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Abstract
Background To investigate the impact of COVID-19 on trauma referrals to a National Neurosurgical Centre during the first wave
of COVID-19 in Ireland.
Methods Retrospective analysis of a prospectively maintained database of all trauma referrals to the National Neurosurgical
Centre at Beaumont Hospital, Dublin, during the period March 1–May 31, 2019 and 2020. Patient characteristics including age,
sex, alcohol use, anticoagulant/antiplatelet use and initial Glasgow Coma Scale (GCS) were recorded. Patients were grouped
based on trauma aetiology and diagnosis.
Results There were 527 and 437 trauma referrals in 2019 and 2020 respectively. Overall, there was a 17.1% reduction in trauma
referrals between 2019 and 2020. Traumatic brain injury, spinal injury and cranial fractures referrals reduced 25% (375 vs 283),
59% (32 vs 13) and 18% (39 vs 32) respectively from 2019 to 2020. Low-energy falls below 2 m was the most common
mechanism of injury and accounted for 60 and 61% of referrals in 2019 and 2020. No reduction in road traffic collision (33 vs 34)
and assault (40 vs 40) referrals were observed between years.
Conclusions COVID-19 has had a significant impact on both the volume and mechanism of trauma referrals to the National
Neurosurgical Centre in Ireland, with falls below 2 m the most common mechanism of trauma referral across both years. The
workload remains substantial and a fully resourced neurosurgical department is essential in any future COVID-19 waves.
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COVID-19 is an infectious disease caused by a novel corona-
virus which originated in Wuhan, China, in December 2019
[1]. According to the latest data from Johns Hopkins, there are
58,437,864 cases of COVID-19 with 1,384,897 deaths world-
wide [2]. The first reported case in Ireland was on the 29th of
February 2020 [3]. Since then, there have been 70,461 cases
and 2023 deaths (up to 22 November 2020) [4].

COVID-19 has had a transformative impact on society and
healthcare provision globally. Since the emergence of
COVID-19, different governments have employed varying
measures of lockdown and contact tracing measures to try
and contain the spread of the virus. Ireland entered lockdown
with the first restrictive measures put into place on the 12th of
March 2020. All schools, creches, childcare facilities and non-
essential offices were closed, large gatherings cancelled, while
social distancing to a distance of 2 m is now the norm. In
addition, visiting restrictions to hospitals were imposed [5].
Throughout the remainder of March, further lockdown mea-
sures were introduced. Businesses such as restaurants, pubs
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and non-essential shops were closed, while sporting events
were cancelled. The St. Patrick’s Day parade and festival
was cancelled and on the 24th of March, a full lockdown
was imposed. This banned social gatherings of more than 4
people unless from the same household, all non-essential trav-
el to cease, all non-essential retailers to close and for the first
time in the state, private hospitals to operate as public hospi-
tals. Citizens were limited to travel 2 km (km) in radius from
their accommodation for exercise [6]. Phase 1 of reopening
Ireland commenced on 18 May 2020. Small gatherings of up
to 4 people outdoors with 2 m distancing up to 5 km from
homes, face masks recommended in public places, construc-
tion workers and other outdoor workers can return to work if
safe to do so, garden centres reopening while schools, pubs
and restaurants were the main changes in phase 1 [7]. A
roadmap of further phases and lifting of restrictions in the
coming weeks and months outlined with phase 2 commencing
on the 8th of June. Restrictions lifted here included being
permitted to travel up to 20 km from home, gatherings of up
to 6 people outside the same households allowed indoors and
the reopening of non-essential retailers [8]. Trauma by its very
nature is unpredictable and occurs in an accidental or emer-
gency setting. A tertiary spinal unit in the UK and regional
centre in Germany reported a reduction of 46% in referrals
from February to April when compared to a year previous [9,
10]. The majority of spinal trauma in Ireland is referred to a
separate spinal trauma unit, with the National Neurosurgical
Centre receiving referrals from our own emergency depart-
ment or in patients with co-existent spinal and cranial trauma.
Outside of spinal surgery, trauma volume and pattern of injury
have changed when comparing the COVID-19 period to a
period last year in Ireland, Europe and as far as New
Zealand [11–15]. Up to now, the effect of COVID-19 itself
and the restrictions imposed by the Irish government on the
number and pattern of trauma referrals have been unclear.

We report the results of our study comparing trauma refer-
rals to the National Neurosurgical Centre over a 3-month pe-
riod (1 March to 31 May) in Ireland to the same 3-month
period in 2019. We looked at the pattern of trauma and the
resulting diagnoses and compared them between years to see
what impact COVID-19 had on trauma referrals to the
National Neurosurgical Centre.

Methods

We performed a retrospective analysis of a prospectively
maintained database of all trauma referrals to the National
Neurosurgical Centre at Beaumont Hospital, Dublin, during
the period March 1–May 31. This period was chosen to cap-
ture data from the pre-lockdown period, through the period of
major restrictions, to the gradual reopening of society. This
was compared to the same period from 2019. Beaumont

Hospital is the National Neurosurgical Centre and thus serves
close to 4.8 million people, the population of the Republic of
Ireland [16].

Patient characteristics including age, sex, alcohol use,
anticoagulant/antiplatelet use and initial Glasgow Coma
Scale (GCS) were recorded. The trauma aetiology was includ-
ed and classified as fall, high fall (fall from above 2 m and
above), road traffic collision (RTC), bicycle injury, alleged
assault, sports-related head injury, other/miscellaneous and
unknown. Sports-related head injuries included rugby, soccer,
horse-riding and skateboarding. Bicycle collisions were ex-
cluded as they are their own category. Other/miscellaneous
injury included injuries on a farm, scaffolding, items falling
onto head and other unfortunate accidents where items made
contact with the head. Patients under the age of 16 were ex-
cluded as the paediatric ward was closed for part of the 2020
time period.

Patients were also grouped by their diagnosis following
trauma and these included traumatic brain injury (TBI), crani-
al fractures, spinal trauma and incidental findings on imaging
and normal imaging. TBI encompasses traumatic subarach-
noid haemorrhage, acute and chronic subdural haematoma,
extradural haematoma, contusions, intraventricular haemor-
rhage (defined as only blood on scan in ventricles) and non-
specified TBI. In all cases of non-specified TBI, referral books
and national imaging systems were searched to identify the
specific TBI diagnosis. However, in a very small number of
cases, we were unable to identify the specific diagnosis.

Results

There were 527 (336 male, 191 female) trauma referrals in
2019 and 437 (268 male, 169 female) referrals in 2020. The
average number of trauma referrals per day was 5.7 in 2019
and 4.8 in 2020. Trauma referrals for March, April and May
were 180, 169 and 178 in 2019 and 127, 144 and 166 in 2020
(Fig. 1). Overall, there was a 17.1% reduction in trauma refer-
rals between 2019 and the COVID-19 period of 2020. The
overall total referrals for 2019 and 2020 by month is shown
(Table 1, Fig. 1).

The number of trauma referrals by day is shown for both
years. The date of lockdown, 12March 2020 (red line) and 18
May 2020, phase 1 of reopening (green line) are included
(Fig. 2) to show the initial lockdown period.

Overall

2019

Five hundred twenty-seven patients were referred with trauma
in 2019. 63.8% (n = 336) were male and 36.2% (n = 191) were
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Table 1 Demographics by trauma diagnoses

Diagnosis Year Total Gender Average age
(years)

Age 16–64 Age 65+ GCS
(initial)

Anticoag
Antiplt

Alcohol Average referral
(day)

TBI 2019 375 M 64.8%
F 35.2%

65.2 48.5%
(n=182)

51.5%
(n =193)

13.4 22.1%
(n=83)

14.7%
(n=55)

4.1

2020 283 M 60.8%
F 39.2%

64.2 40.2%
(n=103)

59.8%
(n =153)

13.2 29.0%
(n=82)

11.0%
(n=31)

3.1

% change −24.5%
T-SAH 2019 82 M 67.1%

F 32.9%
62.9 44.7% (n=34) 55.3% (n =42) 12.9 18.3%

(n=15)
22.0%
(n=18)

0.90

2020 46 M 50.0%
F 50.0%

60.7 46.7%
(n=21)

53.3%
(n =24)

12.8 37.0%
(n=17)

15.2%
(n=7)

0.50

% change −43.9%
ASDH 2019 130 M 60.0%

F 40.0%
74.7 22.0%

(n=24)
78.0%
(n =85)

13.4 30.8%
(n=40)

7.7%
(n=10)

1.40

2020 116 M 62.9%
F 37.1%

68.3 33.3%
(n=33)

66.7%
(n =66)

12.9 36.2%
(n=42)

10.3%
(n=12)

1.26

% change −10.8%
CSDH 2019 33 M 66.7%

F 33.3%
73.0 29.2%

(n=7)
70.8%
(n=17)

13.6 12.1%
(n=4)

12.1%
(n=4)

0.36

2020 19 M 57.9%
F 42.1%

73.8 23.5%
(n=4)

76.5%
(n =13)

14.8 36.8%
(n=7)

0% 0.21

% change −42.4%
EDH 2019 16 M 87.5%

F 12.5%
40.1 84.6%

(n=11)
15.4%
(n =2)

12.2 0% 18.8%
(n=3)

0.17

2020 20 M 80.0%
F 20.0%

45.4 83.3%
(n=15)

16.7%
(n =3)

13.2 5.0%
(n=1)

15.0%
(n=3)

0.22

% change +20.0%
Contusion 2019 99 M 60.6%

F 39.4%
57.1 59.3%

(n=54)
40.7%
(n =37)

14.1 17.2%
(n=17)

18.2%
(n=18)

1.08

2020 75 M 58.7%
F 41.3%

62.4 39.1%
(n=27)

60.9%
(n =42)

13.5 16.0%
(n=12)

12.0%
(n=9)

0.82

% change −24.2%
IVH 2019 9 M 88.9%

F 11.1%
77.0 0% 100%

(n =8)
11.5 77.8%

(n=7)
11.1%
(n=1)

0.10

2020 2 M 100%
F 0%

68.5 50.0%
(n=1)

50.0%
(n =1)

7.5 50.0%
(n=1)

0% 0.02

% change −77.8%
Non-specified 2019 6 M 100%

F 0%
49.5 50.0%

(n=2)
50.0%
(n =2)

14.8 0% 16.7%
(n=1)

0.06

2020 5 M 60.0%
F 40.0%

64.2 0% 100%
(n =5)

14.7 40.0%
(n=2)

0% 0.05

% change −16.7%
Cranial fractures 2019 39 M 74.4%

F 25.6%
47.5 79.5%

(n=31)
20.5%
(n =8)

14.0 5.1%
(n=2)

5.1%
(n=2)

0.42

2020 32 M 56.3%
F 43.8%

55.0 58.6%
(n=17)

41.4%
(n =12)

14.4 3.1%
(n=1)

6.2%
(n=2)

0.34

% change −17.9
Spinal trauma 2019 32 M 56.3%

F 43.7%
65.7 25.0%

(n=8)
75.0%
(n =24)

14.0 12.5%
(n=4)

9.8%
(n=3)

0.35

2020 13 M 46.2%
F 53.8%

70.3 22.2%
(n=2)

77.8%
(n =7)

14.6 15.4%
(n=2)

23.1%
(n=3)

0.14

% change −59.4%
Incidental 2019 5 M 40.0%

F 60.0%
70.2 60.0%

(n=3)
40.0%
(n =2)

15 0% 20.0%
(n=1)

0.05

2020 14 M 28.6%
F 71.4%

64.5 38.5%
(n=5)

61.5%
(n =8)

14.8 21.4%
(n=3)

0% 0.15

% change +64.3%
Nil 2019 76 M 56.6%

F 43.4%
51.1 67.2%

(n=45)
32.8%
(n =22)

14.5 9.2%
(n=7)

6.6%
(n=5)

0.83

2020 95 M 71.6%
F 28.4%

61.4 47.6%
(n=39)

52.4%
(n =43)

14.2 15.8%
(n=15)

8.4%
(n=8)

1.03

% change +20.0
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female. The average age of patients referred was 61.9 years,
with 54.6% (n = 288) between 10 and 64 and 46.4% (n = 239)
65 and above. The average initial GCS was 13.5 (range 3–15).
7.4% (n = 39) of patients were transferred to the National
Neurosurgical Centre. 18.4% (n = 97) were on anticoagulants
and in 12.5% (n = 66) alcohol was a factor.

2020

Four hundred thirty-seven patients were referred with trauma
in 2020. 61.3% (n = 268) were male and 38.7% (n = 191) were
female. The average age of patients referred was 63.1 years,
with 42.7% (n = 166) between 10 and 64 and 57.3% (n = 223)
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Fig. 1 Total trauma referrals in
March to May 2019 and 2020

0

2

4

6

8

10

12

14

2020

0

2

4

6

8

10

12

14

2019

Fig. 2 Total trauma referrals by
day from March 1 to May 31 in
2020 (top) and 2019 (bottom).
Red line denotes the date of first
restrictive measures (12
March 2020). Green line denotes
date of phase 1 of reopening (18
May 2020)
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65 and above. The average initial GCS was 13.5 (range 3–15).
7.3% (n = 32) of patients were transferred to the National
Neurosurgica l Centre . 23.6% (n = 103) were on
anticoagulants/antiplatelets and in 10.3% (n = 45) alcohol
was a factor.

TBI

There was a reduction of 24.5% in TBI referrals between 2019
and 2020 (Table 1). The number of TBI referrals by day is
shown for both years. The dates of the first restrictive mea-
sures (red line) and phase 1 of reopening (green line) are
included (Fig. 3).

Diagnoses

The breakdown and demographics by diagnoses (traumatic
subarachnoid haemorrhage, acute subdural haematoma,

chronic subdural haematoma, extradural haematoma,
contusion, intraventricular haemorrhage, non-specified,
cranial fracture, spinal trauma, incidental findings and nil)
are shown in Table 1.

Spinal trauma

The number of spinal fractures referred from March to
May 2019 and 2020 is shown (Fig. 4).

Incidental

2019

Two meningiomas, 2 space-occupying lesions (SOL) and 1
pituitary SOL were incidental findings. Average incidental
referrals per day was 0.05.
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TBI 2019

Fig. 3 Traumatic brain injury
referrals by day from March 1 to
May 31 in 2020 (top) and 2019
(bottom). Red line denotes the
date of first restrictive measures
(12 March 2020). Green line de-
notes date of phase 1 of reopening
(18 May 2020)
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2020

Five aneurysms, 3 meningiomas, 3 vascular abnormalities, 2
pituitary SOLs and 1 SOL were incidental findings. Average
incidental referrals per day was 0.15.

Nil

2019

47.4% (n = 35) were referred with a GCS of 15 and a normal
scan. Average normal scan referrals per day was 0.83.

2020

37.9% (n = 36) were referred with a GCS of 15 and a normal
scan. Average normal scan referrals per day was 1.03

Aetiology

The breakdown and demographics by trauma aetiology (falls,
high falls, alleged assault, RTC, bicycle injury, sports-related
head injury, other, unknown) are shown in Tables 2 and 3.
Trauma aetiology and the resulting diagnoses for 2019 and
2020 are shown (Table 3).

Falls

Of those aged 65 and above who fell, 61.0% (n = 117) had an
initial GCS of 14 or 15 and 59.0% (n = 69) were on
anticoagulants/antiplatelets in 2019.

The average number of fall referrals per day in March,
April and May 2019 was 3.3, 3.5 and 3.4, with a total average
of fall referrals per day 3.4.

Of those aged 65 and above, 61.2% (n = 109) had an initial
GCS of 14 or 15 and 43.8% (n = 78) were on anticoagulants/
antiplatelets in 2020.

The average number of fall referrals per day in March,
April and May 2020 was 2.9, 2.9, 3.0, with a total average
of fall referrals per day 2.9.

High falls

Of those aged 65 and above following high falls, 66.7% (n =
10) had an initial GCS of 14 or 15 and 33.3% (n = 5) were on
anticoagulants/antiplatelets in 2019. Average number of high
fall referrals per day inMarch, April andMay 2019was 0.9, 0.6
and 0.4, with a total average of high fall referrals per day 0.6.

Of those aged 65 and above, 84.2% (n = 16) had an initial
GCS of 14 or 15 and 21.1% (n = 4) were on anticoagulants/
antiplatelets in 2020. Average number of high fall referrals per
day inMarch, April andMay 2020was 0.5, 0.4 and 0.7, with a
total average of high fall referrals per day 0.5.

Road traffic collision

In 19.5% (n = 8) of RTC referrals, the initial GCSwas 8 or less
in 2019. This rose to 21.2% (n = 7) in 2020.

Bicycle injury

In 2019, 15.8% (n = 3) of cyclists were wearing helmets at
time of injury. In the other 84.2% (n = 16) helmet status was
unknown. 36.8% (n = 7) of bicycle injuries in 2019 were cy-
clists colliding with cars. One case of cyclist colliding with
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Fig. 4 Spinal trauma referrals in
March to May 2019 and 2020
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another cyclist was recorded, with the remaining 57.9% (n =
11) involving single bicycle collisions.

In 2020, 35.3% (n = 6) were not wearing helmets at time of
injury. In the other 64.7%, (n = 11) helmet status was un-
known. Only 1 case of bicycle injury in 2020 involved a
bicycle and car, the rest were single bicycle injuries involving
falls or crashes into stationary objects.

GCS

The initial GCS was recorded and is shown in Table 4. In
2019 and 2020, the number of patients referred with an initial

GCS of 13 and above was 83.0% and 79.2% respectively.
Only 9.9% and 9.7% of trauma patients had a GCS of 8 and
below in 2019 and 2020.

Discussion

COVID-19 has had unprecedented effects on our way of life.
The restrictive measures implemented in March 2020 by the
Irish government to contain the spread of the virus have had a
significant impact on both the volume and mechanism of trau-
ma referrals to the National Neurosurgical Centre in Ireland
[5]. Overall, there were 964 trauma cases referred over a 3-

Table 2 Demographics by trauma aetiology

Aetiology Year Total Gender Average age
(years)

Age 16–64 Age 65+ GCS
(initial)

Anticoag
Antiplt

Alcohol Average referral
(day)

Fall 2019 314 M 56.1%
F 43.9%

70.5 56.1%
(n =176)

43.9%
(n=138)

13.8 31.2%
(n=77)

18.2%
(n=45)

3.4

2020 269 M 52.8%
F 47.2%

72.1 24.9%
(n =59)

75.1%
(n=178)

13.8 33.5%
(n=90)

7.8%
(n=21)

2.9

% change −14.3%
High fall 2019 56 M 75.0%

F 25.0%
53.2 70.0%

(n =35)
30.0%
(n=15)

12.1 14.3%
(n=8)

19.6%
(n=11)

0.6

2020 48 M 62.5%
F 37.5%

55.5 55.8%
(n =24)

44.2%
(n=19)

12.7 12.5%
(n=6)

22.9%
(n=11)

0.5

% change −14.3%
Alleged assault 2019 40 M 90.0%

F 10.0%
40.7 94.4%

(n =34)
5.6%
(n=2)

14.2 0% 12.5%
(n=5)

0.4

2020 40 M 90.0%
F 10.0%

40.0 90.0%
(n =33)

10.0%
(n=4)

14.3 2.5%
(n=1)

12.5%
(n=5)

0.4

% change 0

Road traffic
collision

2019 33 M 78.8%
F 21.2%

42.3 80.0%
(n =20)

20.0%
(n=5)

11.6 3.1%
(n=1)

9.1%
(n=3)

0.4

2020 34 M 67.6%
F 32.4%

43.0 81.5%
(n =22)

18.5%
(n=5)

11.7 5.9%
(n=2)

5.9%
(n=2)

0.4

% change +3.1%

Bicycle injury 2019 19 M 89.5%
F 10.5%

42.3 82.4%
(n =14)

17.6%
(n=3)

14.0 0% 15.8%
(n=3)

0.2

2020 17 M 76.5%
F 23.5%

39.8 94.1%
(n =16)

5.9%
(n=1)

13.9 5.9%
(n=1)

17.6%
(n=3)

0.2

% change −10.5%
Sports-related

head injury
2019 10 M 70.0%

F 30.0%
23.0 100%

(n =10)
0% 14.9 0% 0% 0.1

2020 3 M 66.7%
F 33.3%

59.0 33.3%
(n =1)

66.7%
(n=2)

13.5 33.1%
(n=1)

0% 0.1

% change −70.0%
Other 2019 14 M 64.3%

F 35.7%
47.8 61.5%

(n =8)
38.5%
(n=5)

14.9 14.3%
(n=2)

0% 0.2

2020 11 M 100%
F 0%

54.4 63.6%
(n =7)

36.4%
(n=4)

14.4 9.1%
(n=1)

9.1%
(n=1)

0.1

% change −21.4%
Unknown aetiology 2019 41 M 56.1%

F 43.9%
64.2 37.0%

(n =10)
63.0%
(n=17)

13.9 22.0%
(n=9)

2.4%
(n=1)

0.4

2020 15 M 73.3%
F 26.7%

68.3 23.1%
(n =3)

76.9%
(n=10)

12.0 6.7%
(n=1)

13.3%
(n=2)

0.2

% change −63.4%
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month period in 2019 and 2020, with an average age of
62.4 years. A 17.1% reduction in trauma referrals was seen
during the COVID-19 period when compared to the same
period 12 months prior. The severity of trauma was similar,
with less than 10% of all patients referred with a GCS of 8 or
less (Table 4). Falls under 2 m in height were by far the most
common mechanism of injury and accounted for 59.6% and
61.6% of all trauma referrals in 2019 and 2020 respectively
(Table 2). Falls under 2 m accounted for 58% of trauma refer-
rals in the national Major Trauma Audit (MTA) in 2018 and

emphasises that the aetiology of trauma has not changed [17].
While a reduction in trauma was observed, there were still 438
trauma referrals over the time period, highlighting the impor-
tance of maintaining a fully functional neurosurgical service
during the time period and for any future potential COVID-19
waves. Road traffic collisions and alleged assaults remained
stable over the COVID period in contrast to all other injury
types where a reduction in incidence was observed.

As expected, these changes in the volume of trauma pre-
sentation are not unique to Ireland and several neurosurgical
and trauma units worldwide have reported their experiences
during the COVID-19 period (Table 5). Ahuja et al. [9] re-
ported a 46% decrease in acute spinal referrals to a tertiary
centre in Wales over a 3-month period when compared to last
year. Our study reported a decrease of 59% in spinal trauma
over our time period. This decrease is out of proportion to the
expected decrease. Themost common cause of trauma referral
overall and in spinal trauma was falls under 2 m. The propor-
tional decrease in spinal injury is curious. It could be expected
that people will continue to have these low-energy falls, re-
gardless of what restrictions are in place. The average age of
spinal trauma referred in 2019 was 65.7. With government
restrictions advising cocooning for an older population, per-
haps this restriction of movement in the elderly population has
directly reduced the chances of falling as is explained in more
detail below when discussing falls. The numbers involved are
low and account for 3–6% of total trauma referrals to the
National Neurosurgical Centre as the majority of spinal inju-
ries are referred to a separate spinal injuries unit. In Germany,
a reduction of 46% was seen in neurosurgical emergency ad-
missions over a 2 and a half month COVID period compared

Table 3 Trauma aetiology and
diagnosis in 2019 and 2020. (INC
is incidental findings)

Aetiology Year TBI Spinal Cranial INC Nil Total % total % change

Falls 2019 247 12 13 4 38 314 59.6

2020 175 8 18 12 56 269 61.6 −14.3
High Falls 2019 37 7 6 0 6 56 10.6

2020 35 2 6 0 5 48 11.0 −14.3
Assault 2019 23 2 8 1 6 40 7.6

2020 21 0 4 0 15 40 9.2 0

RTC 2019 23 2 1 0 7 33 6.3

2020 22 1 3 0 8 34 7.8 +3.1

Bicycle 2019 9 0 5 0 5 19 3.6

2020 10 0 1 0 6 17 3.9 −10.5
Sporting 2019 4 0 2 0 4 10 1.9

2020 2 0 0 0 1 3 0.7 −70.0
Other 2019 8 0 1 0 5 14 2.7

2020 7 0 0 1 3 11 2.5 −21.4
Unknown 2019 24 9 3 0 5 41 7.8

2020 11 2 0 0 2 15 3.4 −63.4
Total −17.1

Table 4 Initial GCS recorded at referral for 2019 and 2020

2019 2020

GCS % % of total % % of total

3 3.5 4

4 0.4 0.9

5 0.7 0.9

6 1.1 2.7

7 1.4 0.9

8 2.8 9.9 0.4 9.7

9 1.8 4.9

10 1.8 0.4

11 2.1 1.8

12 1.4 7.1 4 11.1

13 4.2 2.2

14 24.4 26.1

15 54.4 83.0 50.9 79.2
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to 2019 [10]. There were significant reductions in total num-
bers across all subspecialties including vascular, spinal and
hydrocephalus. A very important result from this paper was
their observation that patients with spinal injuries presented
48 h later this year compared to last year, even with similar
symptoms. Older patients with chronic subdural haematomas
were less likely to present to medical attention.When they did,
their symptoms were worse and they had a higher risk of
leaving hospital with unfavourable outcomes compared to
12 months before. In our cohort, there was a 42.4% decrease
in chronic subdural haematoma referrals in 2020 when com-
pared to 2019. This reduction likely reflects the overall lower
number of falls. A proportion of this may be due to elderly
people not presenting to medical attention due to the fear of
contracting COVID-19. We did not directly record outcomes
in these patients. One surrogate that could be used is the GCS
of patients when they were referred with CSDH. The initial
GCS in 2019 was 13.6 compared to 14.8 in 2020. However,
this does not tell the full story and future areas of research
could investigate outcomes in these patients. This is an impor-
tant result for public health beyond neurosurgery itself. Delays
to presentation or not presenting at all can have detrimental
adverse effects in neurosurgical trauma or emergencies that

can rapidly progress and leave permanent neurological defi-
cits. These presentation delays are seen worldwide in other
emergency and time-critical events across including ischae-
mic stroke and myocardial infarction [18–21]. This illustrates
the delicate balance public health authorities have had to deal
with during the COVID-19 pandemic, i.e. trying to suppress
the spread of the virus while also advising the public to attend
healthcare facilities with non-COVID illness or symptoms.

In our study, a 17% decrease in trauma referrals was ob-
served in 2020. It is difficult to say if this reduction is solely
attributable to the lockdown restrictions and the resulting
change in our living patterns. Are patients avoiding presenting
to medical attention for fear of becoming infected with
COVID-19? A letter to the editor by Tartara et al. [22] with
the emotive title ‘Are we forgetting non-COVID-19-related
diseases during lockdown?’ raises this question. The Health
Service Executive, Irish Medical Organisation and Irish
College of General Practitioners have recognised this issue
and have advertised and advised people to present to medical
attention if unwell to minimise delayed presentations in con-
ditions like stroke andmyocardial infarction as above [23, 24].

Decreases in referrals and emergency presentations are not
exclusive to neurosurgery. Various studies in trauma and other

Table 5 A comparison of published studies and the impact COVID-19 had on referrals or admissions in a trauma or emergency setting in neurosurgery
and other specialities

Author and year Country Speciality Time period Admission/
referral

2018/19/20
non-COVID
period

2020 COVID
period

% change

Neurosurgery

Current study Ireland NS March 1–May 31, 2019 and 2020 Referrals 437 527 −17
Ahuja 2020 UK NS February 1–April 30, 2019 and 2020 Referrals 152 82 −46
Hecht 2020 Germany NS February 1–April 15, 2019 and 2020 Admission 655 352 −46

Trauma and orthopaedics

Fahy 2020 Ireland Emergency
department

March 27–April 27, 2019 and 2020 Referrals 174 136 −21

Park 2020 UK T & O March 17–April 16, 2019 and 2020 Referrals 162 87 −46
Hernigou 2020 Belgium T & O March 1–April 15, 2018 and 2020 Admission 132 88 −32
Nuñez 2020 Spain T & O 4 periods:

March 17–April 5, 2018;
March 16–April 4, 2019;
February 23–March 13, 2020;
March 14–April 2, 2020

Referrals 1909
2161
1983
(Average 2018)

512 −75

Christey 2020 New Zealand T & O March 5–18, 2020,
March 26–April 8, 2020

Admission 124 71 −43

Other surgical specialities

Sugrue 2020 Ireland Plastic surgery March 18–April, 2018–2020 Referrals 45 (18)
49 (19)
(Average 47)

48 +2

Valand 2020 UK Plastic surgery January 2020 (4 weeks),
March 2020 (4 weeks)

Referrals 213 75 −65

Motterle 2020 Italy Urology February 24–March 31, 2019,
February 22–March 30, 2020

Referrals 266 107 −60
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surgical specialities have reported changes in the volume of
emergency presentations (Table 5). Orthopaedic admissions
in a Belgian study were reduced 32% during the COVID-19
period [13]. A study in the UK found a reduction of 46% in
orthopaedic trauma referrals to a level 1 trauma centre over a
month [14]. In the first 20 days of Spain’s state of emergency,
there was a reduction of about 75% in referrals to a tertiary
trauma centre when compared to 3 other 20-day periods that
did not include the COVID-19 period. The average age of this
cohort was younger than ours at 55.1, compared to ours of
62.4 years [15]. A 43% decrease in trauma admissions in New
Zealand with a decrease of 50% in males has been reported.
The highest reduction in trauma was seen in males and major
trauma. The least reduction was seen in females [12]. These
are in contrast to our study where there was a 30% and 20%
reduction in trauma referrals in females and males respective-
ly. Outside of neurosurgery and orthopaedic trauma, studies in
plastic surgery trauma and urology emergency volume presen-
tations in Europe have reported their experience COVID-19
has had. In Ireland, in the same hospital as our study, they
noted a 2% increase in hand trauma referrals. Their level of
referrals and actual surgeries over a month in 2018 to 2020
was equivalent. They attribute the lack of decline due to in-
creased home DIY and resulting hand injuries [25]. Valand
et al. [26] study contrasts this with a reduction of 65% of hand
trauma referrals in a UK district hospital. Outside of hand
trauma, there was a reduction of 60% in emergency depart-
ment urological emergency referrals [27]. These studies dem-
onstrate that COVID-19 has resulted in a decrease in trauma
and emergency presentations of up to 75% across different
specialities globally.

The average age of patients that were referred with trauma
to the National Neurosurgical Centre was 62.4 years and
62.7% (n = 604) were male. Patients aged 16–64 in 2019
made up 54.6% of the group but in 2020 this age group was
reduced to 42.6%. A 17.1% decrease in traumatic referrals
during the COVID period was observed when compared to
2019. This was a similar reduction in trauma referrals when
compared to the 21% reduction in trauma referrals over a
month of the COVID period in an Irish emergency department
[11]. Low-energy falls below 2 m was the most common
mechanism of trauma in both years and accounted for 59.6%
and 61.6% of all trauma referrals in 2019 and 2020. 78.6% in
2019 and 65.1% in 2020 experienced a traumatic brain injury
from a fall. These numbers are similar to the Major Trauma
Audit (MTA) 2018 and an Irish study that reported trauma
referrals to a model-3 hospital [11, 17].

In the MTA report, the average age of major trauma was 59
and 57% experiencing major trauma were male. Forty-six
percent were aged 65 and over. Fifty-eight percent were in-
jured from a low fall and 10% from a high fall (above 2 m).
Our results are almost identical to these with 59.6% and
61.6% suffering a fall and 10.6% and 11.6% experiencing a

high fall over both years. Patients with low falls were on
average aged 70.5 and 72.1 years in 2019 and 2020.
Patients with falls aged over 65 had a GCS of 14 and above
in 61.0% and 61.2% of the time. Seventy-two percent of
falls resulted in traumatic brain injury averaged over the
two time periods. Overall, traumatic brain injury occurred
in 71.2% and 64.8% in 2019 and 2020. This is a truly sig-
nificant number as TBI has significant morbidity and an
estimated 30 day mortality of 21% in International studies
[28]. There were 3.4 and 2.9 falls referred per day in 2019
and 2020 respectively. These have important public health
and societal implications. Interestingly, Nuñez et al. [15]
looked at trauma presentations to a tertiary hospital in
Spain during the COVID period and found osteoporotic
hip fracture presentations remained stable while most other
trauma presentations reduced considerably. Falls are multi-
factorial and have modifiable and non-modifiable compo-
nents. Programmes to address these low-energy falls need
to identify at-risk individuals and perform an intervention.
Interventions proven to significantly reduce falls risks in-
clude home exercise and balance programmes and Tai Chi
[29, 30]. Group classes for elderly people are not advisable
with social distancing and cocooning advice. One potential
solution is to have online classes where elderly people
could take part in live online classes with an instructor
while they are in their own home. The multifactorial nature
of falls highlights the scale and difficulty in targeting this
group to prevent TBI.

The severity of trauma presenting to the National
Neurosurgical Centre was stable over the 2 years. Overall, less
than 10% of trauma referrals had a severe TBI and a GCS of 8
or less. Eighty-three percent of trauma referrals in 2019 and
79% cases in 2020 had a GCS of 13 and above. This slight
increase in a more severe form of TBI may be accounted for
by an increase of 5.5% high-energy trauma in our study
(26.4% versus 31.9%). We classed high-energy trauma to in-
clude the categories high falls, assault, RTCs and bicycle in-
juries. Aluha et al. [9] noted a shift in pattern of injury in the
opposite direction with less high-energy trauma and more
low-energy falls from standing. An interesting subgroup of
our study is patients with normal scans that were referred with
trauma. 47.5% in 2019 and 37.9% in 2020 of patients with
normal scans also had a GCS of 15. This represents 6.7% and
8.2% of all trauma referrals in 2019 and 2020 respectively.
The reduction in referral of normal scans reflects a reduction
in the numbers with minor head injury attending ED during
the pandemic.

Two interesting and unexpected results are those regarding
the number of road traffic accidents and assaults. These two
very questions were raised by Patrick Mitchell’s editorial in
the British Journal of Neurosurgery, asking would RTCs be
down with less traffic on the road and lower number of as-
saults with less ‘alcohol fuelled brawling’ [31].
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There was an increase of 3.1% in RTC trauma referrals
during the COVID-19 period when compared to 2019. This
was the only mechanism of injury that increased between
years, making the result evenmore curious. During lockdown,
there was a 2-km distance imposed on everyone except if you
were going to work in an essential service or needed to travel
for food or essential goods. Schools were closed in addition to
the majority working from home so car travel was not required
for most. Traffic was noticeably lower during lockdown with
passing a car on a national road a rare occasion. According to
the Irish National Police and Security Service, An Garda
Síochána speeding has increased over the past months includ-
ing the lockdown period across all speeding zones [32]. A
similar increase was recorded across London during the lock-
down period [14]. While the overall number of cars on the
roads were down, those that were may have been travelling
faster. If these cars were involved in collisions at higher
speeds, the resulting higher energy trauma may be associated
with increased head injuries in a lower amount of collisions
overall. Gardaí have enacted National Slow Down days with
an effort to slow down motorists across the country [32].
Bicycle collisions were down by 10% from last year. The
pattern of bicycle collisions has changed during the COVID
period. In 2019, 37% of bicycle injuries involved a bicycle
colliding with a car. This was only 6% in 2020. A reason for
this could be the reduced traffic on roads. With most working
from home, cycling to work rates are likely much reduced.
Where cycling injuries did occur this year, they involved the
cyclist crashing or falling off following collisions with station-
ary objects. About 35% of 2020 cyclists injured were not
wearing helmets. This may point to more ‘local’ cycling if
the lockdown travel restrictions were adhered to. Cycling
may have been for short distances and periods of time and
not on busy main roads where the risk of colliding with cars
and danger is increased and more safety precautions are taken.

Trauma referrals due to alleged assaults had no difference
in numbers between 2019 and 2020. Forty assaults were re-
corded in both years, with 2020 having an increased propor-
tion of trauma referrals due to lower overall numbers. We
propose that there was a decrease in alcohol-, bar- and
public-related assaults in 2020 but an increase in domestic
violence. Historically, domestic violence incidences have in-
creased following natural disasters. In a qualitative study in
Australia following bushfires, 30 women reported that domes-
tic violence increased, with 17 of the 30 reporting new domes-
tic violence [33]. Unfortunately, during lockdown, many peo-
ple may not have had anywhere to go and were exposed to
domestic violence. Quarantine conditions can exacerbate al-
cohol abuse and depression and stress in general [34].
Operation Faoiseamh is an operation that was launched on
April 1, 2020, to contact victims of domestic abuse and assess
if they have any acute concerns and give support. This
Operation has reported an increase of 25% in domestic abuse

incidents compared to last year [35]. A report by Women’s
Aid, an Irish organisation working to stop domestic violence
against women and children, found an increase of 43% calls
and 71% in visits to their website from the end ofMarch to the
end of June when compared to 2019 [36]. The head of the
national policing service reported an increase of 20% in calls
out to domestic violence incidents since the end of March
[37]. In the UK, a BBC Panorama investigating domestic
violence during the pandemic found that there was a call to
police due to domestic violence every 30 s during the first
7 weeks of lockdown [38]. Unfortunately, the stable rate of
alleged assaults may be attributable to increased domestic vi-
olence. These are deeply concerning and levels of assault may
be increased in prolonged restriction and potential easing and
tightening of lockdown restrictions over the next few months.

While a decrease was observed, the volume of trauma cases
referred to the National Neurosurgical Centre was still a sig-
nificant number at 437 over a 3-month period. This study only
reports trauma referrals and does not include the wide range of
other neurological emergencies or referrals the centre receives,
including neurovascular, hydrocephalus, neuro-oncology, de-
generative spine and intracranial infection referrals. In future
waves of COVID-19 infections, large numbers of staff may
become ill and unable to work. There is a potential that staff
and resources may need to be reallocated to areas that require
reinforcements. As the National Neurosurgical Centre, it is
imperative that the service continues to have adequate staffing
and access to theatre to continue the provision of the highest
quality neurosurgical care regardless of what future waves of
COVID-19 may entail.

Limitations of this study are the retrospective nature of the
study. Only referrals relating to trauma were included in this
analysis. In a very small number of referrals, relevant infor-
mation was missing. Future areas of investigation could in-
clude the admissions of all neurosurgical pathologies to the
National Neurosurgical Centre over the same time period.

Conclusion

COVID-19 has had a significant impact on both the volume
and mechanism of trauma referrals to the National
Neurosurgical Centre in Ireland. A 17% reduction in trauma
referrals overall was seen during the COVID period when
compared to last year. Themost commonmechanism of injury
leading to referral to the National Neurosurgical Centre was
low-energy falls in an older population. Our results mirror the
results from the National Trauma Audit of 2018 and highlight
the importance of targeting this at-risk group for preventative
strategies to reduce morbidity and mortality. Road traffic col-
lisions and alleged assaults were two mechanisms of trauma
where numbers did not reduce between years, and targeted
initiatives to address these may lead to a reduction in referral
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numbers in subsequent waves of the virus. The workload re-
mains substantial and a fully resourced neurosurgical depart-
ment is essential in any future COVID-19 waves.
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