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Table S2. Grouping of neurosurgical procedures in three tiers using the NNAP classification of 

neurosurgical procedures. The groups become progressively less heterogeneous with each tier, 

comprising a narrower spectrum of neurosurgical procedures.  

 

Footnote: CSF shunt procedures are included in Tier III as a subgroup of All CSF procedures; other 

subgroups were not analysed. Abbreviations: SRS – stereotactic radiosurgery, CSDH – chronic subdural 

haemorrhage, CSF – cerebrospinal fluid, ICH – intracerebral haemorrhage, ASDH – acute subdural 

haemorrhage, EDH – extradural haemorrhage, DBS – deep brain stimulation, SCS – spinal cord 

stimulation, MVD – microvascular decompression, AVM – arteriovenous malformation, VP – 

ventriculoperitoneal, VPleural – ventriculopleural, VA – ventriculoatrial, LP – lumboperitoneal, ETV – 

endoscopic third ventriculostomy, EVD – external ventricular drain. 

 

Procedure category Main procedures in category 

I. All procedures & major procedures 

All neurosurgical procedures All procedures performed in neurosurgical units 

Major neurosurgical procedures Major cranial and spinal surgery. Excludes procedures in peripheral nerve 

surgery, SRS, diagnostic and non-classified categories 

II. Cranial & spinal procedures 

Cranial procedures All major cranial surgery 

Spinal procedures All major spinal surgery 

III. Subspecialty procedures 

Trauma Evacuation of ASDH / EDH, decompressive craniectomy (trauma) 

General Neurosurgery Cranioplasty, excision of skull bone lesions, drainage of CSDH, drainage of 

abscess / empyema, evacuation of ICH, decompressive craniectomy (stroke) 

Functional Epilepsy surgery, DBS, SCS, MVD 

Neuro-oncology Excision of primary / secondary brain tumour, tumour biopsy 

All CSF procedures All CSF diversion procedures – shunts, ETV, EVD 

CSF shunt procedures  VP, VPleural, VA, LP shunt insertions & revisions 

Skull base Pituitary surgery, excision of skull base tumours 

Neurovascular Aneurysms, AVMs etc. – endovascular treatment & open surgery 

Simple spine Non-instrumented spinal surgery 

Complex spine Instrumented spinal surgery, including surgery for spinal trauma 

Intradural spine Excision of spinal cord tumours, spinal meningioma 
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Table S3: Barriers to evaluating the quality of neurosurgeons’ performance based on post-operative 

mortality following non-elective neurosurgical procedures. 

 

Barriers to evaluation that impair the reliability and fairness of evaluations in non-elective neurosurgery 

Outcomes are intrinsically poor compared to elective neurosurgery and variation may not necessarily reflect 

quality of care but could be related to severity of disease or patient selection.  

Each neurosurgical unit will have differing on-call arrangements that may affect how cases are attributed to 

surgeons. Out-of-hours operating may be performed by a different neurosurgeon to the ‘named’ responsible 

consultant and many cases may be principally performed by trainees.  

Shared care between surgeons or specialties is more likely in complex acute cases, and transfers of patient care 

between consultants may be necessary.  

Many aspects of non-elective neurosurgical care are outside of the direct influence of the neurosurgeon, such as 

transfers from other hospitals and the roles of the extensive healthcare team involved in acute admissions.  
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Table S4: Strategies and challenges to improving the statistical power of comparative outcomes used by 

quality improvement initiatives. 

Strategy  Problem(s) introduce by strategy 

Extend the audit period to increase procedure 

volumes. Extending the audit period from three to five 

years increased the number of units that achieved the 

minimum caseload threshold in several areas. 

Longer periods may see changes in clinical practice, 

new surgical technologies, and changes within 

institutions which complicate the interpretation of 

outcomes. 

If audit periods are too long the detection of problems 

would be slow, leaving patients at a disadvantage. 

Pool procedures to increase the sample size. Procedures with low mortality rates may have a 

dilutional effect on the overall mortality rate. This 

effect may be larger in hospitals where the range of 

procedures includes a relatively high proportion of 

minor procedures. This could dilute the mortality rate 

and potentially mask poor performance. 

Risk adjustment models may not adequately account 

for differences in procedural case-mix. 

Reduce the power threshold and thus reduce 

minimum sample size.  

Lowering the power level would reduce the minimum 

sample size and increase the likelihood that units 

would achieve sufficient volumes. The trade-off is that 

the likelihood of detecting poor performance is 

reduced – 7 in 10 outliers at 70%, 6 in 10 at 60% and 

so forth – which could reduce confidence in the 

reliability of a quality improvement programme.  

Lower the statistical significance levels used to 

determine outliers with higher mortality rates. 

Funnel plots are commonly used for identifying 

statistical outliers. Significance levels of 5% and 0.2% 

are frequently used, corresponding to 95% and 99.8% 

control limits – or approximately 2 and 3 standard 

deviations from the mean. Using lower thresholds 

increases the detection of statistical outliers but may 

also increase the proportion of units that are falsely 

identified as having poor performance.1  

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-067409:e067409. 12 2022;BMJ Open, et al. Wahba AJ



References 

1.  Walker K, Neuburger J, Groene O, Cromwell DA, Van Der Meulen J. Public reporting of surgeon 

outcomes: Low numbers of procedures lead to false complacency. Lancet. 2013;382(9905):1674-

1677. doi:10.1016/S0140-6736(13)61491-9 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-067409:e067409. 12 2022;BMJ Open, et al. Wahba AJ


