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	Abstract

	Background: Traumatic Brain Injury often results in Depressed Skull Fractures (DSF), leading to significant morbidity and mortality. Preventing postoperative infections is crucial in managing DSF cases effectively.
Materials and Methods: A Prospective Case-Control Study involving 62 DSF patients undergoing surgical intervention was conducted over six months. Data on demographics, intraoperative details, complications, and outcomes were collected and statistically analyzed using SPSS version 28.
Results: The gentamicin-vancomycin lavage group exhibited a notable reduction in hospital stays (mean: 4.32 days vs. 15.81 days for saline, p < 0.001) and higher Glasgow Outcome Scale (GOS) scores (mean: 4.81 vs. 3.26 for saline, p < 0.001). Complications, including CSF leaks (25% vs. 40.3% for saline) and infections (8.1% vs. 11.3% for saline), were lower in the gentamicin-vancomycin lavage cohort. Reintervention rates were significantly lower in the gentamicin-vancomycin lavage group as well (4.3% vs. 24.2% for saline, p = 0.001).
Conclusions: Intraoperative gentamicin and vancomycin lavage significantly reduced complications, hospital stays, and improved outcomes in DSF cases. This suggests the potential for localized antibiotic interventions to become standard in managing DSF-associated morbidity.
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INTRODUCTION
Traumatic brain injury (TBI) due to head trauma is a common presentation in emergency departments. In the United States, around 1.7 million people suffer TBI with older adolescents (ages 15 to 19 years) and older adults (ages 65 years and older) among the most likely to sustain a TBI. [1] TBI can be associated with injuries involving the skull as well as brain parenchyma. Based on the pattern, skull fractures can be classified into linear, depressed, and comminuted fractures. A skull fracture is called depressed when any portion of the fracture line's outer table lies below the inner table's normal anatomic position. [2] Depressed skull fracture (DSF) typically occurs when objects with a large amount of kinetic energy make contact with the skull over a fairly small area. [3] Depressed skull fractures can often be diagnosed on routine skull radiography but computed tomographic scan brain non-contrast especially bone window is the gold standard diagnostic method. [4] The incidence of DSF has been reported to be 6% in all head injuries and 11% in severe head injuries. DSF can be managed conservatively in some cases but in most cases, it prompts surgical intervention especially when DSF are compound fractures and have dural tears which have shown a prominent association with cranial infections. The overall incidence of infection following depressed skull fractures has been reported to be 10.6% and has been associated with a higher incidence of persistent neurologic deficit, late-onset epilepsy, and death. [5] A National study reported dural tears, free bone fragments, and late presentations (more than 8 hours after trauma) as important risk factors in postoperative infectious complications. [6] Timely surgical intervention if needed is one of the main factors advocating the decrease in the risk of infection in depressed skull fractures. This is evident in the study by Jannett et al which reported 5% infection incidence in early and 37% infection incidence in late surgery. [7] Antibiotics have also been linked with decreased infection rates in patients with depressed skull fractures. The use of post-operative antibiotics has been adapted for a long time and often includes a 7 to 14-day course of intravenous metronidazole, ceftriaxone, and vancomycin, followed by a 10-day course of oral ciprofloxacin.[8] In contaminated wounds with depressed skull fractures, intraoperative saline wash is often recommended to decontaminate site, [9] however local instillation or application of antibiotics such as gentamicin and vancomycin has shown some promising evidence in infection prevention. [10,11,12,13] The two methods have never been compared. In our set up the current standard of care is intra-operative normal saline wash. Our study compared the use of a dual wash (containing gentamicin and vancomycin) with normal saline wash in order to evaluate the risk of post operative infection rates and overall cost-effectiveness of the two methods.
MATERIALS AND METHODS
A Prospective Case Control Study was conducted in the Neurosurgery Department, Emergency Complex, Mayo Hospital, Lahore for a duration of 6 months; from 01-01-2022 to 30-06-2022. Stratified Random Sampling was used and the total sample size was 62 cases i.e. 31 patients in both case and control groups. The patients who were included in the study were patients who suffered from depressed skull fractures due to head trauma, who had dirty wounds on presentation, who underwent surgical intervention, who underwent redo intervention, & patients with ages between 6 to 55 years. The patients who were excluded from the study were patients who had co-morbidities like CKD, CLD, and CHF, patients with linear skull fracture due to head trauma, patients who underwent conservative management for depressed skull fractures, patients who had coagulation defects, patients who did not give consent to join the study & patients at the extremities of ages i.e. less than 6 years and more than 55 years. Patients with linear skull fractures and those managed conservatively would not be eligible for the intervention under study and were thus excluded. Furthermore, comorbidities and extremes of age would affect prognosis independently and were excluded to avoid any confounding variables on the overall post-operative prognosis and infection rates. For this study, the intervention under study was intraoperative lavage. In the case group, a mixture of gentamicin and vancomycin was used whereas, in the control group, normal saline was used. The lavage was done in each case before Duraplasty/primary dura repair, after Duraplasty/primary dura repair, and after skin closure. A dressing soaked in respective reagents was also placed on the wound post-operatively which was removed after 24 hours. The patients in both groups were discharged on systemic antibiotics including Ceftriaxone 1g twice daily, Amoxicillin/Clavulanic Acid 1.2g twice daily, and Metronidazole 400mg twice daily. A structured Performa highlighting demographics, clinical findings, intra-operative findings, and interventions, as well as complications and outcomes of the patients in regards to the case and control groups, was used to collect data along with consent from the participant in the regional language after proper disclosures. The data was analyzed using the latest version of the statistical package for social science SPSS version 28. It has been represented using different tables and charts. Different statistical tests like independent sample t-test, and chi-square test were used to assess the significance of different variables with respect to the case and control groups.

RESULTS
Pre-operative variables
[image: image1.png]The mean age of participants of our study group was 25.85 ± 13.28 years with the minimum age of the participant being 7 years and the maximum age of the participant being 51 years. Among them, 61.3% (n=38) of the participants were male while the rest of the participants were female (38.7%, n=24). The most common mechanism of injury was Road Traffic Accident (50%, n=31) followed by fall from height (19.4%, n=12) and blunt trauma to head (12.9%, n=8) which has been described in Figure 1. 
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The status of patient on presentation was assessed using the Glasgow Coma Scale (GCS). The mean GCS at presentation was 12.74 ± 2.579 with the minimum GCS recorded at presentation to be 5 while the maximum GCS recorded at presentation was 15. The CT-Scan Findings at presentation showed predominantly right sided (53.2%, n=33) frontal depressed bone fractures (51.6%, n=32) without any associated hematoma (56.5%, n=35). It has been explained in detail in Table 1.
Moreover, at presentation, most of the patients had an open wound (77.4%, n=48) with CSF leak (51.6%, n=32) without any foreign body (71%, n=44) or brain matter (61.3%, n=38) visible on inspection. Refer to Table 2.
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Intra-operative Variables
In a majority of the cases, multiple bony chips were noted intra-operatively (58.1%, n=36) while a minority had a single bony chip (41.9%, n=26). Similarly, there was a breach in dura matter detected intra-operatively in a majority of cases (56.5%, n=35).  In 43.5% of the cases (n=27) intra-operative hematoma was noted while it was absent in the majority of the cases. (56.5%, n=35).
Surgical interventions
The primary intervention comprised of multiple options included bone elevation, bony chips removal, hemostasis, and primary Duraplasty. Bone elevation was done in 71% cases (n=44), removal of bony chips was done in 59.7% of the cases (n=37), there was a need for hemostasis in 45.2% of the cases (n=28), and primary Duraplasty was done in 37.1% of the cases (n=23).
Outcome Variables
The overall mean duration of hospital stay in our study was 10.06 ± 11.712 days with a minimum stay of 2 days and a maximum stay of 56 days. In the control group (normal saline wash), the mean duration of hospital stay was 15.81 ± 14.284 days whereas in the case group (gentamicin and vancomycin wash), the mean duration of hospital stay was 4.32 ± 2.60. The independent sample t-test showed a statistical difference (p < 0.001) in hospital stay between the case and control groups. Furthermore, the overall mean GOS in our study was 4.03 ± 1.318 with a minimum GOS of 1 (death) and a maximum GOS of 5 (complete recovery). In the control group (normal saline wash), the mean GOS was 3.26 ± 1.413 whereas in the case group (gentamicin and vancomycin wash), the mean GOS was 4.81 ± 0.543. The independent sample t-test also showed a statistical difference (p < 0.001) in GOS between the case and control groups. Moreover, Pearson Correlation test showed a negative correlation between the duration of hospital stay and GOS. (Pearson’s correlation co-efficient= -0.799, p < 0.001).
In most of the cases, the south Hampton grade of the wound 7 days after the last surgical intervention was 0 depicting normal healing (56.4%, n=35) followed by Grade III depicting clear or sero-sanginous discharge (24.2%, n=15). The rest of the grades of wound (I, II, IV & V) have similar presentation (4.8%, n=3). The respective South Hampton Grade of the wound 7 days after the last surgical intervention in the case and control groups are depicted in Figure 2.
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Post-operative Complications

Among the postoperative complications, post-operative CSF leak/discharge due to flap necrosis was the most common (40.3%, n=25), followed by post-operative meningitis (12.9%, n=8), post-operative osteomyelitis / sub-galeal abscess (11.3%, n=7) and post-operative cerebral abscess (8.1%, n=7). The respective presentation of these postoperative complications in the case and control groups is mentioned in Table 3.
There was a need for re-intervention after the primary intervention in only 4.3% cases (n=3) in the case group as compared to 24.2% cases (n=15) in the control group. The chi-square test of independence shows a statistical significance (p=0.001) between the case and control groups when a comparison is made regarding the need for re-intervention after the primary intervention. A similar statistical significance is shown by the chi-square test of independence when the case and control groups are compared with regard to the need for repeat Duraplasty (p=0.015). The individual difference in different interventions done after the primary intervention in the case and control groups is shown in Figure 3. 

[image: image4.png]
[image: image6.png]


DISCUSSION
The massive disease burden of TBI in Pakistan can be attributed to social, political and economic factors. An inefficient healthcare infrastructure with delays in timely referral and neurosurgical intervention compound the problem and increase overall morbidity and mortality related to TBI. A report issued in 2022 proclaimed that nearly 800,000 people suffer from TBI in Pakistan every year, out of which nearly 60,000 to 70,000 people suffer from significant morbidity and mortality. [14]  Even in developed countries TBI leads to an estimated loss of $30 billion annually. [15] Our study aimed to compare two standard decontamination methods used in neurosurgical interventions on depressed skull fractures, in order to determine which technique provided reduced post-operative morbidity and mortality and hence, in theory, overall cost effectiveness to decrease disease burden on the health-sector.
Pre-operative and intra-operative variables
The mean age of the patients was found to be 25.85 i.e. in the third decade of their lives with a male to female ratio of 1.6:1. A similar study conducted in Pakistan by Rehman, L. also reported the mean age of the patients to be in the third decade of their lives with a male to female ratio of 4.6:1. There is a clear male preponderance and the most common mode of injury is road traffic accidents followed by falls and blunt trauma to the head. This may be due to cultural norms in the country allowing easier access to vehicles for males. Our results for both variables are similar to previous studies done in the region. [16,17] Another contributing factor here could be difference in bony architecture of the skull in both males and females that predisposes males to depressed skull fractures. [18] An institutional study conducted in India, a country bordering Pakistan with similar cultural norms, over a period of six years also reported RTA to be the most common mechanism of injury. [19] The same study reported the most common site of injury to be the frontal region corresponding to our findings. This is further supported by a study conducted in Pakistan by Ahmed, S. et. al. Both these studies  also reported predominant absence of associated hematomas in accordance with our findings, however these studies individually documented the incidence of EDH, SDH and contusions which our study did not. [19, 20] 
The mean GCS of the patients at the presentation was 12.74 ± 2.579 in our study which is higher compared to a study conducted in Khyber Pakhtunkhwa (another province in Pakistan) in 2021 which reported the mean GCS of patients at presentation to be 10.64 ± 2.33. [21] This difference can be attributed to disparity in infrastructure between provinces and the quicker transit times in our setting. Most of the depressed skull fractures in our study were open fractures (56.5%) which is similar to the results reported by Ahmed, S. et. al (77.7%). However our study reported increased incidence of dural tears (56.5%) which was in contrast to this study which reported incidence at 48.9% [20] . Our study also reported higher incidence of CSF leakage pre-operatively(51.6%) which in stark contrast to the 5.2% reported in another study carried out in Pakistan. Our study had a smaller sampling size which might be the cause of this discrepancy. [22]
Surgical interventions
The primary intervention was bone elevation along with the removal of bony chips which is the surgical method of choice, especially when involving compound fractures. [23] The predominance of open fractures and multiple bony chips explains the high percentages of bone elevation and removal of bony chips reported in our study. The high percentages of dural tears and CSF leaks at presentation in our study are responsible for primary Duraplasty in approximately 37% of the cases in addition to primary dura repairs. 
All neurosurgical interventions on infected depressed skull fractures involve the use of systemic antibiotics to reduce the risk of infections. [16,23] In our study, we used intra-operative antibiotics for lavage in the case group to study the relevant effect on the outcome variables as compared to the control group in which a normal saline lavage was used. The use of an antibiotic intra-operative lavage is superior to a non-antibiotic lavage in the prevention of surgical site and intra-cavity infections. [24] Gentamicin is a common antibiotic used for lavage which provides a broad gram negative cover and is often used as a valuable added therapy in gram negative infections which are often not responsive to intravenous antibiotics. [25] Similarly, Vancomycin is a potent antibiotic useful against even the resistant strains of gram-positive bacteria which are a prevalent cause of surgical site infections. [26] 
This rationale for local instillation of antibiotics to reduce post-operative infections has also been supported by Uysal, E. et. al in their study that used subgaleal vancomycin powder.[11] In our context of inefficient sterilization practices, increased patient load, and poor personal and hospital hygiene has led to an endemic of highly resistant strains of MRSA in our local settings. [27] Knowing this prevalence of MRSA it would have compromised patient care and the ethical standards of our study to have used Gentamicin alone. Therefore, the use of Vancomycin was essential in our hospital setting.
Outcome variables and Post-operative Complications
Our study showed a significant statistical reduction in postoperative complications including CSF leak or discharge due to flap necrosis, postoperative infection leading to osteomyelitis, sub-galeal abscess, cerebral abscess, and meningitis with the use of gentamicin and vancomycin lavage intra-operatively. Moreover, a significant reduction in redo operations was also noted in the case group. There was also a significant difference in the duration of hospital stay and GOS between the case and control groups. However, there are some confounding factors that often prolong the hospital stay of the patient in our setting including low GDP per capita, unavailability of rehabilitation centers, the prevalence of ventilator-associated infections, and poor personal and hospital hygiene which often results in superimposed hospital-associated infections ultimately affecting the GOS. It is likely that a proportion of the overall morbidity and mortality is also associated with these confounding variables present in our setting.
There are currently no studies comparing normal saline lavage to antibiotic lavage available. Uysal, E. et. al gave promising evidence towards local instillation of antibiotics to reduce post-operative infection rates in depressed skull fractures. [11] Another research on the paediatric population conducted in Cairo on infections rates after primary placement of bone chips in depressed skull fractures reported lower rates of infection after cleaning fragments with betadine, saline and gentamicin. [13] The statistically significant difference in the outcome variables between the case and control groups in our study as well as these two studies warrants further deliberation. 
The usage of intraoperative gentamicin and vancomycin lavage is has the potential to reduce morbidity associated with TBI in highly burdened trauma settings of developing countries with inadequate surgical sterilization protocols and patient related parameters.   The long term cost effectiveness of this still needs to be evaluated and longer follow up studies with larger sampling size are needed to develop protocols to possibly mandate its use in depressed skull fractures. 
CONCLUSION 
Depressed skull fractures (DSFS) are a major economic concern due to their morbidity and mortality. This study compared intra-operative gentamicin and vancomycin wash (case group) with normal saline wash (control group) in interventions on DSFs and showed a significant decrease in duration of hospital stay and better GOS in the case group. There was also a decreased incidence of post-operative complications including CSF leakage, flap necrosis, osteomyelitis, subgaleal abscess, cerebral abscess meningitis and repeat surgical interventions in the case group. This study provides promising evidence to encourage research towards local instillation of antibiotics during surgical interventions. 
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