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he central nervous system is susceptible to various infections. Over centuries, bacterial 
infections have proven lethal in various surgical procedures. Infections that occur after 
craniotomy are often due to the reopening of operating wounds and past contamination of 

the scalp. Electronic health record (EHR) although provides programs to support surveillance 
efforts for these infections. However, the problem with these tools traditionally used is the 
lack of accuracy.  Till now, the EHR systems are giving data to monitor and plan for these 
infections but this system needs more accuracy. The rate of postoperative infection in 
craniotomy ranges from 0.8% to 7% in patients who have received preoperative antibiotic 
prophylaxis. This rate increases significantly to about 10% in patients without antibiotic 
prophylaxis. Different types of bacteria manifest infections at different intervals after surgery. 
For instance, Streptococcus pyogenes infections typically appear within one or two days, 
Staphylococcal infections usually become evident after four to five days post-surgery, while 
gram-negative bacillary problems may arise within six or seven days. Resistance in bacteria 
contributes to the prevalence of postoperative infections, with examples such as Vancomycin 
Resistant Streptococcus aureus (VRSA), Vancomycin Resistant Enterococci (VRE), and 
Methicillin-Resistant Streptococcus aureus (MRSA). Given the high incidence of postoperative 
neurosurgical infections, there is a pressing need to manage such infections meticulously to 
reduce the risk of infections and associated fatalities. Treatment options include antibiotics 
and surgical practices aimed at minimizing pathogenic infections. Early and prompt 
recognition of bacterial infections after craniotomy is crucial, necessitating an understanding of 
both local and general infection symptoms. Additionally, cranioplasty can be considered as a 
means to address postoperative neurosurgical pathogenic infections. 
Keywords: Craniotomy Infections, Bacterial Pathogens, Antibiotic Resistance, Cranioplasty, 
HER, Electronic data. 
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Introduction: 
The nervous system plays a crucial role in coordinating and controlling bodily 

functions, including both voluntary and involuntary movements, sensory perception, and 
maintaining overall homeostasis [1]. It is essential for maintaining overall homeostasis, 
movement, cognition, sensory perception, and the body's survival. The brain or central 
nervous system is very susceptible and delicate tissue protected by various layers of coverings. 
It is defined as an immunological space, and the results are most alarming when suffering from 
infections [2]. Aspects that are important for the cooperation of the host defense system play a 
key role in initiating infections related to the brain after surgery, and such infections cannot be 
minimized or avoided. Over the centuries, such infections have been lethal. However, the use 
of newly effective antibiotics, enhanced bacteriological studies, recent imaging services, and 
more careful surgical methods have changed the outcomes [3]. The surgical process in which a 
part of the skull bone is removed to expose the central nervous system and brain is known as 
Craniotomy. The bone flap is removed and returned to its former position at the end of 
surgery to protect the brain and its structures. Mostly, metal plates are used to secure the bone 
flap in its position [4]. 
Objectives: 

 To determine the causes and rate of surgical site infection (SSI). 

 To screen pathogenic bacteria associated with surgical site wound infections after 
cranial surgery. 

Novelty of the study: 

 Conducting a study on the incidence of surgical site bacterial infections and other risk 
factors after cranial surgery (craniotomy) in hospitals of Lahore, Pakistan, is valuable 
research to find out the causative bacterial pathogens of surgical site infections after 
cranial surgery as the research is not conducted in Pakistan on this issue and relevant 
data is not available. 

 This study is very useful in regard to checking the effect of different antibacterial 
agents other than antibiotics for the prevention of SSI infections which will be new 
findings in the field of medicine. 

 It is helpful in reducing the mortality associated with post-operative bacterial infections 
after cranial surgery.  

It plays a role in the scientific community and helps to drive further research and 
advancements in brain surgery. 
Postoperative Central Nervous System Infection (PCNSI): 

Postoperative Central Nervous System Infections (PCNSIs) are significant 
complications following brain surgery, leading to increased financial burdens and worse patient 
outcomes. Furthermore, there is a scarcity of scientific literature investigating the incidence 
and effects of PCNSI are modernized, resource-limited neurosurgical centers.  Postoperative 
Central Nervous System Infection (PCNSI) is a major concern in the domain of neurosurgery. 
It describes infections that arise after surgery in the central nervous system, particularly the 
brain, spinal cord, or meninges. PCNSIs can develop as a result of postoperative difficulties or 
the development of pathogens during surgery. Patients who acquire these infections face a 
substantial risk of increased morbidity, prolonged hospital stays, and even mortality [5]. 

Postoperative CNS infection after cranial surgery remains a high risk despite the most 
attentive care during any operative process, and it demands immediate diagnosis and medical 
or surgical treatment. Once identified, postoperative infection can be treated with repeated 
surgery or the administration of subdural antibiotics [6]. Infections after Craniotomy may 
increase due to the reopening of operating wounds and past contamination of the scalp. Other 
factors also include multiple incisions, the location of a drain, the patient's immune deficiency, 
bone flap infection, cerebral abscess, and the long duration of surgery [7]. 
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Figure 1: Computer Based Image of Postoperative Central Nervous System (PCNS) [8] 

The choroid plexus is considered the first site of inflammation after a CNS infection, 
showing approximately 100,000 bacterial organisms per gram of tissue in cases of PCNSI. 
After brain surgery, the most common infections include Cerebrospinal Fluid (CSF) leakage, 
meningitis, epidural abscess, and subdural empyema of the brain. The rate of postoperative 
infection in craniotomy has been described as ranging from 0.8% to 7% in patients who 
receive preoperative antibiotic prophylaxis. Numerous randomized and retrospective studies 
have shown that the infection rate is considerably higher, around 10%, in patients without 
antibiotic prophylaxis [9]. 

 
Figure 2: Choroid plexus [4] 

Neurosurgeons' view on Postoperative Central Nervous System (PCNSI)   
They have usually stated that postoperative wound infection rates after brain 

operations are considerably lower than those of other surgical procedures. However, the 
potentially distressing effects of postoperative Central Nervous System (CNS) infections have 
prompted current awareness and a better understanding of the issues that lead to wound 
infections after surgery. Potential risk factors for postoperative infections have been identified, 
but relatively few efforts to confirm the significance of each factor have been made in the 
literature [10]. Currently, no neurosurgical studies have attempted to evaluate the level of 
infection risk associated with specific factors. Although such data would be most consistently 
collected in a prospective manner, the outcomes of such studies would not be available for 
several years [11]. 

Postoperative Central Nervous System Infection (PCNSI) is recognized as a significant 
complication of neurosurgical treatments. PCNSIs can lead to increased morbidity, prolonged 
hospitalization, additional procedures, and potential mortality. Neurosurgeons take preventive 
measures such as administering preoperative antibiotics to patients, adhering to strict aseptic 
procedures during surgery, employing thorough surgical methods, and closely monitoring 
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patients after surgery to reduce the risk of PCNSIs. For the effective management of PCNSIs, 
prompt diagnosis and tailored antimicrobial therapy are essential. Neurosurgeons prioritize 
controlling PCNSIs to enhance patient outcomes and minimize associated risks [12]. 
Surgical Site Infection (SSI) 

A Surgical Site Infection (SSI) is an infection that develops at the location of an 
incision during surgery or in the tissue around it. It is one of the most frequent postoperative 
complications and can result in severe morbidity, extended hospital stays, and higher 
healthcare expenses. Bacteria can infiltrate the surgical site during the procedure or become 
contaminated afterward, leading to SSIs [13].  
Factors contributing to SSIs and PCNSI: 

Patient-related factors (including immune suppression, obesity, and diabetes), surgical 
factors (such as the type and duration of surgery), and poor adherence to infection prevention 
measures are all risk factors for SSIs. Preventive measures include observing aseptic technique, 
appropriate preoperative preparation, antimicrobial prophylaxis, and diligent postoperative 
wound care [14]. For the best possible outcomes for patients, early detection and timely 
treatment of SSIs are essential. The incidence of SSI following neurosurgery ranges from 0% 
within 30 days when no implants are involved, to potential occurrences over a year when 
external materials like hip prostheses or prosthetic heart valves are implanted. Postoperative 
wound infections are typically noticeable within a week of surgery [15]. Different types of 
bacteria manifest infections at different intervals; for example, Streptococcus pyogenes infections 
typically appear within one or two days, Staphylococcal infections usually become evident after 
four or five days post-surgery, while gram-negative bacillary problems may arise within six or 
seven days [16]. The most commonly isolated bacteria is S. aureus, which can cause infections 
such as pneumonia, endocarditis, septic arthritis, sepsis, and osteomyelitis when conditions 
such as temperature, pH, and nutrient availability change. Generally, SSI is initiated by mucous 
membranes or hollow viscera or the patient's skin. When the skin is cut, the underlying tissue 
is exposed, increasing the infection rate. Another factor in the spread of such organisms is the 
hospital environment, which can introduce pathogenic organisms into the patient's body 
through medical processes [11].  

Although the type of pathogens depends on the surgical technique, current studies on 
postoperative infection have concluded that gram-positive bacteria have a higher rate of 
pathogenic infection compared to gram-negative bacteria associated with SSI. The most 
common pathogenic bacteria include Coagulase-Negative Staphylococci (CoNS), S. aureus, 
Enterobacteriaceae, Pseudomonas aeruginosa, and Enterococci. Furthermore, another factor that 
increases the prevalence of postoperative infection is antimicrobial-resistant bacteria such as 
Vancomycin-Resistant S. aureus (VRSA), Vancomycin-Resistant Enterococci (VRE), and 
Methicillin-Resistant S. aureus (MRSA). Besides pathogenic infections, factors such as the 
patient's healing duration, wound appearances, operative characteristics, bleeding, obesity, the 
need for drains in the wound, and diabetes mellitus also increase the rate of neurosurgical 
infections [9]. Various types and numbers of microbial pathogens, including fungi, bacteria, 
parasites, viruses, and mycoplasma, can cause post-operative wound infections. Organisms 
that generally cause abscesses and wound infections include species of Enterococcus sp., S. aureus, 
Proteus sp., Streptococcus pyogenes, Escherichia coli, Clostridium sp., and Providencia sp. Other 
uncommon pathogens causing SSI are Mycobacterium chelonae and Mycobacterium fortuitum [9]. 

Postoperative Central Nervous System Infection (PCNSI) can be linked to many 
reasons and contributing variables after neurosurgery procedures that lead to its development. 
Contamination of the surgery site is one of the main causes [17]. Numerous factors have 
contributed to diagnosing Central Nervous System (CNS) infections with a long lifespan, a 
high rate of solid-organ replacement, and better diagnostic facilities [18]. Despite new 
technology in postoperative and neurosurgical care, the rate of postoperative infections has 
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not decreased as expected in modern times; in fact, it is increasing day by day. China has the 
largest number of neurosurgeons and neurosurgical procedures performed in the world; 
however, the rate of PCNSI is hardly recorded [19]. 

In the United States, Surgical site infections (SSIs) are now recognized as the most 
costly and common healthcare-related problems. The rate of postoperative infections is 
relatively variable, ranging from 0.5% to 18.8% as recorded after spine surgery, and from 1% 
to 8% after brain surgery. The range of infection varies depending on various operative factors 
such as the type of surgery, the use of surgical techniques, implantations, and the heterogeneity 
of the population. Due to the potentially distressing outcomes of infectious problems, 
studying their specific risk factors is of utmost importance to determine precise preventive 
approaches, especially since 60% of SSIs can be prevented by using evidence-based strategies. 
Although improvements have been made to control postoperative infections, there is also a 
need to improve sterilization procedures, operation theatre ventilation, barriers, surgical 
methods, and the use of antimicrobial prophylaxis [20]. 

PCNSI occurrence is also influenced by patient-related factors. Patients with 
immunosuppression, such as those whose immune systems have been compromised by 
underlying diseases or drugs, are more susceptible to infections. The incidence of PCNSIs is 
further increased by previous infections or microbial colonization [21]. An increased risk of 
infection can also be brought on by advanced age, malnutrition, systemic illnesses like diabetes 
or HIV, and the presence of foreign bodies such as shunts or implants. Another crucial factor 
is the duration of the operation. Longer operations increase the risk of contamination and 
eventual infection by exposing the surgical site to more potential microorganisms. Surgical 
teams strive to keep procedures brief while still being precise and thorough enough to lower 
this risk [22]. 

PCNSIs are influenced by the nasal carriage of infectious agents, primarily Staphylococcus 
aureus, including methicillin-resistant Staphylococcus aureus (MRSA). Bacteria from the nasal 
cavity can migrate to the operative site during surgery [22]. Preoperative testing for nasal 
pathogen carriage and the right preventative actions can help reduce this risk. PCNSIs can also 
be caused by factors like poor wound healing. When wound healing is compromised, 
pathogens have the opportunity to access the surgical site and cause infection, as is the case 
with surgical site dehiscence or wound breakdown [23]. The risk of PCNSI may be 
exacerbated by postoperative complications such as cerebrospinal fluid (CSF) leaks, 
meningitis, or the formation of cerebral abscesses. To reduce the frequency of PCNSIs, 
neurosurgeons implement preventive measures while taking these variables and causes into 
account. These efforts include appropriate preoperative screening and preventative measures, 
meticulous adherence to aseptic procedures during surgery, precise wound closure, and 
postoperative infection surveillance [23] [24]. 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 3: CT scan images showing smooth, thin, regular contrast-enhanced wall with a 
hypodense center, surrounded by edema. Cerebral abscess of the frontal (a and b) and parietal 

(c) lobes. Note the aerosol in (b), depicting the previous aspiration site, and the multiple 
cerebral abscesses in (d) [20]. 

Different Types of Post-Operative Infections: 
Postoperative Meningitis (POM): 

Postoperative Meningitis (POM) is an infection that develops after surgery and affects 
the meninges. It is linked to factors including contamination, prolonged surgical procedures, 
and immunocompromised status and can be caused by a variety of microorganisms. To 
manage POM and improve patient outcomes, early diagnosis, adequate antibiotic therapy, and 
preventive actions are crucial [25]. It is a life-threatening but rare issue in patients undergoing 
craniotomies. Advanced surgical and antimicrobial methods play an important role in reducing 
the rate of POM, but they still cause significant mortality and morbidity. The death rate can be 
minimized by using the best methodology for the diagnosis, prevention, management, and 
treatment of microbial infections after brain surgery. The prevalence of POM ranges from 
0.3% to 8.9% according to various reports [26]. The risk factors range from 0.34% to 3.1% 
and include shaving of the scalp, Cerebrospinal Fluid (CSF) leakage, CSF shunts, emergency 
surgery, pathogenic infection at the surgical site, and surgery duration of about four hours. The 
rate of Surgical Site Infection (SSI) in neurosurgical procedures varies from 0% to 9.4% [17]. 
Pathogenic infections, such as Gram-negative bacilli and Gram-positive cocci, have an 
incidence of about 0.8% to 1.5%, which is considered very dangerous for postoperative 
problems after craniotomy. Infection varies according to factors like one-third of meningitis 
cases occurring almost within the first week of surgery, another one-third in the second week, 
while the remaining one-third develop after the second week or even many years later. Most 
infections occur within the first month after the operation, and the placement of catheters is 
also a very important factor in terms of timing and site of surgery [27]. Logistic regression 
studies indicate a roughly 3.7-fold increase in the likelihood of meningitis complications. 
Interestingly, the prevalence of Gram-negative bacteria such as P. aeruginosa, K. pneumoniae, and 
A. baumannii in brain meningitis is notably low. Another study finding reveals that the 
mortality rate in cases of Gram-positive meningitis is lower compared to Gram-negative cases. 
However, delayed identification of Gram-positive pathogens could contribute to faster patient 
mortality [28]. 

The analysis of nosocomial bacterial infection is done through the examination of 
Cerebral Spinal Fluid (CSF) in anaerobic and aerobic cultures, which are essential. However, 
cultures require lengthy incubation periods before definitively identifying pathogens as 
negative, and results may show negative in patients who have received prior antibacterial 
treatment.  Among adults, gram-negative bacillary infections are mostly uncommon, especially 
in those with advanced age, neurosurgical procedures, and immunosuppression [29]. One 
factor contributing to late postoperative meningitis diagnosis and a high mortality rate is a lack 
of knowledge among patients. One major bacterial pathogen is Acinetobacter baumannii, which 
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has become an epidemic in the Intensive Care Unit (ICU) of neurosurgical units in hospitals in 
recent years. The clinical presentations of A. baumannii are similar to Gram-negative bacillary 
infections, and confirmation of pathogens can only be done through bacterial culture [30]. 
Craniotomy or Neurosurgical Bacterial Meningitis: 

Craniotomy or neurosurgical bacterial meningitis refers to the development of 
meningitis, an infection, following neurosurgical procedures or craniotomy. It can occur as a 
result of the introduction of microorganisms during surgery. Effective management of this 
disorder depends on early diagnosis, focused antibiotic therapy, and preventive measures [31]. 
It is a very complicated issue in craniotomy, with an infection rate of 0.8% to 1.5% in patients. 
The threat of postoperative brain infections can be lessened with the use of special 
neurosurgical methods, particularly by reducing the level of CSF leakage. In most cases, 
meningitis is caused by viral or bacterial infections of the cerebrospinal fluid (CSF) compared 
to other causes. This infection can be fatal, but efforts are being made to mitigate its impact 
through advanced antimicrobial techniques [32]. 
Types of Bacteria Causing Postoperative Infections 

Postoperative infections can be caused by a variety of bacteria, and the specific 
pathogens implicated may vary depending on several factors. However, several common 
bacteria are typically associated with postoperative infections [3]. During brain surgery, the 
most commonly observed pathogenic bacteria are P. aeruginosa, S. aureus, and Propionibacterium 
acnes. None of these S. aureus infections are due to the methicillin-resistant type. Neurosurgical 
procedures associated with the highest rate of PCNSI are CSF pushing, followed by Ommaya 
reservoir placement (1.4%), and craniotomy for masses, tumors, and/or lesions. S. aureus is 
identified as the most prevalent pathogen, responsible for nearly 50% of infections based on 
previous data. P. acnes is also of great importance, with an observed infection rate of 25%, 
which is comparatively less threatening than S. aureus [33]. 

During brain surgery, the most commonly observed pathogenic bacteria are P. 
aeruginosa and S. aureus. The postoperative neurosurgical procedures that include CSF shunting, 
lesions, and mass craniotomy are linked to the highest rate of PCNSI. S. aureus bacteria 
account for 50% of infections, while P. acnes has a lower infection rate compared to S. aureus, 
at 25% [34]. Another interesting observation from various data-based research is that genera 
Proteus, Candida, Acinetobacter, or Enterobacter are not causes of PCNSI. Although 
infections are more common in younger patients compared to those without signs of 
infection, these observations may not be statistically significant. According to previous 
findings, CSF leakage, surgical procedures, male sex, and lack of antibiotic prophylaxis are 
major causes of brain infections after neurosurgery. In the United States, the rate of infection 
is 0.8% after cranial surgery, 0.4% after spinal surgery, and 0% after peripheral nerve surgery, 
based on data from 12,000 neurosurgeries. The prevalence of pathogenic infection after cranial 
surgery is about 16 times less than in newly recorded studies. Almost one-half of postoperative 
neurosurgical infections are related to the insertion of foreign bodies rather than CSF leakage, 
male sex, or diabetes issues [35]. 

A gram-negative bacterium called Escherichia coli, is frequently present in the digestive 
system and can result in urinary tract infections and infections at the surgical site. In 
postoperative complications such as wound infections and intra-abdominal infections, it is a 
frequent pathogen. Gram-positive bacteria often found in the gastrointestinal tract include 
members of the Enterococcus genus, such as Enterococcus faecalis and Enterococcus faecium [36]. 
They can infect the bloodstream, urinary system, and surgical sites, especially in medical 
settings. It's crucial to recognize that various healthcare settings and geographical regions may 
harbor different strains of bacteria responsible for postoperative infections. Identifying these 
causative microorganisms through laboratory testing and assessing their antibiotic 
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susceptibility are essential steps in devising effective treatment strategies for these conditions 
[33]. 
Brain Abscess: 

A brain abscess is a localized accumulation of pus in brain tissue, typically caused by 
bacteria or fungi. It can occur as a direct result of contamination during neurosurgical 
operations or as a result of infection spreading from other body regions, such as the heart or 
lungs. A wide variety of fungi, bacteria, and protozoa can lead to brain tissue death after 
neurosurgical procedures [37] [38]. Despite advancements in recognition and antibiotic 
treatment, the rate of brain abscess infections is increasing. Computerized Tomography (CT) 
is utilized to determine the size, location, and pattern of lesion infection. In recent years, there 
has been a gradual increase in the number of immunosuppressed patients and an increase in 
brain abscess cases due to pathogenic organisms, highlighting the need for current diagnostic 
and treatment efforts [39]." 

  
Figure 4: Brain Abscess with Computerized tomography (CT) 

Postoperative Central Nervous System (CNS) infections are serious complications that 
can occur following surgical procedures involving the CNS. If these infections are not 
properly recognized and treated, they can cause considerable morbidity and mortality [40]. 
Here are some steps that patients can take to prevent and treat post-surgical CNS infections: 
Preventions: 

Postoperative Central Nervous System (CNS) infections are significant issues that 
necessitate careful treatment and prevention measures. Strategies for prevention are essential 
in reducing the incidence of these illnesses. This entails employing stringent sterile procedures 
during surgery, such as using clean tools, maintaining good hand hygiene, and sterile draping 
[41]. Additionally, crucial to preventing infections is antibiotic prophylaxis which is adapted to 
the particular surgical procedure and regional resistance patterns. In order to avoid 
postoperative CNS infections, proper wound management and surgical site care are essential. 
The risk of infections can also be decreased by improving the patient's general health and 
immune function prior to surgery through medical treatment, nutritional support, and, when 
possible, discontinuing immunosuppressive medicines [42]. 

Shaving a patient's scalp completely before cranial operations is a common procedure 
in China, intended to prevent surgical infection as well as to improve the surgical process. 
Various studies have been conducted to improve postoperative techniques as there is an 
increasing demand for addressing the social and psychological implications of neurosurgical 
infections after surgery. Many investigation outcomes have shown no significant change in the 
post-operative pathogenic infection percentage in patients with and without shaving before the 
operation, while other investigators found a greater threat of PCNSI [43]. 
Treatment: 

Given the high incidence of postoperative neurosurgical infections, it is crucial to 
manage these infections meticulously to reduce associated risks and fatalities. Treatment 
strategies encompass various categories, such as antibiotics and surgical interventions, aimed at 
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mitigating pathogenic infections following cranial surgery. After craniotomy, the risk of 
increasing infection is considered serious enough to warrant the administration of antibiotics 
before obtaining cultures. Early and quick recognition of bacterial infection after craniotomy is 
crucial for identifying local and general symptoms of infection. If an infection is recognized, 
the wound may need to be reopened, and standard methods are used for proper resolution of 
the infection. Cranioplasty is another alternative for addressing postoperative neurosurgical 
pathogenic infections, and it is typically performed at a later time [44]. 

 
Figure 5: Cranioplasty Techniques after Cranial Surgery. 

Early diagnosis is essential in the context of treatment to begin quick and effective 
therapies. It's critical to recognize the symptoms and warning signs of postoperative CNS 
infections. Assessment of the scope and location of the infection might be aided by diagnostic 
imaging techniques like computed tomography (CT) or magnetic resonance imaging (MRI) 
[45]. A multidisciplinary strategy is necessary for therapy after diagnosis. Empiric antibiotic 
therapy needs to start right away, taking into account local resistance trends and anticipated 
infections based on the surgical technique. To remove infected material and release pressure 
on the central nervous system, surgical intervention such as drainage or debridement may be 
required [46]. Future studies should also focus on enhancing preventative and treatment plans. 
This involves looking into advanced infection control procedures or antimicrobial coatings as 
revolutionary preventive measures. Postoperative CNS infections may be detected earlier and 
with more accuracy because of improvements in diagnostic methods, such as molecular 
diagnostics or imaging modalities [47]. Further research is needed in the areas of the 
involvement of immunomodulation and investigating innovative treatments for infections 
caused by biofilm [48]. We may work to decrease the occurrence of postoperative CNS 
Infections and enhance patient outcomes by continuously increasing our understanding and 
putting evidence-based practices into implementation. 
Methodology: 

Swab samples were collected aseptically using sterile cotton wool from post-operative 
wounds in the neurosurgery wards of the hospital's operation theatres. Following collection, 
pathogenic bacteria were isolated from these samples using nutrient agar media. To assess the 
pathogenicity of the isolated bacteria, Blood Agar Tests were conducted. Subsequently, the 
swab samples underwent evaluation for antibacterial activity. This assessment involved testing 
with a variety of agents, including different antibiotics, plant extracts, and nanoparticles, 
including those synthesized using green methods. These steps were crucial in understanding 
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the effectiveness of these treatments against the isolated bacterial pathogens.  Biochemical and 
molecular characterization of pathogenic bacteria was also done. 

 
Figure 6: Flow chart showing methodology. 

Results and Discussion: 
This study provides valuable insights for planning research and control strategies, as 

well as for predicting surgical site bacterial infections following cranial surgery. Bacterial 
pathogens such as Pseudomonas aeruginosa, Staphylococcus aureus, and Streptococcus 
pyogenes were identified through ribotyping. These pathogens exhibited resistance to 
commonly used antibiotics, with resistance tested by measuring the zone of inhibition in 
centimeters (cm). Additionally, the antibacterial activity of nanoparticles was evaluated, 
revealing that these pathogens were resistant to control solutions of nanoparticles. A recent 
investigation identified bacterial pathogens from the air in operating rooms (OTs). Ideally, OT 
air should be sterile, but contamination remains an issue, particularly in regions with 
suboptimal hygiene conditions, such as Pakistan. This research aimed to examine prevalent 
pathogens found in both outdoor and indoor environments, including occupational therapy 
departments. Although bacterial infections are commonly isolated in hospitals, their presence 
in OT air remains uncertain. Airborne bacterial infections introduced during surgery 
significantly contribute to wound contamination. 

The isolated bacterial strains included Pseudomonas aeruginosa, Streptococcus, and 
Staphylococcus aureus. Staphylococcus aureus is the most prevalent pathogen in the 
environment and is also the leading cause of infections in surgical and postoperative wounds. 
Pseudomonas aeruginosa is frequently found in hospital air and surrounding areas and is an 
opportunistic, oxidase-positive pathogen. The overuse of antibiotics in treating infectious 
diseases has led to increased resistance among bacteria and other microbes. Nanoparticles, 
known for their bactericidal properties, are often used in studies of antibacterial activity. 
Numerous investigations have demonstrated the efficacy of nanoparticle oxides, particularly 
zinc oxide and silver oxide, as bactericidal agents. Recent studies have shown that 
nanoparticles exhibit strong antibacterial activity against locally isolated common bacterial 
infections. Despite resistance to nearly all antibiotics, bacterial infections can still be 
susceptible to nanoparticles, as evidenced by clear inhibition zones. Consequently, 
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nanoparticles hold promise as future bactericidal agents against antibiotic-resistant bacterial 
infections. 

To mitigate the risk of surgical or postoperative infections, it is crucial to reduce 
bacterial contamination in OT air. Improving sterile procedures and maintaining hygienic 
conditions are essential steps in achieving this goal. 
Future Research on Postoperative Central Nervous System Infections: 

Future studies on postoperative infections of the Central Nervous System (CNS) 
should concentrate on filling in information gaps and improving our comprehension of these 
intricate illnesses. The development of efficient preventative measures is an essential area of 
research. This includes researching novel approaches to preoperative risk classification [56]. 
Additionally, more research into innovative surgical procedures, antiseptic solutions, and 
antimicrobial agents can aid in lowering the prevalence of postoperative CNS infections. 
Another crucial area for future study is improving diagnostic methods. The development of 
more precise and sensitive diagnostic tools, including biomarkers or imaging modalities, can 
help identify postoperative CNS infections early on. This may promote a swift beginning of 
focused treatment and enhance patient results. Research initiatives should also concentrate on 
comprehending the underlying mechanisms of postoperative CNS infections, especially the 
part played by biofilm development and microbial virulence factors [49]. Exploration and 
optimization are also necessary for treatment options. Treatment methods can be improved by 
researching the effectiveness of different antibiotic regimens, including combination therapy 
and novel antimicrobial drugs. Additionally, research should clarify how surgical procedures 
like drainage or debridement affect the results of postoperative CNS infections. It is necessary 
to conduct more research in the areas of long-term results and quality-of-life evaluations [50]. 

Treatment choices and patient care can be improved by being aware of how 
postoperative CNS infections affect morbidity and mortality in patients, neurologic sequelae, 
and functional outcomes [51]. Finally, to further our understanding of postoperative CNS 
infections, collaborative research initiatives including multidisciplinary teams of surgeons, 
infectious disease specialists, microbiologists, immunologists, and other relevant experts are 
essential. This cooperative method can encourage the development of thorough and efficient 
preventative and treatment plans [52]. In conclusion, future studies on postoperative CNS 
infections ought to concentrate on prevention, improvements in diagnosis, underlying 
processes, treatment optimization, long-term results, and interdisciplinary cooperation. We can 
improve patient care, increase results, and ultimately lessen the burden of postoperative CNS 
infections by focusing on these areas [53]. 
Conclusion: 

Postoperative CNS infections indicate considerable obstacles to neurosurgical practice, 
advocating for further research and the use of evidence-based methods to enhance results. For 
prompt diagnosis and effective treatment, it's essential to have an in-depth understanding of 
the risk factors, pathophysiology, clinical manifestations, and management strategies associated 
with these illnesses. The prevalence of postoperative CNS infections can be lowered, resulting 
in better patient outcomes and lower healthcare expenditures, by following strict infection 
control guidelines and encouraging professional teamwork. 
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