CONSEQUENCES OF THE COVID-19
PANDEMIC ON CARE FOR
NEUROLOGICAL CONDITIONS

EDITED BY: Cheng-Yang Hsieh, Jordi A. Matias-Guiu,
Jesus Porta-Etessam, Sheng-Feng Sung, Tomohisa Nezu,
Ricardo F. Allegri, Shen-Yang Lim and Giovanni Assenza
PUBLISHED IN: Frontiers in Neurology

,frontiers Research Topics


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

:' frontiers

Frontiers eBook Copyright Statement

The copyright in the text of
individual articles in this eBook is the
property of their respective authors
or their respective institutions or
funders. The copyright in graphics
and images within each article may
be subject to copyright of other
parties. In both cases this is subject
to a license granted to Frontiers.

The compilation of articles
constituting this eBook is the
property of Frontiers.

Each article within this eBook, and
the eBook itself, are published under
the most recent version of the
Creative Commons CC-BY licence.
The version current at the date of
publication of this eBook is

CC-BY 4.0. If the CC-BY licence is
updated, the licence granted by
Frontiers is automatically updated to
the new version.

When exercising any right under the
CC-BY licence, Frontiers must be
attributed as the original publisher
of the article or eBook, as
applicable.

Authors have the responsibility of
ensuring that any graphics or other
materials which are the property of

others may be included in the

CC-BY licence, but this should be

checked before relying on the
CC-BY licence to reproduce those
materials. Any copyright notices
relating to those materials must be
complied with.

Copyright and source
acknowledgement notices may not
be removed and must be displayed

in any copy, derivative work or
partial copy which includes the
elements in question.

All copyright, and all rights therein,
are protected by national and
international copyright laws. The
above represents a summary only.
For further information please read
Frontiers” Conditions for Website
Use and Copyright Statement, and
the applicable CC-BY licence.

ISSN 1664-8714
ISBN 978-2-88971-997-6
DOI10.3389/978-2-88971-997-6

About Frontiers

Frontiers is more than just an open-access publisher of scholarly articles: it is a
pioneering approach to the world of academia, radically improving the way scholarly
research is managed. The grand vision of Frontiers is a world where all people have
an equal opportunity to seek, share and generate knowledge. Frontiers provides
immediate and permanent online open access to all its publications, but this alone
is not enough to realize our grand goals.

Frontiers Journal Series

The Frontiers Journal Series is a multi-tier and interdisciplinary set of open-access,
online journals, promising a paradigm shift from the current review, selection and
dissemination processes in academic publishing. All Frontiers journals are driven
by researchers for researchers; therefore, they constitute a service to the scholarly
community. At the same time, the Frontiers Journal Series operates on a revolutionary
invention, the tiered publishing system, initially addressing specific communities of
scholars, and gradually climbing up to broader public understanding, thus serving
the interests of the lay society, too.

Dedication to Quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely
collaborative interactions between authors and review editors, who include some
of the world’s best academicians. Research must be certified by peers before entering
a stream of knowledge that may eventually reach the public - and shape society;
therefore, Frontiers only applies the most rigorous and unbiased reviews.

Frontiers revolutionizes research publishing by freely delivering the most outstanding
research, evaluated with no bias from both the academic and social point of view.
By applying the most advanced information technologies, Frontiers is catapulting
scholarly publishing into a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers Journals
Series: they are collections of at least ten articles, all centered on a particular subject.
With their unique mix of varied contributions from Original Research to Review
Articles, Frontiers Research Topics unify the most influential researchers, the latest
key findings and historical advances in a hot research area! Find out more on how
to host your own Frontiers Research Topic or contribute to one as an author by
contacting the Frontiers Editorial Office: frontiersin.org/about/contact

Frontiers in Neurology

1 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/

Topic Editors:

Cheng-Yang Hsieh, Sin-Lau Christian Hospital, Taiwan

Jordi A. Matias-Guiu, Servicio de Neurologia, Hospital Clinico San Carlos, Spain
Jesus Porta-Etessam, Servicio de Neurologia, Hospital Clinico San Carlos, Spain
Sheng-Feng Sung, Ditmanson Medical Foundation Chia-Yi Christian Hospital,
Taiwan

Tomohisa Nezu, Hiroshima University, Japan

Ricardo F. Allegri, Instituto de Investigaciones Neurologicas Fleni, Argentina
Shen-Yang Lim, University of Malaya, Malaysia

Giovanni Assenza, Campus Bio-Medico University, Italy

Citation: Hsieh, C.-Y., Matias-Guiu, J. A., Porta-Etessam, J., Sung, S.-F.,

Nezu, T., Allegri, R. F,, Lim, S.-Y., Assenza, G., eds. (2021). Consequences of the
COVID-19 Pandemic on Care for Neurological Conditions.

Lausanne: Frontiers Media SA. doi: 10.3389/978-2-88971-997-6

Frontiers in Neurology 2 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology
http://doi.org/10.3389/978-2-88971-997-6

Table of Contents

12

15

18

22

30

35

42

Editorial: Consequences of the COVID-19 Pandemic on Care for
Neurological Conditions

Jordi A. Matias-Guiu, Sheng-Feng Sung, Cheng-Yang Hsieh,

Tomohisa Nezu, Jesus Porta-Etessam and Ricardo F. Allegri

Triage of Acute Ischemic Stroke in Confirmed COVID-19: Large Vessel
Occlusion Associated With Coronavirus Infection

Pouria Moshayedi, Timothy E. Ryan, Lucido Luciano Ponce Mejia, May Nour
and David S. Liebeskind

Medical and Paramedical Care of Patients With Cerebellar Ataxia During
the COVID-19 Outbreak: Seven Practical Recommendations of the COVID
19 Cerebellum Task Force

Mario Manto, Nicolas Dupre, Marios Hadjivassiliou, Elan D. Louis,

Hiroshi Mitoma, Marco Molinari, Aasef G. Shaikh, Bing-Wen Soong,
Michael Strupp, Frank Van Overwalle and Jeremy D. Schmahmann

Acute Neurological Care in the COVID-19 Era: The Pandemic Health
System REsilience PROGRAM (REPROGRAM) Consortium Pathway

Sonu Bhaskar, Divyansh Sharma, Antony H. Walker, Mark McDonald,

Bella Huasen, Abilash Haridas, Manoj Kumar Mahata and Pascal Jabbour
Evolving Healthcare Delivery in Neurology During the Coronavirus
Disease 2019 (COVID-19) Pandemic

Patrick M. Chen and Thomas M. Hemmen

An Italian Neurology Outpatient Clinic Facing SARS-CoV-2

Pandemic: Data From 2,167 Patients

Carla Piano, Enrico Di Stasio, Guido Primiano, Delfina Janiri, Marco Luigetti,
Giovanni Frisullo, Catello Vollono, Matteo Lucchini, Valerio Brunetti,

Mauro Monforte, Valeria Guglielmi, Giacomo Della Marca, Amelia Evoli,
Camillo Marra, Massimiliano Mirabella, Davide Quaranta, Enzo Ricci,
Serenella Servidei, Gabriella Silvestri, Simone Bellavia, Sara Bortolani,
Francesco Bove, Riccardo Di lorio, Andrea Di Paolantonio, Danilo Genovese,
Tamara lalongo, Maria Rita Lo Monaco, Jessica Marotta, Agata Katia Patanella,
Alessia Perna, Martina Petracca, Giorgia Presicce, Vittorio Riso,

Eleonora Rollo, Angela Romano, Marina Romozzi, Cristina Sancricca,

Irene Scala, Gregorio Spagni, Marcella Solito, Luca Tricoli, Paola Zinzi,

Paolo Calabresi and Anna Rita Bentivoglio

Chronic Neurology in COVID-19 Era: Clinical Considerations and
Recommendations From the REPROGRAM Consortium

Sonu Bhaskar, Sian Bradley, Simon Israeli-Korn, Bindu Menon,

Vijay Kumar Chattu, Pravin Thomas, Jasvinder Chawla, Rajeev Kumar,
Paolo Prandi, Daniel Ray, Sailaja Golla, Nirmal Surya, Harvey Yang,

Sandra Martinez, Mihriban Heval Ozgen, John Codrington,

Eva Maria Jiménez Gonzalez, Mandana Toosi, Nithya Hariya Mohan,
Koravangattu Valsraj Menon, Abderrahmane Chahidi and

Susana Mederer Hengstl

Frontiers in Neurology

3 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

55 Decision Making on Telemedicine for Patients With Epilepsy During the
Coronavirus Disease 2019 (COVID-19) Crisis
Naoto Kuroda

59  Epilepsy Care in the Time of COVID-19 Pandemic in Italy: Risk Factors for
Seizure Worsening
Giovanni Assenza, Jacopo Lanzone, Francesco Brigo, Antonietta Coppola,
Giancarlo Di Gennaro, Vincenzo Di Lazzaro, Lorenzo Ricci, Andrea Romigi,
Mario Tombini and Oriano Mecarelli

70  Neurological Comorbidity Is a Predictor of Death in Covid-19 Disease: A
Cohort Study on 576 Patients
David Garcia-Azorin, Enrique Martinez-Pias, Javier Trigo,
Isabel Hernandez-Pérez, Gonzalo Valle-Pefiacoba, Blanca Talavera,
Paula Simén-Campo, Mercedes de Lera, Alba Chavarria-Miranda,
Cristina Lopez-Sanz, Maria Gutiérrez-Sanchez, Elena Martinez-Velasco,
Maria Pedraza, Alvaro Sierra, Beatriz Gomez-Vicente, Angel Guerrero,
David Ezpeleta, Maria Jesus Pefarrubia, Jose Ignacio Gomez-Herreras,
Elena Bustamante-Munguira, Cristina Abad-Molina,
Antonio Ordufia-Domingo, Guadalupe Ruiz-Martin,
Maria Isabel Jiménez-Cuenca, Santiago Juarros, Carlos del Pozo-Vegas,
Carlos Duefias-Gutierrez, Jose Maria Prieto de Paula,
Belén Canton-Alvarez, Jose Manuel Vicente and Juan Francisco Arenillas

78  Neurological Manifestations in Critically Ill Patients With COVID-19: A
Retrospective Study
Siyuan Fan, Meng Xiao, Fei Han, Peng Xia, Xiaoyin Bai, Huan Chen,
Hongmin Zhang, Xin Ding, Hua Zhao, Jing Zhao, Xuefeng Sun, Wei Jiang,
Chunyao Wang, Wei Cao, Fan Guo, Ran Tian, Peng Gao, Wei Wu, Jie Ma,
Dong Wu, Zhengyin Liu, Xiang Zhou, Jinglan Wang, Tianjia Guan, Yan Qin,
Taisheng Li, Yingchun Xu, Dong Zhang, Yu Chen, Jing Xie, Yongzhe Lj,
Xiaowei Yan, Yicheng Zhu, Bin Peng, Liying Cui, Shuyang Zhang and
Hongzhi Guan

88  Stroke Care Services in Singapore During COVID-19 Pandemic—A
National Perspective
Narayanaswamy Venketasubramanian

94  Neurological Manifestations of Severe SARS-CoV-2 Infection: Potential
Mechanisms and Implications of Individualized Mechanical Ventilation
Settings
Denise Battaglini, lole Brunetti, Pasquale Anania, Pietro Fiaschi,
Gianluigi Zona, Lorenzo Ball, Daniele Roberto Giacobbe, Antonio Vena,
Matteo Bassetti, Nicolo Patroniti, Angelo Schenone, Paolo Pelosi,
Patricia R. M. Rocco and Chiara Robba

107 Impact of COVID-19 on Acute Stroke Presentation at a Comprehensive
Stroke Center
Masaki Nagamine, Daniel S. Chow, Peter D. Chang,
Bernadette Boden-Albala, Wengui Yu and Jennifer E. Soun

111 Glimpsing the Impact of COVID19 Lock-Down on People With Epilepsy: A
Text Mining Approach
Jacopo Lanzone, Cristina Cenci, Mario Tombini, Lorenzo Ricci,
Tommaso Tufo, Marta Piccioli, Alfonso Marrelli, Oriano Mecarelli and
Giovanni Assenza

Frontiers in Neurology 4 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

115

122

130

135

142

150

162

167

172

192

Acute Ischemic Stroke and COVID-19: Experience From a Comprehensive
Stroke Center in Midwest US

Parneet Grewal, Pranusha Pinna, Julianne P. Hall, Rima M. Dafer,

Tachira Tavarez, Danielle R. Pellack, Rajeev Garg, Nicholas D. Osteraas,
Alejandro Vargas, Sayona John, Ivan Da Silva and James J. Conners
MENA-SINO Consensus Statement on Implementing Care Pathways for
Acute Neurovascular Emergencies During the COVID-19 Pandemic
Hosam Al-Jehani, Seby John, Syed Irteza Hussain, Amal Al Hashmi,

May Adel Alhamid, Dareen Amr, Atilla Ozcan Ozdemir, Ashfag Shuaib,

Adel Alhazzani, Mohammad Ghorbani, Ossama Mansour and Maher Saqqur
on behalf of the MENA-SINO group

Myasthenia Gravis and COVID-19: Clinical Characteristics and Outcomes
Antonio E. Camelo-Filho, André M. S. Silva, Eduardo P. Estephan,

Anténio A. Zambon, Rodrigo H. Mendonga, Paulo V. S. Souza,

Wladimir B. V. R. Pinto, Acary S. B. Oliveira, Iron Dangoni-Filho,

Ana F. P. Pouza, Berenice C. O. Valerio and Edmar Zanoteli

Neuromuscular Complications With SARS-COV-2 Infection: A Review
Nakul Katyal, Naureen Narula, Sudeep Acharya and Raghav Govindarajan
The Potential Role of SARS-COV-2 in the Pathogenesis of Parkinson’s
Disease

Pedro Chana-Cuevas, Philippe Salles-Gandara, Alejandro Rojas-Fernandez,
Constanza Salinas-Rebolledo and Anna Milan-Solé

Etiologic Subtypes of Ischemic Stroke in SARS-CoV-2 Patients in a Cohort
of New York City Hospitals

Ambooj Tiwari, Ketevan Berekashvili, Volodomyr Vulkanov,

Shashank Agarwal, Amit Khaneja, David Turkel-Parella, Jeremy Liff,

Jeffrey Farkas, Thambirajah Nandakumar, Ting Zhou, Jennnifer Frontera,
David E. Kahn, Sun Kim, Kelly A. Humbert, Matthew D. Sanger, Shadi Yaghi,
Aaron Lord, Karthikeyan Arcot and Adam A. Dmytriw

Negative Impact of the COVID-19 Pandemic on Admissions for
Intracranial Hemorrhage

Amr Abdulazim, Anne Ebert, Nima Etminan, Kristina Szabo and

Angelika Alonso

Unfractionated Heparin in SARS-CoV-2 Pneumonia: Ischemic Stroke Case
Report

Aslan Efendizade, Adam A. Dmytriw, Kevin Hewitt and Gwynivere A. Davies
Stroke and Novel Coronavirus Infection in Humans: A Systematic Review
and Meta-Analysis

Kai Wei Lee, Abdul Hanif Khan Yusof Khan, Siew Mooi Ching, Peck Kee Chia,
Wei Chao Loh, Anna Misya'il Abdul Rashid, Janudin Baharin,

Liyana Najwa Inche Mat, Wan Aliaa Wan Sulaiman, Navin Kumar Devaraj,
Dhashani Sivaratnam, Hamidon Basri and Fan Kee Hoo

Parkinson’s Disease Remote Patient Monitoring During the COVID-19
Lockdown

Francesco Motolese, Alessandro Magliozzi, Fiorella Puttini,

Mariagrazia Rossi, Fioravante Capone, Keren Karlinski, Alit Stark-Inbar,

Ziv Yekutieli, Vincenzo Di Lazzaro and Massimo Marano

Frontiers in Neurology

5 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

199

205

211

220

225

232

237

248

256

264

Migraine Symptoms Improvement During the COVID-19 Lockdown in a
Cohort of Children and Adolescents

Gianfranco Dallavalle, Elena Pezzotti, Livio Provenzi, Federico Toni,
Adriana Carpani and Renato Borgatti

Stroke Care Within the COVID-19 Pandemic—Increasing Awareness of
Transient and Mild Stroke Symptoms Needed

Timo Uphaus, Sonja Groschel, Eyad Hayani, Marianne Hahn, Falk Steffen
and Klaus Groschel

Revisiting the Immune Balance Theory: A Neurological Insight Into the
Epidemic of COVID-19 and Its Alike

Junjiao Wu and Yu Tang

An Example of a Stroke Unit Reshaping in the Context of a Regional Hub
and Spoke System in the COVID-19 Era

Elisa Candeloro, Federico Carimati, Payam Tabaee Damavandi,

Lucia Princiotta Cariddi, Paola Banfi, Alessandro Clemenzi, Marco Gallazzi,
Marco Mauri, Valentina Rebecchi, Fabio Baruzzi, Andrea Giorgianni,
Matteo Tozzi, Massimo Bianchi, Walter Ageno and Maurizio Versino
Impact of Covid-19 on the Behavior of Community Residents With
Suspected Transient Ischemic Attack

Sichen Yao, Beiru Lin, Yang Liu, Yunhe Luo, Qiangian Xu, Jiating Huang,
Zhimin Yan and Xiaochuan Liu

Encephalopathy in COVID-19 Presenting With Acute Aphasia Mimicking
Stroke

Umberto Pensato, Lorenzo Muccioli, Elena Pasini, Maria Tappata,

Lorenzo Ferri, Lilia Volpi, Laura Licchetta, Stella Battaglia, Giada Rossini,
Isabella Bon, Maria Carla Re, Luigi Cirillo, Luigi Simonetti,

Laura Ludovica Gramegna, Roberto Michelucci, Pietro Cortelli, Andrea Zini
and Francesca Bisulli

Differential Diagnosis and Hospital Emergency Management for Fastlane
Treatment of Central Nervous System Infection Under the COVID-19
Epidemic in Changsha, China

Haojun Yang, Yunfang Chi, Zhuohui Chen, Yishu Fan, Haiyue Wu,

Xinhang Hu, Tong Wu, Bo Xiao and Mengqi Zhang

Adopting Virtual Visits for Parkinson’s Disease Patients During the
COVID-19 Pandemic in a Developing Country

Ali Shalash, Mai Fathy, Noha L. Dawood and Eman Hamid

COVID-19 Associated Ischemic Stroke and Hemorrhagic

Stroke: Incidence, Potential Pathological Mechanism, and Management
Zilan Wang, Yanbo Yang, Xiaolong Liang, Bixi Gao, Meirong Liu, Wen Lj,
Zhouging Chen and Zhong Wang

Neurological Predictors of Clinical Outcomes in Hospitalized Patients
With COVID-19

Hisham Salahuddin, Ehad Afreen, Irfan S. Sheikh, Sohaib Lateef,

Giana Dawod, Judy Daboul, Nurose Karim, Khaled Gharaibeh,

Mustafa Al-Chalabi, Sihyeong Park, Alicia C. Castonguay, Ragheb Assaly,
Fadi Safi, Marla Matal, Ajaz Sheikh, Gretchen Tietjen, Deepa Malaiyandi,
Elysia James, Imran Ali, Syed F. Zaidi, Ahmad Abdelwahed, Vieh Kung,
Richard Burgess and Mouhammad A. Jumaa

Frontiers in Neurology

6 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

272

276

284

298

307

315

323

329

336

344

352

The One-Two Punch of Delirium and Dementia During the COVID-19
Pandemic and Beyond

Sara C. LaHue, Vanja C. Douglas and Bruce L. Miller

Reductions in Hospital Admissions and Delays in Acute Stroke Care
During the Pandemic of COVID-19

Yiqun Wu, Fei Chen, Zijing Wang, Wuwei Feng, Ying Liu, Yuping Wang and
Haiging Song

COVID-19 and Cerebrovascular Diseases: A Systematic Review and
Perspectives for Stroke Management

Pedro Fraiman, Clecio Godeiro Junior, Elena Moro, Francesco Cavallieri and
Marialuisa Zedde

Insights Into Neuroimaging Findings of Patients With Coronavirus Disease
2019 Presenting With Neurological Manifestations

Boran Chen, Chaoyue Chen, Junkai Zheng, Ruoyu Li and Jianguo Xu
Investigating the Effects of COVID-19 Quarantine in Migraine: An
Observational Cross-Sectional Study From the Italian National Headache
Registry (RICe)

Marianna Delussi, Eleonora Gentile, Gianluca Coppola,

Addolorata Maria Pia Prudenzano, Innocenzo Rainero, Grazia Sances,
Chiara Abagnale, Valeria Caponnetto, Francesco De Cesaris, llaria Frattale,
Elena Guaschino, Andrea Marcinno, Raffaele Ornello, Francesca Pistoia,
Alessia Putorti, Maria Elena Roca, Fausto Roveta, Chiara Lupi, Maria Trojano,
Francesco Pierelli, Pierangelo Geppetti, Simona Sacco and

Marina de Tommaso

Chloroquine, the Coronavirus Crisis, and Neurodegeneration: A
Perspective

Giona Pedrioli, Rickie Patani and Paolo Paganetti

Lockdown During COVID-19 and the Increase of Frailty in People With
Neurological Conditions

Paulo H. S. Pelicioni, Jennifer S. Schulz-Moore, Leigh Hale,

Colleen G. Canning and Stephen R. Lord

Change in Patient Flow in the Epilepsy Care Network Due to Novel
Coronavirus Infection: An Opportunity to Strengthen Local
Interdisciplinary Epilepsy Care With General Physicians

Ayataka Fujimoto, Keishiro Sato and Hideo Enoki

Modification of Acute Stroke Pathway in Korea After the Coronavirus
Disease 2019 Outbreak

Tae Jung Kim, Beom Joon Kim, Dong-Seok Gwak, Ji Sung Lee, Jun Yup Kim,
Keon-Joo Lee, Jung-A Kwon, Dong-Hyun Shim, Yong-Won Kim,

Min Kyoung Kang, Eung-Jun Lee, Ki-Woong Nam, Jeonghoon Bae,
Kipyoung Jeon, Han-Yeong Jeong, Keun-Hwa Jung, Yang-Ha Hwang,
Hee-Joon Bae, Byung-Woo Yoon and Sang-Bae Ko

Effects of COVID-19 Pandemic Confinement in Patients With Cognitive
Impairment

Ainara Barguilla, Aida Fernandez-Lebrero, Isabel Estragués-Gazquez,

Greta Garcia-Escobar, Irene Navalpotro-Gomez, Rosa Maria Manero,
Victor Puente-Periz, Jaume Roquer and Albert Puig-Pijoan
Neuromuscular Diseases Care in the Era of COVID-19

Bernat Bertran Recasens and Miguel Angel Rubio

Frontiers in Neurology

7 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

359

365

376

386

390

394

402

417

426

431

Electroencephalographic Abnormalites in SARS-CoV-2 Patients
Stephane Besnard, Clotilde Nardin, Elsa Lyon, Thomas Debroucker,
Roxana Arjmand, Raffaella Moretti and Hervé Pochat

Neurological Complications and Noninvasive Multimodal
Neuromonitoring in Critically Ill Mechanically Ventilated COVID-19
Patients

Denise Battaglini, Gregorio Santori, Karthikka Chandraptham,

Francesca lannuzzi, Matilde Bastianello, Fabio Tarantino, Lorenzo Ball,
Daniele Roberto Giacobbe, Antonio Vena, Matteo Bassetti, Matilde Inglese,
Antonio Uccelli, Patricia Rieken Macedo Rocco, Nicold Patroniti,

lole Brunetti, Paolo Pelosi and Chiara Robba for the GECOVID-19 Group
Difficulties and Countermeasures in Hospital Emergency Management for
Fast-Lane Treatment of Acute Stroke During the COVID-19 Epidemic
Prevention and Control

Haojun Yang, Zhuohui Chen, Yishu Fan, Lan Xiang, Xinhang Hu, Tong Wu,
Bo Xiao, Li Feng, Zhihong Zhao, Yunfang Chi and Mengqi Zhang

Impact of COVID-19 on Stroke Admissions and the Medical Care System
in the Tokyo Metropolitan Area

Takahiro Ota, Yoshiaki Shiokawa and Teruyuki Hirano

Challenges in Neuroimaging in COVID-19 Pandemia

Sofia Gonzalez-Ortiz, Santiago Medrano, José Maria Maiques and
Jaume Capellades

Effects of COVID-19 Lockdown on Movement Disorders Patients With
Deep Brain Stimulation: A Multicenter Survey

Carla Piano, Francesco Bove, Tommaso Tufo, Isabella Imbimbo,

Danilo Genovese, Alessandro Stefani, Massimo Marano, Antonella Peppe,
Livia Brusa, Rocco Cerroni, Francesco Motolese, Enrico Di Stasio,
Marianna Mazza, Antonio Daniele, Alessandro Olivi, Paolo Calabresi,
Anna Rita Bentivoglio and Lazio DBS Study Group

Deep Phenotyping of Headache in Hospitalized COVID-19 Patients via
Principal Component Analysis

Alvaro Planchuelo-Goémez, Javier Trigo, Rodrigo de Luis-Garcia,

Angel L. Guerrero, Jesus Porta-Etessam and David Garcia-Azorin

The Impact of the COVID-19 Pandemic on People With Epilepsy. An
Italian Survey and a Global Perspective

Barbara Mostacci, Laura Licchetta, Carlotta Cacciavillani, Lidia Di Vito,
Lorenzo Ferri, Veronica Menghi, Carlotta Stipa, Patrizia Avoni,

Federica Provini, Lorenzo Muccioli, Luca Vignatelli, Stefania Mazzoni,
Paolo Tinuper and Francesca Bisulli

Case Report: Acute Spinal Cord Myelopathy in Patients With COVID-19
Eman M. Khedr, Ahmed A. Karim and Radwa K. Soliman

Stroke Admissions, Stroke Severity, and Treatment Rates in Urban and
Rural Areas During the COVID-19 Pandemic

Hebun Erdur, Bob Siegerink, Christoph Leithner, Christiana Franke,

Irina Lorenz-Meyer, Sarah Theen, Anselm Angermaier, Stephan Kinze,
Joachim E. Weber, Jessica L. Rohmann, Jan F. Scheitz,

Christian H. Nolte, Matthias Endres and Heinrich J. Audebert

Frontiers in Neurology

8 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

440

445

449

455

463

466

472

480

488

496

Triage and Allocation of Neurocritical Care Resources During the COVID
19 Pandemic - A National Survey

Florian Gessler, Felix Lehmann, Julian Bosel, Hannah Fuhrer,

Hermann Neugebauer, Katja E. Wartenberg, Stefan Wolf,

Joshua D. Bernstock, Wolf-Dirk Niesen and Patrick Schuss on behalf of the
IGNITE-study group

Process Changes for Stroke Care and Electroencephalography on a
Neurology Service in a Hospital at the Epicenter of the COVID-19
Pandemic

Helen Valsamis, Noa Sheikin, Susan Law and Samah Abdul Baki

Case Report: The Coronavirus Disease 2019 (COVID-19) Pneumonia With
Multiple Thromboembolism

Tingting Cao, Gugin Zhang, Huabing Xie, Emily Pellegrini, Jin Li,

Xiaoxing Chen and Huagin Pan

Cognitive Telerehabilitation for Older Adults With Neurodegenerative
Diseases in the COVID-19 Era: A Perspective Study

Sara Bernini, Fabrizio Stasolla, Silvia Panzarasa, Silvana Quaglini,

Elena Sinforiani, Giorgio Sandrini, Tomaso Vecchi, Cristina Tassorelli and
Sara Bottiroli

The National Institutes of Health COVID-19 NeuroDatabank and
NeuroBiobank: A National Resource for Learning, Discovery, and Progress
Andrea B. Troxel, Jennifer A. Frontera and Carolina Mendoza-Puccini
Unmet Needs of People With Parkinson’s Disease and Their Caregivers
During COVID-19-Related Confinement: An Explorative Secondary Data
Analysis

Anne-Marie Hanff, Claire Pauly, Laure Pauly, Valerie E. Schroder,

Maxime Hansen, Guilherme Ramos Meyers, Anne Kaysen, Linda Hansen,
Femke Wauters and Rejko Kruger on behalf of NCER-PD

Acute Stroke Care in the With-COVID-19 Era: Experience at a
Comprehensive Stroke Center in Japan

Junpei Koge, Masayuki Shiozawa and Kazunori Toyoda

The Biosafety and Risk Management in Preparation and Processing of
Cerebrospinal Fluid and Other Neurological Specimens With Potential
Coronavirus Infection

Chien-Chin Chen, Pei-Chun Chiang and Tsung-Hsien Chen

A Sharp Decline in Burden of Stroke in Rural China During COVID-19
Pandemic

Jie Liu, Qiaoxia Yang, Xin Zhang, Qiuxing Lin, Yuan Yang Dandan Guo,
Wenjing Mao, Jun Tu, Zeping Liu, Jidong Li, Xianjia Ning and Jinghua Wang
Case Report: Myopathy in Critically Ill COVID-19 Patients: A Consequence
of Hyperinflammation?

Viviana Versace, Luca Sebastianelli, Davide Ferrazzoli, Leopold Saltuari,
Markus Kofler, Wolfgang Loscher and Antonino Uncini

Frontiers in Neurology

9 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

502

512

520

527

536

545

551

561

568

Impact of National Lockdown on the Hyperacute Stroke Care and Rapid
Transient Ischaemic Attack Outpatient Service in a Comprehensive
Tertiary Stroke Centre During the COVID-19 Pandemic

Lucio D'Anna, Maddison Brown, Sikdar Oishi, Natalya Ellis, Zoe Brown,
Paul Bentley, Brian Drumm, Omid Halse, Sohaa Jamil, Harri Jenkins,

Abid Malik, Dheeraj Kalladka, Marius Venter, Joseph Kwan and

Soma Banerjee

Neurologic Care of COVID-19 in Children

Susana Boronat

Case Report: Decompressive Craniectomy for COVID-19 Malignant
Cerebral Artery Infarction. Is Surgery a Good Option?

Miguel Saez-Alegre, Pablo Garcia-Feijoo, Pablo Millan,

Catalina Vivancos Sanchez, Victor Rodriguez Dominguez,

Jorge Garcia Nerin, Alberto Isla Guerrero and Maria Luisa Gandia-Gonzalez
COVID-19 Pandemic Impact on Care for Stroke in Australia: Emerging
Evidence From the Australian Stroke Clinical Registry

Dominique A. Cadilhac, Joosup Kim, Emma K. Tod, Julie L. Morrison,
Sibilah J. Breen, Katherine Jaques, Rohan Grimley, Brett Jones,

Geoffrey C. Cloud, Timothy Kleinig, Susan Hillier, Helen Castley,

Richard I. Lindley, Natasha A. Lannin, Sandy Middleton, Bernard Yan,
Kelvin Hill, Benjamin B. Clissold, Peter J. Mitchell, Craig S. Anderson,
Steven G. Faux, Bruce C. V. Campbell and the AuSCR COVID-19 Reporting
Consortium Group

The Impact of COVID-19 Lockdown on People With Epilepsy and Vagal
Nerve Stimulation

Eleonora Grande, Tommaso Tufo, Marco Ciavarro, Ines Di Muccio,
Filomena Fuggetta, Martina Silvestri, Giuseppina Bevacqua, Jacopo Lanzone
and Giovanni Assenza

Multiple Sclerosis Patient Management During the COVID-19
Pandemic: Practical Recommendations From the Portuguese Multiple
Sclerosis Study Group (GEEM)

Jodo J. Cerqueira, Ana F. Ladeira, Ana M. Silva, Angela Timoteo, José Vale,
Livia Sousa, Marta Arenga, Pedro Abreu, Rui Guerreiro and Jodo de Sa
Clinical and Radiological Characteristics of Acute Cerebrovascular
Diseases Among Egyptian Patients With COVID-19 in Upper Egypt
Eman M. Khedr, Radwa K. Soliman, Noha Abo-Elfetof, Mariam Amin,
Ossama Yassin Mansour, Ahmed Aly, Ahmed F. Zaki and Mostafa Saber
Care for Patients With Neuromuscular Disorders in the COVID-19
Pandemic Era

Yung-Hao Tseng and Tai-Heng Chen

Case Report: Cerebrovascular Events Associated With Bacterial and
SARS-CoV-2 Infections in an Adolescent

Charles de Marcellus, Laurent Dupic, Charles-Joris Roux,

Imane El Aouane El Ghomari, Perrine Parize, Romain Luscan,

Florence Moulin and Manoelle Kossorotoff

Frontiers in Neurology

10 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

573

583

Prolonged Intubation in Patients With Prior Cerebrovascular Disease and
CoVID-19

Shibani S. Mukerji, Sudeshna Das, Haitham Alabsi, Laura N. Brenner,
Aayushee Jain, Colin Magdamo, Sarah I. Collens, Elissa Ye, Kiana Keller,
Christine L. Boutros, Michael J. Leone, Amy Newhouse, Brody Foy,
Matthew D. Li, Min Lang, Melis N. Anahtar, Yu-Ping Shao, Wendong Ge,
Haoqi Sun, Virginia A. Triant, Jayashree Kalpathy-Cramer, John Higgins,
Jonathan Rosand, Gregory K. Robbins and M. Brandon Westover

Changes in the Care of Neurological Diseases During the First Wave of the
COVID-19 Pandemic: A Single Private Center Study in Argentina

Ismael L. Calandri, Maximiliano A. Hawkes, Mariano Marrodan,

Sebastian F. Ameriso, Jorge Correale and Ricardo F. Allegri

Frontiers in Neurology

11 December 2021 | COVID-19 Pandemic and Neurological Care


https://www.frontiersin.org/research-topics/13762/consequences-of-the-covid-19-pandemic-on-care-for-neurological-conditions#articles
https://www.frontiersin.org/journals/neurology

1' frontiers
in Neurology

EDITORIAL
published: 15 November 2021
doi: 10.3389/fneur.2021.788912

OPEN ACCESS

Edited and reviewed by:
Jean-Claude Baron,
University of Cambridge,
United Kingdom

*Correspondence:

Jordi A. Matias-Guiu
Jordimatiasguiu@hotmail.com;
Jjordi.matias-guiu@salud.madrid.org

Specialty section:

This article was submitted to
Stroke,

a section of the journal
Frontiers in Neurology

Received: 03 October 2021
Accepted: 18 October 2021
Published: 15 November 2021

Citation:

Matias-Guiu JA, Sung S-F, Hsieh C-Y,
Nezu T, Porta-Etessam J and

Allegri RF (2021) Edltorial:
Consequences of the COVID-19
Pandemic on Care for Neurological
Conditions. Front. Neurol. 12:788912.
doi: 10.3389/fneur.2021.788912

Check for
updates

Editorial: Consequences of the
COVID-19 Pandemic on Care for
Neurological Conditions

Jordi A. Matias-Guiu ™, Sheng-Feng Sung?, Cheng-Yang Hsieh?®, Tomohisa Nezu*,
Jesus Porta-Etessam' and Ricardo F. Allegri®

" Department of Neurology, Hospital Clinico San Carlos, Health Research Institute “San Carlos” (IdISCC), Universidad
Complutense de Madrid, Madrid, Spain, 2 Division of Neurology, Department of Internal Medicine, Ditmanson Medical
Foundation Chia-Yi Christian Hospital, Chiayi City, Taiwan, ° Department of Neurology, Tainan Sin Lau Hospital, Tainan,
Taiwan, * Department of Clinical Neuroscience and Therapeutics, Hiroshima University Graduate School of Biomedical and
Health Sciences, Hiroshima, Japan, ° Department of Cognitive Neurology, Neuropsychiatry and Neuropsychology, Instituto
Neuroldgico Fleni, Buenos Aires, Argentina

Keywords: COVID-19, SARS-CoV-2, neurological care, coronavirus, healthcare

Editorial on the Research Topic
Consequences of the COVID-19 Pandemic on Care for Neurological Conditions

The coronavirus disease 2019 (COVID-19) pandemic has caused a wide range of unprecedented
consequences, including social, economic, and health disruptions. From the point of view of
healthcare assistance, COVID-19 has deeply impacted usual practice at all levels since the beginning
0f 2020. In this setting, neurological assistance has adapted to the circumstances of the pandemic. In
fact, because COVID-19 involves neurological symptoms, affected patients require the attention of
neurologists, and the high demand for clinical care entailed the recruitment of many neurologists to
frontline assistance (1). In addition, the pandemic has impacted the management of patients with
neurological disorders, with changes in the management of relapses, usual follow-up, diagnostic
procedures, implementation or generalization of telemedicine, etc. Lockdown and social isolation
were also very harmful in patients with neurological disorders (2). Furthermore, the treatment of
neurological emergencies, such as stroke, was also compromised because of resource re-allocation
during the emergency, and the fear of patients to attend the hospital.

The neurological community needed to share experiences about how to face this global
challenge. Accordingly, this Research Topic was launched in April 2020 to address these issues.
Over 117 manuscripts were submitted, and 76 papers have been published, including originals,
reviews, and case reports. Studies have covered the main areas of neurological care, including
general neurological care, stroke, epilepsy, multiple sclerosis, movement disorders, cognitive
neurology, neuromuscular disorders, headache, and neuropediatrics.

STUDIES ON GENERAL NEUROLOGICAL CARE

Healthcare systems were challenged by the COVID-19 pandemic. In a study by Calandri et
al., emergency department and outpatient consultations to a tertiary neurological center during
the first wave in Argentina were significantly correlated with social mobility estimated by the
Google Mobility Index as a result of the long lockdown. Besides, telemedicine was successfully
implemented, with increased access to distant zones, which may be important for better access to
specialized neurological care.

Protocols of changes in neurological care were proposed in two studies conducted by the
Pandemic Health System Resilience Program Consortium (REPROGRAM) Pathway in both
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the acute and chronic settings (Bhaskar, Sharma et al.; Bhaskar,
Bradley et al.). These changes were considered appropriate
to ensure healthcare professionals’ and patients’ safety and
minimize the impact of the pandemic in neurological care.

STUDIES ON STROKE AND
NEUROCRITICAL CARE

Stroke was one of the main subjects addressed in this Research
Topic, with a large number of articles. Many regions reported
a decline in stroke admissions during the early months of the
pandemic. This reduction was mainly observed in the most
severe and disabling strokes (Yao et al.), and was reported in
several countries and settings, and for ischemic and hemorrhagic
stroke, especially during the lockdowns (Abdulazim et al; Ota
et al; Uphaus et al,; Erdur et al.). Conversely, the impact on the
reperfusion procedures was variable, although it was also affected
in the peak of the pandemic as suggested by several studies
(D’Anna et al.; Koge et al.).

Some papers proposed modifications in the protocols
for stroke care, from the acute phase to the rehabilitation
therapies, suggesting a complete reorganization of the assistance
to avoid the worsening of outcomes of stroke patients
[Venketasubramanian; Candeloro et al.; Al-Jehani et al.; (3)].

Other studies focused on the relationship between COVID-19
and stroke, contributing to the knowledge about stroke subtypes,
severity, management, and outcomes (Fraiman et al.; Grewal et
al.; Tiwari et al;; Yang et al.; Wang et al.).

STUDIES ON EPILEPSY

The treatment of patients with epilepsy is another of the topics
examined in the Research Topic. Mostacci et al. reviewed the
literature regarding the impact of the pandemic on the health
of patients with epilepsy, and conducted a survey regarding this
topic. Although most patients did not report a significant change,
clinical worsening was detected in a proportion of changes
and was associated with sleep disorders or limited access to
healthcare, among other factors. Lanzone et al. conducted a study
evaluating the impact of lockdown in patients with epilepsy. In
this case, the survey was analyzed with a text mining approach.
Patients with epilepsy used different kinds of words, suggesting
a different reaction to the lockdown compared with controls,
which may be important in the follow-up and treatment of these
patients during traumatic or stressful events.

Telemedicine has become very widespread in epilepsy care
since the pandemic. Accordingly, a decision-making tree to
manage patients with epilepsy was proposed (Kuroda).

STUDIES ON MULTIPLE SCLEROSIS

Patients with multiple sclerosis (MS) were regarded as a high-
risk population due to the potential immunosuppressive effect
of several treatments used in the disease. In a study by the
Portuguese Multiple Sclerosis Study Group a consensus was
obtained using a Delphi methodology about the implementation

of several changes in the management in the context of the
pandemic (Cerqueira et al.).

STUDIES ON PARKINSON’S DISEASE

Several studies evaluated the impact in patients with Parkinson’s
disease and other movement disorders of the pandemic. Hanff
et al., used a semi-structured interview to examine unmet needs
during the lockdown, and Piano et al., examined the impact
of lockdown in patients treated with deep brain stimulation.
Motolese et al., reported the experience of a remote monitoring
program during the lockdown, with adequate degrees of
satisfaction. Similarly, Shalash et al., presented their experience
of virtual visits in patients with Parkinson’s disease in Egypt.

STUDIES ON COGNITIVE NEUROLOGY

Patients with dementia were among the most affected by both
the quarantine and COVID-19 (LaHue et al.). The effects of
lockdown resulted in a clinical worsening in patients with
mild cognitive impairment and dementia (Barguilla et al;
Pelicioni et al.). In addition, cognitive training and rehabilitation
were adapted to telehealth. In this regard, Bernini et al
implemented HomeCoRe, an innovative approach to offer
remote cognitive training.

STUDIES ON NEUROMUSCULAR
DISORDERS

Patients with neuromuscular disorders were at higher risk of
COVID-19 due to the frequent respiratory involvement and
some immunosuppressive therapies. In this regard, several
studies evaluated the impact of the pandemic and the SARS-
CoV-2 infection in patients with neuromuscular disorders. Katyal
et al., reviewed the potential neuromuscular complications of
COVID-19, such as Guillain-Barre syndrome. In two studies by
Bertran Recasens and Rubio and Tseng and Chen, the authors
proposed recommendations for the management of patients
with neuromuscular disorders during the pandemic or during
COVID-19, and evaluated the impact of the pandemic on
these patients.

STUDIES ON HEADACHE

Headache is one of the most frequent symptoms during
COVID-19. However, primary headaches are also influenced by
environmental factors. This topic was examined by Delussi et al.,
in a cross-sectional study from the Italian National Headache
Registry, in which changes in migraine during the quarantine
were investigated. According to the study by Dallavale et al,
in children and adolescents, there was a mild improvement
of migraine symptoms. Furthermore, Planchuelo-Gomez et al,,
tried to characterize the headache phenotypes in COVID-19 and
link these features with inflammatory biomarkers.
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STUDIES ON NEUROPEDIATRICS

SARS-CoV-2 also affects children, although to a lesser extent
than adults. In the article by Boronat, the evidence about
neurological symptoms and complications in children was
reviewed. Compared with adults, neurological complications
were less frequent. However, a multisystem inflammatory
syndrome can occur, with the development of encephalopathy
as the most frequent clinical manifestation. Furthermore, in this
article, a review of the changes in the care of children with
neurological disorders (e.g., cerebral palsy, epilepsy, attention
deficit and hyperactivity disorder, etc.) was presented. Other
collateral problems in children have been the closure of schools,
lack of free time outdoors, and financial insecurity.

STUDIES ON DIAGNOSTIC PROCEDURES

Another important challenge during the pandemic concerns the
use of diagnostic tools. Postponed examinations are associated
with diagnostic delays and worse outcomes. Currently, these
techniques are key for adequate neurological care, but they
may entail a risk of COVID-19 infection. In this regard,
Gonzalez-Ortiz et al., Chen et al., and Valsamis et al. proposed
process modifications for neuroimaging, cerebrospinal fluid
samples, and electroencephalography.
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CONCLUSIONS

In this Research Topic, the authors have presented important
experiences and solutions to the changes generated by the
COVID-19 pandemic in neurological care. Most of the studies
were conducted during the first stages of the COVID-19
to face many of the challenges that had arisen, including
the lockdown and quarantines, safety concerns because of
high transmissibility, and risks of COVID-19 in patients with
neurological disorders. As in other crises, the lessons learned
should be applied for the future benefit of patients and the
healthcare system during the COVID-19 pandemic, and probably
afterward. Some changes in neurological care, such as safety
protocols or implementation of teletherapy, may be helpful and
relevant in daily practice (4, 5). How the current pandemic
will give rise to long-term changes in neurological assistance,
and the convenience of these changes, should be evaluated in
the future.
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The outbreak of COVID-19 has posed a significant challenge to global healthcare. Acute
stroke care requires rapid bedside attendance, imaging, and intervention. However,
for acute stroke patients who have a diagnosis of or are under investigation for
COVID-19, the concern for nosocomial transmission moderates operational procedures
for acute stroke care. We present our experience with an in-hospital stroke code
called on a COVID-19-positive patient with a left middle cerebral artery syndrome
and the challenges faced for timely examination, imaging, and decision to intervene.
The outlook for the ongoing COVID-19 pandemic necessitates the development
of protocols to sustain timely and effective acute stroke care while mitigating
healthcare-associated transmission.

Keywords: COVID-19, stroke —diagnosis, therapy, large vessel occlusion (LVO), disease transmission, triage

INTRODUCTION

Rapid attendance at the patient bedside, clinical exam, and timely imaging studies have been
emphasized in the care of acute ischemic stroke patients, but the global pandemic outbreak of
COVID-19 (1) has created novel and significant challenges to acute stroke care. Protocols to sustain
acute stroke care for COVID-19 patients while mitigating nosocomial transmission are needed. In
this report, we share unique challenges in treating a COVID-19-positive patient with acute ischemic
stroke due to occlusion of the left middle cerebral artery. We also discuss the current evidence and
recommendations to decrease healthcare-associated transmission in acute clinical examination,
imaging, and interventional procedures in acute stroke patients with a diagnosis of COVID-19.

CASE PRESENTATION

A patient in his 8th decade of life was admitted to our facility with acute chest pain, diaphoresis,
and hypotension with ST-elevation myocardial infarction (STEMI). He underwent coronary
angioplasty followed by stent deployment and was admitted to the coronary care unit (CCU).
Transthoracic echocardiogram revealed left ventricle (LV) ejection fraction of 10-15% and LV
thrombosis measuring 2.8 cm x 1.1 cm, prompting initiation of IV heparin. He also had bilateral
lower limb paresthesia and loss of temperature and arterial pulses, raising concern of ischemic
limbs, with lower extremity arterial Doppler confirming occlusion in multiple arterial segments.
Due to his presentation with shortness of breath, he was designated as a Patient Under
Investigation (PUT) for COVID-19, and, the day following admission, his PCR testing of respiratory
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secretions showed evidence of 2019-nCOV RNA. He was
intubated due to hypoxemic respiratory failure. Standard facility
protocols for droplet isolation in a negative pressure room were
implemented. The patient was extubated on day 4.

On day 5, an in-hospital stroke code was called after the
bedside nurse found him to have an inability to speak, right-
sided weakness, and right-sided facial droop, with last known
well time the night before. The stroke team arrived, and one
team member wore personal protection equipment including an
N95 respirator mask, goggle, gown, and gloves and entered the
patient’s room to perform an examination, which revealed an
inability to speak or comprehend, a conjugate gaze preference
toward the left side, no blink to threat on the right side, and no
movement in the right arm and leg. Since the patient presented
with a large vessel occlusion stroke syndrome within an extended
time window, advanced multimodal imaging was indicated to
measure infarct volume as well as salvageable tissue. According
to the institutional policy for acute stroke codes, as well as the
patient’s renal failure prohibiting the use of iodine contrast for CT
perfusion studies, he was transported to MRI. The institutional
protocol for transferring patients in aerosol isolation was applied
by having the patient wear a surgical face mask. Laboratory
results were notable for renal failure, normal platelet count,
and activated partial thromboplastin time (PTT) >85.5 while
on heparin.

Brain MRI, obtained without contrast administration (due
to severe renal failure) and reviewed during image acquisition,
revealed a 60-cc acute infarct in the left insular, temporal,
parietal, and frontal lobes, as well as smaller acute infarcts in the
right caudate and left cerebellar hemisphere. MRI also showed
evidence of hemorrhagic conversion in the left fronto-temporal
territory. MR angiogram showed occlusion of the left middle
cerebral artery proximal M1 segment.

The patient was not a candidate for thrombolysis as he had
elevated activated PTT on heparin, in addition to an unknown
time of stroke onset and evidence of large and established
infarction with a small region of hemorrhagic transformation.
Endovascular thrombectomy was considered but not pursued
given the large infarct size and evidence of hemorrhagic
transformation since reperfusion could have led to a much larger
intracranial hemorrhage with no meaningful clinical benefit.
Following this ischemic stroke, and given other comorbidities
including heart failure, cardiovascular shock, and ischemic
bilateral lower limbs, discussions on goals of care were held with
the family, and his care was focused on comfort according to the
patient’s wishes.

Following the completion of his MRI, the MRI suite was out
of commission for about 3 h to complete disinfection.

DISCUSSION

Early reports from the COVID-19 pandemic have noted a 41%
nosocomial infection rate (2), which highlights the importance
of developing protocols for transfer, imaging, intubation, and
surgical or endovascular procedures on COVID-19 patients
presenting with acute stroke. The novelty of the COVID-19

pandemic outbreak means that there are few evidence-based
and informed protocols. The current recommendations have
centered on the airborne and direct contact methods of
transmission (3).

To perform MRI or other imaging modalities, it is
recommended to switch a patients bed and accessories to
MRI-compatible equipment in the patient room with enhanced
airborne precautions rather than in the MRI suite. Designation
of a single entry point to imaging facilities and limiting other
traffic through the healthcare facility is preferred (4). Installment
of physical barriers and the donning of N95 masks, face
protection, and gloves for physicians or ancillary staff en-route
are recommended.

Discussions on safe pre-operative procedures are underway
(5). Studies published before the COVID-19 outbreak noted that
a high-flow nasal cannula, non-invasive ventilation by masks
with optimized vent holes, or a helmet connected to a double-
limb circuit may lower airborne transmission (6), but closed-
circuit ventilation with use of filters is regarded as a safer
option. Given the relatively low risk of operative site infection,
endovascular suites capable of conversion to negative pressure
facilities appear to be ideal solutions.

The COVID-19 pandemic outbreak has exhausted and
overburdened healthcare systems. In a situation of extreme
facility shortages, triaging COVID-19-positive patients with
acute stroke based on severity and extent of their pre-
morbidities is a grim but unavoidable necessity. In acute stroke
patients presenting with symptoms of large vessel occlusion in
an extended time window, and therefore requiring advanced
imaging, CT perfusion has been shown to be equally capable
of selecting patients for endovascular thrombectomy when
compared with MRI (7). The time required for disinfection
protocols to be conducted may require judicious use of MRI for
acute stroke patients. In the face of the current pandemic, our
institutional policy for acute stroke care has changed and now
prioritizes CT perfusion over MRI.
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV2), the cause of the
current pandemic coronavirus disease 2019 (COVID-19), primarily targets the respiratory
system. Some patients also experience neurological signs and symptoms ranging from
anosmia, ageusia, headache, nausea, and vomiting to confusion, encephalitis, and
stroke. Approximately 36% of those with severe COVID-19 experience neurological
complications. The virus may enter the central nervous system through the olfactory
nerve in the nasal cavity and damage neurons in the brainstem nuclei involved in the
regulation of respiration. Patients with cerebellar ataxia (CA) are particularly vulnerable to
severe outcome if they contract COVID-19 because of the complexity of their disease,
the presence of comorbidities, and their use of immunosuppressive therapies. Most
CA patients burdened by progressive neurologic deficits have substantially impaired
mobility and other essential functions, for which they rely heavily on ambulatory services,
including rehabilitation and psychosocial care. Cessation of these interventions because
of isolation restrictions places the CA patient population at risk of further deterioration.
This international panel of ataxia experts provides recommendations for neurologists
caring for patients with CA, emphasizing a pro-active approach designed to maintain
their autonomy and well-being: continue long-term medications, promote rehabilitation
efforts, utilize the technology of virtual visits for regular contact with healthcare providers,
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and pay attention to emotional and psychosocial health. Neurologists should play an
active role in decision-making in those CA cases requiring escalation to intensive care and
resuscitation. Multi-disciplinary collaboration between care teams is always important,
and never more so than in the context of the current pandemic.

Keywords: SARS-CoV-2, COVID-19, cerebellum, therapies, ataxia

The novel zoonotic corona virus (severe acute respiratory
syndrome coronavirus 2: SARS-CoV2) has caused a global
pandemic, coronavirus disease-2019 (COVID-19), which
presents primarily with severe pulmonary disease, acute
respiratory collapse, and multisystem failure (1). As many as
36% of hospitalized patients in the Chinese experience developed
central and peripheral nervous system involvement, including
cerebellar manifestations (2). SARS-CoV2 is thought to enter
the central nervous system via the bloodstream or by retrograde
neuronal transmission through the cribriform plate. It binds to
the membrane-bound form of angiotensin-converting enzyme 2
(ACE2) in bronchial alveoli, with internalization of the complex
by the host cells (3), the same receptor identified in SARS-CoV,
which also affected nervous system function (4).

Cerebellar ataxias (CAs) are a group of heterogeneous
disorders from both the phenotypic and genetic standpoints.
CAs include chronic neurodegenerative disorders such as the
autosomal dominant spinocerebellar ataxias (SCAs), which
affect cerebellar and extra-cerebellar structures, including
brainstem and motor neurons, with widespread dysfunction
of the motor system and other neurological domains. Patients
with the various CAs are particularly vulnerable to COVID-19
for several reasons: their neurological syndrome is complex,
comorbid medical illnesses are common, immune-mediated
ataxias are managed with immunosuppressive medications
such as rituximab, mycophenolate, and corticosteroids,
which require frequent monitoring, CAs may affect elderly
people, and all of these predispositions to severe response to
the viral infection are compounded by cerebellum-specific
neuropsychological impairments. General practitioners (GPs),
who most frequently care for these patients and their families,
are reporting that they are overwhelmed by the pandemic,
with their usual meticulous engagement in managing their
long-term course and supervening acute issues being superseded
by the immediate need to care for the surging numbers of
COVID-19 patients. Patients with CA in many centers are
even finding that they are having difficulty connecting with
their suddenly overburdened GPs. Adding to the stress on
the CA patient population world-wide is the reality that in-
person or at-home support services, including psychological
counseling or therapy visits, have stopped, and necessary
ambulatory care services such as speech, physical, and
occupational therapy interventions have come to an abrupt
halt. The consequence is that patients are reporting dramatically
decreased levels of rehabilitative and maintenance care, which
is having a demonstrable negative impact on their overall care
and well-being.

All societies around the world, and most particularly the
vulnerable populations, are severely challenged by the COVID-
19 pandemic. There are, however, three considerations specific to
patients and families dealing with CAs.

First, dysphagia, ataxic respiration, maintenance of airway
protection, and aspiration pneumonia are an ever-present
concern and risk in CAs (5). Should CA patients contract
COVID-19, they are potentially at increased risk for pulmonary
complications because dyspnea, cough, and fever, together
with systemic ill-health and severe fatigue are among the
earliest manifestations.

Second, there is intense pressure on healthcare systems due to
limited numbers of beds in intensive care units (ICUs), which are
facing an enormous challenge in terms of abrupt reorganization
of their procedures and decisions to treat patients (6). Patients
with CA may be at high risk now because our ICU colleagues
might consider patients with CA to have irreversible neurological
diseases with no hope of cure and who should therefore not
benefit from ICU-level care. Genetic ataxias, such as Friedreich’s
ataxia (FA) with its cardiomyopathy and diabetes, represent a
typical example of a neurological disorder with poor prognosis
according to colleagues in ICUs. But not all CA patients are
the same: a patient with late-stage FA with cardiomyopathy and
diabetes is quite different than a young, otherwise medically
healthy patient with FA or a late-onset adult FA patient whose
disease resembles a more slowly evolving spinocerebellar ataxia.
The same concept is true when distinguishing between a patient
with multiple system atrophy of the cerebellar type and a patient
with spinocerebellar ataxia type 6. Nuances of knowledge about
the nature of the underlying disease of a CA patient are second-
nature to neurologists and particularly to ataxiologists, but they
are not necessarily familiar to internists, who need input and
guidance from the neurologist expert in these disorders.

Third, the neurocognitive and behavioral-affective syndrome
in CA patients manifests with impairments in executive function
and visuo-spatial cognition and in personality changes, including
blunting of affect or impaired behavior (7). Patients are at risk
for severe depression and apathy, as well as reduced mental
flexibility (8). Impulsive actions, propensity to rumination, and
unawareness of social boundaries are not unexpected in some
of the CAs. Impaired attentional control combined with illogical
thought impacts daily life, with the consequence that patients
with CA patients occupy the borderland of neurology and
neuropsychiatry and require specialized management (9).

In our institutions, we have instituted the following seven
practices and share these recommendations with neurologists
caring for the CA patient population:
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1. Emphasize that the recommendations to the general

population to avoid contracting the infection need to be
followed seriously and rigorously by CA patients, their
families, and caregivers. This includes staying at home as long
as the local/national authorities determine quarantine is still
required, maintaining physical distancing if leaving the house
or interacting with others outside the immediate household,
adhering to the advertised protocols for hand-washing,
avoiding touching the face, wearing masks when in contact
with others outside the home, and meticulous cleansing and
disinfecting of surfaces and of objects brought into the house.
Take a pro-active approach to educating patients regarding
travel restrictions.

. Continue all necessary medications, whether for the
symptoms and manifestation of the CA or for other medical
conditions, for instance, 4-aminopyridine or acetazolamide
in episodic ataxias. Patients with immune-mediated ataxias
should not discontinue their immunosuppressive drugs.
The dysphoria, anhedonia, and sometimes suboptimal
decision-making encountered in CA patients may contribute
to unjustified interruption of medications or undue influence
by social media sites offering unsolicited and erroneous
medical advice.

. Promote rehabilitation efforts through speech and language
therapy and physical and occupational therapy in CA patients.
Discontinuation of rehabilitation is likely to exacerbate
symptoms and worsen ataxia, as is already evident in our
phone or video virtual visits with patients. Contact should
be maintained with providers of these rehabilitation services
to devise programs that can be carried out at home and
monitored remotely. The effect of this cessation of in-person
rehabilitation care provides an opportunity for quantitative
research in the future to assess the impact of this unexpected
change in the care model. Because neurological disorders
are not uncommon in COVID-19, it may be relevant to
remind patients, caregivers, and paramedics that the ataxic
syndrome may worsen due to the lack of rehabilitation or
the interruption of medications. This exacerbation should be
distinguished from a new-onset COVID-19 infection, which
is primarily characterized by fever, dry cough, tiredness, pains,
nasal congestion, sore throat, or diarrhea.

. Use the virtual visit platforms of telemedicine. We are
fortunate to have this technology, which has emerged as the
primary way to interact with and care for patients through
telephone contact or real-time interactive video platforms in
this environment in which in-person encounters for routine
care are not possible. Whereas, telemedicine technology
is not perfect or equipped to perform a comprehensive
neurological examination, in our experience it is nevertheless
adequate for assessing the overall mental state and speech
and for examination of hyperkinetic movement disorders,
ataxia, hand dexterity, and balance, while maintaining the
social connection with patients and their families and giving
them the confidence that they are cared for and are not
being abandoned.

. Emphasize the need for assessment and monitoring of
patients’ emotional and social health, which may be adversely

affected in this time of great stress and anxiety and
superimposed upon the real social isolation that many CA
patients already feel because of the nature of their underlying
disorder. Be aware that emotional and social impairments
of cerebellar patients may render virtual interaction more
difficult and taxing, so that extra encouragement might be
needed to use virtual means. These patients may also have
diminished understanding of the social duty to follow the
strict hygiene measures necessary for the common welfare
(10). The cognitive and affective deficits in some CA patients
may prevent them from identifying or reporting the possible
symptoms of the novel coronavirus infection. This is an
additional reason to recommend that CA patients maintain
frequent contact with families and caregivers, using the
technology of virtual interactions if necessary (see also
recommendation 4).

. Take an active role in management decisions regarding CA

patients stricken with COVID-19 whose illness may require
ICU-level care in the context of reduced access to ventilator
care. Current management strategies need to be fine-tuned
in these instances (11). Internists and intensivists can benefit
from the neurologists understanding and experience of
the preexisting CA condition and its implications, and
the neurologist can advocate for these patients. Careful
neurological examinations are also recommended, keeping in
mind that coronavirus invasion in the brain may not trigger
the classical inflammation cascade leading to the usual picture
of infectious encephalitis (12). Nobody is better positioned
than the neurologist to ascertain the neurological prognosis of
CA patients. Collaborative thinking across disciplines should
be promoted when facing ethical challenges that may arise in
caring for patients with CA. In case of suspected or confirmed
COVID-19 in CA patients with more severe manifestations,
both the motor and non-motor features of the cerebellar
syndrome need to be considered during quarantine or in
the isolation room. Patients are typically clumsy and may
require adaptation of the environment, for instance, access
to food. They also require a case-by-case discussion for
the management of neuropsychiatric manifestations. For CA
patients with COVID-19 whose illness may require ICU-level
care and intubation, consideration of hospice-level care may
be appropriate if the underlying CA is severe and has a short
life-expectancy. This decision poses its own challenges, as
hospices may lack staff and equipment. Assistance choices for
CA patients who are already in bad condition with short life-
expectancy and stricken with COVID-19 requiring ICU-level
care and intubation are ethically difficult. On one side, clinical
pre-COVID-19 conditions must not preclude, a-priori, access
to ICU. On the other, in case of limited resources, as is
often the case in pandemic conditions, disaster medicine
rules apply.

. Be mindful in this unprecedented time that it is fully

appropriate to be attuned to the needs of our medical
and paramedical colleagues who are themselves in need
of attention (13). Insomnia, anxiety, depression, and even
suicide are now reported in healthcare providers exhausted
by the workload and fearful of succumbing to the disease

Frontiers in Neurology | www.frontiersin.org

20

May 2020 | Volume 11 | Article 516


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Manto et al.

COVID-19 and Neurological Care of Ataxias

themselves. An antidote to the emotional, intellectual, and
physical depletion that is characterizing this global crisis
is the international and multi-disciplinary discussion and
collaboration focused on saving lives and advancing science,
and we all play a role in the effort to emerge stronger once this
scourge has been defeated.

None of us has ever personally encountered such a dire situation
as is posed by this pandemic. This set of recommendations
offered by the international panel of ataxia experts is based
on our collective clinical experience and review of the rapidly
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The management of acute neurological conditions, particularly acute ischemic stroke,
in the context of Coronavirus disease 2019 (COVID-19), is of importance, considering
the risk of infection to the healthcare workers and patients and emerging evidence of
the neuroinvasive potential of the virus. There are variations in expert guidelines further
complicating the picture for clinicians in acute settings. In this light, there is a compelling
need for further formulation of recommendations that compile these variations seen in
the numerous guidelines present. Health system protocols for managing ongoing acute
neurological care and intervention need consideration of safety and well-being of the
frontline healthcare workers and the patients. We examine existing pathways and their
efficacy to mitigate viral exposure to the healthcare workers and patients and synthesize
a systemic approach to manage patients with acute neurological conditions in the
COVID-19 scenario. Early experiences with a COVID-19 positive stroke patient treated
with endovascular thrombectomy is presented to highlight the urgent need for adequate
personal protective equipment (PPE) during acute neuro-interventional procedures.

Keywords: Coronavirus disease 2019 (COVID-19), Personal Protective Equipment (PPE), safety, acute stroke,
guidelines, reperfusion, neurointervention, surgery

INTRODUCTION

Neurotropism is a well-known feature of beta-coronaviruses, of which severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), the virus which causes Coronavirus Disease 2019
(COVID-19) (1), is one, with effects on the brain stem, and in particular, the cardiorespiratory
center thought to result in breathing dysfunction (2). The Italian experience has displayed the
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presence of neurological symptoms in COVID-19 positive
patients (3). The Chinese study from Wuhan published in JAMA
Neurology reported neurological manifestations in a significant
proportion (36.4%) of patients with COVID-19 (4). Recent
findings surrounding anosmia as an early symptom of COVID-
19 have invoked further interest in this hypothesis (5). The role
of the central component in hyposmia could also be suspected.
Those presenting with symptoms of skeletal muscle damage are
at higher risk of liver and kidney damage. It is evident that the
virus is able to cross the blood-brain barrier (BBB), which is
postulated to occur post-infection due to interactions with the
Angiotensin-Converting Enzyme 2 (ACE2) receptor present at
various sites within the cerebral circulation (6). Another case
report on a female airline worker with COVID-19 positive status
developing acute necrotizing hemorrhagic encephalopathy (7),
a condition that is typically seen following cytokine storm in
influenza, suggests possible BBB compromise. Independent of
possible neurotropism, COVID-19 infection is associated with
coagulopathy (elevated D-dimer and severe platelet reduction)
and may disrupt blood pressure regulation through interaction
with the ACE2 receptor. COVID-19 could possibly contribute
to ischemic and hemorrhagic stroke aside from neurotropism
(8). Taken together these anecdotal reports suggest a possible
neuroinvasive potential of the virus.

ACUTE ISCHEMIC STROKE

Management of patients with acute ischemic stroke during
COVID-19 pandemic could be challenging and certain
precautions must be taken in order to protect healthcare
workers, particularly in the delivery of endovascular treatment,
where aerosol could be produced during the procedures, to
prevent further vector transmission (9). As a result of this,
various modifications of the traditional code stroke are being
discussed amongst hospitals, and in particular, Khosravani et al.
(10) propose the concept of the “Protected Code Stroke” whereby
management of patients with a suspected stroke is modified in
the context of the COVID-19 pandemic to protect healthcare
workers. A conservative approach involving fever screening,
history taking to rule out COVID-19 risks and the presence of
infectious symptoms could replace routine “Code Stroke.”

Minimizing healthcare workers in the same room as
the patient, specifications surrounding personal protective
equipment use, and the delegation of specific roles to limit the
risk of infection have been suggested. However, this protocol is
not ratified by other major associations and does not consider the
surgical aspects associated with endovascular treatment, a major
gap that must be addressed.

Various bodies have put forth guidelines into how surgery
should be conducted in these times to minimize harm to patients
and healthcare workers alike. However, they are non-specific
to endovascular treatment. Nonetheless, general Intercollegiate
Surgical Guidelines (11) are available, and emphasize the
importance of not undertaking procedures that may result
in poorly controlled aerosol production, minimization of
theater staff, team changes required during a prolonged

surgery, and intubation and extubation within the operation
theater itself, with only necessary staff members present.
This differs from the “Society of American Gastrointestinal
and Endoscopic Surgeons and The European Association of
Endoscopic  Surgery Recommendations Regarding Surgical
Response to COVID-19 Crisis (12);” which recommend that
“unless there is an emergency, there should be no exchange of
room staft.”

Notably, neither of these guidelines are specific to
endovascular treatment. The Society of Neurointerventional
Surgery recently released “recommendations for the care of
emergent neuro-interventional patients in the setting of COVID-
19 (13),” which consider the management of patients before,
during and after thrombectomy. They agree with the model
proposed by Khosravani et al. (10) with regards to presuming
COVID positive status unless proven otherwise. Notably, these
guidelines concur with the “Consensus Statement from Society for
Neuroscience in Anesthesiology & Critical Care” about “Anesthetic
Management of Endovascular Treatment of Acute Ischemic Stroke
During COVID-19 Pandemic (9),” in that general anesthesia
should be used if there are concerns surrounding the need for
mid-procedural conversion and intubation which could be very
detrimental and could expose the whole team, a scenario that
should be avoided at all cost. However, these latter guidelines
do not address the issue of separating COVID-19 patients from
others in terms of scanning equipment, radiology suites, and
decontamination protocols.

RECOMMENDATIONS FOR TREATING
PATIENTS WITH NEUROLOGICAL
SYMPTOMS AND SUSPECTED ACUTE
ISCHEMIC STROKE PATIENTS

Given the possible neuroinvasive potential of COVID-19, there is
a need to consider both the short and long-term implications of
COVID-19, and implement systems-level methods of assessing,
addressing, and longer-term monitoring (Figure 1). We expect
that there is a significant amount of variability based on
institution and country with respect to COVID-19 testing. For
example, the earliest possible result time for COVID testing at
one of our hospitals is 7h but the serology test that would take
minutes to give a result was just Food and Drug Administration
(FDA) approved and hopefully will be introduced soon but until
this is available widely it will be practically difficult to rule out
COVID-19 during code stroke (at least at many hospitals in the
US and elsewhere), and as such, we propose that all patients
undergoing code stroke be presumed COVID-19 positive. This
is concurrent with the American Heart Association (AHA)
emergency guidelines for stroke centers in the context of COVID-
19 (14). All COVID-19 positive patients should be triaged into
COVID-19 neuro or COVID-19 non-neuro wards depending
upon the presence of neurological symptoms (6). Common
neurological complaints include dizziness, headache, anosmia,
and dysgeusia (14).
In patients with a suspected acute stroke:
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Patients with stroke

symptoms

Phone Call to Emergency

Screening on Phone:

1. Confirmed COVID positive?
2. Respiratory Symptoms?

3. Any recent travel?

4. Any raised temperature?

rYes to Question 1J—No to Question 1—+

Assess COVID-19 infection
Alert EMS Staff risk and communicate to Inpatients with stroke symptoms
EMS Staff

EMS Staff
Respond with Full
PPE

1. Take NPA Swab
2. Respond in full PPE

Transport to Hospital_____p..|

Activate Code Stroke

Full PPE checklist:
1. Full Disposable Gown
2. N95 mask

Code Stroke Patients
3. Gloves
4. Face Shield

Confirmed COVID Negative?
Use full
PPE Protection
(a designated steward
should monitor and

facilitate PPE
adherence)

Follow regular protocols In a
designated Non-COVID Suite
- YES—— NO———p

Minimise number of staff to
limit exposure

Confirmed or Suspected COVID positive?

Confirmed

:

CT in ‘Suspected"

l

CT in 'Confirmed'

Note: If test results are COVID negative,

5 . Radiology Suite and Radiology Suite and
consider movmg‘ to the left arm of the 'Suspected classified v ‘Confirmed’ classified
flowchart if safe and feasible equipment to be used =~ equipment to be used

Decontaminate

«YIVT Indlcat§d fo_r s Al Equipment as lIVT quuca(gd fo_r —
Suspected' Patient per Guidelines ‘Confirmed 'Patient

IVT in ‘Confirmed’
Radiology Suite and
‘Confirmed' classified
equipment to be used

Where possible, IVT in ‘Suspected
Telemedicine Radiology Suite and
should be used 'Suspected' classified

equipment to be used
for IVT

If EVT Indicated

[
'Suspected' 'Confirmed"

1. Minimise theatre staff present

2. Be prepared for team changes in the case of

along procedure EVT in ‘Suspected' EVT in ‘Confirmed’

3. Consider a lowered threshold for general fRlionysuien) oo 2
thi d trati f th Suspected' classified Confirmed' classified

anesthesia administration if there are concerns il brenttoibs usd b

surrounding the need for mid-procedural
conversion

1. Decontaminate all equipment
as per guidelines

2. Patient recovery should
proceed in COVID Positive Ward
(if feasible, move out of ICU)

REPROGRAM Acute Stroke Pathway m

FIGURE 1 | Proposed acute stroke pathway in the setting of the coronavirus 2019 (COVID-19) pandemic. Notably, there are 3 different suite options recommended:
Non-COVID, Suspected COVID and Confirmed COVID. EMS, Emergency Medical Services; NPA, Nasopharyngeal Aspirate; PPE, Personal Protective Equipment; IVT,
Intravenous Thrombolysis; EVT, Endovascular Therapy; ICU, Intensive Care Unit; CT, Computed Tomography.

e All acute stroke patients should be treated as COVID Equipment (PPE) should be used when responding to a code
positive until proven otherwise, and full Personal Protective stroke (10, 13).

Frontiers in Neurology | www.frontiersin.org 24 May 2020 | Volume 11 | Article 579


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Bhaskar et al.

Acute Neurology in COVID-19

e Telemedicine should be used to determine eligibility and
perform intravenous thrombolysis [trans plasminogen
activator (tPA)] to minimize potential exposure to infectious
patients (14, 15). Patients who receive tPA do not need to
be admitted to the ICU, if stable. Prior to the pandemic,
it was standard practice in the US to admit all post-tPA
patients to the ICU for 24 h. However, the AHA recommends
that there is little evidence to support post-tPA ICU
stay (14).

e Separate scanning equipment and radiology suites for
negative, suspected, and confirmed COVID-19 patients, with
clear decontamination protocols after each patient (16).

e Separate suites for endovascular treatment of negative
and suspected/confirmed COVID-19 patients, with extra
equipment stocked in the latter to prevent staff having to
retrieve equipment. Clear decontamination protocols after
each patient (13).

e In all theaters, minimize exposure to staff and the number of
perioperative workers (10, 11).

e In the case of long procedures, team changes should be
encouraged to minimize prolonged exposure to healthcare
workers (11).

e A lowered threshold for general anesthesia administration in
terms of concerns surrounding the need for mid-procedural
conversion (9, 13).

e Where possible, post thrombectomy recovery should occur
outside of ICU in the stroke unit if those beds are required for
COVID-19 patients (14).

e It is recommended that suspected COVID-19 patients should
be treated as COVID-19 positive until the polymerase
chain reaction (PCR) diagnosis confirms otherwise, and such
patients should be admitted to COVID-19 positive wards.
Separate stroke units for COVID-19 positive and negative
patients are recommended.

e To ensure the quality of stroke care for COVID-19 stroke
patients, such patients could be admitted to other wards for
COVID-19 positive patients. Dysphagia management,
physical or logo therapy, and standard in-hospital
rehabilitation of stroke patients should be provided; however,
concerned staft should wear adequate PPE to prevent exposure
and transmission.

e Healthcare workers in secondary hospitals and radiology
facilities are recommended to wear adequate PPEs
when caring for someone with a confirmed or suspected
case of COVID-109.

It is advised that patients in which neurological symptoms
are present:

e Patients should be monitored for short-term and/or possibly
long term cognitive or neurological impairments. Cognitive
impairment could be assessed using routine tests such
as Mini-Mental State Examination (MMSE) by treating
clinicians. Large scale community screening with good
sensitivity/specificity could also be administered using
telephone, by informant proxy or directly by post [such as
Cognitive Assessment Screening Test (CAST)] provided the
test has a good sensitivity/specificity balance (>85%) (17).

e For patients presenting with neurological symptoms in
future, past COVID-19 infection should be ascertained,
along with the clinical severity, and corroborating
imaging findings.

e In addition, imaging could be used to assess the damage to
the blood brain barrier (BBB) to examine whether COVID-19
induces a transient or long-term change. BBB assessment
and permeability quantification could be done either: (a)
semi-quantitatively by comparing the scans before and after
contrast injection, or (b) quantitatively using perfusion-
weighted or permeability magnetic resonance imaging
(MRI) technique, vis a vis dynamic contrast-enhanced MRI
(DCE-MRI) (18).

OTHER ACUTE NEUROLOGICAL
CONDITIONS

For all acute neurological conditions, a major concern revolves
around the decrease in the proportion of acute presentations due
to fear of contracting COVID-19 while accessing health services
and the presumption that all healthcare resources are now
mobilized to prioritize COVID-19 patients (14). This could have
negative consequences vis a vis long-term disability subsequent to
permanent brain damage due to acute neurological emergencies
such as traumatic brain injury (19). Similarly, earlier symptoms
of emergent brain tumors, such as headache and ataxia (20)
may be neglected or cranial neuropathies from mass effect of
a brain aneurysm, due to the perceived cons of seeking help.
As of yet, significant gaps exist in the literature pertaining
to how to address delayed or absence of presentation. Use of
telemedicine where possible, social distancing within clinics for
patients coming to the hospitals and systems-level separation
of patients with fever and respiratory symptoms from those
without having been proposed as possible solutions to minimize
the impact (21).

Public health campaigns surrounding measures that are in
place to minimize infection transmission and ill consequences
of failing to present with a condition that does indeed
warrant medical attention need to be pursued. Also, the long-
term negative impact of the delayed presentation should be
emphasized. A recent case report identified a link between
frequent convulsive seizures and COVID-19 infection in the
context of emergent epilepsy (22). In light of these anecdotal
findings, it is relevant that guidelines pertaining to seizure
management in COVID-19 cases are not available, to the best
of our knowledge. With regards to chronic epilepsy patients,
longer-term medicine prescription, use of telemedicine, and
optimal seizure management plans have been recommended
(23). Similar issues exist with respect to the management of
aneurysmal presentations as no specific guidelines exist in the
COVID-19 scenario.

The number of COVID 19 positive patients under 18 years
of age represent 1.7% of total lab-confirmed cases in the
USA (24). Given the relatively low proportion of COVID-19
pediatric patients, neurological manifestations are very unlikely
to be delineated.
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FIGURE 2 | lllustration of an acute stroke reperfusion work-up in a COVID-19 positive case. A patient in the age-group of 65-75 years, with a history of atrial fibrillation
and on anticoagulation, presented to an outside facility with difficulty breathing (dyspnea), high temperature and severe cough. COVID-19 work-up was followed and

the patient tested positive for COVID-19. Chest computed tomography (CT) revealed bilateral infiltrates (A). The patient was intubated and sedated a day later. On Day
3, the nurse noticed that she was not moving the left side to painful stimuli; given the time of onset could not be determined (unknown), intravenous thrombolysis was

not given. Baseline non-contrast computed tomography (NCCT) head was normal; the patient was transferred to the comprehensive stroke center. CT angiography
(CTA) showed the right M1 and A2 occlusions. Pre-intervention digital subtraction angiography (DSA) confirmed occlusion in the right M1 and A2 arteries (B).
Endovascular thrombectomy (EVT) was performed successfully with complete angiographic reperfusion (thrombolysis in cerebral infarction (TICI) score of 3). The
patient was still intubated by the time the manuscript was written. (C) Post-intervention DSA imaging demonstrated good reperfusion outcome (TICI3). A clinician with
3™ Versaflo™ TR-600 Powered Air Purifying Respirator (PAPr) — personal protective equipment (PPE) for protection against the air-borne virus is shown (D). The
interventional neuroradiology (INR) team doing the EVT procedure while wearing their full PPEs (sterile gown, gloves and PAPY) is shown (E). Post-procedure, all INR
suite equipment including anesthesia machines and pyxis are secured using surgical drapes and equipment covers (F). COVID-19, Coronavirus 2019; NCCT,
Non-contrast computed tomography angiography; CTA, CT angiography; EVT, Endovascular thrombectomy; TICI, Thrombolysis in cerebral infarction score; DSA,
Digital subtraction angiography; PAPr, Powered Air Purifying Respirator; PPE, Personal protective equipment; INR, Interventional neuroradiology.

SUPPORTING OUR HEALTHCARE
WORKERS

This pandemic is adversely challenging the health systems,
causing stress, fear to healthcare workers, with the pressures
of lengthened hours, lack of PPE equipment and systemic
changes that are having to be implemented to protect them
(10, 14). Indeed many healthcare workers have expressed publicly
in the media and on social media channels that the risk of
infecting their families is a source of constant stress to them and
impacting their intimate relationships significantly (25). Indeed
it is also overlooked that the scarcity of resources can impact the

management of patients and potentially result in some patient
who may have ordinarily fared better having worse outcomes,
another key factor in terms of mental health issues and also
indeed the morale of healthcare workers, which can have longer
terms impacts in terms of the efficiency and drive of health
systems (26).

Considering public health ethics, and more specifically the
concept of utilitarianism which forms a key part of this, the need
to protect our frontline healthcare workers and support their
health becomes evident. Utilitarianism refers to judging actions
based on how much good they will do for the greatest number of
people - thereby forming the backbone of ethics and health policy
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debate underpinning the crisis (27). Protecting our healthcare
workers gives the most benefit. This can, therefore, involve
protecting them from contracting the infection, which could then
be spread to their families, other patients, and resultantly the
community, as well as focusing on their psychological health so
they are able to discharge their duties efficiently and effectively.
Various strategies have been proposed for addressing these issues.

Training

It is pivotal that any changes to protocols, such as those related
to changes in how to carry out code stroke actions are well-
rehearsed, which may include simulation training with the
revised protocol (10). An extra healthcare worker on the team
will be needed to observe the team while at work to try to detect
any breach in the COVID-19 precaution protocols and at the end
of a procedure to help undress the team and clean their PPEs.

Breaks

Managing a pandemic of this proportion can undeniably cause
stress and fear. As such it has been proposed that healthcare
workers, particularly those working with COVID-19 positive
cases, be given regular breaks (16) and encouraged to recognize
their limits (28). We also propose that healthcare workers be
given information pertaining to relaxation and coping strategies;
whilst many healthcare workers may already be aware of these, a
reminder may be beneficial.

Team Cohesion and Peer Support

The World Health Organization “Mental health and psychosocial
considerations during the COVID-19 outbreak” document
advocates the role of a “buddy” or peer support system for more
experienced clinicians to assist and support their less experienced
colleagues, as a means to not only help manage stress but also
learn how to efficiently enact the protocols that may be in place
in an organization (29). This is especially relevant as the health
systems are being reorganized and protocols are being revised
regularly, sometimes on a daily basis (30). Online peer-support
networks for discussions as well as social media and messaging
chat groups may provide a valuable outlet for clinicians.

Supporting Home Environments

Planning how healthcare workers will interact with their families
and reorganize their living arrangements can help de-escalate
the stressors as reported in the media (25). The Victorian
government in Australia has announced that all healthcare
workers required to self-isolate or tested positive for COVID-
19 will be provided hotel accommodation to minimize risks to
them and to their families, with an indication to expand this
model to other states and territories (31). It is important for these
recommendations to be specific to avoid creating further anxiety
among healthcare workers (32).

CONCLUSIONS

In the COVID-19 pandemic, acute neurological care is
increasingly under stress due to ongoing reorganization and

rationing of services to meet the demands of frontline COVID-
19 cases. In this article, we have identified and proposed various
considerations that may minimize the risk to health systems,
healthcare workers, and the patients. The differential diagnosis of
severe acute respiratory syndrome CoV (SARS-CoV2) infection
should be considered in patients with neurological symptoms
during the COVID-19 period (4). This is important to avoid
missed or delayed diagnosis and prevent viral transmission.
All patients amidst this pandemic should be screened for
COVID-19 and telemedicine could be used to triage these
patients and possibly deliver intravenous thrombolysis. For
those who may be candidates for endovascular thrombectomy,
extra precautions need to be taken to minimize procedural
risks associated with the aerosol transmission of the COVID-
19 virus and possible exposure to the healthcare staff. An
example of reperfusion therapy work-up with PPEs in a COVID-
19 stroke patient is illustrated in Figure2. Public health
campaigns to educate and increase awareness of the community
about the need to seek urgent medical attention should acute
neurological symptoms occur. Special considerations also apply
for patients with traumatic brain injury and those requiring
urgent aneurysm surgery or carotid endarterectomy. We are
alarmed at the rising deaths of healthcare workers who are
waging a war against the COVID-19 without the provision
of adequate PPE to defend themselves. The cost of adopting
the proposed protocol and its impact on the quality of care
merits further study. The current consortium is expeditiously
working toward rapid adoption of the proposed protocol.
Further study on the impact and cost these measures may
have on the quality of care and its results are envisaged.
However, given the nature of the pandemic and emerging
situation, the safety of healthcare workers’ is paramount and
thus justifies the heightened safety measures suggested in our
protocol with an anticipation that this would hopefully limit the
exposure. Minimizing the harm to healthcare workers should be
a priority as potential exposure can not only compromise the
health systems, expose other workers, and patients to COVID-
19; but will also have a negative impact on the morale of
professional colleagues.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is caused by the acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and has led to the development of a rapidly evolving pandemic (1). The pandemic
changed the assumptions made by most developed health care system: ample supplies and an
overwhelmingly safe environment for patients and healthcare providers. Hospital resources and
supply are no longer secure, and the potential risk to patients and caregivers is increased. As
neurologists, we face these challenges in many areas.

Here, we discuss the impact of the pandemic on neurology work flow in four areas: inpatient
care, outpatient care, research, and ethics.

INPATIENT MANAGEMENT

One key lesson from the COVID-19 experience internationally is the rapid depletion and scarcity
of medical supplies [e.g., personal protective equipment (PPE) and mechanical ventilators], beds,
and staff—an increasing occupational hazard for health care workers (2-4). We must critically
evaluate our workflow and resource utilization in this crisis. Acute stroke alerts present the most
direct potential interface with COVID-19 patients. Existing stroke alert paradigms focus on high
sensitivity for stroke detection with generally low specificity, requiring high resource utilization (5).

Several new workflows and consensus statements have been proposed for “protected” stroke
alerts (6-9). Overarching themes include expanded pre-screening in peri-hospital setting,
widespread PPE training, designated “safety leaders” for monitoring proper precautions, limited
examinations, and telemedicine. Similarly, we have demonstrated the practicality of implementing
tele-stroke video technology in the emergency room for initial triage during the pandemic (10).
Rapidly implementing a large-scale “protected code” policy requires multidisciplinary coordination
with hospital administration, other subspecialties (e.g., emergency department), and frequent
feedback on the policies effectiveness from the frontline (e.g., nursing, ancillary staff, and trainees).
In the future, the stroke alert could consolidate other COVID-19-related tests, such as chest
imaging. How these protected workflow trends will affect time metrics and stroke care outcomes is
yet to be determined.

Neurologic admissions and transfers to the hospital must be triaged and prioritized. We
previously had the luxury of prolonged observation and extended outpatient workups, but we must
now consider the exposure risks of prolonged hospitalization. Surgical specialties have significantly
reduced “elective” surgery (3). In a similar vein, we should be judicious in determining if the benefits
of admission or intervention supersede the potential dangers and resource utilization in the current
crisis. We often call upon the neurological intensive care unit (ICU) for co-management, though
these beds and staff are also needed for COVID-19 overflow. In a pandemig, it is reasonable to
reserve resources, such as thrombectomy, to patients that would benefit the most, according to
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high-level (Class 1, Level A Evidence) guidelines (7). Ideally
separate units should be used to isolate neurologic patients with
COVID-19 from neurology patients without the disease.

Beyond stroke patients, neurologists interface with the
COVID-19 population for symptoms including anosmia,
encephalopathy, headache, or meningitis-encephalitis rule out.
We must be cautious in pigeonholing a COVID-19 patient and
must resist substituting proxy diagnostics for a clinical exam
because of infection risk. Ancillary testing (e.g., EEG and CT
scans) involve not only the machinery that will need to be
disinfected but also personnel with risks for viral exposure.
Yet, standard of care, if indicated, should not be withheld due
to COVID-19. Given variability in individuals risk tolerance,
a unified protocol may help remove these possible diagnostic
biases in COVID-19 patients. Finally, with a need for mechanical
ventilators and ICU resources, our teams will need to be practical
but still thorough in prognostication of catastrophic neurologic
disease to assist resource allocation.

Many institutions share similar policies to reduce COVID-19
transmission (9). At our institution, family visits are restricted,
and all admitted patients receive a SARS-COV2 PCR test.
Regarding PPE, aerosolized high-risk patients require N95
masks/powered air purifiers (PAPR) with eye protection, gowns,
and gloves, while other inpatients require surgical masks, gloves,
and eye protection (6). In circumstances of limited history, such
as stroke codes or persons under investigation, an abundance
of care should be taken. The possibility of asymptomatic
COVID-19 carriers or occult history should be considered
in our patients and consults, underpinning the importance
of universal precautions and rapid COVID-19 testing when
available. Team members at high risk (e.g., immunosuppression
and those over age 60) are triaged to avoid direct contact (e.g.,
telemedicine role) when possible. Finally, should a team member
be exposed to COVID-19 or show concerning symptoms, we
follow the institutions policy regarding symptom monitoring,
self-quarantine, and testing.

The day-to-day routines of neurologists in the hospital have
changed. For our institution, rounds have been streamlined to
one senior team member, and team rounds are carried out over
video conferencing. We practice six feet of distance amongst staff
and patients and consider telephone-video conversation when
possible except for critical physical examinations. We perform
limited, but practical, neurologic examinations (at minimum:
mental status, cranial nerves, and gross motor skills) focused
on localization that guides changes in management. COVID-19-
positive or PUI patients are seen last to reduce transmission.
Neurologists have the challenge of protecting the specialties
tenants of diagnostic exactness and personalized patient rapport
despite these limitations.

Finally, we have yet to see the long-term effects of COVID-
19 on trainee education and mental health. The Accreditation
Committee of General Medical Education have made new
exceptions to previous training requirements considering the
pandemic, though there is concern this may lead to suboptimal
learning conditions. Currently, neurology trainees may be
deployed to non-specialty services while primary teams are
downsized. Didactics are converted to video conferences, clinics

are conducted via telemedicine, and the tradition of neurology
bedside rounds and examination are curtailed. Do these
adaptations add to or deprive neurology training, and will these
changes persist after the pandemic? Similarly little is known
about the impact of COVID-19 on the psychological health of our
team members who face a number of stresses: occupational risk,
evolving policy changes, and unprecedented ethical decisions.
The risk for trainee burnout—occupational, mental, emotional,
and physical exhaustion—is high. A prophylactic solution
to this by leadership should take the form of self-care
initiatives, multidisciplinary mental health support groups, and
frequent open forums (e.g., town halls) for trainees and all
team members.

OUTPATIENT CARE AND TELEMEDICINE

A substantial portion of the neurologic population is classified by
the Center for Disease Control (CDC) as “high risk” (e.g., elderly,
neuromuscular, immunosuppressed) for COVID-19 illness (11,
12). How can we best protect this vulnerable population while
providing continuity of care?

A review of current literature shows various subspecialties—
multiple sclerosis (13), vascular (8), neuromuscular (14), and
epilepsy (15)—have attempted to tackle this question in
the form of consensus statements by subspecialty leaders.
Recommendations are broad but share consistent themes: (1)
screen all patients and use universal precautions in clinic
visits; (2) prevent unnecessary medical facility visits; (3) triage
diagnostic workups; (4) develop individualized contingency
plans; and (5) avoid drastic regimen changes based on speculative
links between COVID-19 and neurologic disease.

The use of telemedicine platforms is critical when providing
care to high-risk populations. Pre-pandemic literature suggested
telehealth was not inferior to face-to-face clinic visits for
outcomes across neurologic subspecialties (16). The expansion
of Medicare coverage beyond rural areas and relaxing tele-
HIPAA requirements in response to the pandemic (17, 18) has
catalyzed rapid and wide implementation. The technology is
versatile and could be expanded to monitoring with remote
devices (e.g., accelerometers in Parkinson’s disease), neuro-
rehabilitation, and providing a hotline to curb isolation in the
elderly and disabled. Proponents of telemedicine highlight its
role in the “4 Cs”: better access to care, greater convenience,
enhanced patient comfort, and better confidentiality. There
is also an added new C—“contagion” (19). Telemedicine is
limited in the funduscopic, neuromuscular, and vestibular exams,
and there remain concerns regarding consistent technology
access and consistent privacy standards. We urge neurologist to
address previous methodological flaws in the literature through
collection of outcomes with neuro-telehealth. By addressing
past infrastructure gaps, we may develop a feasible telehealth
system for a high-quality standard of care post-pandemic. This
data will help establish the marginal benefits of in-person visits
over tele-visits. In many situations, this benefit may be much
smaller from a risk-benefit and cost analysis standpoint than
traditionally thought.
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A key question remains of how we will prepare for the return
of neurologic patients with delayed diagnosis because of COVID-
19. The number of stroke and myocardial disease hospital
presentations decreased during the peak of the pandemic (20).
These patients avoided and delayed health care due to isolation
and quarantine, and this is likely applicable to other chronic
neurologic conditions. As neurologists, we will need to explore
the effects of isolation and fear on the outcomes of our neurologic
patients. It is our responsibility to be proactive in educating
our patients on the urgency of evaluation when appropriate,
perhaps with more frequent tele-health follow-up, designated
post-hospitalization follow-up coordinators, and large public
organizational campaigns (e.g., Stroke F.A.S.T campaign). We
expect to see an upsurge in delayed neurologic complications
as pandemic restrictions lighten, which may further exacerbate
healthcare resource limitations.

COVID-19 AND NEUROLOGY RESEARCH

The pandemic has created a fervor within the research
community, and neurology is not an exception. A number
of small, observational retrospective studies have emerged
with reports of Guillain-Barre (21) syndrome, hemorrhagic
encephalopathy (22), and stroke (23). There is speculation that
anosmia may be from olfactory involvement of SARS-CoV2 (24).
Yet, it remains unclear if these reported correlations also lend
to causation. Editorial boards have pushed these findings to the
forefront by offering pre-review releases, expedited review, and
open access. While rapid information dissemination is important
in uncertain times, we caution against the risk of “research
exceptionalism” (25). As the pandemic matures, the mentality
of “better than nothing” should be transitioned to similar
rigorous pre-pandemic publication standards if the findings are
to be of clinical meaning. Pandemic opportunism should not
compromise the past standard of research integrity. Given this,
we must be cautious in how we interpret findings, especially when
considering diverging from pre-pandemic standard of care.

COVID-19 has posed many challenges to ongoing large
clinical trials. Quarantine and travel restrictions have forced
the pause of enrollment and rigid study protocols place several
logistical strains on research staff. Nevertheless, there remains a
moral obligation to current study participants to complete these
studies. How this is handled is complex and individualized by
the study group. As the pandemic recedes, the impact of the
pandemic directly (e.g., loss of participants or data) and indirectly
(e.g., infection as a confounder) will need to be accounted for in
result analysis and explored further.

Ultimately, we must leverage our research focus and resources
wisely. The societal drive to understand COVID-19 should not
also come at the expense of our non-COVID-19 neurologic
patients. While the neurologic complications have captured
the public eye, we should consider questions around quality
improvement, personnel wellness, and the impact of the
aforementioned workflow changes. An important task moving
forward is to be methodical in our collection of data for COVID-
19 neurologic patients if we are the truly understand its role in the

central nervous system. This will likely take the form of multi-
center consortiums with a standardized protocol to create large
prospective databases.

ETHICS AND ISSUES IN A RESOURCE
LIMITED ENVIRONMENT

A myriad of potential ethical situations could arise for
neurologists (26). Accounts of the Lombardy region of Italy detail
harrowing decisions of life and death by ICU physicians (3).
How do we weigh diseases such as Alzheimer’s or Parkinson’s
against ventilated patients when asked about “life prognosis”
or “prospective instrumental value to others” (4)? How do we
factor in neurologic comorbidities when making triage decisions?
While we hope to never reach this point, we must prepare for it.
We must not categorically exclude those with chronic neurologic
and cognitive disability. It is imperative we proactively discuss
goals of care with patients outside the hospital to shield the
frail from medical intervention that may provide potential harm.
Now, is a time to develop a robust palliative care program for
patients with limitation of therapeutic effort (LTE). Furthermore,
these difficult ICU decisions should use advanced directives and
living wills and be guided in a multidisciplinary fashion with
ethical committees.

In the first weeks of the pandemic, we noticed many subtle
clinical situations that already challenge our previous framework
of clinical practice. A seemingly simple example is the extent
of observation and work up in a transient ischemic attack.
Does a patient on therapeutic anticoagulation and a low ABCD
score for transient numbness warrant admission? Previously in
our academic tertiary hospital, we would admit this patient
and pursue an extensive stroke work up. Currently, the risk
of exposure to COVID-19 in the hospital leads providers and
patients to prefer outpatient workup, forgoing, or curtailing
inpatient monitoring. How this impacts patient outcome is not
certain. On the other hand, the risk of nosocomial infection
previously existed, and the potential for harm was present in
healthcare before COVID-19. How much higher this risk is now
with COVID-19 is unexplored. These questions may lead to a
fundamental risk assessment going forward where the marginal
benefit of improved outcome for inpatient admission is weighed
against the increased risks associated with hospital stay and
procedures (27).

Our actions as specialists do not exist in a vacuum. We should
note the impact our testing has on nurses and ancillary staff. For
instance, we were consulted for abnormal neck movements in a
prone-position COVID-19-positive patient. Our initial impulse
was to order a 24-h EEG to capture this event. But a number of
questions arose. What is the benefit of a 32-lead EEG established
by an EEG technologist over a portable and limited EEG that
can be established by a bedside provider who already had used
PPE and was at the bedside? How does our diagnostic plan differ
from pre-pandemic? What are the effects on patient outcome if
we adjust our diagnostic and treatment algorithm in the setting
of the COVID-19 pandemic? Our department is developing a
collaborative protocol posed from these clinical questions.
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Finally, how do we manage outpatients with progressive
neurologic disease—the ones with limited life expectancy but
who not ill enough to be in the hospital? An example is
a man with longstanding amyotrophic lateral sclerosis (ALS)
who is scheduled for outpatient gastrostomy tube placement.
The interventional radiology team inquires if gastrostomy tube
placement can be delayed as the healthcare system reduces use
of equipment and staff for elective procedures. A fully informed
discussion in a controlled setting with the patient and his family
regarding the goals of care is important. We are still not sure
how these discussions will be framed by the current crisis or
used for triage, but we as neurologists are well-equipped for these
discussions and should be proactive.

CONCLUSION

COVID-19 has disrupted the neurologic healthcare ecosystem in
the inpatient, outpatient, and research setting. It is paramount
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Objective: Neurological sequelae of SARS-CoV-2 infection have already been reported,
but there is insufficient data about the impact of the pandemic on the management of the
patients with chronic neurological diseases. We aim to analyze the effect of COVID-19
pandemic and social restriction rules on these fragile patients.

Methods: Patients with chronic neurologic diseases routinely followed at the outpatient
clinic of Gemelli University Hospital, Rome, were assessed for symptoms suggestive
of SARS-CoV-2 infection in the pandemic period, consequences of social restrictions,
and neurological disease features, concomitant medical conditions, current medical and
disease-specific treatments. Data source: a dedicated telephone survey designed to
encompass questions on COVID-19 symptoms and on pandemic effects in chronic
neurologic conditions.

Results: Overall, 2,167 individuals were analyzed: 63 patients reported contact with
COVID-19 positive cases, 41 performed the swab, and 2 symptomatic patients tested
positive for COVID-19 (0.09%). One hundred fifty-eight individuals (7%) needed urgent
neurological care, deferred due to the pandemic; 641 patients (30%) suspended hospital
treatments, physiotherapy or other support interventions; 405 individuals (19%) reported
a subjective worsening of neurological symptoms.

Conclusions: In our population, the presence of neurological chronic diseases did not
increase the prevalence of COVID-19 infection. Nevertheless, the burden of neurological
disorders has been worsened by the lockdown.

Keywords: neurology, infection, coronavirus, pandemic, health care, COVID-19, personalized medicine
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) has spread across
Italy since the end of February 2020 and resulted in an increase
in total deaths of nearly 100% (1). On March 11th, the World
Health Organization (WHO) characterized the novel severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) outbreak as
a pandemic (2). In response to this, the Italian Government
implemented a series of emergency containment measures,
including the restriction of social contacts and the quarantine of
COVID-19 positive and suspect cases.

The principal manifestations of COVID-19 are fever,
cough and dyspnea; the most severe complication of the
infection is the acute respiratory distress syndrome (3). In
a recent editorial Manji et al. (4) highlighted the concern
of neurologists for vulnerability to COVID-19 in patients
with neurological diseases. Patients on disease-modifying
and immunosuppressant treatments and with respiratory
impairment from neuromuscular weakness might be particularly
at risk for severe COVID-19 complications (5). Nevertheless,
there is insufficient data available on the outcomes of patients
with pre-existing neurological disorders (4) or on the impact
of the pandemic on their care management. This study aimed
at filling this gap by describing the prevalence of symptoms
suggestive of COVID-19 infection in a large neurological sample
of 2,167 individuals. Furthermore, since recent studies stressed
the negative impact of COVID-19 outbreak on quality of life
outcomes (6), subjective worsening of neurological conditions
and effects of social restrictions were also investigated by a
dedicated telephone survey.

MATERIALS AND METHODS

Patient Population

Individuals with chronic neurological diseases who were
regularly followed at the outpatient clinic of the Department of
Neurology at Agostino Gemelli University Hospital Foundation
IRCCS-Catholic University of the Sacred Heart in Rome were
consecutively enrolled in the study if they had a scheduled visit
during the lockdown.

Inclusion Criteria
Patients with chronic neurological diseases with scheduled visits
during the lockdown period, postponed due to social restrictions.

Exclusion Criteria

Patients were excluded if they or their legal support administrator
were unable to provide informed and valid consent at the time
of the assessment. Patients with cognitive deterioration and not
fluent in Italian were also excluded if a caregiver was not available
for the interview.

Survey Design and Testing

The study was conducted through a telephone survey. Surveys
started on April 1, 2020, and ended on April 15, 2020. A
dedicated questionnaire, based on current evidence of SARS-
CoV-2 (7), was adopted to collect information on symptoms

suggestive of COVID-19 in patients with chronic neurological
conditions and to evaluate the impact of social restrictions on
the perception of illness. Specifically, the survey assessed: (1)
Demographic and clinical characteristics, including age at onset,
duration of illness, and disability measures (ADL/IADL) (8); (2)
COVID-19 related questions, including history of recent travel in
endemic areas, direct contacts with COVID-19 confirmed cases
(COVID-19+), symptoms suggestive of COVID-19 infection
started or worsened in the last 3 months (fever, cough/sore throat,
asthenia, dyspnea, myalgia, and hyposmia/hypogeusia), and
confirmatory testing for COVID-19 (nasal/pharyngeal swab test
results); (3) information related to the impact of COVID-19 on
disease burden, including subjective worsening of neurological
symptoms, compliance with restrictions and specific effects of
restriction measures on the perception of illness (need of urgent
neurological care, discontinuation of pharmacological treatment
or physiotherapy, difficulties in finding drugs). We chose the last
3 months as the period in which symptoms could be attributed
to SARS-CoV-2 infection because the first case of COVID-19 in
Italy was confirmed on January 30, 2020.

Comorbid medical conditions, smoking habits and current
pharmacological treatments were also investigated. Drug
classes potentially interfering with SARS-CoV-2 (9) (i.e., ACE-
inhibitors, sartans, NSAIDs, steroids, immunosuppressant drugs)
were distinguished from other pharmacological treatments,
including specific treatments for neurological disease (i.e.,
levodopa, anticholinesterase drugs, memantine, xenazine,
riluzole, botulinum toxin injections, and antiepileptic drugs).

Statistical Analysis

All the statistical analyses were carried out using the “Statistical
Package for Social Science (SPSS)” program, version 25.0 (IBM
Co., Armonk, NY). Collected data were analyzed for normality
of distribution using the Kolmogorov-Smirnov test of normality
and expressed as mean =+ SD (continuous variables) and
as frequencies (n, %) for categorical variables according to
neurological diagnosis. Univariate correlations were calculated
using the non-parametric Spearman correlation coefficient. After
adjustment for multiple measures (Bonferroni correction), a p <
0.01 was considered statistically significant. The Mann-Whitney
and x? tests were used to assess the significance of the differences
between subgroups, as appropriate. For major findings the effect
size was also reported.

Standard Protocol Approvals, Registration,

and Patient Consent

The Survey was reviewed and approved by the Agostino Gemelli
University Hospital Foundation IRCCS-Catholic University of
the Sacred Heart Ethics Committee, Rome. Because of the
biological risks related to the pandemic, participants could not
timely provide written informed consent. Therefore, during the
phone call, verbal consent was obtained for study participation
and use of anonymized data (immediate consent), according to
information filed with the Ethics Committee. Participants were
informed that written consent would be obtained at the first visit
in the hospital (deferred consent).
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Data Availability

Upon approved requests, anonymized data will be shared with
qualified external researchers.

RESULTS

Two thousand two hundred and eighty-nine patients were
surveyed; 122 participants were excluded for incomplete data,
unavailability of legal support administrator at the time of the
assessment. Twenty-nine patients (1.3%) refused to participate in
the study. The final study sample included 2,167 patients. In the
final sample, the male/female ratio was 1,066/1,101 (0.968), mean
age was 59 & 18 and mean illness duration was 12 £ 12 years.

Demographic and clinical characteristics of the sample
(Table 1), COVID-19 related questions (Table2), and
information related to the impact of COVID-19 on
disease burden (Table3) are reported for each neurological
diagnostic group.

Demographic and Clinical Characteristics
The main demographic and clinical characteristics of the sample
are reported in Table 1 for each neurological group. Furthermore,
1,207 individuals reported one concomitant medical condition
and 653 participants reported two or more concomitant medical
conditions; 844 individuals (39%) reported hypertension, with
the highest prevalence among patients affected by stroke (82%),
411 were affected by heart disease (19%), and 233 by lung
disease (11%); 270 participants presented with diabetes (13%),
188 reported cancer (9%), 64 chronic kidney diseases (3%), and
220 obesity (10%). Furthermore, 530 patients were current or
former smokers (25%).

Among the 1,189 patients who were on drug treatment,
365 (17%) were on ACE-inhibitors, 301 (14%) on
sartanics, 164 (8%) on non-steroidal anti-inflammatory
drugs (NSAIDs), 154 (7%) on steroids, and 205 (9%) on
immunosuppressant/immunomodulatory ~ drugs.  Hospital
delivered, and infusion therapies, including botulinum toxin and
other neurological disease-specific treatments, were reported by
1,387 individuals (64%).

COVID-19 Related Questions

Distribution of symptoms suggestive of COVID-19 infection
and results of confirmatory testing are reported in Table 2
for each neurological group. Sixty-three patients (3%), 10 of
whom were cohabitants (0.5%), reported a contact with COVID-
19+ individuals, and 58 patients (2.7%) had recently traveled
in endemic areas. Forty-one individuals (1.9%) were tested
with nasal/pharyngeal swabs, two were COVID-19+ (4.9% of
screened patients, 0.09% of the total sample).

The first COVID-19+ was a 57-years-old woman with a 14-
year history of secondary progressive multiple sclerosis (ADL
score = 2/6) in treatment with azathioprine. During the stay in
a rehabilitation clinic, she presented with high fever and fatigue
for 2-days, followed by hypogeusia. Symptoms promptly resolved
and she did not require hospitalization; nevertheless, she reported
a transient worsening of neurological symptoms.

The second COVID-19+ was a 60-years-old woman, smoker,
with an 8-year history of relapsing/remitting multiple sclerosis
(ADL score = 6/6), on ocrelizumab treatment (last infusion
in October 2019). After her mother developed COVID+
pneumonia, she reported moderate fever and cough lasting for 5
days. Thereafter, she spontaneously recovered and did not report
any worsening of previous neurological symptomatology.

Correlations between the clinical condition suggestive of
COVID-19 infection (at least 3 among fever, cough, asthenia,
dyspnea, myalgia, hyposmia in the last 3 months) (10) and
subjective worsening of neurological symptoms, disability and
compliance to restriction measures are reported in Table 4A. We
decided to evaluate these aspects in the patients with clinical
conditions characterized by at least three of COVID-symptoms
to increase the probability that these subjects were affected by
COVID-19. We found a significant positive correlation between
COVID-19 symptoms and subjective worsening of neurological
symptoms and a negative association between COVID-19
symptoms and ability to walk. Among patients who experienced
COVID-19 symptoms and asymptomatic individuals, 28 and
18% reported subjective worsening of neurological symptoms,
respectively (p = 0.002, h = 0.16 — small); 7% of ambulatory
subjects and 12% of non-ambulating patients presented with
COVID-19 flu symptoms (p = 0.001, 4 = 0.18 — small). Finally, in
our population, there was no correlation between the suggestive
symptoms of COVID-19, either when considered individually
or in combination of at least three symptoms, and the usage of
steroid or immunosuppressant therapies.

Lockdown Consequences on Disease

Burden
Information related to the impact of COVID-19 on disease
burden is reported in Table 3 for each neurological group.

Social restrictions were respected by 88% of the participants,
ranging from 54% among patients with sleep disorders, to over
95% among patients with movement disorders, multiple sclerosis,
and myopathies. One hundred and fifty-eight individuals (7%)
needed urgent neurological care, which was deferred due to
the lockdown; 641 patients (30%) suspended the hospital
treatments (including botulinum toxin injection and infusion
treatments of immunomodulatory drugs), physiotherapy or
other support interventions, 76 patients (4%) complained about
drug unavailability, 408 individuals (19%) reported a subjective
worsening of neurological symptoms (Table 3). We reviewed our
data about lockdown effects on function and disability in the
group of patients aged seventy and older (695 subjects; 32%): 154
patients (22%) reported a subjective worsening of neurological
symptoms; 62 individuals (9%) needed urgent neurological
care; 222 patients (32%) suspended the hospital treatments,
physiotherapy or other support interventions; 35 patients (5%)
reported drug unavailability. In the same group, low ADL/IADL
scores, indicating higher disability, was detected, respectively, in
180 (26%) and 331 (48%) subjects.

Correlations between subjective worsening of neurological
symptoms and specific consequences of social restrictions
are reported in Table4B. Specifically, we found a direct
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TABLE 1 | Demographic and disease characteristics.

Neurological diagnosis N° Mean age (y) Male subjects Disease duration (y) Age atonset(y) ADL <3 |IADL <4 Ambulatory patients
ALS 84 (4%) 65 + 11 54 (64%) 4+3 62 £ 11 51 (61%) 57 (68%) 42 (50%)
Cl 173 (8%) 76+£8 66 (38%) 4+£3 72+9 52 (30%) 129 (75%) 146 (84%)
Dystonia 104 (5%) 68 + 12 26 (25%) 16+ 10 52 £ 15 1(1%) 2 (2%) 104 (100%)
Epilepsy 107 (5%) 46 + 18 47 (44%) 14 + 13 32422 6 (6%) 18 (17%) 102 (95%)
HD & TS 100 (5%) 58 £ 13 46 (46%) 9+7 50 + 15 28 (28%) 57 (57%) 77 (77%)
Headache 97 (4%) 44 +16 24 (25%) 21 +15 24 +£14 0 (0%) 2 (2%) 97 (100%)
MS 201 (9%) 45 + 14 54 (27%) 12+9 33+12 19 (9%) 21 (10%) 172 (86%)
Myasthenia 111 (6%) 60 + 17 51 (46%) 14+ 10 47 + 21 4 (4%) 9 (8%) 108 (97%)
Myopathies 371 (17%) 51+ 15 198 (53%) 21 +12 30+ 15 31 (8%) 1(18%) 332 (89%)
Neuropathies 57 (3%) 62 + 17 45 (79%) 8+ 10 54 + 20 6 (11%) 57 (19%) 49 (86%)
PD 255 (12%) 70 + 11 163 (64%) 10+7 60 + 13 50 (20%) 113 (44%) 199 (78%)
SD 200 (9%) 56 £ 17 109 (55%) 9+ 10 47 £19 8 (4%) 9 (5%) 192 (96%)
HSP & SCA 68 (3%) 50 £ 15 39 (567%) 21 £12 29+ 18 15 (22%) 31 (46%) 48 (71%)
Stroke 239 (11%) 69 +14 144 (60%) 09+0.4 68 + 14 1(26%) 77 (32%) 199 (83%)
Total 2167 59 + 18 1,066 (49%) 12+12 47 £ 22 332 (156%) 602 (28%) 1,867 (86%)

PD, Parkinson disease; HD & TS, Huntington disease and Tourette syndrome; Cl, Cognitive Impairment; MS, Multiple Sclerosis; ALS, Amyotrophic Lateral Sclerosis; SD, Sleep Disorder;

HSP & SCA, Hereditary spastic paraplegia and Spinocerebellar ataxia.

TABLE 2 | COVID-related variables.

Neurological diagnosis

Flu-related symptoms

Nasopharyngeal swab

Fever Cough/Sore thorat Asthenia Myalgia Dyspnoea Hyspomia/ Performed Positive
hypogeusia

ALS 3 (4%) 6 (7%) 4 (5%) (2 (2%) 2 (2%) 1(1%) 2 (2%) 0
Cl 11 (6%) 25 (14%) (14 (8%) 12 (7%) 4 (2%) 11 (6%) 1 (1%) 0
Dystonia 8 (8%) 18 (17%) 7 (7%) 3 (3%) 1(1%) 0 (0%) 1(1%) 0
Epilepsy 3 (12%) 16 (15%) 3 (12%) 11 (10%) 6 (6%) 3 (3%) 5 (5%) 0
HD &TS 0 (10%) 23 (23%) 2 (12%) 6 (6%) 5 (5%) 2 (2%) 2 (2%) 0
Headache 7 (19%) 30 (81%) 5 (15%) 12 (12%) 6 (6%) 4 (4%) 3 (3%) 0
Myasthenia 3 (3%) 12 (11%) 10 (9%) 2 (2%) 4 (4%) 1(1%) 1(1%) 0
Myopathies 40 (11%) 92 (25%) 30 (8%) 49 (13%) 13 (4%) 4 (1%) 3 (1%) 0
MS 30 (15%) 72 (36%) 39 (19%) 8 (14%) 7 (3%) 6 (3%) 3 (1%) 2 (1%)
Neuropathies 0 (18%) 4 (25%) 0 (18%) 7 (12%) 2 (4%) 2 (4%) 0 (0%) 0
PD 18 (7%) 30 (12%) 16 (6%) 10 (4%) 9 (4%) 31 (12%) 9 (4%) 0
SD 19 (10%) 42 (21%) 20 (10%) 13 (10%) 8 (4%) 8 (4%) 7 (4%) 0
HSP & SCA 2 (3%) 5 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0
Stroke 22 (9%) 38 (16%) 33 (14%) 14 (6%) 11 (5%) 10 (4%) 4 (2%) 0
Total 206 (10%) 423 (20%) 223 (10%) 169 (8%) 78 (4%) 83 (4%) 41 (1.9%) 2 (0.09%)

PD, Parkinson disease; HD & TS, Huntington disease and Tourette syndrome; Cl, Cognitive Impairment; MS, Multiple Sclerosis; ALS, Amyotrophic Lateral Sclerosis; SD, Sleep Disorder;

HSP & SCA, Hereditary spastic paraplegia and Spinocerebellar ataxia.

correlation between the subjective worsening of neurological
symptoms and need of urgent neurological care (p <
0.001, h = 094 - large) and discontinuation of hospital
treatment or physiotherapy (p 0.002; h = 0.16).
Also low ADL/IADL scores, indicating higher disability,
significantly ~ correlated ~with  subjective ~ worsening of
neurological symptoms during the pandemic (p 0.007
and p = 0.001).

DISCUSSION

This  study of

the

aimed to report the prevalence
COVID-19 infection/symptoms and to analyze
impact of restriction measures among patients with
chronic neurological disorders. It included over 2,000
patients regularly followed at different services of our
outpatient clinic.
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TABLE 3 | Consequences of pandemic COVID-19 on neurology outpatients.

Neurological diagnosis Subjective worsening of Suspension hospital Difficulty Need for Compliance social restriction
neurological condition treatments or finding urgent
physiotherapy drugs consultation Before March 11th  After March 11th

ALS 40 (48%) 63 (75%) 2 (2%) 12 (14%) 61 (73%) 79 (94%)
Cl 82 (47%) 37 (21%) 5 (8%) 33 (19%) 108 (62%) 127 (73%)
Dystonia 31 (30%) 101 (97%) 3 (3%) 1(1%) 31 (30%) 102 (98%)
Epilepsy 7 (7%) 3 (3%) 5 (5%) 6 (6%) 55 (51%) 88 (82%)
HD & TS 10 (10%) 18 (18%) 8 (8%) 8 (8%) 57 (567%) 97 (97%)
Headache 20 (21%) 8 (8%) 1(1%) 6 (6%) 48 (49%) 87 (90%)
MS 32 (16%) 53 (26%) 6 (3%) 11 (5%) 88 (44%) 194 (97%)
Myasthenia 12 (11%) 3 (3%) 4 (4%) 14 (13%) 51 (46%) 91 (82%)
Myopathies 33 (9%) 151 (41%) 2 (1%) 16 (4%) 231 (62%) 354 (95%)
Neuropathies 15 (26%) 15 (26%) 1(2%) 3 (5%) 15 (26%) 50 (88%)
PD 64 (25%) 104 (41%) 21 (8%) 27 (11%) 102 (40%) 236 (93%)
SD 33 (17%) 5 (3%) 8 (4%) 12 (6%) 128 (64%) 108 (54%)
HSP & SCA 5 (7%) 29 (43%) 0 (0%) 1(1%) 583 (78%) 67 (99%)
Stroke 24 (10%) 51 (21%) 10 (4%) 8 (3%) 134 (56%) 219 (92%)
Total 408 (19%) 641 (30%) 76 (4%) 158 (7%) 1,162 (54%) 1,899 (88%)

PD, Parkinson disease; HD & TS, Huntington disease and Tourette syndrome; Cl, Cognitive Impairment; MS, Multiple Sclerosis; ALS, Amyotrophic Lateral Sclerosis; SD, Sleep Disorder;

HSP & SCA, Hereditary spastic paraplegia and Spinocerebellar ataxia.

TABLE 4 | Reduced Correlation Matrix of univariate analysis [Spearman rho correlation coefficient (significance)].

Subjective Total Total Ambulatory Compliance to social Compliance to social
perception of ADL IADL patients restriction before March restriction after March
worsening 11th 11th
A
Presence of 3+ flu symptoms 0.067 —0.051 -0.015 —0.068 0.021 0.029
(0.002) (0.017) (0.484) (0.001) (0.334) (0.173)
Need for urgent Total Total Suspension Difficulty finding drugs
neurological visit ADL IADL of
treatments
B
Subjective Worsening Perception 0.451 —0.058 —0.075 0.065 —0.031
(<0.001) (0.007) (0.001) (0.002) (0.151)

Although patients with neurological diseases might be
particularly at risk for SARS-CoV-2 (4), in our sample only
two patients (0.09%) of 41 tested through nasal-pharyngeal
swab (4.9%) received a diagnosis of SARS-CoV-2 infection.
Furthermore, these two patients, both affected by multiple
sclerosis, presented with a mild clinical picture, not requiring
specific antiviral treatments or hospitalization. On April 15,
2020, out of 5,897,000 inhabitants in the Lazio region, 75,584
individuals had been screened through nasal-pharyngeal swab, of
whom 5,232 (0.09%) were found to be COVID-19+. Accordingly,
the prevalence of COVID-19 infection (positive swab) in our
sample (0.09%) was consistent with the one observed in the
general screened population. Therefore, our results suggest that
chronic neurological disorders may not increase the risk for
SARS-CoV-2 infection. Interestingly, the 2 COVID-19+ cases
in our sample were both affected by multiple sclerosis and
reported minor symptoms. Clinical deterioration during SARS-
CoV-2 infection is correlated to a release of pro-inflammatory

cytokines and, in our patients, chronic immunosuppressant
therapy could have per-se mitigated the infection course (11).
This possible interpretation need eventual confirmation in larger
case series. In our sample a substantial proportion of patients
reported fever and cough/sore throat (10 and 20% of the total
sample, respectively). Despite it is possible that some of these
individuals could have COVID-19, no severe clinical features
needing hospitalization or deaths were reported. Previous studies
reported that hyposmia is a frequent and specific indicator of
SARS-CoV2-infection, when associated with flu-like symptoms,
myalgia and asthenia (12, 13). A recent reduction of the sense of
smell or taste, or a substantial modification compared to lifetime,
were reported in 4% of the sample. Hyposmia is a common non-
motor symptom in Parkinson’s disease (PD), however in our
sample 31 individuals with PD (12%) reported a recent further
worsening or new onset of hyposmia.

Concerning the secondary aim of our study, we found a
significant association between the presence of COVID-19
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symptoms and the subjective worsening of neurological
symptoms. This could be due to an objective worsening of
underlying medical conditions or to concern about further
medical complications in patients with chronic illnesses (14).
Nevertheless, our results showed that the subjective worsening
of neurological symptoms was associated with the consequences
of social restrictions. As a matter of fact, among 408 individuals
reporting subjective worsening of neurological symptoms, only
158 patients reported an unmet need for urgent neurological
care. Proportions are unevenly distributed among different
neurological diagnostic groups exceeding 10% in patients with
Parkinsonian syndromes, cognitive impairment, myasthenia,
and amyotrophic lateral sclerosis (ALS). We can suppose that
this distribution reflects the complex clinical management of
these diseases, often requiring a multidisciplinary team. Patients
with the above-mentioned syndromes are often in treatment
with polypharmacotherapy and with supportive therapies such as
neuromotor, speech, and occupational therapies. Unfortunately,
during the pandemic these treatments have been interrupted
due to social restrictions. In particular, regarding the high
percentage of patients affected by ALS that referred a progression
of symptoms, we can speculate that this is partly attributable
to the natural progression of the disease but could also be due
to the impossibility of carrying out planned neurological and
pneumological assessments, as well as physiotherapy. In our
sample, 1,337 patients were under neurological disease-specific
treatments, including botulinum toxin and infusion therapies for
neuroinflammatory diseases, headache and other disorders; 30%
of these patients could not receive the scheduled treatments due
to restrained hospital routine.

Conversely, difficulties in obtaining pharmacological
treatments were reported only by a small percentage
of patients (8%), the majority in the Parkinson group.
Overall, telephone contacts were extremely helpful in
reassuring most patients and caregivers and allowed
to postpone scheduled medical visits. Not clinically
significant differences about lockdown effect on function
and disability were detected in the group of patients aged
70 and older. These subjects, as expected, presented a lower
ADL/TADL scores.

Finally, the lack of correlation between COVID-symptoms
and the usage of steroid or immunosuppressant therapies does
not suggest to interrupt or modify these treatments in patients
with neurological disorders.

Our study has several limits. First, the present study is not
a population-based analysis. Since our hospital is a referral
center for rare neurological diseases, some of them were over-
represented with respect to the Italian general population
(15). At the same time, the broad spectrum of neurological
diseases involved in this survey, encompassing subgroups
characterized by a particular vulnerability to lockdown such
as rare neurological diseases, can well-represent the impact of
the pandemic on chronic neurological disorders followed in the
Community hospitals and non-reference centers. Furthermore,
results showed a high degree of variability in age at onset
and illness duration, ranging from few months in the group
of patients presenting with stroke, to many decades in the

genetic diseases group. Another limitation was the lack of
standardized questionnaires for cognition, mood or quality of
life. However, all patients underwent a detailed neurological
anamnesis which included the evaluation of these clinical
aspects. In particular, the worsening of the patient’s clinical
condition was considered only if clearly distinguished from a
worsening of mood or is reported by the caregiver in case
of cognitive decline (i.e., Alzheimer disease, PD). Comorbid
medical conditions and drug treatment were also unevenly
distributed in the cohort. As expected, they were not related
to the specific neurological conditions, but to individual risk
factors and demographic variables (i.e., hypertension was more
frequent among patients with stroke and in older individuals).
Conversely, women and men were homogenously represented
in the total sample (M/F: 49/51), and sex ratio in the specific
diagnostic subgroups was in accordance with previous data in
the specific neurological populations (Table1). Second, even
though results suggest that chronic neurological disorders may
not increase the risk of COVID, only 41 patients underwent
swab (1.9% of the sample). Therefore, the exact number of
COVID+ cases among individuals presenting with flu-like
symptoms suggestive of SARS-CoV-2 infection could not be
precisely established. Moreover, asymptomatic cases may also
underestimate the real prevalence of the infection. Third, the
survey design required telephone contact rather than face-to-face
assessment, as a consequence, the interview may be influenced
by uncontrolled and recall bias. Finally, our observations and
conclusions are limited by the study’s retrospective and cross-
sectional design.

In conclusion, our data suggest that chronic neurologic
diseases did not increase the prevalence of COVID-19 infection.
Lockdown restriction measures were associated with subjective
worsening of neurological symptoms and may have exacerbated
the burden of neurological disorders.
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With the rapid pace and scale of the emerging coronavirus 2019 (COVID-19) pandemic,
a growing body of evidence has shown a strong association of COVID-19 with pre- and
post- neurological complications. This has necessitated the need to incorporate targeted
neurological care for this subgroup of patients which warrants further reorganization
of services, healthcare workforce, and ongoing management of chronic neurological
cases. The social distancing and the shutdown imposed by several nations in the
midst of COVID-19 have severely impacted the ongoing care, access and support
of patients with chronic neurological conditions such as Multiple Sclerosis, Epilepsy,
Neuromuscular Disorders, Migraine, Dementia, and Parkinson disease. There is a
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pressing need for governing bodies including national and international professional
associations, health ministries and health institutions to harmonize policies, guidelines,
and recommendations relating to the management of chronic neurological conditions.
These harmonized guidelines should ensure patient continuity across the spectrum of
hospital and community care including the well-being, safety, and mental health of the
patients, their care partners and the health professionals involved. This article provides
an in-depth analysis of the impact of COVID-19 on chronic neurological conditions and
specific recommendations to minimize the potential harm to those at high risk.

Keywords: coronavirus disease 2019 (COVID-19), chronic neurological disease, healthcare services, guidelines,
neurodegenerative disorders, protocols, pandemics, recommendations

INTRODUCTION

Coronavirus 2019 (COVID-19), officially severe acute respiratory
syndrome (SARS) associated coronavirus (SARS-CoV2) (1), was
declared by the World Health Organization (WHO) to have
reached pandemic status on the 11th March 2020 (2). The global
reach of the disease continues to promote fear and panic amongst
members of the public and healthcare workers. In the COVID-
19 pandemic, chronic neurological care is increasingly under
stress due to ongoing reorganization and rationing of services to
meet the demands of frontline COVID-19 cases. Patients with
chronic neurological diseases are forced to balance their pre-
existing conditions with this rapidly evolving threat of COVID-
19 (3, 4). Specific considerations for clinical management of these
patients and of health services are warranted in the background
of huge social and economic costs associated with long-term
morbidity. This article pursues to discuss the ongoing approaches
to neurological patient management in the COVID-19 era and
provides comprehensive recommendations for specific chronic
neurological conditions. Patients with chronic neurological
diseases such as Multiple Sclerosis, Epilepsy, Neuromuscular
Disorders, Migraine, Dementia, and Parkinson disease would
benefit from a targeted strategy to minimize harm and prevent
long-term associated costs to society and to the economy. Mental
health implications of COVID-19 on chronic neurological
patients and healthcare workers are also discussed. A triage
and management protocol for chronic neurological patients
presenting to the emergency in the COVID-19 period is also
proposed (Figure 1).

CURRENT APPROACHES IN CHRONIC
NEUROLOGICAL PATIENTS DURING
COVID-19

COVID-19 positive patients could be classified into three
categories depending upon the presenting neurological
symptoms: neurological manifestations in patients with
underlying disease [headache, dizziness, impaired consciousness
(5), ataxia, seizures or epileptic manifestations (6, 7), and stroke
(5)]; neuro-peripheral origin associated neurological expressions
(hypo-ageusia, hyposmia, neuralgia) and symptoms of skeletal

muscle damage (5, 8, 9). The prevalence rates of hypogeusia and
hyposmia in COVID-19 patients are variable in the literature.
The prevalence of hyposmia and hypogeusia was 5.1 and 5.6%
in a study on 214 hospitalized patients with COVID-19 from
Wuhan (China), respectively (5). In a multi-center European
study on 417 mild-to-moderate COVID-19 patients, olfactory,
and gustatory dysfunctions were reported by 85.6 and 88% of
patients, respectively (10). Hyposmia or anosmia was present
in ~78% of patients without nasal obstruction or rhinorrhoea
(10). A Korean study reported a prevalence of acute anosmia
or ageusia in 15.3 and 15.7% in the early stage of COVID-19
and in patients with asymptomatic-to-mild disease severity,
respectively (11). Chemosensory dysfunction was present in
~19.4% of patients in Italy (12). With emerging evidence
concerning anosmia presenting as an early symptom of COVID-
19, dedicated testing for anosmia could be useful in early
detection of COVID-19 infection (9).

Several countries have imposed strict social distancing
measures. In the United Kingdom (UK), strict social distancing
is recommended for those with chronic neurological conditions,
such as Multiple Sclerosis (MS), Motor Neuron Disease
(MND), Myasthenia Gravis (MG), inflammatory myopathies,
autoimmune neuropathies, epilepsy, Parkinson’s Disease
(PD), Alzheimer’s disease, and immunosuppressed individuals
(13). Social distancing or quarantine could have further
detrimental effects both mentally and physically on patients
who require physical therapy, mobilization, and assistance as
these resources become increasingly difficult to access or become
less available.

A number of approaches to the management of patients with
chronic neurological conditions during the time of COVID-19
have been explored worldwide to maintain patient continuity.
Measures including remote triaging, reliance on telemedicine
for outpatient consultations, separation of COVID and non-
COVID patients in emergency departments (ED) and working
across subspecialties are being applied (14). Such patients and
those with vascular comorbidities need to be supported so
that issues such as discontinuing previous medications out of
fear, canceled outpatient appointments, and general anxiety
can be managed. The Association of British Neurologists has
released an outline of risks posed to chronic neurological
patients generally, as well as risk stratification of particular
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FIGURE 1 | Proposed flow chart outlining the triage and management decisions for patients with chronic neurological conditions in the COVID-19. This flow chart
applies to chronic patients who need to make a regular appointment, such as for scheduled check-ups or prescription refills, or for acute emergency presentations
due to possible COVID-19 cases or acute neurological symptoms. In both situations, an initial telephone conversation should screen patients to assess the possibility
of a COVID-19 infection. This will involve asking about fever, cough, sore throat, fatigue, shortness of breath, anosmia, and potential COVID-19 contact. For those
patients without COVID-19 symptoms or who are at low risk and don’t require presentation to hospital, telehealth consultation with their neurologist or primary
physician can be undertaken. Where this is not possible, physical consultation may be required. If there is suspicion that the patient may have COVID-19 and they are

(Continued)
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according to Table 1.

FIGURE 1 | considered at higher risk to their health, they should present to the hospital and receive point-of-entry triage and swabbing for COVID-19 infection. PPE
should be worn by both staff and patients. Patients should be assumed to be COVID-19 positive until proven otherwise and be taken to a designated COVID-19
neurology ward. Close relatives and attendees of the patient should also practice social isolation whilst awaiting test results. For patients who require acute
neurological care and are not suspected of having a COVID-19 infection, they should receive point-of-entry triage, PPE should be supplied to patients and staff and
they should be admitted to a non-COVID-19 neurology ward if necessary. Triage assessment will involve stratification by mild, moderate, severe, and critical risk,

diseases (15). Those presented with higher risks include those
with high doses of immunotherapy, multiple immunotherapies,
active disease, swallowing or respiratory muscle weakness, and
comorbidities (15). The American Academy of Neurology (AAN)
has also issued guidelines on telemedicine for management of
chronic neurological patients (16). The American Headache
Society recommends the use of telemedicine where possible
for COVID-19 symptoms screening and recommends the
need for triage for the presentation to clinics (17). In the
advent of an emergency during the COVID-19 era, patients
with chronic neurological conditions should be separated
from non-neurological patients, due to the greater risk posed
to their health (18). We will now critically examine the
impact of COVID-19 on various neurological conditions
and provide strategies and recommendations to improve
patient management and reduce negative impact during the
current pandemic.

MULTIPLE SCLEROSIS

Multiple Sclerosis is a neuroinflammatory disorder, which
confers risk to those affected due to the prevalence of
immunotherapy, as well as potential swallowing and breathing
difficulties. Media reports have shown patients with MS to
be anxious given their immunocompromised state and the
reduced availability of services in the COVID-19 crisis (19).
This is a worldwide concern, as, amongst young people, MS
is the most common neurological cause of disability, with the
highest prevalence and incidence rates being in Europe with
over 750,000 affected individuals (20, 21). To alleviate some
concern, several MS associations have released guidelines on
disease-modifying therapy (DMTs) (15, 22). Patients may be
tempted to cease their immunotherapy due to fears of infection
risk, however, the general consensus amongst physicians and
associations is that changes to medication should not be made
without consulting their neurologist. In the case that patients
become infected with COVID-19, it might become necessary
to cease immunotherapy depending on the severity of the
infection. Certain DMTs may be considered immunomodulators,
with little to some immunosuppression abilities, whilst others
are considered definitive immunosuppressants (23, 24). It is
unknown what risk immunosuppression gives in relation to
COVID-19, however, it remains prudent for those with MS to
consult their physicians and practice social-distancing and good
hygiene practices.

The move to telemedicine for neurological patients can
be helpful in the ongoing management of MS patients.
The Northwestern University Multiple Sclerosis Clinic has
demonstrated the ability to rely on telemedicine for such patients,

with exceptions including necessary transfusions and potential
relapse investigation (25). A further area for consideration is
in the cognitive health of COVID-19 positive patients, and
whether the COVID-19 induced infection will accelerate the
severity of the MS and/or hence the associated increased
rate of brain atrophy. Age-matched and severity-matched
comparisons of COVID-19 positive and COVID-19 negative
chronic neurological patients could help determine whether there
is a putative long-term impact.

NEUROMUSCULAR DISEASES

Patients with neuromuscular diseases are at heightened risk
of COVID-19 infection. No data currently exist on how
COVID-19 affects people with neuromuscular disorders
including MND, MG, autoimmune or inflammatory
neuropathies, or inflammatory myopathies, etc. There are
no clear guidelines as to how this will impact patients taking
immunosuppressive therapies. We need to assume that patients
on immunosuppressive therapies and/or with bulbar/respiratory
muscle weakness such as MG or Lambert Eaton myasthenic
syndrome, are at higher risk of contracting the infection or
experiencing severe manifestations of COVID-19 (26). Patients
with MND often suffer severe disability involving bulbar or
respiratory muscle weakness and are hence considered at
a higher risk, particularly due to the threat of pneumonia
development in the COVID-19 scenario (27).

Furthermore, some patients may already require interventions
such as non-invasive ventilation (NIV) or bilevel positive airway
pressure (biPAP), and it is essential that any personal breathing
equipment is being regularly cleaned and maintained. The
American Academy of Sleep Medicine recommends that the use
of continuous positive airway pressure (CPAP) and biPAP in a
home setting should only be undertaken by COVID-19 patients
who already used PAP at home, and it should be done so in an
isolated room (28). Neuromuscular patients who are dependent
on biPAP may also require use in hospitalization. There is a lack
of international consensus on guidelines despite the availability
of a considerable number of recommendations.

The International MG/COVID Working Group have
provided guidance on patients with MG and Lambert Eaton
myasthenic syndrome (LEMS) and the use of therapies during
the COVID-19 pandemic (26). It is anticipated that some
patients with neuromuscular diseases who require maintenance
infusions would require hospital or infusion center visits.
From a health system organizational perspective, health care
providers need to consider providing information on protocols
concerning access to these facilities and precautions that must
be adhered by those available in them. Alternative options
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such as home infusion could be considered. However, this may
require additional training for self-administration that could
be provided remotely using tele-neurology. Immunoglobulin
infusion and/or plasmapheresis haven’t been shown to increase
potential COVID-19 infection risk. Routine blood monitoring
required with certain medications needs to be streamlined and
based on individual needs and regional COVID-19 prevalence.
The possibility of corticosteroid dose escalation in MG patients
might be considered during COVID-19 times. Temporary
suspension of immunosuppressive therapies would be required
in patients with comorbid sepsis-associated hospitalization.
Pharmacological profile and characteristics, such as longer wash-
out periods and rebuilding therapeutically optimal levels on
resuming therapy of individual immunosuppressive drugs need
to be weighed (26). In essence, the treatment escalation or change
decisions need to be individualized based on the relative severity
of COVID-19 infection and underlying neuromuscular disorder.

Patients with neuromuscular diseases are advised to adhere to
public health measures as invoked by their respective local and
national bodies. Patients should be reassured to continue their
ongoing treatment and any changes to the treatment regimen and
dosage should only be made on the advice and approval of the
treating physician. Patients should be educated and advised to
follow strict social distancing, regular handwashing, and avoiding
non-essential travel (27). Online order facilities to procure
groceries/daily provisions and stocking up on non-perishables to
reduce grocery trips should be pursued. It is advised that patients
have adequate stock of essential items, such as medication and
feeding-tube supplies. A concurrent issue is that many MND
patients are reliant on carers. Recommendations by the New
Zealand MND organization to ensure continuity of care include
having a list of medications, dosages and healthcare providers;
ensuring strict hygiene of self and environment and utilization of
MND support resources in addition to familial and community
support (29).

The impact on individual patients with neuromuscular disease
relying on novel treatment remains to be seen. MND poses a
unique worry due to a lack of curative treatment options and the
dependence of a substantial number of patients on clinical trials.
There is an indication that some clinical trials have been halted,
as well as a lack of new trial or recruitment opportunities. It
should, therefore, be recognized that there may be some distress
in the MND community at this time and that ongoing support
will be required. It is hoped that this will only be a temporary
issue, however, the impact on individual patients relying on novel
treatment remains to be seen.

EPILEPSY

There are conflicting opinions as to whether patients with
epilepsy are considered more vulnerable to the disease than the
general population (30, 31). Whilst some epilepsy organizations
do not consider this population especially vulnerable, it is
important to recognize that patients with epilepsy are widely
varied in their presentations and a significant proportion (~80%)
of epilepsy patients live in a low or middle-income country

(LMIC) (32). Patients with seizures that are triggered by fever
and infection may be considered at a relatively higher risk and
could consider taking antipyretics if a fever develops. As typical
antiepileptic medications do not suppress the immune system, it
is imperative that patients do not cease their anti-epileptic drugs
(AED) for fear of COVID-19 or due to inability to get scripts
(33). In the present circumstances, any patients with new-onset
seizures should be tested for COVID-19 as it has been reported
that COVID-19 could present as seizures due to encephalopathy,
however, patients should be treated as per epilepsy protocol with
AED (34). Concern for patients is the unavailability of AEDs
and there need to be guidelines from the government to allow
pharmacists to refill old prescriptions. This is important as many
people living in rural areas may not have smartphone access to
digital prescription. The use of telemedicine could be key for
follow up, guidance and counseling for people with epilepsy.

If a patient has mobility or cognitive disabilities associated
with their epilepsy, they could also be considered vulnerable and
should avoid exposure and be provided with support. Given the
disproportionate burden of epilepsy in LMIC countries, relatively
limited access and provision of specialist care and absence of
targeted and available guidelines in their respective languages
from the epilepsy organizations and support networks; it is
notable that patients with epilepsy may be at a significantly higher
disadvantage in these specific regions. In case of expected bed
shortages, rationing of non-acute neurological testing including
cancellation of elective epilepsy monitoring could be explored.
However, individual case-mix and case-by-case approach are
preferred as deferring diagnostic tests or monitoring could result
in a possible case scenario where a patient might end up
having a severe episode of seizure that would require emergency
admission. While these measures are taken globally, the Epilepsy
Foundation has also provided some guidelines, including when to
go to the emergency room, medications and common concerns
about COVID-19 and epilepsy (35).

PARKINSON’S DISEASE AND OTHER
MOVEMENT DISORDERS

Patients with Parkinson’s Disease (PD), although not at higher
risk per se, should be considered a vulnerable population due to
older age, bulbar symptoms, respiratory dysfunction, frailty and
cognitive impairment with respect to measures taken to minimize
their potential exposure to COVID-19 as well as to ensure
monitoring for compliance (36). Patients with PD are more likely
to develop pneumonia, and infections can lead to sudden motor
and cognitive changes. Healthcare workers treating COVID-19
patients should, therefore, be equipped to manage PD patients,
as well as being prepared for potential cases of delirium (37).
Notably, PD is associated with anosmia often prior to
diagnosis (38), and hence this may not be a useful indication
of potential COVID-19 infection (39). Nursing and care
homes need to ensure that PD patients remain in quarantine.
Continuation of Botox® for symptomatic control of dystonia
and post-stroke spasticity should be made on a case by case
basis. Due to close proximity between the physician and the
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patient, both masks and eye protection should be used (40).
Special considerations also apply for invasive procedures. This
should be on a case-by-case basis, but non-urgent elective
procedures: percutaneous endoscopic gastrostomy (PEG) for
Duodopa, focused ultrasound thalamotomy (FUT), and deep
brain stimulation (DBS) should be postponed, if and whenever
possible. However, implantable pulse generator (IPG) battery
replacements should still be performed because of the risks of the
neuroleptic malignant syndrome with sudden battery failure (41).

Lastly, along with the importance of telemedicine in these
patients to ensure continuity of care, tele-exercise and tele-
physiotherapy are very important in patients with PD as
well as other clinical populations with neurological and non-
neurological chronic disease. The psychosocial aspects of the
impact of COVID-19 infection and of increased social isolation
and sudden change to the daily routine, are of particular clinical
relevance in Parkinson’s disease patients. On the other hand, with
adequate psychosocial support, the experience of being isolated
at home together with everyone else in the country may, in fact,
be somewhat normalizing in the sense that being socially isolated
(owing to mobility constraints or stigma/shame relating to their
diagnosis/symptoms), no longer results in them experiencing the
feeling of missing out.

MIGRAINE AND SEVERE HEADACHES

Migraine and severe headaches are one of the most frequent
outpatient presentations in neurology clinics. To minimize risks
of infection to healthcare workers, patients and the health system,
all non-emergent procedures (such as Botox® injections) should
be deferred. During the COVID-19 period, the goal is to keep
people at home with the appropriate treatment provided via
telemedicine unless absolutely essential to bring patients to
hospitals. Face to face consultations and follow-up visits should
be done remotely via telephone/video call (telemedicine) (42).
A recent randomized control trial showed telemedicine was an
effective mode of treatment and improves physician productivity
and patient satisfaction (43). Treating neurologists and/or
headache specialists must maintain and encourage patient-
continuity using telemedicine such as through video or telephone
visits. Tele-consultation for worsening headaches should include
a red-flag checklist for secondary headaches: only those with
red/orange/yellow flags should be brought in, prioritized in
that order. In resource-constrained settings, where there is a
lack of manpower for doctors to deal with headaches, specialist
nurses/physician assistants and junior doctors could be assigned
to take calls.

Botox® should be deferred for all migraine patients; however,
“high-risk” patients, especially those with severe depression
and/or at suicide risk, who are likely to come to the emergency
in the advent of a severe headache episode could be considered
for outpatient Botox® therapy to limit exposure. Should a
need for urgent in-person patient consultation be felt by the
treating physician, remote screening for COVID-19 symptoms
and any previous history of travel or contact with a COVID-19
infected person could be done over the phone. All acute headache

presentations must be screened, along with a swab for COVID-
19, should there be any suspicion of COVID-19. Concomitant
concerns have been raised regarding the use of ACE2-stimulating
drugs, such as renin-angiotensin system (RAS) blockers and
the non-steroid anti-inflammatory drug (NSAID) ibuprofen,
and an increased risk of COVID-19 infection and developing
severe fatal COVID-19 viral infection (44, 45). Patients with
migraine and severe headaches should not change therapy unless
clinically indicated (44, 46). In COVID-19 infected patients,
ACE2-stimulating drugs should be switched to another drug,
such as specific human immunoglobulin under close clinical
supervision, until the infection abates (47). For acute migraines
in suspected or confirmed COVID-19 cases, NSAIDs and beta-
blockers (owing to bronchospasm complications in COVID-19
associated respiratory flare) should be avoided (48). However, it’s
important to note that termination of beta-blockers can cause
withdrawal symptoms and have been linked to death in specific
patients with cardiac conditions such as unstable angina and
those who underwent coronary bypass surgeries (49-51).

Triptans should be used with caution in males with
hypertension and older age because of the greater risk of stroke
with COVID-19 (52, 53). Paracetamol (acetaminophen) with
antiemetics are recommended for acute migraine headaches as
this should relieve nausea and vomiting (54). Caution should be
exercised in the use of steroids for non-COVID-19 patients as
these patients would be immunocompromised with their use.

There is a propensity for thrombophilic disorders in neuro-
COVID and hence headache patients should have a low threshold
for investigations for cerebral venous sinus thrombosis (CVST)
and secondary idiopathic intracranial hypertension (ITH) (55).
ITH patients who are at high risk for impending visual loss need
to be rapidly assessed. Based on a teleconsultation, patients who
have a worsening of ITH could be brought to the hospital and
in order to minimize hospital stay and improve compliance, a
telemetric intracranial pressure monitoring or cerebrospinal fluid
(CSF) shunting procedures may be considered. Patients with
other chronic disabling headaches such as trigeminal autonomic
cephalalgias and trigeminal neuralgia, who are scheduled for
interventional procedures such as Gasserian ganglion blocks and
multiple cranial nerve blocks, and neuromodulation treatment
such as occipital nerve stimulation and DBS need to be reassessed
on the treatment immediacy in COVID-19 period.

Necessary precautions must be taken by the healthcare
workers and patients including the use of personal protective
equipments (PPEs) and face masks to limit risks of possible
COVID-19 transmission. Lumbar puncture and fundoscopy
should be considered as aerosol-generating procedures and full
PPE is recommended: double gloves, mask for the patient
(for fundoscopy) and clinician. The clinician should also use
an FFP3 mask (56). The removal and disposal of PPE are
equally important.

STROKE

Recent reports have indicated concerning trend of large vessel
strokes in COVID-19 cases, especially among young COVID-19
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patients who are asymptomatic or with mild symptoms (57).
Stroke survivors at high risk of contracting the COVID-
19 are the elderly, patients with the co-morbid disease such
as obesity and those with swallowing difficulties. The most
common comorbid diseases seen in COVID-19 patients are
hypertension, diabetes, and coronary heart disease (58, 59).
A study evaluating the clinical characteristics of 99 patients
found cardiovascular and cerebrovascular diseases in 40% of
patients as comorbid diseases (60). Patients are also relatively
more susceptible to severe pneumonia in the case of contracting
COVID-19. The medication regimen need not be changed
in view of the present situation. In the event of limited
access to outpatient services, patients should maintain regular
compliance with medication and utilize telemedicine facilities
to seek an appropriate expert opinion. Patients should follow
the protocol of FAST symptom recognition and contact the
emergency services. Triaging and rapid assessment will take
into account the patient as well as the safety of the healthcare
workers. An infection control and travel history screen would
need to be completed by the paramedical team. Acute stroke
protocols including “Protected Code Stroke” have been suggested
for stroke patients in COVID-19 times (61). The current
consortium has also developed a pathway targeting covering a
broad spectrum of acute neurological emergencies, including
acute ischemic stroke and transient ischemic attack (TIA),
specifically for COVID-19 and takes into account considerations
for infection risks and control toward minimizing exposure
of healthcare workers during the entire continuum of acute
stroke (62).

PERIPHERAL NEUROPATHY AND
GUILLAIN-BARRE SYNDROME

Neurological conditions affecting the PNS and muscle
reported in COVID-19 include (63): peripheral motor
neuropathy (64), Guillain-Barré Syndrome (GBS) (65-

70), Miller Fisher syndrome (71), polyneuritis cranialis
(71), acute myelitis (72, 73), and viral myopathy with
rhabdomyolysis (74). Patients with peripheral neuropathy
are not specifically at a greater risk of COVID-19 infection.
However, precautions may be taken to prevent potential
COVID-19 infection. A case of 69-year male from Northern
Ireland has been reported presenting as peripheral
motor neuropathy, with bilateral lower limb weakness,
manifesting before the onset of the COVID-19 typical flu-like
symptoms (64).

GBS is a post-viral autoimmune complication that was seen
with both SARS and MERS. A case study of a 61-year-old lady
from Wuhan who developed symptoms of GBS at the same
time as COVID-19 showed the potential that GBS could be
parainfectious, rather than just post-infectious, similarly seen
with Zika virus (65). This report in isolation is inconclusive, but it
indicates a need to consider potential neurological manifestations
of COVID-19. A case series from Italy reported 5 cases of
GBS with patients developing GBS symptoms in the mean of
5-10 days after onset of COVID-19 infection symptoms (66).

It is not evident if having GBS prior to contracting COVID-
19 will affect outcomes; however, if the patient is already
ventilated or experiencing neuromuscular weakness this could
confer additional risk (15). GBS is an acute and emergent
presentation that can involve sensorimotor, bulbar or respiratory
manifestation, dysautonomia, and nerve pain. In those that
recover, it can be associated with life-long disabilities (75).
It can also be fatal and has the potential to progress to
Chronic Inflammatory Demyelinating Polyneuropathy (CIDP).
The development of GBS associated with COVID-19 is hence a
serious complication that could have permanent ramifications.
It should be noted that GBS or CIDP patients who are
being treated with chronic immunosuppressive drugs should
be wary of increased infection risk and reduce exposure
wherever possible (76). There should be tight surveillance
of any accelerated increases in GBS diagnosis after the
COVID-19 crisis rests due to the associated morbidity risks
and disability.

NEUROVIROLOGICAL MANIFESTATIONS

Studies investigating the neurovirological manifestations of
COVID-19 are being conducted increasingly, as growing
evidence demonstrates the ability of the virus to cross the
blood-brain barrier and due to involvement of angiotensin-
converting enzyme 2 (ACE2) receptor (77). The mechanism
of entry into the CNS is not known, however, comparison to
the SARS-COV and MERS-COV viruses display a common
link across the neuroinvasive potential of coronaviruses
(78). A retrospective study of 214 hospitalized patients with
COVID-19 infection aimed at investigating the neurological
manifestation of the disease, where 36.4% of the patients
developed a CNS, PNS or skeletal muscle manifestations
(5). Causes of suspicion include the virus being found in
cerebrospinal fluid (CSF) samples and the symptom of
anosmia. It is of particular concern that the virus could involve
the brainstem.

A COVID-19-associated acute necrotizing haemorrhagic
encephalopathy in a lady in her 50s has been reported (79). This
is a rare form of encephalopathy that has been associated with
other viruses (79). This complication is associated with a cytokine
storm, and it is a consideration that cytokine storm syndrome
could present in severe COVID-19 cases. Furthermore, cytokine
storms associated with severe COVID-19 cases have been
hypothesized to be related to secondary hemophagocytic
lymphobhistiocytosis (sHLH), a hyperinflammatory syndrome
(80). It is proposed that immunosuppression may be necessary
for such patients. This demonstrates the need to monitor
inflammatory markers in COVID-19 positive patients.
Furthermore, an investigation of associated neuroinflammation
and COVID-19 would be beneficial, involving long-term follow-
up and monitoring of early signs of neuroinflammation. This is
important as neuroinflammation can translate to poor morbidity
outcomes. It should hence also be a concern of health workers
involved in the frontline clinical care of COVID-19 cases to
monitor for any neurological changes, and neurologists could
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consider COVID-19 infection as a risk factor when encountering
patients with new neurological manifestations in future.

AUTISM AND PEDIATRIC NEUROLOGICAL
CONDITIONS

Most pediatric neurologists globally are offering telemedicine
services for non-acute pediatric neurological disorders. It is
quite challenging to have children at home, missing school,
and doing school online while many parents are working from
home. Autism Speaks has useful information and resources for
children and adults affected with Autism spectrum disorders
(81). Some of the information includes practical tips for parents,
useful websites, school services, and information (81). Elective
pediatric surgeries, those that are neither urgent or emergent,
should be limited or rescheduled given the limited resources
and anticipated surge in capacity to limit COVID-19 exposure
to pediatric patients, their families and healthcare workers
(82). Proactive approaches to identify pediatric neurological
patients who might be at the risk of progressing from
“semi-urgent” (non-symptomatic) to “urgent” (symptomatic)
condition could be useful in preventing exposure due to
emergency presentation.

ALZHEIMER’S DISEASE AND RELATED
DEMENTIAS

Patients with Alzheimer’s disease and related dementias (ADRD)
are at increased COVID-19 infection risk and its associated
morbidity and mortality (83). They are less likely to adhere
to public health restrictions and recommendations. Dementia
patients have a higher prevalence of the cardiovascular disease,
diabetes and pneumonia—which confers them an increased
risk of severe illness after COVID-19 infection (83). The
strain on healthcare services has also adversely impacted the
diagnosis and clinical management of ADRD patients. ADRD
patients living in a group and assisted living environments as
well those in long-term care or nursing homes are especially
vulnerable to an infection outbreak in their facilities (83, 84).
Any outbreak can have disproportionately high attack rate
and case fatality rate. Several authorities and governments
have imposed strict restrictions on visits and access to these
facilities. However, this has led to further social isolation
and stress among residents (84). Close monitoring of patients
via telemedicine is required. Identifying patients who are
at “high-risk” of developing an acute event and continual
assessment of the risk-benefit ratio of some medications are a
priority (83).

MENTAL HEALTH RAMIFICATIONS FOR
PATIENTS, CARERS, AND PROVIDERS

The psychological and psychiatric impact of COVID-19 on
patients and carers is a matter of ongoing debate and concern
(85). Given social distancing has been imposed by several
governments; it will be relevant and also necessary to study

the long-term negative consequences on both physical and
mental health should this be prolonged. Patients with chronic
conditions might be experiencing a sense of hopelessness
and frustration during this crisis leading to non-compliance
and potential relapse. Patients requiring carers will need to
have backup plans in place to ensure continuity of care.
For patients such as those with MS and MND who have
experience managing infection risk, the extra measures such
as social distancing and changes to care could add to anxiety
about their health. As outlined by the European Association
of Neurologists, patients with dementia are also affected by
the closure of care facilities; they may become more agitated
or anxious, there may be a breakdown in communication and
live-in carers and family may experience deterioration in their
own mental health (86). The Alzheimer’s Disease International
and international dementia expert panel has called for an
urgent need of mental health and psychosocial support, in
addition to physical protection from COVID-19 infection, for
people living with dementia and their carers (84). Clinicians
are experiencing an increasing number of calls with concerns
about an irrational fear of contracting COVID-19 leading to
worsening of a previous anxiety disorder, new-onset illness
anxiety, and even engaging in repeated ritualistic behaviors such
as excessive cleaning [obsessive-compulsive disorder (OCD)-
like symptoms]. There are also reports on patients avoiding
regular follow-ups. There is a worry as to what the delay in
appointments and elective operations will mean for long-term
patient outcomes.

The COVID-19 pandemic has had major impacts on the
mental health of patients, carers and healthcare workers. The
physical and emotional burnout among physicians is also a
major long-term concern, and symptoms of burnout such as
loss of empathy should be recognized (87). Another important
consideration in the COVID-19 pandemic is the impact of
adjustment disorder, acute stress disorder and post-traumatic
stress disorder (PTSD) symptoms on clinicians, providers and
those working in direct contact with patients. These individuals
experience recurring exposure to the morbid effects on their
patients as well as recurring exposure to the virus and thus
awareness of threats to their own lives (88). It is imperative
to actively investigate early PTSD symptoms, their trends and
indications so that they could inform strategies for early and
optimal treatment. The reorganization of medical staff is another
point of stress for both staff and patients (85). As neurologists are
being or soon-to-be repurposed, the ability of current patients to
contact their physicians will be impacted and physicians will have
to manage ongoing patients as well as increasing workload. It is
harmful to patient care if there is ambiguity in the prioritization
of patients. It is important to recognize the vulnerable nature of
some of these patients during the pandemic and the necessity that
they not be overlooked. A systematic review and meta-analysis
on psychiatric and neuropsychiatric presentations associated
with severe coronavirus infections (SARS, MERS, and COVID-
19) observe, should SARS-CoV-2 follows a similar trajectory to
that of SARS-CoV or MERS-CoV, a significant proportion of
patients should recover without experiencing mental illness (89).
However, the study highlighted the prevalence of delirium in
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acute stages in a significant proportion of COVID-19 patients
(89). Long-term psychiatric manifestations, in COVID-19
infected patients, such as depression, PTSD, fatigue, anxiety, and
rarer neuropsychiatric syndromes could be expected by clinicians
(89). Telehealth or telepsychiatry services could provide mental
health support during and beyond this pandemic (90).

RECOMMENDATIONS AND DISCUSSIONS

Patients with chronic neurological diseases suffer from a
disability, restricted mobility, and associated challenges
that interfere with the independent quality of living. It is
recommended that chronic neurological patients in general,
and those with immunocompromised conditions in particular,
must self-isolate if at high-risk and ensure that sufficient
provision of medications are available for a prolonged time
as the pandemic inflicted shut-down continues. Patients with
chronic neurological conditions should be considered of higher
risk of COVID-19 infection should they present to the hospital
and appropriate personal protective safety equipment could be
provided as per the clinical assessment. We propose a triage and
management algorithm specific for patients with underlying
chronic neurological diseases while following strict personal
protective measures including PPEs for healthcare workers and
patients as appropriate (Figure 1). Risk based triage of chronic
neurological patients during the COVID-19 era is also proposed
(Table 1). Patients with confirmed or suspected COVID-19
should be separated into COVID-19 Neuro and COVID-19
non-Neuro wards at the point of triage. Impact of COVID-19
on various chronic neurological conditions and corresponding
additional recommendations from this consortium (along with
existing guidelines) have been summarized in Table2. We
acknowledge that our algorithm may have limitations via a visa
application in case of LMICs where facilities for neurological
patients are limited or lacking. However, recommendations
applicable to these settings have been provided for specific
conditions such as epilepsy.

The role of population health and accurately coded data on
COVID-19 patients is poignant as it could enable analysis and
tracking of patients to help inform forward onward management
of patients with similar dispositions and toward longitudinal
follow-up to study the long-term impact on the physical
and emotional health of COVID-19 patients with or without
underlying neurological diseases. Technological solutions such
as telemedicine consultation should be explored as a priority
to minimize risk to patients and clinicians alike especially
for patients with MS, PD, MG, ADRD, and ALS. Upper
respiratory infections can be relatively severe and possibly fatal
in immunocompromised, ALS, PD, and MG patients. It may
be considered that neurologists collaborate with primary care
physicians so that responsibilities could be shared especially at
times when neurologists may be repurposed, and health systems
are being reorganized for tending to frontline COVID-19 case
triage and management. Comorbidities such as cardiovascular
disease, diabetes, and obesity also warrant a targeted approach
in COVID-19 (91) and this also applies to chronic neurological

TABLE 1 | Risk-based triage for non-acute neurological patients.

Risk level Characteristics

Mild risk - Person with no COVID-19 symptoms (fever, cough, sore
throat, fatigue, shortness of breath, anosmia)
- Person with mild COVID-19 symptoms, no shortness of

breath, fever <38°C

- Stable patient presenting with COVID-19 symptoms

- Oxygen Saturation >92% in room air

- Fever >38°C

- Fatigue

- Extra care should be taken with chronic neurological
patients being treated with immunosuppressants or who
have bulbar, respiratory or chewing issues Such patients
should be placed within a neurology-only COVID-19 ward

Moderate risk

Severe risk - Patients presenting with both respiratory and systemic
COVID-19 symptoms

- Respiratory rate >30 brpm

- Oxygen Saturation <92% in room air

- Fever >38°C

- Reduced alertness

- Systolic blood pressure <90 mmHg

- Diastolic BP <60 mmHg

- Chronic neurological patients with severe muscle, bulbar
and respiratory issues or who already require
breathing assistance

Critical risk - Patients in respiratory failure, hypotension,
consciousness or respiratory distress

- Patients who are ventilated yet still deteriorated

impaired

Adapted from a-d:

a. Lewin E Push to include anosmia as a recognized COVID-19 symptom newsGP:
racgp; 2020.

b. National COVID-19 clinical evidence taskforce Management of patients with moderate
to severe COVID-19 disease: covid19evidence, 2020.

c. National COVID-19 clinical evidence task force Management of patients with severe
to critical COVID-19 disease: covid19evidence, 2020.

d. All India Institute of Medical Sciences COVID-19 management protocol 2020.

conditions who carry an increased risk of these comorbidities
(92). Mental health implications of COVID-19, health system
reorganization and self-isolation on patients with chronic
neurological conditions warrant attention (9, 85, 89). Ongoing
monitoring of mental health impact of COVID-19 on healthcare
workers, patients and carers would help identify those at higher
risk of mental health problems (90).

Institutions need to consider alternative ways to maintain
continuity of care given the restrictions and limited availability of
public transport amidst lockdowns, patients increasingly are at a
disadvantage and sometimes unable to access regular or ongoing
consultations. It is also relevant that chronic neurological patients
would benefit from targeted education and outreach through
their respective support networks or organizations around taking
necessary anti-COVID-19 preventative measures such as hand
hygiene, masks, etc. Patients must be encouraged to follow public
health advice issued by their concerned authorities on hand
hygiene, cough etiquette and should practice social distancing
to minimize the COVID-19 infection and spread. Patients
who are on immunosuppressant therapy, discussion with their
physician and ongoing close monitoring in COVID-19 era should
be undertaken.
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TABLE 2 | Summary of the impact of COVID-19 on chronic neurological conditions and recommendations for their management.

Non-acute
neurological condition

Impact of COVID-19
infection/crisis

Recommendations/guidelines for
management by professional
bodies/health authorities

Recommendations by
REPROGRAM consortium

Multiple sclerosis

Neuromuscular disorders
(including Motor Neuron Disease)

Epilepsy

Parkinson’s Disease and other
movement disorders

Migraine and severe headache

Stroke

Guillain-Barré Syndrome

Neuro-virological manifestations

Autism and pediatric neurological
conditions

Reduced availability of services in the
COVID-19 crisis
Risk due to an immunocompromised state

At higher risk due to bulbar or respiratory
weakness, may already require breathing
assistance

Higher risk of pneumonia

Clinical trials halted

Loss of trust in caregivers

Overrepresentation in LMIC
Risk of fever-triggered seizures
Possible mobility and cognitive disabilities

Often elderly, vulnerable population
Possible bulbar and respiratory issues
Cognitive impairments could impact
compliance

Infections may lead to sudden motor and
behavioral changes

Require frequent outpatient consultations

Residual impairments including dysphagia
May be elderly with the comorbid disease
Pneumonia risk

Possible parainfectious profile
Post-infection complication

Potential for life-long disability and CIDP
Maybe immunosuppressed

Involvement of ACE2 receptor,
neurological involvement

Disruption to daily life and managing
children at home

Guidelines by some Multiple Sclerosis
associations released on
disease-modifying treatments (DMTs)

Maintenance of breathing equipment
Adequate supply of medication, essential
items, and feeding tube supplies

Strict social distancing, avoiding
non-essential travel

Ensure continuity of care through
communication with caregivers

Do not cease antiepileptic medications
Discussions with physicians about any
current immunosuppressants

Epilepsy Foundation guidelines

Healthcare workers must have knowledge
on PD and be prepared for delirium
Masks and eye protection should be worn
during Botox® procedures

Use Telemedicine

FAST protocol
Protected-code stroke

GBS and CIDP patients are only deemed
at higher risk if on immunosuppressants

Limited or non-specific guidelines

Autism Speaks guidelines

Telemedicine
Consider long-term association with
brain atrophy

Use online order facilities
Neurologists should be cognizant of
interruptions to clinical trials

Rationing of non-acute neurological
testing including cancellation of elective
epilepsy monitoring could be explored
Individual case-mix and case-by-case
approach preferred

Government should consider allowing
pharmacists to refill epilepsy scripts
during COVID-19

Physicians should recognize that anosmia
is already a PD symptom

Nursing and care homes need to ensure
PD patients stay quarantined

Elective procedures (PEG, FUT, and DBS)
should be postponed

IPG battery replacements should still be
performed

Tele-exercise and tele-physiotherapy
should be utilized

Minimize all non-emergent procedures

If physical consultation is required, ensure
telephone, and front-desk screening

for COVID-19

Medication regime needs no change
Use of telemedicine

Triage, rapid assessment, and infection
screening

REPROGRAM Acute Stroke Pathway for
broad spectrum of acute neurological
emergencies including stroke and
transient ischemic attack

Tight surveillance of any accelerated
increases in GBS diagnosis after the
COVID-19 crisis rests

Monitor inflammatory markers and signs of
neuroinflammation

Monitor COVID-19 patients for any
neurological change

Neurologists could consider COVID-19
infection as a risk factor when
encountering patients with new
neurological manifestations in future
Limit elective pediatric surgeries
Proactively identify patients at risk of
progressing from semi-urgent to urgent

Prepared by the authors based on the evidence from the studies discussed in the paper.
DMT, disease-modifying treatments; LMIC, low- and middle-income countries; CIDF, Chronic Inflammatory Demyelinating Polyneuropathy; COVID-19, severe acute respiratory syndrome
coronavirus 2; ACE2, angiotensin-2 converting enzyme; PD, Parkinson’s Disease.
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Utilizing electronic patient records to understand the impact
of underlying neurological conditions and comorbidities on
the outcomes of patients who are COVID-19 positive will be
fundamental. There also needs to be increased communication
between neurologists and primary care physicians about
compliance to and provision of medications, and physicians
should be proactively cognizant of any relevant disruptions
to a patient’s clinical trials. Compliance to ongoing treatment
is crucial and it is anticipated that this may be increasingly
challenging for patients who are already under severe emotional
distress and anxiety. Ensuring that such patients are able
to seek timely and appropriate medical consultation will
help ease their ongoing struggle and possibly limit non-
compliance risks. The importance of email communication,
outreach and touching base with patients should not be
underestimated. Patients living in nursing homes or elderly
care facilities should be encouraged to get pneumonia and
influenza vaccinations. Carers and nursing home staff must take
added precautions and measures to ensure that any suspected
staff or visitors who may have COVID-19 symptoms should
not be allowed in the facilities so that ongoing quarantine
is maintained.

REFERENCES

1. Gorbalenya AE, Baker SC, Baric RS, de Groot R], Drosten C, Gulyaeva AA,
et al. The species severe acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. (2020)
5:536-44. doi: 10.1038/s41564-020-0695-z

2. World Health Organisation. WHO Director-General’s Opening Remarks at
the Media Briefing on COVID-19. (2020). Available online at: https://www.
who.int/dg/speeches/detail/who- director- general-s-opening- remarks-at-
the-media- briefing-on-covid- 19--11-march-2020 (accessed June 1, 2020).

3. Helmich RC, Bloem BR. The impact of the COVID-19 pandemic on
Parkinson’s disease: hidden sorrows and emerging opportunities. J Parkinsons
Dis. (2020) 10:351-4. doi: 10.3233/jpd-202038

4. Multiple Sclerosis International Federation. The Coronavirus and MS -
Global Advice. (2020). Available online at: www.msif.org/news/2020/02/
10/the-coronavirus-and- ms-what-you-need- to-know/ (accessed March 24,
2020).

5. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neurologic manifestations
of hospitalized patients with coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. (2020). doi: 10.1001/jamaneurol.2020.1127. [Epub ahead of
print].

6. LiY, Li H, Fan R, Wen B, Zhang ], Cao X, et al. Coronavirus infections in
the central nervous system and respiratory tract show distinct features in
hospitalized children. Intervirology. (2016) 59:163-9. doi: 10.1159/000453066

7. LuL, Xiong W, Liu D, Liu J, Yang D, Li N, et al. New onset acute symptomatic
seizure and risk factors in coronavirus disease 2019: a retrospective
multicenter study. Epilepsia. (2020). doi: 10.1111/epi.16524. [Epub ahead of
print].

8. Talan J. COVID-19: neurologists in italy to collegues in us: look for poorly-
defined neurologic conditions in patients with the coronavirus. Neurology
Today. https://journals.lww.com/neurotodayonline/blog/breakingnews/
pages/post.aspx?PostID=920 (accessed April 8, 2020).

9. Zubair AS, McAlpine LS, Gardin T, Farhadian S, Kuruvilla DE, Spudich
S. Neuropathogenesis and neurologic manifestations of the coronaviruses
in the age of coronavirus disease 2019: a review. JAMA Neurol. (2020).
doi: 10.1001/jamaneurol.2020.2065. [Epub ahead of print].

10. Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le Bon
SD, Rodriguez A, et al. Olfactory and gustatory dysfunctions as a
clinical presentation of mild-to-moderate forms of the coronavirus disease

AUTHOR CONTRIBUTIONS

SBh devised the project, the main conceptual ideas, and proof
outline. SBh and SBr wrote the first draft of the manuscript,
and to investigate and supervised the findings of this work.
SBh, SBr, SI-K, BM, VC, PT, JCh, RK, PP, DR, SG, AC, NS,
HY, SMa, MO, EG, MT, NH, KM, JCo, and SMe discussed
the results and recommendations, and contributed to the final
manuscript. All authors contributed to the article and approved
the submitted version.

ACKNOWLEDGMENTS

We would like to acknowledge the REPROGRAM consortium
members who have worked tirelessly over the last days in
contributing to various guidelines, recommendations, policy
briefs, and ongoing discussions during these unprecedented and
challenging times despite the incredibly short timeframe. We
would like to dedicate this work to our healthcare workers
who have died due to COVID-19 while serving the patients at
the frontline and to those who continue to serve during these
challenging times despite lack of personal protective equipment.

(COVID-19): a multicenter European study. Eur Arch Otorhinolaryngol.
(2020). doi: 10.1007/500405-020-05965-1. [Epub ahead of print].

11. Lee Y, Min P, Lee S, Kim SW. Prevalence and duration of acute loss
of smell or taste in COVID-19 patients. J Korean Med Sci. (2020)
35:e174. doi: 10.3346/jkms.2020.35.e174

12. Vaira LA, Salzano G, Deiana G, De Riu G. Anosmia and ageusia: common
findings in COVID-19 patients. Laryngoscope. (2020). doi: 10.1002/lary.28692.
[Epub ahead of print].

13. Public Health England. Guidance on social distancing for everyone in the UK.
(2020). Available online at: https://www.gov.uk/government/publications/
covid- 19-guidance-on-social- distancing-and-for- vulnerable- people/
guidance-on-social-distancing- for-everyone- in-the- uk-and- protecting-
older-people-and-vulnerable-adults (accessed April 5, 2020).

14. Kreimer S. In and out of the hospital, neurohospitalists shift course for
the surge in COVID-19. Neurology Today: AAN (2020). Available online
at: https://journals.lww.com/neurotodayonline/fulltext/2020/05070/in_and_
out_of_the_hospital_neurohospitalists.5.aspx (accessed June 1, 2020).

15. Association of British Neurologists. Association of British Neurologists
Guidance on COVID-19 for People with Neurological Conditions, Their Doctors
and Carers. (2020). Available online at: https://cdn.ymaws.com/www.theabn.
org/resource/collection/6750BAE6-4CBC-4DDB- A684- 116E03BFE634/
ABN_Neurology_COVID-19_Guidance_22.3.20.pdf (accessed June 1, 2020).

16. American Academy of Neurology. Position Statement: Telemedicine. (2020).
Available online at: https://www.aan.com/siteassets/home- page/policy-and-
guidelines/policy/position-statements/18_telemedicineps_v304.pdf (accessed
April 17, 2020).

17. American Headache Society. COVID-19 Workflows for Headache Clinics.
(2020). Available online at: https://americanheadachesociety.org/news/
headache-clinic-workflows- covid-19/ (accessed April 5, 2020).

18. Stetka BS. What neurologists can expect from COVID-19. Medscape
Neurology. (2020). Available online at: https://www.medscape.com/
viewarticle/927562 (accessed March 26, 2020).

19. Powell J. 'm choosing to let my spirit shine during the COVID-19
crisis. Multiple Sclerosis News Today. (2020). Available online at: https://
multiplesclerosisnewstoday.com/news- posts/2020/03/30/my- spirit- shines-
amid- covid- 19-a- choice- to- thrive- with-spms/ (accessed June 1, 2020).

20. European Brain Council. Rethinking MS in Europe: Prioritising Integrated
Services for People With Multiple Sclerosis. (2019). Available online at: https://
www.braincouncil.eu/projects/rethinkingms/ (accessed June 1, 2020).

Frontiers in Neurology | www.frontiersin.org

June 2020 | Volume 11 | Article 664


https://doi.org/10.1038/s41564-020-0695-z
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19--11-march-2020
https://doi.org/10.3233/jpd-202038
www.msif.org/news/2020/02/10/the-coronavirus-and-ms-what-you-need-to-know/
www.msif.org/news/2020/02/10/the-coronavirus-and-ms-what-you-need-to-know/
https://doi.org/10.1001/jamaneurol.2020.1127
https://doi.org/10.1159/000453066
https://doi.org/10.1111/epi.16524
https://journals.lww.com/neurotodayonline/blog/breakingnews/pages/post.aspx?PostID=920
https://journals.lww.com/neurotodayonline/blog/breakingnews/pages/post.aspx?PostID=920
https://doi.org/10.1001/jamaneurol.2020.2065
https://doi.org/10.1007/s00405-020-05965-1
https://doi.org/10.3346/jkms.2020.35.e174
https://doi.org/10.1002/lary.28692
https://www.gov.uk/government/publications/covid-19-guidance-on-social-distancing-and-for-vulnerable-people/guidance-on-social-distancing-for-everyone-in-the-uk-and-protecting-older-people-and-vulnerable-adults
https://www.gov.uk/government/publications/covid-19-guidance-on-social-distancing-and-for-vulnerable-people/guidance-on-social-distancing-for-everyone-in-the-uk-and-protecting-older-people-and-vulnerable-adults
https://www.gov.uk/government/publications/covid-19-guidance-on-social-distancing-and-for-vulnerable-people/guidance-on-social-distancing-for-everyone-in-the-uk-and-protecting-older-people-and-vulnerable-adults
https://www.gov.uk/government/publications/covid-19-guidance-on-social-distancing-and-for-vulnerable-people/guidance-on-social-distancing-for-everyone-in-the-uk-and-protecting-older-people-and-vulnerable-adults
https://journals.lww.com/neurotodayonline/fulltext/2020/05070/in_and_out_of_the_hospital_neurohospitalists.5.aspx
https://journals.lww.com/neurotodayonline/fulltext/2020/05070/in_and_out_of_the_hospital_neurohospitalists.5.aspx
https://cdn.ymaws.com/www.theabn.org/resource/collection/6750BAE6-4CBC-4DDB-A684-116E03BFE634/ABN_Neurology_COVID-19_Guidance_22.3.20.pdf
https://cdn.ymaws.com/www.theabn.org/resource/collection/6750BAE6-4CBC-4DDB-A684-116E03BFE634/ABN_Neurology_COVID-19_Guidance_22.3.20.pdf
https://cdn.ymaws.com/www.theabn.org/resource/collection/6750BAE6-4CBC-4DDB-A684-116E03BFE634/ABN_Neurology_COVID-19_Guidance_22.3.20.pdf
https://www.aan.com/siteassets/home-page/policy-and-guidelines/policy/position-statements/18_telemedicineps_v304.pdf
https://www.aan.com/siteassets/home-page/policy-and-guidelines/policy/position-statements/18_telemedicineps_v304.pdf
https://americanheadachesociety.org/news/headache-clinic-workflows-covid-19/
https://americanheadachesociety.org/news/headache-clinic-workflows-covid-19/
https://www.medscape.com/viewarticle/927562
https://www.medscape.com/viewarticle/927562
https://multiplesclerosisnewstoday.com/news-posts/2020/03/30/my-spirit-shines-amid-covid-19-a-choice-to-thrive-with-spms/
https://multiplesclerosisnewstoday.com/news-posts/2020/03/30/my-spirit-shines-amid-covid-19-a-choice-to-thrive-with-spms/
https://multiplesclerosisnewstoday.com/news-posts/2020/03/30/my-spirit-shines-amid-covid-19-a-choice-to-thrive-with-spms/
https://www.braincouncil.eu/projects/rethinkingms/
https://www.braincouncil.eu/projects/rethinkingms/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Bhaskar et al.

Chronic Neurology in COVID-19 Era

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rolak LA. Multiple sclerosis: its not the disease you thought
it was. Clin Med Res. (2003) 1:57-60. doi: 10.3121/cmr.
1.1.57

Giovannoni G, Hawkes C, Lechner-Scott J, Levy M, Waubant E, Gold J.
The COVID-19 pandemic and the use of MS disease-modifying therapies.
Mult Scler Relat Disord. (2020) 39:102073.doi: 10.1016/j.msard.2020.
102073

Brownlee W, Bourdette D, Broadley S, Killestein J, Ciccarelli O.
Treating multiple sclerosis and neuromyelitis optica spectrum disorder
during the COVID-19 pandemic. Neurology. (2020) 94:949-52.
doi: 10.1212/wnl.0000000000009507

National Multiple Sclerosis Society. MS Treatment Guidelines during
Coronavirus. (2020). Available online at: https://www.nationalmssociety.
org/coronavirus- covid- 19-information/multiple- sclerosis-and-
coronavirus/ms- treatment-guidelines- during- coronavirus#section-
O\relax$\@@underline\hbox{}\mathsurround\z@$\relax ~ (accessed
1, 2020).

Collins T. COVID-19: How Neurologists Are Defining Those ‘Essential’
Visits for Migraine, Stroke, Epilepsy, and Multiple Sclerosis. Neurology
Today: AAN publications (2020). Available online at: https://journals.lww.
com/neurotodayonline/fulltext/2020/05070/covid_19__how_neurologists_
are_defining_those.6.aspx (accessed June 1, 2020).

Jacob S, Muppidi S, Guidon A, Guptill J, Hehir M, Howard JE et al.
Guidance for the management of myasthenia gravis (MG) and Lambert-Eaton
myasthenic syndrome (LEMS) during the COVID-19 pandemic. ] Neurol Sci.
(2020) 412:116803. doi: 10.1016/j.jns.2020.116803

ALS Association. Coronavirus Disease Outbreak COVID-19. (2020). Available
online at: http://www.alsa.org/assets/pdfs/COVID-19_Facts.pdf (accessed
April 5, 2020).

American Academy of Sleep Medicine. COVID-19: FAQs for Sleep Clinicians.
(2020). Available online at: https://aasm.org/covid- 19-resources/covid- 19-faq
(accessed March 11, 2020).

MND New Zealand. COVID-19 Updates. (2020). Available online at: https://
mnd.org.nz/covid- 19-updates/ (accessed April 5, 2020).

Epilepsy Society UK. Epilepsy and the Coronavirus (COVID-19) FAQs.
(2020). Available online at: https://www.epilepsysociety.org.uk/epilepsy-and-
coronavirus- covid- 19-fags#.XondK9P7Q6W (accessed April 5, 2020).
Epilepsy Centre. Epilepsy and COVID-19. (2020). Available online at: https://
epilepsycentre.org.au/what-is-epilepsy/epilepsy-and- covid- 19/ (accessed
April 5,2020).

Thijs RD, Surges R, O’Brien TJ, Sander JW. Epilepsy in adults. Lancet. (2019)
393:689-701. doi: 10.1016/s0140-6736(18)32596-0

von Oertzen TJ, McGinty R, Holtkamp M, Kalviainen R, Ruegg S, Trinka E,
et al. Impact of COVID-19 on management of epilepsy. European Association
of Neurologists. (2020) Available online at: https://www.eanpages.org/2020/
04/03/impact-of-covid- 19-on-management-of-epilepsy/ (accessed April 5,
2020).

Karimi N, Razavi A, Rouhani N. Frequent convulsive seizures in an adult
patient with COVID-19: a case report. Iran Red Crescent Med ]. (2020)
22:€102828. doi: 10.5812/ircm;.102828

Epilepsy Foundation. Concerns about COVID-19 and Epilepsy. (2020).
Available online at: https://epilepsyfoundation.org.au/wp-content/uploads/
2020/03/Concerns- About- Coronavirus-and- Epilepsy- 1.pdf (accessed June 1,
2020).

Association APD. COVID-19 Overview for the Parkinson’s Community.
(2020). Available online at: https://www.apdaparkinson.org/article/covid-19-
overview-for- pd-community/ (accessed April 5, 2020).

Kotfis K, Williams Roberson S, Wilson JE, Dabrowski W, Pun BT, Ely
EW. COVID-19: ICU delirium management during SARS-CoV-2 pandemic.
Critical Care. (2020) 24:176. doi: 10.1186/s13054-020-02882-x

Brann DH, Tsukahara T, Weinreb C, Lipovsek M, Van den Berge K, Gong B,
et al. Non-neuronal expression of SARS-CoV-2 entry genes in the olfactory
system suggests mechanisms underlying COVID-19-associated anosmia.
bioRxiv. (2020). doi: 10.1101/2020.03.25.009084. [Epub ahead of print].
Tarakad A, Jankovic J. Anosmia and ageusia in Parkinson’s disease.
Int  Rev (2017) 133:541-56. doi: 10.1016/bs.irn.2017.
05.028

June

Neurobiol.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

60.

61.

Khunti K, Greenhalgh T, Chan XH, Durand-Moreau Q, Straube S, Devane
D, et al. What is the Efficacy of Eye Protection Equipment Compared to No
Eye Protection Equipment in Preventing Transmission of COVID-19-Type
Respiratory Illnesses in Primary and Community Care? (2020). Available online
at: https://www.cebm.net/covid-19/what-is- the-efficacy- of-eye- protection-
equipment-compared-to-no-eye- protection-equipment- in- preventing-
transmission- of-covid- 19- type-respiratory-illnesses- in- primary-and-
community-care/ (accessed April 24, 2020).

Azar ], Elinav H, Safadi R, Soliman M. Malignant
brain stimulator withdrawal syndrome. BMJ Case Rep.
12:€229122. doi: 10.1136/bcr-2018-229122

American Migraine Foundation. Navigating Migraine ¢ Headache Treatment
during the COVID-19 Global Pandemic. (2020). Available online at: https://
americanmigrainefoundation.org/resource-library/migraine- treatment-
during-covid-19/ (accessed April 7, 2020).

deep
(2019)

Friedman DI, Rajan B, Seidmann A. A randomized trial of
telemedicine ~ for  migraine  management.  Cephalalgia.  (2019)
39:1577-85. doi: 10.1177/0333102419868250

MaassenVanDenBrink A, de Vries T, Danser AH]J. Headache

medication and the COVID-19 pandemic. J Headache Pain. (2020)
21:38. doi: 10.1186/s10194-020-01106-5

Chatterjee S. Important steps to control COVID-19/SARS-CoV-2 infection.
SN Compr Clin Med. (2020) 1-2. doi: 10.1007/s42399-020-00271-7

Talreja H, Tan J, Dawes M, Supershad S, Rabindranath K, Fisher J, et al.
A consensus statement on the use of angiotensin receptor blockers and
angiotensin converting enzyme inhibitors in relation to COVID-19 (corona
virus disease 2019). N Z Med J. (2020). [Epub ahead of print].

Panati K, Narala VR. COVID-19 outbreak: an update on therapeutic options.
SN Compr Clin Med. (2020) 2:379-80. doi: 10.1007/s42399-020-00264-6
Little P. Non-steroidal anti-inflammatory drugs and covid-19. BMJ. (2020)
368:m1185. doi: 10.1136/bmj.m1185

Brown JD. Antihypertensive drugs and risk of COVID-19? Lancet Respir Med.
(2020) 8:€28. doi: 10.1016/s2213-2600(20)30158-2

Frishman WH. Beta-adrenergic blocker withdrawal. Am ] Cardiol. (1987)
59:F26-32. doi: 10.1016/0002-9149(87)90038-5

Prins KW, Neill JM, Tyler JO, Eckman PM, Duval S. Effects of beta-blocker
withdrawal in acute decompensated heart failure. A systematic review and
meta-analysis. (2015) 3:647-53. doi: 10.1016/j.jchf.2015.03.008

Raschi E, Poluzzi E, De Ponti F. Stroke, migraine and triptans: from bedside
to bench. EBioMedicine. (2016) 6:14-5. doi: 10.1016/j.ebiom.2016.03.045
Diener HC. The risks or lack thereof of migraine treatments in vascular
disease. Headache. (2020) 60:649-53. doi: 10.1111/head.13749

Derry S, Moore RA. Paracetamol (acetaminophen) with or without an
antiemetic for acute migraine headaches in adults. Cochrane Database Syst
Rev. (2013) 2013:Cd008040. doi: 10.1002/14651858.CD008040.pub3

Tietjen GE, Collins SA. Hypercoagulability and migraine. Headache. (2018)
58:173-83. doi: 10.1111/head.13044

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol
generating procedures and risk of transmission of acute respiratory
infections to healthcare workers: a systematic review. PLoS ONE. (2012)
7:€35797. doi: 10.1371/journal.pone.0035797

Oxley TJ, Mocco ], Majidi S, Kellner CP, Shoirah H, Singh IP, et al. Large-vessel
stroke as a presenting feature of Covid-19 in the Young. N Engl ] Med. (2020)
382:e60. doi: 10.1056/NEJMc2009787

Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. Coronavirus disease 2019
in elderly patients: characteristics and prognostic factors based on 4-week
follow-up. J Infect. (2020) 80:639-45. doi: 10.1016/j.jinf.2020.03.019

. Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course

and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054-
62. doi: 10.1016/s0140-6736(20)30566-3

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological
and
pneumonia in Wuhan, China: a descriptive study. Lancet.
395:507-13. doi: 10.1016/S0140-6736(20)30211-7

Khosravani H, Rajendram P, Notario L, Chapman MG, Menon BK. Protected
code stroke. Stroke. (2020) 51:1891-5. doi: 10.1161/STROKEAHA.120.029838

clinical characteristics of 99 cases of 2019 novel coronavirus
(2020)

Frontiers in Neurology | www.frontiersin.org

June 2020 | Volume 11 | Article 664


https://doi.org/10.3121/cmr.1.1.57
https://doi.org/10.1016/j.msard.2020.102073
https://doi.org/10.1212/wnl.0000000000009507
https://www.nationalmssociety.org/coronavirus-covid-19-information/multiple-sclerosis-and-coronavirus/ms-treatment-guidelines-during-coronavirus#section-0
elax $@@underline {hbox {}}mathsurround z@ $
elax 
https://www.nationalmssociety.org/coronavirus-covid-19-information/multiple-sclerosis-and-coronavirus/ms-treatment-guidelines-during-coronavirus#section-0
elax $@@underline {hbox {}}mathsurround z@ $
elax 
https://www.nationalmssociety.org/coronavirus-covid-19-information/multiple-sclerosis-and-coronavirus/ms-treatment-guidelines-during-coronavirus#section-0
elax $@@underline {hbox {}}mathsurround z@ $
elax 
https://www.nationalmssociety.org/coronavirus-covid-19-information/multiple-sclerosis-and-coronavirus/ms-treatment-guidelines-during-coronavirus#section-0
elax $@@underline {hbox {}}mathsurround z@ $
elax 
https://journals.lww.com/neurotodayonline/fulltext/2020/05070/covid_19__how_neurologists_are_defining_those.6.aspx
https://journals.lww.com/neurotodayonline/fulltext/2020/05070/covid_19__how_neurologists_are_defining_those.6.aspx
https://journals.lww.com/neurotodayonline/fulltext/2020/05070/covid_19__how_neurologists_are_defining_those.6.aspx
https://doi.org/10.1016/j.jns.2020.116803
http://www.alsa.org/assets/pdfs/COVID-19_Facts.pdf
https://aasm.org/covid-19-resources/covid-19-faq
https://mnd.org.nz/covid-19-updates/
https://mnd.org.nz/covid-19-updates/
https://www.epilepsysociety.org.uk/epilepsy-and-coronavirus-covid-19-faqs#.XondK9P7Q6W
https://www.epilepsysociety.org.uk/epilepsy-and-coronavirus-covid-19-faqs#.XondK9P7Q6W
https://epilepsycentre.org.au/what-is-epilepsy/epilepsy-and-covid-19/
https://epilepsycentre.org.au/what-is-epilepsy/epilepsy-and-covid-19/
https://doi.org/10.1016/s0140-6736(18)32596-0
https://www.eanpages.org/2020/04/03/impact-of-covid-19-on-management-of-epilepsy/
https://www.eanpages.org/2020/04/03/impact-of-covid-19-on-management-of-epilepsy/
https://doi.org/10.5812/ircmj.102828
https://epilepsyfoundation.org.au/wp-content/uploads/2020/03/Concerns-About-Coronavirus-and-Epilepsy-1.pdf
https://epilepsyfoundation.org.au/wp-content/uploads/2020/03/Concerns-About-Coronavirus-and-Epilepsy-1.pdf
https://www.apdaparkinson.org/article/covid-19-overview-for-pd-community/
https://www.apdaparkinson.org/article/covid-19-overview-for-pd-community/
https://doi.org/10.1186/s13054-020-02882-x
https://doi.org/10.1101/2020.03.25.009084
https://doi.org/10.1016/bs.irn.2017.05.028
https://www.cebm.net/covid-19/what-is-the-efficacy-of-eye-protection-equipment-compared-to-no-eye-protection-equipment-in-preventing-transmission-of-covid-19-type-respiratory-illnesses-in-primary-and-community-care/
https://www.cebm.net/covid-19/what-is-the-efficacy-of-eye-protection-equipment-compared-to-no-eye-protection-equipment-in-preventing-transmission-of-covid-19-type-respiratory-illnesses-in-primary-and-community-care/
https://www.cebm.net/covid-19/what-is-the-efficacy-of-eye-protection-equipment-compared-to-no-eye-protection-equipment-in-preventing-transmission-of-covid-19-type-respiratory-illnesses-in-primary-and-community-care/
https://www.cebm.net/covid-19/what-is-the-efficacy-of-eye-protection-equipment-compared-to-no-eye-protection-equipment-in-preventing-transmission-of-covid-19-type-respiratory-illnesses-in-primary-and-community-care/
https://doi.org/10.1136/bcr-2018-229122
https://americanmigrainefoundation.org/resource-library/migraine-treatment-during-covid-19/
https://americanmigrainefoundation.org/resource-library/migraine-treatment-during-covid-19/
https://americanmigrainefoundation.org/resource-library/migraine-treatment-during-covid-19/
https://doi.org/10.1177/0333102419868250
https://doi.org/10.1186/s10194-020-01106-5
https://doi.org/10.1007/s42399-020-00271-7
https://doi.org/10.1007/s42399-020-00264-6
https://doi.org/10.1136/bmj.m1185
https://doi.org/10.1016/s2213-2600(20)30158-2
https://doi.org/10.1016/0002-9149(87)90038-5
https://doi.org/10.1016/j.jchf.2015.03.008
https://doi.org/10.1016/j.ebiom.2016.03.045
https://doi.org/10.1111/head.13749
https://doi.org/10.1002/14651858.CD008040.pub3
https://doi.org/10.1111/head.13044
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1056/NEJMc2009787
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1161/STROKEAHA.120.029838
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Bhaskar et al.

Chronic Neurology in COVID-19 Era

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Bhaskar S, Sharma D, Walker AH, McDonald M, Huasen B, Haridas A, et al.
Acute neurological care in the COVID-19 era: the pandemic health system
REsilience PROGRAM (REPROGRAM) consortium pathway. Front Neurol.
(2020) 11:579. doi: 10.3389/fneur.2020.00579

Roman GC, Spencer PS, Reis ], Buguet A, Faris MEA, Katrak SM,
et al. The neurology of COVID-19 revisited: a proposal from the
Environmental Neurology Specialty Group of the World Federation of
Neurology to implement international neurological registries. J Neurol Sci.
(2020) 414:116884. doi: 10.1016/j.jns.2020.116884

Abdelnour L, Eltahir Abdalla M, Babiker S. COVID 19 infection presenting
as motor peripheral neuropathy. J Formos Med Assoc. (2020) 119:1119-
20. doi: 10.1016/j.jfma.2020.04.024

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome associated
with SARS-CoV-2 infection: causality or coincidence? Lancet Neurol. (2020)
19:383-4. doi: 10.1016/S1474-4422(20)30109-5

Toscano G, Palmerini F, Ravaglia S, Ruiz L, Invernizzi P, Cuzzoni MG, et al.
Guillain-Barré syndrome associated with SARS-CoV-2. N Engl ] Med. (2020).
doi: 10.1056/NEJMc2009191. [Epub ahead of print].

Sedaghat Z, Karimi N. Guillain Barre syndrome associated with
COVID-19 infection: a case report. J Clin Neurosci. (2020) 76:233-5.
doi: 10.1016/j.jocn.2020.04.062

Scheidl E, Canseco DD, Hadji-Naumov A, Bereznai B. Guillain-Barré
syndrome during SARS-CoV-2 pandemic: a case report and review of recent
literature. ] Peripher Nerv Syst. (2020). doi: 10.1111/jns.12382. [Epub ahead of
print].

Ottaviani D, Boso E, Tranquillini E, Gapeni I, Pedrotti G, Cozzio S, et al.
Early Guillain-Barré syndrome in coronavirus disease 2019 (COVID-19): a
case report from an Italian COVID-hospital. Neurol Sci. (2020) 41:1351-4.
doi: 10.1007/s10072-020-04449-8.

Tsai LK, Hsieh ST, Chang YC. Neurological manifestations in severe acute
respiratory syndrome. Acta Neurol Taiwan. (2005) 14:113-9.

Gutiérrez-Ortiz  C, Méndez A, Rodrigo-Rey S, San Pedro-Murillo
E, Bermejo-Guerrero L, Gordo-Manas R, et al. Miller fisher
syndrome and polyneuritis cranialis in COVID-19. Neurology. (2020).
doi: 10.1212/wnl.0000000000009619. [Epub ahead of print].

Zhao K, Huang J, Dai D, Feng Y, Liu L, Nie S. Acute myelitis after SARS-CoV-
2 infection: a case report. medRxiv. (2020). doi: 10.1101/2020.03.16.20035105.
[Epub ahead of print].

Munz M, Wessendorf S, Koretsis G, Tewald F, Baegi R, Kramer S,
et al. Acute transverse myelitis after COVID-19 pneumonia. J Neurol.
(2020). doi: 10.1007/s00415-020-09934-w. [Epub ahead of print].

Jin M, Tong Q. Rhabdomyolysis as potential late complication associated with
COVID-19. Emerg Infect Dis. (2020). doi: 10.3201/eid2607.200445. [Epub
ahead of print].

Barnes SL, Herkes GK. Guillain-Barré syndrome: clinical features, treatment
choices and outcomes in an Australian cohort. Intern Med ]. (2019).
doi: 10.1111/im;j.14705. [Epub ahead of print].

GBS CIDP Foundation International. A Statement from the GBS|CIDP
Foundation Regarding the COVID-19. (2020). Available online at: https://
www.gbs-cidp.org/a-statement- from- the-gbscidp- foundation-regarding-
the-covid-19/ (accessed June 1, 2020).

Li YC, Bai WZ, Hashikawa T. The neuroinvasive potential of SARS-CoV2 may
play a role in the respiratory failure of COVID-19 patients. ] Med Virol. (2020)
92:552-5. doi: 10.1002/jmv.25728

Nath A. Neurologic complications of coronavirus infections. Neurology.
(2020) 94:809. doi: 10.1212/WNL.0000000000009455

Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. COVID-
19-associated Acute Hemorrhagic Necrotizing Encephalopathy: CT and MRI
Features. Radiology. (2020) 201187. doi: 10.1148/radiol.2020201187

Mehta P, McAuley DE, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-
19: consider cytokine storm syndromes and immunosuppression. Lancet.
(2020) 395:1033-4. doi: 10.1016/50140-6736(20)30628-0

Autism Speaks. COVID-19 Information and Resources. (2020). Available
online at: https://www.autismspeaks.org/covid-19-information-and-
resources (accessed April 6, 2020).

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Coronavirus in Context: How a Pediatric Hospital Prepares for
Potential COVID-19 Influx. (2020). Available online at: https://www.
webmd.com/coronavirus-in- context/video/anthony-sandler  (accessed
April 7, 2020).

Brown EE, Kumar S, Rajji TK, Pollock BG, Mulsant BH.
Anticipating and mitigating the impact of the COVID-19 pandemic

on Alzheimer’s disease and related dementias. Am ] Geriatr
Psychiatry. (2020). doi: 10.1016/j.jagp.2020.04.010. [Epub ahead of
print].

Wang H, Li T, Barbarino P, Gauthier S, Brodaty H, Molinuevo
JL, et al. Dementia care during COVID-19. (2020)
395:1190-1. doi: 10.1016/50140-6736(20)30755-8

Pereira-Sanchez V, Adiukwu FE El Hayek S, Byty¢i DG, Gonzalez-
Diaz JM, Kundadak GK, et al. COVID-19 effect on mental
health: patients and workforce. Lancet Psychiatry. (2020) 7:€29-
30. doi: 10.1016/52215-0366(20)30153-X

European Academy of Neurology. Management Group of the EAN Dementia
panel. Available online at: Dementia Scientific Panel Report - COVID-
19 (2020). https://www.eanpages.org/2020/04/03/dementia- scientific- panel-
report-covid-19/ (accessed June 1, 2020).

Leonardi S, Camporotondo R, Totaro R, Costantino I, Gnecchi M, Oltrona
L. Patients: Scared and Alone - Pavia, Italy. Washington, DC: American
Psychiatric Association (2020). Available online at: https://www.escardio.org/
Education/COVID-19-and- Cardiology/patients-scared-and-alone- pavia-
italy (accessed June 1, 2020).

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders - DSM-5. 5th ed. doi: 10.1176/appi.books.9780890
425596

Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli
P, et al. Psychiatric and neuropsychiatric presentations associated
with severe coronavirus infections: a systematic review and meta-

Lancet.

analysis with comparison to the COVID-19 pandemic. Lancet
Psychiatry. doi: 10.1016/S2215-0366(20)30203-0. [Epub ahead
of print].

Zhou X, Snoswell CL, Harding LE, Bambling M, Edirippulige S, Bai
X, et al. The role of telehealth in reducing the mental health burden
from COVID-19. Telemed ] E Health. (2020) 26:377-9. doi: 10.1089/tmj.
2020.0068

Bhaskar, Rastogi A, Chattu VK, Adisesh A, Thomas P, Alvarado N, et al.
Key strategies for clinical management and improvement of healthcare
services for cardiovascular disease and diabetes patients in the coronavirus

(COVID-19) = settings: recommendations from the REPROGRAM
consortium. Front. Cardiovasc. Med. 6:26. doi: 10.3389/fcvm.2020.
00112

Cragg JJ, Kramer JK, Borisoff JF. Relationship between neurological
disorders and  heart disease: a national population health
survey.  Neuroepidemiology.  (2015)  44:64-5. doi:  10.1159/0003
73925

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.

The Reviewer AK declared a shared affiliation with one of the author, SI-K
to the handling editor at time of review.

Copyright © 2020 Bhaskar, Bradley, Israeli-Korn, Menon, Chattu, Thomas, Chawla,
Kumar, Prandi, Ray, Golla, Surya, Yang, Martinez, Ozgen, Codrington, Gonzdlez,
Toosi, Hariya Mohan, Menon, Chahidi and Mederer Hengstl. 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

54

June 2020 | Volume 11 | Article 664


https://doi.org/10.3389/fneur.2020.00579
https://doi.org/10.1016/j.jns.2020.116884
https://doi.org/10.1016/j.jfma.2020.04.024
https://doi.org/10.1016/S1474-4422(20)30109-5
https://doi.org/10.1056/NEJMc2009191
https://doi.org/10.1016/j.jocn.2020.04.062
https://doi.org/10.1111/jns.12382
https://doi.org/10.1007/s10072-020-04449-8
https://doi.org/10.1212/wnl.0000000000009619
https://doi.org/10.1101/2020.03.16.20035105
https://doi.org/10.1007/s00415-020-09934-w
https://doi.org/10.3201/eid2607.200445
https://doi.org/10.1111/imj.14705
https://www.gbs-cidp.org/a-statement-from-the-gbscidp-foundation-regarding-the-covid-19/
https://www.gbs-cidp.org/a-statement-from-the-gbscidp-foundation-regarding-the-covid-19/
https://www.gbs-cidp.org/a-statement-from-the-gbscidp-foundation-regarding-the-covid-19/
https://doi.org/10.1002/jmv.25728
https://doi.org/10.1212/WNL.0000000000009455
https://doi.org/10.1148/radiol.2020201187
https://doi.org/10.1016/s0140-6736(20)30628-0
https://www.autismspeaks.org/covid-19-information-and-resources
https://www.autismspeaks.org/covid-19-information-and-resources
https://www.webmd.com/coronavirus-in-context/video/anthony-sandler
https://www.webmd.com/coronavirus-in-context/video/anthony-sandler
https://doi.org/10.1016/j.jagp.2020.04.010
https://doi.org/10.1016/S0140-6736(20)30755-8
https://doi.org/10.1016/S2215-0366(20)30153-X
https://www.eanpages.org/2020/04/03/dementia-scientific-panel-report-covid-19/
https://www.eanpages.org/2020/04/03/dementia-scientific-panel-report-covid-19/
https://www.escardio.org/Education/COVID-19-and-Cardiology/patients-scared-and-alone-pavia-italy
https://www.escardio.org/Education/COVID-19-and-Cardiology/patients-scared-and-alone-pavia-italy
https://www.escardio.org/Education/COVID-19-and-Cardiology/patients-scared-and-alone-pavia-italy
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1016/S2215-0366(20)30203-0
https://doi.org/10.1089/tmj.2020.0068
https://doi.org/10.3389/fcvm.2020.00112
https://doi.org/10.1159/000373925~
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

1' frontiers
in Neurology

OPINION
published: 26 June 2020
doi: 10.3389/fneur.2020.00722

OPEN ACCESS

Edited by:
Cheng-Yang Hsieh,
Sin-Lau Christian Hospital, Taiwan

Reviewed by:

Chih-Sheng Yang,

Taichung Tzu Chi General
Hospital, Taiwan

Poh-Shiow Yeh,

Chi Mei Medical Center, Taiwan

*Correspondence:
Naoto Kuroda
naoto.kuroda@wayne.edu

Specialty section:

This article was submitted to
Epilepsy,

a section of the journal
Frontiers in Neurology

Received: 27 May 2020
Accepted: 15 June 2020
Published: 26 June 2020

Citation:

Kuroda N (2020) Decision Making on
Telemedicine for Patients With
Epilepsy During the Coronavirus
Disease 2019 (COVID-19) Crisis.
Front. Neurol. 11:722.

doi: 10.3389/fneur.2020.00722

Check for
updates

Decision Making on Telemedicine for
Patients With Epilepsy During the
Coronavirus Disease 2019
(COVID-19) Crisis

Naoto Kuroda*
Department of Pediatrics, Children’s Hospital of Michigan, Wayne State University, Detroit, Ml, United States

Keywords: epilepsy, COVID-19, telemedicine, decision making, algorithm, epilepsy surgery, novel coronavirus

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a novel infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The outbreak initially occurred in Wuhan,
China, in late 2019, and is spreading globally (1). Society, in general, is required to adapt to the
changes induced by the COVID-19 crisis.

Epilepsy is a neurological chronic disorder characterized by a spontaneous recurrence of
unprovoked seizures. In the field of neurology, as well as other departments, telemedicine is
recommended as an alternative option for outpatient practice during the COVID-19 crisis to avoid
the risk of exposure to SARS-CoV2 (2). The clinicians are trying to change the practice style to
telemedicine owing to the worldwide COVID-19 crisis. Telemedicine was already in use before
the COVID-19 crisis for some patients who had difficulty accessing medical facilities. However,
the COVID-19 crisis has made telemedicine an option that should be actively considered in most
patients, not just some patients who have difficulty accessing medical facilities. In the field of
epilepsy, the importance of telemedicine is emphasized during this crisis; however, no consensus
about decision making is available (2).

The present study article emphasizes the decision-making process by clinicians for patients with
epilepsy via telemedicine during the COVID-19 crisis. Considering the decision-making factors, a
decision-making tree has been proposed (Figure 1).

DECISION MAKING ON TELEMEDICINE

Strength and Weakness of Telemedicine
Telemedicine consultation between clinicians and patients with epilepsy has certain advantages.
First, the patients can save time, consultation fees, and travel expenses required to visit their doctors
(3). Second, Patients living in areas with poor medical resources can have access to professional
doctors of the required fields (3). Third, patients can avoid public exposure, which is highly
recommended during COVID-19 crisis (2).

In contrast, telemedicine has certain limitations compared to physical consultation. It is difficult
to examine the patients online, the effectiveness is limited, and remains unauthenticated (4).
In general, patients cannot undergo clinical tests associated with epilepsy such as blood test,
cerebrospinal-fluid test, neuroimaging, and electroencephalogram, thereby indicating that patients
requiring such examination have to physically visit the testing centers despite the exposure risk
to SARS-CoV-2.
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Do increasing seizures affect their ADL? Are there any symptoms related to the side-
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Continue the Needs specific
Make an appointment for a physical visit. treatment on consideration for
telemedicine the treatment
FIGURE 1 | A decision-making tree to manage patients with epilepsy on telemedicine during COVID-19. COVID-19, coronavirus disease 2019; ADL, activities of daily
living; AEDs, antiepileptic drugs; VNS, vagus nerve stimulation; DBS, deep brain stimulation; RNS, responsive neurostimulation; ACTH, adrenocorticotropic hormone.

Decision Making by Clinicians for Patients
With Epilepsy via Telemedicine During
COVID-19 Crisis

Based on the above-mentioned advantages and limitations of
telemedicine, physicians should recommend both outpatient
consultation at clinic and telemedicine appropriately. During
telemedicine consultation, the doctors should decide whether the
patients require a visit to the clinics.

Access to the System of Telemedicine

To continue telemedicine, the feasibility and accessibility for
patients remain one of the most important factors. Some factors
disturb the patients to continue the telemedicine (2). People who
are blind or hard of hearing may be more inconvenienced by
telemedicine. Some patients are unable to use a video-call system
for a variety of reasons, such as difficulty accessing the internet,
location, or financial situation. Patients in such situations should
be encouraged to visit the clinics. It is more important to provide
continued medical care.

New Patients

In the cases of new patients, we would collect general
information, including clinical history, family history, seizure
semiology, medical history, and birth and developmental history.
In addition, we would check the physical and neurological
findings. If additional testing is needed, including blood test, tap
test, electroencephalogram, or neuroimaging, an appointment
can be made for the patient to come into the clinic. In cases
where more examinations are not needed, we can continue
with telemedicine.

The Presence of New Seizure Type

The occurrence of seizure types would indicate acute
symptomatic seizure due to onset of new diseases including
COVID-19 (5). Even for patients with epilepsy as a neurological
chronic disorder, the new types of seizures should be
distinguished from the original seizures and must be examined in
detail. The diseases which cause seizures include cerebrovascular
disease, head trauma, central nervous system infection, auto
immune encephalitis, and intoxication (6). We should also
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remember that psychogenic non-epileptic seizures are a disorder
that is often difficult to differentiate from epilepsy (7). Therefore,
epileptologists should confirm the presence of seizure types,
differing from the original seizures.

Seizure Frequency

While consulting outpatients with epilepsy, an essential factor is
the change in seizure frequency. Several factors affect the seizure
control (8). If the seizure frequency increases, clinicians should
consider all factors responsible for the loss of seizure control.

In the cases of increasing seizures, clinicians have to confirm
several factors associated with seizure occurrence. Changing
lifestyle, such as change of sleep duration, decreased medication
compliance, and stressful/anxious situations can affect the
seizure control. Alcohol consumption is a known trigger for
seizures in patients with epilepsy. It is widely known that
people under stressful situation tend to consume alcohol more
frequently (9). Moreover, it is widely known that anxiety and
mental stress can increase seizures (10). To control seizure,
medication compliance is essential. During the COVID-19
crisis, lifestyle changes are bound to occur, which may decrease
the medication compliance (11). Considering prevention or
supportive therapy of COVID-19, patients with epilepsy might
be exposed to various supplements or newly started medications.
As reported, some antiviral therapy used for COVID-19 may
interact with the antiepileptic drugs (AEDs) (12). According
to The Italian League Against Epilepsy (https://www.lice.
it/pdf/Antiepileptic_drugs_interactions_in_COVID-19.pdf),
some AEDs (gabapentin, levetiracetam, lorazepam, pregabalin,
clonazepam, ethosuximide, et al.) have relatively few interactions
with antiviral medications and are easy to combine with them.
O the other hand, some AEDs (carbamazepine, phenytoin,
phenobarbital, et al.) have strong interaction with antiviral drugs.
In addition, some combinations can induce fatal arrhythmias
in patients. Therefore, clinicians should consider the effects of
interaction between such medications and AEDs.

We should first confirm such factors, including medication
adherence, lifestyle, shortage of sleep, stressful situations, alcohol
intake, and supplemental or new medications. If there is no
change in terms of these factors, we would consider about
adjustment of AEDs. If the increase in seizures disturbs the
patients’ daily activities, physician could encourage making
appointment for physical consultation, whatever the causes of
exacerbation might be.

Patients’ General State

Any person could be infected by SARS-CoV-2. Therefore,
clinicians should ask the patients with epilepsy whether they
have any symptoms of COVID-19. Similar to the general
population, patients with epilepsy who have comorbidities, such
as smoking, obesity, diabetes, heart disease, lung disease, and
cancer, are at a higher risk of developing COVID-19 (13).
Among the COVID-19 symptoms, fever should be appropriately
monitored as it could decrease the threshold of seizures (14). If
required, the clinicians should consider prescription of antifebrile
medications. In particular, for patients with Dravet syndrome, the
management of fever is critical (15). Moreover, it is reasonable

to use paracetamol if patients with Dravet syndrome have a
fever (16). In addition to patients with Dravet syndrome, those
with epilepsy can also be prescribed antifebrile medications, such
as paracetamol.

Side-Effect of AEDs

If the patients with increased seizure lack the aforementioned
factors (medication adherence, lifestyle, shortage of sleep,
stressful situations, alcohol intake, supplemental or new
medication, and patients’ general state) or when improvement in
such factors does not decrease the seizure frequency, clinicians
may consider adjusting the AEDs.

While adjusting AEDs on telemedicine, the side-effect of
AEDs should be considered. Telemedicine allows us to weigh
the side-effects of the treatment (17). In case of critical side-
effects, clinicians may consider physical consultation. We may
consider continuing the AEDs if the side-effects are mild and
acceptable to both clinician and patients. However, if the side-
effects are critical, an appointment at the clinic will be needed.
We need to consider discontinuing or changing the therapeutic
drug on telemedicine if the side effects are not critical, and are
unacceptable to either the physician or the patient. If the side-
effects do not improve despite decreasing or stopping the AEDs,
the patient should be encouraged to physically visit the clinician
for further evaluation.

Other Treatments for Epilepsy

Some patients with epilepsy resort to the diet-therapy to control
seizures. Diet-therapy would be vulnerable under the effect of
COVID-19 crisis owing to the difficulty of obtaining the required
foods for diet-therapy (18). Therefore, the clinicians should
confirm the compliance to diet-therapy on telemedicine. Few
patients with diet-therapy would need online-dietary-counseling
by dieticians.

Patients with epilepsy who underwent surgeries, such as
vagus nerve stimulation, deep brain stimulation, or responsive
neurostimulation, require the adjustment of parameter for
stimulation. In the present scenario, clinicians have no alternative
options to manage and control such procedure on telemedicine.
In particular, patients who are not very long post-operatively or
who need to have parameters set may need an actual visit even in
a COVID-19 situation.

Some patients take medications, such as everolimus or
corticosteroid, which affect the immune system. Under normal
conditions, such medications are normally prescribed to control
seizures (12). However, these medications may need to be
discontinued for a short period for patients with exposure to
SARS-CoV-2 or diagnosed as COVID-19 positive (19).

Vigabatrin is an AED often used for patients with tuberous
sclerosis complex. Clinicians can continue prescribing this
medication on telemedicine if approved by the opthalmologists,
as it is known to cause visual field defect (20).

Some patients with infantile spasm might have undergone
adrenocorticotropic hormone (ACTH) therapy for epilepsy (21).
This therapy is generally provided on admission; however, during
the COVID-19 crisis, physicians could consider using oral steroid
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as an alternative option for ACTH therapy on telemedicine to
reduce the risk of virus exposure (21, 22).

CONCLUSION

The present study summarizes and suggests the management of
patients with epilepsy on telemedicine during the COVID-19
crisis. Epileptologists are required to manage their outpatients
using telemedicine due to COVID-19 pandemic. Decision-
making tree prescribed in this article would be helpful for the
epileptologists to manage their patients on telemedicine. In
COVID-19 situations, patients are exposed to various aspects
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NEUROMED, Pozzilli, Italy, ® Sleep Medicine Center, IRCCS NEUROMED, Pozzilli, Italy, ® Department of Human
Neurosciences, “Sapienza” University of Rome, Rome, Italy

Objective: In early 2020, ltaly struggled with an unprecedented health emergency
related to the COVID-19 pandemic. Medical care of chronic neurological diseases, such
as epilepsy, is being sorely neglected. In this national survey, we aimed at understanding
the impact of COVID-19 lockdown on the care of people with epilepsy (PwE) and
identifying PwE risk factors for seizure worsening to direct telemedicine efforts.

Methods: We administered a 48-items online survey (published on April 11, 2020)
including socio-demographic, epilepsy-related, and psychometric variables (BDI-Il for
depression, GAD-7 for anxiety, and PSQI for sleep) to PWE and people without epilepsy
(PwokE). Regression analysis identified predictors of seizure worsening.

Results: We collected responses from 456 PwE (344 females) and 472 PwoE (347
females). Outpatient examinations of PWE were postponed in 95% of cases. One-third
of PwE complained of issues with epilepsy management, but only 71% of them reached
the treating physician and solved their problems. PwE had worse depressive and anxiety
symptoms (higher BDI-Il and GAD-7 scores; p < 0.001) than PwoE. Sleep quality was
equally compromised in both groups (47 and 42%). Sixty-seven PwE (18%) reported
seizure worsening, which was best explained by the number of anti-seizure medications
(ASM) of chronic therapy and the severity of sleep disorder.

Conclusions: During the current COVID-19 pandemic, a significant percentage of PwE
experienced difficulties in follow-up and a seizure number increase, in particular those
chronically taking more ASMs and with poor sleep quality. This dramatic experience
outlines the urgent need for validation and implementation of telemedicine services for
epileptic patients in order to provide regular follow-up.

Keywords: epilepsy, COVID-19, sleep, depression, anxiety
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INTRODUCTION

Italy is facing an unprecedented health emergency represented
by the COVID-19 pandemic due to the SARS-CoV-2 virus.
The government imposition of quarantines, travel bans, and
lockdown throughout the country has been producing the first
effects in limiting the spread of the viral infection. The COVID-
19 pandemic led to strict measures of isolation (www.apple.
com/covid19/mobility) throughout the Italian peninsula. Almost
inevitably, isolation is accompanied by either the onset or the
worsening of sleep, mood, and anxiety disorders (1). It is also
associated with an increased risk of an inadequate level of medical
care for chronic disorders, including epilepsy. The social and
behavioral consequences of COVID19 lockdown might increase
seizure frequency in people with epilepsy (PwE). Furthermore,
the COVID-19 viral infection itself can induce a febrile status,
which in turn can reduce seizure threshold (2). The industry
lockdown hampers anti-seizure medication (ASM) supplies,
whereas the reduced care services limited to emergencies make
it difficult for PwWE to receive regular follow-up and to keep in
touch with their treating physicians. To address these difficulties,
Italian neurologists are using several communication strategies
(e.g., emails, phone, electronic messages, web conference calls,
etc.) to maintain contact with their patients, while continuing to
manage the increased need for intensive medical assistance.

In this national survey, we aimed at understanding the real
impact of COVID-19 breakdown on PwE in Italy by evaluating
the seizure frequency, needs, and behaviors of patients in order
to identify possible risk factors for seizure worsening and thus to
better focus the implementation of telemedicine strategies.

MATERIALS AND METHODS

An online survey was created using the free open-access
Google™  Forms  (https://www.google.com/forms/about/)
application. The survey included an informed consent
verification, making it possible for those who did not agree
with its terms of use to end the survey without further questions.
No personally identifiable information was collected, and data
were treated according to the European regulation GDPR n.
2016/679. The survey was published on April 11, 2020, on the
Facebook webpage of the LICE (Lega Italiana Contro Epilessia,
the Italian chapter of the International League Against Epilepsy,
ILAE) Foundation, a non-profit organization promoting
research, training, and public awareness about epilepsy.

We set a convenience sample of at least 300 PwE. We planned
also to include people without epilepsy (PwoE) as a control
group. Subjects younger than 18 years old were excluded from the
survey since the psychiatric scales used in the questionnaire are
validated for adults only. The survey continued until there was a
reduction of >90% in the number of daily answers compared to
the 1st day of online publication. The survey was closed at 23:59,
April 16, 2020.

The questionnaire contained the following sections:

- Introduction with a brief description of the aim of the study
- Informed consent (mandatory)

- Demographic and social data (age, sex, region, educational
level, and marital, and working status)

- Changes in working activities during the COVID-19 period

- Anamnesis for depression and anti-depressant therapy

- The assumption of new anti-depressants, anxiolytics, hypno-
inducers, or antipsychotics during the COVID-19 period

- Epilepsy-related questions (for PWE group):

o seizure frequency during COVID-19 period and pre-
COVID-19 period, number and dosages of ASM in chronic
therapy, subjective seizure worsening (PwE were asked
“Did your epilepsy worsen, with an increased number or
severity of seizures, in the lockdown period? Yes or No”),
scheduled neurological examinations/outpatient visits and
their deferral (if there were any), rising epilepsy-related
issues (ASM availability, adverse effects of ASM, anxiety,
depression, need to increase therapy), attempts to contact
the neurologist, successes in contacting the neurologist,
successes in resolving epilepsy-related issues, adherence to
the ASM therapy.

- Psychiatric assessment: Beck depression inventory scale II for
depressive symptoms (BDI-II), General Anxiety Disorder-7
(GAD-7) for anxiety symptoms, and Pittsburg Sleep Quality
Index (PSQI) for sleep.

The BDI-II is a 2l-item self-report measure of common
depressive symptoms (3). Each item has four possible responses,
and higher total scores are indicative of a greater number
and severity of depressive symptoms. Scores ranging from 0
to 13 indicate minimal/no symptoms, 14-19 indicate mild
depression, 20-28 indicate moderate depression, and 29-63
indicate severe depression.

The GAD-7 is a valid and eflicient tool for screening
for anxiety symptoms and assessing their severity in clinical
practice and research (4). Scores of 5, 10, and 15 represent cut-
off scores for mild, moderate, and severe anxiety symptoms,
respectively. When used as a screening tool, further evaluation
is recommended when the score is 10 or greater.

Subjective quality of sleep was assessed through the PSQI
(5), a self-rated questionnaire that assesses sleep quality and its
disturbance over 1 month. We used the validated Italian version
of PSQI (6) consisting of a 19-items scale, in which responses
are given for the last month, that measures sleep disturbances
according to seven dimensions: subjective sleep quality (Cl),
sleep latency (C2), sleep duration (C3), habitual sleep efficiency
(C4), sleep disturbances (C5), use of sleep medication (C6), and
daytime dysfunctions (C7). The scores from these seven areas
were gathered together, creating a global score considered an
indicator of relevant sleep disturbances if >5. As PSQI was one
of the variables best at predicting seizure worsening in PwE, we
performed a principal component analysis, which helps to reduce
the dimensionality of data, on PSQI components in order to
evaluate which items are responsible of the variation in total PSQI
score in our sample.

The social lockdown started on March 11, 2020, in Italy. We
therefore defined the COVID-19 period as the 31 days before
the questionnaire was published (March 11 to April 10, 2020),
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whereas the period between February 9 and March 10, 2020, was
defined as the pre-COVID-19 period.

Data were automatically stored on a private account and
downloaded as a “.csv” text file.

STATISTICAL ANALYSIS

Data management and statistical analysis were performed in R
3.6.2 using R studio software. Data manipulation was performed
in the tidyverse grammar for R.

Normally distributed data were reported as mean =+ standard
deviation; normality was checked by quantile-quantile plotting.
Non-normally distributed data were reported as median and
range. The main items of data were subdivided according to
the responders answer to the following questions: “Do you
have a diagnosis of epilepsy?” “Did your epilepsy worsen, with
an increased number or severity of seizures in the lockdown
period?” According to the answers, subjects were divided into
PwE and PwoE. The PwE group was further divided into
patients experiencing worsening (WPwE) and those without
worsening (nWPwE). This subjective variable was chosen to
merge qualitative (intensity, duration, post-ictal symptoms) and
quantitative (number) changes to seizures in PwE. However,
to check for possible biases caused by the subjectivity of the
PwE evaluation of seizure worsening, we compared the seizure
frequency changes between WPwE and nWPwe in terms of both
absolute number and percentage change (percentage change of
seizure frequency in the COVID-19 period with respect to the
pre-COVID-19 period).

Differences among groups were described with a t-test for
continuous normal variables, the U-Mann-Whitney test for non-
normal continuous variables, and Chi-squared for frequencies.
Significant correlations (Pearson’s correlation for normally
distributed variables, Spearman’s correlation for non-normally
distributed variables) were calculated for psychometric variables
in the PWE and PwoE groups. As, in Italy, the number of COVID-
19 infections was higher in the Northern regions of Lombardia,
Veneto, and Piemonte (www.salute.gov.it), we also performed a
comparison between participants coming from those regions and
those resident in the rest of the peninsula.

In order to better describe which variables influenced the
worsening of epilepsy in PwE during the lockdown period, we
designed a logistic regression model. We selected dependent
variables through a stepwise backward model, with selection
based on the Akaike information criterion (AIC), which was
implemented using the MASS library for R. Categorical variables
were dummy-coded prior to entering the logistic regression.
Variables in the initial entry were chosen among those showing
potential differences between the worsened and non-worsened
group (p < 0.1). We added to these variables some factors that, in
our experience, could increase the likelihood of worsening, such
as number of ASMs or previous diagnosis of depressive disorders.

Since PSQI showed to be a significant predictor of
seizure worsening, we investigated which component of PSQI
contributed the most to the variability of the total score. To
better describe the PSQI sub-scores, we performed a principal

component analysis (PCA) to reduce the dimensionality of data,
choosing components that explained most of the variability
(elbow method) and showing which sub-items weighed the most
in those components.

The alpha level was set at 0.05 for statistical significance.

RESULTS

A total of 953 subjects accessed the online survey, and
928 of them (97.4%) gave their consent to proceed with
the questionnaire.

Demographic Data

We collected the answers of 456 PWE (344 females) and 472
PwoE (347 females). Females represented 78% of the whole
sample. PwoE were older than PwE (43.9 £ 12.3 years, range
18-89 years vs. 37.82 & 12.48, range 18-86 years; p < 0.0001).
Regional residence frequency was, in alphabetical order: Abruzzo
24, Basilicata 3, Calabria 16, Campania 123, Emilia-Romagna 53,
Friuli venezia giulia 20, Lazio 315, Liguria 9, Lombardia 112,
Marche 11, Molise 10, Piemonte 48, Puglia 49, Sardegna 16, Sicilia
16, Toscana 30, Trentino alto adige 19, Umbria 9, Valle d’aosta 0,
and Veneto 42.

We did not find any difference between responders from the
regions of Lombardia, Veneto and Piemonte and those from
other Italian regions with regard to age, sex, and number of PWE
and PwoE.

Socio-Demographic and Occupational
Data

The socio-demographic and occupational data are summarized
in Table 1.

PwE had a lower percentage of occupation (55.7%, employees
+ freelancers) than PwoE (76.1% employees+freelancers); 54%
of PwE and 83.5% of PwoE reported a reduction in their
working activities during COVID-19 lockdown (Table 1). Of all
respondents, 79.7% reported that they stayed at home around
the clock.

Depression
A history of depression was reported by 89 PwE (19%) and
80 PwoE (17%), with 35 PwE (8%) and 39 PwoE (8%) taking
anti-depressant drugs at the moment of the survey.
Furthermore, 44 PwE and 32 PwoE reported that since
the COVID-19 isolation began, they had started taking new
psychotropic drugs (anxiolytics 46.5%, anti-depressants 8.5%,
antipsychotics 2.8%, and hypnotics 42.3%) for insomnia (38.2%),
depression (14.5%), and anxiety (47.4%).

SARS-CoV-2 Infection

Symptoms of COVID-19 infection was specifically investigated.
It was found that 32 PwE reported fever (6.6%) and 16 PwE
(3.5%) underwent a nasopharingeal swab test for SARS-CoV-
2 (one positive, 0.2%, no hospitalization was required), while
30 PwoE (5.3%) had fever and 29 (6.1%) underwent the swab
test (two positives, 0.4%, one with hospitalization, one with
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TABLE 1 | Socio-demographic data.

Variable PwWE PwoE Stat. sig.
N % N %
Total 456 100 472 100
Females 344 75.4 347 79.9 0.6263
Age (mean + SD) 37.9+125 42,3 £12,32 <0.0001
Marital status 0.0001
Single 189 41.4 112 23.7
Married 164 36.0 224 47.5
Cohabiting 77 47.0 93 19.7
Separated/Divorced 25 5.5 38 8.1
Widowed 1 0.6 5 1.1
Education 0.0001
Primary school 12 2.6 2 0.4
Secondary school 69 151 30 6.4
High School 211 46.3 167 35.4
Bachelors 131 28.7 189 40.0
PhD/residency 26 5.7 82 17.4
No answer 7 1.5 2 0.4
Working status <0.0001
Employee 198 43.4 276 58.5
Unemployed 147 32.2 74 15.7
Freelancer 56 12.3 83 17.6
Retired 45 9.9 32 6.8
Laid off 10 7.6 7 1.5
Job reduction during <0.0001
COVID-19 period
No job reduction 119 45.9 42 16.5
Laid off 42 16.2 46 18.1
Forced private job shutdown 30 11.6 60 23.6
Forced holidays 15 5.8 38 15.0
Fired 8 3.1 3 1.2
Job hours reduction 45 17.4 65 25.6
Depression >0.3
Positive history 89 19.5 80 16.9
Use of anti-depressants at the 35 7.7 39 8.3
moment of the survey
COVID-19 symptoms >0.06
Fever 30 6.6 30 6.3
Swab sample 16 3.5 29 6.1
Positive swab 1 0.2 2 0.4
Hospitalization for COVID-19 0 0 1 0.2

Bold is used for significant values.
SD, standard deviation.

spontaneous recovery). No significant differences between PwE
and PwoE were found.

Psychiatric Questionnaires

Depressive Symptoms

Overall, PWE had more sever depressive symptoms (higher
BDI-II scores) than PwoE (PwE 12.0 &+ 10, PwoE 9.8 £ 7.7;
p=0.0001).

Among PwE, 297 subjects (65.1%) had normal BDI-
IT values (score < 13), 69 (15.1%) had mild depressive
symptoms  (14-19 score), 53 (11.6%) had moderate
depressive symptoms (20-28 scores), and 37 (8.1%)
had severe depressive symptoms (>28 score). In PwoE,
357 subjects (75.6%) had normal BDI-II values, 64
(13.6%) had mild depressive symptoms, 33 (7%) had
moderate depressive symptoms, and 18 (3.8%) had severe
depressive symptoms.
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No difference was found between responders from the regions
of Lombardia, Veneto, and Piemonte (the areas most severely
affected by the outbreak) and those from other Italian regions.

Anxiety Symptoms

PwE had more severe anxiety symptoms (higher GAD-7 scale
scores) than PwoE (8 %+ 5.3 and 6.8 + 4.9, respectively;
p=0.0002).

Among PwoE, 135 (47.5%) had normal GAD-7 values,
128 cases (32.4%) had mild anxiety symptoms, 142 (12.9%)
had moderate anxiety symptoms, and 34 (7.2%) had severe
anxiety symptoms.

Among PwE, 111 (39.5%) had normal values, 92 cases (28.9%)
had mild anxiety symptoms, 162 (21.3%) had moderate anxiety
symptoms, and 47 (10.3%) had severe anxiety symptoms.

No difference was found between the GAD-7 values of
responders from the regions of Lombardia, Veneto, and
Piemonte, and those from other Italian regions.

Sleep Quality
PSQI scale scores did not differ between PwE and PwoE (6.8 &
3.7 and 6.6 + 3.8, respectively; p = 0.3117), and 214 PWE (46.9%)
and 200 PwoE (42.4%) had PSQI values out of normal range (>5).
The first three components of the PSQI explained 75% of
the variance of the total PSQI score. The sub-items explaining
most of the variance of total PSQI were, in order of relevance:
C1: Subjective evaluation of sleep quality; C2: Sleep Latency; C3:
Sleep duration. Full PCA data and weights are shown in Table S1.
No difference was found in sleep quality between responders
from the regions of Lombardia, Veneto, and Piemonte, and those
from other Italian regions.

Epilepsy

Seizures in PWE

PwE reported having generalized epilepsy in 188 cases (41.2%)
and focal epilepsy in 139 cases (30.5%), whereas the remaining
129 PWE (28.3%) were not aware of the epilepsy type they suffered
from. Among the whole sample of PwE, 212 (46%) had been free
of seizure in the last year.

In non-seizure-free patients, PWE reported to take a median
of 2 ASMs (range 0-7) and had a median of 1 seizure (range
0-100) in the pre-COVID-19 period, and a median of 1 seizure
during the COVID-19 period (0-100; Wilcoxon signed ranks test
Z—1-138, asympt sign. 0.255).

Sixty-two patients (13%) reported that they had experienced
at least one generalized tonic-clonic seizure during the COVID-
19 lockdown.

We did not find any difference between responders from the
regions of Lombardia, Veneto, and Piemonte, and those from
other Italian regions with regard to number of seizures.

Worsening of seizures

A worsening of seizures during the COVID-19 period was
reported by 67 (18%) PwE (WPwE). In WPwE, but not in not-
worsening PWE (nWPwE), the number of seizures was higher
in the COVID-19 period (median 1, range 0-50) compared to

the pre-COVID-19 period (median 3, range 0-80; p = 0.0003).
WPWwE had a percentual worsening of seizure frequency, with
a median value of 25% (0-60%) (Figure1). Compared with
nWPwE, WPwE more frequently had a positive history of
depression (p = 0.01), anti-depressant use (p < 0.0001), tonic-
clonic seizures during COVID-19 (p < 0.0001), and epilepsy-
related issues during COVID-19 (p < 0.0001); conversely, seizure
freedom was less frequent in WPwE (p < 0.0001). In the
psychiatric questionnaires, WPwE had more severe depression
and anxiety symptoms and more disturbed sleep than the rest of
the PwE group (p < 0.001).

Improvement of Seizures

We identified 61 PWE (13%) patients that, according to their self-
reported seizure frequency, had improved during the lockdown
period. These PwE had an average reduction of seizures
according to their self-report of 4.8 £ 4 seizures/month, with
an average percentage improvement in seizure frequency of
72 £ 31%.

We compared their psychometric scores with those of the
WPWE group.

No significant difference was found in total BDI scores
between the two groups (WPwE: BDI = 17.69 £ 9.99; improved
PwE: BDI = 15.25 4 12.02; T'= 1.23, p = 0.216), and PSQI total
score was significantly lower (better quality of sleep) in improved
PwE (WPwE: PSQI = 9.4 &+ 4; Improved PwE: PSQI = 6.59 +
3.17; T = 3.8 p = 0.00002). Anxiety symptoms were less severe
(lower GAD scores) in improved PWwE (WPwE: GAD = 10.84 +
5.4; improved PwE: GAD = 8.69 & 5.48; T = 2.23, p = 0.02).

Epilepsy-related issues during COVID-19

Of PwE, 172 (38%) reported to have a scheduled outpatient
visit during the COVID-19 period; 166 of them (96%)
did not receive it. Among the whole PwE sample, 169
(37%, Figure2) persons reported negative issues related to
the management of epilepsy (61% of these patients had
a planned examination that was deferred). Also, 68 PwE
(40%) had problems with ASM availability, 20 PwE (12%)
had to increase their therapy, six (3%) experienced ASM-
related adverse effects, and 75 (44%) had anxiety/mood
problems. All of these subjects attempted to contact the
treating neurologist using short text message (SMS)/WhatsApp
messages (43%), emails (25%), personal mobile calls (22%),
or direct doctor’s office calls (9%). Of 169 PwE, 120 (71%)
managed to reach their neurologist, and all of them solved
their problem thanks to the advice given by the treating
physician. No PwE patient was hospitalized for epilepsy-
related problems. PWE complaining of problems with ASM
availability were taking the eight ASM molecules carbamazepine,
clonazepam, eslicarbazepine acetate, lamotrigine, levetiracetam,
phenobarbital, valproic acid, and zonisamide, either alone, or in
different combinations.

Therapy compliance
Of PwE, 424 (93%) reported having taken their ASMs regularly
during the COVID-19 period, whereas 32 (7%) reported
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FIGURE 1 | Clinical variables in people with epilepsy according to seizure worsening during the COVID-19 pandemic. The figure displays a paired plot that highlights
differences between PWE who experienced worsening (Orange) and those who did not (Blue). WPwWE, Worsened People with Epilepsy; nWPwWE, non-Worsened
People with Epilepsy; ASM, Anti-Seizure Medications; GAD, Generalized Anxiety Disorder 7; PSQI, Pittsburgh Sleep Quality Index; BDI, Beck Depression Inventory;
Sex (0 = Female,1 = Male); Seizures (Percentage increase/decrease in seizure frequency compared to previous months).
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inadequate adherence due to forgetfulness (70%), demotivation
(15%), adverse events (10%), or difficulties in ASM supply (5%).
No PwE reported low adherence to ASM therapy because of a
difficulty in contacting the referring physician, though 94 PwE
(22%) complained of issues in the retrieval of ASMs. Also, 13
(2.6%) patients had a vagus nerve stimulator; three (23%) of
them had problems with their device, and these were solved by
contacting their neurologists.

Correlations

We performed a correlation analysis among the three
psychometric scales, age, number of seizures, and variation
in seizures between the pre-COVID-19 period and the
COVID-19 period.

BDI-II, GAD-7, and PSQI were highly correlated with each
other (r > 0.530, p = 0.0001; Figure 3) and with the presence of
tonic-clonic seizures (rho > 0.160; p < 0.001).

Age was negatively correlated with BDI-II and GAD-7 (r =
—0.119, p =0.011; r = —0.148, p = 0.002).

The number of ASMs was correlated with the number of
seizures either in the pre-COVID-19 (rho = 0.332, p = 0.0001)
or during the COVID-19 period (rho = 0.238, p = 0.0001).

LOGISTIC REGRESSION

Logistic regression was performed to ascertain the effects on
the likelihood of seizure worsening (WPwE) dependent on
the following variables: “Age,” “Sex,” “GAD7,” “BDI” “PSQI
“Change in work condition,” “History of depression,” “Number
of ASMs, and “Number of seizures in the pre-COVID-19”
(Table 2). The variables were introduced into the model with
a stepwise backward method, with choice based on the Akaike
information criterion (AIC). The logistic regression model was
statistically significant for the only two variables surviving after
stepwise selection: Number of ASMs and PSQI (Figure 3).
Number of ASMs: odds ratio = 1.58 (95% C.IL.= 1.12-2.2),
Standard Error = 0.17, z-value = —2.67, p = 0.001; PSQI: odds
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FIGURE 2 | Epilepsy-related issues during the COVID-19 pandemic. Among the whole PWE sample, 169 (37 %, in this figure) persons reported negative issues related
to the management of epilepsy (left). Attempt to contact treating neurologist (right up): 120 (71%) out of 169 PwE managed to reach their neurologist, and all of them
solved their problem thanks to the advice given by the treating physician. Types of issues they were concerned about (right down): 68 PWE (40%) had problems with
ASM availability, 20 PWE (12%) had to increase their therapy, 6 (3%) experienced ASM-related adverse effects, and 75 (44%) had anxiety/mood problems.

ratio = 1.20 (95% C.I. 1.10-1.30), Standard Error = 0.04, z-value
= 4.09, p = 0.0001. The model showed an accuracy of 87% in
predicting seizure worsening.

DISCUSSION

Our survey was conducted during the most severe phase of
governmental restrictions on mobility, work, and public services
caused by the COVID-19 pandemic in Italy. We aimed at
investigating the impact of the lockdown on PWE care, identifying
epilepsy-specific issues that they had to struggle with.

Epilepsy is a common chronic neurologic disorder, and
PwE (particularly those with drug-resistance) need long-term
care for managing ASMs, adverse drug effects, and possible
behavioral disturbances. In our sample, more than one-
third of PWE had a planned outpatient evaluation during
the COVID-19 lockdown, and this was postponed in almost
all cases. Furthermore, one in three PwE of the whole
sample complained of epilepsy-related problems requiring a
neurologist’s intervention. All of these PWE tried to reach the
treating neurologist by phone, messaging, and emails, but only
three out of four succeeded. When the PwE achieved contact

with the treating neurologist, they always solved their epilepsy-
related concerns. Remarkably, no PwE were hospitalized for
epilepsy-related problems.

Present data accurately reflect the main features of
epilepsy medical care in Italy. Our data confirm the strict
personal contact that Italian neurologists have with their
patients, which often goes beyond what it is merely due
by public health assistance. Furthermore, our data strongly
emphasize the need to improve and implement organized
telemedicine assistance in the public health system, because
in most cases, a simple phone/message/email could resolve
medical issues, avoiding unnecessary emergency room, or
outpatient examinations. A telemedicine program appears
of utmost importance in this historical moment due to
the governmental restrictions caused by pandemic but
also for the so-called “phase 2” of the pandemic, when
restrictions will be progressively waived. Reducing outpatient
examinations could decrease the number of in-hospital
contacts, minimizing preventable COVID-19 contagions
among physicians, and patients themselves, and contributing
to the efficiency of public medical assistance throughout the
emergency period.
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FIGURE 3 | (A) Correlations among psychiatric scales for depression (BDI), anxiety (GAD7), and sleep (PSQI), and logistic regression for seizure worsening in PWE.
llustrates the relationship among psychometric (PSQI, GAD, BDI) tests in people with epilepsy; subjects that underwent worsening (WPWwE) are color-coded (red). In
the 3D plot, it can be noted that WPWE tend to fall within a widespread cluster of subjects with more impairment, while there is a dense cluster of subjects with normal
tests that do not report worsening. (B) In order to evaluate which psychometric test and variable did independently influence the likelihood of worsening, we designed
a logistic regression model that identified the number of ASMs and the PSQI score as significant predictors. We show the increase in the likelihood of worsening for
each score of PSQI and for each number of ASMs. WPWE, Worsened People with Epilepsy; nWPwE, non-Worsened People with Epilepsy; ASM, Anti-Seizure
Medications; GAD, Generalized Anxiety Disorder 7; PSQI, Pittsburgh Sleep Quality Index; BDI, Beck Depression Inventory.

TABLE 2 | Factors influencing seizure worsening. In our sample, we showed that most of the WPWE tended to
i have severe depressive, anxiety, and sleep disturbance symptoms,

Features WPwWE NWPwE Predictor (OR) . . . .
while PWE with scores in the normal range were less likely
Age 376412 4119412 ns. to experience worsening. To investigate the most relevant
Sex 54F: 13M  290F: 54M ns. risk factors that influenced worsening, we focused on socio-
GAD-7 108454 754512 ns. demographic and clinical variables and psychometric factors.
BOLI 1769+ 999 10.99 + 0.64 s, Logistic regression showed that the number of chronic ASMs
PsQl 040+ 407 6404352 1.20 and the score of sleep quality (PSQI) significantly influenced
Work situation change 41 Yes: 26 No 260 Yes: 84 No . the likelihood of worsening.. Remarkably, the number f)f
History of depression 9 Yes: 58 No 26 Yes; 363 No . ASMS .taken was even superior to the seizure fre.quency in
Number ASM 0541 1941 158 predlctmg woirsemng;'thls probably 'reﬂects a C(?ncomltant Qrgg—
N, Seizures/month pre-COVID8 5,18 & 4 50644 e, resistance. With the aim of developing an efficient telemedicine

program, the number of ASMs is a more objective parameter

ASM, anti-seizure medication; BDI-Il, Beck Depression Inventory-Il; PSQI, Pittsburgh assess compared to seizure frequency [which is sometimes

Sleep Quality Index; n.s., not significant. Bold values are for statistically significant variables difficult to assess objectively and accurately by patients and
surviving after stepwise selection during the logistic regression. . cps

caregivers (9)]. In addition, the number of ASMs may represent

the expression of an overtreatment condition, where patients

are taking unnecessary high doses of combination therapy

Our survey also suggests that a large part of the medical  (polypharmacy), and polytherapy-itself may increase side effects

care for PWE could be effectively managed through telemedicine,  and lower adherence, inducing seizure worsening in a vicious

particularly for stable patients or those with lower risk of circle (10, 11). The analysis we conducted on sleep quality

seizure aggravation. demonstrated that the reduction of sleep time and, generally,
Among PwE, almost one in five reported seizure worsening  insomnia-related issues were the factors most influencing the
during the COVID-19 period. reported sleep concerns. Interestingly, sleep disturbances did

The rate of seizure worsening in PwE reported here is  not differ between PwE and PwoE, and abnormal values of
consistent with a small body of previous evidence exploring  PSQI were found in almost half of the subjects, a finding that
the impact of environmental stressors on seizure occurrence.  is consistent with results from general population studies (12).
Specifically, a retrospective study investigated the frequency of  Poor sleep quality could be related to the sudden changes in
seizures during the Persian Gulf War in 1991 and found that lifestyle that affected both PwE and PwoE during the lockdown
about 10% (eight out of 82 PwE) reported increased frequency  (13). Sleep quality deterioration is often related to depressive
(7). During flood evacuation in the Netherlands in 1995, eight  (14) and anxiety symptoms (15), but these factors did not
out of 30 (26%) interviewed PwE reported seizure worsening (8).  enter our regression model. Even if PWE complained of more
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severe depressive and anxiety symptoms than PwoE, these
features did not influence the probability of seizure worsening
according to our model. This pronounced effect of sleep is
probably related to the strong pathophysiological connection
that sleep shares with epilepsy. The bidirectional interactions
between sleep, epilepsy, and ASMs are well-known; however,
recently, several authors highlighted the rhythmic patterns of
epileptic seizures and EEG discharges related to vigilance states
and circadian variation in excitatory and inhibitory balance
(16, 17). The overall impairment of the sleep-wake cycle due
to the COVID-19 emergency may affect both PWE and PwoE;
however, sleep fragmentation and sleep deprivation may induce
in PwE an increase of EEG epileptiform abnormalities (18)
and seizure worsening even through an increase in cortical
excitability (19).

It is worth reporting that, in our sample, there was also
a small portion of PWE who reported a reduction of seizure
frequency and a better sleep quality rather than a worsening.
This likely reflects the reduction of chronic working and familial
load and furtherly confirms the beneficial effect of sleep on
seizure control.

Other Epilepsy-Related Negative Issues
During the COVID-19 Pandemic

Anxiety and depression symptoms were identified as the most
frequent epilepsy-related issues reported by PwE during the
COVID-19 pandemic. Population-based studies demonstrated
that one in every three PWE experiences a psychiatric disorder in
the course of life, with mood and anxiety disorders being the most
frequently documented comorbidities in adults and children (20,
21). It was expected that in a condition of stress, as the COVID-
19 isolation surely is, both depression and anxiety would worsen.
Furthermore, their exacerbation could have also been favored by
the concurrent seasonal changes, which are factors aggravating
psychiatric disorders in people with depression and anxiety (22).
Depressive symptoms in PwE are known to correlate with seizure
frequency and intensity (21). However, we assessed the depressive
and anxiety symptoms only during the COVID-19 period and not
in the pre-COVID-19 period, so we cannot discuss modifications
induced by the COVID-19 pandemic.

The second most relevant epilepsy-related issue of PWE during
COVID-19 was ASM availability. At the time of the survey,
there was no advice on the Italian Medicines Agency (Agenzia
Italiana del Farmaco, AIFA) website about the lack of availability
of ASMs in Italy during the COVID-19 period. However, in
March, the LICE website published a note about the reduced
availability of one ASM (valproic acid), which was caused by
production problems at the pharmaceutical company. However,
the problems related to drug availability involved eight different
ASM molecules and were not restricted to valproic acid alone.

Adverse events and necessity of increasing the dosage of ASMs
were the other two epilepsy-related problems reported.

Among our PwE, only 7% reported reduced compliance with
ASM treatment; this number is quite low compared to data
on self-reported non-adherence available in the literature [for a
review, see (23)]. We can hypothesize that home isolation may

have favored compliance for therapy due to a lack of possible
distracting factors, such as work, school, or recreational and
leisure activities.

COVID-19 Infections

Among our responders, we found a 0.2-0.4% rate of positivity
to SARS-CoV-2 virus infection. This corresponds perfectly to
the Italian national trend (152,271 COVID-19 positive cases by
April 11, 2020 (data provided by the Minister of Health, www.
salute.gov.it), in an Italian population of 5,9433,744 (data from
the ISTAT, the National Institute of Statistics, www.istat.it 2011
census), with a resultant 0.2% rate of infection). We did not find
any difference in the number of contagions between PWE and
PwokE, thus supporting the notion that PWE do not have a higher
risk of contagion with respect to the general population.

Differences Between PwE and PwoE

In our sample, we found some socio-demographic differences
between PwE and PwoE, which are consistent with those
previously described in the literature. In particular, PwE
had a lower educational level, were less occupied, and less
likely to be married/cohabiting than PwoE. These are factors
depending either on epilepsy itself (unpredictability of seizures,
impairment of consciousness during seizures, cognitive, and
motor disability, behavioral problems) and its consequences (e.g.,
driving limitations) or on epilepsy-related stigma (24).

The consistency of these socio-demographic data, but also
those regarding drug-resistance (25) and psychometric findings,
reveal that our sample is accurately representative of the entire
epileptic population.

Limitations

We received answers that were unbalanced for sex, with a
clear predominance of females. However, our percentage of
female respondents was quite similar to the proportion of female
users on the Facebook social network in Italy (female:male
ratio 2:1, https://wearesocial.com/it/digital-2020-italia). While
for depressive symptoms, there is no gender prevalence in either
the general population (26) or PWE (21), anxiety symptoms are
more frequent in females in the general population (27) but not
in PWE (28). Sleep quality does not have a gender prevalence in
PwE (29), while, in the general population, sleep disturbances
seem to be more prevalent in males (30). Thus, anxiety and sleep
quality scores in the present manuscript could be influenced by
the unbalanced distribution of genders, but the proportion of
females was not different among PwE and PwoE, so it is unlikely
that it could affect differences among these groups.

Secondly, most of our responders were young adults, and
the sample could not therefore be representative of the general
prevalence of epilepsy across the entire lifespan (31). However, it
probably reflects the age distribution of people more acquainted
with the use of the Internet (32), which was the channel of
distribution of our questionnaire. We are aware that the use of
this channel introduced several biases, but our scope was to reach
the highest number of PwE nationwide during the lockdown
phase of maximal restrictions and, thus, the Internet offered the
best opportunities to achieve our goal. Thus, our data could
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not reflect those of persons most affected by the SARS-CoV-2
virus (older than 65 years) and may underestimate the impact
of the viral infection on PwE. However, the rate of COVID-19
positivity in our sample fitted the Italian mean of contagions.
Furthermore, our principal aim was to explore the social and
medical consequences of the COVID-19 lockdown on PwE
epilepsy management and not how the viral infection influenced
the epilepsy symptoms. The reduced number of elderly people
could also bias the number of reported seizures, drug-resistance
rate, and consequently, number of anti-seizure medications,
which are often lower in this portion of the population. The use
of the Internet for questionnaire diffusion did not allow PwE with
moderate-severe cognitive impairment, who represent a relevant
subpopulation in PwE, to participate, and thus this type of PWE
was not explored at all by our survey.

A further limitation of our study was that we did not
execute an analysis of differences between generalized and
focal epilepsies. We chose to not perform this analysis for
two main reasons: about one in three patients declared that
they did not know the classification of their own epilepsy, so
we are conscious that the reliability of the reported diagnosis
could be very low. In fact, the differential diagnosis between
generalized and focal epilepsy is sometimes a difficult issue also
for a neurologist/epileptologist.

In our survey, only 2.6% of patients had a vagus nerve
stimulator; this reflects the more severe cognitive impairment
that can often affect PWE, and this can explain the low number
of these patients participating in the survey.

Our sample was not equally distributed across the country,
with a higher contribution of PWE coming from the Lazio region,
which was not the region with the highest number of COVID-
19 cases. However, the aim of our study was to explore the
scenario of social isolation induced by the “lockdown” and its
influence on epilepsy care. In this regard, it is important to
note that governmental restrictions on mobility and access to
health services were homogeneous throughout the country, in
particular in the Ist month of the lockdown, when our survey
was conducted. Furthermore, none of our epilepsy-related and
psychometric scales were different when comparing the values of
the regions with the highest number of contagions with the rest
of Italy.

Another limitation of the study is that it does not provide
data on the impact of lockdown on depressive and anxiety
symptoms because they were assessed only during the lockdown,
without any question on the preceding period. However, we
designed to use psychometric scales only as covariates to
understand their contribution to seizure modifications and not
as the main outcome variable of our study on lockdown impact
on PwE.

We are aware that an observational online survey provides low
strength of scientific evidence. However, the global lockdown did
not allow any other kind of contact with our patients, except for
the emergency room. Thus, we decided to promote this survey to

understand the real and current needs of our PwE to improve the
implementation of remote medical assistance in epilepsy.

CONCLUSIONS

The enormous and unprecedented social restrictions caused
by the COVID-19 pandemic really put the Italian National
Health System to the test and negatively impacted medical
care for epilepsy. PWE struggled with difficulties in follow-up
and attempted to reach their doctors in many different ways
for answers to their complaints but did not always succeed.
The number of chronically taken ASMs and sleep deterioration
were the major factors influencing the risk of seizure worsening
experienced by some patients. Special attention should be paid to
these factors to prevent seizure worsening in PWE and to help set
up an efficient telemedicine program devoted to epilepsy care.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: The dataset will be provided to reviewers
if required. Requests to access these datasets should be directed
to g.assenza@unicampus.it.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent was
implied via the completion of the questionnaire.

AUTHOR CONTRIBUTIONS

GA: design and conceptualized study. JL: major role in methods
creation, statistical analysis, and interpretation. FB: major role
in statistical analysis. AC, GD, AR, and MT: major role in
acquisition of data. VD and OM: interpreted the data and
revised the manuscript for intellectual content. LR: major role in
iconographic creation. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

The authors would give their great thanks to Prof. Amedeo
Bianchi, President of the LICE Foundation, for authorizing the
publication of the survey contained in this manuscript on the
Facebook web page of the LICE Foundation.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.00737/full#supplementary-material

Frontiers in Neurology | www.frontiersin.org

68

July 2020 | Volume 11 | Article 737


https://www.frontiersin.org/articles/10.3389/fneur.2020.00737/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Assenza et al.

Epilepsy at COVID-19 Time

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Chou K-L, Liang K, Sareen J. The association between social isolation and

DSM-IV mood, anxiety, and substance use disorders: wave 2 of the National
Epidemiologic Survey on Alcohol and Related Conditions. J Clin Psychiatry.
(2011) 72:1468-76. doi: 10.4088/JCP.10m06019gry

. Frucht MM, Quigg M, Schwaner C, Fountain NB. Distribution of

seizure precipitants among epilepsy syndromes. Epilepsia. (2000) 41:1534-9.
doi: 10.1111/.1499-1654.2000.001534.x

. Beck A, Steer R, Brown G. Beck depression inventory-II. San Antonio. (1996)

12-5. doi: 10.1037/t00742-000

. Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing

generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092-7.
doi: 10.1001/archinte.166.10.1092

. Buysse DJ, Reynolds CE, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh

Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. (1989) 28:193-213. doi: 10.1016/0165-1781(89)90047-4

. Curcio G, Tempesta D, Scarlata S, Marzano C, Moroni E Rossini PM, et al.

Validity of the Italian version of the Pittsburgh sleep quality index (PSQI).
Neurol Sci. (2013) 34:511-9. doi: 10.1007/s10072-012-1085-y

. Neufeld MY, Sadeh M, Cohn DE Korczyn AD. Stress and epilepsy: the

Gulf war experience. Seizure. (1994) 3:135-9. doi: 10.1016/S1059-1311(05)
80204-3

. Swinkels WAM, Engelsman M, Kasteleijn-Nolst Trenité DGA, Baal MG,

De Haan GJ, Oosting J. Influence of an evacuation in February 1995 in
The Netherlands on the seizure frequency in patients with epilepsy: a
controlled study. Epilepsia. (1998) 39:1203-7. doi: 10.1111/j.1528-1157.1998.
tb01312.x

. Fisher RS, Blum DE, DiVentura B, Vannest ], Hixson JD, Moss R, et al.

Seizure diaries for clinical research and practice: limitations and future
prospects. Epilepsy Behav. (2012) 24:304-10. doi: 10.1016/j.yebeh.2012.
04.128

Alexandre V, Monteiro EA, Freitas-Lima P, Pinto KD, Velasco TR, Terra
VC, et al. Addressing overtreatment in patients with refractory epilepsy
at a tertiary referral centre in Brazil. Epileptic Disord. (2011) 13:56.
doi: 10.1684/epd.2011.0411

Perucca E, Kwan P. Overtreatment in epilepsy. CNS Drugs. (2005) 19:897-908.
doi: 10.2165/00023210-200519110-00001

Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, Colantonio
A. The Pittsburgh sleep quality index as a screening tool for sleep dysfunction
in clinical and non-clinical samples: a systematic review and meta-analysis.
Sleep Med Rev. (2016) 25:52-73. doi: 10.1016/j.smrv.2015.01.009

Gemignani A, Piarulli A, Menicucci D, Laurino M, Rota G, Mastorci F, et al.
How stressful are 105 days of isolation? Sleep EEG patterns and tonic cortisol
in healthy volunteers simulating manned flight to Mars. Int ] Psychophysiol.
(2014) 93:211-9. doi: 10.1016/j.ijpsycho.2014.04.008

Tsuno N, Besset A, Ritchie K. Sleep and depression. J Clin Psychiatry. (2005)
66:1254-69. doi: 10.4088/JCP.v66n1008

Ramsawh HJ, Stein MB, Belik S-L, Jacobi E Sareen J. Relationship of anxiety
disorders, sleep quality, and functional impairment in a community sample. J
Psychiatr Res. (2009) 43:926-33. doi: 10.1016/j.jpsychires.2009.01.009

Khan S, Duan P, Yao L, Hou H. Shiftwork-mediated disruptions of circadian
rhythms and sleep homeostasis cause serious health problems. Int ] Genomics.
(2018) 2018:8576890. doi: 10.1155/2018/8576890

Daley JT, DeWolfe JL. Sleep, circadian rhythms, and epilepsy. Curr Treat
Options Neurol. (2018) 20:47. doi: 10.1007/s11940-018-0534-1

Pratt KL, Mattson RH, Weikers NJ, Williams R. EEG activation
of epileptics following sleep deprivation: a prospective study of
114 cases. Electroencephalogr ~Clin  Neurophysiol. (1968) 24:11-5.
doi: 10.1016/0013-4694(68)90061-8

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Manganotti P, Bongiovanni LG, Fuggetta G, Zanette G, Fiaschi A.
Effects of sleep deprivation on cortical excitability in patients affected
by juvenile myoclonic epilepsy: a combined transcranial magnetic
stimulation and EEG study. ] Neurol Neurosurg Psychiatry. (2006) 77:56-60.
doi: 10.1136/jnnp.2004.041137

Ribot R, Kanner AM. Neurobiologic properties of mood disorders may have
an impact on epilepsy: should this motivate neurologists to screen for this
psychiatric comorbidity in these patients? Epilepsy Behav. (2019) 98:298-301.
doi: 10.1016/j.yebeh.2019.01.026

Tombini M, Assenza G, Quintiliani L, Ricci L, Lanzone J, Ulivi M, et al.
Depressive symptoms and difficulties in emotion regulation in adult patients
with epilepsy: association with quality of life and stigma. Epilepsy Behav.
(2020) 107:107073. doi: 10.1016/j.yebeh.2020.107073

Eastwood MR, Stiasny S. Psychiatric disorder, hospital admission, and
season. Arch Gen Psychiatry. (1978) 35:769-71. doi: 10.1001/archpsyc.1978.
01770300111012

Malek N, Heath CA, Greene J. A review of medication adherence in people
with epilepsy. Acta Neurol Scand. (2017) 135:507-15. doi: 10.1111/ane.12703
Tombini M, Assenza G, Quintiliani L, Ricci L, Lanzone ], De Moja
R, et al. Epilepsy-associated stigma from the perspective of people with
epilepsy and the community in Italy. Epilepsy Behav. (2019) 98:66-72.
doi: 10.1016/j.yebeh.2019.06.026

Kwan P, Arzimanoglou A, Berg AT, Brodie M]J, Hauser WA, Mathern G, et al.
Definition of drug resistant epilepsy: consensus proposal by the ad hoc Task
Force of the ILAE Commission on Therapeutic Strategies. Epilepsia. (2010)
51:1069-77. doi: 10.1111/j.1528-1167.2009.02397.x

Malhi GS, Mann JJ. Depression.
doi: 10.1016/S0140-6736(18)31948-2
Ruscio AM, Hallion LS, Lim CCW, Aguilar- S, Al-hamzawi A, Alonso J, et al.
Cross-sectional comparison of the epidemiology of DSM-5. JAMA Psychiatry.
(2017) 74:465-75. doi: 10.1001/jamapsychiatry.2017.0056

Pham T, Sauro KM, Patten SB, Wiebe S, Fiest KM, Bulloch AGM, et al.
The prevalence of anxiety and associated factors in persons with epilepsy.
Epilepsia. (2017) 58:e107-10. doi: 10.1111/epi.13817

Gutter T, Callenbach PMC, Brouwer OF, de Weerd AW. Prevalence
of sleep disturbances in people with epilepsy and the impact on
quality of life: a survey in secondary care. Seizure. (2019) 69:298-303.
doi: 10.1016/j.seizure.2019.04.019

Madrid-Valero JJ, Martinez-Selva JM, Ribeiro do Couto B, Sénchez-
Romera JE Ordonana JR. Age and gender effects on the prevalence of
poor sleep quality in the adult population. Gac Sanit. (2017) 31:18-22.
doi: 10.1016/j.gaceta.2016.05.013

Sander JW. The epidemiology of epilepsy revisited. Curr Opin Neurol. (2003)
16:165-70. doi: 10.1097/01.wc0.0000063766.15877.8¢

Holt K, Shehata A, Strémbick J, Ljungberg E. Age and the effects of news
media attention and social media use on political interest and participation:
do social media function as leveller? Eur | Commun. (2013) 28:19-34.
doi: 10.1177/0267323112465369

Lancet. (2018) 392:2299-312.

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 Assenza, Lanzone, Brigo, Coppola, Di Gennaro, Di Lazzaro, Ricci,
Romigi, Tombini and Mecarelli. 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

69

July 2020 | Volume 11 | Article 737


https://doi.org/10.4088/JCP.10m06019gry
https://doi.org/10.1111/j.1499-1654.2000.001534.x
https://doi.org/10.1037/t00742-000
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1007/s10072-012-1085-y
https://doi.org/10.1016/S1059-1311(05)80204-3
https://doi.org/10.1111/j.1528-1157.1998.tb01312.x
https://doi.org/10.1016/j.yebeh.2012.04.128
https://doi.org/10.1684/epd.2011.0411
https://doi.org/10.2165/00023210-200519110-00001
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1016/j.ijpsycho.2014.04.008
https://doi.org/10.4088/JCP.v66n1008
https://doi.org/10.1016/j.jpsychires.2009.01.009
https://doi.org/10.1155/2018/8576890
https://doi.org/10.1007/s11940-018-0534-1
https://doi.org/10.1016/0013-4694(68)90061-8
https://doi.org/10.1136/jnnp.2004.041137
https://doi.org/10.1016/j.yebeh.2019.01.026
https://doi.org/10.1016/j.yebeh.2020.107073
https://doi.org/10.1001/archpsyc.1978.01770300111012
https://doi.org/10.1111/ane.12703
https://doi.org/10.1016/j.yebeh.2019.06.026
https://doi.org/10.1111/j.1528-1167.2009.02397.x
https://doi.org/10.1016/S0140-6736(18)31948-2
https://doi.org/10.1001/jamapsychiatry.2017.0056
https://doi.org/10.1111/epi.13817
https://doi.org/10.1016/j.seizure.2019.04.019
https://doi.org/10.1016/j.gaceta.2016.05.013
https://doi.org/10.1097/01.wco.0000063766.15877.8e
https://doi.org/10.1177/0267323112465369
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

1' frontiers
in Neurology

ORIGINAL RESEARCH
published: 07 July 2020
doi: 10.3389/fneur.2020.00781

OPEN ACCESS

Edited by:
Jesus Porta-Etessam,
Hospital Clinico San Carlos, Spain

Reviewed by:

Rodrigo Guerrero,

University of the Andes, Chile
Juan Carlos Garcia-Monco,
Hospital de Basurto, Spain

*Correspondence:
David Garcia-Azorin
davilink@hotmail.com;
dgazorin@ucm.es

Specialty section:

This article was submitted to
Neuroinfectious Diseases,

a section of the journal
Frontiers in Neurology

Received: 03 June 2020
Accepted: 25 June 2020
Published: 07 July 2020

Citation:

Garcia-Azorin D, Martinez-Pias E,
Trigo J, Hernandez-Pérez |,
Valle-Pefiacoba G, Talavera B,
Simoén-Campo F, de Lera M,
Chavarria-Miranda A, Lépez-Sanz C,
Gutiérrez-Sanchez M,
Martinez-Velasco E, Pedraza M,
Sierra A, Gémez-Vicente B,
Guerrero A, Ezpeleta D,

Penarrubia MJ, Gomez-Herreras JI,
Bustamante-Munguira E,
Abad-Molina C, Ordufia-Domingo A,
Ruiz-Martin G, Jiménez-Cuenca M,
Juarros S, del Pozo-Vegas C,
Duenas-Gutierrez C, de Paula JMF,
Cantdn-Alvarez B, Vicente JM and
Arenillas JF (2020) Neurological
Comorbidity Is a Predictor of Death in
Covid-19 Disease: A Cohort Study on
576 Patients. Front. Neurol. 11:781.
doi: 10.3389/fneur.2020.00781

®

Check for
updates

Neurological Comorbidity Is a
Predictor of Death in Covid-19
Disease: A Cohort Study on 576
Patients

David Garcia-Azorin ™, Enrique Martinez-Pias', Javier Trigo', Isabel Hernandez-Pérez’,
Gonzalo Valle-Pefiacoba’, Blanca Talavera’, Paula Simén-Campo ', Mercedes de Lera’,
Alba Chavarria-Miranda’, Cristina Lopez-Sanz’, Maria Gutiérrez-Sanchez’,

Elena Martinez-Velasco ', Maria Pedraza’', Alvaro Sierra’, Beatriz Gémez-Vicente',
Angel Guerrero "2, David Ezpeleta®, Maria Jesus Pefarrubia®,

Jose Ignacio Gomez-Herreras®, Elena Bustamante-Munguira®, Cristina Abad-Molina?’,
Antonio Ordufa-Domingo’, Guadalupe Ruiz-Martin®, Maria Isabel Jiménez-Cuenca?®,
Santiago Juarros°, Carlos del Pozo-Vegas'!, Carlos Duefas-Gutierrez 2,

Jose Maria Prieto de Paula ', Belén Cantén-Alvarez®, Jose Manuel Vicente '® and

Juan Francisco Arenillas >

" Department of Neurology, Hospital Clinico Universitario de Valladolid, Valladolid, Spain, 2 Department of Medicine, University
of Valladolid, Valladolid, Spain, ° Department of Neurology, Hospital Universtitario Quironsalud Madirid, Madrid, Spain,

* Department of Hematology, Hospital Clinico Universitario de Valladolid, Valladolid, Spain, ° Department of Anestesiology and
Reanimation, Hospital Clinico Universitario de Valladolid, Valladolid, Spain, ¢ Department of Intensive Care Medicine, Hospital
Clinico Universitario de Valladolid, Valladolid, Spain, ” Department of Microbiology and Immunology, Hospital Clinico
Universitario de Valladolid, Valladolid, Spain, © Department of Clinical Chemistry, Hospital Clinico Universitario de Valladolid,
Valladolid, Spain, ° Department of Radiology, Hospital Clinico Universitario de Valladolid, Valladolid, Spain, '° Department of
Pneumology, Hospital Clinico Universitario de Valladolid, Valladolid, Spain, " Emergency Department, Hospital Clinico
Universitario de Valladolid, Valladolid, Spain, '? Department of Internal Medicine, Hospital Clinico Universitario de Valladolid,
Valladolid, Spain, '* Hospital Clinico Universitario de Valladolid, Valladolid, Spain, ™ Neurovascular Research Laboratory,
Instituto de Biologia y Genética Molecular, Universidad de Valladolid — Consejo Superior de Investigaciones Cientificas,
Madrid, Spain

Introduction: Prognosis of Coronavirus disease 2019 (Covid-19) patients with vascular
risk factors, and certain comorbidities is worse. The impact of chronic neurological
disorders (CND) on prognosis is unclear. We evaluated if the presence of CND in Covid-19
patients is a predictor of a higher in-hospital mortality. As secondary endpoints, we
analyzed the association between CND, Covid-19 severity, and laboratory abnormalities
during admission.

Methods: Retrospective cohort study that included all the consecutive hospitalized
patients with confirmed Covid-19 disease from March 8th to April 11th, 2020. The
study setting was Hospital Clinico, tertiary academic hospital from Valladolid. CND was
defined as those neurological conditions causing permanent disability. We assessed
demography, clinical variables, Covid-19 severity, laboratory parameters and outcome.
The primary endpoint was in-hospital all-cause mortality, evaluated by multivariate
cox-regression log rank test. We analyzed the association between CND, covid-19
severity and laboratory abnormalities.

Frontiers in Neurology | www.frontiersin.org

70 July 2020 | Volume 11 | Article 781


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2020.00781
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2020.00781&domain=pdf&date_stamp=2020-07-07
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:davilink@hotmail.com
mailto:dgazorin@ucm.es
https://doi.org/10.3389/fneur.2020.00781
https://www.frontiersin.org/articles/10.3389/fneur.2020.00781/full
http://loop.frontiersin.org/people/931907/overview
http://loop.frontiersin.org/people/1004666/overview
http://loop.frontiersin.org/people/1005676/overview
http://loop.frontiersin.org/people/1005018/overview
http://loop.frontiersin.org/people/470209/overview
http://loop.frontiersin.org/people/944556/overview
http://loop.frontiersin.org/people/960404/overview

Garcia-Azorin et al.

Neurological Comorbidity Predicts Mortality in Covid-19

Results: We included 576 patients, 43.3% female, aged 67.2 years in mean. CND were
present in 105 (18.3%) patients. Patients with CND were older, more disabled, had more
vascular risk factors and comorbidities and fewer clinical symptoms of Covid-19. They
presented 1.43 days earlier to the emergency department. Need of ventilation support
was similar. Presence of CND was an independent predictor of death (HR 2.129, 95%
Cl: 1.382-3.280) but not a severer Covid-19 disease (OR: 1.75, 95% Cl: 0.970-3.158).
Frequency of laboratory abnormalities was similar, except for procalcitonin and INR.

Conclusions: The presence of CND is an independent predictor of mortality in
hospitalized Covid-19 patients. That was not explained neither by a worse immune
response to Covid-19 nor by differences in the level of care received by patients

with CND.

Keywords: SARS-CoV-2, nervous system diseases, stroke, mortality, prognosis

INTRODUCTION

Hypertension, diabetes, cardiovascular disorders, pulmonary
disorders, and cancer have been associated with an increased risk
of severe Coronavirus disease 2019 (Covid-19) and mortality (1-
6). Since the first edition of the clinical management protocol
of Covid-19 with severe acute respiratory infection, the World
Health Organization (WHO) recommended that those patients,
even if they present with mild symptoms, should be admitted to
a designated unit for close monitoring (7).

The frequency, type and implications of neurological
comorbidity in Covid-19 patients is largely unexplored. A recent
review found a frequency ranging from 1.4 to 40%, with a pooled
percentage of having a pre-existing neurological disease of 8.0%
(8). The possible reasons for the heterogeneous results were the
varying definitions, the lack of specific studies and underreported
frequency. The impact of neurological comorbidities in Covid-
19 disease is yet unknown. Covid-19 patients requiring intensive
care unit (ICU) admission had prior history of cerebrovascular
disease more frequently (3), but in some series, cerebrovascular
disorders were classified together with cardiovascular disease
(9). The aim of this study was to evaluate if the presence of
comorbid chronic neurological disorders is associated with a
worse prognosis in patients with Covid-19 disease.

METHODS
Study Design

This study was done according to the registry of neurological
symptoms in Covid-19 patients of the Spanish Society of
Neurology and designed by the investigators. The study was done
according to the strengthening the reporting in observational
studies in epidemiology (STROBE) (10) statement. The study was
done in the Clinic University Hospital, tertiary public hospital
from Valladolid, Spain, free of charge for patients. Data were
collected, analyzed and interpreted by the authors. All the authors
reviewed and approved the final version of manuscript.

Data Sources
We collected data from the electronic medical records. The data
about the history prior to the admission was collected from

the admission report, emergency department (ED) history and
primary care electronic records. The local authorities created a
reference contact phone line, that followed patients with typical
Covid-19 symptoms daily or every other day. Regarding the
hospitalization period data, we gathered the medical records.
Patients were treated according to the national Covid-19
management protocol standard of care (SOC) (11). The study
period included all consecutive patients that were admitted to
the hospital with a Covid-19 confirmed diagnosis between March
8th and April 11th, 2020. The information was reviewed from
April 21st to May 1st. The source of the data was the admission
department and the department of microbiology records, whilst
notification of every Covid-19 positive was mandatory during the
time of the study.

Covid-19 Disease Diagnosis

Covid-19 diagnosis was based on real-time reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) assay (LightMIx Modular
SARS-CoV (COVID19) E-gene and LightMIx Modular
SARS-CoV (COVID19) RdRP, Roche Diagnostics S.L.)
of oropharyngeal-nasopharyngeal swab, sputum or lower
respiratory tract sample; or was based on the presence of
anti-SARS-CoV-2 IgM+IgA antibodies (COVID-19 ELISA
IgM+IgA; Vircell, S.L. Granada, Spain) in serological test
in patients with clinical symptoms, according to the WHO
protocols (12). Patients without laboratory-confirmed diagnosis
were not included. Recruitment was probabilistic and all
consecutive patients were included. Only hospitalized patients
were included. Data was extracted according to a predefined
protocol by 13 neurologists that were involved in the treatment
of Covid-19 patients. The needed time to review it patient was
20-30 min.

Chronic Neurological Disorders Definition

We used the WHO definition of disabling chronic neurological
disorders (CND), as those neurological disorders that (a) caused
persistent disability, (b) limited the individual’s functioning,
and (c) interfered with the person’s ability to engage in
activities (13). We included conditions affecting both mental and
physical function. CND included dementia, movement disorders,
prior stroke with long-term sequelae, neuromuscular disorders,
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spinal disorders, symptomatic central nervous system cancer,
chronic encephalopathies or neuro-inflammatory disorders. (Full
definitions in Supplementary Material). Researchers specifically
assessed the presence of prior history of neurological diseases
and only those conditions fulfilling (a), (b), and (c) criteria
were included.

Variables

We analyzed demographic variables, prior medical history,
clinical presentation, the course of the disease and treatment.
Demographic variables included age, sex, date of symptoms
onset. Regarding comorbidities, we analyzed the presence of
hypertension (systemic blood pressure higher than 140/90
mmHg in two prior determinations), diabetes (fasting blood
glucose >126 mg/dl on two separate tests, HbAlc > 6,5%,
blood glucose level >200 mg after oral glucose overload or blood
glucose level >200 mg/dl with diabetes symptoms), smoking
habit (current or in the preceding 6 months), cardiovascular
diseases (coronary artery disease, congenital heart diseases,
cardiomyopathies, arrythmias, valvular heart disease, aortic
aneurysms, and peripheral artery disease), chronic respiratory
diseases (chronic obstructive pulmonary disease (COPD),
asthma, occupational lung diseases, interstitial lung diseases and
pulmonary hypertension), cancer (excluding epidermoid and
basal cell carcinoma), immunocompromised state (congenital
or acquired). We specifically evaluated the presence of CND.
We analyzed baseline performance status by using the modified
Ranking scale (mRS), ranging from 0 (no symptoms) to 6 (dead),
being defined 3 as the presence of moderate disability and need
of assistance (14).

Concerning the clinical presentation, we evaluated if the
source of contagion was suspected or not, the time between
the first symptom and the emergency department (ED)
presentation. We analyzed the general symptoms, including
fever (defined as axillary temperature equal or higher than
37.5%), asthenia, cough, cutaneous rash, dyspnea, diarrhea, chest
pain, expectoration, headache, myalgia, nausea, odynophagia,
rhinorrhea, and vomiting. We describe the type of Covid-
19 diagnosis, either by RT-PCR or serological tests. We
analyzed the frequency of abnormal chest imaging, either by
X-ray or Computerized Tomography (CT). We evaluated the
laboratory results on admission and the worst values during
the hospitalization. The analyzed parameters were leukocytes
[cell count x 10° / L, reference value (RV):4-10], lymphocytes
(count x 10°/L, RV: 0.9-5.2), platelets (count x 10° /L, RV: 150-
400), hemoglobin (g/dL, RV: 12-16), international normalized
ratio (INR, RV: 0.8-1.3), D-dimer (ng/dL, RV: <500), lactate
dehydrogenase (U/L, RV: 135-250), creatine-kinase (U/L, RV:
20-170), glomerular filtration rate corrected by body area
(ml/min/1.73 m2, RV > 90), C-reactive protein (mg/L, RV: 1-5),
procalcitonin (ng/mL, RV: <5), interleukine-6 (pg/mL, RV <5.9),
ferritin (ng/mL, RV: 15-150). Interleukine-6 and ferritin were not
available on admission. We evaluated the percentage of patients
that presented abnormal results on admission and during
the hospitalization. We describe the received treatment, that
according to the local SOC, being the possible drug dose regimes
hydroxychloroquine 400 mg bid for 5 days, lopinavir/ritonavir

400/100 mg bid, methylprednisolone 250 mg three consecutive
days and interferon beta-1b (11). We also report the need of
oxygen therapy, the use of mechanical ventilation, the need of
Intensive Care Unit (ICU) admission and the all-cause mortality.
The severity of the Covid-19 disease was defined according to the
American Thoracic Society guidelines for community-acquired
pneumonia (15) (Supplementary Material). We defined severe
Covid-19 disease as the presence of either severe pneumonia or
acute respiratory distress syndrome (ARDS) (16).

Study Endpoints

The primary endpoint was in-hospital mortality of Covid-19 in
patients with CND, calculated by multivariate regression and
survival probability by Cox regression, adjusted by the possible
confounders and effect modifiers. As secondary endpoints, we
aimed to analyze the Covid-19 severity in CND patients and the
presence of Covid-19 related laboratory abnormalities.

Statistical Analysis

Qualitative and ordinal variables are expressed as frequency
and percentage. Continuous variables are presented as medians,
interquartile range (IQR), and minimum-maximum value or
mean and standard deviation (SD). Missing data was managed
by complete case analysis. In the statistical analysis we employed
Chi? test or Fishers Exact test for the contrast of categorical
variables, adjusting p-value by Bonferroni method for multiple
comparisons correction. We employed Student T-test for the
contrast of categorical and continuous variables. The level of
significance threshold was set in 0.05, after adequate adjustment.
Due to the exploratory nature of the study, we did not calculate
sample size.

For the primary endpoint, we conducted a univariate
regression analysis of all baseline variables and all the variables
that showed statistical association with higher odds of death and
a p-value lower or equal than 0.1, were included in a multivariate
regression analysis. All CND were analyzed together. We present
the odds ratio (OR) and the 95% confidence interval (CI).
Survival probability over time was assessed by Cox-regression
analysis with hazard ratio (HR) and the corresponding 95% CI
analysis, adjusted by all the covariates that were significant in
the univariate regression analysis. Differences in Kaplan Meier
Curves were analyzed by the log-rank test.

For the secondary endpoint severe-Covid-19 disease, we
repeated the same analysis as for the primary endpoint. To
evaluate if laboratory parameters were more often abnormal in
patients with CND, we created a regression analysis adjusting
for age, mRS and sex. Statistical analysis was performed with
SPSS v.26 (IBM Corp. Armonk, NY) by DGA. All datasheets are
available for other researchers under reasonable request.

Ethical Aspects

The study protocol was approved by the institutional review
board of Valladolid Este health area (PI-20-1751). Written
informed consent was waived given the risk of contagion and the
urgent need of data.
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Data Availability

Datasheets are available for
reasonable request.

other researchers under

RESULTS

During the study period, 580 consecutive patients were admitted
and hospitalized to our hospital with a positive test for SARS-
CoV-2, being excluded four of them. Supplementary Figure 1
shows the flow diagram of patients. The sample included thus
576 patients, 250 (43.3%) female, with a mean age of 67.2
(sd:14.7), ranging from 23 to 98 years. One hundred and
five (18.3%) patients had one or more chronic neurological
disorders (CND). The frequency of specific disorders was
40 (6.9%) patients with cerebrovascular disease, 32 (5.5%)
patients with cognitive disorders, 24 (4.1%) patients with
neuromuscular and spinal diseases, 16 (2.7%) patients with
movement disorders, four (0.7%) patients with symptomatic
central nervous system tumors, two (0.3%) patients with multiple
sclerosis and isolated cases of Neurobehget disease, neurolupus
and one malformation syndrome. The full list of patients
is available in Supplementary Materials. Patients with CND
were older, more disabled at baseline and had hypertension
and diabetes more often. Table 1 shows demographic variables,
vascular risk factors frequency and comorbidities.

The source of the contagion was suspected in 282 (49%) of
all cases, without differences between patients with CND (58
(55.2%) cases) and the rest of the patients (224 (47.6%) cases).

TABLE 1 | Demographic variables, vascular risk factors frequency and
comorbidities.

All Chronic No-neurological Adjusted
patients  neurological comorbidity p-value
(n = 576) disorders (n =471)
(n =105)
Mean age 67.18 74.97 (12.69) 65.45 (14.63) <0.001F
(14.75)
Female sex 250 50 (47.6%) 200 (42.5%) 0.384%
(43.4%
Hypertension 300 75 (71.4%) 225 (47.8%) <0.001*
(52.1%)
Diabetes 113 34 (32.4%) 79 (16.8%) 0.001*
(19.6%)
Smoking habit 118 22 (21.0%) 96 (20.4%) 0.894%
(20.5%)
Cardiac disease 154 41 (39.0%) 113 (24.0%) 0.002*
(26.7%)
Respiratory disease 145 31 (29.5%) 114 (24.2%) 0.264+
(25.2%)
Cancer 94 22 (21.0%) 72 (15.3%) 0.188*
(16.3%)
Immunodepression 32 (5.6%) 10 (0.5%) 22 (4.7%) 0.059*
Mean mRS 0.61 1.73(1.48) 0.36 (0.84) <0.001"

(1.12)

mRS, Modified Rankin Scale; T Student T-Test; ¥ Two-sided Fisher’s Exact test.

The most frequent symptoms on presentation were fever and
cough. Patients with CND had less frequently cough, asthenia,
diarrhea, myalgia, chest pain, headache or lightheadedness. The
frequency and type of general presenting symptoms is shown in
Supplementary Table 3.

Latency Between Symptom Onset and ED

Presentation

The mean time between symptom onset and ED visit in
patients with neurological comorbidities was 5.27 (sd: 7.72)
days, compared with 7.81 (sd: 5.66) days in those without prior
neurological history. After adjusting for age, mRS, sex, vascular
risk factors and comorbidities, linear regression analysis was
significant (B coefficient —1.436, 95% CI: —2.844- —0.28, p =
0.046). Figure 1 shows the interval between symptom onset and
ED visit in patients with and without neurological comorbidities
in patients with and without CND.

Diagnosis and Management of Patients
Diagnosis was confirmed by RT-PCR in 546 (94.8%) of
cases and/or serology in 175 (30.4%). Chest imaging was
abnormal in 549 patients (95.3%). Patients with CND
received hydroxychloroquine (83.8 vs. 92.6%, p = 0.008) and
lopinavir/ritonavir (81.9 vs. 92.1%, p = 0.003) less frequently.
Frequency of methylprednisolone or interferon use was similar.
Need of oxygen therapy was more frequent in CND patients
(83.8 vs. 66.2%, p = 0.001). Frequency of ventilatory support or
ICU admission was similar.

Course of the Disease

Concerning the clinical course, 393 (68.2%) of patients had a
severe pneumonia or ADRS and 127 (22.0%) died. Nine patients
had not pneumonia but had severe illness because of septic shock
5 (0.8%), pulmonary embolism without pneumonia 2 (0.3%), and
one case (0.1%) of lithium intoxication and one case (0.1%) of
fatal gastrointestinal bleed. Patients with CND had non-severe
pneumonia less frequently (12.4 vs. 27.4%, p = 0.002) and ADRS
more frequently (30.5 vs. 19.6%, p = 0.020). Mortality of CNS
patients was 44.8%, compared with 17% in the rest of the sample
(p < 0.001). Supplementary Table 4 describes treatment and
severity of Covid-19 disease.

Primary Endpoint: Predictors of Mortality

In the univariate regression analysis, baseline disability, age,
hypertension, diabetes, smoking habit, cardiac disorders, cancer
and chronic neurological disorders were associated with higher
odds of mortality, whereas female sex was associated with a
lower odd of death. In the multivariate regression analysis,
including all the variables that were statistically significant in
the univariate analysis, baseline disability, age and chronic
neurological disorders remained statistically significant (OR:
1.76, 95% CI: 1.014-3.06). Table 2 presents the results of the
univariate and multivariate regression analysis.

Cox regression analysis patients with CND had lower survival
over time than patients without prior history of CND (HR:
2.13, 95% CI: 1.382-3.280, p = 0.001), adjusted by all the
variables included in the multivariate regression analysis (age,
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TABLE 2 | Predictors of mortality: univariate and multivariate regression analysis.

Type of analysis OR 95% Cl  p-value
mRS>3 Univariate 11.371 6.376-20.278 <0.001
Multivariate 4100 2.088-8.050 <0.001
Age Univariate 1.090 1.069-1.112 <0.001
Multivariate 1.064 1.040-1.089 <0.001
Female sex Univariate 0.682 0.454-1.024  0.065
Multivariate 0.770 0373-1.052  0.077
Hypertension Univariate 3.634 2.272-5.495 <0.001
Multivariate 1.369 0.806-2.325 0.246
Diabetes Univariate 2.129 1.3563-3.351  0.001
Multivariate 1.221 0.710-2.098  0.471
Smoking Univariate 1589 1.004-2.514 0.048
Multivariate 1.720 0.955-3.096  0.701
Cardiological disorders Univariate 2.955 1.950-4.478 <0.001
Multivariate 1.208 0.730-1.999 0.462
Pulmonary disorders Univariate 1.434 0.928-2.217 0.105
Multivariate 0.931 0.543-1.596 0.794
Cancer Univariate 1.641 1.001-2.690 0.049
Multivariate 1.209 0.676-2.162 0.523
Chronic neurological disorders Univariate 3.961 2.516-6.234 <0.001
Multivariate 1.763 1.014-3.064 0.044
Immunosuppression Univariate 1.295 0.405-4.138 0.663

mRS, Modified Rankin Scale; OR, Odds Ratio,; Cl, Confidence Interval.

mRS, sex, presence of hypertension, diabetes, smoking habit,
prior history of cardiac disorders, pulmonary diseases, and
history of cancer). Figure 2 shows cumulative survival curves.
Supplementary Table 5 presents the results of all the variables
included in the analysis.

Predictors of Severe Covid-19 Disease

All the variables that were associated with higher odds of
mortality except by cancer were associated with a higher odd
of severe Covid-19 disease in the univariate regression analysis.
In the multivariate analysis, only age, female sex and diabetes
remained statistically significant, with a trend to signification in
smoking habit (p = 0.066) and CND (p = 0.063). Table 3 shows
results of univariate and multivariate regression analysis.

Laboratory Findings

The median laboratory values on admission and the worst values
during hospitalization is available in Supplementary Table 6.
All the laboratory parameters were more frequently abnormal
during the hospitalization than upon admission (all p <
0.001), Supplementary Table 7. Patients with CND had higher
odds of having increased INR during hospitalization (OR:
1.85, 95% CI: 1.14-3.01) and higher odds of having increased
procalcitonin levels during hospitalization (OR: 1.845, 95%
CIL: 1.08-3.15), after adjusting for age, mRS, sex, and prior
history of hypertension, diabetes, smoking habit and other
comorbidities. Supplementary Table 8 shows the full results of
the regression analysis.

DISCUSSION

Most of the Covid-19 management protocols coincide that
patients with comorbidities should be closely monitored
(7, 11), however specific recommendations for neurological
comorbidities are sparse. Frequency of CND comorbidities in
Covid-19 patients have not been considered in most of the
studies (8). To our knowledge, this is the first study that analyzes
the implication of CND presence. CND was an independent
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TABLE 3 | Predictors of severe Covid-19 disease. Univariate and multivariate
regression analysis.

Type of analysis OR 95% ClI p-value
mRS>2 Univariate 2.437 1.241-4.786 0.010
Multivariate 1.272 0.587-2.756  0.542
Age Univariate 1.081 1.019-1.044 <0.001
Multivariate 1.029 1.013-1.045 <0.001
Female sex Univariate 0.584 0.410-0.832  0.003
Multivariate 0.642 0.437-0.942 0.024
Hypertension Univariate 1.485 1.044-2.113 0.028
Multivariate 0.802 0.522-1.232 0.314
Diabetes Univariate 2.714 1.600-4.603 <0.001
Multivariate 2.200 1.256-3.855 0.006
Smoking Univariate 2.083 1.279-3.392  0.003
Multivariate 1.648 0.967-2.809 0.066
Cardiological disorders Univariate 1.627 1.008-2.314 0.046
Multivariate 0.834 0.516-1.350  0.460
Pulmonary disorders Univariate 1.812 1.172-2.801 0.008
Multivariate 1.399 0.874-2.240 0.162
Cancer Univariate 1.634 0.924-2.547  0.098
Multivariate 1.182 0.689-2.027 0.523
Chronic neurological disorders Univariate 2.418 1.421-4115  0.001
Multivariate 1.750 0.970-3.158 0.063
Immunosuppression Univariate 1.289 0.405-4.103 0.668

ADRS, Acute Distress Respiratory Syndrome; mRS, Modified Rankin Scale; OR, Odds
Ratio, Cl, Confidence Interval.

predictor of in-hospital mortality, and death occurred faster in
CND patients.

As expected, patients with CND were older, more disabled
and had higher frequency of vascular risk factors and other
comorbidities. All of those have been associated with higher
mortality in most of the Covid-19 series (1-6). The clinical

presentation of Covid-19 disease was pauci symptomatic in CND
patients, as some typical symptoms such as cough, chest pain or
asthenia were less frequent. Also, the most frequently reported
neurological symptoms, myalgia, and headache (17-19), were less
common. Despite of that, CND patients experienced ADRS more
often and had a higher death rate.

Considering the more severe disease, the worst baseline
performance and the scanty clinical expression, the reason for
the different outcome could be related with a delayed ED
presentation. However, in our sample, patients with CND came
earlier, even after adjusting for age, mRs, sex, and the rest of
comorbidities. Hence, we could not attribute the worse prognosis
to the delay in the care provision (6).

Then, we tried to find out if patients with CND received
standard care and/or intensive care less often. More than 80% of
CND patients received pharmacological treatment according to
the local SOC. Even though the clinical benefit of those drugs is
not yet clear (20), we could not attribute the worse prognosis to
the restriction of the received therapy. Due to the collapse of the
sanitary system, ICU guidelines deemed to prioritize the resource
allocation to those patients with a higher potential benefit (21).
Nevertheless, in our sample, patients with CND benefited from
ICU admission as frequently as those without it.

Since the need of oxygen therapy was more frequent in
patients with CND, a possible explanation of the higher mortality
was the more severe Covid-19 disease. As the simple comparison
of mean or median values of laboratory findings was not adequate
due to the imbalanced populations, we analyzed if patients with
CND had abnormal laboratory values more frequently than the
rest of the patients, adjusting by all the variables that deemed
potential confounders. Only increased INR and procalcitonin
remained statistically significant. The reason why INR is more
frequently increased in patients with CND is elusive and could be
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related with hepatic failure caused by sepsis, low K vitamin levels,
or acute liver failure (22). In the case of procalcitonin, patients
with CND are more vulnerable to nosocomial infections (23), so
the bacterial co-infection could be the most likely explanation
(24, 25). It has been pointed as an independent predictor of fatal
outcome in Covid-19 patients (26).

Henceforth, if we could not attribute the worse prognosis
of CND patients neither to a delayed presentation to the ED
nor a different management (27), a plausible explanation could
be the higher fragility and lower reserve of CND population.
It is well-known that CND are independent predictors of
mortality in hospitalized patients (28, 29). Prior history of
stroke has been related with a higher odds of severe Covid-19
illness, as well (30). The possible reasons seem varied, including
frequency of delirium (18, 19), malnutrition (31), impaired
respiratory function (32), and worse self-management (33). Many
of them can be worsened by Covid-19 disease and the use of
personal protective equipment makes its management arduous.
Covid-19 should be prevented and detected early in CND
patients, whose close monitoring could prevent complications
and improve the prognosis (34). In addition, the worse prognosis
of patients with CND could be linked with immuno-senescence,
an enhanced inflammatory state, favored by an angiotensin II
induced vasoconstriction and inflammatory response, leading to
lymphopenia, cytokine release and macrophage activation (35).

This study has notable limitations. First, the sample size was
modest, implying the possibility of some false-negative results.
The number of CND was not high enough to perform sub-
studies by different specific conditions, but all the patients
were consecutive. We tried to create an operative definition of
CND, based on the persistent impact on functionality, however
the definition is imperfect and not every neurological disorder
might be equally relevant. Further studies should focus on the
specific impact of the different neurological comorbidities and
analyze them separately. Second, this was a single center study,
it would be desirable to create multicentric studies to clarify the
impact of other variables, such as the type of hospital care and
the different management of patients. Future studies should be
multinational, as the reported adjusted mortality rates are highly
variable between the different countries. It is not yet known
if it could be attributed to genetic predisposition for severe
Covid-19 or different healthcare systems. This was a retrospective
study and despite the information was carefully reviewed, some
information could be incomplete. It was a limitation that there
were many different researchers involved in the study, albeit all
of them were neurologists and followed a pre-defined protocol.
We did not include long-term follow up of the patients, some
patients remained admitted at the time of data cutoff, mortality
might be underestimated in some cases. Also, the sample is
not representative of the whole population, as it only included
hospitalized patients, which could influence the results.
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Background: The complications of coronavirus disease 2019 (COVID-19) involved
multiple organs or systems, especially in critically ill patients. We aim to investigate the
neurological complications in critically ill patients with COVID-19.

Methods: This retrospective single-center case series analyzed critically ill patients with
COVID-19 at the intensive care unit of Tongji Hospital, Wuhan, China from February 5
to April 2, 2020. Demographic data, clinical and laboratory findings, comorbidities and
treatments were collected and analyzed.

Results: Among 86 patients with confirmed COVID-19, 54 patients (62.8%) were
male, and the mean (SD) age was 66.6 (11.1) years. Overall, 65% patients presented
with at least one neurological symptom. Twenty patients (23.3%) had symptoms
involving the central nervous system, including delirium, cerebrovascular diseases and
hypoxic-ischemic brain injury, while 6 patients (7%) had neuromuscular involvement.
Seven of 86 patients exhibited new stroke and 6 (7 %) cases were ischemic. A significantly
higher prevalence of antiphospholipid antibodies was observed in patients with ischemic
stroke than in those without stroke (83.3 vs. 26.9%, p < 0.05). Patients with ischemic
stroke were more likely to have a higher myoglobulin level, and a lower hemoglobin level.

Conclusions: The clinical spectrum of neurological complications in critically ill patients
with COVID-19 was broad. Stroke, delirium and neuromuscular diseases are common
neurological complications of COVID-19. Physicians should pay close attention to
neurological complications in critically ill patients with COVID-19.

Keywords: COVID-19, neurological manifestations, critically ill, stroke, neuromuscular diseases
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Neurological Manifestations of Severe COVID-19

INTRODUCTION

The outbreak of coronavirus disease 2019 (COVID-19) began
in Wuhan, Hubei Province in December 2019 and has rapidly
spread throughout China (1-3). It is caused by a novel
coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (1), which is similar to the zoonotic SARS-
CoV from 2002 and the Middle East respiratory syndrome
coronavirus (MERS-CoV) from 2012 (4). In a short time,
COVID-19 has spread worldwide. On March 11, 2020, the
World Health Organization (WHO) characterized COVID-19 as
a pandemic (5, 6).

The clinical spectrum of the SARS-CoV-2 infection,
COVID-19, appears to be wide, including asymptomatic
infection, mild upper respiratory tract illness, and severe
viral pneumonia with respiratory failure and even death (2).
Furthermore, various complications beyond the respiratory
system, such as acute myocardial injury, acute kidney injury
and gastrointestinal complications, have been investigated
(2-4, 7-12).

With the increasing number of confirmed cases and
accumulating  clinical ~data, neurological complications
associated with COVID-19 have been a challenge for clinical
management and have generated considerable concern. Recent
data from Wuhan, China, reported neurological complications
in 36% of 214 COVID-19 patients (13). The neurological
manifestations can vary from mild and unspecific symptoms,
such as headache and hyposmia, to catastrophic symptoms,
including stroke, acute hemorrhagic necrotizing encephalopathy,
encephalitis/meningitis and Guillain-Barré syndrome (13-25).
However, neurological features of COVID-19 infection in
critically ill patients, have not been fully investigated. Herein,
we conducted a retrospective study to analyze the neurological
manifestations of critically ill patients with COVID-19 in
intensive care units (ICU) to explore various pathophysiological
mechanisms that could contribute to neurological complications
in these patients.

MATERIALS AND METHODS
Participants and Study Design

This is a single-center, retrospective, observational study
performed at the Tongji Hospital, Wuhan, China. A designated
ICU was established and specialized for critically ill patients
with COVID-19 and was managed by the National Medical
Team from Peking Union Medical College Hospital, Beijing,
China. We retrospectively analyzed patients with COVID-19 who
were diagnosed according to the criteria for critically ill patients
with confirmed COVID-19 in our ICU from February 5, 2020
to April 2, 2020. All patients included were confirmed cases
with positive reverse transcription-polymerase chain reaction
(RT-PCR) results for SARS-CoV-2 before admission or positive
serological tests for anti-SARS-CoV-2 specific immunoglobulin
(Ig) M and G during hospitalization. The diagnosis and
classification of disease severity of COVID-19 were made
according to Chinese Management Guidance for COVID-19

Diagnosis and Treatment (7th version) (26). Patients who met
one of the following conditions were classified as critically ill:
(1) Respiratory failure requiring mechanical ventilation (MV).
(2) Shock. (3) Patients complicated with other organ failure who
required ICU monitoring and treatment.

All  individual-level medical information, including
demographic  characteristics, medical history, clinical,
radiological and laboratory findings, treatments and outcome
data, were retrieved from the electronic medical records.

This study was approved by the institutional review board
of Peking Union Medical College Hospital (No. S-K1151).
Written informed consent was waived as this retrospective study
was carried out to investigate an emerging infectious disease.
The study was performed in accordance with the Declaration
of Helsinki.

Laboratory and Neuroimaging Evaluation
Head CT scans were performed for patients with severe
neurological complications after February 28, 2020 using
a transport ventilator. Antiphospholipid syndrome (APS)
panels, including serum levels of anticardiolipin IgG, IgM
and IgA, and anti-p2-glycoprotein 1 (ap2GP1) IgG, IgM
and IgA were determined using a chemiluminescence
assay (QUANTA Flash® assays, Inova) according to the
manufacturer’s instructions. Metagenomic next-generation
sequencing of patients CSF samples was performed
according to a standard flow, which has been described
elsewhere (27, 28).

Definitions

Lymphocytopenia was defined as a lymphocyte count <1.1
x 10°/L. Coagulopathy was defined as a 3-s extension of
prothrombin time or a 10-s extension of activated partial
thromboplastin time. Delirium was defined according to
Diagnostic and Statistical Manual of Mental Disorders, 6th
edition. Flaccid paralysis was defined as bilateral paralysis
with the loss of muscle tone and absence of tendon reflexes.
Stroke was defined as a syndrome of rapidly emerging clinical
signs of focal or global disturbance of cerebral function lasted
at least 24h, or detection of cerebral lesions in accordance
with vascular origin on neuroimaging examination. Strokes
were further verified and classified into ischemic stroke or
spontaneous intracerebral hemorrhage based on neuroimaging
results. Hypoxic ischemic brain injury is used to describe
diffuse brain injury as a result of hypoxia or reduction of
oxygen. The outcome is defined as the condition evaluated
on April 2, 2020.

Statistical Analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS) version 17.0 and
EXCEL 1810. Data are expressed as medians with the
interquartile range (IQR) or means =+ standard deviation
(SD) according to the distribution. Analysis of variance
(ANOVA), Student’s t-test, or the Mann-Whitney test (non-
normal distributions) were used to analyze continuous variables.
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TABLE 1 | Demographic and clinical findings of critically ill patients with
COVID-19.

All patients Patients Patients
(n =86) without AIS with AIS
(n = 80) (n =6)

Age, years, mean + SD 66.6 +11.1 66.5 4+ 11.5 68.2 4+ 2.1

Sex
Male, n (%) 54 (62.8) 49 (61.9) 5(83.3)
Presenting symptoms
Fever, n (%) 75 (87.2) 69 (86.3) 6 (100)
Cough, n (%) 65 (75.6) 61 (76.3) 4 (66.7)
Myalgia, n (%) 15(17.4) 12 (15.0) 3(50.0)
Fatigue, n (%)* 46 (53.5) 40 (50.0) 6 (100)
Headache, n (%) 8(9.9) 7(8.8) 1(16.7)
Dizziness, n (%) 6 (7.0) 5(6.3) 1(16.7)
PMH
Hypertension, n (%) 44 (561.1) 41 (561.3) 3 (60.0)
Diabetes, n (%) 19 (22.1) 17 (21.3) 2(33.3
CAD, n (%) 16(18.6) 14 (17.5)  2(33.3)
Ischemic stroke, n (%) 7(8.1) 5(6.9) 2(33.3)
Intracranial hemorrhage, n (%) 4(4.7) 4 (5.0) 0(0)
Smoking, n (%) 12(14.00  11(18.8)  1(16.7)
Complications
Arrhythmia, n (%) 29 (33.7) 28 (35.0) 1(16.7)
AF, n (%) 16(18.6)  15(18.8) 1(16.7)
Coagulopathy, n (%) 49 (57.0) 46 (57.5) 3(50.0)
AKI, n (%) 35 (40.1) 31(38.8) 4 (66.7)
Liver injury, n (%) 34 (39.5) 32 (40.0) 2(33.3)
Delirium, n (%) 11 (12.8) 11 (13.8) 0(0)
Intracerebral hemorrhage, n (%) 1(1.2) 1(1.9) 0(0)
Hypoxic-ischemic brain injury, n (%) 2 (2.9 2 (2.5 00
Flaccid paralysis, n (%) 5(6.3) 1(1.3 4 (66.7)
Rhabdomyolysis 2 (2.9 2 (2.5 0(0)
Treatment
Antiviral therapy, n (%) 67 (77.9) 62 (77.5) 5(83.3)
Immunotherapy, n (%)
Vig, n (%) 70 (81.4) 65 (81.3) 5(83.3)
Steroids, n (%) 71(82.6) 67 (83.8) 4 (66.7)
Anticoagulation, n (%)* 48 (55.8) 42 (52.5) 6 (100)
Aspirin, n (%) 10 (11.6) 8(10.0) 2(33.3)
Invasive MV, n (%) 70 (81.4) 64 (80.0) 6 (100)
ECMO 5(5.8) 5(6.9) 0(0)
CRRT, n (%) 16 (18.6) 15 (18.8) 1(16.7)
Outcome
Death, n (%)* 55 (64.0) 54 (67.5) 1(16.7)
Follow-up duration, d, median (IQR) 35.0 30.0 66.5

(20.6, 43.5) (20.0,39.0) (54.8, 69.3)

COVID-19, corona virus disease 2019; AIS, acute ischemic stroke; SD, standard
deviation; PMH, past medical history; CAD, coronary artery disease; AF, atrial fibrillation;
AKI, acute kidney injury; IVig, intravenous immunoglobulin; MV, mechanical ventilation;
ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement
therapy; IQR, interquartile range.

*P < 0.05.

Pearson x? test or a Fishers exact test were used to analyze
categorical variables. A two-tailed p < 0.05 was considered
statistically significant.

RESULTS

Demographic and Clinical Characteristics
We finally included 86 critically ill patients with confirmed
COVID-19 after excluding 10 patients without available key
information, 11 patients with suspected COVID-19, and two
patients with a mild or moderate disease course. Of 86 patients,
54 (62.8%) were male, and the mean (SD) age was 66.6 (11.1)
years old. The demographic and clinical features of these patients
are summarized in Table 1.

Most of these patients presented with fever (87.2%) and
cough (75.6%). Fifty-six (65.1%) patients presented with at
least one type of neurological symptom (headache, dizziness,
myalgia, fatigue or hyposmia), including 15 patients with
myalgia, 46 patients with fatigue, 8 patients with headache,
6 patients with dizziness, and none patient complaining
of hyposmia.

Underlying cardiovascular diseases, including hypertension,
diabetes, coronary artery disease, and stroke, as well as smoking
were prevalent in critically ill patients with COVID-19, while
hypertension was the most common comorbidity and occurred
in 44 (51.1%) patients. A total of 12 (14.0%) patients had a
past medical history of stroke, including 7 cases of ischemic
stroke, 4 cases of intracranial hemorrhage and 1 case of
subarachnoid hemorrhage. One patient reported a medical
history of myasthenia gravis; and one patient reported a medical
history of Alzheimer disease.

The complications of COVID-19 involved multiple organs
or systems, including the lymphohematopoietic system,
kidney, liver and heart. Coagulopathy was common and
occurred in 49 (57.0%) patients. Sixteen (18.6%) patients were
complicated with atrial fibrillation during the disease course
of COVID-19.

Of the 86 patients, 70 (81.4%) received invasive MV, 5 (5.8%)
received extracorporeal membrane oxygenation, and 16 (18.6%)
received continuous renal replacement therapy. Most critically ill
patients received antiviral therapy (77.9%) and immunotherapy
(81.4% received intravenous immunoglobulin and 82.6%
received steroids). Forty-eight (55.8%) patients received
anticoagulation therapy because of underlying coagulopathy or
thromboembolic events. The fatality rate was high; 55 (64.0%)
patients died through April 2, 2020 (the median follow-up
duration was 35 days).

Laboratory Findings on ICU Admission

The laboratory findings of the patients are summarized in
Table 2. Lymphocytopenia was common and occurred in 77
(89.5%) patients. Lactate dehydrogenase was elevated in 78
(90.7%) patients. Creatine kinase was elevated in 29 (33.7%)
patients and myoglobulin elevation was documented in 26
(30.2%) patients. N terminal pro B type natriuretic peptide
(NT-proBNP) was elevated in 60 (69.8%) patients, and cardiac
troponin I (cTnl) was elevated in 48 (55.8%) patients. D-dimer
was elevated in 55 (64.0%) patients. High-sensitive C-reactive
protein was elevated in 80 (93.0%) patients. Interleukin—6 was
elevated in 66 (76.7%) patients. Twelve of the 32 (37.5%) tested
patients were positive upon APS panel testing.
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TABLE 2 | Laboratory findings on admission in critically ill patients with COVID-19.

All patients Patients  Patients with
(n = 86) without AIS AIS
(n = 80) (n=¢6)
WBC count, 10%/L, median (IQR) 12.0 12.0 12.0
8.7,17.1) (8.9,17.4) (5.2,17.6)
Lymphocyte count, 109/, median 0.56 0.56 0.66
(IQR) (0.36,0.80) (0.38,0.86) (0.25,0.73)
Platelets, 10%/L, median (IQR) 159 159 130
(97, 229) (101, 230) (54, 219)
Hemoglobin, g/L, median (IQR) * 122 123 95
(99, 134) (104, 136) (90, 107)
ALT, U/L, median (IQR) 27 27 22
(18, 43) (18, 43) (11,47)
LDH, U/L, median (IQR) 486 493 375
(241, 650) (350, 642) (280, 741)
Creatinine, wmol/L, median (IQR) 75.5 72.5 96.0
(61.0, 113.5) (61.0,111.2) (72.5, 129.0)
Creatine kinase, U/L, median (IQR) 90 99 63
(48, 225) (49, 259) (30, 100)
Myoglobulin, ng/mL, median (IQR) * 148.0 114.0 281.6
(74.1,365.6) (71.2,365.3) (167.0, 443.7)
cTnl, pg/mL, median (IQR) 43.3 42.2 106.7
(13.8,270.1) (13.1,300.8) (32.6, 235.5)
NT-proBNP, pg/mL, median (IQR) 992 939 3,110
(398, 3,930) (394, 3,771) (2,236, 6,895)
LDL-C, mmol/L, mean + SD 1.84+0.78 1.88+0.76 1.34+0.86
Prothrombin time, s, median (IQR) 16.1 16.1 16.4
(156.1,17.7)  (15.1,18.0) (15.0,17.3)
aPTT, s, median (IQR) 42.8 421 44.4
(37.4,471) (37.3,46.9) (40.5, 49.6)
D-dimer, pwg/mL, median (IQR) 9.0 9.3 3.7
(2.8, 21.0) (2.8,21.0) (2.6, 12.0)
Procalcitonin, ng/mL, median (IQR) 0.31 0.26 0.53
(0.14,0.81) (0.12,0.80) (0.28, 1.30)
hsCRP, mg/L, mean + SD 958+ 67.4 945+685 112.7 £53.8
IL-2R, U/mL, median (IQR) 1,090 1,083 1,593
(638, 1,650) (595, 1,445) (1,145,1,921)
IL-6, pg/mL, median (IQR) 60.4 59.8 69.4
(29.2,168.2) (28.9,180.3) (47.1,286.5)
IL-8, pg/mL, median (IQR) 28.6 29.5 28.2
(18.9,77.3) (16.6,79.1) (22.1,39.5)
IL-10, pg/mL, median (IQR)* 10.9 11.4 6.1
(5.7,17.1) (6.7,18.9) (5.3, 6.3
TNF-a, pg/mL, median (IQR) 10.3 10.1 11.8
(6.8, 19.6) (6.8, 20.9) (7.0, 13.9)
APS panel positivity, n (%)* 12 7 5
(37.5) (26.9) (83.9)

COVID-19, corona virus disease 2019; AlS, acute ischemic stroke; WBC, white blood cell;
ALT, alanine transaminase, cTnl, High-sensitive cardiac troponin I; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide; LDL-C, low-density-lipoprotein cholesterol; aPTT,
activated partial thromboplastin time; hsCRR, high sensitivity C-reactive protein; LDH,
lactate dehydrogenase; IQR, interquartile range. APS, antiphospholipid syndrome. APS
panel included lupus anticoagulant, antibodies against the membrane phospholipid
cardiolipin (IgG, IgM, and IgA isotypes) and antibodies against B2GP1 (IgG, IgM, and
I9A isotypes).

The normal range for the parameters: LDH, 135-225 U/L,; Creatine kinase, < 170 U/L;
Myoglobulin, < 154.9ng/mL; cTnl, < 34.2 pg/mL; NT-proBNR, < 486 pg/mL; D-Dimer,
< 0.5 ng/mL FEU; hsCRR, < 1 mg/L, IL-2R, 223-710 U/mL; IL-6, < 7.0 pg/mL; IL-8, <
62 pg/mL; IL-10, < 9.1 pg/mL; TNFa, < 8.1 pg/mL.

*P < 0.05.

Neurological Complications During the

Disease Course

Neurological complications involving the central nervous system
(CNS) were common, and 20 (23.3%) patients had at least one
neurological complication of the CNS (delirium, acute ischemic
stroke, intracerebral hemorrhage and hypoxic-ischemic brain
injury). Delirium was presented in 11 (12.8%) patients, which
was a reason that patients could not tolerate non-invasive MV
and were admitted to the ICU for invasive MV. Two patients had
hypoxic-ischemic brain injury, and one of these patients received
cardiopulmonary resuscitation.

Acute ischemic stroke (AIS) occurred in six patients
(7.0%, Figure1, Table 3, Supplementary Figures 1-10), and
intracranial hemorrhage occurred in one case. Additionally, two
patients presented with acute focal neurologic deficit without
neuroimaging evaluation. Of the six patients with AIS, two were
deeply sedated, and infarctions were first revealed by head CT in
these patients. Five patients were male. Notably, patients with AIS
exhibited a significantly higher prevalence of APS panel positivity
than those without AIS (83.3 vs. 26.9%, p < 0.05). Moreover,
patients with AIS were more likely to have a higher myoglobulin
level, and a lower hemoglobin level (Table 2). The cTnI and NT-
proBNP levels seemed to be higher in patients with AIS, although
there was no statistically significant difference between the two
groups. All patients with AIS received anticoagulant therapy. Five
of six patients with AIS were alive until the end of the follow-
up period, and the median survival duration was 66.5 days for
these patients.

Neurological complications of the peripheral nervous system
and musculature were also observed in critically ill patients
with COVID-19. Persistent flaccid paralysis was observed
in four patients after withdrawal of sedation. Two patients
had rhabdomyolysis.

Other Notable Neurological Evaluation
Lumbar puncture was performed in two critically ill patients
with COVID-19. Protein levels were slightly elevated in one
patient with persistent flaccid paralysis, while the opening
pressure, white blood cell count and glucose levels were normal.
SARS-CoV-2 was not detected in these two patients, either
on RT-PCR or on metagenomic next-generation sequencing
(Supplementary Table 1).

DISCUSSION

This retrospective study yields new insight into neurological
manifestations in the critically ill patients with COVID-19. Of
the 86 critically ill patients with COVID-19 included in this
study, 65% presented with at least one neurological symptom.
The clinical spectrum of neurological complications in critically
ill patients with COVID-19 was broad, including delirium, acute
ischemic stroke, intracerebral hemorrhage, hypoxic-ischemic
brain injury, flaccid paralysis and rhabdomyolysis. Notably, that
cerebrovascular disease was a common comorbidity, and the
prevalence of previous stroke in our study was 14%. Moreover,
8% of patients exhibited new stroke during the course of disease,
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of the periventricular area.

FIGURE 1 | Head CT scans of coronavirus disease 2019 patients with acute ischemic stroke. In Case 1 (A,B), head CT revealed low-density lesions in the right
occipital lobe and bilateral frontal and parietal lobes. In Case 2 (C,D), head CT revealed low-density lesions in the bilateral occipital and temporal lobes and the left
hemisphere. In Case 3 (E,F), head CT revealed low-density lesions in the bilateral frontal and parietal lobes. In Case 4 (G,H), head CT revealed low-density lesions in
the right hemisphere. In Case 5 (I,J), head CT revealed low-density lesions in the left midbrain. In Case 6 (K,L), head CT revealed low-density lesions on the right side

and most strokes were ischemic. Positivity of antiphospholipid
antibodies was highly prevalent in patients with ischemic stroke.

CNS symptoms were the main neurological complications in
critically ill patients with COVID-19. Only two types of human
coronaviruses, namely HCoV-OC43 and E299 were found to be
neuroinvasive and can spread from the respiratory tract to the
CNS (30). Invasion of CNS by SARS-CoV-2 has been suggested
by researchers from the University of Yamanashi, and SARS-
CoV-2 RNA can be detected in the CSF of patients with COVID-
19 (18). Furthermore, autopsy reports have revealed the presence
of virus in neural and capillary endothelial cells in frontal lobe
tissue (31), as well as secondary brain damage and neuronal
degeneration without evidence of viral encephalitis (32, 33).
Recent studies illustrated that COVID-19 has the potential to

cause nervous system damage. We performed lumbar puncture
in two patients with COVID-19 and neurological manifestations
in our ICU; however, neither patient showed signs of significant
inflammation in the CSF. Furthermore, RT-PCR assays of the
virus and metagenomic next-generation sequencing in the CSF
samples were negative. Our findings were consistent with the
previous observational report on severe COVID-19 patients,
which indicated that RT-PCR assays of the CSF samples were
negative for SARS-CoV-2 in all 7 tested patients (23). Whether
and how CNS involvement is related to the direct invasion of the
virus remains to be addressed in future studies.

Accumulating evidence suggested that neuroimaging features
of hospitalized COVID-19 patients were variable, dominated by
acute ischemic infarction and intracranial hemorrhages (19-24).
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TABLE 3 | Clinical characteristics of COVID-19 patients complicated with stroke”.

Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Age range, y 65-70 65-70 65-70 65-70 65-70 65-70
Sex Male Female Male Male Male Female
PMH HTN, DM, CAD, stroke? Not notable HTN, DM, CAD, HTN, stroke®, Ml after COVID-19 onset  COPD HTN, DM

hyperlipidemia nasopharyngeal carcinoma
Diagnosis Acute ischemic stroke Acute ischemic stroke Acute ischemic stroke Acute ischemic stroke Acute ischemic stroke Acute ischemic Intracerebral
stroke hemorrhage

Days after COVID-19 Day 55 Day 32 Day 8 Day 65 Day 19 Day 25
onset when stroke was
diagnosed
New onset neurological ~ Fall, irrelevant answer Deep sedation, revealed  Deep sedation, revealed by LOC LOC Slurred speech Severe headache,

symptoms

Notable neurological
examination

Head CT

Vascular territory

APS panel
Outcome

Weakness of four limbs with
decreased muscle tone,
bilateral Babinski sign (+)

Low density lesions in right
occipital lobe and bilateral
frontal and parietal lobes

Right PCA, and watershed
pattern between right MCA

by head CT

Weakness of four limbs
with decreased muscle
tone, right Babinski sign
(+)

Low density lesions in
bilateral occipital and
temporal lobes and left
hemisphere

Bilateral PCAs, and left
MCA

Positive
Hosp

head CT

Weakness of four limbs with
decreased muscle tone, left

Babinski sign (+)

Low density lesions in
bilateral frontal and parietal
lobes

Bilateral ACAs

Positive
Hosp

Weakness of four limbs
(more severe on the left
side), left Babinski sign (+)

Low density lesions in right
hemisphere

Right MCA and PCA

Positive
Hosp

Weakness of right limbs,
right Babinski sign (+)

Low density lesions in left
midbrain

Left PCA

Positive
Hosp

Slurred speech

Low density lesions
in peri-ventricular
area

Cerebral small
vessel disease

Negative
Died

LOC

NA (deep sedation
after stroke onset)

High density in
lateral ventricles and
subarachnoid space

Negative
Hosp

COVID-19, corona virus disease 2019; CT, computerized tomography; NA, not applicable; LOC, loss of consciousness; PMH, past medical history; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; Ml, myocardial
infarction; COPD, chronic obstructive pulmonary disease; APS, antiphospholipid syndrome; PCA, posterior cerebral artery; MCA, middle cerebral artery; ACA, anterior cerebral artery; Hosp, hospitalization.
*Some information of case 1, case 3, and case 4 had been reported previously (29).
aCase 1 reported a past history of ischemic stroke and recovered well with modified Rankin score O point.
bCase 4 reported a past history of ischemic stroke and the previous infarct was located in the cerebellum.
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Besides, leptomeningeal enhancement, hypoxic-ischemic brain
injury, cortical signal abnormalities that may be caused by
systemic toxemia were also reported (23, 34, 35). Hypodensities
localized in multiple brain areas on CT scans, which were in line
with vascular origin were observed in case 1 to case 6 in our
series. The lesions of five patients (case 1-5) indicated large artery
involvement, while four of them had multiterritory infarcts.
Case 6 presented with sudden onset of focal neurological deficit
(slurred speech) after admission with a moderate background of
cerebral small vessel disease on head CT scan, ischemic stroke of
small vessel disease subtype was diagnosed.

Stroke is not uncommon in patients with coronavirus
infection. AIS has been reported in patients with SARS and MERS
(36-39). To date, 2.3-13.5% of patients with severe COVID-19
have been reported to have comorbid cerebrovascular disease
(3, 9). Although stroke has been recognized as a complication
of COVID-19 (usually in the severe cases), the exact incidence
is not fully investigated (2, 3, 9, 10, 12, 40, 41). Data from
Wuhan, China, reported that acute cerebrovascular disease
(mainly ischemic stroke) was more common among 88 patients
with severe COVID-19 than those with non-severe disease (5.7
vs. 0.8%) (13). In recent case series, ischemic stroke of both large
artery- and small vessel- etiology have been reported (19-24). In
the present study, stroke was diagnosed in 7 of 86 critically ill
patients with COVID-19 and 6 cases were classified as ischemic
stroke. This incidence might be higher because neuroimaging
examinations were not performed for all patients with acute
focal neurologic deficits because of a rapid deterioration of
the conditions the result in death. The exact mechanism of
ischemic stroke in COVID-19 remains under investigation.
Possible explanations include the following.

First, abnormal coagulation results, especially markedly
elevated D-dimer and fibrin degradation product, are quite
prevalent in critically ill patients with COVID-19, which
indicates a common coagulation activation and secondary
hyperfibrinolysis condition (42). We also found coagulopathy
and antiphospholipid antibodies in critically ill patients with
COVID-19 in our cohort (29). Our results indicated that
five of the six cases of ischemic stroke had large artery or
embolic origin. Similarly, in a previous report of COVID-
19 patients with ischemic stroke, all six stroke patients had
large-vessel occlusion and three of them had multiterritory
infarcts (21). The high incidence of thrombotic complications
and the principal subtypes of ischemic strokes verified the
existence of a pro-coagulant state in critically ill patients with
COVID-19. D-Dimer levels were repeatedly measured in some
patients in our study and showed a trend of decreasing,
which might be related to anticoagulant therapy. Furthermore,
compared with patients without a cerebrovascular event, a
significantly higher prevalence of antiphospholipid antibodies
was observed in stroke patients. Previous studies have shown
an increased risk of developing antiphospholipid antibodies
in various viral infections (43). Our results indicate that
clinicians should be aware of the increased risk and consider
testing for antiphospholipid antibodies in patients with COVID-
19 infection and clinical manifestations suggestive of APS.
All of the six patients complicated with ischemic stroke

received anticoagulant therapy, and five improved or stabilized,
which may indicate that critically ill patients with COVID-19
with ischemic stroke may benefit from anticoagulant therapy.
Previous studies have also suggested that anticoagulant treatment
was necessary and beneficial for severe COVID-19 patients with
coagulopathy (44-46).

Second, virus-induced vascular inflammation might be
responsible for stroke. In patients with COVID-19, the
imbalanced response among T helper cell subtypes could
precipitate a cytokine storm syndrome (36). Our results indicated
that inflammatory markers were markedly elevated in most
critically ill patients with COVID-19. Viral infection and
the subsequent immune responses could cause lymphocytic
infiltration, necrosis of smooth muscle, endothelial dysfunction
and occlusion of large vessel walls. Furthermore, angiotensin-
converting enzyme 2 (ACE2), which is a cardio-cerebral vascular
protection factor, has been identified as the functional target
for SARS-CoV-2 (47). The virus could interact with ACE2
expressed in the endothelium and further attack the vascular
system. For patients with underlying cardiovascular disease,
SARS-CoV-2 infection can further damage vessel walls through
reduction of cerebral blood flow, decreases in oxygen supply and
destabilization of arterial plaque. However, we have not been
able to demonstrate an association of COVID-19 with vessel
wall damage.

Third, there is evidence suggesting that patients with
myocardial injury have an increased risk of occurrence of future
cerebrovascular events compared with those without myocardial
injury (48). Myocardial injury, evidenced by elevated cardiac
biomarkers or new electrocardiogram or echocardiographic
abnormalities, was recognized among early COVID-19 cases in
China (8). In our cohort, more than 50% of critically ill patients
had elevated high-sensitivity troponin I and NT-proBNP levels.
Myoglobulin level was significantly higher in patients with AIS.
Although no statistically significant difference was found because
of the small number of stroke patients, higher levels of both
cTnl and NT-proBNP levels were observed in patients with
COVID-19 with incident ischemic stroke than in those without
this event. Furthermore, 18% of the patients were complicated
with atrial fibrillation. We speculated that myocardial injury and
the concomitant atrial fibrillation may further contribute to the
occurrence of ischemic stroke.

Finally, a higher prevalence of anemia was also observed in
patients with ischemic stroke in our cohort. Anemia is associated
with an increased risk of cerebrovascular events because of
decreased tissue oxygen delivery as well as a hyperkinetic state,
which disturbs endothelial function and may lead to thrombus
formation. Our results indicated that correcting anemia in
critically ill patients with COVID-19 might have positive effect
on stroke prevention.

In addition to CNS involvement, neuromuscular
manifestations, including persistent flaccid paralysis and
rhabdomyolysis, were also observed in patients with severe
coronavirus infection, which have previously been reported for
SARS and MERS (37-39, 49). In a case series study consisting of
four patients with SARS who had concomitant neuromuscular
problems, the neuromuscular involvement was considered to be
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critical-illness polyneuropathy or myopathy (50). Significantly
elevated inflammatory cytokine levels and immune activation
may play a role in neuromuscular injury. We noticed that the
prevalence of flaccid paralysis was higher in patient with AIS
(66.7%), compared with those without AIS (1.3%). Possible
explanations included the longer time at ICU and the more
serious clinical conditions for stroke patients. On the other hand,
the mortality rate of non-AIS group was high, which limited
our ability to withdraw sedatives and determine whether flaccid
paralysis exists in these patients. Further electrophysiological and
pathological studies are necessary to determine the relationship
between COVID-19 and neuromuscular involvement.

Our study has several limitations. First, only 86 patients with
confirmed COVID-19 were included in the present analysis, and
a large, multi-center study is warranted to verify the neurological
manifestations of COVID-19. Second, most of the critically ill
patients in our ICU were receiving intensive sedation because
of invasive MV, which may have resulted in underestimation
of the incidence of neurological complications. Third, some
specific information regarding neurological complications, such
as brain MR, imaging evaluations of large intracranial arteries,
electrophysiological examinations and CSF profiles were not
available. The data were incomplete because of the highly
infectious nature of COVID-19, the serious clinical conditions of
critically ill patients and the limited conditions for examination
in the isolation ward. Thus, we restricted examinations to only
those that could have a direct effect on patient management.
Fourth, the relatively small number of stroke patients limited
the accurate comparisons between patients with AIS and those
without. Finally, some patients with neurological complications
were still hospitalized at the time of analysis, which may limit the
assessment of the ultimate clinical outcome and natural course of
the disease, and further long-term observation is needed.

CONCLUSIONS

Stroke, delirium and neuromuscular diseases are major
neurological complications of COVID-19. Neurological
manifestations might be underestimated in critically ill
patients with COVID-19, and physicians should pay close
attention to neurological complications. Patients with
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Stroke Care Services in Singapore
During COVID-19 Pandemic—A
National Perspective

Narayanaswamy Venketasubramanian*

Raffles Neuroscience Centre, Raffles Hospital, Singapore, Singapore

Stroke is a significant cause of admission to Singapore’s acute care hospitals. Because
of the current COVID-19 pandemic, there have been major changes in the stroke
care system. On calling for the public ambulance, those suspected to have COVID-19
infection are taken to the National Center for Infectious Diseases. Otherwise, on arrival
at the emergency room, all cases with fever or respiratory symptoms [COVID-19
suspect patients (CSPs)] are evaluated separately by staff wearing full personal protective
equipment (PPE). Triage is not delayed. CSPs needing hyperacute therapies are sent to
a specially prepared scanner; if not, imaging is deferred to the latter part of the day.
CSPs are managed in isolation rooms, and sent to the acute stroke unit (ASU) if two
consecutive COVID-19 swabs are negative. Investigation and rehabilitation are done
within the room. ASU rounds are attended by essential members, communication by
electronic means. Multidisciplinary team rounds have largely ceased, and discussions are
via electronic platforms. Patient transfer and staff movement are minimized. All hospital
staff wear face-masks, infection control is strictly enforced. Visitors are not allowed;
staff make daily calls to update families. Mild stroke patients may be sent home with
rehabilitation advice. Out-patient rehabilitation centers are closed. Patients return for
out-patient visits only if needed; medications are sent to their home, and nurses make
essential home Vvisits. Stroke support and rehabilitation activities have started on-line.
Continuing medical education activities are mainly by webinars. Stroke research has been
severely hampered. Overall, evidence-based stroke care is delivered in a re-organized
manner, with a clear eye on infection control.

Keywords: stroke, services, COVID-19, Singapore, stroke unit

INTRODUCTION

The current COVID-19 pandemic has had a significant impact on global economic, political, social,
emotional, and medical health. Stroke is a major cause of death and disability throughout the
world (1), especially in Asia (2). Stroke occurs in 5.9% of COVID-19 patients, largely ischemic,
but with a few hemorrhagic strokes (3, 4). Among patients with COVID-19, cerebrovascular
disease is associated with increased mortality and severe COVID-19 infection (5); patients with
prior stroke have a more severe COVID-19 infection (6, 7). While there is current interest in
hypercoagulable states, vasculitis, and cardioembolism from cardiomyopathy as the mechanism
for the stroke, others including large artery atherosclerosis, small artery disease, and other
cardioembolic sources such as atrial fibrillation should not be forgotten (8, 9). There has been
a noticeable drop in the number of stroke patients arriving at Emergency Rooms (10-12), or
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they come late (12, 13), or when they are more severe (14). This
could be possibly out of fear of entering an environment where
there may be COVID-19 patients (15), or due to the reduced
availability of ambulances or prompt medical services due to
resource diversion to managing COVID-19. All these impact on
the provision of evidence-based stroke care that have been proven
to reduce death, disability, and stroke recurrence (16).

Singapore is a small tropical island city-state of 5.7 million
people situated in the heart of South-East Asia. Stroke is a major
cause of death and disability, with an incidence of 1.8/1,000,
prevalence of 3.65% among those aged above 50 years, and is
among the top 10 causes of hospitalization to our acute care
government-funded restructured hospitals that provide heavily
subsidized care for more than 95% of acute stroke patients (17).

The number of people diagnosed with COVID-19 in
Singapore has been rising (18). The Singapore government
quickly established a high-level Multi-Ministry Taskforce on
22 January 2020. It comprises 10 members, all ministers, and
is co-chaired by the Minister of Health and the Minister
of National Development, with the Deputy Prime Minister
as its Advisor. The Taskforce’s roles are to direct the
national whole-of-government response to the novel coronavirus
outbreak; coordinate the community response to protect
Singaporeans and stay vigilant against the spread of the disease;
and work with the international community to respond to the
outbreak. This has resulted in a seamless collaborative response,
tapping on the resources of many ministries, so as to swiftly and
effectively respond to the infection.

Prior to the COVID-19 pandemic, patients calling for the
national ambulance service who were assessed as possibly
having a stroke were transported directly to one of three
thrombolysis/thrombectomy centers if they met the time
windows, or, if not, to the nearest of the seven restructured
hospitals or a collaborating private hospital scattered throughout
the country. The few patients who arrived via their own
transportation means and who met the time windows would
receive thrombolysis at whichever center they arrived at, but
if they needed thrombectomy, they were then transported to
one of the three thrombectomy centers; a small number of
thrombectomies were performed at a few private hospitals.
Intravenous thrombolysis and thrombectomy services were
available 24 h a day. In all hospitals, after emergent triage, patients
were, where possible, neuro-imaged while still in the emergency
department, before being sent to the acute stroke unit (ASU) of
that hospital to be managed by a multidisciplinary stroke team.
Those requiring in-patient rehabilitation were transferred to the
rehabilitation department or to a nearby community hospital. On
discharge, they were followed up by the specialist if necessary,
or by the primary care physician. Community-based resources
were available including out-patient rehabilitation, home medical
and nursing and rehabilitation (19). Stroke support was provided
by the Singapore National Stroke Association (SNSA), the oldest
national-level support group for stroke survivors and their carers
(20, 21).

There have been a few publications with details on how
the stroke care has been reorganized due to the COVD-19
situation. Some are hospital-based (22, 23) some only address

a specific issue e.g., thrombectomy in that hospital (24). There
are no publications on stroke care re-organization at a regional
or national level, to my knowledge. In Singapore’s response to
the COVID-19 epidemic, there were significant changes to the
well-coordinated stroke care system, bolstered by lessons learnt
from the 2002-2003 SARS-CoV-1 epidemic. This paper aims
to present these changes, and what efforts have been made
to maintain the provision of high-quality care for those with
acute stroke and after discharge, as well as ancillary stroke
activities at a national level. The information may be valuable to
clinicians, administrators and policy makers involved in stroke
care coordination beyond a single hospital, involving hospital
and care networks.

PRE-HOSPITAL

At a national level, on calling for the public ambulance, patients
are screened for possible COVID-19 infection or if they are
at high risk of having COVID-19 (HrCP). The definition
includes return from a country with high numbers of COVID-
19 patients, in close contact with persons who have COVID-
19 (e.g., same household as, cared for, or exposed for more
than 30 min within two meters of a COVID-19 patient), or
have been served a quarantine, leave of absence or stay-home
order due to contact with a COVID-19 patient. These HrCP
are taken directly to the National Center for Infectious Diseases
(NCID) where they are assessed and isolated for further care.
This policy of sending HrCP to the NCID may be reviewed
if the center gets overloaded with patients. There have been
no noticeable delays in emergency service response times—
the public ambulance service is centrally coordinated and has
adequate staff and necessary ambulances; the provision for
dealing with large numbers of ambulance requests has been
in place for many years, probably based on prior experiences
with large disasters and tragedies causing mass casualties. All
others who meet the criteria for intravenous thrombolysis or
thrombectomy are still taken to the three dedicated centers;
if they do not meet the criteria, they are taken to any of
the restructured hospitals, as before. Ambulance staff wear
full PPE at all times. Each ambulance is fully equipped with
adequate stores so that this can be achieved. The staff are all
trained on how to quickly don their PPE with minimal delay.
Patients may still choose to use their own transportation means
for getting to their preferred hospital. There is no practice
change here.

EMERGENCY ROOM, NEUROIMAGING
AND HYPERACUTE THERAPIES
(FIGURE 1)

At a hospital level, existing stroke pathways had to be modified
in each hospital to meet the needs for strict infection control.
In all hospitals, on arrival at the emergency room, all cases
are screened again for possible COVID-19 infection and fever;
those who are HrCPs are immediately sent to NCID—again
this policy may be amended. The NCID is located next to the
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FIGURE 1 | Workflow in the Emergency Department. All patients arriving within the time window for hyperacute therapy are sent for immediate imaging; those who
arrive beyond the time window are scanned later at the next available slot, usually later that same day. This applies to both with and without infection concerns (NCID,

N Y

Stroke unit/ ward

National Neuroscience Institute (NNI); the neurologist is able
to see the stroke patient immediately. NCID has a designated
CT scan negative-pressure room that is staffed 24h a day and
used only for COVID-19 patients. By protocol, all thrombectomy
patients are prophylactically intubated and sent to a pre-specified
operating theater which has negative pressure and a separate
ventilation system. They are subsequently managed in the NCID
Intensive Care Unit, and later in the NCID wards. The NNI
neurologist consults on the patient on a daily basis to collaborate
on stroke patient care. It is unlikely that acute stroke therapy
was delayed by pre-triage to or subsequent management in
NCID (25).

Those with fever or respiratory tract infection symptoms
(e.g., cough, breathlessness, sore throat, runny nose) are
defined as COVID-19 suspect patients (CSPs) and are evaluated
separately in an area set aside for this purpose, with staff
wearing PPE, and the patient in a face mask (FM). Triage,
assessment for urgent therapies, imaging are performed without
delay for all CSPs and non-CSPs as per the hospital stroke

protocol. CSPs needing hyperacute therapies are sent to a
scan machine in a minimally equipped room prepared for
them, and the scanning room is thoroughly disinfected after
each patient; if not for hyperacute therapy, the imaging is
delayed to the latter part of the day. The three hospitals
with the dedicated thrombolysis-thrombectomy services are
able to reserve a scan room just for CSPs. Telemedicine
is used where possible to reduce staff members entering
this area.

Intravenous thrombolysis commences in the scan room, if
possible, for all patients. CSPs who need thrombectomy are
prepared in a negative-pressure room if available, and aerosol-
generating activities are minimized. Non-CSPs are managed in
the usual manner. There is a pool of interventional radiologists
and trained staff, allowing for multiple thrombectomy teams in
each of the three dedicated centers, in order to cater for the
eventuality that if one EVT team unfortunately encounters a
confirmed COVID-19 case without adequate protection, that
whole team may need to be quarantined for many days.
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TABLE 1 | Care in isolation room vs. acute stroke unit.

Isolation room Acute stroke unit

Patient Face mask Face mask +/-
Staff PPE when entering patient’s room Face mask
Face mask when not in
patient’s room
Blood tests Bedside Bedside
Electrocardiography
Telemetry set-up
Neurosonology Bedside Neurosonology
laboratory
Radiology department
Echocardiography, Bedside Cardiac laboratory
Holter set-up
Chest x-ray Bedside Radiology department

Neuroimaging Scan performed in dedicated

scanner later in the day
Bedside

Scan performed as
schedule allows

Bedside
Rehabilitation center

Rehabilitation

ACUTE STROKE UNIT/ISOLATION ROOM

CSPs in all hospitals are managed in isolation rooms, usually
within a ‘fever ward’ or if possible within the acute stroke unit
(ASU), with staff in PPE, patients in FM. CSPs are swabbed
for COVID-19 daily, and only sent out to the ASU for further
care if two consecutive swabs are negative—the results of
each swab are ready within 24h; if positive, the patient is
transferred to the NCID. Venepunctures, X-rays, neurosonology,
echocardiography, arrhythmia monitoring, and rehabilitation are
done within the isolation room by dedicated technicians and staff,
based on the clinical need, but may be deferred until the patient
has been moved to the ASU if it’s less urgent. If repeat imaging
is needed, the CSP is transported wearing a FM to the specially-
prepared scanner, with imaging performed in the latter part of
the day whenever possible. Non-CSPs are managed as usual in the
ASU, and have their investigations performed in the usual venues
e.g., radiology department, neurosonology laboratory, cardiac
laboratory (Table 1).

ASU daily rounds are attended only by essential members,
communication is by electronic means wherever possible, as
all hospitals have electronic medical records including review
of imaging and laboratory test results. Multidisciplinary team
rounds have largely ceased; discussions are held via electronic
platforms. Patient transfer and staff movement are minimized,
with ward-based teams where possible. All hospital staff wear
FM, infection control is strictly enforced especially hand-
washing; social distancing enforced as far as is practicable. Care
pathways continue to be followed. Non-urgent surgeries have
been postponed.

Visitors are not allowed, except perhaps if the patient is in
intensive care (one named visitor throughout hospital stay), or
if caregiver training is being provided pre-discharge. Doctors
and nurses call the patient’s family daily with updates, patients
are allowed easy access to ward telephones, wi-fi is provided
free where possible. Hospital visits by volunteer befrienders from

the SNSA have been halted, but communication over the phone
may continue.

Rehabilitation is provided as before, but with social distancing,
with patients kept at least one meter apart in the gyms. Transfers
to rehabilitation units and community hospitals may be delayed
by repeat screening for COVID-19 infection; mild strokes may be
sent home with rehabilitation advice.

POST-DISCHARGE CARE

Out-patient rehabilitation centers are closed, which may
increase functional limitations and hinder recovery (26). Online
rehabilitation services are being tried, but elderly patients are
usually unable to manage the required steps, further challenged
by their physical disabilities. Traditional Chinese Medicine
services have ceased. At the patient level, patients return for
out-patient visits only if needed; many are fearful. They may
still visit their family physicians. Home visits by nurses are
performed where necessary (e.g., to change nasogastric tubes,
urine catheters and dressings). Doctors call selected patients
to determine progress. Medications are sent to the patients
home for a small fee to maintain compliance. Teleconsultation
is available but not actively taken up by elderly patients.
Some stroke support activities by SNSA have started on-
line e.g., exercises, aphasia therapy, but again disabled elderly
who are not familiar with the use of online services may
not participate.

PROFESSIONAL MATTERS

All healthcare professionals are regularly recertified by their
respective professional boards (e.g., Singapore Medical Council
for doctors), usually by participating in continuing medical
education (CME) activities (27). Professional recertification
requirements have not been relaxed—full-practice doctors still
need to earn at least 50 points over 2 years. But the availability
of CME activities by electronic means via webinars has greatly
increased; COVID-19 CMEs are popular and well-attended.
Stroke research has been severely hampered as subjects are
fearful to come to hospital, movements around the hospital
is strictly controlled. But some researchers are taking the
opportunity provided by reduced out-patient work to write their
previously-shelved papers.

OTHER SOLUTIONS

There have been a number of publications of stroke systems
of care during the COVID-19 epidemic. Pre-hospital triage,
advance notice by the ambulance to the Emergency Room,
adequate training and use of PPE to reduce staff infection,
adequate respiratory management en-route, care in appropriately
equipped hospitals, and minimizing transfers is important (28,
29). Existing stroke pathways may need to be revised (23),
including for endovascular therapy (30, 31). Rehabilitation
should not be neglected (32, 33). It can be managed with
stream-lined protocols, use of telemedicine/telerehabilitation,
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attending to COVID-19-related adverse events (such as fever
and respiratory symptoms), enforcing social distancing and
adequate sterilization of equipment (34, 35). While trying to
provide the best of care to patients, staff safety cannot be
neglected (36). A protocol specifically for the management of
stroke among patients with COVID-19 may be helpful (22)
and needs to be practiced (37). In effect, the entire system
of care may needs to be reorganized (38). Guidelines and
suggestions for stroke care have been proposed (39-44), but each
center had best develop its own or tailor existing guidelines to
meet and fit its needs. Consent for research, usually performed
face-to-face, may be taken remotely (45), either electronically
or by phone; follow-ups may need to be by phone (46).
Challenges for stroke care are even greater in developing
countries (47).
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In December 2019, an outbreak of illness caused by a novel coronavirus
(2019-nCoV, subsequently renamed SARS-CoV-2) was reported in Wuhan, China.
Coronavirus disease 2019 (COVID-19) quickly spread worldwide to become a pandemic.
Typical manifestations of COVID-19 include fever, dry cough, fatigue, and respiratory
distress. In addition, both the central and peripheral nervous system can be affected
by SARS-CoV-2 infection. These neurological changes may be caused by viral
neurotropism, by a hyperinflammatory and hypercoagulative state, or even by mechanical
ventilation-associated impairment. Hypoxia, endothelial cell damage, and the different
impacts of different ventilatory strategies may all lead to increased stress and strain,
potentially exacerbating the inflammatory response and leading to a complex interaction
between the lungs and the brain. To date, no studies have taken into consideration the
possible secondary effect of mechanical ventilation on brain recovery and outcomes.
The aim of our review is to provide an updated overview of the potential pathogenic
mechanisms of neurological manifestations in COVID-19, discuss the physiological
issues related to brain-lung interactions, and propose strategies for optimization of
respiratory support in critically ill patients with SARS-CoV-2 pneumonia.
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Neurological Manifestations in COVID-19

INTRODUCTION

In December 2019, an outbreak of disease caused by a novel
coronavirus (2019 novel coronavirus, 2019-nCoV) was reported
in Wuhan, China (1). On February 11, 2020, the novel virus
was renamed the severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) by the International Committee on Taxonomy
of Viruses, and on the same day, the disease it causes was
named coronavirus disease 2019 (COVID-19) by the World
Health Organization (WHO) (2). The rising number of daily
confirmed cases globally led the WHO to characterize the
outbreak as a pandemic on March 11, 2020 (3-8). The typical
manifestations of COVID-19 include fever, dry cough, fatigue,
and respiratory distress (9). Among patients with symptoms
requiring hospitalization, 5-20% require invasive mechanical
ventilation and admittance to an intensive care unit (10).
COVID-19 is a complex, multisystem disease, perhaps best
defined as a multiple organ dysfunction syndrome (MODS-
CoV-2) (11) which includes neurologic manifestations (9).
In a recent meta-analysis (12), headache was identified as
one of the most common neurologic symptoms in the early
stages of the disease (occurring in 3.5 to 34% of patients),
followed by dizziness. More specific neurological manifestations
were also observed, including impairment of smell, taste,
or vision; limb weakness; acute cerebrovascular disease; and
seizures. The causative mechanisms for neurological involvement
in COVID-19 are still under-investigated because of a lack
of prospective studies (12, 13). Furthermore, mechanical
ventilation, commonly used in the management of COVID-19
patients, can itself induce an inflammatory response, causing
distal organ failure. Thus, a complex cross-talk between the
lungs and other organs, including the brain (14), may occur
during severe COVID-19. Despite the paucity of evidence, there
are three key hypotheses for the neurological manifestations
of COVID-19 patients (Figure 1): (1) viral neurotropism; (2) a
hyperinflammatory and hypercoagulable state; and (3) brain-
lung crosstalk. While neuroinvasion may be restricted to most
severe cases, other cases may be epiphenomena of systemic
disease (11). The latter hypothesis is particularly interesting
because it may be amenable to adjustment of ventilator
settings to minimize lung and brain injury. Within this

Abbreviations: ACE2, ANE,
necrotizing encephalopathy; ARDS, acute respiratory distress syndrome; BALE,
bronchoalveolar lavage fluid; BBB, blood brain-barrier; CA, Ammon’s horn;
CD, cluster of differentiation; CI, confidence interval; CNS, central nervous
system; CoV, coronavirus; COVID-19, coronavirus disease 2019; CT, computed
tomography; CXCR, chemokine receptor; DIC, disseminated intravascular
coagulation; DO,, oxygen delivery; DPP4, dipeptidyl dipeptidase-4; ECMO,
extracorporeal membrane oxygenation; FiO, fraction of inspired oxygen; FOX,
forkhead box; HLH, hemophagocytic lymphohistiocytosis; ICAM, intracellular
adhesion molecule; ICH, intracerebral hemorrhage; ICP, intracranial pressure;
IFN, interferon; MERS, Middle East respiratory syndrome; MHYV, mouse hepatitis
virus; MRI, magnetic resonance images; nCoV, novel coronavirus; OR, odds
ratio; PaCO,, partial pressure of carbon dioxide; PaO, partial pressure of oxygen;
PbtO, brain tissue oxygenation tension; PCR, polymerase chain reaction; PEEP,
positive end-expiratory pressure; PRES posterior reversible encephalopathy
syndrome; RM, recruitment maneuvers; RNA, ribonucleic acid; SARS, severe
acute respiratory syndrome; TLRs, toll-like receptor; TMPRSS2 transmembrane
serine protease 2; TNE, tumor necrosis factor; WHO, World Health Organization.

angiotensin-converting  enzyme-2; acute

context, the aim of this manuscript is to provide an updated
overview of the potential pathogenic mechanisms of neurological
manifestations in COVID-19, discuss the physiological issues
related to brain-lung interactions, and propose strategies for
optimization of respiratory support in critically ill patients with
SARS-CoV-2 pneumonia.

VIRAL NEUROTROPISM

Pathogenesis

The coronaviruses are large, enveloped, non-segmented, single-
stranded, positive-sense ribonucleic acid (RNA) viruses. Seven
coronaviruses in two genera have been identified as possibly
infectious in humans, of which SARS-CoV-1, Middle East
respiratory syndrome (MERS-CoV), and SARS-CoV-2 can
cause life-threatening respiratory failure (15, 16). Genomic
and structural analyses have shown that SARS-CoV-1 binds
to angiotensin-converting enzyme-2 (ACE2) receptors and
transmembrane serine protease-2 (TMPRSS2) (17). MERS-CoV
instead binds to dipeptidyl dipeptidase-4 (DPP4) receptors,
which are mainly present on the epithelium of the lower
respiratory tract, small intestine, liver, kidneys, and immune
cells (18). ACE2 receptors are widely distributed in the lung
alveolar epithelial cells, nasopharyngeal and oral mucosa,
endothelium and vascular smooth muscle cells in the brain,
vascular endothelium and smooth muscle cells of the liver,
vascular and red pulp sinus endothelium of the spleen,
and cytoplasm of distal tubules and collecting ducts in
the kidney (17). However, binding to ACE2 and DPP4
receptors alone is not enough to make host cells susceptible
to infection. Some human epithelial cells which overexpress
these receptors are not infected, whereas other cells with
lower expression of these receptors, such as central nervous
system (CNS) cells, have shown SARS-CoV-1 and MERS-CoV
infection (19). As with the other coronaviruses, the classical
route of SARS-CoV-2 infection is the passage of infected
droplets through the upper airway and binding to ACE2
receptors. Ocular transmission has also been proposed as a
possible alternative route for SARS-CoV-2 infection, since the
aqueous humor contains ACE2 receptors (20). SARS-CoV-
2 enters the host cell by endocytosis. After viral uncoating,
the virion is released, followed by translation, replication,
virion assembly, and new virion coating, a process which
induces programmed cell death (21). A cascade of cerebral
involvement in SARS-CoV-2 infection has been proposed by
many authors (22-24). Coronaviruses may pass from the
systemic to the cerebral circulation by several routes. Trans-
synaptic passage through infected neurons via the olfactory
bulb has been demonstrated with other coronaviruses, which
are able to invade peripheral nerve terminals and spread
in a retrograde fashion through synapses into the CNS;
neuroimaging evidence from COVID-19 patients suggests SARS-
CoV-2 can do so as well. SARS-CoV-2 can also spread across
the blood-brain barrier (BBB) by two distinct mechanisms: (a)
leukocyte migration across the BBB (named the Trojan horse
mechanism); and (b) sluggish movement of blood within the
microcirculation, crossing the BBB by binding to endothelial
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Neurological manifestations

Blood-brain
barrier damage
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FIGURE 1 | Proposed mechanisms for neurological manifestations in SARS-CoV-2 infection. We hypothesize three possible mechanisms for neurological
manifestations in SARS-CoV-2 infection: (1) Viral neurotropism; (2) Hypercoagulation and inflammation, and (3) Brain-lung crosstalk.

cells (17). Infected leukocytes can bind to ACE2 receptors and  may at least partially account for the acute respiratory failure of
cross the BBB, migrating into the CNS (22-26). Expression of ~ SARS (32). Although previous literature on other coronaviruses
ACE2 receptors has been demonstrated in neurons, astrocytes,  clearly suggests neuronal involvement, data specific to SARS-
oligodendrocytes, the motor cortex, the cytoplasm of neurons, = CoV-2 are still limited; magnetic resonance imaging (MRI),
and sympathetic pathways (22). Binding to ACE2 produces  autopsy findings, and brain biopsies should unravel the mystery.
vasodilatation and counteracts inflammation, while binding to ~ As with other coronaviruses, SARS-CoV-2 could potentially
the Mas receptor exerts neuroprotective and cardioprotective  enter the nervous system through the olfactory bulb and

effects (27). spread to specific brain areas (33). This trans-synaptic spread

theory is corroborated by multiple retrospective reports of
Experimental and Clinical Evidence anosmia and ageusia in COVID-19 patients (9, 29, 34). Most
Trans-synaptic Spread recently, anosmia and hyposmia were identified in 5.6% of

Literature from the previous SARS epidemic revealed that the 214 hospitalized patients (9), while 33.9% of 20 patients
virus primarily infects pneumocytes, but can also enter neuronal ~ who completed a questionnaire experienced either olfactory
cells (28). Trans-synaptic spread has been demonstrated in  or taste disorder and 18.6% experienced both (35). Smell and
experimental studies; in SARS-CoV-1 infected mice, extensive  taste disorder were detected in 39.2% of 79 patients who
virus replication in brain cells was mediated by cerebral invasion =~ were positive for COVID-19 PCR vs. 12.5% of 40 controls
through the olfactory epithelium (29). This has been also  (adjusted odds ratio [OR] 21.4, confidence interval [CI] 95%
confirmed by another murine study with human coronavirus  2.77-165.4, p = 0.003). Of these, 25 (80.6%) reported smell
0OC43 (30). In the clinical setting, SARS-CoV-1 genome  disorders and 28 (90.3%) reported taste disorders (34). A single
sequences were detected in brain cells of infected patients  center study on 1,480 patients with influenza-like symptoms
by electron microscopy, real time-polymerase chain reaction  revealed that smell and taste loss occurred in the majority of
(PCR), and light microscopy. Among brain areas, the thalami,  patients who tested positive for SARS-CoV-2, was significantly
cerebellum, white matter, and brainstem were primarily affected, ~ associated with COVID-19 (p < 0.001), and resolved after illness
with edema and scattered red degeneration of neurons (31).  remission (36). A multicenter European study of 417 COVID-19
SARS-CoV-1 has been also detected in cerebrospinal fluid, patients identified olfactory and gustatory dysfunctions as
probably reflecting spread through the BBB (29). Coronaviruses  prevalent, early symptoms, which can indeed be used to
can also spread to the medullary cardiorespiratory center, which  identify SARS-CoV-2 infection (37). Finally, this hypothesis was
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confirmed in vivo by MRI evidence of cortical hyperintensity
in the right gyrus rectus and olfactory bulb, suggesting viral
invasion of the brain—although not all the patients who
develop olfactory dysfunction present with abnormal brain
imaging (38)—and in post-mortem brain MRI studies, which
found olfactory bulb and tract impairment without brainstem
involvement (39). This provides very compelling evidence of
SARS-CoV-2 entry via the olfactory tract and subsequent
spread to specific brain areas, although limited to isolated
cases (2).

Endothelial and Lymphocyte Invasion

Electron microscopy studies have recently demonstrated that
SARS-CoV-2 can cross the BBB by binding to endothelial
cells (40). SARS-CoV-2 neurotropism was further confirmed
in autopsies of infected patients who died of cardiorespiratory
failure (>65 years old) and massive intracranial hemorrhage
(younger). In both groups, all patients showed lymphocytic pan-
encephalitis and meningitis (41), confirming the neurotropic
hypothesis, perhaps guided by leukocyte invasion.

Irrespective of mechanism, neurotropism is thus clearly
demonstrated. When brain involvement does occur, the presence
and persistence of human coronaviruses in the CNS, as occurs
in mice, can determine long-term neurological sequelae. Mice
surviving acute coronaviral encephalitis exhibited long-term
sequelae associated with decreased activity in an open field
test and a reduced hippocampus, with neuronal loss in the
Ammon’s horn (CA)l and CA3 areas (42). It has also been
hypothesized that human coronaviruses may play a triggering
role in long-term neurological conditions, such as multiple
sclerosis. Although research has not led yet to a direct link to
any specific virus, an association of coronaviruses with multiple
sclerosis has been suggested (43, 44). A significantly higher
prevalence of human CoV-OC43 was observed in the brains
of multiple sclerosis patients than in controls (45). Moreover,
during infection by human CoV-OC43 and CoV-229E, an
autoreactive T-cell response directed to both viral and myelin
antigens was discovered in multiple sclerosis patients, but not
in controls (46, 47). This underlines the possibility that long-
term infection of the CNS by human coronaviruses may play a
role in the onset of multiple sclerosis-like demyelinating lesions,
as reported during the COVID-19 pandemic (48). Evidence
of CNS infection by SARS-CoV-2 has been associated with
poor prognosis, worse clinical condition, and sudden death
in COVID-19 patients (9). However, there is limited evidence
to confirm this hypothesis, since the majority of observed
cerebrospinal fluid (CSF) samples have been negative for SARS-
CoV-2 infection (49, 50). This makes it difficult to confirm that
neurotropism could be the main mechanism of neurological
complications in COVID-19.

HYPER-INFLAMMATION AND
HYPERCOAGULABILITY

Pathogenesis
SARS-CoV-2 may pass across the respiratory epithelium and
spread from the alveolar-epithelial barrier to the systemic

circulation, enhancing the local inflammatory response (51)
and producing a systemic “cytokine storm,” affecting other
organs such as the brain (52). Furthermore, inflammation
is one of the main mechanisms that trigger the coagulation
cascade and promote hypercoagulability. In severe SARS-CoV-
2 infection, recent findings suggest a key role of endothelial
cells (ECs) in vascular dysfunction, immunothrombosis, and
inflammation (53). Histopathological studies have provided
evidence of direct viral infection of ECs, diffuse endotheliitis,
and micro- and macrovascular thrombosis, both in the venous
and arterial circulations. The pro-inflammatory cytokine storm,
with elevated levels of interleukin-6 (IL-6), IL-2 receptor,
and tumor necrosis factor (TNF)-a, could also participate
in endothelial dysfunction and leukocyte recruitment in
the microvasculature. COVID-19-induced endotheliitis may
explain the systemic impaired microcirculatory function in
different organs observed in COVID-19 patients. Next, we will
discuss the role of hyperinflammation and hypercoagulability
as potential mechanisms for secondary brain involvement
in COVID-19.

On the immune side, after antigen binding to the host
receptor, monocytes are activated, with the release of pro-
inflammatory cytokines (such as MMP9, which increases BBB
permeability, and TNF-o, which that increases expression
of intracellular adhesion molecule [ICAM]-1 on endothelial
cells). Infected and activated monocytes cross the damaged
BBB, inducing the local release of pro-inflammatory cytokines
and resulting in oligodendrocyte and neuronal damage.
Coronavirus primarily infects monocyte-derived macrophages,
which produce chemokines and then present CoV antigens
to T-cells and other pro-inflammatory cells (51). Astrocytes
may also release other chemokines that will recruit other
leukocytes. This hyperactive neuroinflammatory response
could induce immune-mediated neuropathology (2, 51). On
the coagulation side, increased consumption and decreased
production of platelets in the damaged lungs are all factors that
can contribute to thrombocytopenia (54). As a consequence,
it seems reasonable that infected patients are more prone
to developing posttraumatic or spontaneous intracranial
hemorrhage (55), as well as these alterations suggest a trend of
SARS-CoV-2 infection to induce consumption coagulopathy,
which, if unchecked, could lead to disseminated intravascular
coagulation (DIC) and an unfavorable clinical course (56).
In fact, viral infections may lead to sepsis, which represents
the most common cause of DIC. DIC is determined by the
release of injury-related cytokines, which activate monocytes
and endothelial cells, leading to overexpression of tissue factors
and secretion of von Willebrand factor. The presence of free
thrombin in the circulation can activate platelets, stimulating
fibrinolysis (57).

Experimental and Clinical Evidence
Inflammation

Inflammatory involvement was recently confirmed by an
experimental murine model of murine coronavirus (MHV-
A59), which can enter the brain via intranasal or intracerebral
exposure and whose virulence is mediated by cytokine secretion.
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In one experimental study, injection of mouse hepatitis
virus (MHV), a member of the Coronaviridae family, into
the murine CNS demonstrated that coronavirus infection
elicits both innate and adaptive immune responses (58). The
genomic RNA is then translated, replicated, assembled, and
coated for future release and infection of other cells. As
replication increases with the aid of macrophages, microglia,
astrocytes, and oligodendrocytes, the virus can spread from
the ependyma to the brain parenchyma. By this point,
inflammation is established, and is followed by BBB damage
and enhanced innate and adaptive immune responses (58).
Immunofluorescence and immunohistochemistry revealed that
microglia and astrocytes are involved in activation of the
innate immune system of the brain, releasing cytokines that are
involved in the pathogenesis of encephalitis (59). A study on
human autopsy specimens showed that SARS-CoV-1 was able to
infect brain tissue, with necrosis of neuronal cells and gliocyte
hyperplasia. These studies suggested that neuronal involvement
in SARS was characterized by a massive inflammatory process,
especially with enhancement of monokine expression in gliocytes
induced by interferon (IFN)-y (60). An experimental study
on bronchoalveolar lavage fluid (BALF) of COVID-19 patients
identified that SARS-CoV-2 infection of the airway leads to pro-
inflammatory cytokine and chemokine release. This enhances
the interaction with receptors expressed on thoracic sensory
neurons of the lung, thus causing the release of neuropeptides,
followed by vasodilation, immune-cell recruitment, neurogenic
inflammation, and potential pain. This mechanism could be
theoretically involved in the hyperinflammatory state, which
first involves the lung and then extends to the nervous system,
with sensory neurons thus potentially acting as drivers of
neurogenic pulmonary dysfunction (61). In a retrospective
cohort cited above, severe patients were more likely to exhibit
impaired consciousness and acute cerebrovascular disease than
non-severe patients (p < 0.001 and p < 0.05, respectively).
Severe patients also showed a more florid inflammatory
response (higher white blood cell and neutrophil counts, lower
lymphocyte counts, higher C-reactive protein levels) and higher
D-dimer levels than non-severe patients, and developed more
extensive multiple organ involvement (9). Acute necrotizing
encephalopathy (ANE) has been related to a brain cytokine
storm, which results in BBB disruption (62). ANE has been
previously reported as a rare complication of viral infections
such as influenza (62). Radiological findings from computed
tomography (CT) scans and MRI in COVID-19 have been
recently published (62). ANE was also identified in a patient
with aplastic anemia (63). Non-contrast CT scan demonstrated
bilateral symmetric hypoattenuation in the medial thalami with
negative CT angiogram and venogram findings, while MRI
showed bilateral hemorrhagic rims in the thalami, sub-insular
regions, and medial temporal lobes. ANE usually presents
a bilateral distribution, with predominance of lesions in the
thalami, brainstem, cerebral white matter and cerebellum,
which is consistent with the cerebral insults observed in
COVID-19 (62). Studies have concluded that men and women
might show different responses to COVID-19. Women seem
to be less susceptible to viral infections than men overall.

The presence of two X chromosomes influences immune
regulatory genes to blunt the inflammatory response and increase
levels of antibodies and cluster of differentiation (CD)4™T-
cells, and consequently, promoting the expression of cytokines.
Moreover, the X chromosome acts on other proteins and genes,
including forkhead box (FOX)P-3, toll like receptor (TLR)-8,
CD40L, and chemokine receptor (CXCR)3. Nevertheless, the
increased susceptibility of women to autoimmune and auto-
inflammatory disorders has to be taken into account (64).
Coronavirus infection of the CNS has long provided a model
for studying demyelinating diseases such as multiple sclerosis,
vaccine design, and novel immunotherapeutic to limit virus
spread (58). Hemophagocytic lymphohistiocytosis (HLH) is
characterized by a severe dysregulation of T-lymphocytes, natural
killer cells, and macrophages within the contest of cytokine
storm and multiorgan failure, and represents a clear link
between hyperinflammation and hypercoagulability (65). This
condition has been described in patients with SARS-CoV-
2 (1). HLH patients present with pancytopenia, coagulopathy,
hepatic dysfunction, hypertriglyceridemia, and high ferritin
levels (66).

Coagulopathy

Neurological damage in COVID-19 patients may also be
associated with coagulopathy. In a recent meta-analysis,
Lippi et al. showed that low platelet counts are associated
with poor prognosis in COVID-19 (67). As reported by
Yang et al. (54), hematological changes were common in
patients with SARS, most notably including lymphopenia and
thrombocytopenia, through different potential mechanisms.
Preliminary data from COVID-19 cohorts described a major
impairment of blood coagulation and derangement of hemostasis
in a large number of patients. Han et al. (68) studied
alterations in blood coagulation parameters of patients with
SARS-CoV-2 infection, observing lower antithrombin values
and higher D-dimer, fibrin/fibrinogen degradation products,
and fibrinogen levels. Tang et al. (56) observed high levels
of D-dimer and fibrin/fibrinogen degradation products in all
non-survivors, confirming activation of coagulation cascade
and secondary hyperfibrinolysis. Within this context, the
neurological manifestations associated with SARS-CoV-2 may be
determined by a hypercoagulable state with high D-dimer levels.
The association between ischemic stroke and high D-dimer levels
has been previously described in the literature (69, 70). D-dimer
elevation reflects ongoing thrombus formation, although it is
also an acute-phase reactant that enhances the inflammatory
process itself by stimulating monocyte synthesis and release
of proinflammatory cytokines (e.g., IL-6), thus contributing
to stroke occurrence and progression (71). Coagulopathy and
antiphospholipid antibodies were found in patients affected by
COVID-19. These findings were associated with both arterial
and venous thrombotic events, including cerebral infarcts and
limb ischemia. Patients presented with prolonged activated
partial thromboplastin and prothrombin times, while two of
three patients showed thrombocytopenia (72). Fourteen cases
of stroke have been reported out of 214 patients in China (9).
Likewise, MRI and CT scans revealed a high prevalence of

Frontiers in Neurology | www.frontiersin.org

August 2020 | Volume 11 | Article 845


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Battaglini et al.

Neurological Manifestations in COVID-19

stroke in COVID-19 patients (49, 73-75), including in patients
younger than 50 years (76). The association between stroke
and COVID-19 could be explained also by the fact that both
diseases share the same risk factors such as hypertension and
diabetes (77, 78), and by the pathological hypercoagulability
state that characterize COVID-19. An association between high
levels of D-dimer and intracerebral hemorrhage (ICH) was
described in a prospective study carried out by Di Castelnuovo
et al. (79), although a previous meta-analysis did not show
a causal relationship (80). A recent meta-analysis by Zhou
et al. (81), which included 13 studies on 891 patients with
ICH, concluded that high levels of D-dimer were associated
with an elevated risk of ICH. In fact, high D-dimer levels
stimulate fibrinolysis with subsequent plasmin generation and
microvascular lesions, which might cause the inhibition of
hemostasis and a hypo-coagulable state, thus triggering cerebral
hemorrhage (79). Moreover, an association between elevated
D-dimer levels and large hematoma volume, intraventricular
and subarachnoid blood extension, and early mortality has
been reported in ICH (82). In summary, although literature is
inconclusive concerning the relationship between COVID-19-
related hypercoagulability and neurological complications, a
possible correlation should be taken into account. Possible
mechanisms for activation of intrinsic and extrinsic coagulation
pathways, followed by inflammation by SARS-CoV-2 infection
are proposed in Figure 2.

BRAIN-LUNG CROSSTALK IN COVID-19:
AN UNDERESTIMATED MECHANISM

Pathogenesis

Brain-lung crosstalk and its implications for ventilator
management are illustrated in Figure3. The respiratory
management of COVID-19 shares some characteristics with
that of the acute respiratory distress syndrome (ARDS) (83),
but different hallmarks must be considered and discussed.
COVID-19 pneumonia is as a typical “pulmonary” ARDS (84).
In experimental settings (85), “pulmonary” as compared to
“extrapulmonary” ARDS is distinguished by increased alveolar—
epithelial damage, more neutrophil cell infiltration and fibrinous
exudate, increased collagen fibers in the alveoli and interstitium.
In clinical studies, different radiological patterns have been
identified, with different characteristics and responses to alveolar
recruitment. In non-COVID patients, ARDS is characterized by
interstitial and alveolar edema homogeneously distributed along
the vertical gradient (86, 87), leading to collapse of the most
dependent alveoli in the supine position. Regional perfusion
follows a gravitational gradient (more perfusion in dependent
lung regions), and severe hypoxemia is explained mainly by
increased “true shunt” in atelectatic, dependent lung regions.
Application of higher levels of positive end-expiratory pressure
(PEEP) is associated with alveolar recruitment, improving
respiratory mechanics and gas exchange. Thus, in classical
ARDS patients, therapeutic maneuvers leading to improvement
in gas exchange are associated with better lung aeration.
Conversely, COVID-19 pneumonia is characterized by minimal

interstitial and alveolar edema, alveolar cellular infiltration
and necrosis, with alveolar consolidation and pneumolysis.
Regional perfusion follows a non-gravitational gradient (more
perfusion in non-dependent lung regions), with hyperperfusion
of normally aerated and poorly aerated (“ground glass”)
tissue, leading to major changes in ventilation-perfusion ratio.
Additionally, perfusion in consolidated, dependent lung regions
contributes to “true” shunt. Application of higher levels of
PEEP does not recruit alveoli; instead, it leads to deterioration
of respiratory mechanics, gas exchange, and hemodynamics.
Thus, in COVID-19 patients, therapeutic maneuvers leading to
improvement in gas-exchange are not associated with improved
lung aeration, but rather with redistribution of regional
perfusion (88). Interestingly, areas of hypoperfusion may occur
in poorly aerated ground-glass areas as well as in non-aerated
lung regions. This suggests that some hypoperfusion might be
protective against further deterioration of ventilation-perfusion
ratio as well as “true” shunt.

Three distinct radiological phenotypes of COVID-19
pneumonia have been described (79). Phenotype 1 is
characterized by multiple, focal, overperfused ground-glass
opacities, normal or high lung compliance, and severe
hypoxemia, probably caused by low ventilation/perfusion
and regional shunting. In this case, PEEP should be set according
to the lowest driving pressure and/or minimal oxygenation,
and inhaled nitric oxide might be useful. Phenotype 2 is
characterized by an inhomogeneous and/or asymmetrical
distribution of atelectasis, partial alveolar derecruitment, and/or
consolidation with peribronchial opacities. In these cases, lateral
or prone positioning might be helpful. Finally, phenotype 3 is
characterized by patchy, ARDS-like diffuse lung infiltration, with
a mixed pattern of overperfused, normally aerated and ground-
glass areas as well as hypoperfused, non-aerated lung regions
with low compliance. In this setting, mechanical ventilation
should follow standard protective ventilatory strategies used for
ARDS, with minimal PEEP, prone positioning, and escalation to
extracorporeal membrane oxygenation (ECMO) as needed. In
all cases, possible microthrombosis and multiorgan failure must
be considered.

A correlation between acute lung injury and brain hypoxia
has been described by Oddo et al. (89). Reduced systemic
oxygenation may affect brain tissue oxygenation, thus leading
to secondary brain damage. Measurement of brain tissue
oxygenation tension (PbtO;) has confirmed that this parameter
is strongly correlated with systemic oxygenation and markers
of lung function, including partial pressure of carbon dioxide
(PaCO;) and mean arterial pressure. Accordingly, impaired
partial pressure of oxygen (PaO;)/fraction of inspired oxygen
(FiO,) ratio has been associated with lower PbtO, (89). In
another study, patients who underwent an oxygen challenge
with 100% FiO, showed higher PbtO, (90). Hypoxic-ischemic
damage is also associated with impaired outcome (91). We
believe this phenomenon should be considered one of the
main mechanisms implicated in neurological dysfunction
following SARS-CoV-2 infection. In fact, given these respiratory
characteristics, “silent” hypoxia with normal/hypercapnic
respiratory failure can occur due to compromised alveolar gas
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FIGURE 3 | Bohr effect. The oxyhemoglobin dissociation curve is shifted to
the left in response to respiratory alkalosis (lower PaCO, and higher pH), with
increased affinity of oxygen for the hemoglobin. Conversely, during respiratory
acidosis (higher PaCO, and lower pH), the alveolar oxygen tension and
systemic saturation improve, thus reducing alveolar carbon dioxide tension, as
explained by the Bohr effect: the higher the acidity, the more carbon dioxide is
eliminated.

exchange (92). Our knowledge concerning hypobaric hypoxia
can be derived from aviation medicine (93). High altitude
correlates with severe hypoxemia, which triggers the carotid
chemoreceptors, activating the respiratory drive; hypocapnia
ensues. The oxyhemoglobin dissociation curve shifts to the left
in response to respiratory alkalosis and increased affinity of
oxygen for hemoglobin, thereby increasing the alveolar oxygen
tension and systemic saturation after reducing alveolar carbon
dioxide tension, as explained by the Bohr effect—the greater the
acidity, the more carbon dioxide is eliminated (94). PaO, and
oxygen delivery (DO,) can be optimized by modulating blood
pH and PaCO,, hemoglobin concentration, cardiac output, and
arterial content of oxygen. These factors mean close attention
is warranted when implementing lung-protective strategies,
particularly when using low oxygen targets (55-80 mmHg)
and permissive hypercapnia. In phenotype 1, characterized by
lower potential alveolar recruitability, raising hemoglobin and
cardiac output should be considered as a strategy to improve
DO,, as explained in Figure4. One possible side effect of
higher hemoglobin is increased blood viscosity, raising the
risk of cerebrovascular events (95). In phenotype 3 (ARDS-like
COVID), prone positioning, higher PEEP, and RMs should be
attempted instead to increase PaO, and control PaCO; levels. At
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this point, it is crucial that brain-lung-hemodynamics crosstalk
be addressed (Figures 5A-C) (96). Current knowledge on the
cerebral effects of mechanical ventilation has shifted in favor
of moderate-PEEP strategies instead of low- or zero-PEEP
strategies, due to possible beneficial effects on brain tissue
oxygenation (97-99). Nevertheless, higher PEEP levels may
be considered in COVID-19 phenotype 3 to reach acceptable
levels of oxygen saturation in the brain (100), thus improving
cerebral blood flow and perfusion (101). In this phenotype
(but not in phenotypes 1 or 2), lung recruitment maneuvers
might also improve oxygenation by improving gas exchange,
although their effects on intracranial pressure (ICP) could be
detrimental due to impaired jugular venous outflow and venous
return (102).

According to the “blast injury theory, the sympathetic
storm, cytokine storm, and hyperinflammatory state caused
by infection can induce a transient increase in intravascular
pressure, with endothelial damage, raised pulmonary vascular
hydrostatic pressure, and increased capillary permeability, thus
promoting lung derangement and a secondary brain insult (103).
This could explain, at least in part, why patients with severe
COVID-19 have worse neurological outcomes (104). Both
oxygen and carbon dioxide have been considered important
determinants of cerebral homeostasis, due to their effects on
cerebral blood flow (105). Low cerebral blood flow due to

low PaCO; is associated with cerebral ischemia, while high
cerebral blood flow results in cerebral hyperemia and higher
ICP (105). A rise in ICP may also be achieved by increasing
PaCO; if intracranial compliance is reduced. In patients not
amenable to alveolar recruitment maneuvers, such as those
with COVID-19 phenotype 1, overdistension of alveolar areas
contributes to a rise in PaCO, due to the increase in dead
space, followed by cerebral vasodilatation. Conversely, in patients
responsive to recruitment maneuvers (COVID-19 phenotype
3), shunt is reduced, oxygenation improves, and the PaCO, is
decreased, with lower dead space and less changes in ICP and
cerebral perfusion (83, 106). PaO,, PaCO,, pH, hemoglobin,
and DO; might all be considered as clinical targets for bedside
monitoring where available, to protect both the brain and
the lung.

Experimental and Clinical Evidence

The first report of brain autopsies in COVID-19 patients
was published on June 12, 2020. Impressively, the authors
reported that, at histologic analysis, all 18 examined patients
(100%) had evidence of acute hypoxic ischemic damage to
the cerebrum and cerebellum. Neither encephalitis nor any
evidence of specific viral invasion was identified (107). The
neuroimaging features of 108 hospitalized COVID-19 patients
demonstrated a non-specific pattern, with predominance of acute
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ischemic infarcts and intracranial hemorrhage. MRI findings
included the posterior reversible encephalopathy syndrome
(PRES), hypoxic-ischemic encephalopathy, and exacerbation
of preexisting demyelinating disease, corroborating the role
of a hyperinflammatory/hypercoagulable state and brain-lung
crosstalk as major mechanisms potentially underpinning
neurological complications in COVID-19 (108). Further
evidence of neurological involvement is the higher incidence
of ICU delirium in COVID-19 patients when compared to
non-COVID patients (26.8 vs. 7.7%, p = 0.003) (109). This
may be explained by the fact that profound hypoxia is known
to predispose to long-term cognitive impairment and hypoxic
delirium phenotypes, whether caused by BBB dysfunction,
inflammation, hypoperfusion, hypoxemia, or a combination
thereof (110-112).

In summary, encephalopathy and cerebrovascular disease
are the main neurological features identified in severe
COVID-19 (73, 113). Despite compelling evidence of viral
neurotropism, we believe this is not the primary causative factor
of neurological involvement. Instead, in most cases it is likely
due to impairment of the delicate equilibrium between the brain

and the lung and to the hyperinflammatory, pro-coagulative
state that is characteristic of SARS-CoV-2 infection.

CONCLUSIONS

In COVID-19 patients, central and peripheral nervous system
changes may be caused by viral neurotropism (such as
impairment of olfaction and taste), by a hyperinflammatory
and hypercoagulative state, or even by mechanical
ventilation-associated impairment. Three distinct phenotypes
of pulmonary injury have been identified in association
with COVID-19 pneumonia, each requiring individualized
respiratory support strategies to minimize lung injury and
optimize oxygen delivery to different organs—including
the brain. Data from prospective observational studies,
randomized clinical trials, and autopsies are urgently
needed to confirm the latest findings concerning the causal
roles of hypoxic-ischemic brain damage, inflammation,
and hypercoagulability in the neurological manifestations
of COVID-19.
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Background: COVID-19 has impacted healthcare in many ways, including presentation
of acute stroke. Since time-sensitive thrombolysis is essential for reducing morbidity
and mortality in acute stroke, any delays due to the pandemic can have
serious consequences.

Methods: We retrospectively reviewed the electronic medical records for patients
presenting with acute ischemic stroke at a comprehensive stroke center in March-April
2020 (the early months of COVID-19) and compared to the same time period in
2019. Stroke metrics such as incidence, time to arrival, and immediate outcomes
were assessed.

Results: There were 48 acute ischemic strokes (of which 7 were transfers) in March—April
2020 compared to 64 (of which 12 were transfers) in 2019. The average last known well
to arrival time (£SD) for stroke codes was 1,041 (£1682.1) min in 2020 and 554 (+604.9)
min in 2019. Of the patients presenting directly to the ED with a known last known well
time, 27.8% (10/36) presented in the first 4.5h in 2020, in contrast to 40.5% (15/37) in
2019. Patients who died comprised 10.4% of the stroke cohort in 2020 (5/48) compared
t0 6.3% in 2019 (4/64).

Conclusions: During the first 2 months of COVID-19, there were fewer overall stroke
cases who presented to our hospital, and of these cases, there was delayed presentation
in comparison to the same time period in 2019. Recognizing how stroke presentation
may be affected by COVID-19 would allow for optimization of established stroke triage
algorithms in order to ensure safe and timely delivery of stroke care during a pandemic.

Keywords: stroke, COVID-19, public health, thrombolytics, stroke triage

INTRODUCTION

Nagamine M, Chow DS, Chang PD,
Boden-Albala B, Yu W and Soun JE
(2020) Impact of COVID-19 on Acute
Stroke Presentation at a
Comprehensive Stroke Center.

Front. Neurol. 11:850.

doi: 10.3389/fneur.2020.00850

The overwhelming burden of the current COVID-19 pandemic on the healthcare system has
produced unintended consequences on acute stroke care. COVID-19 which was first diagnosed in
Wubhan, China, and spread rapidly worldwide, has affected over 4.5 million individuals worldwide
and over 1.4 million in the U.S. as of May 15, 2020 (1). While the number of COVID-19 cases
presenting to hospitals has risen exponentially, there are reports of precipitous declines in the
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number of patients presenting with acute stroke in many
countries, including China, Italy and the U.S. (2-5). Reports
suggest a global increase in treatment delays for life threatening
and disabling conditions and at worst, an increase in the
number of patients presenting outside of time sensitive treatment
windows (6-9). The impact of COVID-19 on outcomes of
stroke patients who may be delaying or foregoing presentation
to hospitals is consequential since early interventions are
potentially life-saving. Time-sensitive thrombolysis for qualifying
ischemic stroke patients is a critical component of the stroke
treatment paradigm. Tissue plasminogen activator (tPA) up to 3
to 4.5h and thrombectomy up to 24 h have been established as
the standard of care and have shown therapeutic benefit in large
randomized clinical trials (10-12). The purpose of this study is
to evaluate our institution’s experience with patients presenting
with acute stroke symptoms during the early months of the
COVID-19 pandemic.

METHODS

We retrospectively reviewed patients who presented with acute
stroke symptoms to University of California Irvine Medical
Center (UCI) during the time period of March 1-April 30, 2020.
This period was chosen to coincide with our hospital’s initial
experience with COVID-19. UCI is a 411-bed comprehensive
stroke center serving Orange County, CA, with 317 acute
ischemic stroke cases who presented in 2019. We analyzed the
incidence, time to arrival, severity, administered therapies, and
immediate outcomes of stroke cases during the early months of
COVID-19 and compared to the same time period (March 1-
April 30, 2019) 1 year prior. All data was obtained through UCTI’s
stroke database and electronic medical record, and the study was
performed in accordance with IRB guidelines.

RESULTS

A total of 48 patients presented with acute stroke symptoms
during March 1-April 30,2020, in comparison to 64 patients from
March 1-April 30, 2019 (Table 1). This included 1 patient with
COVID-19 diagnosed by nucleic acid detection test. Mean age
was 65.25 £ 16.1 years in 2020 compared to 69 £ 14.9 years in
2019. There were 7 interfacility transfers (IFT) and 3 inpatient
strokes in 2020 and 12 IFTs and 3 inpatient strokes in 2019. The
mean time from last known well (LKW) to arrival for stroke code
patients was 1,041 £ 1682.1 min in 2020 and 554 £ 604.9 min
in 2019. Of the patients presenting directly to the ED with a
known last known well time, 27.8% (10/36) presented in the first
4.5h in 2020, in contrast to 40.5% (15/37) in 2019. The mean
presenting NTH Stroke Scale (NIHSS) score was 10.29 + 8.5 and
discharge NIHSS if the patient survived was 5.86 & 5.2 in 2020
in comparison to 9.52 9.8 and 7.05 =+ 8.4, respectively, in 2019.
Five patients each received tPA in 2020 and 2019, and 9 patients
underwent thrombectomy in 2020 in contrast to 4 patients in
2019. Patients who died comprised 10.4% of the stroke cohort
in 2020 (5/48) compared to 6.3% in 2019 (4/64). Mean time
from patient arrival to administration of tPA (door to needle)

TABLE 1 | Demographics, time metrics, and early clinical outcomes of acute
ischemic stroke patients in March—April 2020 (COVID-19 pandemic) in
comparison to March-April 2019.

March-April 2020 March-April 2019

(n=48) (n =64)
Age, y, mean + SD 65.25 £ 16.1 69 +14.9
Female, n (%) 12/48 (25%) 25/64 (39%)
Race
Hispanic 20 11
Black/African-American 0 3
Non-Hispanic White 12 42
Asian 14 8
Stroke presentation, n
Stroke code or consult 36 37
Inpatient stroke 3 3
Interfacility Transfer 7 12
Unknown LKW 2 12
LKW to Arrival in minutes, mean + SD* 1,041 +1682.1 554 4+ 604.9
Presentation < 4.5Hr in minutes, n (%) 10/36 (27.8%) 15/37 (40.5%)
Door to imaging in minutes, mean + SD 25.35 £ 32.8 18+ 11.6
Door to needle in minutes, mean + SD 49.6 £37.2 50 + 20.1
Door to puncture in minutes, mean + SD 109 £ 32.4 132 £22.6
NIHSS at presentation, mean + SD 10.29 + 8.5 9.52+938
NIHSS at discharge if patient survived, 5.86+5.2 7.05+8.4
mean £ SD
Thrombolysis, n
tPA 5
Thrombectomy 9
TICl, n
0,1,0r2a 1 1
2b, 2¢, or 3 8 3
Deaths, n (%) 5 (10%) 4 (6%)

*Excludes inpatient strokes, IFT’s, and unknown LKW.
LKW, last known well; IFT, interfacility transfer; NIHSS, NIH Stroke Scale; tPA, tissue
plasminogen activator; TICI, thrombolysis in cerebral infarction.

in minutes was 49.6 (£37.2) in 2020 compared to 50 (£20.1)
in 2019. Mean time from patient arrival to vessel puncture for
endovascular therapy (door to puncture) in minutes was 109
(£32.4) in 2020 compared to 132 (£22.6) in 2019.

DISCUSSION

The COVID-19 pandemic has affected the presentation of
acute stroke cases in our single-center experience during
the early months of the pandemic. We found a decreased
number of stroke cases and a delayed presentation to the
hospital in 2020 in comparison to 2019. In addition, fewer
cases were presenting in the acute time window when tPA
could be administered for qualifying patients, although more
patients underwent thrombectomy which suggests increased
numbers of stroke cases from large vessel occlusion. Despite
additional regulations instated for donning personal protective
equipment during stroke code presentations in 2020, the
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door-to-needle and door-to-puncture times were similar
between the 2 years. Interestingly, the initial NIHSS was
similar between the two time periods, and the discharge
NIHSS was actually better in 2020. These findings warrant
further investigation, but improved discharge NIHSS may be
related to higher rate of thrombectomy. However, a greater
percentage of patients died from stroke in 2020 in comparison
to 2019.

Changes in stroke presentation due to COVID-19 may be
a result of several factors. Patients may be reluctant to seek
healthcare for fear of being exposed to the virus and presenting
only when strokes are severe. In addition, due to restrictions
in public gatherings and social distancing measures, patients
who have incapacitating strokes tend to be found by others in
a delayed fashion prior to presentation. Delays in presentation
prevent patients from meeting criteria for life-saving therapies
and may cause increased morbidity and mortality given the
time-sensitivity of treatments. Patients with milder strokes or
transient ischemic attacks could be avoiding the healthcare
system altogether, which could be dangerous since these patients
are at increased risk of a recurrent ischemic stroke and warrant
secondary prevention (13).

In order to ensure continued safe and timely acute stroke
management during COVID-19, updated stroke algorithms have
been proposed that address all steps of the stroke management
pathway, including pre-hospitalization and interfacility transfer,
hospitalization and treatment, and discharge and rehabilitation
(14-16). These guidelines have introduced measures such as
COVID-19 screening and personal protective equipment into
stroke triage to ensure the safety of patients and the stroke
team while emphasizing the importance of preventing delays
in care. The optimization of telemedicine and other virtual
clinician guidance tools has become essential to triage patients
appropriately and provide education and prevention (17).

Limitations of this study include a retrospective single-center
experience, which may not be generalizable to other stroke
centers. Patient presentation to surrounding stroke centers are
not accounted for in this study. Additionally, the patient number
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Glimpsing the Impact of COVID19
Lock-Down on People With Epilepsy:
A Text Mining Approach
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Objectives: To describe how the recent lock-down, related to SARS-COV-Il outbreak in
Italy, affected People With Epilepsy (PWE), we designed a survey focused on subjective
reactions. Using Natural Language Processing (NLP), we analyzed words PwE and
People without Epilepsy (PwoE) chose to express their reactions.

Methods: As a subset of a larger survey, we collected from both PwE (427) and PwoE
(452) single words (one per subject) associated to the period of lock down. The survey
was spread thanks to the efforts of Italian league against epilepsy Foundation during
the days of maximum raise of the pandemic. Data were analyzed via bag of word and
sentiment analysis techniques in R.

Results: PwoE and PwE showed significantly different distribution in word choice X2, p
= 4.904e—13). A subset of subject used positive words to describe this period, subjects
with positive feelings about the lock down were more represented in the PWE group (X2,
p = 0.045).

Conclusion: PwoE developed reactive stress response to the restrictions enacted
during lock-down. PwE, instead, chose words expressing sadness and concern with
their disease. PWE appear to internalize more the trauma of lock down. Interestingly
PwE also expressed positive feelings about this period of isolation more frequently
than PwoE. Our study gives interesting insights on how People with Epilepsy react
to traumatic events, using methods that evidence features that do not emerge with
psychometric scales.

Keywords: COVID-19, epilepsy, text-mining, neuropsychology, natural-language processing

INTRODUCTION
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Glimpsing the Impact of COVID19

Lock-Down on People With Epilepsy:
A Text Mining Approach.

Front. Neurol. 11:870.

doi: 10.3389/fneur.2020.00870

In order to describe the impact of epileptic disorders on People With Epilepsy (PWE) we often
take advantage of quantitative scores such as psychometric scales targeting depressive symptoms,
emotion dysregulation, anxiety and stigma perception (1). Scores do not take into consideration
qualitative and more subjective facets of epilepsy. In this brief communication we report how we
used Natural Language Processing (NLP) to better describe differences between People With-out
Epilepsy (PwoE) and PWE in coping with the recent SARS-CoV-2 pandemic.
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NLP methods are widely used in marketing and social
sciences but they are under-represented in the study of chronic
medical conditions such epilepsy (2-4). We think that language
processing can be useful in describing interesting aspects of
coping with chronic diseases such as epilepsy (4, 5).

METHODS

We collected word clusters as a subset of a broader online survey
on COVID-19 and epilepsy (6, 7). The survey was spread thanks
to the efforts of LICE [Lega Italiana Contro I'Epilessia, the Italian
chapter of the International League Against Epilepsy (ILAE)]
Foundation and included clinical data and psychometric scales.

Respondents were asked to type a single simple word they
came across when thinking about how the lock-down caused by
COVID19 pandemic affected their life.

Data, consisting in a single word for each response, was
imported in R as a commas separated vector (csv) file and
processed with text mining libraries (Tidytext), using a “bag of
words” approach (8).

Answers were stemmed, transformed to upper-case and
collected in a digital corpus that was then subset among PwE
and PwoE groups. Single words were translated in English using
Google cloud™ translations and were manually controlled by
the authors. Translation was considered to be robust since terms
used were simple and generally non-metaphorical. Singletons
(single occurring words) were eliminated, since they do not bear
interesting information. To evidence differences in occurrence
of the most used terms we considered terms with at least three
recurrences in one of the groups (PwoE and PwE) and created a
difference matrix of words occurrence in the two groups.

Differences were thus calculated on a reduced dataset
(excluding single occurring word and words with frequency <3).
Moreover, we calculated polarization score using the “Affin”
lexicon (9). Polarization is a technique used in sentiment analysis
that leverages lexicons: large libraries of words assigned with
positive or negative value depending on the polarity of the term.

Differences in word frequency distribution and difference in
distribution of positive and negative words were tested with Chi?
Difference in polarity were tested with Mann-Whitney test.

Alpha level was set as p = 0.05 for statistical significance.

RESULTS

Our survey opened on April 11, 2020 and closed at 11.59 p.m.
of April 16, 2020. The survey was completed by 879 subjects:427
PwE (327 females, 38.6 &= 11.8 years) and 452 PwoE (331 females,
43.89 & 12.25 years). Difference in age and sex between the two
groups was not significant, women were more represented than
men [as is described that they tend to be more keen to answering
online surveys (10)]. Data on psychometric scales and in-depth
clinical data was published elsewhere (7). Among PwE 49.6%
(212/427) were seizure free and 15.7% (67/427) reported seizure
worsening during the lockdown period (7), these categories were
too unbalanced and we did not find significant difference in word
choice distribution among them.

After eliminating singletons and words with <3 occurrences
our corpus consisted of 605 entries: 46.6% PwE (282/605), 53.4%
PwoE (323/605).

Chi? test showed significant difference in the frequency
distribution between the word used by the two groups (X* =
159.06, df = 51, p = 4.904e—13).

Chi? test showed increased frequency in the occurrence of
words with positive “Affin” score in the PWE group compared to
the PwoE (X? = 5.3953, df = 1, p = 0.045, PWE = 10.2%, 29/282;
PwoE = 5.2%, 17/323).

We analyzed polarization scores among the two datasets,
finding no significant differences and an average polarization
value of —1.28 in PwE and —1.39 in PwoE (polarization
range —5, 5).

Using the word corpus, we created (Figure 1A) that is a
“mind-map” of feelings and emotions related to the lock down
in both groups. In Figure 1B, we show the difference in word
frequency between the two groups, highlighting terms that
are over expressed and under expressed in the PwoE and
PwE groups.

DISCUSSION

Textual analysis helps to evidence interesting patterns in word
choice. PWE and PwoE tend to use different words to describe
the lockdown period. While the most expressed words are the
same (Figure 1A), words that are over expressed in the PwE, and
in PwoE point out how the two groups cope differently with the
same stressful event.

PwoE consistently over-report many terms that express
anxiety as a reactive response to the stressful event; words like
“prison,” “distance,” “loneliness,” “anguish,” “stress,” “change” are
frequently used. In our interpretation, PwoE develop anxiety
since they are concerned with practical issues and limitations of
lock down.

On the other hand, PwWE tend to over-report terms like “fear”
“boredom” “sadness” “apathy” “asocial” “disease” “seizure”; these
terms are related to something more than reactive stress. PWE
during lockdown do not just feel isolated, limited and anxious
in their day-to-day life; they also worry about their disease and
tend to develop depressive thoughts.

This could be partly related to the well-known fact that PwE
tend to be more depressed than PwoE (11-13), but could also
relate to the heavy burden of stigma in PwE.

Our hypothesis is that while PwoE tend to react to isolation as
expected with anxiety, PWE already feel as they live in a condition
of relative stigma and isolation (14) and thus tend to give a more
negative interpretation to the lock down, developing feelings in
the depression sphere (15, 16).

Moreover, it is interesting to note that both in PwoE and PwE
there is a subgroup of people expressing positive feelings about
the lock down. This occurs more frequently in PwE as is shown
by less negative scores in average polarization of the terms used
and significant Chi2.

Apparently, some see the lockdown as a chance to “relax” and
find “peace.” In our interpretation PWE express more this feeling
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COUNT | PwE | PwoE COUNT | PwE | PwoE COUNT | PWE | PwoE COUNT | PwE | PwoE COUNT | PwE | PwoE
LONELINESS | 61 5 3 FREEDOM i 10 7 [RESTRICTION| 8 4 4 | TIREDNESS | 4 0 4 CHANGE 3 3 0
ISOLATION 45 n 3 PEACE 16 1 5 | NOSTALGIA | 8 5 3 SILENCE 4 0 4 UNEASE 3 3 0
FEAR 0 I} 18 HOME 15 6 9 POSITIVE 8 3 5 |RECLUSION| 4 4 0 | UNCERTAINTY | 3 3 0
BOREDOM | 40 5 15 PRISON 1% 0 14 | MONOTONY| 7 0 7 SEIZURE 3 3 0 | RESTLESSNESS | 3 3 0
ANXIETY 3% 16 2 FAMILY 1% 1| 7 |SLOW-DOWN| 7 0 7| PATIENCE | 3 3 0 DISEASE 3 3 0
SADNESS 31 18 13 | DEPRESSION | 14 8 6 | POWERLESS| 6 0 6 SILENCE 3 3 0 IRRITABILITY 3 3 0
RECLUSION | 26 10 16 DISTANCE 3 0 3 BAD 6 3 3 APATHY 3 3 0 ROUTINE 3 0 3
STRESS 5 1 14 TIME 1 4 8 J0B 6 6 0 | EMPATHY | 3 0 3 SEDENTARY 3 0 3
LIMITATION | 22 b 16 [INTROSPECTION| 12 6 6 CHANGE 5 0 5 APATHY 3 3 0 EMPTY 3 0 3
WORRY 7 8 9 | ANGUISH 8 0 8 RELAX 5 5 0 | ASOCIAL | 3 3 0
FIGURE 1 | Depicts a word-cloud based on word counts in the two groups PWE (purple) and PwoE (blue) (A). Segment (B) shows the differential frequency of word
counts between the two groups, thus evidencing terms that are over-expressed in PwoE (blue) or in PWE (purple). The table shows absolute and group word
frequency. PwoE in blue (People without Epilepsy), PWE in purple (People with Epilepsy).

since isolation reliefs many of them from the social burden of
their disease. This condition of forced isolation (lock-down) can
be interpreted by some as a form of leveling of the stigma and
pressure usually perceived by epileptic people in their ordinary
life. Therefore, PWE report more frequently relief during this
moment of temporary interruption.

CONCLUSION

We report results from an exploratory text mining study
on how PwE and PwoE cope with the lock-down related
to SARS-CoV-2. PwoE respond to the lock-down developing
reactive anxiety while PWE seem to internalize this stressful
event, developing feelings that lay in the depressive sphere.
Moreover, some individuals reported relief in this period
of isolation, these subjects are more represented in the
PWE group.

LIMITATIONS

Due to privacy regulation we could not control the exact
provenience of each answer, this could be a source of selection
bias. Due to the nature of NLP our study is more descriptive than
inferential thus is more helpful in making hypothesis from large
set of data.
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Acute Ischemic Stroke and
COVID-19: Experience From a
Comprehensive Stroke Center in
Midwest US

Parneet Grewal*", Pranusha Pinna?, Julianne P. Hall, Rima M. Dafer, Tachira Tavarez,
Danielle R. Pellack, Rajeev Garg, Nicholas D. Osteraas, Alejandro Vargas, Sayona John,
Ivan Da Silva* and James J. Conners*

Department of Neurological Sciences, Rush University Medical Center, Chicago, IL, United States

Background: COVID-19 has been associated with increased risk of venous and arterial
thromboembolism including ischemic stroke. We report on patients with acute ischemic
stroke and concomitant COVID-19 in a diverse patient population.

Methods: This is a retrospective analysis of patients hospitalized with acute ischemic
stroke (AIS) and COVID-19 to our comprehensive stroke center in Chicago, IL, between
March 1, 2020, and April 30, 2020. We reviewed stroke characteristics, etiologies, and
composite outcomes. We then compared our cohort with historic patients with AIS
without COVID-19 admitted in the same time frame in 2019 and 2020.

Results: Out of 13 patients with AIS and COVID-19, Latinos and African-Americans
compromised the majority of our cohort (76.8%), with age ranging from 31-80 years.
Most strokes were cortical (84.6%) and more than 50% of patients had no identifiable
source, and were categorized as embolic stroke of unknown source (ESUS). A trend
toward less alteplase administration was noted in the COVID-19 stroke patients
compared to the non-COVID group from 2020 and 2019 (7.1 vs. 20.7% p 0.435 and 7.1
vs. 27.2% p 0.178). Endovascular thrombectomy was performed in 3 (23%) patients.
Systemic thrombotic complications occurred in 3 (23%) COVID-19 AIS patients. Median
National Institutes of Health Stroke Scale and modified Rankin Scale at discharge were
11 (IQR 4-23) and 4 (IQR 3-4), respectively. In the logistic regression model corrected for
age and sex, COVID-19 was associated with discharge to mRS > 2 (p 0.046, OR 3.82,
Cl 1.02-14.3). Eight patients (63.8%) were discharged home or to acute rehabilitation,
and two deceased from COVID-19 complications.

Conclusion: AIS in the setting of COVID-19 is associated with worse outcomes,
especially among African-American and Latino populations. Large vessel disease with
ESUS was common suggesting an increased risk of coagulopathy and endothelial
dysfunction as a potential etiology.

Keywords: acute ischemic stroke, COVID-19, racial disparity, coronavirus, stroke care
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Acute Ischemic Stroke and COVID-19

INTRODUCTION

The severe acute respiratory distress syndrome virus (SARS-
CoV-2) causing the coronavirus disease 2019 (COVID-19) was
first identified in Wuhan, China, and has since spread throughout
the world at an alarming rate, affecting over 7 million people
as of June 7, 2020 (1). Neurologic involvement including stroke
has been reported (2, 3). Ischemic strokes in COVID-19 have
been associated with poor outcomes but the data are mainly
limited to Asian and white populations. Data on the potential
increased risk of stroke in COVID-19 has not yet been reported in
racially diverse patient populations such as Latinos and African-
Americans (4, 5).

In this manuscript, we report clinical and laboratory
characteristics along with outcomes of patients with COVID-
19 and acute ischemic stroke (AIS) who presented to our
comprehensive stroke center in Chicago, IL, between March
1, 2020 and April 30, 2020. Our tertiary care center has been
in the epicenter of the outbreak in Chicago in the Midwest
US and regularly cares for an underserved and diverse patient
population with lower health literacy. To validate our findings,
to further identify mechanisms of stroke and outcome variables,
we compared our cohort with stroke patients from the same time
frame in 2020 along with historical cohort from 2019.

METHODS

We conducted a retrospective observational analysis of the
medical records of all patients admitted to Rush University
Medical Center in Chicago, Illinois, United States, between
March 1, 2020 and April 30, 2020, with the diagnosis of AIS,
confirmed on magnetic resonance imaging (MRI) or computed
tomography (CT) and who were positive for COVID-19 with
real-time reverse transcriptase polymerase-chain-reaction assay
from a nasopharyngeal swab. To compensate for any seasonal
or monthly variation in incidence and mortality from AIS, we
compared the cohort with a control group of non-COVID-19
AIS patients hospitalized within the matched time frame in
2020. We also compared with a historical cohort from 2019 to
control for any changes in the patient population over time. Two
different cohorts were used as control to avoid random variation
in demographics between pre-COVID and COVID-era.
Demographics and clinical and laboratory data were collected
via a review of the electronic medical record system. These
included age, gender, ethnicity, pre-existing vascular risk factors,
admission vital signs, laboratory values, and National Institutes of
Health Stroke Scale (NIHSS) score on admission and at discharge
(or at the time of data collection for patients still hospitalized).
We divided the patients with COVID-19 AIS into the “COVID”
group, defined as patients admitted initially with COVID-19
symptoms then subsequently developing AIS, and the “neuro”
group, with patients admitted for AIS as initial symptoms,
and tested positive for COVID-19. “COVID” group had more

Abbreviations: SARS-CoV-2, severe acute respiratory distress syndrome virus;
COVID-19, coronavirus disease 19; NIHSS, National Institutes of Health Stroke
Scale.

extensive inflammatory and coagulopathy workup. All patients
received acute stroke care per the American Heart Association
and American Stroke Association guidelines (6).

We used the (TOAST) classification to determine stroke
etiology (7). All AIS patients received extensive evaluation
including advanced cardiac imaging, hypercoagulability panel,
and prolonged cardiac monitoring while admitted inpatient. We
further evaluated cryptogenic stroke patients to identify embolic
stroke of unknown source (ESUS) etiology according to the
published criteria (8). Patients with potential stroke mechanisms
thought to be due to hypercoagulable state due to COVID-19
were placed under cryptogenic and/or ESUS mechanisms.

Outcome measures were based on discharge disposition and
modified Rankin Scale (mRS) (9). COVID-19 severity was
defined as mild, regular, or severe/critical based on the 7th edition
of “Novel Coronavirus Pneumonia Diagnosis and Treatment
Plan,” with the description as follows: mild, defined as minor
clinical symptoms and lack of lung inflammation on imaging;
regular, with fever and respiratory tract symptoms, and evidence
of visible lung inflammation on imaging; severe, with either
shortness of breath, RR more than 30 breaths per minute, or
SpO2 <93% at rest on pulse oximetry; and critical, with the need
for mechanical ventilation or the presence of shock or combined
failure of other organs requiring ICU monitoring (10).

Statistical testing was used to detect in-between group
differences and association of individual variables to the
pre-selected outcomes. The cohort groups were compared
using Student’s t-test for parametric continuous variables,
MannWhitney U test for non-parametric continuous variables,
and Fishers exact test for dichotomous variables. Logistic
regression was used to analyze selected variables (either clinically
relevant or with statistical association in the first analysis) in
regards to the pre-selected outcome measurements, correcting
for confounding factors. All analyses were performed using
commercially available SPSS (v. 21, Chicago IL, USA) statistical
software. Significance was set at p < 0.05. Data were collected
using REDCap, an electronic data capture tool hosted at our
institution (11). This research protocol was approved by the Rush
University institutional review board.

RESULTS

Demographics and Clinical Characteristics
Between March 1, 2020 and April 30, 2020, ~650 patients
were hospitalized with COVID-19, of whom 13 patients had
AIS (estimated percentage of 2.0%). The COVID-19 AIS cohort
was mostly comprised of Latino (46.1%) and African-American
(30.7%) individuals, ages ranging from 31 to 80 years (mean 61.6
years). There were 6 patients in the “COVID” group (47%) and
7 in the “Neuro” group (53%). The average time for diagnosis
of AIS in the “COVID” group after the hospitalization was 7.1
=+ 5.1 days. Conventional vascular risk factors were common
in both with no specific predilection for either the “COVID”
or the “Neuro” groups. The three most common risk factors in
the COVID-19 AIS cohort were hypertension (69.2%), type 2
diabetes mellitus (DM) (69.2%), and hyperlipidemia (30.7%). The
COVID-19 was considered severe or critical in 61.5% (n = 8)
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TABLE 1 | Demographics and clinical features of 13 consecutive acute ischemic stroke patients with COVID-19 infection.

Patient 1 2 3 4 5 6 7 8 9 10 11 12 13
Presenting symptoms ~ COVID COovID COvID COvID COVID COVID Neuro Neuro Neuro Neuro Neuro Neuro Neuro
(COVID vs. Neuro)
Time of onset of neuro (2 days) (15 days) (8 days) (11 days) (4 days) (8 days)
symptoms
Age range 55-60 70-75 55-60 75-80 60-65 70-74 35-40 65-70 80-85 60-65 45-50 80-85 30-35
Race/Ethnicity AA Other Latino Other AA AA White Latino Latino AA Latino Latino Latino
Vascular risk factors None HTN, DM2, HTN, HLD, HTN, Afio  HTN, HTN, DM2 DM2 HTN, DM2 DM2 HTN, HLD, HTN, HLD, HTN, HLD  None
CAD Dm2 Obesity Obesity DM2, CAD DM2
Severity of COVID-19*  Regular Severe/ Severe/critical ~ Severe/ Mild Mild Mild Severe/ Severe/ Severe/ Severe/critical  Regular Severe/critical
critical critical critical critical critical
Admission GCS 15 15 13 12 14 11 15 13 14 6 5 15 14
NIHSS on admission 2 2 23 6 3 23 4 26 4 28 22 13 11
NIHSS on discharge or 2 4 13 14 2 18 6 3 28 19 35 0 16
last NIHSS on exam
mRS on discharge or 2 3 4 5 2 3 4 3 6 4 6 0 4
last MRS on exam
Stroke etiology Cryptogenic SW disease Cryptogenic Cardio- Cardio- Large artery Cryptogenic Cryptogenic Cryptogenic Cardio- Large artery Cryptogenic Cryptogenic
embolism  embolism atherosclerosis embolism  atherosclerosis
(Afib) Mi<4 (ICA) (PFO with  (ICA)
weeks) in situ DVT)
ESUS ESUS ESUS ESUS ESUS ESUS ESUS
Stroke location Cortical Subcortical  Cortical Cortical Cortical Cortical Cortical Cortical Cortical Cortical Cortical Cortical Brainstem
and
cerebellum
Bilateral, Left MCA  Left MCA Right MCA  Right MCA  Right MCA Left MCA Left PCA Left PCA,  Left PCA Left MCA Right MCA
multifocal right MCA  left MCA
Large vessel occlusion  No No Yes No Yes Yes Yes No No No Yes No No
Acute intervention No No Thrombectomy/ No No No Thrombectomy/ No No No IV-tPA IV-tPA No
TICI2B TiCI2B thrombectomy/
TICI3
Systemic arterial or No No Arterial No No No No No No Deep No No Arterial
venous thrombosis venous
Disseminated No No No Yes No No No No No No No No No
intravascular
coagulopathy
Therapeutic None None Enoxaparin Apixaban None None Apixaban None None Rivaroxaban None Coumadin  Enoxaparin
anticoagulation
Antiplatelets None Aspirin None Aspirin Ticagrelor Aspirin None Aspirin Aspirin None None Clopidogrel  None
aspirin
Discharge disposition  Home Acute rehab Acute rehab LTAC Home Acute rehab Acute rehab Acute rehab Expired LTAC Expired Home -

*Severity of COVID-19 infection was based on the 7th edition of “Novel Coronavirus pneumonia diagnosis and treatment plan” and the patients were divided into mild form (clinical symptoms are minor and imaging does not show any
lung inflammation), regular (has fever and respiratory tract symptoms, imaging shows visible lung inflammation), severe (adults who have either shortness of breath, RR>30 breaths/min, SpO2 < 93% at rest) and critical form (mechanical

ventilation required or shock or combined failure of other organs that requires ICU monitoring) (10).

COVID-19, Coronavirus disease 19; F, Female; M(Male; AA, African-American; HTN, Hypertension; HLD, Hyperlipidemia; DM2, Diabetes mellitus type 2; CAD, coronary artery disease; GCS, Glasgow comma scale; NIHSS, National
Institutes of Health Stroke Scale; mRS, modified Rankin scale; ESUS, Embolic stroke of unknown source; SW dis., Small vessel disease; M, Myocardial infarction; ICA, Internal carotid artery; DVT, deep venous thrombosis; PFO, patent

foramen ovale; MCA, middle cerebral artery; PCA, posterior cerebral artery; TICI, Thrombolysis in cerebral ischemia score; IV-tPA, intravenous-alteplase; LTAC, long-term acute care facility.
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TABLE 2 | Admission vitals and admission laboratory values for acute ischemic stroke patients with COVID-19.

Patient 1 2 3 4 5 6 7 8 9 10 1 12 13 Mean
admission
values
Presenting COVID COVID COvID COvID COvID COvID Neuro Neuro Neuro Neuro Neuro Neuro Neuro
symptoms
(COVID vs. Neuro)
Temp. (F) 102.5 100.2 99.2 95.4 97.3 97.4 98.0 99.2 98.1 101.7 97.8 98.4 98.7 99.5
MAP (mmHg) 82 75 111 96 61 107 91 113 104 111 01 6 116 82.6
HR (per minute) 128 85 118 151 49 93 68 80 87 101 76 48 94 90.6
RR (per minute) 20 36 23 10 18 20 18 24 18 38 28 13 19 21.9
SpO2 (%) 99 95 94 97 98 95 97 76 89 78 97 100 99 93.3
WBC (K/uL) 0.21 5 19.58 7.82 20.95 6.51 15.15 11.74 5.39 7.74 7.5 4.45 6.23 9.09
(range) (0.24-12.57) (5-15.12) (7.23-21.9) (6.65-10.92 (11.52-24.19) (5.80-10.19) (6.85-15.15) (5.86-11.91)  (5.00-11.23) (7.74-15.05) (7.56-22.4) (2.49-5.21) (6.23-15.53)
Lymphocyte 0.59 0.58 0.97 0.67 0.98 - 4,22 0.50 0.87 1.81 02.2 0.67 1.24 1.27
count (K/uL) (0.21-0.98) (0.563-2.62)  (0.76-1.55) (0.54-2.17) (0.98-1.82) (4.22-3.25) (0.58-1.58) (0.82-0.97) (0.59-2.6) (0.562-2.2)  (0.44-1.16) (1.22-1.52)
(range)
Platelet count 4 187 468 83 277 309 348 219 293 284 173 224 292 243.15
(K/uL) (4-46) (110-243) (355-868) (30-204) (277-486) (263-357) (228-348)  (214-477) (265-364) (1563-318) (140-200)  (158-235)  (172-399)
(range)
AST (U/L) (range) 6 77 186 1023 89 24 16 376 19 64 15 32 96 155.6
(5-152) (22-113) (18-256) (32-1626) (19-89) (24-55) (12-30) (24-395) (18-78) (15-162) (32-129) (25-96)
ALT (U/L) (range) 20 65 130 360 15 26 29 364 13 34 12 22 195 98.8
(8-262) (16-96) (10-144) (24-649) (18-17) (26-68) (19-31) (24-364) (25-57) (8-24) (22-62) (105-195)
Creatinine (mg/dL) 0.62 2.97 1.07 5.46 3.13 2.39 0.71 2.11 2.48 1.9 3.24 3.05 0.66 2.29
(range) (0.49-0.67) (1.78-4.6) 0.77-1.12)  (1.16-5.46) (2.16-3.29) (2.39-2.81)  (0.51-0.71) (0.67-2.38) (2.05-2.48) (0.83-3.84 (2.3-10.01) (3.05-8.0) (0.57-0.72)
D-dimer (mg/L >27.5 >27.5 14.78 >27.50 3.79 3.79 0.32 2.92 3.99 <0.10 17.76 - 7.5 >11.4
FEU) (range) (6.07->22.50) (2.04-14.78) (3.13-3.79) (0.30-0.32) (2.65-3.99) (<0.10-7.4) (1.15-374) (2.568-7.51)
CRP (mg/dL) 211.2 229.7 84.2 491 313.1 41.6 10.8 304 200.4 10 151 19.5 <5.0 114.9
(range) (146.3-367.3)  (16.5-501.8) (84.2-364.5) (29.8-148.1) (131.7-313.1) (10.8-28.6)  (67-387.8)  (200.4-309.9) (7.7-374.3) (156.1-384)  (14.0-19.5) (<5.0-226.8)
Ferritin (ng/mL) 6,037 2,241 671 681 3,038 771 27 1,396 372 624 361 2,810 1,732 1,697
(range) (1,884-5,176)  (503-790) (257-791) (27-34) (341-1,396) (349-372) (423-1,749) (36-4,942) (931-1,732)
LDH (U/L) (range) 124 532 678 891 928 413 193 511 407 907 356 371 548 527.6
(124-228) (478-678) (272-678)  (320-1351) (193-198)  (435-523) (307-407) (418-907) (356-1,063) (371 —446)  (246-548)
Fibrinogen 436 311 702 90 783 715 489 813 813 - 507 239 - 536.18
(mg/dL) (range) (253-311) (676-702) (65-436) (489-599) (507-785)
CK (U/L) (range) 12 637 19,247 52 765 168 42.0 177 48 1,018 1,925 163 (76-163) 9 1,866.3
(87-1,246)  (72-19,247) (15-129) (146-765) (21.0-53.00  (74-511) (400-3,475)  (1891-3,226)

COVID-19, coronavirus disease 2019; Temp., Temperature; MAF, mean arterial pressure; HR, heart rate; RR, respiratory rate; SpO2, pulse oximetry; WBC, white blood cells; AST, aspartate transaminase; ALT, alanine transaminase;

CRR, C-reactive protein; LDH, lactate dehydrogenase; CK, creatinine kinase.
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divided between the “COVID” (50%) and the “Neuro” (71.4%)
groups, and mild and/or regular in 38.5% (n = 5) of patients. Out
of the 13 patients, 30.7% (n = 4) patients also had superimposed
bacterial infection. Median admission NIHSS was 16 (IQR 4-23)
in all the COVID-AIS patients, with higher score of 13 in the
“Neuro” group compared to 4.5 in the “COVID” group (Table 1).

Laboratory Characteristics

Initial vitals and laboratory values are demonstrated in detail
in Table 2. Average temperature was 99.6 & 1.8 degree F, mean
arterial pressure was 82.6 == 38.7 mmHg, heart rate was 90.6 +
29.4 beats per minute, respiratory rate was 22 & 8 breaths per
minute, and oxygen saturation was 93.3 4= 7.8%. Patients in the
“COVID” group were more likely to have multiorgan failure and
elevated inflammatory and coagulopathy markers (Table 2).

Outcome Measures

Ischemic strokes were predominantly cortical (84.6%), in the
distribution of the middle cerebral artery (76.9%), followed by
the posterior cerebral artery (23%). Stroke etiology was classified
as cryptogenic and/or ESUS in 53.8% (n = 7), cardioembolic in
23% (n = 3), large artery atherosclerosis in 15.3% (n = 2), and

small vessel disease in 7% (n = 1). ESUS was suspected in 71.4%
of “Neuro” compared to 33.3% of “COVID.” Overall, 60% (n
= 3) of patients with evidence of large vessel occlusion (LVO)
underwent endovascular thrombectomy. While the “COVID”
group had more LVO (50%), more patient in the “Neuro”
group (42.8 vs. 16.6%) received acute stroke interventions, with
delays in identification of AIS symptoms in the “COVID” group
attributed to masking of symptoms by the COVID-19 systemic
manifestations. Therapeutic anticoagulation was initiated in
38.4% (n = 5) patients due to concerns of hypercoagulable state
and in 7% (n = 1) due to atrial fibrillation. The median NIHSS
at discharge for the COVID AIS cohort was 11 (IQR 4-23), with
median mRS of 4 (IQR 3-4). Favorable outcome with discharges
to home or to acute rehabilitation facilities was seen in 61.5% (n =
3) Two patients (15.3%) expired from COVID-19 complications,
and two (15.3%) required long term facility care. One patient
remains hospitalized (Table 1).

Univariate and Logistic Regression
Analysis

Except for DM type 2 which was more prevalent in the COVID-
19 AIS group (64.2 vs. 24.5%, p 0.008), patients were overall

TABLE 3 | Comparison of acute ischemic stroke patients with COVID-19 infection with acute ischemic stroke patients without COVID-19 infection admitted in the same

time frame of March 1, 2020-April 30, 2020, and March 1, 2019-April 30, 2019.

1. COVID-AIS 2. AIS group 3. AIS group p-value 1 vs. 2 p-value 1vs. 3

group (N = 13) 2020 (N = 53) 2019 (N = 88)
Age (mean) 61.6 63 68 0.935 0.096
Male Sex (%) 461 52.8 51.1 0.569 0.597
Race/Ethnicity (%)
Latino 46 9.5 9 0.0075 0.0036
African American 31 32 36 0.989 0.766
Comorbidities (%)
CAD 15.3 15 19.3 0.664 0.738
DM 69.2 24.5 38.6 0.006 0.069
HTN 69.2 52.8 75 0.549 0.522
HLD 30.7 39.6 42 0.548 0.397
CHF 7.6 3.7 13.6 0.992 0.689
Prior ischemic stroke 0 13.2 17 - -
PAD 16.2 0 7.9 - 0.603
Alcohol/drug abuse 0 1.3 6.8 - -
Tobacco abuse 0 22.6 22.7 - -
Obesity (BMI > 30) 15.2 28.3 32.9 0.496 0.219
Admission NIHSS (median) (IQR) 16 (4-23) 8 (3-19) 7 (2-16) 0.081 0.089
Discharge NIHSS (median) (IQR) 11 (4-23) 3(2-13) 4 (1-11) 0.036 0.042
Stroke Etiology (%)
Cryptogenic and/or ESUS 53.8 471 30.6 0.763 0.121
Cryptogenic and/or ESUS + cardio-embolism 76.9 67.9 61.3 0.519 0.244
IV-tPA (%) 15.3 20.7 27.2 0.435 0.178
EVT (%) 23 20.75 26.1 0.999 0.507
Discharge mRS (median) (IQR) 4 (3-4) 3 (1-4) 3 (1-4) 0.050 0.063
Discharge mRS >2 (%) 76.9% 47.16 40.9 0.047 0.010

COVID-19, coronavirus disease 2019; AlS, Acute ischemic stroke; CAD, coronary artery disease; DM, Diabetes mellitus type 2, HTN, Hypertension; HLD, Hyperlipidemia; CHF, congestive
heart failure; PAD, peripheral artery disease; BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; ESUS, Embolic stroke of unknown source; IV-tPA, intravenous-tissue
plasminogen activator; EVT, Endovascular thrombectomy; mRS, modified Rankin Scale. The bold numerical values indicates statistically significant.
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equally balanced for age, sex and comorbidities with the non-
COVID stroke cohorts from 2019 and 2020. The COVID-19 AIS
group had more Latinos compared to both historical 2019 and
2020 cohorts (46.1 vs. 9%, p 0.0036 and 46.1 vs. 9.5%, p 0.0075).
The percentage of African-American patients in all groups was
similar (31 vs. 32%, p 0.989 and 31 vs. 36%, p 0.766). While the
median admission NIHSS was not different among the COVID-
19 AIS and the non-COVID-19 stroke patients in 2020 and 2019,
the discharge NIHSS was significantly higher [11 (IQR 4-23) vs.
3 (IQR 2-13), p 0.036 and 11 (IQR 4-23) vs. 4 (IQR 1-11), p
0.042]. There was a trend toward less alteplase administration
in the COVID-19 AIS patients though no statistically significant
(7.1 vs. 20.7%, p 0.435 and 7.1 vs. 27.2%, p 0.178). COVID-19
AIS cohort had worse mRS > 2 at discharge (78.5 vs. 47.16%, p
0.047 and 78.5 vs. 40.9%, p 0.010) (Table 3), even after correction
for age and sex in a logistic regression model [p 0.046, OR 3.82,
(CI1.02-14.3)].

DISCUSSION

In this single-center retrospective observational study, we
identified 13 patients with AIS and concomitant COVID-
19. Approximately 2.0% of all COVID-19 patients at our
institution were diagnosed with AIS, a percentage higher than
previously reported in the literature from the USA (12) but
similar to that from Wuhan, China (5). The mean age of
patients with AIS and COVID-19 was 61.6, without significant
sex predilection. Unlike the data emerging out of New York
(12), there was a higher percentage of Latinos and African
Americans in our cohort (76.8%), highlighting the racial disparity
of COVID-19 in our Metropolitan city. Several studies have
highlighted the disproportionate burden of this disease on
these communities. Social and economic disparities, less access
to healthcare along with genetic factors associated with more
potent thrombo-inflammatory response may have contributed
to higher infection rate and worse outcome in Latinos and
African-Americans (13, 14). The majority of our patients had
the severe or critical form of COVID-19, which re-iterates
the prior published findings of high prevalence of neurological
complications seen in this group (2). Also, the trend toward
cortical strokes with etiological classification as ESUS reflects the
coagulopathy and potential causal link between COVID-19 and
stroke (12).

The delay in conventional stroke interventions especially
amongst patients who developed AIS while receiving treatment
for COVID-19 may be explained by the masking of acute stroke
symptoms by the viral illness, delay in stroke symptoms
recognition, and/or use of anticoagulation at the time
of evaluation.

Several potential mechanisms can lead to a stroke in
the setting of COVID-19. Angiotensin-converting enzyme
which is the target site of SARS-CoV2 is expressed by
cells of the nervous system. This renders the brain at risk
of direct endothelial cell infection and diffuse endothelial
inflammation (15). COVID-associated coagulopathy which is
likely the result of intense inflammatory response, can lead to

increased thrombotic complications including ischemic stroke
(16). Cardiac involvement is also a prominent feature of COVID-
19, leading to stress cardiomyopathy, direct myocardial injury,
and arrhythmias with potential increased risk of ischemic stroke
(17). Lastly, prolonged hospitalization and dysautonomia may
lead to ischemic stroke especially in the setting of septic shock
and hypotension (18).

STRENGTHS AND LIMITATIONS

Our study provides a detailed description of patients with
COVID-19 and AIS and highlights the racial disparity and
poor outcomes associated with this highly contagious viral
infection. This study also highlights that despite COVID-
19 affecting elderly patients more severely, increased risk of
AIS in COVID-19 is independent of age. Comparison with
current and historical cohorts suggests a direct causal link of
COVID-19 and AIS highlighting the importance of checking
for COVID-19 in patients with ESUS and/or cryptogenic
stroke mechanisms.

Our study has several limitations with its small size,
retrospective approach, and lack of long term follow up and
outcome. We also suspect that the incidence of AIS is much
higher as many patients with the infection may have succumbed
to the disease before identification of the stroke symptoms, or
may not have been evaluated by the neurology service, and thus
the neurological symptoms may not have been captured.

CONCLUSION

In summary, ischemic stroke in COVID-19- tend to be more
severe, mainly cortical, may occur independent of common
vascular risk factors, does not have sex predilection and can affect
younger population also. AIS in COVID-19 was more commonly
seen in Latino and African American communities by our group,
a reflection of the health care disparity and limited access to care
among the minority population.
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During the COVID-19 Pandemic
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Faisal University, Dammam, Saudi Arabia, 2 Department of Neurology and Neurosurgery, Montreal Neurological Institute and
Hospital, McGill University, Montreal, QC, Canada, ° Neurological Institute, Cleveland Clinic Abu Dhabi, Abu Dhabi, United
Arab Emirates, * Central Stroke Unit, Ministry of Health of Oman, Khoula Hospital, Muscat, Oman, ° Department of Neurology
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Riyadh, Saudi Arabia, '’ Division of Vascular and Endovascular Neurosurgery, Firoozgar Hospital, Iran University of Medical
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In the unprecedented current era of the COVID-19 pandemic, challenges have arisen in
the management and interventional care of patients with acute stroke and large vessel
occlusion, aneurysmal subarachnoid hemorrhage, and ruptured vascular malformations.
There are several challenges facing endovascular therapy for stroke, including shortages
of medical staff who may be deployed for COVID-19 coverage or who may have
contracted the infection and are thus quarantined, patients avoiding early medical
care, a lack of personal protective equipment, delays in door-to-puncture time,
anesthesia challenges, and a lack of high-intensity intensive care unit and stroke ward
beds. As a leading regional neurovascular organization, the Middle East North Africa
Stroke and Interventional Neurotherapies Organization (MENA-SINO) has established
a task force composed of medical staff and physicians from different disciplines to
establish guiding recommendations for the implementation of acute care pathways
for various neurovascular emergencies during the current COVID-19 pandemic. This
consensus recommendation was achieved through a series of meetings to finalize
the recommendation.

Keywords: COVID, endovascular therapy, recommendation, MENA, acute ischemic stroke, subarachnoid
hemorrhage
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BACKGROUND

The novel coronavirus disease (COVID-19) was first identified
in the Wuhan province of China in late December 2019 and
spread rapidly around the globe. Consequently, a pandemic
characterized by a rapid spread through respiratory droplets with
human-to-human contact was declared by the World Health
Organization on March 11, 2020 (1-4).

COVID-19 in the Middle East
COVID-19 is the second coronavirus outbreak to affect the
Middle East, following the MERS-CoV reported in Saudi Arabia
in 2012. The United Arab Emirates (UAE) was the first Middle
East country to report a coronavirus-positive case, following the
Wuhan coronavirus outbreak in China (4).

COVID-19 and Stroke

COVID-19 is increasingly being recognized as a cause of
thromboembolic phenomena, such as acute ischemic strokes and
cerebral venous sinus thrombosis (5).

CHALLENGES OF INTRAVENOUS
THROMBOLYSIS AND ENDOVASCULAR
THERAPY (EVT) INTERVENTIONS

Patient Avoidance of Seeking Medical

Attention

Published and anecdotal reports suggest that during the
pandemic, there has been a drastic reduction in the number of
stroke patients being evaluated in the emergency room (ER) or
being admitted to hospitals worldwide (6). It is highly unlikely
that the incidence of stroke has suddenly changed or reduced.
This could be explained by the inability to seek medical care due
to the extreme restrictions established to limit virus transmission
or fear of contracting the virus upon visiting the hospital.
In addition tertiary care hospitals may be inundated with
COVID-19 patients, and as such, patients with stroke are being
treated at secondary-care facilities or may not be transferred to
comprehensive stroke centers at all. Clearly, strokes remain an
emergency, and patients should seek immediate care despite the
current pandemic.

Healthcare Personnel Shortages

Healthcare personnel have a high risk of becoming infected
during this novel pandemic, particularly before transmission
dynamics are fully characterized. Of the COVID-19 cases
reported to the Centers for Disease Control from February 12
to April 9, a proportion included data on whether the patient
was a healthcare worker (HCW) in the USA, with up to 19%
of cases identified as healthcare personnel (7). Quarantines for
HCWs who have tested positive and for those with high-risk
exposures could severely impact the smooth functioning of stroke
units and may even jeopardize an entire department if it involves
small numbers (e.g., a neurointerventional team). In addition,
many hospitals are redeploying clinicians of all specialties to the
care of COVID-19 patients, thereby draining resources of care
for other medical conditions. Both of the above factors present

a substantial challenge, even for well-established stroke centers,
and stroke teams will likely experience staft shortages.

Hospital Beds for Stroke

It is likely that hospitals will be inundated with COVID-19
patients. Specifically, these patients will include individuals who
are critically ill from a respiratory viewpoint; these patients will
require intensive care unit (ICU) hospitalization, and many will
require ventilators. Thus, disruptions in standard protocols such
as post-thrombolysis and post-thrombectomy care should be
expected, and variations in protocol or abbreviated protocols
will be needed to efficiently utilize staffing and bed space while
maintaining the best possible patient care. Repatriation from a
comprehensive stroke center to lower levels of care following a
period of stability after critical procedures, such as mechanical
thrombectomy, aneurysm occlusion, or hematoma evacuation,
may be reasonable (8).

Shortage of Personal Protective Equipment
The provision of adequate personal protective equipment (PPE)
and clear guidelines on its application are imperative to protect
healthcare personnel and to prevent viral spread among HCWs.
Given that community transmission of COVID-19 is well-
established in most areas, all stroke alerts presenting to the
ER should ideally be treated as a potentially infected patient.
While the use of PPE for maximum protection, as dictated
by international and institutional bodies, is ideal, this practice
may not be possible given the PPE shortages that are being
encountered in many countries (9). Thus, responses to code
stroke may be delayed due to PPE unavailability.

Anesthesia Challenges

Known or suspected COVID-19 patients as well as carriers
will likely require mechanical thrombectomy for large vessel
occlusion. This situation poses challenges regarding anesthetic
management, given the urgent nature of the procedure and
an “unknown” COVID-19 status. COVID-19 has a high risk
of spreading through droplets and aerosols (1, 10). Bag-mask
ventilation, intubation, extubation, and airway suctioning are
aerosol-generating procedures, and any disconnection of the
circuit risks further aerosolizing secretions. In theory, monitored
anesthesia care (MAC) may prevent intense aerosolization;
however, stroke patients undergoing MAC sedation may require
supplemental oxygen via a nasal cannula mask or other
methods, such as chin-lift or jaw thrust maneuvers, to improve
oxygenation, which may increase the degree of airborne exposure
to the anesthesia provider and other involved HCWs. Another
consideration is the need to convert from MAC to general
anesthesia (GA) in a minority of patients. Urgent intubation
in a non-negative pressure room introduces an exposure
risk to all team members within the room. In addition,
workflows with regard to dedicated space for intubation pose
additional challenges.

Delay in Treatment Timelines
While prehospital delays are expected, given travel, and transfer
logistics amidst ongoing community lock-downs in many
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countries, several challenges remain once the patient arrives
at the ER. Protocols for protected stroke alerts have been
published. Limited neurology personnel, PPE shortages, transfer
times through designated corridors/elevators from the ER to
imaging with appropriate PPE, unavailability of computerized
tomography (CT) scanners during disinfection periods, and
time for donning/doffing PPE are all potential factors that
may increase door-to-needle times when treating patients
with intravenous thrombolysis as well as door-to-puncture
for thrombectomy.

Angiography Suite

To minimize exposure, staffing within the room should
be kept to a minimum; however, some patients may be
technically challenging, and an additional hand may be extremely
helpful. Challenges while operating with multiple layers of
PPE are foreseeable. The physical and psychological burden
of neurointerventional stroke calls, particularly during the
current pandemic, is likely substantial, especially given the
small size of these teams. As reported by a recent survey of
neurointerventional nurses and radiology technologists from 20
stroke centers in the USA, only 9 centers (45%) had more
than 6 nurses or technologists in their call pools for stroke
(11). Many institutions with multiple angiography suites are
reserving one dedicated suite for suspected COVID-19 strokes or
other emergencies.

MENA-SINO GUIDING
RECOMMENDATIONS FOR EVT

As a leading regional neurovascular organization, MENA-
SINO has established a task force comprised of physicians,
nurses, and medical staff from different disciplines (neurology,
neurosurgery, interventional neuroradiology, and neurocritical
care) to establish guiding recommendations for the
implementation of acute care pathways for various neurovascular
emergencies during the current COVID-19 pandemic. These
recommendations can be greatly enhanced by telemedicine
options to minimize patient-physician interactions, as dictated
by clinical needs. Other international entities have also published
different guidelines, all aiming at achieving “protected code
stroke protocol” (12-14).

We describe the following guiding recommendations to be
implemented in the MENA region to facilitate care for patients
and to provide optimal protection for HCWs.

1. Patients must be properly triaged to guide the safety of their
clinical encounter (Figure 1).

2. A clear standardized list of priorities for treatment must
be established across the different neurovascular pathologies
(Table 1). This standardization will render treatments more
efficient and will allow for optimal healthcare delivery, by
establishing proper operational policies.

3. Outpatient and office visits should be conducted virtually to
avoid unnecessary contact between patients and physicians.

4. Each patient should be transferred to another institution if
required, as soon as he/she is sufficiently stable to receive the
required intervention (Table 1).

5. COVID and non-COVID regions should be designated within
the hospital to guide the safety and reciprocity of patient
transfers between institutions.

The following
referring hospital:

process is recommended for the

Prehospital Stage
For all stroke patients presenting directly to the ER or being
transferred, the following measures should be taken.

1. Infection control screening: Symptoms or signs of COVID-19,
history of infection, contact with infected persons, and travel
history should be obtained by emergency medical services
(EMS) personnel evaluating the patient at the first encounter.

2. All patients should wear a surgical mask when able,
irrespective of the screening outcome.

3. Pre-notification: Hospitals should be pre-notified regarding
stroke specifics, COVID screening results, and suspicious
cases, if any.

4. When available, telemedicine should be utilized for triage in
the prehospital phase. If telemedicine is not available, oft-
label use of social messaging applications for remote medical
consultation can be used, although caution is needed to
respect patient data confidentiality.

Hospital Stage

Emergency Room

1. The ER should be divided such that separate spaces and
corridors are available for COVID and non-COVID patients.

2. To screen for symptoms of COVID-19 in expedited manner to
conform to the time-critical nature of stroke care (Figure 1).

3. All patients should wear a surgical mask.

4. Patients with a positive infection screen or those highly
suspected, as reported by emergency medical services (EMS)
or ER personnel should be roomed in a dedicated COVID area
or negative-pressure room if available.

5. Telemedicine (telestroke) should be utilized when available
to obtain history and to perform a neurological examination
in order to limit direct contact between medical staff
and patients.

6. A protective code stroke protocol should be established for
patients with a positive COVID screen. One member of
the stroke team should perform the evaluation and provide
therapy donning full PPEs.

7. A scoring system should be established for risk
stratification of HCW exposure and risk of COIVD-19
infection (Table 2).

Acute Imaging

1. Standard hospital imaging protocols should be followed for
acute stroke treatments.

2. If multiple CT rooms are available, a dedicated CT scan room
for COVID-19 patients should be established, provided that
the addition of the chest CT does not incur a treatment delay
of more than 5 min.

3. If positive pulmonary symptoms are present, consider
performing low-dose chest CT simultaneously with head CT
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Triage algorithm for EVT patients

)

Any of the following:

* Fever (>38°C) or history of fever*

* Cough or shortness of breath

* Contact with febrile or COVID +ve patients

Yes @
| Intubate the pationtor protectsd EVT

{

+ COVID testing for all patients
» Timely assessment by the hospital infection control department

No

“Might not apply for patients older than 75 years of age, so focused new onset or worsening of respiratory symptoms
** N95 mask is encouraged

FIGURE 1 | Triage algorithm for EVT patients.

TABLE 1 | EVT priority of transfer based on disease entity.

Category Timeline Disease entity
Priority 1 Immediate: Acute life- threatening condition or acute transfer Acute ischemic stroke (AIS)
within 6h
Priority 2 Within 24 h: Loss of life or significant function that can be
saved Coiling or clipping of a ruptured saccular aneurysm with SAH

Craniotomy or embolization of a ruptured AVM with prenidal/nidal
aneurysms
Decompressive craniectomy or hematoma evacuation*

1. If there is not a high risk for in-hospital mortality (inferred from mortality and prognosis assessment scales such as SOFA)

Priority 3 Within 1 week: Life or significant functional loss that can be Complex ruptured intracranial aneurysm requiring special preparation
saved by intervention within 1 week or equipment
Priority 4 Within 1 month: Life or significant functional loss that can be 1. Ruptured AVM with no nidal aneurysms
saved by intervention within 1 month 2. High-grade dural AV fistulae with ICH
3. Carotid revascularization (endarterectomy or stenting) for
symptomatic carotid stenosis
Priority 5 After the COVID-19 pandemic Any other pathology with non-hemorrhagic or ischemic presentation,

with a strong recommendation to address risk factors and provide
continuous surveillance

Acute Stroke Treatment: Intravenous

Thrombolysis and Endovascular

Thrombectomy

1. Patients should continue to be treated according to current
standard guidelines for intravenous thrombolysis and
endovascular mechanical thrombectomy, with the best
adherence possible (16).

using head and neck CT angiography (CTA). It is also wise
to include chest CT in the stroke protocol, as PCR tests
and the absence of pulmonary symptoms do not exclude the
possibility of COVID-19 infection.
4. Avoid multiple visits to the CT room to minimize exposure.
5. For acute imaging, magnetic resonance imaging (MRI) should
be avoided if possible. The use of MRI should be restricted to

absolute necessities, following the guidance provided by the
American College of Radiology on the use of MRI (15).

. Although there are some situations for which the current

guidelines have no clear answers or strong recommendations,
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TABLE 2 | Healthcare worker exposure risk stratification.

Risk attribute for contact with Score1 Contact duration Score2 Distance Score 3 Total score  Risk stratification
COVID-19 patient
Health worker wearing proper protective 0 Less than 20 min 1 More than 1.5m (6 feet) 1 Score 2-3: Low risk
gear

More than 20 min 2 Less than 1.5m (6 feet) 2
Health worker NOT wearing proper 1 Less than 20 min 1 More than 1.5m (6 feet) 1 Score 4-5: High risk
protective gear

More than 20 min 2 Less than 1.5m (6 feet) 2

Adopted from the MOH, Saudi Arabia.

the decision to treat a patient should take into account
the seriousness of the COVID-19 disease and prognosis,
particularly with regard to endovascular thrombectomy.
For patients with evidence of multi-organ dysfunction or
critical illness, outcomes of endovascular intervention may
be suboptimal, and the risks and benefits of such procedures
must be weighed against the consumption of resources
and potential exposure to caregivers. A multidisciplinary
discussion among the treating physicians should be held to
make the most appropriate treatment decision.

Airway Management

1.

The

The anesthesia team should be notified as soon as possible
regarding potential endovascular procedures.

. Conscious sedation should be considered as first-line

treatment for patients with acute stroke interventions, if
the patient is stable. However, a low threshold should be
maintained for intubation in patients with respiratory distress,
inability to protect the airway, posterior circulation stroke,
vomiting, or agitation and for those who are uncooperative.

. Intubation should be performed in a negative-pressure room

separate from the angiography suite or in a dedicated
angiography suite with negative pressure capabilities. In the
absence of negative pressure, an aerosol box can be a good
substitute in special situations (17).

. Extubation should be avoided in the angiography suite and

instead be performed in a negative-pressure room.

. Transfers should avoid breaking the initial ventilator circuit,

bagging, or reconnection to a new ventilator.

following  process is recommended for the

referring hospital:

1.

Acute ischemic stroke

a) All patients must be screened for COVID-19. The use of

telecommunication is recommended if available.

Any patient with fever or respiratory symptoms should

be disclosed upon the referral request to ensure proper

precautions [as a COVID-19-positive individual or person

under investigation [PUI]] and to ensure that trends of vital

signs are properly recorded.

¢) The National institute of health stroke scale (NIHSS) must
be documented, and the score must exceed 5 for a transfer
to be considered.

b)

d) Perform brain non-contrast CT (NCCT) to rule out
hemorrhage or the presence of an established infarction
(Alberta stroke program early CT score (ASPECTS)
above 6).

e) Perform CTA to confirm the occurrence of large
vessel occlusion and CT perfusion to identify a
mismatch. A higher large vessel occlusion (LVO) score
may be acceptable for transfer, depending on local
logistic preparedness.

f) Patients with a high risk of COVID-19 should wear a
surgical mask.

g) Obtain chest CT at the time of the initial CT (ground-

glass appearance).

If the patient presents with an unknown time of onset or

a delayed onset, the option of obtaining a CT perfusion or

a brain MRI should be offered in the receiving hospital to

assess any mismatch prior to a consideration of transfer. If

this procedure is not feasible, the ASPECTS should guide
the transfer, with tissue imaging performed in the receiving
stroke center.

h)

** Intravenous tissue plasminogen activator (IV-tPA) eligible
patients should receive thrombolysis based on the protocol
in the referring hospital (telestroke managed or guided by
stroke neurology).

. Aneurysmal subarachnoid hemorrhage (aSAH)

a) All patients must be screened for COVID-19, as

described above.

Any patient with fever or respiratory symptoms should

be disclosed upon the referral request to ensure proper

precautions (as a COVID-19-positive individual or

PUI) and to ensure that the trends of vital signs are

properly recorded.

c) Glasgow coma scale (GCS) and World federation

of neurosurgical societies (WFNS) grades must be

documented (consideration for transfer: GCS > 9 and

WENS grade 1-3).

Perform brain NCCT to document the SAH and to exclude

intraventricular hemorrhage or intracerebral hemorrhage

(IVH-ICH) and hydrocephalus requiring an external

ventricular drain (EVD).

e) Perform CTA to confirm the presence of
intracranial aneurysm and to rule out any other
vascular pathology.

b)

d)
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f) Obtain chest CT at the time of the initial CT (ground-glass
appearance) for the above-mentioned reasons.

g) If the CTA is negative for aneurysm, the transfer should
be aborted, and repeat vascular imaging (CTA or digital
subtraction angiography [DSA]) should obtained within
7 days.

** In the case of a high-grade SAH, improvement after the
EVD insertion should warrant a referral request.

3. After the need for an interventional procedure has been
confirmed, the following steps should be taken:

a) The patient should be intubated in the referring hospital,
and a closed circuit should be ensured throughout the
process of transferring from and to the referring hospital.

b) The patient must be accompanied by a medical transfer
team that follows strict PPE precautions. This team should
be equipped to offer hemodynamic and ventilatory support
during the transfer.

¢) The patient should be connected to a portable ventilator
that will be used throughout the transfer process, including
the angiographic procedure, to ensure that the closed
ventilatory circuit is not interrupted.

Precautions during the endovascular procedure

All patients should be treated as though there is a high
suspicion of the patient being COVID-19-positive. Accordingly,
the following precautions should be implemented:

1. PPE for all staff coming in contact with the patient

e Lead apron and a yellow gown

e Head cover

e N-95 mask covered by a regular mask
e Goggles

e Face shield

e Sterile gown and gloves

2. Strict and supervised movement between different zones in
the angiography suite

e Cold zone outside the angiography suite (green zone:
control room)

e Intermediate zone (yellow zone: scrubbing area)

e Hot zone (red zone: inside the angiography suite)

3. The angiogram set, pressure bags, and basic access catheters
should be prepared for use before the patient enters the
angiogram suite. Ready-to-use verapamil and heparin syringes
should be included in the angiogram set, and a vial of

8. The circulating nurse should remain in the cold zone,
supervising the movement of personnel and the
donning/doffing of PPE upon entry and exit of any
angiography team member.

9. The angiography team in the hot zone should consist of

e One scrub nurse

e Up to two interventionists

e One anesthesia physician, with strict control on the airway
to avoid suctioning and aerosol leaks

10. All interventional material should remain outside the
angiography suite (in the cold zone) and should be handed to
the scrub nurse upon request.

11. The arterial access sheath should be removed at the end of
the angiographic procedure. Manual compression or a closure
device should be utilized for hemostasis.

** Depending on the policy implemented, the patient can either
remain in the treating hospital or be transferred back to their
referring hospital.

F. Teamwork during the pandemic

F.1. In any given region, neurovascular centers are advised to
reduce the number of healthcare staff on clinical duty during
the pandemic. We emphasize that all HCWs should continue
to take universal precautions and utilize PPE as guided by
the Ministries of Health and/or local institutional infection
control protocols.

F.2. Cross-privileging of neurointerventionalists during the
pandemic should be implemented if the need arises. This
approach will allow for continuous care of patients needing
these interventions.

Psychological Support for Healthcare

Workers
A recent study assessing the magnitude of mental health
outcomes and associated factors among HCWs treating patients
exposed to COVID-19 in China reported symptoms of
depression (634; 50.4%), anxiety (560; 44.6%), insomnia (427;
34.0%), and distress (899; 71.5%) (18).

Healthcare providers may benefit from following the measures
listed below.

» Self-monitor and pace.

» Regularly check in with colleagues, family, and friends (check-
ins may need to be virtual).

» Take brief relaxation/stress management breaks.

actylase (IV tPA) should be available in the cold zone. Other =~ » Establish a COVID-free discussion zone.
antiplatelet agents can be added based on local protocols. » Seek reliable information and proper expert assessments to
4. Ahigh-efficiency particulate air (HEPA) filter should be placed assist in making informed decisions if needed.
by the door of the angiogram suite. » Focus efforts on what is within your power.
5. All closets and cabinets should be closed during the  » Check in with other colleagues to discuss work experiences.
angiography procedure. » Provide consultations and collegial support (remotely).
6. The room should be labeled as COVID-19-POSITIVE, with ~ » Allow for “hot debriefs,” e.g., following the STOP-5 approach
no entry other than the angiography team. (Summarize, Things that went well, Opportunities to improve,
7. Intervention technicians should remain in the cold zone to Point to action and responsibility) adapted from the
limit exposure and to facilitate material handling. Edinburgh emergency medicine model developed by (19).
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» Schedule time off from work for gradual reintegration into
personal life.

» Prepare for worldview changes in one’s life that may not be
mirrored by others.

CLOSING REMARKS

Despite the current challenges encountered in the EVT
treatment of acute stroke and neurointervention, there remain
opportunities to learn from the current pandemic experience,
with applications for future disasters.

In summary, our main recommendations are the following:

1- The risk of COVID-19 (Figure 1) should be stratified in order

to prioritize and optimize (Table 1) the utilization of available
resources during the COVID-19 pandemic in the MENA
region, where resources are limited.

The role of telestroke in acute and clinical settings is critical for
avoiding unnecessary contact between patients and physicians
during the pandemic and to better utilize specialized stroke
physicians with limited resources.

In an acute ischemic stroke, stringent prescreening criteria
should be implemented to distinguish high-risk COVID-
19 patients from low-risk patients, with subsequent stroke
protocols based on the COVID-19 risk.

REFERENCES

. Li Q Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission
dynamics in wuhan, china, of novel coronavirus-infected pneumonia. N Engl
J Med. (2020) 382:1199-207. doi: 10.1056/NEJM0a2001316

. Wu E Zhao S,Yu B,Chen YM, Wang W, Song ZG, et al.A new coronavirus
associated with human respiratory disease in China. Nature. (2020) 579:265-
9. doi: 10.1038/541586-020-2008-3

. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al
A pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature. (2020) 579:270-3. doi: 10.1038/s41586-02
0-2012-7

. World Health Organization. Coronavirus Disease COVID-19 Data. (2020).
Available https://www.who.int/emergencies/diseases/novel-
coronavirus-2019

. Morelli N, Rota E, Terracciano C, Immovilli P, Spallazzi M, Colombi
D, et al. The baffling case of ischemic stroke disappearance from the
casualty department in the COVID-19 Era. Eur Neurol. (2020) 83:1-
3. doi: 10.1159/000507666

. Parag G, Justin JC, Laura CP, Edward JS, Ruijun C, Assem ], et al. Clinical
characteristics of Covid-19 in New York City. N Engl ] Med. (2020) 382:2372-
4. doi: 10.1056/NEJMc2010419

. Burrer SL, de Perio MA, Hughes MM, Kuhar DT, Luckhaupt SE, McDaniel CJ,
et al. Characteristics of health care personnel with COVID-19—United States,
February 12-April 9 (2020).

. Griffin E, Murphy S, Sheehan M, Power S, Brennan P, O’Hare A, et al.
Early repatriation post-thrombectomy: a model of care which maximises the
capacity of a stroke network to treat patients with large vessel ischaemic stroke.
J NeuroInterven Surg. (2020). doi: 10.1136/neurintsurg-2019-015667

H, PB, Livingston EH. Conserving

Supply of personal protective equipment—a call for ideas. Jama.

(2020). doi: 10.1001/jama.2020.4770. [Epub ahead of print].

online at:

. Bauchner Fontanarosa

4- In aSAH patients, prescreening should be performed

before admission and intervention, and a stringent
high-risk ~ protocol ~ should be followed in the
Neuro-ICU and  during intervention based on
prescreening results.
In conclusion, the MENA-SINO statement provides
guidance to interventionalists and hospitals for prioritizing
medical care for neurovascular patients. While these

guidelines consider patient safety and infection protective
protocols, they do not replace sound clinical judgment, the
consideration of patient-specific factors, or institutional policies
and procedures.

AUTHOR CONTRIBUTIONS

HA-J and SJ: concept design, writing of the manuscript,
provision of protocol sections, and revision of the final
document. OM, MS, DA, and MA: writing of the manuscript,
provision of protocol sections, and revision of the final
document. AO, AS, AA, MG, and AAH: provision of
protocol sections and revision of the final document. SH:
writing of the manuscript and provision of protocol sections.
All authors contributed to the article and approved the
submitted version.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A
novel coronavirus from patients with pneumonia in China,
2019. N Engl ] Med. (2020) 382:727-33. doi: 10.1056/NEJMoa20
01017

. Fargen KM, Ansari SA, Spiotta A, Dabus G, Mokin M, Brown
P, et al Influence of thrombectomy volume on non-physician
staff burnout and attrition teams. |
Neurolnterven Surg. (2020). 10.1136/neurintsurg-2020-
SNIS.10. [Epub ahead of print].

Aggour M, White P, Kulcsar Z, Fiehler ], Brouwer P. European society
of minimally invasive neurological therapy (ESMINT) recommendations
for optimal interventional neurovascular management in the COVID-19
Era. ] Neurointerv Surg. (2020). 12:542-4. doi: 10.1136/neurintsurg-2020-01
6137

Bajunaid K, Sabbagh AJ, Ajlan A, Al-Jehani H, Alnaami I, Khormi YH,
et al. Consensus statement of the saudi association of neurological surgery
(SANS) on triage of neurosurgery patients during COVID-19 pandemic in
Saudi Arabia. Neurosciences. (2020) 25:148-51 doi: 10.17712/nsj.2020.2.20
200054

Khosravani H, Rajendram P, Notario L, Chapman M, Menon
B.  Protected stroke:  hyperacute  stroke  management
during the coronavirus disease 2019 (COVID-19) pandemic.
Stroke. (2020) 51:e156-7. doi: 10.1161/STROKEAHA.120.
030243

ACR. Guidance on COVID-19 and MR Use. Available online at: https://www.
acr.org/Clinical- Resources/Radiology- Safety/ MR- Safety/ COVID-19-and-
MR-Use

Powers W, Rabinstein A, Ackerson T, Adeoye O, Bambakidis N,
Becker K, et al. Guidelines for the early management of patients with
acute ischemic stroke 2019 update to the 2018 guidelines for the
early management of acute ischemic stroke: a guideline for healthcare
professionals the association/american

neurointerventional
doi:

in

code

from american heart stroke

Frontiers in Neurology | www.frontiersin.org

128

August 2020 | Volume 11 | Article 928


https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1038/s41586-020-2012-7
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1159/000507666
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1136/neurintsurg-2019-015667
https://doi.org/10.1001/jama.2020.4770
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1136/neurintsurg-2020-SNIS.10
https://doi.org/10.1136/neurintsurg-2020-016137
https://doi.org/10.17712/nsj.2020.2.20200054
https://doi.org/10.1161/STROKEAHA.120.030243
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety/COVID-19-and-MR-Use
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety/COVID-19-and-MR-Use
https://www.acr.org/Clinical-Resources/Radiology-Safety/MR-Safety/COVID-19-and-MR-Use
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Al-Jehani et al. MENA SINO COVID EVT Recommendation

association. Stroke. (2019) 50:e344-e418. doi: 10.1161/STR.00000000000 Conflict of Interest: The authors declare that the research was conducted in the

00211 absence of any commercial or financial relationships that could be construed as a
17. Canelli R, Connor CW, Gonzalez M, Nozari A, Ortega R potential conflict of interest.

Barrier enclosure during endotracheal intubation. N Engl ] Med.

(2020). doi: 10.1056/NEJMc2007589 Copyright © 2020 Al-Jehani, John, Hussain, Al Hashmi, Alhamid, Amr, Ozdemir,
18. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, Wu J. Factors Shuaib, Alhazzani, Ghorbani, Mansour and Saqqur. This is an open-access article
associated with mental health outcomes among health care workers distributed under the terms of the Creative Commons Attribution License (CC BY).
exposed to coronavirus disease 2019. JAMA Netw Open. (2020) The use, distribution or reproduction in other forums is permitted, provided the
3:€203976. doi: 10.1001/jamanetworkopen.2020.3976 original author(s) and the copyright owner(s) are credited and that the original

19. Couper K, Perkins G. Debriefing after resuscitation. Curr Opin publication in this journal is cited, in accordance with accepted academic practice.
Crit  Care.  (2013)  19:188-94.  doi:  10.1097/MCC.0b013e3283 No use, distribution or reproduction is permitted which does not comply with these
5f58aa terms.

Frontiers in Neurology | www.frontiersin.org 129 August 2020 | Volume 11 | Article 928


https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1056/NEJMc2007589
https://doi.org/10.1001/jamanetworkopen.2020.3976
https://doi.org/10.1097/MCC.0b013e32835f58aa
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

l" frontiers
in Neurology

BRIEF RESEARCH REPORT
published: 11 September 2020
doi: 10.3389/fneur.2020.01053

OPEN ACCESS

Edited by:
Jesus Porta-Etessam,
Hospital Clinico San Carlos, Spain

Reviewed by:

Lucia Galan,

Hospital Clinico San Carlos, Spain
Lorenzo Silva,

Hospital Universitario Puerta de
Hierro Majadahonda, Spain

*Correspondence:
Edmar Zanoteli
edmar.zanoteli@usp.br

*These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Neuromuscular Diseases,

a section of the journal
Frontiers in Neurology

Received: 25 June 2020
Accepted: 11 August 2020
Published: 11 September 2020

Citation:

Camelo-Filho AE, Silva AMS,
Estephan ER, Zambon AA,
Mendonca RH, Souza PVS,

Pinto WBVR, Oliveira ASB,
Dangoni-Filho I, Pouza AFR,
Valerio BCO and Zanoteli E (2020)
Myasthenia Gravis and COVID-19:
Clinical Characteristics and
Qutcomes. Front. Neurol. 11:10583.
doi: 10.3389/fneur.2020.01053

Check for
updates

Myasthenia Gravis and COVID-19:
Clinical Characteristics and
Outcomes

Antonio E. Camelo-Filho ", André M. S. Silva'?, Eduardo P. Estephan 2,

Anténio A. Zambon', Rodrigo H. Mendoncga', Paulo V. S. Souza?®, Wladimir B. V. R. Pinto?3,
Acary S. B. Oliveira®, Iron Dangoni-Filho', Ana F. P. Pouza™*, Berenice C. O. Valerio® and
Edmar Zanoteli™*

! Department of Neurology, Faculdade de Medicina da Universidade de Sdo Paulo, Sdo Paulo, Brazil, 2 Department of
Neurology, Faculdade de Medicina Santa Marcelina, Sdo Paulo, Brazil, * Department of Neurology and Neurosurgery,
Universidade Federal de Sdo Paulo, Sdo Paulo, Brazil, * Department of Neurology, Instituto de Assisténcia Médica ao
Servidor Publico Estadual, Sdo Paulo, Brazil, ° Department of Internal Medicine, Faculdade de Ciéncias Médicas da Santa
Casa de Sado Paulo, Sao Paulo, Brazil

Myasthenia gravis (MG), an autoimmune neuromuscular disorder, may be a risk factor
for severe COVID-19. We conducted an observational retrospective study with 15
consecutive adult MG patients admitted with COVID-19 at four hospitals in Sao Paulo,
Brazil. Most patients with MG hospitalized for COVID-19 had severe courses of the
disease: 87% were admitted in the intensive care unit, 73% needed mechanical
ventilation, and 30% died. Immunoglobulin use and the plasma exchange procedure
were safe. Immunosuppressive therapy seems to be associated with better outcomes,
as it might play a protective role.

Keywords: Myasthenia Gravis, COVID-19, SARS-CoV-2, neuromuscular disorders, immunosuppression

INTRODUCTION

Since the first outbreak description of coronavirus disease 2019 (COVID-19) (1), there has been
growing evidence of potential neurological complications of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (2). On the other hand, the current COVID-19 pandemic may impact
specific neurological populations, such as neuromuscular and autoimmune disease patients, raising
concerns regarding best practices in these groups.

Myasthenia gravis (MG), an autoimmune neuromuscular disorder, may be a risk factor for
severe COVID-19 due to multiple issues, such as immunosuppressive therapy, baseline respiratory
weakness, and exacerbation from a viral infection and drug exposure (3). However, the available
information is limited. Only one study (4) describing a series of five patients and two case
reports (5), including a myasthenic crisis and a patient with a mild COVID-19 course (6), were
reported. Here, we describe characteristics and outcomes of 15 hospitalized patients with MG
and COVID-19.

METHOD

We conducted an observational retrospective cross-sectional study including all consecutive adult
patients diagnosed with MG (based on antibodies or on electrophysiology) and admitted with
COVID-19 at four hospitals in Sdao Paulo, Brazil, from March 15, 2020, to May 31, 2020. All
patients had COVID-19 diagnoses based on respiratory symptoms and on positive nasopharyngeal
swab polymerase-chain-reaction (RT-PCR) testing for SARS-CoV-2. Informed consent was waived
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because of the retrospective observational nature of the study and
the analysis used anonymous clinical data.

All patients underwent detailed clinical examinations,
and neuromuscular specialists in each hospital collected
the medical chart reviews. The MGFA (Myasthenia Gravis
Foundation of America) scores (7) were defined based on
the clinical descriptions one month prior to hospitalizations.
MG exacerbation was defined as a MGFA score worsening
from the baseline or a respiratory insufficiency needing
mechanical ventilation (MV). We considered a use of at least
40 mg prednisone per day or an association of prednisone
plus a second immunosuppressant drug as a high level of
immunosuppressive treatment.

RESULTS

Fifteen patients with MG and COVID-19 were identified,
including 10 patients with the anti-acetylcholine receptor
(AChR) antibody, one patient with the anti-muscle-specific
tyrosine kinase (MuSK) antibody, and four patients without
serological definition. Tablel summarizes the clinical
characteristics, treatments, and outcomes of the patients.

Nine (60%) female patients, with a mean age of 34.5 years,
and six (40%) male patients, with a mean age of 61.3 years, were
included. Ten patients presented generalized MG manifestations
(MGFA score > 1II) in the last month before admission, and the
other five had only ocular symptoms (MGFA I). The median
disease duration was 9 years. Fourteen (93.3%) patients were
using prednisone, nine (60%) patients were taking a second oral
immunosuppressant, one patient was receiving rituximab, and
another patient was using monthly intravenous immunoglobulin
(IVIG). Six (40%) patients were previously thymectomized.

Dyspnea (93.3%), fever (86.7%), cough (66.7%), and myalgia
(46.7%) were the most common presenting symptoms. Thirteen
(86.7%) patients needed hospitalization in an intensive care
unit (ICU), with a median stay of 16 days. Most patients
had MG exacerbation or mechanical ventilation needs. Eleven
(73.3%) patients required intubation, and the remaining four
(26.7%) needed an oxygen nasal cannula. Five patients requiring
MYV presented mild to moderate pneumonia (<50% pulmonary
involvement). Two patients had worsening of MG symptoms
without the need for mechanical ventilation support. The
median hospitalization stay was 18 days, but two patients
remained hospitalized at the time of the manuscript writing. Four
patients died.

All patients received antibiotics (11 used a macrolide). Five
(33.3%) patients were treated with specific therapies for MG
exacerbation: one patient received IVIG, and four patients
underwent plasma exchange therapy (PLEX). No complications
regarding these therapies were reported. Six (40%) patients
underwent continuous neuromuscular blockades (NMBs) for
MYV, and four of these patients died (#1, 2, 6, and 12) and one
was still on mechanical ventilation (#5) for more than 14 days, at
the time of the manuscript writing.

Of the four patients who died, all were male, more than
50 years old, did not use high levels of immunosuppressive

treatment, and did not receive IVIG nor PLEX during
hospitalization. Three of them had MGFA I before admission,
and two had no other comorbidities. Otherwise, four (26.7%)
patients had better outcomes without the need for MV.
They were all young females using prednisone plus a second
immunosuppressant drug. Additionally, a thymectomy did
not necessarily determine a poor outcome because the
disease course was similar between thymectomized and
non-thymectomized patients.

DISCUSSION

To our knowledge, this is the largest series of MG and COVID-19
patients. Most patients hospitalized for COVID-19 with previous
MG had a severe course of the disease (87% were admitted in
ICU, and 73% needed mechanical ventilation). Previous use of
prednisone plus immunosuppressive therapies did not seem to
determine an additional unfavorable outcome. Lethality could
not be completely determined in our study because two patients
remained hospitalized at the time of the manuscript writing, but
it was at least 30%.

Neurological complications of COVID-19 have been
described in several studies and include encephalopathy,
myalgia, headache, cerebrovascular disease, immune-mediated
neuropathy, and rhabdomyolysis (2, 3, 8). However, the risk of
worse outcomes for several groups of patients with autoimmune
neurological diseases is still in debate, and few original studies
addressed this issue. As long as the knowledge regarding the
SARS-CoV-2 infection continues to evolve, several case reports
and case series will try to answer whether some neurological
or autoimmune conditions determine an unfavorable course of
COVID-19 (3-7).

Moreover, using immunosuppressant drugs during
the COVID-19 pandemic remains a challenge (9).
Immunosuppressed patients could be at a higher risk for a more
severe COVID-19 course. However, growing evidence shows
that immunosuppression might play a protective role, reducing
the immune response that leads to an inflammatory cytokine
storm and to clinical deterioration (10, 11). There is a recent
report of a multiple sclerosis patient (12) who had a favorable
outcome after a COVID-19 infection while using a B cell-
depleting drug: ocrelizumab. Our data support this hypothesis
because the previous use of prednisone plus immunosuppressive
therapies did not seem to cause an additional unfavorable
outcome. Of the four patients that died, none used a high level
of immunosuppressive treatment. Interestingly, all patients that
did not require mechanical ventilation were using prednisone
plus a second immunosuppressant drug. Previous small reports
of MG and COVID-19 also demonstrated a favorable course in
the patients using prednisone plus a second immunosuppressive
drug at baseline (4, 6).

Regarding treatment for MG exacerbation, four patients
underwent PLEX therapy and one patient received IVIG, and
all of them had favorable outcomes. None of the patients
that underwent these therapies died or had complications, and
all patients, but one, were discharged without worse MGFAs
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TABLE 1 | Clinical characteristics, treatments and outcomes of the 15 patients with myasthenia gravis and COVID-19.

# Age MGFA Years Antibody Baseline Thymectomy Commorbidities MG Respiratory Chest cNMB COVID19 MG days of MGFA
group* pre- of immuno symptoms support CT >50% treatments treatments  ICU / total discharge
adm MG suppressive exacerbation involvement hospital
treatment stay
1 >60 | 15 AchR+ Pred 20 No None Exacerbation MV * Yes CTX, Pred 12/13 Deceased
qd leading to AZM, continued
MV oy,
AMK,
TEC
2 >60 | 3 AchR+ Pred 30 No DM, HTN Exacerbation MV Yes Yes CTX, Pred 8/9 Deceased
qd leading to AZM, continued
MV TZP
3 20— A 13 AchR+ Pred 60 Yes None Exarcerbation NC No No CTX Pred and 4/8 A
39 qd + AZA without MV AZA
250 qd + continued,
IVig 1g/kg Vg 2g/kg
monthly added
4 40— A 10 AchR+ Pred 30 Yes DM No NC No No CTX Pred 16/18 Remains
59 qd + MTX increased hospitalized
15mg to 40 (I1A)
weekly mg/day,
MTX
continued
5 20— 1A 4 N/A Pred 5 qd No HTN, SLE Exacerbation MV No Yes CTX, Pred 25/29 Remains
39 + MTX leading to oTV, continued, hospitalized
20mg MV MEM, MTX V)
weekly CST, withheld
LZD
6 40— A 14 N/A No Yes None Exacerbation MV Yes Yes CLR, None 77 Deceased
59 therapy leading to CTX,
MV AZM,
o1V
7 40— A 9 AchR+ Pred 40 Yes HTN, DM, Exacerbation MV No No CTX, Pred 25/42 IIA
59 qd + CCP HCV leading to AZM, increased,
150mg MV TZP, 5 PLEX
qd MEM sessions
added,
CCP
withheld
8 40— 1B 22 AchR+ Pred 10 Yes GAD Exacerbation MV No No CTX, Pred 20/24 A
59 qd + AZA leading to AZM, increased,
200 ad MV TZP 4 PLEX
sessions
added,
AZA
withheld
(Continued)
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TABLE 1 | Continued

# Age MGFA Years Antibody Baseline Thymectomy Commorbidities MG Respiratory Chest cNMB COVID19 MG days of MGFA
group* pre- of immuno symptoms support CT >50% treatments treatments  ICU / total discharge
adm MG suppressive exacerbation involvement hospital
treatment stay
9 20- | 5 AchR+ Pred 5 qd No DM, Epilepsy Exacerbation MV Yes No CTX, Pred 12/20 A
39 + AZA leading to AZM continued,
200 ad MV 5 PLEX
sessions
added,
AZA
withheld
10 20— B 2 Musk+ Pred 60 No None Exacerbation MV No No CTX, Pred 16/28 1B
39 qd + RTX leading to AZM continued,
375mg/m2 MV 5 PLEX
sessions
added
11 20- | 1 AchR+ Pred 5 qd No None No NC No No AZM Pred 0/3
39 + AZA increased
150 qd to
20mg/day,
AZA
continued
12 >60 | 5 N/A Pred 25 No HTN, asthma Exacerbation MV Yes Yes CTX, Pred 15/16 Deceased
qd leading to CLR, increased
MV MEM,
VAN
13 20— 1B 16 N/A Pred 30 Yes None Exarcerbation NC No No CTX, Pred 0/8 1B
39 qd + AZA without MV AZM increased
250 qd to 60
mg/day
and AZA
withheld
14 >60 Il 1 AchR+ Pred 40 No HTN Exacerbation MV Yes No CTX, Pred 32/42 Il
qd + IVig leading to AZM, increased
29/kg MV MEM,
IBW LZD,
monthly AMK,
PMB
15 20- A 4 AchR+ Pred 30 No None Exacerbation MV No Yes CTX Pred 17/22
39 qd leading to increased
MV

AMK, Amikacin; AZA, Azathyoprine; AZM, Azithromycin;, CCF, Cyclosporin; CLR, Clarithromycin;, CST, Colistin; CTX, Ceftriaxone; cNMB, continuous neuromuscular blocking; GAD, generalized anxiety disorder; IVIg, Intravenous
immunoglobulin; LZD, Linezolid; MEM, Meropenem, MGFA pre-adm, Myasthenia Gravis Foundation of America score at the month before admission; MTX, Methotrexate; MV, mechanical ventilation; OTV, Oseltamivir; PLEX, Plasma
exchange; PMB, Polymyxin B; Pred, Prednisone; RTX, Rituximab; TEC, Teicoplanin; TZP. Piperacilin-tazobactam; VAN, Vancomycin. “Written consent for gender and age information could not be obtained due to pandemic. Age
presented in the following groups: 20-39 years, 40-59 years, and 60 years and over. **Not performed due to the critical medical condition.
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Myasthenia Gravis and COVID-19

compared to their admission scores. In other two reports,
IVIG therapy was also administered for three MG patients
with COVID-19, that evolved with favorable outcomes (4,
5). Furthermore, patients with MG frequently worry about
exacerbation after exposure to drugs, such as antibiotics and
NMB agents. In our series, the continuous use of NMBs was
noted in most ventilated patients, and all of them died or
remained hospitalized. This finding may confirm concerns about
using these agents in MG patients.

Studies with COVID-19 patients requiring hospitalization
revealed ICU admission rates from 14 to 26% and intra-
hospital mortality rates from 21 to 28% (13, 14). Data from the
Brazilian Ministry of Health shows an ICU admission rate of
32.9% and a mechanical ventilation rate of 18.6% throughout
the country (15). Our cohort presents a rate of 86.7% of
ICU admission and a lethality rate of 30%, although it could
not be completely determined because two patients remained
hospitalized. The more severe course in our cohort may relate
to complex respiratory failure triggered by viral replication and
MG exacerbation. Differentiating these possible causes is difficult,
so neurological consultation and possibly early immunotherapy
(IVIG and PLEX) for MG patients with severe COVID-19
infections are needed.

Our study has some limitations. First, this observational study
included only hospitalized patients. We did not address the
impact of MG and COVID-19 in outpatient settings. Second,
the unfavorable course may be associated with other variables,
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cannot make assumptions that MG is an independent risk
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is advised. Furthermore, immunotherapy for MG exacerbation
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