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Abstract
Background The COVID-19 pandemic has led to severe containment measures to protect the population in France. The first
lockdown modified daily living and could have led to a decrease in the frequency of severe traumatic brain injury (TBI). In the
present study, we compared the frequency and severity of severe TBI before and during the first containment in Normandy.
Methods We included all patients admitted in the intensive care unit (ICU) for severe TBI in the two tertiary neurosurgical
trauma centres of Normandy during the first lockdown. The year before the containment served as control. The primary outcome
was the number of patients admitted per week in ICU.We compared the demographic characteristics, TBI mechanisms, CT scan,
surgical procedure, and mortality rate.
Results The incidence of admissions for severe TBI in Normandy decreased by 33% during the containment. The aetiology of TBI
significantly changed during the containment: there were less traffic road accidents and more TBI related to alcohol consumption.
Patients with severe TBI during the containment had a better prognosis according to the impact score (p=0.04). We observed a
significant decrease in the rate of short-term mortality related to severe TBI during the period of lockdown (p=0.02).
Conclusions Containment related to the COVID-19 pandemic has resulted in a modification of the mechanisms of severe TBI in
Normandy, which was associated with a decline in the rate of short-term death in intensive unit care.
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Introduction

The outbreak of the COVID-19 virus began inWuhan, China,
in December 2019. Chinese authorities decided to quarantine
their population to limit the spread of the virus. In France, the
first wave began in spring 2020 [31]. From 1 March to 12

May, >95,000 patients with COVID-19 were hospitalized
and >25,000 died in France [27]. Our government set up the
first lockdown on March 17, which ended on May 11, 2020.

This containment combined two aspects. Firstly, an adap-
tation of the hospital policy, as 5% of COVID-19 patients
need hospitalization in intensive unit care (ICU) [32]. All

This article is part of the Topical Collection on Brain trauma

* Frederick Rault
rault-f@chu-caen.fr

1 Department of Neurosurgery, CaenUniversity Hospital, Avenue de la
Côte de Nacre, 14000 Caen, France

2 Department of Neurosurgery, Rouen University Hospital,
F-76000 Rouen, France

3 Laboratory of Microvascular Endothelium and Neonate Brain
Lesions, Normandie Univ, UNIROUEN, INSERM U1245,
F-76000 Rouen, France

4 PhIND “Physiopathology and Imaging of Neurological Disorders”,
Institut Blood and Brain @ Caen-Normandie, Normandie Univ,
UNICAEN, INSERM, U1237, Cyceron, 14000 Caen, France

5 Medical School, Université Caen Normandie, F-14000 Caen, France
6 Unité de Biostatistique et Recherche Clinique (UBRC), Caen, France
7 Department of Anesthesiology and Critical Care Medicine, CHU de

Caen, F-14000 Caen, France

https://doi.org/10.1007/s00701-021-04831-1

/ Published online: 4 April 2021

Acta Neurochirurgica (2021) 163:1829–1836

http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-021-04831-1&domain=pdf
http://orcid.org/0000-0001-5291-0952
mailto:rault-f@chu-caen.fr


hospitals suspended all non-urgent interventions to keep
places for COVID patients. Operative volume dropped more
than 50% as reported by Walter et al. around the world [10].
We rescheduled surgery for degenerative spine, non-urgent
brain tumour, and unruptured aneurysm like our colleagues
in Strasbourg [4]. We have organized teleconsultation for the
most vulnerable patients.

Secondly, the French population was confined to home.
The Ministry of Education decided to close schools and
universities. The government only authorized an opening
for markets, pharmacies, banks, and gas stations.
Employers had to develop telework in their society.
These measures minimized trips and impacted the frequen-
cy of emergencies, especially traumatic injuries. In Paris,
Pichard et al. observed a decrease of upper limb injuries by
65% in their Orthopaedic Department [17]. The restriction
of mobility theoretically reduces the exposure to traumatic
brain injuries too (TBI). TBI is a public health problem:
each year, there are about 150,000 new cases, with 4000
patients in a coma [13]. Moreover, severe TBI patients are
hospitalized in ICU, like COVID patients.

The aim of the present study is to evaluate the impact of the
first lockdown on frequency and severity for severe TBI ad-
mitted to ICU in Normandy.

Methods

We conducted a retrospective cohort study with data provided
by the two tertiary neurosurgical units in Normandy:
University Hospitals of Caen and Rouen. We included all
consecutive patients admitted to the intensive care unit for
severe TBI. These two hospitals are trauma centres and are
the only ones to manage severe TBI in our region.

The inclusion periods for cases were the first 6 weeks of
the containment (March 18 to April 28, 2020) and the 12
previous months for the control group (March 20, 2019, to
March 17, 2020).

Patients were included in the study if they were admitted in
ICU for a severe TBI, defined as a TBI with a Glasgow coma
scale equal to or less than 8, and age over 16 years old. We
excluded chronic subdural hematomas from this study. The
incidence of admission for severe TBI per week was calculat-
ed based on the population in Normandy, determined by the
French National Institute for Statistics and Economic
Research [20].

We registered on admission the patient’s age, sex, neuro-
logical examination for each group. Emergencies physicians
evaluated Glasgow coma score before sedation and intuba-
tion. We researched the mechanisms for each TBI, divided
between domestic falls, road accidents, and others. The con-
sumption of alcohol was reported and positive when the alco-
hol blood level was above 0.5g/l of blood on admission. We

used Marshall’s classification for the CT scan performed on
admission [12].

We reported the type of surgical procedure: intracranial
pressure (ICP) monitoring, external ventricular drainage
(EVD) insertion, evacuation of an extradural hematoma
(EDH), acute subdural hematoma (SDH) evacuation, intrace-
rebral hematoma (ICH) evacuation, and decompressive
craniectomy (DC). To evaluate the prognosis of patients, we
calculated the impact score [29].

We finally looked at early mortality related to TBI, defined
as the number of deaths per week per centre within the first 2
weeks after the admission. The primary outcome was the
number of TBI per week admitted in ICU.

Statistical analyses were conducted using the Mann-
Whitney U or t-test for continuous variable and the Fisher
exact test and chi-square for categorical data. Normality was
tested for the continuous variable with the Shapiro-Wilk test.
Statistical significance was set to alpha risk < 0.05.

The study was reviewed and approved by the Institutional
Ethics Committee of Caen University Hospital (Caen,
France). Data supporting the findings of this study are avail-
able from the corresponding authors upon reasonable request.

Results

Number of TBI admitted in ICU per week

During the control period, we included 147 patients corre-
sponding to 2.72 patients admitted per week (Fig. 1). In com-
parison with this result, 11 patients, corresponding to 1.83
patients per week, were admitted during the lockdown period.
Considering the total population in Normandy, we found an
incidence per week of 0.06 (2.4 per month) admissions in ICU
for severe TBI per 100,000 inhabitants during the lockdown
and 0.08 (3.6 per month) during the control period, corre-
sponding to a decrease of 33%.

Baseline characteristics

The median age of patients between the two periods was sim-
ilar. Concerning gender, the proportion of women doubled
during the containment. The rate of secondary referrals did
not change with the containment. The aetiology of TBI
changed during the containment (Fig. 2): there were less traf-
fic road accidents (9.1% vs 41.4%) and the proportion of
domestic fall increased by 34% (81.8% vs 47.4%). There were
69 domestic falls (1.33 per week) during the control phase and
9 for the containment (1.5 per week), corresponding to an
absolute increase of 11%. Moreover, a significantly larger
proportion of patients admitted in the second period were
under influence of alcohol (Fig. 3). Concerning the impact
score, the prognosis at 6 months was better for patients
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admitted during lockdown (p=0.04; Table 1). For Marshall’s
classification, the proportion of worst grade (3-4-5-6) ap-
peared to be declining (45.4.8% vs 57.8%) during
containment.

Surgical procedures

The proportion of patients requiring surgical evacuation of
acute subdural hematomas tripled (Table 2). We found an inci-
dence of 0.02 SDH evacuation per week for the period of lock-
down in comparison with 0.009 during the control period, cor-
responding to an increase of 122%. The rates of EDH evacua-
tion, ICH evacuation, decompressive craniectomy, EVD inser-
tion, and ICPmonitoring were similar between the two periods.
Subsequently, we have compared the characteristics of the pa-
tients with subdural hematoma between the two periods
(Table 3). No variables, including the age, the neurologic ex-
amination, the CT scan characteristics, or management, were
significantly different between the two groups. We however

noticed the same tendency observed in the overall analysis, with
an increase in the rate of women suffering from SDH and a
better prognosis with a better Glasgow coma score during the
containment.

Early mortality in the ICU

We found a significant decrease in the mortality rate for the
patients with severe TBI admitted to the ICU (Table 1).
Indeed, no patient died during the lockdown in the 2 weeks
after the admission.

Discussion

Main results

In this study, we demonstrated that the first lockdown had
a positive impact on the rate of severe traumatic brain

Fig. 1 Number of patients with
severe TBI admitted per week
during non-containment period
compared with containment time.
The Shapiro-Wilk test was used
but the data did not follow a nor-
mal distribution. The Wilcoxon
Mann-Whitney was used to com-
pare the two groups. We did not
find any statistically difference
with a p value at 0.14
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Fig. 2 Etiology of TBI. Causes of
severe TBI in percent during the
year before the lockdown March
2019–March2020 compared to
the 6 first week of the lockdown
inMarch–April 2020. The change
of aetiology is significant with a p
value at 0.03
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injuries in Normandy and has led to a decrease in the rate
of short-term death after severe TBI. This decrease is re-
lated to two factors: (1) a decreasing number of severe
TBI admitted to our institutions during the containment
period; (2) a modification of the mechanisms of TBI,
mainly a decrease in the rate of traffic road accidents that
are often at high energy and also an increase in the rate of
severe TBI related to alcohol consumption. This may have
modified the type of cerebral lesion, which is suggested
by the change of the distribution of Marshall’s classifica-
tion and the impact score: there were probably more dif-
fuse lesions that are the most severe before than during
the containment. There was also more SDH surgery dur-
ing the containment, which is of better prognosis than
diffuse lesions.

The decrease in the rate of TBI during the
containment in the world

It was the first time in France, in the modern era, that such
drastic restrictions were applied to limit the spread of a virus.
The compliance of the French population for containment
measures decreased the number of TBI admitted to the ICU
by 33%. Our results are consistent with the literature. The
study published by Mathiesen et al. [14] based on 25 neuro-
surgical departments in Europe showed a significant decrease
of TBI in 18 ICU between December 2019 and March 2020.
A decrease in the incidence of TBI admitted in ICU was ob-
served: 3.6 vs 1.2 TBI patients/1,000,000/month. Our inci-
dence was relatively similar with 3.6 vs 2.4 patients/
1,000,000 habitants per month admitted for severe TBI.

0 20 40 60 80 100 120

Containment

No containment

Alcohol (%) Without alcohol (%)

Fig. 3 Implication of alcohol
consumption in TBI mechanisms.
Comparison of the rate of TBI
related to alcohol consumption
during the COVID-19 contain-
ment period and before the con-
tainment period in Normandy,
France

Table 1 Baseline characteristics
and short-term outcomes No containment

(52 weeks; n=147)

Containment

(6 weeks; n=11)

p value

Median age (IQR) 49 (36.5) 51 (6.5) 0.41

Women, n (%) 32 (21.8) 5 (45.4) 0.13

GCS initial, median (IQR) 4 (4) 3 (3.5) 0.15

Secondary referrals, n (%) 25 (17) 2 (18.2) 0.68

Marshall score, n (%) *

1

2

3–4

5

6

11 (7.9)

48 (34.3)

26 (18.6)

32 (22.8)

23 (16.4)

2 (18.2)

4 (36.4)

1 (9.1)

4 (36.3)

0 (0)

0.32

Impact score *

Bad prognosis at 6 months, median (%) (IQR)

Risk of mortality at 6 months, median (%) (IQR)

66 (33.3)

44 (37)

48 (24)

35 (22)

0.04

0.07

Mortality, n (%) 51 (34.7) 0 (0) 0.02

Comparison of the baseline characteristics for patients with severe TBI before and during the COVID-19 con-
tainment period in Normandy, France. IQR, interquartile range. * Missing data in the no containment group (6%).
Significant values in bold
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The situation was the same in entire Europe. In the region
of Tyrol, Austria, the number of TBI patients admitted during
3 weeks during the lockdown was compared to the number of
patients admitted during the same period from 2016 to 2019
[19]. The study included 122 patients and demonstrated a
significant decrease number of patients with TBI admitted
during the quarantine period. Tyrol is a busy region in winter
because of winter sports practise, which is frequently respon-
sible for TBI. In the UK, in a single centre study, a 49%
decrease in the number of patients admitted for TBI was no-
ticed, by comparing January to a period between January and
May [9]. This massive difference is surprising because the
government in the UK imposed a less strict containment than
the one imposed in France. On the other hand, our colleagues

in Helsinki [11] did not find the same result: in comparison
with 2019, the number of admissions for TBI did not decrease.
Outside Europe, similar findings were reported. In the USA,
Figueroa et al. compared the admissions for neurotrauma in
March and April 2020 to the same months in 2016 to 2019.
They noticed a 62% decrease in total neurotrauma consults in
April 2020 after the lockdown began [5]. In South Africa, a
decline of 25% of patient’s admissions for TBI in
Johannesburg was observed [30]. Globally, the lockdown ap-
plied all around the world led to a decrease in the number of
patients with TBI as described in a recent review of the liter-
ature [24]. So, our data are not original at first sight, however,
almost all these studies evaluated the total rate of TBI, where-
as our study has focused on severe TBI. Moreover, our study

Table 2 Surgical procedure
No containment

(52 weeks; n=147)

Containment

(6 weeks; n=11)

p value

Intracranial pressure monitoring, n (%) 65 (47.4) 5 (45.4) 0.95

External ventricular drain, n (%) 15 (10.9) 2 (18.2) 0.32

Decompressive craniectomy, n (%) 14 (10.2) 1 (9.1) 1

Extradural hematoma evacuation, n (%) 10 (7.3) 0 (0) 1

Subdural hematoma evacuation, n (%) 15 (10.9) 4 (36.4) 0.03

Intraparenchymatous hematoma evacuation, (%) 7 (5.1) 0 (0) 1

Comparison of the surgical procedure for patients with severe TBI before and during the COVID-19 containment
period in Normandy, France. Significant values are in bold

Table 3 Comparison of patients
with severe traumatic brain injury
with subdural hematoma (SDH)
before and during the COVID-19
containment period in Normandy

No containment

(n=22)

Containment

(n=4)

p value

Baseline characteristics

Median age, years (IQR) 57 (48.5–74) 50 (48.5–53.75) 0.6

Female sex, n (%) 6 (27.3) 1 (25) 1

Severe dependence before the TBI, n (%) 1 (4.5) 1 (25) 0.3

Clinical examination

Median GCS, 3–8 (IQR) 3.5 (3–6) 6 (5.5–6.25) 0.18

Median motor GCS, 1–6 (IQR) 1.5 (1–3.5) 4 (3.75–4.25) 0.07

Pupil’s status

Myosis, n (%)

Unilateral mydriasis, n (%)

Bilateral mydriasis, n (%)

5 (22.7)

13 (59.1)

3 (13.6)

0 (0)

4 (100)

0 (0)

0.73

CT scan

Median SDH maximal width (mm), (IQR) * 16 (11.5–19.5) 20.5 (17.75–23.25) 0.31

Midline shift (mm), (IQR) * 9 (7–17) 19 (17–20) 0.13

Patient care

Decision to stop the active care because of
a too severe state, n (%)

9 (39.1) 1 (25) 1

SDH evacuation, n (%) 13 (59.1) 4 (100) 0.26

Decompressive craniectomy, n (%) 5 (22.7) 0 (0) 0.55

GCS, Glasgow score; IQR, interquartile range. *Missing data for containment group (13.6%)
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provides an interesting description of the modification of the
aetiology of the TBI because of the lockdown, and some in-
teresting data dealing with the modifications of the outcomes.

From a larger point of view, not only the frequency of
TBI were impacted by the COVID-19 pandemic: as de-
scribed by our Italian colleagues [3], all our neurosurgical
practice was completely modified. For example, we also
evaluated the rate of aneurysmal subarachnoid haemorrhages
(SAH) and ruptured arteriovenous malformations admitted
during the containment period, and we demonstrated a dra-
matic decrease in the number of patients admitted for these
pathologies [2]. Another study [6] focused on neuro-
emergencies in Berlin during the COVID pandemic. The
authors compared all admissions for neuro-emergencies in
their department from February to April in 2020 to the same
period in 2019 and found a decrease of 46% of admissions.
Finally, it is clear that we had less COVID patients in
Normandy than in several areas all around the world, includ-
ing Lombardy, where our neurosurgeon’s colleagues had to
take care of COVID patients [33].

Modification of the aetiologies of TBI

The French population have relatively respected the contain-
ment governmental rules which have led to a major decrease
in the use of the car, bike, or other individuals’way ofmoving.
Therefore, in our study, the rate of severe TBI related to traffic
road injury admitted during the containment period has de-
creased. This is in line with the data provided by the French
Security Road Agency [15] which has reported a diminution
of the frequency of traffic road accidents by 74% and a de-
crease of the death related to these accidents of 55.8% in April
2020 as compared to April 2019. The sex ratio radically
changed with the containment (0.21 women vs 0.45 during
the containment). Indeed, the drop in male predominance is
maybe linked to the decrease in road traffic accidents. To go
on with the aetiology of severe TBI, accidental falls come in
first followed by road traffic accidents, during the containment
as well as before, which is consistent with the literature [8, 16].
Other European countries observed the same evolution in TBI
mechanisms during lockdown [24]. On the one hand, the con-
tainment related to the COVID-19 pandemic has had a posi-
tive effect, by decreasing the rate of severe TBI related to
traffic road accidents. On the other hand, the containment
has increased in absolute value the rate of domestic accident.
We noticed a rise of severe TBI linked to alcohol consump-
tion, or long-term alcohol abuse, which is a risk factor of TBI
[21], and particularly of acute SDH [28]. Rolland et al. [22]
evaluated the substance’s use, including alcohol, during the
lockdown. They pointed out daily consumption of 57% in the
adult population during containment, namely an increase of
23%, related to the increase of the prevalence of depressive
and anxiety symptoms [18]. Also, the sex ratio was clearly

modified, with an increase in the rate of women admitted for
severe TBI during the containment period. It raises the ques-
tion of the psychological impact of the containment, which
may have led to an increase of massive alcohol consumption
at home, and to domestic violence, particularly against
women.

We have highlighted the increased rate of SDH evacuation
in the lockdown cohort. Surgical indications for acute SDH’s
evacuation were based on clinical and radiological factors
according to previous studies [25]. This difference raised
questions, and we have subsequently compared this subgroup
of patients before and during the containment (Table 3). We
did not notice any statistically significant differences. This
suggests no impact of ethical considerations in this difference.
This increase in the number of SDH is probably related to the
change of TBI’s mechanisms and the implication of alcohol,
as previously discussed.

COVID management in ICU, ethical considerations,
and lessons for the future

Our two hospitals were reorganized to admit the COVID
patients in the dedicated units, for conventional hospitaliza-
tion as well as for ICU. At Caen Hospital, the neuro ICU
continued to admit only brain-injured patients. At Rouen
Hospital, a part of the neuro ICU became a versatile surgical
ICU. But overall, no patient with the COVID was voluntar-
ily admitted to neurointensive care. To avoid COVID-19
contamination of the patients admitted in the neuro-ICU,
every patient was tested with a nasal swab at admission,
and every time they had symptoms.

We must keep in mind that ethical considerations could be
involved in the variations here reported in terms of incidence,
typology, and prognostic of traumatic brain injury during the
containment. The COVID-19 pandemic put health systems to
the test all over the world, creating an unseen tension in ex-
posed countries between resources on one hand and the ex-
plosion of the needs. The consequences of this situation could
be observed at two levels in the management of brain-injured
patients at the acute and subacute phases. First, critical care—
and then tertiary care centre—admission triage rules could be
a shift from a liberal policy (admitting any critically ill patient
independently of any other consideration) to a more restrictive
strategy, establishing a hierarchy between patients for hospital
admission with prioritization of ethical principle values: max-
imization of the benefits, favouring of the worst-off, promo-
tion of instrumental value [7]. Then, end-of-life policies could
be impacted by the change in the application of distributive
justice, one of the four keys of the medical ethics of
Beauchamp and Childress [1]. This can be challenged by a
shortage in healthcare resources. A more intensely application
of distributive justice could lead to an increase of withdrawal
of therapeutics in poor prognostic patients and subsequently
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with increased mortality. However, these two hypotheses
seem unlikely since (1) Normandy health system was not
overwhelmed by COVID-19 and other critically ill patients
with critical care occupancy rate <100% at the peak of the
surge in contrast with 144–233% rates observed in the Paris
region or in the eastern French regions [26], and (2) mortality
was decreased during the containment.

At the time of article submission, our region, as for many
areas in the world, continues to fight against the virus. We had
a second wave in November 2020, which had led to a new
containment period of 6 weeks. We are now at the third wave,
and a curfew at 6 pm was established all over France this
winter. Concerning the rate of severe TBI, the new contain-
ment, as well as the curfew, seem to lead to similar observa-
tions: a decrease in the number and severity of severe TBI.
This is probably related to a diminution of road traffic acci-
dents, mainly occurring during the night and after massive
alcohol consumption.

Limits

We must underline the limitations of the present study. First,
the retrospective design of the study, which could have led to
bias. Secondly is the fact that we only evaluated short-term
outcomes and, moreover, that we have not evaluated function-
al outcomes. Third, we are aware that the number of patients
admitted during the containment period is rather low, which
could decrease the robustness of the statistical analysis.
Moreover, some patients could have been transferred to other
centres. However, it seems unlikely for two reasons: (1) the
neurosurgical system of care is clearly defined in France, and
in the case of emergency, patients from a geographic area are
always referred to the same centre. (2) Normandy was notably
less affected by the outbreak of COVID-19 than other French
regions and no patient was transferred out of the region during
the lockdown.

Conclusion

To conclude, the French population respected the governmen-
tal rules and the containment saved many lives by limiting the
number of fatal cases related to COVID-19 infection [23], but
also in a more marginal way by modifying the frequency and
severity of TBI. This drop in the number of TBI had also
another benefit: limiting the number of patients admitted to
intensive care units for TBI, which has freed some places for
COVID-19 patients.
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