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Abstract
Background The global healthcare activity including neurosurgical services has been significantly impacted by the COVID-
19 pandemic.
Aim Compare neurosurgical theatre activity from 2019 (pre-pandemic) to that of the subsequent pandemic years (2020–2021) 
and explore how each wave of COVID-19 infection impacted activity levels.
Methods A retrospective analysis of neurosurgical theatre activity at the National Neurosurgical Centre of Ireland was 
performed from 1 January 2019 till 31 December 2021. The extracted data included date, surgical procedure, demographics 
of the patient and case scheduling (elective or emergency).
Results In total, 6139 neurosurgical procedures were recorded throughout the study period. Two thousand one hundred 
forty-four neurosurgical procedures were recorded in 2019, 2052 in 2020 and 1943 in 2021 corresponding to a reduction in 
theatre activity by 4.3% and 9.4% in 2020 and 2021 respectively. The lowest number of monthly caseloads was recorded in 
April 2020 during the first wave of the pandemic. The first quarter of 2021 recorded the lowest number of quarterly surgical 
procedures over the entire 3-year period contributing to just 19.4% of 2021 caseload. Subgroup analysis showed a significant 
reduction in trans-sphenoidal pituitary surgeries post-pandemic by 36% and 44% in 2020 and 2021 respectively.
Conclusions Despite the exceptional stress imposed on our institution by COVID-19, the neurosurgical service managed to 
maintain comparable activity levels to 2019. The 2021 activity levels were more significantly impacted with 9.4% reduc-
tion when compared with pre-pandemic figures in 2019. Institutions need to develop a robust emergency plan to reduce the 
impact of any subsequent pandemics on healthcare delivery.
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Introduction

COVID-19 has had an un-precedented impact on global 
healthcare activity resulting in the postponement of many 
elective services during successive waves of infection This 
has been compounded by the fact that some services were 
unable to return to full levels of pre-pandemic activity in the 
intervening period between waves [1].

In Ireland, the first PCR-positive case of COVID-19 was 
reported on 26 February 2020 and the first national public 
health restrictions were introduced on 12 March 2020, a day 

after the WHO declared COVID-19 to be a global pandemic 
[2, 3].

Given the potential consequences of delayed surgery, 
we sought to examine and compare neurosurgical theatre 
activity from 2019 (pre-pandemic) to that of the subsequent 
pandemic years (2020–2021) and explore how each wave of 
COVID-19 infection impacted activity levels.

Materials and methods

We conducted a retrospective, single institution, obser-
vational cohort study. The institution is the Irish National 
Neurosurgical Centre in Beaumont Hospital, Dublin. It is a 
large tertiary referral centre with over 2,000 neurosurgical 
procedures typically performed per annum. We reviewed 
the neurosurgical theatre activity from 1 January 2019 to 31 
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December 2021 and examined the total number of opera-
tions performed daily throughout the study period. Theatre 
activity is electronically recorded on a specific operating 
theatre computer system. Data was obtained from this sys-
tem, with assistance from the IT Department. The extracted 
data included date of surgery, type of surgical procedure, 
age and gender of the patient and case scheduling (elective 
or emergency).

All patients who underwent neurosurgical procedures in 
the Operating Theatre Department during the study period 
were included. Patients who underwent interventional neu-
roradiology procedures were excluded, as different book-
ing systems used in the Radiology Department meant the 
reliability of capturing accurate data in this patient cohort 
was not guaranteed. Neurosurgical patients who underwent 
non-neurosurgical procedures were also excluded.

Subgroup analysis was performed on the type of neu-
rosurgical procedure completed, i.e. craniotomy for space 
occupying lesions (SOL), brain biopsy, intracranial vascu-
lar procedures, spinal surgery, CSF diversion surgery, trans-
sphenoidal pituitary resections and vagal nerve stimulator 
implantation surgery.

Statistical analysis

Statistical analysis was performed using IBM SPSS (Statis-
tical Package for the Social Science; IBM Corp, Armonk, 
NY, USA) release 22 for Microsoft Windows. Data were 
described in terms of frequencies (number of cases) and 
percentages and compared using Chi-square (χ2) test. Two-
sided p values less than 0.05 were considered statistically 
significant.

Results

In total, 6,139 neurosurgical procedures were recorded 
throughout the study period. Patient demographics are listed 
in Table 1. Two thousand one hundred forty-four neurosurgi-
cal procedures were recorded in 2019. This was pre-pandemic 
and served as baseline activity levels. Two thousand fifty-two 

neurosurgical procedures were performed in 2020, with 1943 
neurosurgical procedures performed in 2021. Theatre activity 
was reduced by 4.3% in 2020, with a reduction of 9.4% in 
2021 when compared with pre-pandemic baseline figures in 
2019. The downward trend in the total number of neurosurgi-
cal operations performed following the onset of the pandemic 
included both elective and emergency procedures.

Subanalysis of quarterly periods showed that the first 
quarter of 2021 recorded the lowest number of neurosurgi-
cal procedures over the entire 3-year period, contributing 
to just 19.4% of the total cases performed in 2021. In 2020, 
the second quarter recorded 22.6% of the total activity for 
that year, while the third quarter recorded 27.9% (Table 2).

Analysis of the monthly activity showed a sharp reduc-
tion in the number of procedures performed in April 2020 
(Fig. 1). This coincided with the first wave of the pandemic. 
However, activity levels returned to normal in May 2020, 
with an increase in activity observed over the following 
months. Activity again reduced progressively from Decem-
ber 2020 to April 2021, before returning to pre-pandemic 
levels again in May 2021. This reduction coincided with 
the third wave of the pandemic. The median number of the 
monthly neurosurgical procedures performed decreased from 

Table 1  Demographic details of the patients

2019 2020 2021 P value

Male 1145 (53.4%) 1071 (52.2%) 1009 (51.9%) 0.597
Female 999 (46.6%) 981 (47.8) 934 (48.1%)
Adults 1951 (91%) 1992 (97.1%) 1912 (98.4%)  < 0.001
Paediatrics 193 (9%) 60 (2.9%) 31 (1.6%)
Age 

(median)
51 52 52

Table 2  Number of the neurosurgical procedures in each quarter of 
the study years and its percentage to the whole year activity

2019 2020 2021 P value

Q1 553 (25.8%) 516 (25.1%) 377 (19.4%)  < 0.001
Q2 537 (25%) 463 (22.6%) 495 (25.5%) 0.065
Q3 516 (24.1%) 573 (27.9%) 553 (28.5%) 0.002
Q4 538 (25.1%) 500 (24.4%) 518 (26.6%) 0.236
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Fig. 1  The monthly trends of elective and emergency procedures per-
formed during the study period
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177 (164–191) in 2019 to 176 (84–216) in 2020 and 169 
(84–216) in 2021.

Subspeciality analysis showed that spinal surgeries accounted 
for 20.5% of the total activity in 2019. Spinal surgeries con-
stituted 24.8% of cases in 2020 and 21.2% in 2021 (Table 3). 
Craniotomy for SOL was the indication for surgery in 19.1% of 
cases in 2019, 19.2% in 2020 and 20.9% in 2021 (P = 0.273). 
There was a notable and statistically significant reduction in 
trans-sphenoidal pituitary surgeries performed post-pandemic 
onset, decreasing by 36% and 44% (P = 0.015) in 2020 and 2021 
respectively. Brain biopsy surgeries were also reduced, by 15.9% 
in 2020 and 25.5% in 2021 (P = 0.228).

Discussion

Our institution endeavoured to maintain full neurosurgical 
theatre activity throughout the pandemic. The data showed 
that this was almost achieved throughout 2020 with statisti-
cally insignificant reduction of 4.3% on 2019 activity levels. 
However, the service was more significantly impacted in 
2021 with a 9.4% reduction on pre-pandemic activity lev-
els. The reasons for this are multifactorial with lack of beds 
being the most significant. Other reasons are the introduc-
tion of COVID-19 theatre policies, invalid COVID-19 swab 
results, staff illness or self-isolation, on the day cancellation 
of elective surgery due to patients contracting COVID-19 
and lack of ICU capacity.

In line with general theatre practice, the neurosurgical 
theatres introduced several measures in response to COVID-
19 with the aim of minimizing risk of infection while still 
running the service. These measures evolved with our evolv-
ing understanding of COVID-19 transmission and the fluc-
tuation in community burden of disease (Figs. 2, 3).

In order to minimize risk of infection from aerosol gener-
ating procedures (AGPs), our institution mandated the use of 
full PPE, minimal staff in the room and a 10-min pause after 
intubating or extubating a patient before further staff were 

allowed to enter the room [4]. This was the case regardless 
of the patient COVID status. This has since been revised to 
the use of full PPE for COVID-positive or COVID-unknown 
patients only and the 10-min pause has been eliminated.

There was a statistically significant reduction in trans-
sphenoidal pituitary surgery performed during the pan-
demic. This might be, at least partially, explained by the 

Table 3  Subgroup analysis 
of the surgical procedures 
performed and its percentage of 
the total year activity

Surgical procedure 2019 2020 2021 P value

Elective surgery 1448 (67.5%) 1408 (68.6%) 1271 (65.4%) 0.091
Emergency surgery 696 (32.5%) 644 (31.4%) 672 (34.6%)
Craniotomy for SOL 410 (19.1%) 393 (19.2%) 406 (20.9%) 0.273
Awake craniotomy 8 (0.4%) 9 (0.4%) 8 (0.4%) 0.945
Intracranial vascular surgery 87 (4.1%) 82 (4%) 67 (3.5%) 0.544
Brain biopsy 157 (7.3%) 132 (6.4%) 117 (6%) 0.228
Spinal surgeries 440 (20.5%) 508 (24.8%) 412 (21.2%) 0.002
CSF diversion surgeries 336 (15.7%) 330 (16.1%) 323 (16.6%) 0.710
Trans-sphenoidal pituitary resections 75 (3.5%) 48 (2.3%) 42 (2.2%) 0.015
Vagal nerve stimulator 61 (2.8%) 63 (3.1%) 53 (2.7%) 0.805
Others 570 (26.6%) 487 (23.7%) 515 (26.5%) 0.058

Fig. 2  Theatre protocol for elective surgery pathway
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hypervigilance surrounding potential AGPs. Cases that may 
include the opening of an air sinus, such as trans-sphenoidal 
pituitary surgery or skull base surgery, are considered aero-
sol generating, and thus require all theatre staff to wear full 
PPE throughout the surgery [5]. These cases were assessed 
on a case-by-case basis and were postponed if there was no 
risk of neurological deterioration in the interim, and the risks 
of aerosol generation outweighed the potential benefits of 
proceeding.

A theatre policy on COVID-19 testing of patients was also 
introduced. All patients are required to have a valid COVID 
test result within the 72 h prior to induction. This has been 
the policy since March 2020. If the COVID result is una-
vailable, the case is either postponed or proceeds as COVID 
unknown. If on the COVID unknown pathway, full PPE is 
required by everyone in theatre throughout the procedure and 
the patient must be recovered in theatre before being trans-
ferred to a suitable isolation bed.

Emergency cases proceed as COVID unknown. All emer-
gency patients are swabbed prior to induction but the pro-
cedure is not delayed awaiting results. Consequently, full 

PPE is required throughout emergency cases or until the 
pre-induction swab is reported. Swab results initially took 
up to 12 h to be reported but the introduction of rapid test-
ing has reduced this timeframe to 1 h. We anticipated that 
the additional time required to complete these necessary 
measures would impact on theatre productivity and reduce 
overall throughput.

The two most significant periods during which service 
provision was impaired were in April 2020 when only 84 
cases were performed and again during the first quarter of 
2021.

The 84 cases performed in April 2020 constituted a reduc-
tion of 52.5% when compared to April 2019. By observ-
ing emerging trends in China, Italy and Spain, the National 
Health Service (Health Service Executive) prioritized the 
rapid expansion of hospital and ICU capacity amid very real 
fears that demand would outstrip supply [6]. All resources 
were re-directed at the expense of existing services. By 
the third quarter of 2020, COVID hospitalization rates had 
improved, and the monthly theatre throughput increased to 
address the backlog.

A further significant impact on service provision was 
seen during the period of Jan 2021 to Feb 2021. This corre-
lates with peak COVID-19 demands on hospital resources, 
resulting in usage of surge capacity and a consequent lack 
of both ICU beds and general hospital beds. This surge 
followed the easing of restrictions over the 2020 Christ-
mas period and January 24 is reported as having the high-
est number of COVID hospitalizations. On this day, there 
were 221 COVID patients admitted to the intensive care 
unit (ICU) nationwide, accounting for about 70% of the 
national ICU capacity. In addition, COVID rosters were 
adopted with most anaesthetic personnel relocated to the 
ICU. During this period, a total of 377 neurosurgical cases 
were completed. This was significantly less than the num-
ber of cases completed during the same timeframe in 2019 
(553 cases) and 2020 (516 cases).

Regarding emergency cases, they are often time critical 
and thus proceeded, often being performed in full PPE. 
However, there was a reduction in the emergency caseload 
after the pandemic. This reduced demand likely reflects a 
reduction in the number of traumatic brain injuries (TBIs). 
A 17.1% reduction in trauma referrals occurred between 
2019 and 2020 [7]. Interestingly, the number of road traf-
fic accidents and head injuries secondary to interpersonal 
violence remained constant despite the many restrictions 
limiting both social interactions and the movement of peo-
ple [7]. All other forms of TBIs showed a reduction in 
incidence with a notable 70% reduction in head injuries 
secondary to sports [7]. The emergency caseload peaked 
in the second half of 2021, surpassing even the caseload 
over the same period in 2019. This perhaps reflects a delay 

Fig. 3  Theatre protocol for emergency surgery pathway



827Irish Journal of Medical Science (1971 -) (2023) 192:823–827 

1 3

in the management of neurosurgical conditions in the first 
half of the year resulting in the clinical deterioration and 
emergent presentation of some patients.

Despite the reduction in activity levels recorded in this 
study, our data compares favourably with other institu-
tions. Some neurosurgical units in London experienced a 
reduction in neurosurgical referrals by 33.6% and in opera-
tions by 55.6% during the first wave of COVID-19 [8]. The 
Veneto region in Italy reported a 30% deficit in the average 
number of neurosurgical procedures in March 2020 when 
compared with the previous year [9]. There was a reduc-
tion of 33.6% in the overall volume of all surgical activity 
in England and Wales in 2020 [10].

Limitations to this study include the fact that this is a 
retrospective, single institution, and observational study. It 
does not include outcome data and it does not capture data 
on excess neurosurgical morbidity due to delayed pres-
entation to hospital. Presentation delays have been seen 
worldwide in many other emergency and time-critical 
events such as ischaemic stroke and myocardial infarction 
[11, 12]. Arising from this, one could conclude similar 
behaviour must be true to neurosurgical population. One 
study in Germany reported that patients with spinal inju-
ries presented 48 h later in 2020 compared to the previous 
year, even when complaining of similar symptoms [13]. 
Irish GPs and emergency department consultants have also 
recognized this issue and have warned of the dangers of 
delayed presentations, imploring patients not to delay in 
seeking help for urgent conditions [14].

In conclusion, despite the exceptional stress imposed 
on our institution by COVID-19, the neurosurgical ser-
vice managed to maintain activity levels to within 10% of 
baseline pre-pandemic levels in 2019. Although significant 
differences were observed on the monthly timeframe, 2020 
saw a modest overall impact with results showing a 4.3% 
reduction in activity when compared to 2019. However, the 
2021 activity levels were more significantly impacted, with 
results demonstrating a 9.4% reduction in activity on 2019. 
The causes for this are multifactorial. However, the reduc-
tions observed closely mirrored the identifiable waves of 
COVID-19 infection, with the largest reduction correlating 
with peak demands on ICU beds, which occurred during 
first quarter of 2021. A robust emergency plan needs to be 
developed to prevent the impact of any subsequent pan-
demic on ordinary healthcare service delivery.
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