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Intracranial infection is one of the most common complications of microvascular decompression (MVD). 
However, the risk factors for intracranial infection after MVD remain unknown. The aim of this study 
was to identify the risk factors for the development of post-MVD intracranial infection and to provide 
a basis for the prevention and control of intracranial infection following MVD. The clinical data of 154 
patients with cranial nerve diseases who underwent MVD from October 2010 to August 2024 were 
retrospectively analyzed. The risk factors of intracranial infection were subjected to univariate and 
multivariate analysis. Twenty-four cases of intracranial infection occurred in 154 patients in this study, 
for a total infection rate of 15.6%. Univariate analysis showed that gender, duration of operation, CSF 
leakage, mastoid air cells breach, implants and intra-operative use of antibiotics were the risk factors 
related to intracranial infection after MVD (P < 0.05). Multivariate logistic regression analysis showed 
that a duration of operation and mastoid air cells breach were independent risk factors of intracranial 
infection after MVD (P < 0.05). The ROC curve analysis revealed that duration of operation, mastoid 
air cells breach and combined prediction exhibited area under the curve (AUC) values of 0.675 (95% CI 
[0.562–0.788]), 0.713 (95% CI [0.586–0.840]), 0.807 (95% CI [0.712–0.903]), respectively, for predicting 
intracranial infection after MVD. Duration of operation and mastoid air cells breach were independent 
risk factors for postoperative intracranial infection after MVD. The combination of two factors has high 
value in predicting the risk of intracranial infection following MVD.
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Microvascular decompression (MVD) has become the first surgical treatment for cranial nerve diseases such 
as trigeminal neuralgia, hemifacial spasm, and glossopharyngeal neuralgia. Although MVD has made great 
progress in recent years, there are still some complications related to MVD. Intracranial infection is a common 
complication leading to a prolongation of the hospital stay and increases in pain and discomfort and the 
economic burden of health care on the patients, and it also worsens their prognosis and even endangers their 
lives1,2. Therefore, it is of great significance to understand the risk factors of intracranial infection after MVD 
and to evaluate, prevent and control these infections. Although intracranial infection after MVD has been 
reported in previous papers3–5, to our knowledge, there has been no systematic analysis of the risk factors of 
intracranial infection after MVD. The aim of this study was to retrospectively investigate the risk factors for the 
development of post-MVD intracranial infection and to evaluate their potential role in predicting the possibility 
of intracranial infection following MVD.

Materials and methods
Materials
The clinical data of 154 patients with MVD from October 2010 to August 2024 treated in our hospital were 
analyzed, including 51 men and 103 women aged from 25 to 77, with an average age of 57.8 ± 9.8 years. There 
were 70 patients with trigeminal neuralgia, 82 with facial spasm and 2 with glossopharyngeal neuralgia.

Diagnostic criteria of intracranial infection
Referring to the diagnostic criteria of the American Advisory Committee for the implementation of nosocomial 
infection control6 and combined with the comprehensive analysis of conditions:1 The results of the postoperative 
cerebrospinal fluid (CSF) examination showed that the WBC > 100/UL and the sugar and chloride were decreased 

Department of Neurosurgery, Cerebral Vascular Disease Research Centre, The Second Affiliated Hospital of Anhui 
Medical University, Anhui Medical University, 678 Fu Rong Road, Hefei 230601, Anhui Province, China. email: 
aydzhb@126.com

OPEN

Scientific Reports |        (2025) 15:11540 1| https://doi.org/10.1038/s41598-025-96431-7

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-96431-7&domain=pdf&date_stamp=2025-4-4


(CSF glucose level below 2.2 mmol/L or CSF-to-serum glucose ratio of less than 0.4, CSF chloride level below 
120mmol/L)2. Blood routine examination showed that the WBC was more than 1.0 × 1010/L and the neutrophil 
percentage were more than 75%3. Postoperative temperature higher than 38 ℃ for more than 3 days was judged 
as intracranial infection after excluding the possibility of infection of other systems4. Meningeal irritation sign 
was positive5. CSF bacterial culture was positive with the same strain detected twice sequentially. The fifth 
criterion is an etiological diagnosis, the gold standard of diagnosis, and it can be diagnosed independently as 
an intracranial infection. However, due to the use of antibiotics after surgery, the positive rate of CSF cultures is 
relatively low, so a clinical comprehensive consideration is that patients with the first criterion and at least one of 
the second, third, or fourth criterion are identified as having an intracranial infection.

Statistical analysis
All statistical analyses were performed using SPSS version 16.0 for Windows (Chicago, IL). Chi square tests were 
used for the single factor analysis; the influencing factors with statistical significance in the univariate analysis 
were included in the binary logistic regression analysis. Evaluate the discriminative ability of factors using the 
area under the receiver operating characteristic (ROC) curve. A P-value less than 0.05 was considered to be 
statistically significant.

Results
All patients underwent retromastoid craniectomy. Twenty-four cases of intracranial infection occurred in 154 
patients in this study, so the total infection rate was 15.6%. Univariate analysis showed that gender, duration 
of operation, CSF leakage, mastoid air cells breach, implants and intra-operative use of antibiotics were the 
related risk factors of intracranial infection after MVD (P < 0.05), as shown in Table 1. The risk factors related to 
intracranial infection obtained by the univariate analysis were included in the binary logistic regression analysis. 

Factor Cases Infection cases Infection rate (%) χ2 P

Gender
M 51 14 27.5

8.162 0.004
F 103 10 9.7

Age
<60y 95 11 11.6

3.024 0.082
≥ 60y 59 13 22.0

Smoking
Y 13 4 30.8

2.489 0.115
N 141 20 14.2

BMI
<24 73 9 14.7

0.290 1.118
≥ 24 81 15 15.5

Duration of operation
<4 h 84 7 8.3

7.386 0.007
≥ 4 h 70 17 24.3

Hypertension
Y 45 4 8.9

2.167 0.141
N 109 20 18.3

Diabetes
Y 10 3 30.0

0.721 0.396
N 144 21 14.6

CSF leakage
Y 4 3 75.0

- 0.012
N 150 21 14.0

MACs breach
Y 42 12 28.6

7.404 0.007
N 112 12 10.7

Implants
Y 100 20 20.0

4.227 0.040
N 54 4 7.4

Intra-operative use of antibiotics
Y 40 2 5.0 4.601 0.032

N 114 22 19.3

Drainage
Y 34 4 11.8

0.484 0.487
N 120 20 16.7

Hair removal
Partial 116 19 16.4

0.086 0.769
Total 38 5 13.1

Bedtime after surgery
<4d 92 12 13.0

1.121 0.290
≥ 4d 62 12 19.4

Season

Summer 42 7 16.7

0.159 0.924Spring and autumn 89 13 14.6

Winter 23 4 17.4

Disease types
TN 70 10 14.3

0.221 0.639
HFS 82 14 17.1

Table 1.  Univariate analysis of intracranial infection after MVD. M male, F female, MACs mastoid air cells, 
BMI body mass index, CSF cerebrospinal fluid, TN trigeminal neuralgia, HFS hemifacial spasm.
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The variable assignments are shown in Table 2. The results showed the duration of operation and mastoid air 
cells breach were independent risk factors of intracranial infection after MVD (P < 0.05), as shown in Table 3. 
The ROC curve analysis revealed that duration of operation, mastoid air cells breach and combined prediction 
exhibited area under the curve (AUC) values of 0.675 (95% CI [0.562–0.788]), 0.713 (95% CI [0.586–0.840]), 
0.807 (95% CI [0.712–0.903]), respectively, for predicting intracranial infection after MVD. Combined prediction 
demonstrated the highest AUC in predicting intracranial infection after MVD (P < 0.001), as shown in Table 4; 
Fig. 1.

Discussion
The root cause of cranial nerve diseases such as trigeminal neuralgia, hemifacial spasm and glossopharyngeal 
neuralgia is the compression of ectopic small blood vessels twisted into loops at the root and the brain stem, 
resulting in nerve demyelination and a short circuit of the nerve conduction pathway, causing pain and 
convulsions. At present, MVD has become the preferred surgical method for the treatment of trigeminal 
neuralgia, hemifacial spasm and glossopharyngeal neuralgia. It can retain nerve function and normal facial 
sensation and function without affecting the quality of life, and achieve the purpose of establishing a radical 
cure, with an analgesic effect. Therefore, it is the safest and most effective method for the treatment of cranial 
nerve diseases7,8.

However, there are still some complications of MVD, among which intracranial infection is one of the more 
serious complications. Because MVD involves a craniotomy, intracranial infections can occur and are classified 
as a surgical site infection, which is an acute or chronic inflammatory disease caused by bacteria, viruses 
and other pathogens invading the brain parenchyma, capsule and blood vessels. Because MVD is a kind of 

Variable AUC SE P 95%CI

Duration of operation 0.675 0.058 0.007 0.562–0.788

Mastoid air cells breach 0.713 0.065 0.001 0.586–0.840

Combined prediction 0.807 0.049 0.000 0.712–0.903

Table 4.  Predictive value of duration of operation, mastoid air cells breach and combination for intracranial 
infection following MVD.

 

Risk factors B SE Waldχ2 OR 95%CI P

Duration of operation 2.025 0.663 9.329 7.576 2.066–27.781 0.002

mastoid air cells breach 2.235 0.689 10.528 9.349 2.423–36.071 0.001

Table 3.  Multivariate logistic regression analysis of intracranial infection after MVD.

 

Factor Variables Quantification and Assignment

Gender X1 ‘‘0’’ for Female, ‘‘1’’ for male

Age X2 ‘‘0’’ for less than 60 years old, ‘‘1’’ for more than or equal to 60 years old

Smoking history X3 ‘‘0’’ for no and ‘‘1’’ for yes

BMI X4 ‘‘0’’ for less than 24, ‘‘1’’ for more than or equal to 24

Duration of operation X5 ‘‘0’’ for less than 4 h, ‘‘1’’ for more than or equal to 4 h

Hypertension, X6 ‘‘0’’ for no and ‘‘1’’ for yes

Diabetes X7 ‘‘0’’ for no and ‘‘1’’ for yes

CSF leakage X8 ‘‘0’’ for no and ‘‘1’’ for yes

Mastoid air chamber opening X9 ‘‘0’’ for no and ‘‘1’’ for yes

Implants X10 ‘‘0’’ for no and ‘‘1’’ for yes

Intra-operative use of antibiotics X11 ‘‘0’’ for no and ‘‘1’’ for yes

Drainage tube intubation X12 ‘‘0’’ for no and ‘‘1’’ for yes

Hair removal X13 ‘‘0’’ for partial, ‘‘1’’ for total

bed time after surgery X14 ‘‘0’’ for less than 4 days, ‘‘1’’ for more than or equal to 4 days

Seasons X15 ‘‘0’’ for summer, ‘‘1’’ for spring and autumn, ‘‘2’’ for winter

Disease types X16 ‘‘0’’ for TN and ‘‘1’’ for HFS

Intracranial infection Y ‘‘0’’ for no and ‘‘1’’ for yes

Table 2.  Quantification and assignment for risk factors of intracranial infection after microvascular 
decompression. BMI body mass index, CSF cerebrospinal fluid, TN trigeminal neuralgia, HFS hemifacial 
spasm.
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functional minimally invasive surgery, methods to avoid complications are of paramount importance, allowing 
the postoperative patients to recover faster while reducing the incidence of surgical trauma and complications, 
including the incidence of intracranial infections. However, once an intracranial infection occurs, it delays the 
patient’s hospitalization discharge time, increases the patient’s treatment-related pain and increases the economic 
burden related to hospitalization expenses. In severe cases, brain abscesses, hydrocephalus, encephaledema and 
intracranial hypertension can develop, and additional surgery may be required, and permanent disability and 
even life-threatening complications may occur1,9. Therefore, understanding of the statistics and an analysis of 
the risk factors for intracranial infection after MVD is of great significance for the prevention and treatment of 
intracranial infection after MVD. The total postoperative intracranial infection rate of neurosurgical patients has 
been reported to be 1.5–6.85%9–12, and that of craniotomy patients is 3.6–9.5%13–15. Because MVD is a type of 
infratentorial posterior cranial fossa surgery, the incidence of intracranial infection in the posterior cranial fossa 
is 3 times that after cerebral hemisphere surgery. In our study of 154 cases of patients with cranial nerve diseases 
after MVD, 24 cases (15.6%) of intracranial infection occurred, much higher than the above reported range. 
Zhou et al. analyzed the complications of 308 patients with hemifacial spasm who underwent.

MVD. The results showed that the incidence of intracranial infection was 17.6%16, which was similar to our 
results, so we should pay more attention to taking the necessary measures to reduce the infection rate after MVD.

According to the clinical experience and related literature reports, the risk factors of intracranial infection 
after MVD were selected for univariate analysis and multivariate logistic regression analysis. The results showed 
that a duration of operation and mastoid air cells breach were independent risk factors for intracranial infection 
after craniotomy for a skull base tumor. The reasons for this may be as follows1: Duration of operation: many 
reports at home and abroad have shown that long operation time is a risk factor for intracranial infection after 
intracranial tumor surgery17–19. The longer the operation duration, the higher the risk of intracranial infection, 
the relationship between the operation time and an increased risk of intracranial infection can be explained by 
many factors, a long-duration operation may lead to more bacteria entering the wound from various sources, 
including the room air, the surgical tools and the patient’s skin. With the extension of the operation duration, 
the migration to the operation area increases, resulting in the operation area becoming infected. The dura mater 
and soft tissue contract due to the surgical exposure, resulting in decreased perfusion and time-dependent local 
immune defense. The soft tissue may also become dry due to the heat from the microscope light, and the local 
blood supply may be reduced, promoting infection. Therefore, prolonged exposure to the surgical area may 
affect the smooth closure of the dura mater and lead to more tissue damage, leading to a higher risk of infection2. 
Mastoid air cells breach: mastoid air cells breach was significantly correlated with the outcome of intracranial 

Fig. 1.  Receiver operating characteristic curve analysis of the risk factors for predicting the possibility of 
intracranial infection following MVD.
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infection after MVD in our study (odds ratio (OR) = 9.349, p = 0.001). Multiple studies at home and abroad 
have shown that a mastoid air cells or sinus breach is a risk factor for intracranial infection after neurosurgical 
craniotomy16,20,21. The air cells of the sinus and mastoid are connected to the nasal cavity and external auditory 
canal, which are not sterile areas. Once opened, the mastoid air cells will pollute the operation area, leading to 
intracranial infection; such breaches may also cause cerebrospinal fluid leakage, allowing extracranial bacteria 
to migrate into the cranial space, again causing intracranial infection.

In view of the above analysis of the risk factors of intracranial infection after MVD, patients with these risk 
factors should be paid more attention to prevent intracranial infections. The corresponding measures should 
be taken to minimize the probability of intracranial infection. The dura mater should be covered with water 
during the operation. The degree of mastoid gas room pneumatization should be understood by referring to the 
imaging data, especially thin-layer CT of the mastoid process before the operation. Opening of the mastoid air 
chamber and frontal sinus should be avoided as much as possible. If this does occur, the mucosa in the sinus or 
mastoid air cells should be scraped off, and then the opening should be filled with sufficient bone wax and sealed 
tightly. If necessary, medical glue, muscle fat, gentamicin and iodovox should be used. The operation area needs 
to be rinsed with hydrogen peroxide and the incision needs to be bandaged under pressure. If the operation 
time is long, prophylactic application of antibiotics during the operation is necessary. Surgeons should improve 
their study of anatomical knowledge, undergo training in microsurgery operations, improve their operation 
proficiency, use advanced surgical tools, and shorten the operation time as much as possible to ensure the safety 
of the operation. During the operation, the retractor should be released intermittently to prevent pulling the soft 
tissue and muscle around the incision for a long time, which weakens the local anti-infection ability. During the 
operation, the surgeon should be gentle, and the tissue should be treated with care. Especially during the process 
of craniotomy, careful hemostasis should be undertaken to prevent unnecessary bleeding. Intermittent irrigation 
of the operation area during the operation can moisten the muscle tissue, enhance the anti-infection ability of 
the local tissue, and wash away any bacteria, preventing bacterial colonization and reproduction.

It is worth mentioning that there was no correlation between the extent of hair shaving and postoperative 
intracranial infection. Bekar et al.22compared the incidence of postoperative intracranial infection in 980 patients 
with preoperative shaving and 1038 patients without shaving, the results showed that there was no difference in 
the infection rate between the two groups. According to The Asia Pacific Society of Infection Control (APSIC) 
guidelines for the prevention of surgical site infections, the hair on the surgical site should be removed only 
when it interferes with the operation. Shaving the hair may cause small incisions and abrasions that may damage 
the skin barrier, and it is not conducive to the prevention and control of infection23. Therefore, it is not necessary 
to shave all of the hair before the operation. Implementing local shaving only can prevent the psychological 
anxiety and stress caused by full head shaving. In addition, it is recommended to use scissors to remove hair 
in the operating room, so as to avoid any infections that could be caused by scraping the scalp with an electric 
shaver or a razor blade24.

This study comprehensively analyzed the risk factors related to intracranial infection after MVD and provided 
a clinical reference basis for preoperative evaluation, the control of infection risk factors and the prevention of 
intracranial infections after MVD, which has certain clinical significance. However, there are some limitations 
of this study that should be noted. Because this study is a retrospective single-center study, and it is a specific 
study of intracranial infection after MVD, the number of cases is relatively small, which may affect the accuracy 
of the results. A prospective, multi-center, large sample study is needed to further confirm the risk factors of 
intracranial infection after MVD.

Data availability
All datasets generated or analyzed during the present study are available from the corresponding author upon 
reasonable request.
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