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Abstract: The central nervous system (CNS) is less prone to infection owing to protection from the brain-blood barrier. However,
craniotomy destroys this protection and increases the risk of infection in the brain of patients who have undergone craniotomy.
CNS infection after craniotomy significantly increases the patient’s mortality rate and disability. Controlling the occurrence of
intracranial infection is very important for post-craniotomy patients. CNS infection after craniotomy is caused by several factors
such as preoperative, intraoperative, and post-operative factors. Craniotomy may lead to postsurgical intracranial infection, which
is mainly associated with surgery duration, infratentorial (posterior fossa) surgery, cerebrospinal fluid leakage, drainage tube
placement, unregulated use of antibiotics, glucocorticoid use, age, diabetes, and other systemic infections. Understanding the risk
factors of CNS infection after craniotomy can benefit reducing the incidence of intracranial infectious diseases. This will also
provide the necessary guidance and evidence in clinical practice for planning to control intracranial infection in patients with
craniotomy.
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Introduction
Central nervous system (CNS) infection is a severe post-operative complication of craniotomy, which refers to infectious
inflammation caused by microbial invasion of the brain parenchyma, meninges, and blood vessels. The pathogenic
microorganisms include viruses, bacteria, fungi, and/or parasites.' Patients with intracranial infection after neurosurgical
craniotomy often experience critical complications such as intracranial hypertension and disturbance of consciousness,
which progress rapidly and can be deadly, with a high mortality rate. Surviving patients may also be left with long-term
sequelae such as dementia, epilepsy, paralysis, and cranial nerve palsy, which pose a great threat to the lives of patients
and significantly affect their quality of life.>~

With the rapid development of antibiotics, the improvement of sterile conditions in the operating room, and the
application of advanced medical equipment, CNS infection after neurosurgery has been markedly improved.* However,
the incidence of intracranial disease after neurosurgery is still as high as 10% because of the inherent characteristics of
invasive procedures in the CNS and the increase in implants.>® Once intracranial infection occurs, it is difficult to
diagnose and treat, affecting the surgical effect, prolonging hospitalization, increasing the economic burden, and likely
leading to poor prognoses.” A observational study showed that transcranial color-coded duplex sonography can be used
for bedside monitoring of CNS infection for patients with post-craniectomy.”

Therefore, understanding the risk factors of CNS infection after neurosurgery and then guiding the adoption of
corresponding measures can significantly reduce the injury caused by CNS infection after neurosurgery. In this narrative
review, we discussed the risk factors of CNS infection for patients after craniotomy.
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Surgery Duration

Many studies have pointed out that the surgery duration positively correlates with the CNS infection rate after
craniotomy.” " With improved accuracy of craniocerebral surgery, the development of complex surgery, and the use
of microscopes in modern neurosurgery, the process is more effective, and the trauma to the body is relatively minor.
These inevitably prolong the surgery duration. Many studies show that surgery duration exceeding 4 h is one of the high-
risk factors for post-operative CNS infection in patients.'*'*

The extended surgery duration can easily lead to CNS infection. On the one hand, it may be related to bacteria in the
operating room air. At present, most operating rooms are not sterile. As the surgery duration progresses, the micro-
organisms suspended in the air in the operating room are more likely to colonize the surgical instruments and the tissue
surface in the working area, thereby putting the patient at risk of developing a post-operative CNS infection.*'> On the
other hand, the pathogen may originate from the patient’s scalp as the surgery duration continues. Although careful
disinfection before surgery can remove bacteria on the scalp surface, it is difficult to kill the pathogens in the skin pores
thoroughly.* Many Staphylococcus bacteria grow in the hair follicles and sebaceous glands of the human scalp. These
bacteria living in the deep part of the scalp can gradually migrate to the skin surface naturally. The longer the surgery
duration, the more likely the hidden pathogens in the scalp will remobilize and contaminate the surgical area, thereby
increasing the incidence of CNS infections.

In addition, the long operation time also leads to the occurrence of the CNS infections by following pathophysiological
mechanisms: (1) Mechanical damage to the tissue: the prolongation of the operation time increases the time for the tissue to be
stretched during the operation, which increases the damage around the brain tissue to a certain extent. It reduces the resistance
to infection in the local of the body. (2) Tissue ischemia and hypoxia: Excessive operation time will cause insufficient blood
supply to the tissue around the surgical wound, resulting in tissue ischemia and hypoxia. Ischemia and hypoxia make
traumatized tissues susceptible to bacterial invasion and also weaken the body’s ability to remove pathogenic microorganisms.
(3 Inflammatory response disorder: The existence of long-term surgical wounds causes the body to continue to be in a state of
inflammatory response, release inflammatory mediators such as cytokines, etc, and put the body’s immune system in
a hyperactive state. The long-term persistence of this hyperactive state may suppress the body’s immune function and weaken
the defense against infection. (3) Decreased overall resistance in patients: Prolonged general anesthesia reduces the patient’s
resistance, and the patient is more susceptible after surgery, making it easier for external bacteria to invade the body.'®!”
Therefore, when the operation time is expected to be long, such patients should be regarded as high-risk patients with post-
operative CNS infection, and preventive measures should be taken as much as possible before, during, and after surgery. It is
better to optimize surgical planning and operating procedures to minimize operating time.

Infratentorial (Posterior Fossa) Surgery

The site of intracranial surgery is often divided into supratentorial and infratentorial parts (posterior fossa). The incidence
of CNS infection after infratentorial (posterior fossa) surgery is much higher than that of supratentorial surgery.
A systematic review and meta-analysis showed that the incidence of surgical site infections after craniotomy following
surgery for posterior fossa tumors was 9.67%.'® The following properties of the posterior fossa surgery are associated
with the high risk of CNS infection.

The Location and Structure of the Posterior Fossa are Complex

The posterior fossa has essential structures, such as the brainstem, which plays a crucial role in cardiovascular activity,
breathing, and other life activities.*'® The posterior fossa surgery is complicated and requires utmost care compared to
surgery in other parts of the brain. The complexity of its surgery prolongs the surgery duration to a certain extent and
increases the risk of CNS infection. The volume of the posterior fossa is relatively tiny and the surgical site is deep. The
situation of the patient will develop rapidly after the posterior fossa infection. It increases the risk of disease worsening.
In addition, it is difficult to expose the surgical site of posterior fossa, because the muscle layer of the posterior fossa is
thicker and the occipital skull is thicker than other parts. Therefore it is necessary to use retractors during the surgery to
retract the skin and muscles to expose the surgical field and electrocoagulation hemostasis is carried out during the
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surgery. The tissue injury around the incision also increases the chance of post-operative infection. It is another risk
factor for the increase in the infection of the CNS after surgery.*

Opening of Mastoid Air Cells

It is easy for posterior fossa surgery to cause the mastoid air cells to open in the mastoid part of the temporal bone during
the surgery. The mastoid air cell is interconnected with the tympanic cavity of the middle ear through the mastoid antrum,
which makes the intracranial structure open to the outside space so that external bacteria may take the opportunity to
enter the intracranial space, thereby increasing the risk of post-operative CNS infection.?

Cerebrospinal Fluid Leakage Induced by Difficulty in Suturing

In the suturing process of posterior fossa surgery, post-operative infection is often caused by the inability to suture
tightly.*' Posterior fossa surgery removes part of the occipital bone and severs the connection between the tuberosity and
the muscle/ligament, separating the muscle and ligament from the periosteum and forming a cavity between the dura and
the muscle layer. Because the scalp is thicker in this area and the subcutaneous layers are rich in fatty tissue, it is difficult
to suture layer by layer. Moreover, it is difficult to suture the dura mater tightly because of contractures caused by
electrocoagulation. In that case, it is easy to cause cerebrospinal fluid leakage in the incision, and pathogenic bacteria will
enter the skull retrograde along the incision.”?** Couple with the possibility of liquefaction necrosis of fat, it affects
wound healing and provides an opportunity for bacterial colonization.

Difficulty in Post-Operative Incision Cleaning

Since the surgical area of the posterior fossa is mainly in the occipital region, it is easy to cause poor incision healing
after the surgery owing to the scalp being compressed in the operation area following the long-term supine position. In
addition, patients after posterior fossa surgery are often unconscious, which increases the difficulty of changing the
dressing and cleaning the incision, leading to an increasing risk of post-operative infection due to insufficient cleaning.

Preventive Measures of Post-Operative Infection in the Posterior Fossa

In short, infratentorial surgery has a higher risk of post-operative CNS infection than surgery in other locations. It
involves pathophysiological mechanisms such as regional anatomy and skull base anatomy. To prevent CNS infection
after posterior fossa surgery, choosing an appropriate surgical approach and avoiding unnecessary opening of the mastoid
air cells is necessary. When it cannot be avoided, bone wax or fatty tissue should be used to block the mastoid air cells to
reduce surgical site contamination. At the end of the surgery, the dura mater, muscle layer, and scalp should be tightly
sutured. When the dura mater contracture causes suture difficulty, artificial dura mater can be used for repair.>* It should
be ensured that the muscle layer is close to the dura mater, the suture at the muscle layer must be firm, and no dead space
should remain. Post-operative pressure bandaging reduces the incidence of CNS infection.

Cerebrospinal Fluid Leakage

Many studies have pointed out that cerebrospinal fluid leakage after craniotomy is one of the main risk factors for CNS
infection.”>’ Bacterial invasion and local inflammatory response are the main pathophysiological mechanisms
leading to infection. The cerebrospinal fluid leakage connects the body’s brain tissue with the outside world, allowing
the pathogenic bacteria to enter the intracranial space, leading to CNS infection.”® Once intracranial infection occurs, it
will increase intracranial pressure, further aggravating cerebrospinal fluid leakage. Cerebrospinal fluid leakage can
stimulate an inflammatory response in surrounding tissue, leading to swelling and blood circulation changes. This
inflammatory response provides a suitable environment for bacteria to reproduce and survive, thus forming a vicious
circle. Therefore, the longer the leakage time, the greater the probability of infection. After craniotomy, common
cerebrospinal fluid leakage includes incisional cerebrospinal fluid leakage, cerebrospinal fluid rhinorrhea, and cere-
brospinal fluid otorrhea.?®
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Incisional Cerebrospinal Fluid Leakage
Incisional cerebrospinal fluid leakage is usually caused by insufficient suture of the dura mater and muscle during the
surgery, residual dead space in the incision, poor incision healing, incision expansion owing to increased intracranial
pressure, and a loosely closed scalp incision after drainage tube extraction. For these reasons, the cerebrospinal fluid
leaks out from the dura mater and the subcutaneous tissue gap.>**°

The patient may have subcutaneous effusion near the surgical incision when incisional cerebrospinal fluid leakage occurs.
The subcutaneous effusion is connected with the gap on the dura mater caused by the loose suture, which affects the local
metabolic environment and likely reduces the circulating speed of the cerebrospinal fluid at the surgical site. This increases the
protein level in the cerebrospinal fluid, which is conducive to bacterial reproduction.’’ On the other hand, after subcutaneous
effusion accumulation, local puncture and drainage are often required, increasing the chance of bacteria entering the brain,

which is another risk factor for intracranial infection caused by incisional cerebrospinal fluid leakage (Figure 1).*'

Cerebrospinal Fluid Rhinorrhea and Cerebrospinal Fluid Otorrhea

Cerebrospinal fluid rhinorrhea and cerebrospinal fluid otorrhea are usually caused by the opening of the paranasal sinuses and
mastoid air cells during the craniotomy, which is not tightly sealed with bone wax, and the dura meter is not tightly sutured
when the skull is closed.?”***? At this time, cerebrospinal fluid can flow out through the paranasal sinuses and mastoid air
cells, resulting in cerebrospinal fluid rhinorrhea and otorrhea. Then, the channels between the intracranial and extracranial
regions are formed, and pathogenic bacteria may enter the brain, causing infection of the CNS (Figures 2 and 3).

Preventive Measures of Post-Operative Infection by Cerebrospinal Fluid Leakage
Tight suturing of the dura mater and muscle layer during the surgery is the most effective measure to prevent post-operative
cerebrospinal fluid incision leakage. When the dura mater is severely damaged and cannot be tightly sutured, artificial dura mater
can be used for repair. As a foreign body, it should be noted that artificial dura mater may aggravate the intracranial infection in
open traumatic brain injury.>> For the parts where the tissue is loose and can quickly form subcutaneous effusion, a local
compression bandage should be placed after the surgery to prevent the occurrence of subcutaneous effusion. These measures will
reduce the incidence of intracranial infection after craniotomy. To prevent cerebrospinal fluid rhinorrhea and otorrhea after
surgery, the barrier among the cranial cavity, the paranasal sinuses, and the mastoid air cells should be repaired before the skull is
closed.*? Once cerebrospinal fluid rhinorrhea and otorrhea occur, the nostril and ear canal should not be blocked. The
cerebrospinal fluid should be thoroughly drained to promote the early closure of the external channel and cranial cavity. It
needs to be repaired if it is necessary.>

At the same time, monitoring of the patient’s condition post craniotomy should be strengthened. As soon as a sudden
increase in intracranial pressure or signs of meningeal irritation is found, lumbar cistern catheterization should be

Surgical incision
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Figure | Bacteria enter the brain through the incisional cerebrospinal fluid leakage. The incisional CSF leakage is often caused by insufficient suture of the dura mater and
muscle during the surgery. The CSF can leak out from the dura mater and the subcutaneous tissue gap. Meanwhile, the bacteria can entering the brain from the surgical site
and increase the infection risk of the CNS.
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Figure 2 Bacteria enter the brain through cerebrospinal fluid rhinorrhea. The CSF rhinorrhea is usually caused by the opening of the paranasal sinuses such as frontal sinus
and sphenoid sinus during the craniotomy. The CSF can flow out through the paranasal sinuses, so the channels between the intracranial and extracranial regions are formed.
The bacteria may enter the brain through the channel to cause the CNS infection.
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Figure 3 Bacteria enter the brain through cerebrospinal fluid otorrhea. The CSF otorrhea is usually caused by the opening of the paranasal sinuses during the craniotomy.
The CSF can flow out through the paranasal sinuses. The bacteria can enter the brain from the auditory meatus via the opening of sphenoid sinus and mastoid air cells to
cause the CNS infection.

performed immediately for continuous drainage to reduce the risk of cerebrospinal fluid leakage, thereby reducing the
risk of CNS infection. Once cerebrospinal fluid leaks, the patient should quickly be placed in a semi-recumbent or supine
position. Lumbar puncture or lumbar cistern catheterization should drain the cerebrospinal fluid, reduce intracranial
pressure, and promote healing of the leak.>***> When the above treatments fail, exploration and revision surgery must be
performed.**
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Drainage Tube

Drainage after craniotomy is another risk factor for CNS infection.*> Common drainage methods include external ventricular
drainage, subdural drainage, and epidural drainage. Once bacteria invade the intracranial space during drainage after
craniotomy, they can easily proliferate and reproduce because the self-defense ability of the cerebroventricular system is
weak, and the cerebrospinal fluid is a nutrient-rich bacterial culture medium (Figure 4). After craniotomy, it is necessary to
drain blood and fluid from the operative cavity, epidural space, and other parts to reduce intracranial pressure and prevent post-
operative brain herniation and hydrocephalus. Drainage tubes are needed in the cerebral ventricle, operative cavity, subdural
and epidural space, and subcutaneous space.>® However, while the drainage tube is used to draw out blood and fluids, it also
bridges the internal and external environments of the skull. The drainage tube directly provides a channel from the external
environment to the intracranial space, bypassing the blood-brain barrier. Extracranial pathogens can enter the brain easily
through the channel and increase the possibility of intracranial infection.?’

Intracranial infection caused by the drainage tube includes the following: (1) Scalp flora: Conventional scalp
disinfection before craniotomy cannot effectively kill all bacteria. After placing the drainage tube, the bacteria on the
scalp can enter the skull directly through the drainage tube. In addition, intracranial infection is more likely to occur,
especially when the drainage tube leaks.*> (@) Drainage fluid backflow: When the drainage tube is placed too high, it may
lead to poor drainage, and the drainage fluid that may be contaminated in the drainage tube can enter the brain
retrogradely."® 3 Biofilm formation by bacterial growth: The formation of biofilm on the surface of the drainage tube
is also one of the risk factors. Post-operative drainage tube placement also provides favorable conditions for the
construction of biofilm by bacterial growth.>*** When the drainage tube is implanted into the body, its surface is

f
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Figure 4 Bacteria enter the brain through the drainage tube. The drainage tube is used to draw out blood and fluids. The drainage tube directly provides a channel for
bacteria entering the brain from the external environment to the intracranial space bypassing the blood-brain barrier. The placement of drainage tube increases the
possibility of CNS infection.
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immediately surrounded by various fluids such as blood and multiple other glycoproteins, mucopolysaccharides, ions,
and components. They will penetrate and attach to the surface within a few minutes, forming a conditioned membrane.
This conditioned membrane will then cover the substrate surface like a mesh, allowing bacteria to attach to it.*'*** Once
bacteria form a biofilm, it is difficult to eliminate, increasing the risk of intracranial infection.*> ®Foreign body: the
human body rejects the drainage tube as a foreign body, which may show a local inflammatory response and cause
endogenous infection. (®Prolonged drainage time: This will also increase the chance of intracranial infection.*** With
prolonged placement of an indwelling drainage tube, the chance of retrograde infection due to bacterial growth increases,
and pathogenic bacteria can repeatedly invade the intracranial space.'® () Lack of strict aseptic operation: Irregular
sterile operation during post-operative drainage may lead to intracranial infection. (7) Extubation: When the drainage
tube is removed, there may be leakage from the skin drainage orifice. If the cerebrospinal fluid leaks after extubation, it
may lead to the invasion of bacteria and increase the risk of intracranial infection.

Therefore, disinfection and debridement of the surgical area should be done in a timely manner when the drainage tube is
placed after surgery. The drainage tube is soaked in antibiotics during the operation to prevent biofilm formation.***’ The post-
operative drainage tube should be placed above the incision, slightly below the level of the cerebral ventricle, to ensure smooth
drainage and prevent the drainage fluid from flowing back into the cranial cavity. Care should be taken to strictly follow the
aseptic operation procedures in the post-operative drainage tube. The drainage device’s wound and connection ends should be
regularly disinfected, and the wound dressing should be changed in time. The T-tube connector should be soaked when the
cerebrospinal fluid is extracted and the drug is injected through the drainage tube. The drainage tube must be clamped to prevent
retrograde infection when replacing the drainage bag or discharging fluid. The suitable measures should be taken as regular
follow-up and monitoring of patients after surgery to detect signs of infection early and take timely intervention measures.

Irregular Use of Antibiotics

Due to severe complications caused by post-operative infection, many studies in the 1980s and 1990s believed that prophylactic
antibiotics could reduce the infection rate of the CNS after craniotomy.*® > Prophylactic antibiotics gradually became the
mainstream treatment strategy. The preoperative prophylactic use of various antibiotics became popular.'* However, drug-
resistant bacteria are constantly emerging due to the unreasonable application of the antibiotics. Even if antibiotics are used
prophylactically in the perioperative period, infection still occurs, and the effect of antibiotics is significantly reduced.>

Preoperative use of antibiotics to prevent post-operative infection is necessary for contaminated incisions. However,
there has been controversy over whether prophylactic antibiotics should be used in clean neurosurgery. Therefore, clean
neurosurgery must be considered with the patient’s situation in practice. If the patient has risk factors for post-operative
CNS infection, underlying diseases, and low immunity before surgery, prophylactic antibiotics may be used.

For clean neurosurgery requiring prophylactic antibiotics, the timing of administration, selection of antimicrobials, dosage,
and additional medication during surgery are vital factors.>> An error in any of these points can render antibiotics ineffective,
indirectly leading to post-operative CNS infection and even promoting the emergence of drug-resistant bacteria. Once post-
operative infection occurs, the effect of anti-infective treatment will significantly reduce.>* For clean neurosurgery, the main
pathogenic bacteria that may lead to post-operative infection, primarily Gram-positive cocci, mainly come from the scalp.
Staphylococcus aureus accounts for a substantial proportion of gram-positive cocci.'*>*>7 Therefore, only a single drug is
required for the prophylactic application of antibiotics before clean neurosurgery. It is better to choose the drug which is
narrow-spectrum, gram-positive bacteria targeted, inexpensive, and minimal in side effects. It is not necessary to cover all the
flora. In most cases, a standard dose is sufficient. Supplemental drugs during surgery: Prophylactic antibiotics should cover at
least the period from skin incision to the closure of the surgical incision to ensure a high drug concentration in blood during
surgery. The serum half-life of commonly used cephalosporins is 1-2 h. Therefore, if the process is extended to more than 3
h or the blood loss exceeds 1500 mL, a second dose should be added, even a third dose can be used if necessary. If ceftriaxone

which has a 7-8 h half-life, is used, no additional dosage is required.*®-’

Glucocorticoids
Some patients with intracranial tumors require long-term chemotherapy, immunosuppressive agents, and glucocorticoids.
The pathophysiological mechanisms involves in inhibiting the production and function of various immune cells,
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inflammatory mediators and cytokines in the immune system. Patients with immunosuppressive therapies are considered
a high risk population for CNS infections and the incidence of CNS infection are associated with the dose of the
immunosuppressants such as corticosteroids.®” These drugs will reduce the patient’s immune function, making the body
vulnerable to pathological invasion and inducing CNS infection.®' ¢

In some cases, glucocorticoids are required for patients who have undergone neurosurgical craniotomy. Glucocorticoids can
reduce endothelial damage, scavenge free radicals, inhibit cell peroxidation, maintain cell membrane stability, and minimize
cerebrospinal fluid secretion; for patients with malignant intracranial tumors such as glioma and advanced brain metastases, the
routine use of glucocorticoids can significantly reduce the edema around cancer before and after surgery, improve cerebrospinal
fluid circulation, and protect the small blood vessels of the brain tissue, reduce the lesion, and improve the symptoms of
hydrocephalus.®*%3

However, if glucocorticoids have been used long-term, there will be noticeable side effects, such as glucose
metabolism disorders, hyperglycemia in patients, immunosuppression, reduced immunity, and/or delayed wound healing,
leading to an increase in the infection rate after surgery.®® Therefore, the indications and use time for applying
glucocorticoids should be strictly controlled. Generally, short-term sufficient pulse therapy should be used to avoid

side effects caused by the long-term, high-dose application.

Patients Related Risk Factors
Old Age

Age is also one of the risk factors for CNS infection after neurosurgical craniotomy.>’ The pathophysiological mechanisms
mainly involve in the following aspects. Degenerative changes occur in various tissues and organs among aged patients. The
function of multiple organs is gradually weakened, autoimmunity is slowly reduced, and anti-infection ability is weak. In
addition, the stress stimulation caused by neurosurgery can heighten the risk of CNS infection among older patients.
Nevertheless, older patients often have underlying diseases such as diabetes, hypertension, and respiratory system disease,
which make them more prone to intracranial infection after craniotomy than younger patients.®’ Elderly patients often require
long-term medication to manage their chronic diseases, such as anticoagulants, immunosuppressants, etc. These drugs may affect
the immune system, increasing the risk of infection. The neurological function of elderly patients may have suffered a certain
degree of decline, including reduced blood supply and tissue repair ability. This may lead to difficulty in post-operative wound
healing, and the tissue around the wound is susceptible to infection.

Therefore, for older patients, primary disease should be well controlled before surgery, and complete preoperative
preparations should be made, including sputum guidance, breathing training, and nutritional support. Post-operative
preparations include nutritional support, improving immunity, and reducing complications. This will reduce the post-
operative incidence of systemic infections in the CNS.

Diabetes

Poor preoperative glycemic control in diabetic patients is significantly associated with an increased risk of CNS infection after
neurosurgical craniotomy.®®*’ Diabetes, as a chronic disease, impacts the infection of the CNS after craniotomy. The pathophy-
siological mechanisms leading to CNS infection after craniotomy are multifaceted: (1) Hyperglycemia causes metabolic disorder
of sugar, protein, and fat in the body; decreased protein synthesis; and increased breakdown. The tissue repair, regeneration
ability, and resistance to invasion by foreign bacteria are weakened. More fat is decomposed than synthesized during metabolism,
which increases blood lipid levels. Lipids are deposited in blood vessels’ inner walls, resulting in vascular injury. The vascular
lumen becomes stenosed or occluded. The blood flow becomes slower. The tissue oxygen supply is reduced, which may lead to
poor incision healing. This will increase the possibility of bacteria invading the brain through the surgical incision.” (2) Diabetes
may weaken the phagocytic sterilization ability of centrocytes and decrease lymphocyte reactivity, thus significantly reducing the
body’s immune function.”® 3) After the blood sugar level rises, blood and tissue fluid become a suitable medium that will benefit
the growth and reproduction of bacteria. (#) Diabetes can damage the nervous system, including peripheral neuropathy and
abnormal function of the central nervous system. This affects the nervous system’s ability to repair and regenerate, making
wound healing difficult after craniotomy and increasing the risk of infection.
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Therefore, for patients with diabetes, blood sugar levels should be actively controlled and treated before surgery.
A customized diabetes diet plan should be formulated to control blood sugar reasonably. The patient’s immune status and
blood circulation should be assessed. Immunomodulatory therapy and improving blood circulation can control the patient’s
disease. Care for the patient’s stable blood sugar levels, blood pressure levels, and fluid balance should be taken during the
operation. After the operation, the patient’s body temperature, inflammation indicators and wound healing were closely observed.

Combination with Other System Infections

The post-operative CNS infection rate will be increased when the patients with craniotomy have other system infections such
as infection of respiratory and urinary systems before surgery. Possibly because the surgery disrupts the integrity of the blood-
brain barrier, bacteria from other body parts can spread through the blood into the brain. For example, in patients with
pulmonary infection, tracheal cannulation during surgery can easily damage the tracheal mucosa, destroying its barrier
function. Pathogenic bacteria can enter the brain through the blood, causing CNS infection. In addition, lung infection leads to
low immunity and hypoxia, reducing the resistance of intracranial tissues to bacteria. The intracranial infection leads to a more
severe disturbance of consciousness, forming a vicious circle. Therefore, to prevent CNS infection after craniotomy, it is
necessary to control the overall situation, comprehensively evaluate the patient’s status, especially the prevention and control
of respiratory system infection, reduce the invasion of opportunistic pathogens, and reduce post-operative CNS infection risk.

Conclusion

CNS infection after neurosurgical craniotomy is a severe postoperative complication that affects the surgical outcome and
patient prognosis. Risk factors for CNS infection after neurosurgery craniotomy involve procedure, post-operative care and
patients related factors, including surgery duration, infratentorial (posterior fossa surgery) site, cerebrospinal fluid leakage,
drainage tube placement, inappropriate use of antibiotics, glucocorticoid use, age, and diabetes, and combined with other

systemic infections (Figure 5). Studying these risk factors is significant in formulating individualized prevention plans for the
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Figure 5 The summary of the risk factors related to the CNS infection after craniotomy. The risk factors which could cause the CNS infections after craniotomy mainly
include procedure, post-operative care and patients related factors. CNS, central nervous system; CSF, cerebrospinal fluid.
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patient’s surgery. Adequate preventive measures should be taken to reduce the incidence of CNS infection after craniotomy
and improve the clinical prognosis of patients.
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