.778

With smoking history

17

72

0.064

0.800

With drinking history

10

23

3.755

0.053

With diabetes mellitus

32

13

106.345

＜0.001

With preoperative

extracranial infection
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With obesity

18

25

19.978

＜0.001

With anemia

7

25

0.320

0.572

With emaciation

10

27

2.275

0.131

With hypoproteinemia

10

27

2.275

0.131

With organ dysfunction

21

21

35.126

＜0.001

Staying in bed for a long time before operation

15

21

15.801

＜0.001

With history of previous infection operation

10

27

2.275

0.131

Times of previous craniotomies≥2 times

8

27

0.579

0.447

Preoperative hospitalization time＞10 days

12

35

2.103

0.147

Operation time＞5 hours

23

69

3.399

0.065

Non first operation

7

17

2.131

0.144

Emergency operation

2

15

0.529

0.467

Interval time between the recurrence and first operation≤6 months

25

11

75.733

＜0.001

Preoperative KPS score≤70 points

34

22

91.335

＜0.001

With radiotherapy before the operation

23

34

25.278

＜0.001

With chemotherapy before the operation

3

4

2.916

0.088

Using skull and dura mater repair materials in operation

17

54

2.260

0.133

Amount of intraoperative bleeding＞500ml

18

57

2.506

0.113

With intracranial hematoma after operation

10

31

1.255

0.263

Postoperative drainage time＞2 days

10

23

3.755

0.053

29

58

22.193

＜0.001

Postoperative intensive care
The results of multivariate Logistic regression analysis show

months and being complicated with diabetes mellitus are the

that a preoperative KPS score not more than 70 points, an interval

independent risk factors of intracranial infection in patients with

time between the recurrence and first operation not less than 6

meningioma recurrence after reoperation. Table 2.

Table 2 Analysis of the independent risk factors of intracranial infection in patients with meningioma recurrence after reoperation
Independent risk factors
Preoperative KPS score ≤70
points

Regression coefficient

Standard error

Wald value

Degree of freedom

P value

OR value

95%CI

1.892

0.539

12.322

1

＜0.001

6.633

2.306~19.076

3.782

1.772

4.555

1

0.033

43.904

1.362~1415.333

3.128

0.768

16.589

1

＜0.001

22.828

5.067~102.851

Interval time between the
recurrence and first
operation ≥6 months
With diabetes mellitus

In the analysis of relevant factors of intracranial infection in

the tumor diameter and preoperative extracranial infection

patients with meningioma recurrence after reoperation, the older the

(Changbao,&Yu et al.,2013). For patients with skull base

patients, the lower the immunity, the more the organ dysfunction and

meningioma, because of the great risk of cerebrospinal fluid leakage

complications, so the greater the risk of intracranial infection (Carlos,

after operation, the intracranial environment is easy to contact with

& Paulo et al.,2015). For patients with longer tumor diameter, the

the outside world, so the risk of intracranial infection after operation

amount of bleeding and operation wound is more, thereby increasing

is greatly increased (Aaron,& Ameet et al.,2013). However, the

the risk of infection, and the incidence of postoperative intracranial

results of this study show that skull base meningioma is not a risk

infection in patients with preoperative extracranial infection is also

factor for postoperative intracranial infection. The reason is

significantly increased (Atsushi,& Hiroaki et al.,2013). However, the

supposed to be that aseptic operation principle is strictly followed in

results of this study show that the tumor diameter and preoperative

operation , the incision is sutured completely and cerebrospinal fluid

extracranial infection are nor significantly correlated with the

leakage is prevented by reconstructing the skull base after operation,

incidence of postoperative intracranial infection, perhaps due to the

etc. (Bulsara&DiLuna et al.,2010), so that the risk of intracranial

preventive use of antibiotics before operation. For patients with high

infection after operation is greatly reduced. For patients with

meningioma recurrence, the preventive use of antibiotics before

meningioma recurrence and obesity, as a result of the little blood

operation can reduce the risk of increased infection rate caused by

supply of fat layer (Christina,&Dennis et al.,2014), the patients’
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ability to resist infection is greatly reduced. Staying in bed for a long

marrow. Both will destroy immune cells, affect the body antibody

time before operation, being complicated with organ dysfunction,

formation, and then produce immunosuppression, making the risk of

hypoproteinemia, anemia and emaciation before operation and a

postoperative intracranial infection increased greatly. The results of

preoperative KPS score less than 70 points all reflect poorer bodies

this study show that, radiotherapy is significantly related to the

of patients, so that the risk of intracranial infection after operation is

postoperative intracranial infection in patients with meningioma

greatly increased. The results of this study show that being

recurrence, while chemotherapy is not, which may be associated

complicated with organ dysfunction before operation, staying in bed

with the lack of chemotherapy patients and the insufficient simple

for a long time before operation and a preoperative KPS score less

size. A long operation time is often accompanied by a large amount

than 70 points are all the risk factors of postoperative intracranial

of bleeding, a large area of wound and the formation of local

infection, while there is no significant correlation between

hematoma. And a lot of bleeding can reduce the body’s ability to

emaciation, hypoproteinemia, anemia and postoperative intracranial

resist infection caused by pathogenic microorganisms, and increase

infection. The reason is supposed to be that for patients with

the possibility of infection. Intracranial hematoma provides nutrition

meningioma recurrence, due to the long course of disease,

for bacteria. In addition, because intracranial hematoma tends to

emaciation, hypoproteinemia and anemia can be improved

make the time of placing drainage tube prolonged and thus increases

significantly by nutritional correction and supplement（Thomas,&

the contact time between the intracranial environment and the

Zachary,2012）, while being complicated with organ dysfunction

outside world, the probability of infection also increases. But the

before operation, staying in bed for a long time before operation and

results of this study show that intracranial hematoma is not a risk

a preoperative KPS score can better reflect the patients’ body

factor of postoperative intracranial infection. The possible reason is

condition, and thereby have a significant effect on the incidence of

considered to be that the strict performance of hemostatic operation

postoperative intracranial infection.

in the operation, the strict management and quick removal of the

For patients with malignant tumors, radiotherapy and
chemotherapy result in severe reduction of body immunity, tissue

drainage tube after the operation greatly reduce the influence of
intracranial hematoma on postoperative intracranial infection.

hypoxia and hypoperfusion, which greatly increases the incidence of

If the environment of non first operation is significantly worse

postoperative intracranial infection (Edith,&Dieleman et al.,2012).

than that of the first operation, the infection probability of patients

Generally, the hospital ward is filled with a variety of microbial

will increase. Some patients required emergency operations for

pathogens, therefore, with the prolonging of hospitalization time, the

cerebral hernia, shock and other conditions, but inadequate

incidence of cross infection among patients will increase

preoperative preparation and others often make the patients’ risk of

significantly (Dan,& Hyun et al.,2012). However, the results of this

infection increased greatly. If the patients use the skull and dura

study show that the length of hospitalization time is not a risk factor

mater repair materials, the risk of intracranial infection may be

of postoperative intracranial infection. Because for operation

increased due to bacterial adhesion and so on (Donatella,&Elena et

infection, the pathogen is mainly the microorganism contacted in the

al.,2011). However, the results of this study show that there is no

operation (Epstein,& Nancy,2014). Therefore, hospitalization time

significant correlation between the use of skull and dura mater repair

does not significantly affect the postoperative intracranial infection.

materials and the occurrence of intracranial infection, which may be

If a patient has a history of previous infection operation, the patient’s

due to the great protective effect of the preventive use of antibiotics

susceptibility can be reflected to a certain degree. But the results of

before operation and the aseptic operation. The study shows that

this study show that the history of previous infection operation is not

postoperative intensive care is a risk factor of postoperative

an influence factor of postoperative intracranial infection, which

intracranial infection. It may be because that the patients needing

suggests that the external conditions such as aseptic technique and

intensive care often tend to be more serious, and there are many

operation room environment also have a great influence on the

dangerous pathogenic microorganisms in the intensive care unit, so

incidence of infection. Therefore, hospitals should continuously

that the incidence of postoperative intracranial infection is gradually

improve the operation room environment and aseptic technique,

increasing.

striving to create better conditions for reducing the risk of infection.

The multivariate Logistic regression analysis shows that the

The more the previous operations, more seriously the patients’

patients’own factors, including preoperative KPS score≤70 points,

normal tissue is damaged, and the weaker the patients’ ability against

interval time between the recurrence and first operation≥6 months

infection. Therefore, the influence of the times of operations before

and being complicated with diabetes mellitus, are the independent

on the postoperative intracranial infection can be effectively reduced

risk factors of intracranial infection in patients with meningioma

by means of reducing the exposure range of brain tissue,

recurrence after reoperation. Compared to the patients’ own factors,

strengthening minimally invasive consciousness and shortening the

iatrogenic factors are more easily controlled and improved, so they

operation time through continuous operation practice.

have less influence on the occurrence of postoperative intracranial

At present, most chemotherapy drugs are cytotoxic, and
radiotherapy will cause a certain degree of damage to the bone

infection.
The patients’ clinical data were retrospectively collected and
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analyzed in the study. There is a certain degree of error in the study

Changbao, S., Yu, X., & Zhi, Q. X. (2013). A massive calcification

results because of the factors such as small sample size and the large

and ossification of the transverse sinus and the neighbouring dura

time span of the selected cases. Therefore, multicentre and

mimicking meningioma. BMC Neurol, 13, 143.

prospective randomized controlled trials should be carried out for
further study, in order to provide more accurate theoretical basis for

Aaron, W., Ameet, S., & Zachary, L. (2013). One-piece modified
gasket seal technique. J Neurol Surg B Skull Base,74(5), 305–310.

clinical treatment and prevention.

Bulsara, D., Ketan, R., & Michael, L. (2010). Surgery for petroclival
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meningiomas: a comprehensive review of outcomes in the skull
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