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Background: The COVID-19 pandemic has seriously impacted healthcare systems

worldwide. Admissions for various non-COVID-19 emergencies have significantly

decreased. We sought to determine the impact of COVID-19 on admissions for

intracranial hemorrhage to a German University Hospital emergency department.

Methods: In a retrospective analysis of admissions to the emergency department of the

University Hospital Mannheim from January to June 2020 and the corresponding time

period in 2019, all patients admitted for either traumatic or non-traumatic intracranial

hemorrhage were evaluated. Poisson regression was performed to analyze changes in

admission rates as a function of year, epoch (COVID-19-epoch, March to April 2020

and corresponding months 2019; non-COVID-19-epoch, January to February and May

to June 2019/2020) and the interaction of year and epoch (reflecting the impact of the

pandemic and subsequent lockdown measures).

Results: Overall, 320 patients were included in the study. During the COVID-19-epoch,

admission rates for spontaneous intracranial hemorrhage decreased significantly by

42.1% (RR 0.579, p = 0.002, 95% confidence interval 0.410–0.818). Likewise,

admission rates for traumatic intracranial hemorrhage decreased significantly by 53.7%

[RR = 0.463, p < 0.001, 95% confidence interval (CI) 0.358–0.599].

Conclusion: The decrease of spontaneous intracranial hemorrhages may be a

consequence of underutilization of the healthcare system whereas decreasing rates

of traumatic intracranial hemorrhage admissions may predominantly reflect a decrease

in true incidence rates due to lockdown measures with restricted mobility. Raising

patient awareness to seek emergency healthcare for acute neurological deficits during

lockdown measures is important to ensure appropriate emergency care for patients with

intracranial hemorrhage.
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INTRODUCTION

The COVID-19 pandemic has a deep impact on healthcare
systems worldwide. Analysis of emergency calls and admissions
to emergency departments have recorded a pronounced
increment (1, 2). In countries heavily stricken by COVID-19,
rapidly rising patient numbers continue to exceed healthcare
resources (2, 3) with dramatic consequences (4). At the same
time, reports on decreasing admissions for non-COVID-19
conditions are becoming more frequent. While especially
cerebrovascular and cardiovascular emergencies seem to be
affected (5–7), reductions of trauma admissions have also been
reported (8).

Intracranial hemorrhage is a heterogeneous condition,
comprising both traumatic and non-traumatic disease patterns.
Intracerebral hemorrhage, the leading syndrome in non-
traumatic hemorrhage, is characterized by a high case fatality
and a high disease burden in survivors, mostly causing a life in
functional dependence (9). Whereas the risk of both spontaneous
and traumatic intracranial hemorrhage increases with age,
traumatic brain injury with intracranial bleeding complications
also affects the younger (10) with substantial loss of disability-
adjusted life-years. In both cases, an optimal emergency care
is of utmost importance to attenuate a potentially fatal course
of disease.

We sought to determine the impact of the COVID-19
pandemic and subsequent lockdown measures on admission
rates for intracranial hemorrhage during the weeks of the initial
spreading of COVID-19 and after stabilization of infection rates
in a University Hospital in Germany.

METHODS

The local ethics committee (Ethikkommission II der
Medizinischen Fakultät Mannheim, Universität Heidelberg)
approved this retrospective study. Patient consent was waived
due to the retrospective character of the study and the lack of
patient interaction.

The study comprises two observation periods, January to
June 2020 and the corresponding period in 2019. The months
March and April 2020 were defined as the lockdown period:
daily infection rates with SARS-CoV-2 were recorded by the
Robert Koch Institute from March 2nd on, and partial lockdown
measures were implemented on March 9th. Emergency and
pandemic plans in the University Hospital Mannheim were
updated on February 28th, and a partial ban of visitors was
realized on March 5th.

March and April 2019 and 2020 were termed epoch 1, the
remaining months of the years 2019 and 2020 were termed
epoch 2. All patients admitted to the emergency department
with a diagnosis of intracranial hemorrhage were identified
by a retrospective chart review of the admissions to our
interdisciplinary emergency department. In detail, all emergency
department charts with an ICD-10 admission diagnosis of
I60ff, I61ff, I62ff, and S06ff were screened. Inclusion criterion
was admission for spontaneous or traumatic intracranial
hemorrhage, comprising intracerebral, subdural, epidural,

intraventricular and/or subarachnoid hemorrhage. Traumatic
hemorrhages affecting more than one intracranial compartment
were categorized as complex traumatic brain injury. Patients
with intracranial hemorrhage due to arteriovenous malformation
or fistula, cerebral venous thrombosis, underlying cavernoma
or intracranial aneurysms and patients with hemorrhagic
intracerebral malignoma were excluded. The rationale for
exclusion of these patient groups is the significant heterogeneity
in terms of epidemiology, risk factors, treatment options and
prognosis together with low absolute numbers, thus precluding a
statistically appropriate evaluation.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics
Version 25. Poisson regression was used to test if the rate of
admissions changed as a function of year, epoch (epoch 1,March–
April; epoch 2, January–February + May–June) and year-by-
epoch interaction (reflecting the impact of the pandemic and
subsequent lockdown measures), expressed as rate ratio (RR)
along with its 95% confidence interval. A p-value <0.05 was

TABLE 1 | Characteristics of patients admitted for intracranial hemorrhage

between January and June in 2019 and 2020, as well as in March/April in 2019

and 2020.

Total

Jan–June

2019 + Jan–

June 2020

March/April

2019

Lockdown

2020

n = 320 n = 54 n = 33

Sex (male, n; %) 191 (59.7) 33 (61.1) 21 (63.6)

Age (mean, range) 69.4 (18–101) 69.2 (30–96) 68.4 (18–101)

Non-traumatic

intracranial hemorrhage

(n, %)

138 (43.1) 19 (35.2) 11 (33.3)

ICH 129 18 9

IVH 3 1 1

SAH 6 0 1

Traumatic intracranial

hemorrhage (n, %)

182 (56.9) 35 (64.8) 22 (66.7)

cTBI 35 4 8

tICH 36 8 4

tSDH 74 13 8

tSAH 31 7 2

EDH 6 3 0

Anticoagulation (n, %) 130 (40.6) 19 (35.2) 14 (42.4)

NOAC 40 5 5

Phenprocoumon 16 3 2

PAI 64 9 7

Dual PAI 5 0 0

Other* 5 2 0

*Enoxaparin, 3; Nadroparin, 1; Fondaparinux, 1.

ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; SDH, subdural

hematoma; SAH, non-aneurysmatic subarachnoid hemorrhage; cTBI, complex traumatic

brain injury; tICH, traumatic intracerebral hemorrhage; tSDH, traumatic subdural

hematoma; tSAH, traumatic subarachnoid hemorrhage; EDH, epidural hematoma;

NOAC, non-vitamin K antagonist oral anticoagulants; PAI, platelet aggregation inhibitors.
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FIGURE 1 | Monthly admission rates for spontaneous intracranial hemorrhage between January and June 2019 (light gray) and January and June 2020 (dark gray)

and daily new infections in Germany with SARS-CoV-2 from March 2nd to June 30th (black dotted line).

considered as statistically significant. For group comparisons
between the lockdown period (March-April 2020) and the
corresponding period in 2019 Chi-square test was used.

RESULTS

Over the cumulative observation periods 01-06/2019 and 01-
06/2020, 320 patients were admitted with the diagnosis of either
spontaneous or traumatic intracranial hemorrhage (mean age
69.4 years, 59.7% male; see Table 1) with a mean monthly
admission rate of 26.67 cases [standard deviation (SD) ±

6.050]. Non-traumatic intracranial hemorrhages, predominantly
spontaneous intracerebral hemorrhages, comprised 43.1% of the
cases, and 40.6% of patients were on some form of anticoagulant
medication at the time of admission (Table 1).

During the lockdown period (03-04/2020), admission rates for
spontaneous intracranial hemorrhage decreased significantly by
42.1%, as found in a significant year-by-epoch interaction [RR
= 0.579, p = 0.002, 95% confidence interval (CI) 0.410–0.818;
see Figure 1]. Likewise, admission rates for traumatic intracranial
hemorrhage decreased significantly by 53.7%, as found in a
significant year-by epoch interaction [RR= 0.463, p< 0.001, 95%
confidence interval (CI) 0.358–0.599; see Figure 2].

The treatment rate with any anticoagulant did not vary
between the two observation periods, neither for spontaneous (p
= 0.91) nor for traumatic intracranial hemorrhage (p= 0.42).

In 2020 admission rates increased after the lockdown period
for both spontaneous and traumatic intracranial hemorrhage.

For traumatic hemorrhages, there was a significant effect for
“year” in the Poisson regression (RR = 1.358, p = 0.007, CI
1.089–1.695). As reflected in Figure 2, this effect is mainly driven
by the excess admission rates in June.

DISCUSSION

Our data illustrate the significant impact of the COVID-19
pandemic and associated lockdown measures on admission rates
for non-traumatic and traumatic intracranial hemorrhage, with
a 42.1% decrease and 53.7% decrease, respectively, in March
and April 2020. The referenced period is characterized by the
peak of SARS-CoV-2 infection rates in Germany, exceeding 1,000
infections per day on March 8th for the first time, rising to a
peak of nearly 5,500/day on March 16th, and stable infection
rates of<1,000/day since May 1st. The year-by-epoch interaction
resulting from Poisson regression is a good index of a causal
relationship with the COVID-19 pandemic.

Two factors may have caused the pronounced decrease
observed: a decrease in true incidence rates of intracranial
hemorrhages, or a decrease in utilization of the health care
system. For spontaneous intracranial hemorrhage, a COVID-19-
related decrease in incidence rates is highly unlikely. However,
similarly, a significant decrease in admission rates has also been
reported for other cerebro- and cardiovascular emergencies, such
as ischemic stroke (5, 6, 11), transient ischemic attack (12)
or acute coronary syndrome (7) in several countries. Various
patient-centered factors may contribute to this phenomenon.
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FIGURE 2 | Monthly admission rates for traumatic intracranial hemorrhage between January and June 2019 (light gray) and January and June 2020 (dark gray) and

daily new infections in Germany with SARS-CoV-2 from March 2nd to June 30th (black dotted line).

Insistent stay-at-home campaigns and public discussions about
imminent intensive care bottlenecks may have unsettled patients
whether to present to hospital. In addition, a reluctance to
seek medical, especially hospital care, may result from a fear of
infection, together with concerns of being isolated due to a strict
ban of visitors since the midst of March.

In case of traumatic intracranial hemorrhages, the lockdown
status may well have contributed to a decrease in true incidence
rates. The observation period March–April 2020 coincides with
nation-wide partial lockdown measures in Germany, including
social distancing, self-isolation, quarantining, but also a travel
ban, closing of schools/daycare and public facilities, such as
fitness centers. These measures correspond with a significant
decrease inmobility as reflected in freely available onlinemobility
data1 As a consequence, admissions for extracranial trauma have
equally dropped in a significant manner (8, 13). Of interest, our
study identified a significant increase in admissions for traumatic
intracranial hemorrhage in 2020 compared to the preceding year
when excluding the COVID-periods March–April 2020 and the
corresponding months in 2019. The increase is mainly driven by
excess admission rates during June 2020, possibly attributable to
a catch-up effect after a relaxation of lockdown measures.

Overall, the significant increase in admissions for traumatic
intracranial hemorrhage in the post-lockdown months May and
June 2020 suggests rather a shift of admissions than missed
admissions during the lockdown period. However, the decrease

1https://www.covid-19-mobility.org/

of admissions in non-traumatic intracerebral hemorrhage needs
to be regarded with concern. Timely diagnosis and treatment of
intracranial hemorrhage is indispensable to keep morbidity and
mortality low. Although actual mortality rates in Germany do
not show an excess mortality since the beginning of the COVID-
19 pandemic, the sequelae of missed admissions for cerebro-
and cardiovascular emergencies may still lie ahead. A de novo
absence of patients with intracranial hemorrhages in case of a
second wave of infections has to be prevented by all means. This
issue has been addressed by the German Society for Neurology
demanding campaigns to inform the public about the priority of
stroke care in times of the pandemic in order to avoid serious
healthcare consequences2.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethikkommission II der Medizinischen Fakultät
Mannheim, Universität Heidelberg. Written informed consent

2https://www.dgn.org/rubrik-dgn/stellungnahmen-der-dgn/3919-

auswirkungen-der-sars-cov-2-pandemie-auf-die-versorgung-

zerebrovaskulaerer-erkrankungen

Frontiers in Neurology | www.frontiersin.org 4 September 2020 | Volume 11 | Article 584522

https://www.covid-19-mobility.org/
https://www.dgn.org/rubrik-dgn/stellungnahmen-der-dgn/3919-auswirkungen-der-sars-cov-2-pandemie-auf-die-versorgung-zerebrovaskulaerer-erkrankungen
https://www.dgn.org/rubrik-dgn/stellungnahmen-der-dgn/3919-auswirkungen-der-sars-cov-2-pandemie-auf-die-versorgung-zerebrovaskulaerer-erkrankungen
https://www.dgn.org/rubrik-dgn/stellungnahmen-der-dgn/3919-auswirkungen-der-sars-cov-2-pandemie-auf-die-versorgung-zerebrovaskulaerer-erkrankungen
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Abdulazim et al. COVID-19 and Intracranial Hemorrhage

for participation was not required for this study in accordance
with the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

AAb: data analysis and interpretation, drafting
manuscript, and final approval. AE: statistical analysis,

critical revision of manuscript, and final approval.
NE and KS: data analysis and interpretation, critical
revision of manuscript, and final approval. AAl:
concept and design, data acquisition, data analysis and
interpretation, drafting manuscript, and final approval.
All authors contributed to the article and approved the
submitted version.

REFERENCES

1. Rudilosso S, Laredo C, Vera V, Vargas M, Renu A, Llull L, et al.

Acute stroke care is at risk in the era of COVID-19: experience at

a comprehensive stroke center in Barcelona. Stroke. (2020) 51:1991–

5. doi: 10.1161/STROKEAHA.120.030329

2. Comelli I, Scioscioli F, Cervellin G. Impact of the COVID-19 epidemic on

census, organization and activity of a large urban Emergency Department.

Acta Biomed. (2020) 91:45–9. doi: 10.23750/abm.v91i2.9565

3. Senni M. COVID-19 experience in Bergamo, Italy. Eur Heart J. (2020)

41:1783–4. doi: 10.1093/eurheartj/ehaa279

4. Tambone V, Boudreau D, Ciccozzi M, Sanders K, Campanozzi LL, Wathuta J,

et al. Ethical criteria for the admission and management of patients in the

ICU under conditions of limited medical resources: a shared international

proposal in view of the COVID-19 pandemic. Front Public Health. (2020)

8:284. doi: 10.3389/fpubh.2020.00284

5. Hoyer C, Ebert A, Huttner HB, Puetz V, Kallmunzer B, Barlinn K, et al.

Acute stroke in times of the COVID-19 pandemic: a multicenter study. Stroke.

(2020) 51:2224–7. doi: 10.1161/STROKEAHA.120.030395

6. Bersano A, KraemerM, Touze E,Weber R, Alamowitch S, Sibon I, et al. Stroke

care during the COVID-19 pandemic: experience from three large European

countries. Eur J Neurol. (2020). doi: 10.1111/ene.14375. [Epub ahead of print].

7. Metzler B, Siostrzonek P, Binder RK, Bauer A, Reinstadler SJ. Decline of acute

coronary syndrome admissions in Austria since the outbreak of COVID-19:

the pandemic response causes cardiac collateral damage. Eur Heart J. (2020)

41:1852–3. doi: 10.1093/eurheartj/ehaa314

8. Stoker S, McDaniel D, Crean T, Maddox J, Jawanda G, Krentz N, et al. Effect of

shelter-in-place orders and the COVID-19 pandemic on orthopaedic trauma

at a community level II trauma center. J Orthop Trauma. (2020). 34:e336–42.

doi: 10.1097/BOT.0000000000001860

9. An SJ, Kim TJ, Yoon BW. Epidemiology, risk factors, and clinical

features of intracerebral hemorrhage: an update. J Stroke. (2017) 19:3–

10. doi: 10.5853/jos.2016.00864

10. Powers AY, Pinto MB, Tang OY, Chen JS, Doberstein C, AsaadWF. Predicting

mortality in traumatic intracranial hemorrhage. J Neurosurg. (2019) 132:552–

9. doi: 10.3171/2018.11.JNS182199

11. Siegler JE, Heslin ME, Thau L, Smith A, Jovin TG. Falling stroke rates

during COVID-19 pandemic at a comprehensive stroke center. J Stroke

Cerebrovasc Dis. (2020) 29:104953. doi: 10.1016/j.jstrokecerebrovasdis.2020.

104953

12. Diegoli H, Magalhaes PSC, Martins SCO, Moro CHC, Franca PHC, Safanelli

J, et al. Decrease in hospital admissions for transient ischemic attack, mild,

and moderate stroke during the COVID-19 era. Stroke. (2020) 51:2315–

21. doi: 10.1161/STROKEAHA.120.030481

13. Forrester JD, Liou R, Knowlton LM, Jou RM, Spain DA. Impact of

shelter-in-place order for COVID-19 on trauma activations: Santa Clara

County, California, March 2020. Trauma Surg Acute Care Open. (2020)

5:e000505. doi: 10.1136/tsaco-2020-000505

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Abdulazim, Ebert, Etminan, Szabo and Alonso. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 5 September 2020 | Volume 11 | Article 584522

https://doi.org/10.1161/STROKEAHA.120.030329
https://doi.org/10.23750/abm.v91i2.9565
https://doi.org/10.1093/eurheartj/ehaa279
https://doi.org/10.3389/fpubh.2020.00284
https://doi.org/10.1161/STROKEAHA.120.030395
https://doi.org/10.1111/ene.14375
https://doi.org/10.1093/eurheartj/ehaa314
https://doi.org/10.1097/BOT.0000000000001860
https://doi.org/10.5853/jos.2016.00864
https://doi.org/10.3171/2018.11.JNS182199
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104953
https://doi.org/10.1161/STROKEAHA.120.030481
https://doi.org/10.1136/tsaco-2020-000505
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Negative Impact of the COVID-19 Pandemic on Admissions for Intracranial Hemorrhage
	Introduction
	Methods
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


