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Abstract
BACKGROUND
Intracranial infection is a common clinical disease. Computed tomography (CT) and magnetic resonance imaging (MRI) have certain sensitivity and have good diagnostic efficacy.

AIM
To study the application value of MRI and CT in the diagnosis of intracranial infection after craniocerebral surgery. 

METHODS
We selected 82 patients who underwent craniocerebral surgery (including 40 patients with intracranial infection and 42 patients without infection) during the period from April 2016 to June 2019 in our hospital. All 82 patients received CT and MRI examinations, and their clinical data were reviewed. A retrospective analysis was performed, and the coincidence rate of positive diagnosis and the overall diagnosis coincidence rate of different pathogenic infection types were measured with the two examination methods. The diagnostic sensitivity and specificity as well as the positive and negative predictive values of the two examination methods were compared.

RESULTS
For all types of pathogenic infections (Staphylococcus aureus, Staphylococcus hemolyticus, Staphylococcus epidermidis, and others), MRI scans had higher positive diagnostic coincidence rates than CT scans; the overall diagnostic coincidence rate, sensitivity, specificity, positive predictive value, and negative predictive values were significantly higher with MRI examinations than with CT examinations, and the differences were statistically significant (P < 0.05). 

CONCLUSION
MRI examination can accurately diagnose intracranial infection after clinical craniocerebral surgery. Compared with CT, MRI had higher diagnostic efficiency. The diagnostic sensitivity and specificity, the diagnostic coincidence rate, and the positive and negative predictive values were significantly higher with MRI than with conventional CT, which can be actively promoted.
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Core Tip: In this article, the diagnostic value of magnetic resonance imaging and computed tomography for intracranial infection after craniocerebral surgery was assessed.



INTRODUCTION
Intracranial infection is a common clinical disease and a common complication after craniocerebral surgery[1]. The typical manifestation of patients with intracranial infection is increased intracranial pressure, and various symptoms and signs including disturbance of consciousness, and nerve damage also occur[2-4]. Clinical research suggests that craniocerebral infection will cause irreversible damage to patients’ brain tissue. Failure to provide effective and timely treatment may cause memory loss, seizures, etc., and in severe cases will lead to hemiplegia and even death[5].
Clinical craniocerebral surgery is mainly performed for the treatment of intracranial tumors, intracranial injuries and other diseases. Such patients are prone to intracranial infection after surgical treatment, and relevant examinations should be performed in a timely manner for early effective treatment[6,7]. Commonly used clinical diagnostic tools for intracranial infection include bacteriological examinations, cerebrospinal fluid examinations[8,9], and imaging laboratory examinations, including CT, MRI and other imaging techniques. In recent years, there have been advances in clinical head CT and MRI examinations of the temporal lobe to visualize focal hemorrhagic brain tissue. The softening foci have certain sensitivity and have good diagnostic efficacy[10].
Some scholars believe that diagnosis should include more conventional CT examinations, MRI examinations of additional infected lesions with brain tissue sensitivity, a higher performance of the overall diagnosis, and clinical priority for inspection after brain surgery in patients with intracranial infection[11]. The present study was conducted to verify the diagnostic value of MRI and CT for intracranial infection after craniocerebral surgery.

MATERIALS AND METHODS
General information
Data from a total of 40 patients with infection after craniocerebral surgery and 42 patients without infection after craniocerebral surgery admitted to our hospital from 2017.8 to 2019.10 were collected. The clinical data of these 82 patients were retrospectively analyzed. The inclusion criteria were as follows: indications for surgery related to brain surgery; all patients were given anti-infective treatment in accordance with standard procedures; clinical data were complete; after being informed of the nature of this study, patients were voluntarily included; and the ethics committee of our hospital was informed and approved the study. The exclusion criteria were as follows: poor compliance and incomplete imaging data; and the multi-item analysis was not in full compliance with the inclusion criteria. Of the 82 patients, 43 were male, and 39 were female; age ranged from 26-56 years, with an average age of 41.52 ± 3.64 years. Forty patients with intracranial infections were diagnosed from cerebrospinal fluid via lumbar puncture, and 16 cases of Staphylococcus aureus infection, 8 cases of Staphylococcus hemolyticus infection, 9 cases of Staphylococcus epidermidis injection, and 7 cases of other types of infection were confirmed.

Review of examination methods
Patients underwent a secondary MRI and CT examination 7 d after admission and 7 d before discharge. CT examination was performed with a Siemens raw 16-slice spiral CT system, with an axial scanning routine, a controlled layer thickness of 10 mm, and a remaining layer pitch of 10 mm. MRI examination was performed with a Siemens MAGNETOM Skyra3.0T superconducting MRI, and the data parameters used have been reported previously: Rectangular array parameter of 256 × 384, auxiliary sagittal and coronal T1WI, FLAIR (TE 72 ms, TR 6000 ms), TSE T2WI (TR 4600 ms, TE 103 ms), and DWI (TR 6202 ms, TE 92 ms), seT1WI (TR 500 ms, TE 12 ms), and the brain was scanned 2 to 3 times at 1-mm intervals. After completing the routine examinations, all patients underwent enhanced scans, and after obtaining the image data, these were handed over to the senior attending doctor of our hospital for diagnosis.

Observation indicators
Taking lumbar puncture for cerebrospinal fluid examination as the gold standard, statistics of the positive diagnosis conformity and overall diagnosis conformity were retrieved for various types of infections (Staphylococcus aureus, Staphylococcus hemolyticus, Staphylococcus epidermidis, and others); the diagnostic coincidence rate = (total number of cases-missed/misdiagnosis number of cases)/total number of cases × 100%.
The sensitivity, specificity, and positive and negative predictive values of the two examination methods were calculated as follows: Sensitivity = true positive/(true positive + false negative) × 100%, specificity = true negative/(true negative + false positive) × 100%, positive predictive value = true positive/(true positive + false positive) × 100%, and negative predictive value = true negative/(true negative + false negative) × 100%.

Statistical analysis
The data analysis was completed with the assistance of SPSS 22.0 software. Mean ± SD was used to represent the measurement data, which were in accordance with a normal distribution, and the homogeneity of variance was subjected to t tests. The rate (%) indicates the count data, and the χ2 test was performed. The difference was statistically significant when P < 0.05.

RESULTS
The main manifestations of patients with intracranial infection by the two examination methods
According to CT examination, 26 patients had abnormal CT images, mainly manifesting as diffuse cerebral edema and plaque-like low-density foci. Among them, 18 patients showed high-density enhancement of their lesions and surrounding areas after enhanced scanning. MRI examinations in 39 patients showed abnormal images, mainly due to multiple irregular lengths on Tl and long T2 signal lesions; 21 demonstrated enhanced disease after reflected scanning of patients’ tumors and surrounding signal enhancement (Figure 1). 

True-negative, false-negative, true-positive and false-positive results on MRI and CT
The statistics showed that the numbers of false-positive and true-positive results in 39 patients with abnormal images on MRI examination were 2 and 37, respectively, and the numbers of false-negative and true-negative results in 43 patients without abnormalities were 3 and 3, respectively. Among the 26 patients with abnormal CT images, 19 had true-positive results, and 7 had false-positive results; and among the 56 patients without abnormalities, 35 had true-negative results, and 21 had false-negative results (Table 1).

Comparison of diagnostic sensitivity, specificity, positive predictive value and negative predictive value of the two examination methods
The diagnostic sensitivity, specificity, and negative and positive predictive values of the MRI examinations were significantly higher than those of the CT examinations, and the difference was statistically significant (P < 0.05, Table 2)

Comparison of the coincidence rate of a positive diagnosis of two types of infections with different infection types
The data in Table 3 show that the coincidence rate of MRI and CT in infections [Staphylococcus aureus (47.50% vs 25%), Staphylococcus hemolyticus (20% vs 10%), Staphylococcus epidermidis (22.5% vs 10%), and others (12.50% vs 2.5%)] was significantly different. 

Comparison of the overall diagnosis rate of MRI examination and CT examination
The overall diagnostic coincidence rate of the MRI examinations was significantly higher than that of the CT examinations (93.90% vs 65.85%, P < 0.001, Table 4).

DISCUSSION
The brain is an important organ for human physiological regulation, cognition, thinking and other activities. When brain disturbance occurs due to infection, trauma, ischemia or other factors, it may cause serious damage to patients' health and cognitive function[7]. At present, craniocerebral surgery includes open surgery, minimally invasive surgery, etc., with a variety of operative methods, all of which are somewhat invasive and traumatic. Under normal circumstances, brain tissue is protected by the blood-brain barrier and is not easily infected. External pathogens can easily invade brain tissue and cause infectious diseases such as brain abscess and meningitis, which seriously threaten the safety of patients’ lives[12-14].
Current common intracranial infection pathogens include E. coli, Staphylococcus, Proteus, Salmonella, Haemophilus influenzae, etc. Infection caused by the invasion of such pathogens is one of the most common complications of craniocerebral surgery and craniocerebral trauma[15,16]. When intracranial infection occurs, the common clinical manifestations of patients include meningeal irritation, varying degrees of consciousness, and increased intracranial pressure. Relevant analysis suggests that the common causes of intracranial infections are residual foreign bodies, such as hair and skull fragments, as well as shrapnel and cap fragments, when craniocerebral trauma occurs. After such intracranial infections, patients are prone to critical illnesses such as acute cerebral edema and intracranial hematoma. The risk of death is high, and timely corresponding treatment is necessary[17]. It is generally believed that the direct route of intracranial infection includes infection, focal infection, cerebrospinal fluid path of infection, and blood infection from 4 types of infections. Regardless of the route of infection, patients will have irreversible neurological damage, and early diagnosis and early treatment to protect patients’ lives and health are essential[18].
The determination of craniocerebral infection in patients undergoing clinical craniocerebral surgery is generally performed by cerebrospinal fluid examination following lumbar puncture. Although this examination method can effectively determine whether there is intracranial infection in patients and can identify the infected pathogen, it is somewhat traumatic, and the operation is complicated by poor repeatability. With the development of modern imaging technology, an increasing number of clinical diseases can be diagnosed by imaging examinations, contrast puncture examinations, and imaging examinations, which are noninvasive, easy to operate, highly repeatable, more acceptable to patients and have a higher application value[19]. CT and MRI are currently the most frequently used imaging techniques for the examination of brain diseases; these two methods can effectively check the position of lesions in patients, as well as the range, to help physicians intuitively grasp the circumferential surrounding lesion or the absence of diffusion, infiltration, etc. The development of craniocerebral surgery has a guiding role[6].
CT scanning uses X, γ and other rays at a certain thickness of the human body, using corresponding electronic components to receive the rays that have penetrated the layer, digital conversion after processing, and then subjected to a series of image processing to form the subject. Examination methods are part of the image information[20]. MRI consists of the use of a static magnetic field applying radiofrequency pulses to the body, causing the body to produce proton magnetic resonance; the proton pulse stops relaxation and generates the MR signal, using the processing electronic MR signals to obtain image information of the portion of the subject. Brain tissue is an important soft tissue organ of the human body, and its main components include protein and fat. Theoretically, MRI examination has higher resolution than CT examination.
Compared with CT examination, MRI examination has a higher sensitivity in terms of brain edema, inflammatory infiltrates, and the presence of a lesion when there is brain edema. Tl-weighted images may be displayed in patients with cerebral gray matter and white matter junctions of irregular shape, and the boundaries have blurred clarity. The low-signal effect of T2-weighted imaging shows a wider range of lesions than that of T1-weighted imaging. When patients have typical meningeal enhancement and thickening, MRI may indicate purulent encephalitis.
Sensitivity, specificity, positive predictive value, and negative predictive value are all effective indicators for testing the diagnostic efficacy of a test method, of which sensitivity mainly reflects the efficacy of the evaluated test method in diagnosing patients, and specificity reflects the elimination of noninfected patients. The efficacy and positive and negative predictive values reflect the proportion of detecting true positive/negative patients and positive/negative patients in the test method, respectively. In this observation, the four diagnostic efficacy evaluation indices of MRI examination were significantly higher than those of CT examination, and MRI examination had a higher positive diagnosis rate of different infection types and overall diagnosis coincidence rate than CT examination (P < 0.05), suggesting that in the diagnosis of intracranial infection, MRI has greater diagnostic performance than CT, both in terms of removing the accuracy of diagnosis of infection and the lack of infection as shown on MRI. In addition to the differences in diagnostic performance, the MRI technology does not involve radiation, and the application safety is high. However, MRI is a new imaging technology, and its examination cost is generally higher than that of CT; thus, its clinical promotion is still hindered. As a result, the positive rate of diagnosis of various types of pathogenic infections by MRI examination was significantly higher than that by CT examination, and for early and late MRI abnormalities, the positive rate of diagnosis was significantly higher with MRI than with CT. The results of this study are similar to those of our previous study, further confirming that MRI has a higher diagnostic value than CT in the diagnosis of intracranial infection.

CONCLUSION
In summary, in patients with intracranial infection after brain surgery, MRI has a higher diagnostic efficiency than CT, conducive to the preference for carrying out timely detection and early treatment for infection.

ARTICLE HIGHLIGHTS
Research background
Intracranial infection is a common clinical disease and a common complication after craniocerebral surgery. In recent years, there have been advances in clinical head computed tomography (CT) and magnetic resonance imaging (MRI) examinations of the temporal lobe to visualize focal hemorrhagic brain tissue.  

Research motivation
To study the application value of MRI and CT in the diagnosis of intracranial infection after craniocerebral surgery and improve the diagnosis rate of intracranial infection.

Research objectives
This study determined the diagnostic value of MRI and CT for intracranial infection after craniocerebral surgery.

Research methods
We selected 82 patients who underwent craniocerebral surgery. All 82 patients received CT and MRI examinations, and a retrospective analysis was performed. The coincidence rate of positive diagnosis and the overall diagnosis coincidence rate of different pathogenic infection types were measured with the two examination methods.

Research results
MRI scans had higher positive diagnostic coincidence rates than CT scans; the overall diagnostic coincidence rate, sensitivity, specificity, positive predictive value, and negative predictive value were significantly higher with MRI examinations than with CT examinations, and the differences were statistically significant (P < 0.05).

Research conclusions
MRI can diagnose intracranial infections after clinical craniocerebral surgery more accurately than CT.

Research perspectives
To further compare the difference between CT and MRI in the diagnosis of brain diseases.
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Figure 1 T1 and T2 weighted images. A: T1 weighted image data, it can be seen that the gray matter junction of the patient's brain showed an obvious low signal shadow, the boundary is blurred and the shape is irregular; B: T2 weighted image data, an obvious high signal can be seen.



Table 1 True positive, false positive, true negative, false negative results
	Examination method
	True positive (n)
	False positive (n)
	True negative (n)
	False negative (n)

	CT
	19
	7
	35
	21

	MRI
	37
	2
	40
	3


CT: Computed tomography; MRI: Magnetic resonance imaging. 


Table 2 Comparison of diagnostic sensitivity, specificity, positive predictive value and negative predictive value between magnetic resonance imaging and computed tomography examinations
	Examination method
	Sensitivity
(%)
	Specificity (%)
	Positive predictive value (%)
	Negative predictive value (%)

	CT
	47.50 (19/40)
	83.33 (35/42)
	73.08 (19/26)
	62.50 (39/56)

	MRI
	92.50 (37/40)
	95.24 (40/42)
	94.87 (37/39)
	93.02 (40/43)

	χ2
	48.214
	7.414
	17.642
	26.931

	P value
	0.001
	0.006
	0.001
	0.001


CT: Computed tomography; MRI: Magnetic resonance imaging.


Table 3 Comparison of coincidence rates among different types of infection and different types of examinations, n (%)
	Examination methods
	Number of gold standard positive cases
	Staphylococcus aureus infection
	Staphylococcus epidermidis infection
	Staphylococcus hemolyticus infection
	Other

	CT
	40
	10 (25.00)
	4 (10.00)
	4 (10.00)
	1 (2.50)

	MRI
	40
	19 (47.50)
	8 (20.00)
	9 (22.50)
	5 (12.50)

	χ2
	-
	10.953
	3.922
	5.741
	7.207

	P value
	-
	0.001
	0.048
	0.017
	0.007


CT: Computed tomography; MRI: Magnetic resonance imaging.

Table 4 Comparison of overall diagnostic coincidence rates between magnetic resonance imaging and computed tomography examinations, n (%)
	Examination method
	Total number of cases
	Missed diagnosis/ misdiagnosis
	Diagnostic coincidence rate

	CT
	82
	28 (34.15)
	54 (65.85)

	MRI
	82
	5 (6.10)
	77 (93.90)

	χ2
	-
	24.473

	P value
	-
	0.001


CT: Computed tomography; MRI: Magnetic resonance imaging.
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