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RESEARCH ARTICLE

Surgical recovery from the COVID-19 pandemic in English adult neurosurgical 
centres

Daniel Thompsona,b, Adam Williamsa, Peter C. Whitfieldc, Peter Hutchinsonb, Nicholas Phillipsd, David Cromwelle, 
Adel Helmyb and On behalf of the National Neurosurgical Audit Programme 
aDepartment of Neurosurgery, North Bristol NHS Trust, Bristol, UK; bDepartment of Clinical Neurosciences, University of Cambridge, Cambridge, 
UK; cDepartment of Neurosurgery, University Hospitals Plymouth NHS Trust, Plymouth, UK; dDepartment of Neurosurgery, Leeds Teaching 
Hospital, Leeds, UK; eDepartment of Health Services Research and Policy, London School of Tropical Medicine, London, UK 

ABSTRACT 
Objectives: The COVID-19 pandemic required a change in resource priority from Neurosurgical care in 
order to treat medically unwell patients suffering from the complications of COVID-19 infections. We dem
onstrate the impact of COVID-19 on total bed days in 24 Neurosurgical centres in England offering adult 
Neurosurgery as well as the total spells (single inpatient episodes) for operative Neurosurgical patients 
between 2020 and 2022 when compared with 2019.
Methods: We used Capse Healthcare Knowledge System software iCompare in order to show the change 
in total spells for patients undergoing a primary or secondary Neurosurgical procedure as defined using 
the National Neurosurgical Audit Programme (NNAP) OPCS-4 coding framework between 2019 and 2022.
Results: The overall mortality rate of COVID-19 patients was 12.3% and the percentage of total bed days 
taken up by COVID-19 patients in hospitals at large was on average 7.7%. The total number of spells for 
all procedures over the 24 centres in 2022 was 39,019 compared with 45,742 in 2019. There was a cumu
lative deficit of 24,904 spells. The loss of spells was not equally distributed across regions and hospital 
Trusts. The average number of referral to treatment pathways completed within 18 weeks has declined 
from 76% to 57% over the study period and the referral to treatment clearance time has risen from 17 to 
24 weeks.
Conclusions: The mean elective cranial output in 2022 compared with 2019 is at 88% with spinal output 
lagging at 69%. If the rate of change year on year were to remain at current levels then we would reach 
pre-pandemic levels of output by 2026.
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Introduction

The COVID-19 pandemic necessitated a significant reduction of 
elective surgical services in the National Health Service (NHS) in 
order to safeguard emergency care and treat an unprecedented 
influx of acutely unwell patients with respiratory illness.1 It has 
been previously described that the volume of all elective surgical 
procedures in England and Wales dropped by 51.8% in 2020.1

We know that the initial impact of the COVID-19 virus was vari
able in different regions of England and therefore Neurosurgical 
services were variably affected.2

Decisions had to be made across the NHS regarding which 
patients to prioritise. This necessarily led to a downturn in elect
ive surgical work and the surgical work that was prioritised was 
often oncological work or other more ‘semi-elective’ cases.3 We 
also know that the COVID-19 infection itself prevented some 
elective surgery going ahead as planned due to increased risk to 
the patient.4–6 The surgical backlog incurred by the pandemic is 
not evenly distributed throughout subspecialties and spinal sur
gery, for example, experienced a far more precipitous downturn 
compared with cranial work.7 However, the exact variation 

between subspecialties as well as centres has not previously been 
explored in Neurosurgery.

Efforts have been made since the COVID-19 pandemic to 
jumpstart activity and begin to reverse the trend of the ever- 
lengthening waiting lists.8 There is also evidence of a ‘hidden 
waiting list’ created by the COVID-19 pandemic that includes 
many patients who are not captured statistically due to stasis in 
the system and issues with access to healthcare that have been 
compounded.9 This means that any data on the growth of wait
ing lists, for example, most likely underestimate the problem. 
There is a growing appreciation that returning to pre-pandemic 
levels of activity has not been straightforward. Despite a number 
of initiatives elective neurosurgical activity has not returned to its 
pre COVID levels.10,11

Here we report the results of a retrospective analysis of the 
prospectively collected total spells for primary and secondary 
procedures over 24 Neurosurgical centres in England using spells 
as a proxy for surgical activity. We describe how activity has 
changed since the index year of 2019 for both cranial and spinal 
work as well as looking at the differences between elective 
and emergency output. We also estimate when levels may reach 
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pre-pandemic norms and the possible extent of the deficit by this 
point.

Methods

Study design

This was a population based epidemiological study describing all 
spells including either a primary or secondary Neurosurgical pro
cedure at any of the 24 adult Neurosurgical centres in England 
between the 1st January 2020 to the 31st December 2022 inclu
sive. A spell in Hospital Episode Statistic data is described as an 
uninterrupted inpatient stay at one hospital.12 We used data 
from the 1st January 2019–31st December 2019 by way of a pre- 
pandemic comparator year. A method that has been previously 
described by the COVIDSurg Collaborative.13

Data sources

All data utilised in this study was compiled using the CHKS 
Limited iCompare# system14 as well as Model Hospital. CHKS’s 
iCompare# is an audit and benchmarking tool that allows for 
comparison of a bespoke peer group over a range of metrics. 
CHKS iCompare# uses data provided by patients and collected 
by the NHS as part of their care and support. Where HES data is 
used, it is with permission of NHS England.12

Study population

Neurosurgical centres used in this study were defined as those 
offering adult Neurosurgical services in England. However, all 
patients of any age admitted during the time period who under
went either a primary or secondary Neurosurgical procedure 
were included in the study. Neurosurgical procedures were 
defined using the National Neurosurgical Audit Programme 
(NNAP) coding framework as previously described.15 We 
divided Neurosurgical procedures into either cranial, spinal or other 
procedure.

Outcomes

The primary outcome was the number of hospital spells with an 
associated Neurosurgical procedure.

Data processing

Filters were utilised on the iCompare platform with respect to 
Neurosurgical centres, the specialty code ‘150’ to define a 
Neurosurgical admission and the OPCS-4 codes as previously 
described in order to ensure only operative admissions and not 
admissions for investigations or conservative management were 
included. With respect to the data analysing the impact of the 
first and second waves of COVID-19 we used pragmatic dates 
spanning peaks of infection rates as defined by the Office for 
National Statistics as no exact dates for these waves have been 
defined.16 These were a first wave from 1st March to the 31st 
April 2020 and a second wave from 1st September 2020–28th 
February 2021. For the purposes of pre-pandemic comparison 
years we have used the most recent previous year to define 
‘normal’ activity. 95% confidence intervals were also calculated 
based on Poisson process.Ta
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Microsoft Excel for Mac Version 16.72 used for collection and 
analysis of data as well as STATA/MP version 18.0.

Results

Impact of the COVID-19 pandemic investigated using 
mortality rates and total bed days

We used the mortality rate from COVID-19 as well as the per
centage of bed days taken up by COVID-19 patients as a heuris
tic for how bad the impact of the COVID-19 pandemic was at 
each centre. The overall mortality rate of COVID-19 patients was 
12.3% (SD 2.55) with a minimum of 7.9% and a maximum of 
17.3%. The percentage of total bed days taken up by COVID-19 
patients was on average 7.7% (SD 2.16) with a minimum of 0.7% 
and a maximum of 10.9%.

We compared both of these against the percentage change in 
elective surgical output from each institution in 2022 compared 
with 2019 but there was no correlation found with either metric 
as demonstrated in supplementary figure 1.

Comparison with pre-COVID annual activity

Table 1 shows the number of total elective spells between 2019 
and 2022 using the NNAP OPCS-4 coding framework to define 
operative cases. Comparison made between total elective cases in 
2020 and 2022 against 2019 levels as well as showing the number 
of cranial elective procedures performed as a percentage of the 
total in 2019 and 2022.

Table 2 shows the number of total emergency spells between 
2019 and 2022 using the NNAP OPCS-4 coding framework to 
define operative cases. Comparison made between total emer
gency cases in 2020 and 2022 against 2019 levels as well as show
ing the number of cranial emergency procedures performed as a 
percentage of the total in 2019 and 2022.

Tables 1 and 2 show the number of total spells with either a 
primary or secondary procedure and the Neurosurgery specialty 
code 150. They show an initial decline in overall elective work 

between 2019 and 2020 of 30% with a decrease in emergency 
activity of 6%. This has recovered year upon year, however, the 
percentage change in cranial elective surgery in 2022 compared 
with 2019 remains −12% with spinal surgery significantly lower 
at −31% of where it was in 2019. Table 1 also demonstrates a 
shift towards cranial elective work with it making up on average 
55% of the elective work in 2019 whilst it makes up 61% of the 
total spells in 2022. This pattern is not replicated in Table 2
where cranial work is 75% of the total work in both 2019 and 
2022. Supplementary tables 1 and 2 break this data down by 
individual trust.

Each Trust has recovered at a different rate as shown in 
Figure 1. The mean elective cranial output in 2022 compared 
with 2019 is at 88% with spinal output lagging at 69%. 6 Trusts 
are above the output of 2019 for elective cranial surgery and only 
2 Trusts have increased their elective spinal output by 2022. The 
change in overall activity for each trust is mapped as a timeline 
in Figure 2.

Emergency surgery is down by 4% in 2022 when compared 
with 2019. Supplementary figure 2 demonstrates that following 
the initial downturn in activity in the first year of COVID, emer
gency activity has remained relatively stable compared with elect
ive work and the ‘deficit’ when comparing 2019 to the three 
subsequent years is only 2381 spells.

Deficit of surgical activity

The current deficit of total spells for all elective surgery between 
2019 and 2022 is 22,523. This breaks down as 8,263 cranial spells 
and 11,654 spinal spells. Figure 3(A) shows a graphical represen
tation of growth at the current rate and projects that pre- 
Pandemic levels of overall activity will be reached by 2026. 
However, levels of elective spinal output will still not have 
reached pre-Pandemic levels by this point. The potential deficit 
of total spells by 2026 would be 33,480 patients at the current 
rate of recovery. Figure 3(B) then shows the percentage of elect
ive service recovery when compared with 2019 with 95% confi
dence interval also demonstrated. The level of elective activity in 

Table 2. Total emergency Neurosurgical operative spells 2019–2022.

Total procedures Change in Totals Cranial procedures as a percentage of total

2019 2020 2021 2022 2020 vs 2019 2022 vs 2019 2019 2022

16,408 15,378 15,726 15,739 94% 96% 76% 76%

Figure 1. Bar chart comparing the percentage output of cranial and spinal work in the 24 Neurosurgical centres of 2022 with 2019.
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Figure 2. (A, B) Timelines comparing the changes in total spells for emergency and elective activity before, during and after the Pandemic across all 24 Trusts.
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2022 is currently 80% of what it was in 2019 having been as low 
as 70% in 2020.

Supplementary table 3 shows the numbers of orthopaedic 
spine elective procedures performed at the Neurosciences centres 
over the study period. The average output of those centres that 

have Orthopaedic spinal services was 83% in 2022 compared 
with 2019 with a surgical deficit over the study period of 5423 
spells. 7 centres have no Orthopaedic Spinal service and 3 centres 
had multiple years without any Orthopaedic spinal surgeries 
being performed.

Figure 3. (A). Graph showing the change in total spells for elective work over the COVID-19 pandemic and projecting the point at which output will return to 2019 
levels at current rates. (B). Elective procedure recovery as a percentage of 2019 output with 95% confidence intervals included.
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Impact of COVID-19 pandemic on neurosurgical outpatient 
waiting lists

Supplementary figure 3 utilises Model Hospital and CHKS data 
to show that overt the study period the amount of time patients 
are waiting for treatment has grown significantly. Supplementary 
figure 3(A) shows a decline of referral to treatment within 18 
weeks from 76% to 57%. The Referral to Treatment (RTT) oper
ational standard is that more than 92% of patients should have 
been treated within 18 weeks. As well as this the RTT clearance 
time has increased from 17 weeks to 24 weeks. A clearance time 
of over 12 weeks is described as making the operational standard 
for RTT impossible to deliver.

Discussion

Significant disruption to elective work has continued to affect 
Neurosurgical services following a return to ‘normality’ post 
COVID-19.17 The key finding of this study is objective evidence 
of a long ‘tail’ in reduced neurosurgical activity following the 
COVID-19 pandemic. We find that levels of activity in the last 
normal year before the pandemic have not been reached in most 
trusts in England offering adult Neurosurgery in either cranial or 
spinal surgery. We have found that cranial surgery has recovered 
at a faster rate and this may be due to cranial pathologies being 
prioritised as ‘semi-elective’ and being less likely to be cancelled 
as services attempt to return to normal. We also note that spinal 
emergency work did not suffer as great a downturn as cranial 
emergency work and therefore we speculate that there were spi
nal patients who crossed over to emergency work as a result of 
long waits and evolving pathologies.18

We demonstrate a significant variation between different 
Trusts in terms of the rate of recovery when comparing total 
spells with levels in 2019. It is beyond the scope of this study to 
comment on the precise reasons for this disparity. However, 
looking at purely the crude impact of the COVID-19 pandemic 
in terms of mortality rates of patients with COVID-19 and % of 
hospital bed days taken up with COVID-19 patients there 
appears to be no correlation between the extent of the impact 
and the elective recovery by 2022. We used these particular met
rics as demonstrable ones for how severe the pandemic was for 
different hospitals since we know this was felt variably through
out the UK. Our hypothesis was that hospitals where the metrics 
suggest a more severe COVID-19 pandemic would have redis
tributed services in a way that would have had a greater impact 
upon Neurosurgical elective services. However, we cannot find 
evidence to support this supposition. There are likely to be local 
factors that have affected a return to normal levels of activity. 
Some Trusts have coped better than would be expected and other 
Trusts that have coped less well.

When looking at the seven trusts that have either cranial or 
spinal output of greater than 100% when compared with 2019 
there is no distinct pattern in terms of how they were affected by 
the COVID-19 pandemic. Standalone Neurosurgical units, which 
are those units without an Emergency Department, might have 
been predicted to have been less affected by the downturn in 
activity following COVID, however, we find that none of these 
Trusts have returned to 2019 levels in either spinal or cranial 
work. The size of the unit also did not appear to have a bearing 
upon the extent of the recovery. It is imperative that we elucidate 
the reasons for the variability in recovery as this has potential 
ramifications for service orientation in the NHS going forwards. 
Further work will be needed in order to better define what makes 

certain Trusts more resilient than others. Ongoing work such as 
the COVID-19 Related Service Adjustment In Referral practice 
(CORSAIR) will also give us an understanding of how the 
changes that have affected Neurosurgical services have translated 
into the management of Neurosurgical emergencies. It is impor
tant to have both quantitative and qualitative impressions of the 
impact of COVID-19 on British Neurosurgery.

This study is the first study to objectively quantify the scale of 
the surgical resource deficit in Neurosurgical centres in England. 
This study shows that the downturn in activity was ubiquitous 
and that spinal surgery has struggled to recover to a greater 
extent than cranial surgery. We show how emergency surgery 
was protected during the pandemic by the sacrifice of elective 
work, as the rates remained relatively stable. We recognise that 
the recovery does not obviously correlate with crude metrics on 
the severity of the COVID-19 pandemic. Further work will be 
needed to be done by NNAP to better understand the reasons 
for the variability and translate this into shared learning for the 
specialty.

There are limitations to the current study. Total spells with 
either a Neurosurgical primary or secondary procedure and the 
Neurosurgical specialty code 150 is not the same as an operative 
count. We have used this as an efficient proxy for surgical activ
ity, however, exact operative numbers cannot be derived from 
the CHKS database.14 We also used 2019 as the pre-COVID 
index year for comparison and therefore the use of only a single 
year of pre-Pandemic activity relies on the data of a single, albeit 
most recent, year of activity. This data did not include operations 
that took place in the independent sector and it is well recog
nised that there have been efforts at waiting list initiatives in the 
private sector in order to make inroads into the backlog.17

Especially with respect to spinal surgery this may well be why 
some hospitals have particularly low rates of spinal spells when 
compared with 2019. Orthopaedic spinal surgery performed 
within the same centres has also shown a downturn in output 
and therefore does not support the idea that some Neurosurgical 
spinal work is now being taken on by orthopaedic surgeons. 
Given the significant deficit we believe rates of operating within 
Trusts should be at or above pre-pandemic levels and therefore 
that the publication of these results is of significant interest. 
Further work is needed to corroborate whether this reduction is 
confounded by work being shifted to nearby independent 
providers.

Conclusion

This study is the first to attempt to quantify the deficit in 
Neurosurgical activity as a result of the COVID-19 pandemic for 
adult Neurosurgical centres in England. The volume of elective 
surgical activity dropped by 30% in the year 2020 and since this 
point has steadily risen to being at 80% of 2019 levels. This 
means a deficit of elective spells of 22,523 up to the end of 2022. 
The mean elective cranial output in 2022 compared with 2019 is 
at 88% with spinal output lagging at 69%. Whilst spinal surgery, 
particularly high volume degenerative spinal surgery, is consid
ered as lower clinical priority, it nevertheless has an impact on 
patient’s quality of life and ability to return to work.19 Further 
work is needed to understand why there was been significant 
variability across the country with respect to the extent of the 
recovery so far and to share best practice COVID recovery 
strategies.
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