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We read with much interest the article “Neurological Impact of
Coronavirus Disease (COVID-19): Practical Considerations

for the Neuroscience Community” by Werner et al.1 The authors
have described the various neurologic details of COVID-19 in
detail.1 We think this topic is important and is continuously
evolving. We have the following comments as an addition to the
article.

Symptomatic patients with COVID-19 can present with mild,
moderate, or severe illness. Across all studies, patients with severe
illness have multiorgan involvement. Patients with severe disease
are prone to develop acute respiratory distress syndrome (ARDS),
acute cardiac injury, acute renal failure, and acute liver dysfunc-
tion.2 Although several patterns of central nervous system
involvement have been reported among these patients, diffuse
central nervous system (CNS) involvement has been reported to
be higher.3

Multiple mechanisms could contribute to the initiation and pro-
gression of CNS injury in patients with COVID-19. They are
described as follows.

1. Cytokine storm, defined as dysfunctional, uncontrolled,
continuous activation of inflammation, has been consistently
reported across all studies. This exaggerated inflammation has
been postulated to contribute to ARDS, myocardial injury,
renal failure, severity of illness, requirement of intensive care
unit admission, requirement of mechanical ventilation, and
mortality. This has been diagnosed with an elevated level of
inflammatory markers including C-reactive protein, leukocytes,
procalcitonin, proBNP, ferritin, interleukins, and various other
inflammatory markers. Although diffuse CNS involvement is
noted to be higher among patients with severe illness, a tem-
poral association between inflammatory markers and CNS
dysfunction has not yet been shown.4,5

2. Autopsy studies on patients with COVID-19 have been
limited. Direct viral invasion has been reported in various
organs including lung, liver, and heart. However, no reports
have yet identified the virus, or viral particles in the brain.6

3. Hypoxia-induced apoptosis and ischemia, have also been re-
ported, presenting in most patients as multiorgan
dysfunction.7

4. Prothrombotic state has also been reported, secondary to
endothelial injury, thrombocytopenia, deranged coagulation
parameters as evident from the raised D-dimer, fibrinogen, and
prothrombin time.6,8

5. Embolic events secondary to myocardial dysfunction, have
been reported, with increased risk of arrhythmia. This has
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been supported by the presence of several raised cardiac
markers including high-sensitivity troponins and
D-dimer.6,8,9

6. Among patients with severe illness, multiple other contributors
of CNS dysfunction requiring consideration are 1) prolonged
requirement of CNS depressing agents including benzodiaze-
pines (diazepam and midazolam), opioids (fentanyl and
morphine), anesthetic agent (propofol), and neuromuscular
blocking agents to achieve better ventilation goals in patients
with severe ARDS, 2) prolonged intensive care unit stay, 3)
presence of cardiogenic and septic shock, and 4) CNS side
effects of other medications including corticosteroid, antibi-
otics, and so forth.6,9-11
Finally, cerebrovascular injury is being commonly reported in
patients with COVID-19. Studies have shown that patients with
severe COVID-19 have higher cardiocerebrovascular comorbid-
ities including older age, hypertension, diabetes mellitus,
hyperlipidemia, heart failure, coronary artery disease, and ce-
rebrovascular disease.12,13 A recent study also showed that
patients with severe COVID-19 had higher cerebrovascular
events compared with patients without severe Illness.3 We agree
with the authors that future studies will be instrumental in
clarifying patterns, predictors, and outcome of COVID-19e
related neurologic injury.

Ajay Kumar Mishra1, Amos Lal2, Kamal Kant Sahu1, Anu Anna George1,

Jennifer Sargent3

From the 1Department of Internal Medicine, Saint Vincent Hospital, Worcester, Massachusetts;
2Department of Pulmonology and Critical Care Medicine, Mayo Clinic, Rochester, Minnesota;
and 3Department of Internal Medicine, Saint Vincent Hospital, and University of
Massachusetts Medical School, Worcester, Massachusetts, USA
To whom correspondence should be addressed: Ajay Kumar Mishra, M.D.
[E-mail: Ajay.Mishra@stvincenthospital.com]

Conflict of interest statement: The authors declare that the article content was composed in
the absence of any commercial or financial relationships that could be construed as a potential
conflict of interest.

https://doi.org/10.1016/j.wneu.2020.05.089.

REFERENCES

1. Werner C, Scullen T, Mathkour M, et al. Neurological impact of coronavirus
disease (COVID-19): practical considerations for the neuroscience community.
World Neurosurg. 2020;139:344-354.

2. Sahu KK, Mishra AK, Lal A. COVID-2019: update on epidemiology, disease
spread and management. Monaldi Arch Chest Dis. 2020;90.

3. Mao L, Jin H, Wang M, et al. Neurologic manifestations of hospitalized patients
with coronavirus disease 2019 in Wuhan, China. JAMA Neurol. 2020:e201127.

4. Mishra AK, Sahu KK, Lal A, Sargent J. Patterns of heart Injury in COVID - 19 and
relation to outcome [e-pub ahead of print]. J Med Virol https://doi.org/10.1002/
jmv.25847, accessed May 26, 2020.

5. Helms J, Kremer S, Merdji H, et al. Neurologic features in severe SARS-CoV-2
infection. N Engl J Med. 2020;382:2268-2270.

6. Mishra AK, Sahu KK, George AA, Lal A. A review of cardiac manifestations and
predictors of outcome in patients with COVID e 19 [e-pub ahead of print]. Heart
Lung. 2020. https://doi.org/10.1016/j.hrtlng.2020.04.019, accessed May 26, 2020.
www.journals.elsevier.com/world-neurosurgery 533

mailto:Ajay.Mishra@stvincenthospital.com
https://doi.org/10.1016/j.wneu.2020.05.089
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref1
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref1
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref1
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref2
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref2
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref3
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref3
https://doi.org/10.1002/jmv.25847
https://doi.org/10.1002/jmv.25847
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref5
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref5
https://doi.org/10.1016/j.hrtlng.2020.04.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2020.05.089&domain=pdf
www.journals.elsevier.com/world-neurosurgery


LETTER TO THE EDITOR
7. Sahu KK, Lal A, Mishra AK. Latest updates on COVID-2019: a changing para-
digm shift. J Med Virol. 2020;92:533-535.

8. Wu Y, Xu X, Chen Z, et al. Nervous system involvement after infection with
COVID-19 and other coronaviruses. Brain Behav Immun. 2020;87:18-22.

9. Sahu KK, Lal A, Mishra AK. An update on CT chest findings in coronavirus
disease-19 (COVID-19). Heart Lung. 2020;49:442-443.

10. Mishra AK, Sahu KK, Lal A. Reporting of all cardiac medications and their
outcome in COVID - 19. J Med Virol. 2020;92:1419-1420.
534 www.SCIENCEDIRECT.com
11. Vincent J-L, Taccone FS. Understanding pathways to death in patients with
COVID-19. Lancet Respir Med. 2020;8:430-432.

12. Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of thrombotic com-
plications in critically ill ICU patients with COVID-19. Thromb Res. 2020;191:
145-147.

13. Mishra AK, Aaron S, Abhilash K, et al. Simple telephone call a feasible, useful
and acceptable method of following up patients with cerebrovascular acci-
dents: Prospective cohort study in South India. Int J Stroke. 2016;11:
NP87-NP88.
142: 533-534, OCTOBER 2020 WORLD NEUROSURGERY

http://refhub.elsevier.com/S1878-8750(20)31060-3/sref7
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref7
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref8
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref8
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref9
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref9
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref10
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref10
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref11
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref11
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref12
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref12
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref12
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref13
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref13
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref13
http://refhub.elsevier.com/S1878-8750(20)31060-3/sref13
www.sciencedirect.com/science/journal/18788750

	Letter to the Editor Regarding “Neurological Impact of Coronavirus Disease (COVID-19): Practical Considerations for the Neu ...
	References




