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Abstract 

Background 
Surgical site infection (SSI) is associated with a high morbidity and mortality.  We sought to define 

the incidence of SSI at our institution and examine the risk factors for infection. 

Methods 
An observational, retrospective cross-sectional review of 676 patients older than 13 years old 

treated at Groote Schuur Hospital in 2019 yielded 842 neurosurgical operations.  These were 

analysed individually to determine SSI rate as well as risk factors globally, and in pathology groups 

and wound classes.  The SSI cases then had further review of microbiology, laboratory markers of 

infection, clinical, and outcome data. 

Results 
The overall incidence of SSI was 4,9% per patient.  Of these 33 cases, the majority were deep 

infections (n=28).  The incidence was similar across pathology groups, and scheduling status, but 

operations starting at night had increased risk of infection.  Infected wounds had the highest risk for 

SSI (8,7%) with external ventricular drain (EVD) insertion carrying the highest risk in clean operations 

(6,5%).  Age was a risk factor for superficial SSI, while operative time and cerebro-spinal fluid (CSF) 

leak were risk factors for deep infection.  36,4% of SSI cases were culture negative.  C-reactive 

protein (CRP) and change in white cell count (WCC) predict deep infection, functional outcome, and 

hospital length of stay (LOS).  The deep SSI group outcomes were 53,6% functionally impaired, and 

mortality was 21,4%. 

Conclusion 
The SSI rate of 4,9% compares well with previous studies.  Advanced age, contaminated wounds, 

and EVD’s are high risk for later infection. Operative time and CSF leak are potentially modifiable risk 

factors for SSI.  CRP and change in WCC are useful markers for diagnosis and predicting outcome.   

75% of deep SSI cases had a poor outcome. 
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Introduction 

Surgical site infections (SSI) are known to be a serious and common complication among surgically 

treated patients1.  They result in increased rates of morbidity and mortality, hospital length of stay, 

and cost.  This recently prompted a global resurgence of interest in surgical site infections 2.  Surgical 

site infection is a costly complication in both cranial and spinal neurosurgery 3,4. 

Although there has been extensive work done on SSI in shunt related procedures, as well as more 

limited data on non-shunt related infections in other studies, even these series exclude 

neurotrauma5. Without an inclusive cross-sectional study looking at surgical site infection rates in all 

neurosurgery procedures, we cannot make inferences about risk factors for infections in order to 

decrease the rates5.  A comprehensive evaluation of SSI in neurosurgical patients yields wide rates 

ranging from <1% to 15% depending on surgery and patient characteristics4. 

Certain operations in neurosurgery have a higher infection risk than others.  Spine surgery where 

hardware is left in situ (e.g. spinal fusion) increases infection risk up to 8,7%12, and hardware in the 

cerebrospinal fluid (CSF) compartment (e.g. EVD or ventricular shunt) is especially high risk6. 

Despite some studies recommending a post-operative follow up period of 50 days7, most centres 

follow the Centre for Disease Control (CDC) and World Health Organisation (WHO) 

recommendations of following patients for 90 days for deep SSI, and 30 days for superficial 

infection.  Some groups recommended 1 year follow up if an implant remains8.  A quarter (27%) of 

SSI are detected in hospital, while the rest present post discharge9.   

There is limited local data10 looking at infection rates in individual neurosurgical diseases but no 

comprehensive SSI data from South Africa was found during a PubMed literature review11.   

One well described way to combat SSI is to implement a bundle approach8,12,13.  Bundles do not 

always improve the rates of SSI in neurosurgery8 except in CSF related infections where they have 
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proven to be effective14.  If the CSF related infections in our institution are higher than expected 

literature, then future research may include implementation of a bundle approach. 

GSH is a 900-bed tertiary level hospital in Cape Town, South Africa.  On average there are 800 

neurosurgical operations performed here per year.  With a predicted infection rate of 5% from the 

literature11 we anticipate around 40 infections. 

Primary and secondary aims 
The primary aim of this descriptive study is to define the incidence of SSI in the neurosurgery 

department at Groote Schuur Hospital. 

The secondary aims are to identify risk factors for SSI at our institution, assess the usefulness of 

biochemical markers for infection and to determine the need to implement an SSI bundle. 

Materials and Methods 

Study Design 
The study is a retrospective cross-sectional descriptive study of the patients operated on at Groote 

Schuur Hospital for a one-year period from Jan – Dec 2019.  This is a 900-bed tertiary level hospital 

in Cape Town, South Africa.  The neurosurgery division manages a 6 bed ICU, 6 bed high care, and 26 

bed ward. 

The study was conducted after approval from the surgical departmental research committee, the 

human research ethics committee as well as institutional approval from Groote Schuur Hospital.   

Patient population 
Inclusion criteria were all patients who underwent a neurosurgical operation in theatre, ICU or the 

emergency unit, including repeat operations.  We excluded all children 13 years and younger, as well 

as all endovascular procedures. 

On average there are 800 neurosurgical operations done per year at Groote Schuur Hospital.  With a 

predicted  infection rate of 5% in the literature11 we anticipated around 40 infections.  
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Clinical Data 
Retrospective patient surveillance for SSI monitoring was chosen.  The hospital operation register 

was used for collection of all data entries including age, sex, operative time, start time, and location.  

Then all cases were individually reviewed by the first author including review of scan images and 

laboratory results to categorise them into pathology groups, surgical wound classification (SWC), 

procedure description, implant insertion, presence of surgical drain, and CSF leak or 

pseudomeningocele.  These were then used to test risk factors for infection.  The 1984 CDC 

definition of surgical wound classification (SWC) was used to categorize wounds as clean, clean 

contaminated, contaminated, or infected15. 

Where a surgical site infection was identified; data on the immune status, SSI category, 

microbiology, day of diagnosis, number of surgeries, functional outcome, hospital length of stay, and 

biochemical markers of WCC, CRP, CSF counts, platelets were collected and recorded in a database.  

This was used for descriptive statistical analysis. 

Microbiology and definitions 
There are differing opinions in the literature on the definition of infection, especially related to 

bacterial culture6,16.  We used an inclusive definition based on the CDC criteria so that we did not 

under-report our infection rates by excluding culture negative cases.  The time frame used for SSI 

was more than 24 hrs after procedure to exclude pre-existing infection, and onset of infection less 

than 90 days after procedure (30 days if superficial SSI).  If an implant was used, the time was 

pushed to one year with implant, or 5 days after removal of EVD or intra-cranial monitor.  Patients 

were recorded as having SSI if there were clinical signs of systemic infection (elevated temperature 

and pulse) and a decision to treat as infection was made based on wound appearance and 

laboratory results.  For superficial SSI patients did not need systemic features of infection. 

Microbiology cultures and sensitivities were recorded if positive.  



  Tromp 

Page 9 of 25 
 

Infections were classified in 5 groups: CSF related hardware infection (including up to 5 days after 

hardware removal), superficial incisional sepsis (infection above fascia or galea), bone flap sepsis, 

deep organ space (empyema or brain abscess), and deep spinal wound infection. 

All cases of infection were reviewed and agreed to by a panel of two senior neurosurgeons. 

Statistical Analysis 
Descriptive statistics were generated based on data distribution, with all normal data presented as a 

mean (± standard deviation) and all nonnormal data presented as a median [interquartile range]. 

Default hypothesis testing used Chi-squared test for categorical variables and regular ANOVA testing 

for continuous data. Hypothesis testing of nonnormal data and small cell counts were accounted for 

using Kruskal-Wallis and Fisher’s exact tests respectively. Data were cleaned in Microsoft excel17 and 

analysed in Excel17 and RStudio18.  The level of significance was set at 0,05. 

Results 

Patient specific factors 
There were 842 operations performed on 676 unique patients 

treated by Groote Schuur Hospital Division of Neurosurgery in 

2019.  Of these 676 patients, 33 developed SSI for an overall 

SSI rate of 4,9% per patient.  Twenty-eight of the SSI’s were 

deep infections and 5 were superficial infections.       

The mean age of operated patients was 42,2 (± 16,6).  Older 

age was a risk factor for superficial SSI, with a mean age of 62 

in these patients (p<0,001).  Overall age was not a risk factor 

for SSI (p=0,51).  There was an overall male predominance of 

64% in the patients treated, but no sex difference in SSI rates (p=0,88).   

There were 93 patients treated with EVD, and 6 infections yielding a 6,5% infection rate per patient. 

Superficial
15%

Bone	
flap	
sepsis
12%

Brain	
abscess
9%

Empyema
21%

CSF	
related
37%

Deep	
spine
6%

SSI	category	(n=33)
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Operation specific factors and rates 
There were 842 neurosurgery operations performed that were predominantly trauma (38%) and 

hydrocephalus (22%), then oncology (15%), spine (15%), and vascular work was 2,6%.   Most 

vascular neurosurgery at our institution is done endovascularly (210 procedures in 2019). Of the 842 

neurosurgical operations performed, 33 resulted in SSI yielding an SSI rate per operation of 3,9%.   

The bone flap sepsis rate from 255 clean craniotomies of all pathology was 3,1%.  The SSI rate from 

89 contaminated depressed skull fractures that were operated on was 4,5%.  Only dirty wounds 

carried a higher SSI rate of 8,7%.  Overall spine infections were 4,5%, but this was higher in the 

lumbar fusion group at 7,14%. 

Operations beginning at night (between 5pm and 7am) showed a trend towards being a risk factor 

for SSI; 38% of non-complicating operations began at night compared to 46% of SSIs having the 

index operation begin at night.  Of these night time SSI’s, 95% were deep infections. 

The scheduling of operations had no impact on the SSI rate; 65% of non-complicating operations 

were scheduled as emergencies while 64% of operations complicated by SSIs were emergencies 

(p=1,00).  

The ventriculo-peritoneal shunt (VPS) sepsis rate from 84 shunts was 4,8%.  There were 105 EVD’s 

placed in 93 patients, with 6 infections resulting in an EVD sepsis rate of 5,7% per EVD.   

Two out of 58 ICP monitors developed deep SSIs. 

The median operative time was 135min [75-171] in the infection group, compared to the 100min 

[65-155] in those with no SSI (p=0,14).    EVD infections had longer operative times at 65min [55-

110] than non-infected cases at 55min [45-75] (p=0,18).  Trauma craniotomies that developed SSI 

had median operative times of 155min [135-250] while the uninfected cases were 110min [84-155] 

(p=0.08).  VPS infections took 101min [100-111] which was similar to non-infected VPS cases that 

took 98min [79-135] (p=0,50). 
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The overall drain usage rate in this series was 11,3%.  Drain usage did not meaningfully vary in SSIs 

with 12% of infections having associated drains (p=1,00). 

Patient operative data and SSI rates per procedure are summarised in table 1 below†. 

  
Total 

(n=842) 
Mean age 

(years) 

Median 
Op time 

(min) 
Surgical 

drain 
Night case 
(5pm-7am) SSI 

SSI rate (%) 
per case 

Trauma         
 DSF 89 30 85 0 61 4 4,49 

 EDH 66 30 130 16 35 2 3,03 
 ASDH 62 50 155 9 36 2 3,23 
 CSDH 55 52 55 0 36 2 3,64 
 ICP monitor 58 32 60 0 20 2 3,45 

Hydrocephalus         
 EVD 105 38 50 0 43 6 5,71 

 VPS 84 37 100 0 33 4 4,76 
Tumour         
 Resection 105 47 220 3 0 3 2,86 

 Biopsy 17 51 50 0 1 0 0,00 
Spines         
 Spine tumour 31 46 185 11 1 1 3,23 

 

Lumbar 
laminectomy 30 50 88 14 0 1 3,33 

 ACDF 28 56 146 27 0 0 0,00 
 Degen lumbar fusion 14 54 196 11 0 1 7,14 

 

Cervical 
laminectomy 10 53 103 3 0 1 10,00 

Vascular         
 ICH evacuation 9 48 93 0 7 1 11,11 

 Aneurysm clipping 7 56 155 0 0 0 0,00 
 AVM resection 4 28 320 0 0 0 0,00 

 

Cavernoma 
resection 1 39 405 0 0 0 0,00 

 

Of the 33 patients with SSI, 3 had poorly controlled diabetes (HBA1c >8%) and 3 were HIV positive 

with a mean CD4 of 150 (±189).  Only one patient had peri-operative radiotherapy complicated by 

wound dehiscence in a spine tumour case.  Twelve patients had albumin measured at presentation 

with a mean value of 34g/L (normal 35-52g/L). 

 

 

 

 
† Patient characteristics 
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A comparison of the clinical features of superficial and deep SSI’s is summarised in table 2 below‡  

 

The post-operative day diagnosed exceeded 90 in 3 cases: a VP shunt placement, an acute sub-dural 

haematoma with dural substitute and plates, and a chronic sub-dural haematoma with an indolent 

organism (M. tuberculosis). 

In 3 out of 33 (9%) of the SSI cases no 

microbiological specimens were sent.  Of 

the 30 patients who had cultures sent there 

were 18 (60%) positive cultures.  Thirteen 

(68,4%) were gram negative organisms, and 

six (31,6%) were due to gram positive 

organisms as in figure 1 §.  A total of 4 cases 

 
‡ Clinical features of superficial and deep SSI’s 
§ Organisms in positive cultures 

  Superficial SSI (n=5) Deep SSI (n=28) P-value 

Microbiology     

 Blood culture positive 0 (0%) 3 (11%) NA 

 Surgical culture positive 1 (20%) 17 (61%) 0.15 

Biochemistry     

 Presentation CRP 25 [11,5-53] 113 [43-225] 0,03 

 Presentation WCC 12,4 [8,3-12,6] 14,4 [11,3-18,3] 0,07 

 Change in WCC 3,9 [-0,2-4,2] 5,3 [3-8,4] 0.06 

 Change in platelets 99 [-2-221] 203,5 [39-381] 0.21 

Clinical     

 Mean Age 62,2 (± 7,3) 36,4 (± 10,1) <0,01 

 Sex (Male) 3 (60%) 19 (68%) 1.00 

 POD diagnosed 19 [15-30] 10,5 [8-25] 0.44 

 No of surgeries 1 [0-1] 2 [1-3] 0,06 

 Hospital LOS 8 [4-11] 32 [16-44] <0.01 

Outcome    
 

 Well 5 (100%) 8 (28,6%) 0.01 

 Functionally impaired 0 (0%) 15 (53,6%) NA 

 Died 0 (0%) 6 (21,4%) NA 

20%

15%

10%
10%

10%

5%

5%

5%

5%
5%

5% 5%

Organisms	in	positive	cultures
E.	cloacae
S.	aureus
E.	coli
P.	Mirabilis
Serratia	marcescens
K.	pneumoniae
A.	baumannii
S.	pyogenes
E.	faecium
E.	faecalis
M.	tuberculosis
P.	aeruginosa

5% 

5% 

5% 

5% 



  Tromp 

Page 13 of 25 
 

were due to resistant organisms.  In 3 cases, two organisms were cultured from the first diagnosis.  

Twelve of the 33 SSIs were culture negative (36%). 

 

Of the 33 patients with SSI, 29 had a serum C-reactive protein (CRP) test at diagnosis (presentation 

CRP).  The median CRP at diagnosis was 113 [43-225] for deep infections, and 25 [11,5-53] for 

superficial SSI.  Only one superficial SSI had CRP >40, and only 4 of the deep SSI’s had CRP <40.  A 

receiver operator characteristic (ROC) curve was 

used to evaluate the potential value of 

presentation CRP to predict a deep SSI with a value 

in the region of 40 being confirmed to be 

potentially useful**.  A CRP of >40 had sensitivity of 

89% [72-98%] and specificity of 80% [28-99%] in 

diagnosing deep SSI. 

 

The WCC, and Platelet count were taken at baseline in all but 2 patients.  Only 2 patients in the SSI 

group had ESR at diagnosis, so this marker was excluded.  The graphs in figure** summarise the 

mean, median, and interquartile range for these markers††. 

 
** ROC curve of CRP to predict deep SSI 
†† Infective markers in surgical site infection 
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The hospital length of stay (LOS) has traditionally been used as a marker of severity of infection17.  In 

testing the laboratory markers to find the best predictor of hospital length of stay, the Pearson 

correlation coefficient with the highest value was the change in WCC (r=0,55) followed by the 

presentation CRP (r=0,51) indicating a moderate correlation.  This was depicted in the graph in 

Fugure‡‡: 

 

 

 

 

 

 

 

 

The CRP and change in white cell count were not only useful in diagnosis of infection, but also in 

prognosticating for poor outcome.  The table §§ shows the laboratory data and the clinical 

parameters in the 3 outcome groups of well, functionally impaired, and death: 

  

 
‡‡ Correlation of change in WCC to hospital length of stay 
§§ Laboratory data and clinical parameters in the three outcome groups 

  
Well (n=13) 

Functionally 
impaired (n=14) 

Death (n=6) 
P-value 

Biochemistry      

 Presentation CRP 35 [16-161] 74 [46-250] 141 [128-297] 0.04 

 Presentation WCC 11,2 [8,9-12,5] 14,4 [11,7-17,9] 26,2 [18,6-32,9] <0.01 

 Change in WCC 3,9 [2,3-4,2] 5,2 [3,9-6,8] 11,3 [10,3-17,5] <0.01 

 Change in platelets 25,5 [3,3-130] 221 [104-299] 376 [298-413] 0.01 

Clinical      

 Mean Age 45 (± 15,4) 39 (± 9,0) 33 (± 12,5) 0.15 

 Sex (Male) 10 (77%) 7 (50%) 5 (83%) 0.29 

 POD diagnosed 17 [10-38] 10 [8-21] 15 [7-24] 0.62 

 No of surgeries 1 [0-1] 2 [2-4] 3 [1-4] <0.01 

 Hospital LOS 11 [8-17] 40 [31-44] 37 [17-51] <0.01 
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Discussion 

SSI is a major determinant of patient outcome and an important measure of an institution’s 

proficiency. High post-operative infection may negate any benefit derived from surgery, so audit of 

infection rates and correction of any risks identified is an important step to improving outcomes. 

Studying SSI is not straight forward however as many factors are at play. Patients have different 

immune status, some have contaminated wounds before surgery, and implants pose a higher 

infection risk. For these reasons many studies choose to limit selection to one type of operation16,18 

2(shunt insertion) or exclude patients with wound contamination. In this study however we sought 

to determine an overall SSI rate and risks that may be associated with infection. In addition, we used 

a broad definition of SSI to capture as many patients with infection as possible.  To confirm no 

patients are lost to follow up, an SSI surveillance study from 2015 showed that active outpatient 

follow up is not necessary and monitoring of inpatients and readmissions is enough for SSI follow up 

in neurosurgery9. 

Despite a large proportion19 of our operations being emergency cases (65%) and a high prevalence 

of immune suppression due to HIV infection the reported overall SSI rate of 4,9% compares well with 

the expected rate of 5% from the literature11.   

In testing risk factors for infection, age was a risk factor for 

superficial infection alone, and was especially true in spine 

infections.  Age did not have an impact on deep infection in 

our group as shown in the density plot***.  This may have 

confounded the outcome finding that well patients with SSI 

tended to be older at 45 (±15,4) while those that died were 

younger with a mean age of 33 (±12,5) years old. 

 
*** Density plot of age in SSI group compared to no SSI group 
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The procedures of special interest with regard to infection prevention included bone flap sepsis in 

clean craniotomies (3,1%), EVD sepsis rate (5,7%), VPS sepsis rate (4,8%), and elective spine infection 

rate (4,5%).  The lumbar fusion SSI rate of 7,14% is in line with published series12.  There were only 

10 cervical laminectomies performed in 2019, and the one superficial infection may overestimate 

the rate of 10% due to small numbers. 

The only wound classification that had a significantly higher SSI rate was infected wounds category 

as can be expected.  Contaminated wounds (mostly compound depressed skull fractures) that are 

not infected at the time of operation; have infection rates similar to elective operations with 

aggressive debridement and closure.   This underpins the importance of surgical management21 in 

this high-risk group to prevent infection. 

Prolonged operative time was seen across the board in the SSI group to be a risk factor, which is in 

line with published series16,20.  Trauma craniotomies that developed SSI had 40% longer operative 

times than uninfected cases.  EVD insertion similarly was 20% longer in the SSI group per EVD than 

the un-infected cases. 

Starting an operation after hours regardless of scheduling status was an increased risk for SSI.  This 

may be due to junior staff operating with non-neurosurgery trained sisters with longer operative 

times at night.  Emergencies done during the day were not statistically a risk factor for SSI.  Our 64% 

emergency neurosurgery rate was almost double that of other published series19. 

The use of surgical drain was neither protective nor causative in SSI.  This is however subject to bias 

as it was the surgeon’s choice to place a surgical drain, and this was most used in trauma 

craniotomies and spine operations.   

CSF leak has traditionally been associated with SSI risk22, where pseudomeningocele without leak 

has not.  Of the 14 cases of sepsis associated with craniotomy, 2 had CSF leaks and 2 had 

pseudomeningocele without a CSF leak externally.  Of the 5 spine infections, 2 had CSF leak at 
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presentation.  Of the 12 CSF hardware related infections, 5 had CSF leak.  This confirms the 

significant association of CSF leak to surgical site infection.   

The microbiology of the culture positive cases was two thirds gram negative organisms and one third 

gram positive organisms.  The definition of infection to include culture negative cases that had a 

strong clinical suspicion of infection and warranted treatment allowed 12 additional cases (36%) to 

be included.  This means that a third of patients with clinically significant infections in neurosurgery 

will not be culture positive.  The blood culture was only positive in 11% of deep infections. 

Laboratory data is important in the diagnosis of surgical site infections23.  Absolute CRP value is 

useful for diagnosis especially with deep infections. A CRP of 40 was potentially useful in this series 

of patients to differentiate deep from superficial infections.  Related to this, the CRP and WCC can 

prognosticate into those who will have a good or poor outcome.  CRP is also useful for assessing 

response to treatment.  The absolute WCC at diagnosis is not as useful in diagnosing infection, but 

the change in WCC from a baseline to that taken at diagnosis added to the diagnosis.  A change in 

WCC of >10 can also warn of possible poor outcome with a median change in WCC of 11 in those 

who died.  Similarly, the change in platelet count has some use in diagnosing infection, but as the 

count tends to stay up at discharge is not useful in deciding on end of treatment.  The CSF 

pleocytosis is useful in CSF infection, but in one case we had proven ventriculitis on culture from 

catheter tip and CSF, without pleocytosis.   

Of interest is that the diagnosis of SSI was delayed in 3 cases.  The median post-operative day of 

diagnosis was 19 days for superficial SSI, and 11 days for deep SSI.  As seen from the outcomes, the 

significant infections (deep infections in patients that end up functionally impaired or die) tend to 

present earlier than the superficial infections in well patients.  Perhaps the routine surgical wound 

check at 10 days post op is too soon to reassure against significant infection, by which time only 50% 

of the deep infections will have presented. 
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The outcome of superficial SSI was reassuring, with all 5 patients well at discharge.  However, the 

outcome of deep SSI was concerning, with 4-fold increase in hospital length of stay, and only 28,6% 

of patients well at discharge, 53,6% functionally impaired, and 21,4% mortality. 

The limitations of the study are that there were no patients younger than 13 years old, as they are 

treated at a separate hospital.  They do represent a major burden of SSI in the hydrocephalus group 

especially.  It will be important for future research to repeat this cross-sectional study at the 

paediatric hospital and to compare the groups. 

 

Conclusions 

The overall infection rate was acceptable at 4.9% per patient treated.  In the important surgical 

groups of clean craniotomies, VPS, and elective spinal work, the SSI rate was under 5% per 

operation.  The clean operations with highest risk for deep infections were EVD and lumbar spine 

fusions.  Advancing age is a risk factor for superficial SSI.  Operative time and CSF leak were risk 

factors for deep SSI.  Surgical drain use did not impact on SSI.  36,4% of the SSI’s were culture 

negative, underpinning the importance of the definition.  Blood culture does not seem to be useful 

in neurosurgical SSI.  Significant infections tend to present around 10 days post-operative but can be 

delayed.   Both presentation CRP and change in WCC can be useful in diagnosis of deep SSI, as well 

as for predicting hospital length of stay and outcome, and response to treatment.  The deep SSI 

group had prolonged hospital LOS and poor outcomes with 53,6% functionally impaired, and 21,4% 

mortality. 
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Appendices 

Categories for data collection on all patients (“All Data”) and those with an identified surgical site 

infection (“SSI cases”).  This will be in the form of an excel spread sheet with two data sheets 

Categories: All data 

1. Date of procedure 

2. Surname 

3. Folder number 

4. Date of birth 

5. Sex 

6. Pathology (grouping) 

7. Scheduled time (day or night) 

8. Procedure (grouping) 

9. Number of surgeons 

10. Duration of procedure (surgical time) 

11. Wound classification 

12. Implants 

 

Additional Categories: SSI cases 

1. Immune status (compromised Y/N) 

2. Chemotherapy or radiation therapy 

3. Surgical drain 

4. Post op CSF leak 

5. Albumin at presentation 

6. WCC at SSI presentation 
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7. CRP at SSI presentation

8. SSI category

9. CSF polymorph count at diagnosis

10. POD diagnosed

11. Microbiology

12. Sensitivities

13. Management of complication

14. Clinical outcome

15. Hospital length of stay
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