NEUROLOGIA I NEUROCHIRURGIA POLSKA L

POLISH JOURNAL OF

NEUROLOGY
AND NEUROSURGERY

2021, vol. 55, no. 4

The Official Journal of Polish Neurological Society

¥ "ou ‘GG "|OA ‘1202 ‘e)s|od eibiniiysoinay | eibojoinaN

EDITORIAL NOTE 351 Screening and diagnosis for mood and anxiety
disorders in epilepsy: Polish population reference
329 Latest bibliometric factors for the Polish Journal values
of Neurology and Neurosurgery Agata M. Grzegorzewska, Wiestaw J. Cubata,
Zbigniew K. Wszolek, tukasz Stolarczyk, Jarostaw Mariusz S. Wiglusz
Editors-in-Chief: Stawek . o .
357 Multiple sclerosis immunomodulatory therapies
Jarostaw Stawek, MD, PhD INVITED EDITORIAL tes.ted for effectlveness.m COVII:.)-19
Medical University of Gdarisk Bozena Adamczyk, Natalia Morawiec,
i i igrai Monika Arendarczyk et al.
Gdansk, Poland 331 _Underdnagnosns and undertreatment of migraine Y
in Poland
Olga P. Fermo RESEARCH PAPERS

Zbigniew K. Wszolek, MD

Mayo Clinic Florida INVITED REVIEW ARTICLE 369 Str_uctural brain assessment of temporal lobe
. epilepsy based on voxel-based and surface-based
Jacksonville, FL, USA

333 The assessment of cognitive and behavioural morphological features

disturbances in vascular cognitive impairment Zhensheng Li, Jianjie Kang, Quwen Gao et al.
(VCI) — recommendations of an expert working
X group 380 Migraine diagnosis and treatment in Poland:
Established: 1938 Pasquale Calabrese, Emilia J. Sitek survey of primary care practitioners
Amos D. Korczyn et al. Izabela Domitrz, Aurelia Lipa, Jacek Rozniecki et al.
REVIEW ARTICLES 387 Clir_1ical ar!d Iaborator_y paran]eters by age for
patients diagnosed with multiple sclerosis
| 346 Battery for deep brain stimulation depletion in between 2000 and 2015
— C Parkinson’s Disease and dystonia patients Inga Matecka, Joanna Przybek-Skrzypecka,
VIA MEDICA — a systematic review Katarzyna Kurowska et al.
Filip Przytuta, Jarostaw Dulski, Michat Sobstyl,
Jarostaw Stawek and more...

ISSN: 0028-3843
e-ISSN: 1897-4260 www.journals.viamedica.pl/neurologia_neurochirurgia_polska






NEUROLOGIA | NEUROCHIRURGIA POLSKA 0
POLISH JOURNAL OF

NEUROLOGY
AND NEUROSURGERY

The Official Journal of Polish Neurological Society
www.journals.viamedica.pl/neurologia_neurochirurgia_polska

EDITORS-IN-CHIEF

Jarostaw Stawek (Poland)
Zbigniew K. Wszolek (USA)

SCIENTIFIC BOARD

Monika Adamczyk-Sowa, Poland
Halina Bartosik-Psujek, Poland
Monika Biatecka, Poland
Stawomir Budrewicz, Poland
Kaisorn Chaichana, United States
Victor Constantinescau, Romania
Anna Czlonkowska, Poland
Izabela Domitrz, Poland

Jarostaw Dulski, Poland
Anteneh Feyissa, United States
Urszula Fiszer, Poland

Shinsuke Fujioka, Japan

Jean Michel Gracies, France
Sanjeet Grewal, United States
Dariusz Jaskdlski, Poland

Robert Jech, Czech Republic
Wolfgang H. Jost, Germany
Sergiusz Jozwiak, Poland

Maciej Jurynczyk, United Kingdom
Alicja Kalinowska-Lyszczarz, Poland

Bartosz Karaszewski, Poland
Michal A. Karlinski, Poland
Takuya Konno, Japan

Anna Kostera-Pruszczyk, Poland
Magdalena Koszewicz, Poland
Dariusz Koziorowski, Poland

Magdalena Kuzma-Kozakiewicz, Poland
Alina Kutakowska, Poland

Anetta Lasek-Bal, Poland

Piotr Lewczuk, Germany

Tomasz Mandat, Poland

Maria Mazurkiewicz-Beldzinska, Poland
Maciej M. Mrugala, United States
Marcin P. Mycko, Poland

Nicola Pavese, United Kingdom
Ronald E Pfeiffer, United States
Anna Potulska-Chromik, Poland
Konrad Rejdak, Poland

Monika Rudzinska-Bar, Poland
Iwona Sarzyniska-Dlugosz, Poland
Krzysztof Selmaj, Poland

Jason Siegel, United States
Mariusz Sieminski, Poland

Halina Sienkiewicz-Jarosz, Poland
Emilia J. Sitek, Poland

Joanna Siuda, Poland

Matej Skorvanek, Slovakia

Michat R. Sobstyl, Poland
Stanistaw Szlufik, Poland

Tomasz Szmuda, Poland
Agnieszka Stowik, Poland

Pille Taba, Estonia

Pawel Tacik, Germany

Iwona Kurkowska-Jastrzebska, Poland Philip W. Tipton, United States

PUBLISHER EDITOR

Dorota Czarnocka (Poland)

LANGUAGE EDITOR

Bryn Evans (United Kingdom)

M Copyright © 2021 Polish Society of Neurology. All rights reserved.
VIA MEDICA  Published by: VM Media sp. z 0.0. VM Group sp. komandytowa. Via Medica Group



NEUROLOGIA I NEUROCHIRURGIA POLSKA LY

POLISH JOURNAL OF

NEUROLOGY
AND NEUROSURGERY

The Official Journal of Polish Neurological Society
www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska also known under the name of Polish Journal of Neurology and Neurosurgery (PJNNS) is a pre-
mier research and educational platform of the Polish Neurological Society and Polish Society of Neurosurgeons. It has a long and
accomplished history dating back to earlier days of the XX Century. The journal publishes the results of basic and clinical research
contributing to the understanding, diagnosis, and treatment of neurological and neurosurgical disorders.

Neurologia i Neurochirurgia Polska (ISSN: 0028-3843, e-ISSN: 1897-4260) is published 6 times a year by VM Media sp. z 0.0.
VM Group sp.k.

Editorial address: VM Media sp. z 0.0. VM Group sp.k.

ul. Swietokrzyska 73, 80-180 Gdansk,

tel: (+48 58) 320 94 94, fax: (+48 58) 320 94 60
www.journals.viamedica.pl/neurologia_neurochirurgia_polska,
e-mail: editorialoffice@pjnns.viamedica.pl

Journal has an international indexation in Directory of Open Access Journals (DOAJ); Chemical Abstracts; EMBASE; Index
Copernicus; MEDLINE; OpenMED; MEDLINE; Polish Scientific Bibliography / Pol-index; Polish Medical Bibliography (GBL);
Science Citation Index Expanded

Current Impact Factor of Neurologia i Neurochirurgia Polska (2020) is 1.621

Advertising: For details on media opportunities within this journal please contact the advertising sales department
ul. Swietokrzyska 73, 80-180 Gdansk, tel: (+48 58) 320 94 94, e-mail: journals@viamedica.pl
The Editors take no responsibility for the published advertisements.

All rights reserved, including translation into foreign languages. No part of this periodical, either text or illustration, may
be used in any form whatsoever. It is particularly forbidden for any part of this material to be copied or translated into a mechanical
or electronic language and also to be recorded in whatever form, stored in any kind of retrieval system or transmitted, whether
in an electronic or mechanical form or with the aid of photocopying, microfilm, recording, scanning or in any other form,
without the prior written permission of the publisher. The rights of the publisher are protected by national copyright laws
and by international conventions, and their violation will be punishable by penal sanctions.

The opinions expressed in this publication are those of the authors and are not necessarily endorsed by the editors of this journal.

Editorial policies and author guidelines are published on journal website:
www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Cover photo: Li Z. et al., VBM and SBM analysis between healthy group and left-TLE patients (see figure on page 273).

M Copyright © 2021 Polish Society of Neurology. All rights reserved.
VIA MEDICA  Published by: VM Media sp. z 0.0. VM Group sp. komandytowa. Via Medica Group


mailto:editorialoffice@pjnns.viamedica.pl

NEUROLOGIA I NEUROCHIRURGIA POLSKA LY

POLISH JOURNAL OF

NEUROLOGY
AND NEUROSURGERY

The Official Journal of Polish Neurological Society 2021, vol. 55, no. 4

Table of Contents

EDITORIAL NOTE

Latest bibliometric factors for the Polish Journal of Neurology and Neurosurgery

Zbigniew K. Wszolek, Lukasz Stolarczyk, Jarostaw Stawek

INVITED EDITORIAL

Underdiagnosis and undertreatment of migraine in Poland

Olga P. Fermo

INVITED REVIEW ARTICLE

The assessment of cognitive and behavioural disturbances in vascular cognitive impairment (VCI)
— recommendations of an expert working group

Pasquale Calabrese, Emilia ]. Sitek, Amos D. Korczyn, Yanhong Dong, Raquel Manso-Calderén, Manuel Sierra-Beltrin,
Agnieszka Skrzypkowska, Elka Stefanova

REVIEW ARTICLES

Battery for deep brain stimulation depletion in Parkinson’s Disease and dystonia patients — a systematic review

Filip Przytuta, Jarostaw Dulski, Michat Sobstyl, Jarostaw Stawek

Screening and diagnosis for mood and anxiety disorders in epilepsy: Polish population reference values

Agata M. Grzegorzewska, Wiestaw J. Cubala, Mariusz S. Wiglusz

Multiple sclerosis immunomodulatory therapies tested for effectiveness in COVID-19

Bozena Adamczyk, Natalia Morawiec, Monika Arendarczyk, Monika Baran, Krzysztof Wierzbicki, Pawet Sowa,
Monika Adamczyk-Sowa

329

331

333

346

351

357



RESEARCH PAPERS
Structural brain assessment of temporal lobe epilepsy based on voxel-based and surface-based
morphological features 369

Zhensheng Li, Jianjie Kang, Quwen Gao, Kairun Peng, Wei Wang, Jian Lin, Weimin Wang, Xiaofei Guo

Migraine diagnosis and treatment in Poland: survey of primary care practitioners 380

Izabela Domitrz, Aurelia Lipa, Jacek Rozniecki, Adam Stepiesi, Wojciech Kozubski

Clinical and laboratory parameters by age for patients diagnosed with multiple sclerosis between 2000 and 2015 387
Inga Matecka, Joanna Przybek-Skrzypecka, Katarzyna Kurowska, Dagmara Mirowska-Guzel,

Anna Czlonkowska
Predictors of cognitive impairment in pseudotumor cerebri 394

Olga P. Fermo

LETTERS TO THE EDITORS

Cross-circulation thrombectomy through posterior communicating artery for acute middle cerebral artery occlusion
using Solitaire FR stent with intermediate catheter assisting technique 403

Di Li, Zhongjun Chen, Tieping Fan, Xusheng Zhao, Hengxu Qi, Xuesong Liang, Aline M. Thomas, Shen Li

Bed regime as a lifesaving factor in spontaneous intracranial hypotension 407

Grzegorz Turek, Adrian Rogala, Mateusz Zgbek, Mirostaw Zgbek

Asystole during onyx embolisation of dural arteriovenous fistula: a case of trigeminal cardiac reflex 410

Zihao Song, Yongjie Ma, Jiewen Geng, Peng Hu, Na Xu, Hongqi Zhang

Post-COVID 19 Neurological Syndrome: a fresh challenge in neurological management 413

Mauro Antonio Gonzdlez-Herazo, Diana Carolina Silva-Mufioz, Paula Andrea Guevara-Martinez, Ivan David Lozada-Martinez



\ )/

EDITORIAL NOTE

Neurologia i Neurochirurgia Polska

Polish Journal of Neurology and Neurosurgery
2021, Volume 55, no. 4, pages: 329-330
DOI: 10.5603/PJNNS.2021.0059

Copyright © 2021 Polish Neurological Society
ISSN: 0028-3843, e-ISSN: 1897-4260

Latest bibliometric factors for the Polish Journal of Neurology
and Neurosurgery

Zbigniew K. Wszolek', Lukasz Stolarczyk’, Jarostaw Stawek’

'Co-Editor-in-Chief, Department of Neurology, Mayo Clinic Florida, Jacksonville, Florida, United States

*Journal Administrator, Via Medica™ Gdansk, Poland

*Department of Neurology and Psychiatry, Medical University of Gdansk, Poland

The latest bibliometric measurements of the Polish Journal
of Neurology and Neurosurgery (PJNNS, Neurologia i Neuro-
chirurgia Polska) have recently become available.

The Clarivate Analytics’ Impact Factor of the PJNNS in-
creased from 1.025in 2019 to 1.621 in 2020, and the Elsevier’s
Cite Score™ increased from 1.70 in 2019 to 2.30 in 2020 (Fig. 1).
The editors of the Journal thank all authors for submitting
their work to the PJNNS, and our reviewers for their critical
assessment of the submitted manuscripts that led to this sub-
stantial improvement in the Journal’s standing. We anticipate
a further increase in these bibliometric measures in the next

year because a number of our COVID-19 papers published in
2020 and 2021 are getting significant attention and are already
frequently downloaded and referenced.

Here, we would like to thank the authors of the five most
cited articles from the last pre-COVID-19 year of 2019. In
that year, the first year in which our Journal was published
by Via Medica™, our new publishing house, the most cited
manuscript was an Invited Review paper on the role of vitamin
D in multiple sclerosis authored by Dr. Halina Bartosik-Psujek
and Dr. Marek Psujek from the University of Rzeszow, Poland
[1]. The remaining four articles were all Research Papers.

Polish Journal of Neurology and Neurosurgery
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Figure 1. Gradual increases of both CiteScore and Impact Factor, the two most important bibliometric indicators used by Scopus database
and Web of Science, respectively. CiteScore 2020 counted the citations received in 2017-2020 to all elements published in the Journal
in 2017-2020 and divided this by the number of publications published in 2017-2020. Impact Factor 2020 was calculated by taking the
number of citations in 2020 of all items published in 2018 and 2019 in the Journal and dividing that number by the total number of articles
and reviews published in 2018 and 2019. An Impact Factor of 1.0 means that, on average, the article published has been cited once in the
past two years. An Impact Factor of 2.0 means that, on average, these articles have been cited twice

Address for correspondence: Zbigniew K. Wszolek, M.D., Department of Neurology, Mayo Clinic Florida, 4500 San Pablo Rd, Jacksonville, FL 32224, USA;
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VEd

. . . . . . 329
VIA MEDICA www.journals.viamedica.pl/neurologia_neurochirurgia_polska


mailto:wszolek.zbigniew@mayo.edu

Neurologia i Neurochirurgia Polska 2021, vol. 55, no. 4

Among them, the most cited article was an assessment of
the relationship between C-reactive protein and albumin
ratio on mortality in acute ischaemic stroke patients writ-
ten by Dr. Mehtap Kocatiirk and Dr. Ozcan Kocatiirk from
the Harran University in Sanliurfa, Turkey [2]. The third
most cited article, written by Dr. Michat J. Schinwelski, Dr.
Emilia J. Sitek, Dr. Piotr Waz, and Dr. Jarostaw Stawek from
St. Adalbert Hospital and the Medical University of Gdansk,
Poland and from the Neurology Clinic in Tczew, Poland,
discussed the prevalence and predictors of post-stroke spas-
ticity and its impact on daily living and quality of life [3]. The
fourth manuscript, written by Dr. Gabriela Rusin, Dr. Ewa
Wypasek, Dr. Elzbieta Papuga-Szela, Dr. Joanna Zuk, and Dr.
Anetta Undas from Jagiellonian University Medical College
in Krakow, Poland, provided data on oral anticoagulants in
the treatment of cerebral venous sinus thrombosis [4]. The
fifth and final manuscript, written by Dr. Edyta Krajczy, Dr.
Marcin Krajczy, Dr. Jacek Luniewski, Dr. Katarzyna Bogacz,
and Dr. Jan Szczegielniak from the Municipal Hospital in
Nysa, Poland, and from the Opole University of Technology
in Opole, Poland, assessed the effects of dysphagia therapy
in patients in the early post-stroke period [5].

The Editors congratulate all of the authors whose manu-
scripts were published in PJNNS for their important contribu-
tions to science.
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Underdiagnosis and undertreatment of migraine in Poland

Olga P. Fermo

Department of Neurology, Mayo Clinic, Jacksonville, Florida, USA

(Neurol Neurochir Pol 2021; 55 (4): 331-332)

‘Migraine without aura’ is defined as recurrent long-lasting
(4-72 hours) headache attacks which display at least two of the
following four characteristics: unilateral location, a pulsating
quality, moderate or severe pain intensity, and/or aggravation
by routine activity. This must be accompanied by additional
symptoms during the attack, specifically nausea and/or vom-
iting or photophobia and phonophobia [1].

‘Migraine with aura’ is diagnosed when a migraine head-
ache is accompanied by stereotypical attacks of gradual,
fully reversible, visual, sensory, language, motor, brainstem
or retinal symptoms typically lasting between five minutes
and one hour [1].

Anindividual is said to have ‘chronic migraine’ when head-
aches occur on at least 15 days a month for more than three
months, and when the headache displays the previously defined
features of migraine on at least eight days each month [1].

The term ‘episodic migraine’ is used when headaches occur
on 14 or fewer days per month.

Migraine is one of the most common disorders, esti-
mated to affect 1.04 billion people worldwide, with a global
prevalence of 14.4% in adults [2]. Lifetime prevalence in
Poland has been reported to be 10% [3]. Migraine not only
limits activity during the ictal phase but also causes disability
between attacks, for example by causing anticipatory anxiety.
This disability, when taken together with the particularly high
prevalence during the working-age decades of life, and the
inherent, lifelong nature of the disorder, accounts for migraine
being the second leading cause of years lived with disability [4].

Given the high disability associated with migraine attacks,
all patients should be offered acute (as-needed) treatment [5].
Optimal acute treatment should provide pain freedom at 2 hours
without the need for rescue medication, and should sustain
that response over the next 46 hours. These are the currently
used benchmarks in migraine drug development, and the same
goals should translate into clinical practice [5, 6]. The American
Headache Society published an evidence-based assessment of
acute treatments in 2015, with all six available triptans and ergots

(termed migraine-specific treatments because of their action on
the trigeminovascular calcitonin gene-related peptide (CGRP)
pathway) demonstrating Level A evidence [5, 7].

Since late 2019, three additional migraine-specific acute
treatments have joined the commercial market: lasmiditan,
ubrogepant and rimegepant, further expanding the armoury
of efficacious, safe, well-tolerated treatments [8-10]. The
choice of specific agent depends on the attack characteristics.
It is recommended to tailor the formulation (oral, intranasal,
or subcutaneous), onset of action and duration of action of
the drug to the time of migraine attack (morning attacks be-
ing typically more severe), time to peak headache intensity,
degree of associated nausea and vomiting, typical duration of
attack, and frequency of recurrence [5]. An inappropriately
or incompletely treated attack risks increasing the number
of attacks over time or making the attacks more severe [11].

The American Migraine Prevalence and Prevention Study,
alarge epidemiological summary of the US prevalence, burden,
and treatment patterns of migraine, found that nearly 40% of
migraineurs were candidates to receive prevention therapy for
migraine, but only 12.4% were currently using a preventive
treatment. Since the chances of developing chronic migraine
greatly increase with escalating episodic migraine frequency,
patients with frequent migraine should be offered preventive
treatment to keep attack frequency low [12, 13]. Prevention is
not necessary when attack frequency is low (i.e. three or fewer
days per month) and disability is low. Prevention should be
offered when attack frequency is 6+ days per month, regardless
of associated disability, and should be considered when the
frequency is lower but some level of impairment is present
[12]. There are numerous available treatments with established
efficacy for prevention, in particular since the commercial
arrival in 2018 of CGRP monoclonal antibodies [14, 15].

Migraine-specific acute treatment, and preventive treat-
ment, can only be offered when migraine is clinically recog-
nised. Despite its high prevalence, migraine is significantly un-
der-recognised by both patients and physicians in Europe [16].
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In this issue of PJNNS, Domitrz et al. have conducted
a survey of general practitioners (GPs) in Poland to assess
their treatment habits. They found that only 10% of GPs
could correctly define migraine without aura according to the
fully published criteria, and only 18% correctly distinguished
episodic from chronic migraine [17]. This gap in knowledge
implies that a sizeable proportion of Polish migraineurs are not
being offered migraine-specific acute or preventive treatment.
Indeed, most GPs in this group did not prescribe prevention
for episodic migraine, and only 18% were aware that mono-
clonal antibodies were available for use in Poland [17].

Moreover, these results highlight only part of the problem,
given the recent demonstration that the majority of surveyed
neurologists in Poland also could not provide the exact diag-
nostic criteria for migraine [18].

The study by Domitrz et al. is another demonstration of
all-too-common gaps in the understanding and treatment
of migraine, a frequently encountered debilitating lifelong
disorder. This should serve as a wake-up call for educational
and awareness campaigns.
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ABSTRACT

With newer research-based classification systems, the term Vascular Cognitive Impairment (VCl) is now preferred to vascular de-
mentia. VCl is an umbrella term that includes all forms of cognitive deficits ranging from mild cognitive impairment of vascular
origin (VaMCl) to vascular dementia (VaD).

The new VCl construct takes into account the fact that in addition to single strategic infarcts, multiple infarcts, and leukoaraiosis,
there are other mechanisms of cerebrovascular disease such as chronic hypoperfusion that might account for the pattern of
cognitive deficits associated with vascular dementia. The key to defining the spectrum of VCl is neuropsychological testing,
bedside or office-based clinical examination, and neuroimaging. The lack of specific cognitive tools that are sufficiently sensitive
to detect subtle deficits makes the assessment of cognitive impairment difficult. Prospective cross-sectional and longitudinal
studies of VCI from different settings are therefore required.

Although there have been few published reports, behavioural and psychological symptoms (BPS) are inherently present in VCI
from the onset and during the course of the disease. Besides the type of population (i.e. clinical, community or nursing-home
settings), the definition of VCl/VaD and the instruments used, and differences in the prevalence and pattern of BPS between
various studies, could be due to other, often unconsidered, factors such as gender, age, education, use of medication and VCI/
/VaD severity.

Key words: vascular dementia, mild cognitive impairment, stroke, cerebrovascular disorders, cognition, behaviour, dementia,
multi-infarct, mixed dementia
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Introduction

The construct ‘vascular cognitive impairment’ (VCI) was
introduced to comprise a heterogeneous group of cognitive
disorders that share a presumed vascular cause; this includes
both dementia and cognitive impairment without dementia.
The most severe form of VCI is vascular dementia (VaD), and
new subtypes with milder cognitive symptoms such as vascular
mild cognitive impairment (i.e. VaMCI) are gradually being
defined. The new VCI construct takes into account the fact that
in addition to single strategic infarcts, multiple infarcts, and
leukoaraiosis, also chronic hypoperfusion might account for
the pattern of cognitive deficits associated with VaD. Hence,
VCI is an umbrella term that includes all forms of cognitive
deficits ranging from VaMCI to VaD [1, 2]. Different magnetic
resonance imaging techniques remain crucial for the determi-
nation of vascular pathology using both well-established [3]
and more innovative approaches [4].

VCI is used for all forms of cognitive disorder associ-
ated with cerebrovascular disease (CVD) regardless of the
pathogenesis (e.g. cardioembolic, atherosclerotic, ischaemic,
haemorrhagic, genetically-related CVD, and even potential
interactions with Alzheimer’s Disease [AD] and other so-called
neurodegenerative disorders). The VCI construct has also
brought greater attention to to opportunities for prevention,
early intervention, and the coexistence of AD pathology [5].

An overview of the neurobiological aspects of VCI that
may be relevant to its management is beyond the scope of this
paper, and in any case was recently thoroughly analysed in the
consensus report by Bordet et al. [6].

Over the last decade, by recognising that only about half
the population of patients with cerebrovascular pathology
exhibit full blown dementia, the term VCI has become more
appropriate to describe the whole spectrum of cognitive-be-
havioural deficits due to cerebrovascular pathology. Different
approaches have been proposed for the classification of VCI,
but no particular criteria set has gained universal acceptance.
The five most common criteria sets are: the DSM-5 [7]; the
International Classification of Diseases, 11th Ed (ICD 11)
[8]; the State of California Alzheimer’s Disease Diagnostic
and Treatment Centres (ADDTC) criteria [9]; the National
Institute of Neurological Disorders and Stroke with the Asso-
ciation Internationale pour la Recherche et 'Enseignement en
Neurosciences (NINDS-AIREN) criteria [10]; and VASCOG
[11]. Although NINDS-AIREN and ADDTC are not funda-
mentally different, the latter do not include haemorrhagic and
anoxic lesions. VASCOG criteria correspond to DSM-V [12].

Aim of the study

Understanding of the cognitive and behavioural aspects of
VCI and their clinical assessment is still insufficient.

This paper was aimed at reviewing published data on
cognitive and behavioural disturbances through the whole

spectrum of vascular cognitive impairment in order to propose
a set of clinically accepted and valid testing procedures that
could be used to identify patients with possible cognitive and/
for behavioural disturbances in generic as well as in specialised
neurological settings.

By doing so, pertinent literature (excluding case studies)
published in PubMed and MEDLINE (containing the search
items “vascular dementia” OR “vascular cognitive impairment”
AND “neuropsychology” OR “cognition” between 1990 and
2020 was identified and reviewed by the workgroup. Our work-
group focused mainly on identifying diagnostic approaches
applicable in different settings, as most other consortia or
task-forces aim to improve the diagnosis and treatment of
VCI [13] through standardising assessment and treatment
approaches that seem to be based mainly on resources available
from inpatient stroke units.

As discussed above, the terminology related to VCI and
VaD has changed over the years. According to O’Brien et
al., vascular dementia itself has the following subtypes: mul-
ti-infarct dementia, small vessel dementia, strategic infarct
dementia, hypoperfusion dementia, haemorrhagic dementia,
hereditary vascular dementia and mixed dementia [1]. VaD
may be also divided into subcortical (sVaD) and cortical
(cVAD) [14]. Unfortunately, only in some of the studies has
the clinical cohort been defined in line with this terminology.
Also, we did not limit our search on VCI to dementia cohorts.
Whenever available, when describing study results, we used
more specific terms.

Epidemiology of VCI

Vascular disease is a major cause of cognitive impairment
and dementia, but is under-investigated and poorly character-
ised compared to Alzheimer’s Disease (AD). Depending on the
age cohorts under study, the prevalence estimates of VaD can
vary substantially, generally showing an exponential increase
in prevalence and incidence as age increases. These estimates
seem to mirror the pattern of stroke, though dementia after
stroke may be more frequent in the very elderly. Thus, while
the World Federation of Neurology Dementia Research Group
[15] has estimated VaD in developing countries to be in the
range between 0.6% and 2.1%, a pooled analysis of European
population-based studies reported VaD to be prevalent in
1.6% of subjects over the age of 65, with substantial variation
in 5-year age-specific prevalence rates. While some studies
were able to show a higher incidence of VaD in men than in
women [16], a pooled analysis of incidence studies found no
sex differences [17]. Similarly to Western countries, AD is the
leading cause of dementia in Asian populations. The preva-
lence of AD doubles every 4.3 years, whereas the prevalence
of vascular dementia (VaD) doubles every 5.3 years. Recent
reports from China have suggested that previous estimates of
the dementia burden, based on smaller datasets, might have
underestimated the burden of dementia in China to date [18].
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As indicated by a recent study in which dementia diagnosis
was established on the basis of a cognitive screening (Montreal
Cognitive Assessment, MoCA) three months after middle
cerebral artery territory ischaemic stroke, dementia may be
present in about 25% of cases [19]. Thus the frequency of VaD
diagnosis could be be both underestimated and overestimated
if patients with focal language and cognitive deficits are not
neuropsychologically assessed.

The heterogeneity of the VCI construct (principally the
inclusion of the vascular variant of mild cognitive impairment,
VaMCI) creates challenges for descriptive epidemiology, much
of which still refers to VaD terminology. In the Canadian Study
of Health and Aging, it was estimated that approximately
5% of people over the age of 65 had VCI, with 2.4% having
VaMCI, 0.9% having mixed dementia, and 1.5% having VaD
[20]. Gorelick et al. [5] and Rincon and Wright [21] report the
overall prevalence of VaD to be 5-10% in people older than
65 years, and this increases rapidly thereafter,with a prevalence
of as much as 50% of the population aged over 85.

Is there a neuropsychological fingerprint’

of VCI?

VCI has both cognitive and behavioural manifestations.
VaMCI is characterised by executive dysfunction, slowed in-
formation processing, episodic memory deficits, with mood
and personality disorders. Although there were significant
differences in all cognitive domains between VCI without
dementia and healthy controls, deficits in processing speed,
working memory and visuospatial construction were more
prevalent [22]. In contrast to VaMCI, non-vascular MCI had
a greater relative deficit in episodic memory [22].

As mentioned above, VCI can present with a variety of
neurocognitive symptoms which can be relatively mild or more
severe. Although this view has been challenged [23], there are
many studies indicating the preponderance of mental slowing
in combination with executive dysfunction. The presence of
memory impairment (of amnestic type) is highly suggestive of
an AD profile, while executive impairment may appear both
in non-vascular MCI and VaMCI. When analysing assessment
results in a particular patient, the presence and significance of
executive impairment based on quantitative scores has to be
interpreted in the context of qualitative features and memory
functioning [24]. Executive tests, being the most complex
neuropsychological measures, are likely to be failed due to
factors other than true executive impairments.

The individual neuropsychological profile of VCI is highly
dependent on the topography of the underlying vascular
pathology, affecting either large or small vessels. If VCI is
due to large vessel disease (LVD) and occurs post-stroke
(sometimes referred to also as strategic infarct dementia),
the neuropsychological profile is characterised mainly by
focal deficits corresponding to the localisation of the stroke
area (e.g. hemispatial neglect following an infarct in the right
middle cerebral artery) (Tab. 1). In accordance with the overall

clinical outcome, the severity of the neuropsychological seque-
lae differs according to different vascular incidents: worse for
haemorrhagic than for ischaemic strokes, and less favourable
for ruptures of arteriovenous malformations than for cerebral
aneurysms [25].

Thalamic strokes are associated with the most heterogene-
ous clinical manifestations due to reciprocal connections with
different cortical areas and several sources of vascular supply
[26]. Similarly, strokes affecting the basal ganglia (termed silent
lacunar infarcts) lead to various clinical manifestations, affect-
ing mainly language, memory and executive functions [27].

VCI, in the absence of stroke, is characterised by slowed
information processing, impaired working memory and execu-
tive functions, episodic memory impairment, and visuospatial
deficits. Thus, the neuropsychological pattern of VCI is not
specific to the underlying vascular deficit, but rather reflects
the disconnection of cortico-limbic loops that may be affect-
ed either due to vascular or to neurodegenerative pathology
[27]. Information processing, working memory and executive
function recruit complex brain networks and the severity of
their impairment is significantly correlated to white matter
pathology [28].

Update on neuroimaging correlates of VCI

Recent literature suggests that the presence of cognitive
impairment post-stroke may be more closely related to struc-
tural global network competence than to traditional vascular
burden scores that were popular in previous years [29]. Dete-
rioration in connectivity following vascular lesions seems to
be the key to the development of cognitive impairment [30].
Also, novel MRI approaches show promise in differentiating
between amnestic and non-amnestic VCI on the basis of
single-shot T2-weighted fluid-attenuated inversion recovery
(FLAIR) sequence [31]. As the severity of so-called frontal
deficits is associated with a haemodynamic pattern indicative
of cerebral hypoperfusion and enhanced vascular resistance on
transcranial doppler (TCD) [32], the use of TCD may become
more popular, especially in the follow-up of VCI patients,
because its cost is lower than MRI. However, the sensitivities
of the two methods to change need to be established.

Lesions along association white matter tracts mediating
intrahemispheric long-range connectivity are related with
psychomotor speed and constructional praxis. Non-amnestic
deficits are associated with frontal white matter in particular
[33]. Also, callosal fibres seem crucial in the pathophysiology
of cognitive impairment in VCI [29]. Of note, there is an ongo-
ing study aimed at using a lesion-mapping approach that will
hopefully elucidate the underlying basis of cognitive deficits
in VCI [34] (Tab. 1).

Cognitive assessment
Thelack of specific cognitive tools that are sensitive enough
to detect subtle deficits make the assessment of cognitive im-
pairment difficult. While much work has been done, e.g. in
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Table 1. Pattern of most common focal neuropsychological deficits related to localization of infarcts

Localisation of infarct Most common possible neuropsychological consequences

Left anterior cerebral artery
Right anterior cerebral artery
Anterior communicating artery
Left middle cerebral artery
Right middle cerebral artery
Posterior communicating artery
Left posterior cerebral artery

Right posterior cerebral artery

AD [35], research into comparable protocols relating to VCI to
detect subtle changes in cognitive performance is still scarce.
Furthermore, culturally and linguistically relevant neuropsy-
chological tests are lacking in populations with a higher inci-
dence of stroke such as Asians, posing additional challenges
to establish the prevalence of VCI in these populations.

One of the attempts to standardise the neuropsychological
protocol for VaMCI was the introduction of harmonisation
standards published by the National Institute of Neurological
Disorders and Stroke (NINDS) and the Canadian Stroke Net-
work (CSN). The authors proposed three neuropsychological
test protocols of different lengths (60, 30, and 5 minute pro-
tocols) to be used in different settings which could evaluate
the following cognitive domains: executive functions (using
categorical and letter fluency and Digit Symbol-Coding sub-
test from Wechsler Adult Intelligence Scale-IIT (WAIS-III),
visuospatial functions (Rey-Osterrieth Complex Figure), lan-
guage (Boston Naming Test), memory (Hopkins Verbal Lear-
ning Test-Revised or California Verbal Learning Test-2) and
neuropsychiatric and depressive symptoms (Neuropsychiatric
Inventory, NPI) [36]. However, a VCI-subgroup-specific vali-
dation of those tests still remains to be carried out.

Following VASCOG criteria [11], there have been efforts
to create summary scores that would enable the detection of
cognitive impairment post stroke [37]. The drawback of the
the proposed battery is the issue that selective but clinically
important deficits (e.g. apraxia) might be missed by such
summary scores.

Multilevel assessment of cognitive impairment
in VCI

Since focal cognitive deficits, as well as overall cognitive
decline, may be present in VCI, neuropsychological testing
should consider both domain-specific neuropsychological
disturbances (e.g. neglect) as well as global deterioration
(e.g. dementia). As most patients with suspected VCI are of
advanced age and suffer from fatigue, reduced attention ca-
pacity, behavioural alterations and other comorbid conditions,
the testing needs to be relatively short or divided into two or
more sessions. Moreover, significant sensory problems may
exist, precluding the use of some cognitive tests with a special

Executive dysfunction, aphasia

Executive dysfunction

Executive dysfunction; amnesia, aphasia

Aphasia, apraxia, acalculia, verbal memory impairment
Unilateral neglect, aprosody, spatial memory impairment
Memory impairment

Alexia, verbal memory impairment

Unilateral neglect, spatial memory impairment

emphasis on these sensory abilities. In general, qualitative
descriptions of cognitive symptoms are less favourable com-
pared to operational definitions of cognitive impairment (e.g.
performance 1 or 1.5 standard deviations below that of an
appropriate comparison group) [5].

Hence, we suggest a 2-level assessment procedure, con-
sisting of a primary screening (level A) which, at least in part,
should also offer the possibility to be used at the bedside, plus
a thorough evaluation (level B). This approach also takes into
account the setting in which the neuropsychological assess-
ment takes place (Tab. 2). Thus, while in the primary care
setting (family physician or allied health professional) there is
a need for time-efficient, global and sensitive cognitive mea-
sures, specific settings have different requirements: intensive
care units (stroke units) follow a more tailored approach using
measures that are able to identify specific deficits or core-syn-
dromes (e.g. aphasia, apraxia), while memory clinic services
are generally located more downstream in the diagnostic
algorithm, thus allowing more in-depth protocols in order
to postacutely describe the cognitive and behavioural profile
for prognostic and rehabilitative purposes. When there are
abnormal results in level A, patients should be referred to level
B facilities, in order to i) submit them to a more specialised
diagnostic setup once vascular pathology is suspected on the
basis of level A findings, or ii) to optimise therapeutic efforts on
the basis of an extended cognitive and behavioural assessment.

Neuropsychological tools should also offer the possibility
of documenting changes over time in clinical status. As atten-
tion and executive deficits are regarded as core symptoms of
VCI, particular measures should be used that are supposed to
identify these deficits. However, since time-consuming and
multiple-domain-involving tasks may obscure the under-
lying core deficit, neuropsychological testing should include
straightforward as well as complex procedures. Moreover, in
order to avoid ceiling, floor and practice effects, simple and
short tasks with validated parallel versions, if available, should
be administered.

Importantly, it must be considered that different tests have
different sensitivities in different stages of a cognitive trajec-
tory. Thus, while some tests (e.g. working memory-related
tasks) may be useful in documenting incipient decline, they

336 www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Pasquale Calabrese et al., Assessment of VCI

Table 2. Extended neuropsychological assessment

Stroke clinic Memory clinic

Battery approach

Tailored testing
ciency, so as to diagnose VCl or VaD

Language

Visuospatial functions VOSP, line bisection, cancellation tasks

Praxis Praxis tasks with one hand (without motor impairment)

Episodic memory

Birmingham Cogpnitive Screen (BCoS); if no deficits evidenced - more
extended memory and executive testing (see below)

Aimed at capturing focal syndromes as well as overall cognitive effi-

Minimal assessment: naming, repetition, comprehension

Repeatable Battery for Assessment of Neuropsy-
chological Status (RBANS); if no deficits evidenced
- more extended executive testing (see below)

Aimed at specifying pattern of deficits to help
with differential diagnosis

Naming (e.g. BNT, SydBAT) comprehension
(e.g. commands from BDAE)

VOSP (Incomplete letters, Cube analysis)

Interlocking fingers test

If no aphasia and/or hearing impairment: CVLT/RAVLT/other verbal learning task

For individuals with particularly slowed information processing and/or impaired hearing: verbal learning lists presented
visually (rate of presentation is adjusted to patient’s slowing)

If visuospatial functions are mostly preserved:
Location Learning Test
BVMT-R

Working memory

Executive functions

Months backwards; serial sevens, Digit Span, Spatial Span, TMT

If confrontation naming is preserved: phonemic fluency tasks

if visuospatial function is relatively preserved: Weigl block sorting task, picture sequencing task, Tower tests, Brixton Spatial

Anticipation Test

BDAE — Boston Diagnostic Aphasia Examination; BNT — Boston Naming Test; BVMT-R — Brief Visuospatial Memory Test-Revised; CVLT — California Verbal Learning Test; RAVLT — Rey Auditory Verbal Learning
Task; SYDBAT — Sydney Language Battery; TMT — Trail Making Test; VCI — Vascular Cognitive Impairment; VaD — Vascular Dementia; VOSP — Visual Object and Space Perception Test

show a plateau (the floor effect) in more advanced stages and
do not offer any specific diagnostic information. Hence for
monitoring purposes it is mandatory to use tests which have
more linear decelerating properties (e.g. semantic fluency and
flexibility-related tasks). As information processing speed is
usually compromised in VCI, in tasks assessing other aspects of
cognition, the scoring should not be entirely time-dependent.

Finally, a neuropsychological diagnosis should consider
both quantitative and qualitative data and take into account the
apparent validity of the cognitive measures used. In some cases,
one prominent deficit (e.g. executive deficit) may lead to low
scores in almost all tasks. Conversely, some singular tests may
require a set of different abilities and functions, thus qualifying
them as global screening procedures and economising time
for administration. Consequently, neuropsychological test
results need to be interpreted in the context of behavioural
observations, as a purely quantitative approach can lead to
false conclusions.

Brief cognitive screening tests

The most commonly used instrument, MMSE, has only
a low sensitivity in detecting MCI [38]. Using MMSE, only
one study has provided information about conversion from
MCI to VaD, presenting a sensitivity of 36%, and a specific-
ity of 80% with incidence of VaD of 6.2% [39]. Despite the
greater than MMSE sensitivity of MoCA to the milder forms
of cognitive impairment with cerebrovascular disease [40],
further longitudinal research is needed to verify its validity
in detecting the progression of VCI [41]. A cut-off of 24/25 is
suggested to detect post-stroke cognitive impairment [42].

However, MoCA is not sensitive enough to information
processing deficits and visual memory impairment that are
common in stroke survivors [43]. Also, it is much less sen-
sitive to cognitive impairment following right-hemisphere
strokes [44].

The short NINDS-CNS is a 5-minute protocol that can be
used to identify high-risk groups for post-stroke dementia after
acute ichaemic stroke. However, this test has been employed
only in Korea [45] and China [46].

The cognitive screening instrument DemTect [47] is a short-
screening test that has been extensively validated in different
settings and languages. It was first published in 2000 in a Ger-
man version, then in 2002 in a French, in 2004 in an English
(48], and in 2016 in a Polish version [49]. In 2010, a parallel
test, the DemTect B, was published [50] and in 2013, norms for
people below 40 years and over 80 years were added [51]. In
2010, a modification of DemTect was developed by a Canadian
workgroup to identify at-risk drivers [52]. DemTect consists of
five subtests measuring short and long-term verbal memory,
working memory, executive function, and number processing.
The administration time is 8-10 minutes. Sensitivity and speci-
ficity of DemTect in studies with patients with dementia or MCI
and healthy controls has been summarised in Kalbe et al. [53].
A condensed version which is suited for primary care settings
is also available (RDST, rapid dementia screening test) [54].

Another screening instrument has recently been developed
specifically for vascular MCI: the Brief Memory and Execu-
tive Test (BMET) covering executive functioning, processing
speed, orientation, and memory [55]. MoCA and BMET are
more sensitive in the detection of VCI than MMSE [56].
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Cognitive dysfunction (evidenced by clinical
history or reported by proxy)

Level A

COGNITIVE ASSESSMENT

Level B

v

‘ Primary care setting ‘

! ,

v

| Specialised setting |

!

Brief screenings
(DemTect, MoCA,
BMET, OCS, Clock Drawing,
Word-list, letter fluency,
Digit Symbol)

BN

Memory Clinics
CERAD+,

Flexible batteries
(language, attention,
memory, visuospatial, praxis,
calculation, executive)

Neurology / Stroke Units
BCoS or tailored testing
(e.g. aphasia screening,

line bisection, etc.)

PE—

Refer to a specialised
setting if positive

Refer to a Memory Clinic 3 months
after stroke if daily function

is affected OR cognitive impairment
was found in the acute phase

Figure 1. Cognitive assessment if vascular cognitive impairment is suspected.
BCoS — Birmingham Cognitive Screen; BMET — Brief Memory and Executive Test; CERAD+ — Consortium to Establish a Registry for
Alzheimer’s Disease; DemTect — Demenz Detection; MoCA — Montreal Cognitive Assessment; OCS — Oxford Cognitive Screen

The Oxford Cognitive Screen (OCS) incorporates tests
for five cognitive domains: executive function, language,
memory, number processing, and praxis [57], while the
Cognitive Assessment for Stroke Patients (CASP) address-
es language, visuospatial function, memory, praxis, and
executive function [58]. CASP, unlike MMSE and MoCA,
is applicable also in aphasic patients [59]. Both OCS and
CASP address hemispatial neglect and apraxia. These are
far more important in VaD than in neurodegenerative de-
mentias. Although the diagnostic value of the Clock Draw-
ing Test (CDT) depends on the scoring method, including
quantitative and qualitative aspects [60], it is also regarded
as a useful screening tool. Therefore it is recommended in
a primary care setting since it probes executive as well as
spatial functions. CDT together with a word learning trial,
a letter fluency procedure and a naming task, is regarded as
suited to a primary care setting to identify global cognitive
deficits (Figure 1). Depending on the available assessment
time and the patient’s condition, these tasks can be either
administered as single tasks or combined in a compre-
hensive short screening (e.g. MoCA, DemTect). Also, the
Trail Making Test is sometimes recommended in the short
screening context [61]. VASCOG experts suggest also other
test combinations for shorter and longer screening, with
semantic fluency - animal naming being the most commonly
recommended measure [62].

Overall, cognitive screening tests, originally developed to
screen for cognitive deficits in memory clinics, are not optimal
measures to screen for cognitive impairment during the first
month post stroke [63].

An alternative method for cognitive screening is the
NeuroPsychological Examination (NPE). NPE is based on
observation of the patient’s behaviour during an examina-
tion. This semi-structured interview gives an opportunity to
examine patients and acquire information about their daily
functioning. However, its validity is strongly dependent on
the clinician’s experience [64] (Fig. 1).

Assessment of VCI at a stroke unit

Specialised units (e.g. stroke units/memory clinics) gen-
erally offer a far more sophisticated approach due to their ex-
tended resources in terms of time and personnel. Nonetheless,
considering the patient’s overall status when referred to these
units, the examination procedure is presumed to be short and
adaptable. As aphasia and unilateral neglect are quite common
in stroke survivors, and most traditional neuropsychological
assessments are not designed for people with language and/
Jor hemispatial deficits, cognitive assessment at stroke units
is particularly challenging e.g. when disentangling executive
or memory deficits that might exist secondary to language or
perceptual problems. Hence, some of the above-mentioned
tests can be used or, alternatively, some intermediate batteries
may turn out to be useful. As an example, the Birmingham
Cognitive Screen (BCoS) ofters the possibility to test cognition
with minimal involvement of speech (e.g. orientation in time
is tested in a multiple choice format). There is only a basic
requirement of spatial attention (e.g. vertical alignment of
stimuli), also probing for important cognitive aspects that are
not included in most neuropsychological test batteries (praxis, cal-
culation, spatial attention) [65]. Since this approach may contain
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areas that could not adequately be assessed in some cases, a flexible
battery of neuropsychological tests may be adopted.

Such a flexible battery involves the selection and admi-
nistration of an array of tests that are based on the neuro-
psychologist’s perception of the kind of brain damage that
is allegedly present. Regarding the symptom variability, tests
should probe the information processing speed, semantic and
phonemic fluency, set-shifting, verbal learning (including free
and cued short- and long-term recall), visuospatial functions
and language abilities, as well as praxis and calculation.

Assessment of VCI at a memory clinic

Patients with suspected VCI are referred for neuropsycho-
logical assessment at a memory clinic usually in the context
of a differential diagnosis with a primary neurodegenerative
disease such as AD, dementia with Lewy bodies (DLB), or
frontotemporal-dementia (FTD). Most memory clinics use
a comprehensive and fixed battery of tests, all of which were
standardised on the same group of people. This approach is
called a fixed comprehensive standardised test battery.

The most commonly used test following this approach
is the CERAD-NAB (Consortium to Establish a Registry for
Alzheimer‘s Disease — Neuropsychological Assessment Bat-
tery). Though this battery was constructed to assess cognitive
disturbances in suspected AD, and hence focuses primarily on
cortical functions, a more recent extension of this battery was
validated [66] by adding measures of speed and flexibility in
order to improve diagnostic acuracy in VaD.

In case of a flexible approach, the cognitive assessment
protocol should comprise at least one memory task with
spontaneous delayed recall followed by either cued delayed
recall or recognition to discriminate between storage (typical
for AD and other pathologies involving the hippocampus) and
retrieval deficit (typical for subcortical dementias). However,
as neuropsychological profiles of VCI and DLB may overlap,
neuropsychological assessment seems more promising in dif-
ferentiating between VCI and AD than between VCI and DLB.

Mixed dementia (MD), i.e. the coexistence of Alzheimer's
Disease (AD) and cerebrovascular disease (CVD), is a com-
mon dementia subtype [67]. It is increasingly recognised that
patients with dementia and probable AD dementia commonly
have mixed pathologies contributing to cognitive impairment.
A study by Lei et al. [68] of 653 autopsied cases from two
ongoing longitudinal cohort studies of individuals who were
cognitively healthy at baseline (mean age = 79.1 years) analy-
sing cognitive and neuropathological features, showed patients
with AD pathology alone doubled the odds of developing
dementia, and patients displaying mixed pathologies such
as AD with macroinfarcts and/or Lewy body (LB) pathology
markedly increased the odds, suggesting that AD pathology as
well as vascular pathology are both associated with cognitive
impairment.

Several studies have reported macroscopic and micro-
scopic infarcts as well as amyloid angiopathy to be associated

with a decline in perceptual speed and episodic memory loss
[69]. In light of the striking overlap between AD and VaD
contributing to cognitive impairment, it is difficult to establish
a profile specific to degenerative or to vascular pathology. One
of the few comparative studies, performed by Dong et al. [70],
found the neuropsychological profile of patients with MD of
mild-moderate severity to be characterised by a poorer global
cognitive performance, as well as attention and visuocons-
truction, than those with AD of mild-moderate severity. The
TRACE-VCI study aimed to define the phenotype of VCI
in a memory clinic setting by comparing different forms of
vascular brain damage such as white matter hyperintensities,
lacunar and non-lacunar infarcts and microbleed. However,
the cognitive profiles of these vascular brain injuries were
not signicantly different regardless of co-occurring AD [71].
Taken together, the neuropsychological differentiation
between AD and MD still remains a diagnostic challenge. More
comparative studies adopting comprehensive neuropsycholo-
gical test batteries are needed to establish the cognitive profiles
of mild-moderate MD, and compare it to the profiles of AD.
A more focused approach may also benefit from qualitative
data on memory profile. Considering the performance pattern
in verbal learning tasks, patients with AD profile reveal marked
recency effect and less prominent primacy effect, while in MCI
related to white matter hyperintensities either the opposite
pattern or low serial position effects may be observed [72].

Behavioural and psychological symptoms
in VCI/VaD

Behavioural and psychological symptoms of dementia
(BPSD) affect almost all people at some point during the
progression of VCI/VaD. In community-based studies, the
prevalence of BPS ranges from 60% to 93% [73], whereas
in memory units it is higher, ranging from 85% to 100%
[74-76]. Besides the type of population (clinical, community
or nursing-home settings), the definition of VCI/VaD and the
instruments used to study the symptoms, differences in the
prevalence and patterns of BPS between various studies may
be due to other, often unconsidered, factors such as gender,
age, education, use of medication and VCI/VaD severity.

In fact, except for depression, anxiety and euphoria, the
frequency and diversity of BPS increases with the severity of
cognitive impairment, leading to agitation, hallucinations,
irritability, and disinhibition [75, 77]. There is still contro-
versy regarding differences in BPS in different patient groups.
While some authors have proposed that overall frequency and
severity of BPS are higher in patients with VaD than in those
with AD [77], some other groups have reported no significant
difference [73, 74, 76, 78].

Although the literature dealing with BPSD in VCI/VaD
is modest, some of these symptoms have been included in
the criteria proposed for a diagnosis of VaD. The Hachinski
Ischaemic Scale, a tool thought to be helpful in the differentia-
tion of AD (cut-off score < 4) from VaD (score > 7), gives one
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point for each of the following features: relative preservation
of personality, depression and emotional incontinence [79].
Similarly, the NINDS-AIREN criteria include personality and
mood changes, abulia, depression and emotional incontinence
in the clinical features consistent with the diagnosis of probable
VaD [10]. Most studies that have relied on VaD terminology
have shown apathy to be the most common symptom (23-94%;
[75]), followed by depression (21-85%; [73]), irritability
(18-78%; [75, 76]), sleep disturbances (4-78%; [76, 78]) and
agitation (21-77%; [75, 78]). Euphoria was the least common
symptom (1.6-25%; [76]). A median number of three symp-
toms per patient has usually been reported [80].

When comparing VaD to AD, the most consistent findings
are higher prevalence of delusions, aberrant motor behaviours
[73, 74, 78], and hallucinations [74, 75] in AD. Other BPS
such as agitation, anxiety, sleep disturbances and changes in
appetite have been reported as being more common in AD in
some studies, and in VaD in others [74, 76-78]. Compared
to patients with DLB, patients with VaD had a lower score
in hallucinations, agitation, irritability, anxiety and aberrant
motor behaviours [74]. In contrast to FTD, disinhibition,
aberrant motor behaviour and changes in appetite were less
frequent in VaD [75].

Theseinconsistent results maybe due to the fact that VCI/VaD
is a heterogeneous entity with multiple causes (large vessel
disease, small vessel disease, haemorrhagic stroke, strategi-
cally located lesions) being characterised by various clinical
presentations. There appear to be differences in the individual
BPS symptoms between sVaD and cVaD. Patients with sVaD
had a higher severity of apathy [14, 80], aberrant motor be-
haviour and hallucinations [80] than patients with cVaD. In
VaD, agitation and sleep disturbances are more common than
in AD patients, and depression and aberrant motor behavi-
ours appear more commonly in VaD than in mixed AD/VaD
patients [81]. In contrast, symptoms of agitation [77, 80],
sleep disturbances [77], and euphoria [80] were more severe
in cVaD compared to sVaD.

In the most recent study, euphoria, apathy, irritability
and agitation were more common in cVaD than in AD, while
apathy and irritability were more frequent in sVaD than in AD.
Psychotic symptoms and aberrant motor behaviour were more
common in AD. A higher risk of euphoria, apathy, irritability
and sleep disturbance was found in cVaD than in AD, and more
apathy and irritability in sVaD than in AD. In contrast, AD
subjects had a higher risk of delusions and hallucinations than
patients with cVaD, as well as more aberrant motor behaviour
than both cVaD and sVaD [82].

Recently there has been a tendency to conceptualise BPSD
into “clusters” of symptoms that appear together: a) “affective”
(including depression, anxiety); b) “apathy” (apathy, reduced
appetite); ¢) “hyperactivity” (agitation, euphoria, irritability,
disinhibition); and d) “psychosis” (hallucinations, delusions,
abnormal motor behaviour (AMB) and sleep disturbances)
[83]. Others have described three clusters: a) “mood” (anxiety,

apathy, dysphoria); b) “psychosis” (irritability, delusions,
hallucinations, agitation); and c) “frontal” (euphoria and
disinhibition) in VaD [84].

Finally, it has been debated whether some BPSD in VaD
are clinically distinct from those in other types of dementias.
For example, compared to depression in AD, psychomotor
symptoms such as loss of energy, and vegetative symptoms
such as weight loss and loss of appetite, have been reported
to be more prevalent in depression co-occurring within VaD
[85]. One of the scales most commonly used to assess BPSD
symptoms is the Neuropsychiatric Inventory (NPI), covering
12 areas of BPSD [86]. In addition, there are also available
scales focused on the assessment of specific BPSD. Commonly
used screening tests for depression in patients with suspected
VCI include the Geriatric Depression Scale, the nine-item
Patient Health Questionnaire, the Beck Depression Inventory,
and the Centre for Epidemiologic Studies Depression Scale
[87-89]. The Stroke Aphasic Depression Questionnaire or
the Depression Intensity Scale Circles can be used to identify
mood disturbance in VCI patients with aphasia [90, 91]. The
Hamilton Depression Rating Scale and Hospital Anxiety and
Depression Scale [HADS] are anxiety- and depression-specific
case-finding instruments validated for use in stroke research
[87, 92]. Also apathy can be identified by informant-rated
specific scales such as the Apathy Evaluation Scale [93]. Of
note, the presence of baseline VCI is predictive of apathy but
not depression at 12-month follow-up [94].

The BPSD are associated with shorter life expectancy,
excess disability, impaired quality of life for subjects and
carers, high levels of caregiver distress, early institutionali-
sation, and increased direct cost of care. However, BPSD can
be treated efficiently to improve the situation when correctly
diagnosed [95].

The Neuropsychiatric Inventory Caregiver Distress Scale
(NPI-D) is an instrument that provides a quantitative measure
of the distress experienced by caregivers in relation to the
individual symptom domains assessed by the NPI [96]. The
Zarit Burden Interview (ZBI) is another validated and com-
prehensive instrument measuring caregiver burden [97]. Since
the interview is a statement which the caregiver is asked to
endorse, it is less appropriate to evaluate the burden associated
with individual BPSD.

Prognosis and long-term management

Applying DSM-V criteria for major neurocognitive dis-
orders (NCD) helps with defining a psychometric threshold
for transition from MCI and small vessel disease (SVD) to
major NCD. A longitudinal observation of 138 patients found
that one-third of the multi-domain MCI patients with SVD
progressed to major NCD after two years [98]. Interestingly,
post-stroke cognitive impairment (PSCI) may be more closely
related to the overall integrity of brain tissue that the volume
of the new ischaemic lesion, as proved in a study in which 20%
of patients developed PSCI during a 2-year observation [99].
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Post-stroke VCI, unlike MCI in the context of neurodegen-
erative diseases (e.g. AD or Parkinson’s Disease), or VCI with
small vessel disease (VCI/SVD), may be quite stable for a cou-
ple of years and may thus hinder long-term prognosis about
the conversion from VCI (at the mild cognitive impairment
stage) to overt VaD. In VCI due to SVD, the conversion of VCI
to VaD is usually heralded by the emergence of parkinsonian
features. Thus, in a case of SVD or genetically caused vascu-
lar pathologies that are known to have a progressive course
(e.g. cerebral autosomal dominant/recessive arteriopathy
with subcortical infarcts and leukoencephalopathy — CA-
DASIL / CARASIL, and mitochondrial encephalomyopathy
lactic acidosis with stroke-like episodes — MELAS), regular
neuropsychological follow-ups may be required to track the
disease progression and formulate the recommendations for
the patient and his/her family.

Such recommendations should include the preparations
of powers of attorney for property and personal care, and the
patient’s ability to manage medication, which is particularly
important in individuals with co-morbid insulin-dependent
diabetes. Similarly, the impact of VCI on driving capacity
needs to be considered.

Summary

Vascular cognitive impairment is an umbrella term com-
prising different forms and stages of cognitive decline, ranging
from mild impairment to overt dementia. It is characterised
most commonly by progressive accumulation of microvascular,
or subcortical strokes, which results in progressive neurological
dysfunction and cognitive as well as behavioural disturbances.

Dementia due to vascular damage is widely considered to
be the second most common cause of dementia after AD. The
diagnosis of vascular dementia is based on the presence of cer-
ebrovascular disease of different origins, the identification of
cognitive dysfunction, and a likely causal relationship between
the two. Thus, once other causes of cognitive impairment have
been excluded, the diagnosis can be established, if cognitive,
as well as behavioural and motor symptoms characteristic of
vascular origin and evidence of stroke or white matter lesions
on neuroimaging arise. Given the various pathologies leading
to VCI, it is no surprise that clinical symptoms can vary sub-
stantially in individual patients. Nonetheless, some cognitive
features, executive dysfunctions, together with a reduced pro-
cessing speed and failures of episodic memory are common,
and make neuropsychological assessment mandatory.

Given that patients with vascular deficits can appear in
different clinical settings, we suggest a two-level assessment
procedure consisting of a primary short screening (level A)
and an in-depth evaluation (level B). This proposal is in agree-
ment with a recent UK consensus on VCI which advocates
the same approach, stating that a single mandated outcome
assessment would not be suitable for a complex construct
such as VCI [100].

Behavioural disturbances are also common in VCI and
may even dominate the clinical picture at some stages, leading
to a significant caregiver burden. Compared to AD, there is still
a great need for prospective, cross-sectional and longitudinal
studies on BPS in VCI. Although there are no consensus crite-
ria about the methodology for screening and investigating BPS
in VCI, it is strongly recommended to use standardised pro-
tocols to assess BPSD (NPI) as well as caregiver burden (ZBI).
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ABSTRACT

Introduction. Deep brain stimulation (DBS) therapy for Parkinson’s Disease (PD) and dystonia is associated with the possibility
of both minor and major complications. One possible side effect is the depletion of implantable pulse generator (IPG) battery
and the associated sudden recurrence of PD or dystonia symptoms, which can be potentially life-threatening. Delayed or post-
poned outpatient visits due to COVID -19 may be a risk factor of battery end-of-life consequences.

Objective. To analyse the clinical outcomes in reported PD and dystonia patients treated with DBS, who, as a result of the
sudden depletion of the neurostimulator battery, developed life-threatening symptoms.

Materials and methods. The databases of PubMed, Scopus, EMBASE and Google Scholar were searched using pre-established
criteria.

Results. A total of 244 articles was found, of which 12 met the adopted criteria. Selected papers presented a total of 17 case
reports of DBS-treated patients — 11 with PD, and six with dystonia — who had depleted IPG batteries and due to rapid worse-
ning of PD/dystonia symptoms required urgent hospital admission. IPG battery replacement was the only effective treatment
in the majority of cases.

Conclusions. IPG battery depletion can result in fatal outcomes. Sudden recurrence of PD or dystonia symptoms in patients
treated by DBS can be potentially life-threatening, so scheduling the replacement of a discharged IPG battery should not be
postponed. The COVID-19 pandemic should alert staff at emergency, neurology and movement disorders wards not to postpo-

ne the visits of patients with an implanted DBS system.

Key words: Parkinson’s Disease, dystonia, deep brain stimulation, battery depletion, COVID-19

(Neurol Neurochir Pol 2021; 55 (4): 346-350)

Introduction

Deep brain stimulation (DBS) has become an established
treatment option for patients with movement disorders in-
cluding Parkinson’s Disease (PD) and dystonia. In numerous
clinical trials, DBS has shown improvement in quality of life,
mobility in patients with advanced PD suffering bothersome
motor fluctuations, treatment-resistant dyskinesias, the ma-
jority of non-motor symptoms, as well as motor symptoms of
drug-resistant focal/segmental or generalised dystonia. DBS
has been approved by the US Food and Drug Administration

as an effective therapy for PD since 2002, and since 2003 for the
treatment of dystonia [1-3]. Nevertheless, DBS implantation
is associated with the possibility of both minor and major
complications due to the implanted system [4, 5].

One possible side effect is the depletion of the implantable
pulse generator (IPG) battery and the associated sudden re-
currence of PD or dystonia symptoms. These symptoms can be
potentially life-threatening, so scheduling the replacement of
adischarged IPG battery should not be postponed. During the
COVID-19 pandemic, medical centres have postponed sched-
uled procedures, admitted only urgent cases in order to limit
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the spread of Sars-CoV-2, and allocated hospital resources to
control the pandemic [6, 7]. Patients with depleted batteries of
DBS systems cannot wait, because the potential consequences
of abrupt cessation of stimulation can be fatal, such as parkin-
sonism-hyperpyrexia syndrome, sudden akinesia with falls and
bone fractures, venous thrombosis and pulmonary embolism
or aspiration pneumonia in PD, and dystonic state in dystonia
patients with rhabdomyolysis and renal failure.

Materials and methods

We searched the available literature using the PubMed,
Scopus, EMBASE and Google Scholar databases for the
keywords ‘deep brain stimulation, ‘depletion; ‘withdrawal,
‘battery exhaustion, ‘hardware failure, ‘Parkinson disease’
and ‘dystonia’ in various combinations. A total of 244 articles
was found. The literature review included studies published
from 1996 (i.e. from the introduction of DBS into clinical
practice) to 2020 (31 December). The study did not include
cases where brain stimulation was interrupted by infection of
IPG system or electrodes, or for reasons other than discharge
of the IPG battery. Papers were written in English, published
as full-length texts. Abstracts as well as review papers were
not included.

Results

We found a total of 244 articles, from which 12 met
the established criteria. Selected papers presented a total of
17 case reports of DBS-treated patients — 11 with PD, six
with dystonia — who had depleted IPG batteries (Tab. 1, 2),
who required urgent hospital admission. Ten patients with PD
developed acute akinetic syndrome. Six of them were finally
diagnosed with parkinsonism-hyperpyrexia syndrome (PHS),
three had pulmonary embolism, deep vein thrombosis and
aspiration pneumonia, and one had disseminated intravascu-
lar coagulation (DIC) and consequently multi-organ failure
and death. One patient developed a coma as a result of IPG
battery discharge. 2/11 patients with PD were reported during
the COVID-19 pandemic. In the reported cases, the sudden
recurrence of symptoms did not result from a reduction of
oral antiparkinsonian treatment.

Among patients treated with DBS GPi for dystonia, six
reports of IPG battery depletion and sudden motor deteriora-
tion were found (Tab. 2). Of these six patients, three developed
acute dystonic state (two required urgent ICU admission - one
patient developed cardio-respiratory failure and died despite
intensive treatment, the other developed cardiopulmonary
failure, rhabdomyolysis-related acute renal failure, and DIC as
aresult of dystonic state). 3/6 patients had dystonia symptoms
worsening as a result of IPG battery depletion. Urgent battery
replacement resulted in motor function improvement in two
patients; one patient reported during the pandemic postponed
their surgical procedure for financial reasons.

Discussion

The presented reports of PD and dystonia patients treated
with DBS have shown that IPG battery depletion can result in
fatal outcomes and must be avoided.

This abrupt cessation of DBS function may be due to
delayed or postponed outpatient visits. Two PD patients de-
scribed by Holla et al. had postponed follow-up visits due to
the COVID-19 pandemic, resulting in IPG battery depletion
and akinetic state [6]. COVID-19 may be a risk factor because
many hospitals have limited access for ambulatory patients
and also for planned surgeries. Patients, especially those with
chronic diseases and co-morbidities, have avoided hospital
and outpatient visits to protect themselves against infection.
In some regions, a shortage of medical staff has also forced
movement disorder neurologists to provide care for patients
with COVID-19 [19].

In severe cases, where symptoms cannot be relieved with
increased doses of oral or intravenous/subcutaneous/trans-
cutaneous medications and general treatment, an urgent IPG
battery replacement should be performed. This was the only
effective treatment in the majority of cases (Tab. 1, 2). The
range of PD duration was in reported cases 12-22 years with
long-lasting DBS therapy (3-14 years) and in such patients,
the replacement of only pharmacological therapy instead of
combined treatment with DBS is usually ineffective.

Parkinsonism-hyperpyrexia syndrome is one of the poten-
tially fatal complications in PD patients, most often occurring
after a sudden reduction or discontinuation of antiparkinso-
nian medications, but also DBS battery depletion [20, 21].
This was a main complication in 5/11 patients (Tab. 1) and
manifested itself as muscle stiffness, fever, impaired conscious-
ness, and dysautonomia. It is characterised by leukocytosis
and elevated levels of creatine kinase (CK) in laboratory tests.

The most common direct causes of death in patients with
PHS are aspiration pneumonia, acute renal failure, deep vein
thrombosis, pulmonary embolism, and DIC [22]. Neverthe-
less, akinetic-rigid state as the result of IPG battery depletion,
reported in 6/11 PD cases, can also result in pneumonia, falls
and bone fractures or head injuries, deep vein thrombosis
with pulmonary embolism, and dysphagia with the risk of
aspiration pneumonia, and should be recognised and treated
vigorously.

Dystonic state (DS), the main complication in 3/6 patients
reported (Tab. 2), is characterised by muscle rigidity, muscle
pain and fever. Muscle contractions involve also respiratory
muscles and abdomen and lead to respiratory failure and
hypoxaemia. Abnormal muscle contractions in the gastroin-
testinal tract can lead to dysphagia and aspiration pneumonia.
Another potentially fatal complication of DS is rhabdomyolysis
and acute renal failure [23]. Rapidly worsening symptoms are
life-threatening. In patients with dystonia treated with DBS-
GPj, there have been reports of a dystonic state resulting in
cardio-respiratory failure requiring hospitalisation in the ICU.
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Table 1. Published PD cases with abrupt IPG battery depletion (in all patients bilateral STN was anatomical target)

Article

Chou et al. [8]

Neuneier et
al. [9]

Artusi et al.
[10]

R.Rajan et al.
[11]

Liuetal.[12]

Azar et al.
[13]

Kamel et
al. [14]

Holla et al. [6]

Age/sex

63/M

76/M

77/M

63/M

51/M

54/F

69/M

67/F

73/M

67/M

60/F

PD duration /DBS
treatment duration

17 years/4 years

14 years/3 years

18 years/5 years

13 years/5 years

18 years/7 years

22 years/11 years

12 years/3 years

23 years/7 years

21 years/14 years

17 years/4 years

17 years/4 years

Battery depletion
effect

Acute akinetic state

Deep vein throm-
bosis, pulmonary
embolism

Acute akinetic state

PHS
DIC

Multi organ failure

PHS

Acute akinetic state

PHS

Acute akinetic state

Aspiration pneumo-
nia

PHS

PHS

Coma (GCS 4)

Acute akinetic state

Acute akinetic state

Treatment/outcome

Oral levodopa treatment/no effect
Inferior vena cava filter, anticoagulation treatment

IPG battery replacement (5 days after hospital admission)/
improvement of motor function

Oral levodopa treatment/ no effect

IPG battery replacement (a few days after motor function
worsening)/improvement of motor function

Oral levodopa treatment/ no effect

Antibiotic therapy, fluid therapy, amantadine infusion, antipyre-
tic treatment/no effect

IPG battery replacement (10 days after hospital admission)/no
effect

Death
Fluid therapy, antipyretic therapy/general improvement
Oral levodopa treatment/no effect

IPG battery replacement (4 days after symptom onset)/impro-
vement of motor function

Oral levodopa treatment, amantadine infusion/no effect

Fluid therapy, antipyretic treatment, antibiotic therapy/no
effect

IPG battery replacement (11 days after hospital admission)/
general and motor function improvement

Oral levodopa treatment, pramipexol, amantadine infusion/no
effect

Antibiotic therapy, CPAP

IPG battery replacement (8 days after hospital admission)/
general and motor function improvement

Antibiotic therapy, fluid therapy, antipyretic therapy/no effect

Oral levodopa treatment, bromocriptine, dantrolen, benzodia-
zepine admission/no effect

IPG battery replacement (2 days after hospital admission)/
general and motor improvement

Antibiotic therapy, B1 vitamin admission, fluid therapy/no
effect

Oral levodopa treatment/ no effect

IPG battery replacement (17 days after hospital admission)/
general and motor improvement

Oral levodopa treatment/no effect

IPG battery replacement (urgent surgery)/general improve-
ment

IPG battery replacement/motor function improvement

Oral levodopa treatment/minimal motor function improvement

IPG battery replacement/motor function improvement

CPAP — continuous positive airway pressure; DIC — disseminated intravascular coagulation; GCS — Glasgow Coma Scale; IPG — internal pulse generator; PHS — parkinsonism hyperpyrexia syndrome
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Table 2. Published dystonia cases with abrupt IPG battery depletion

Article Age/sex  Dystonia type/dystonia
duration/DBS treat- target
ment duration

Lietal. 17/F PKAN/6 years/5 years STN
[15]
Rohani et 41/F TD/8l years/3 years GPi
al.[16]
Sobstyl et 15/M DYT1/6 years/5 years GPi
al.[17]
Yanni et al. 25/F Secondary dystonia/7 GPi
[18] years/2 years

9/F Idiopathic dystonia/6 GPi

years/2 years

Holla et 33/M Idiopathic generalised GPi
al. [6] dystonia/9 years/3 years

Anatomical

Treatment/effect

Battery depletion
effect

« Dystonic state + IPG battery replacement/motor

function improvement
+ Dystonic state + ICU admission

+ Cardio-pulmonary + Mechanical ventilation

failure=
+ Death
+ Dystonic state + Mechanical ventilation circulatory
support
+ Cardio-pulmonary =
failure + Dialysis therapy

« IPG battery replacement (1 day after
hospital admission)/motor function
improvement

+ Rhabdomyolysis,
acute disease failure

+ DIC

+ Worsening symp-
toms of dystonia

+ IPG battery replacement (urgent
surgery at admission day)/motor
function improvement

Worsening symp-
toms of dystonia

IPG battery replacement (urgent sur-
gery)/motor function improvement

+ Postponing procedure due to
patient’s finances, optimising phar-
macological treatment

+ Worsening symp-
toms of dystonia

DIC — disseminated intravascular coagulation; DYT1 — early onset torsion dystonia; GPi — Internal Globus Pallidus; ICU — intensive care unit; IPG — internal pulse generator; PKAN — Pantothenate Kinase-

-Associated Neurodegeneration; STN — subthalamic nucleus; TD — tarditive dystonia

In one case described, the battery was discharged and resulted
in the death of the patient. Dystonic state should be treated as
a neurological emergency and battery depletion has a worse
prognosis in patients with dystonia than with PD: in PD pa-
tients with sudden DBS shutdown, symptoms can be partly
relieved with increased doses of antiparkinsonian medications,
while in dystonia patients there is no such emergency treat-
ment and the only effective treatment is battery replacement.

Mitchel et al. analysed patient satisfaction with recharge-
able IPGs. Patient experience, especially those with dystonia,
was positive, and they especially valued the fewer surgeries
[24]. Considering the above, and the higher total electrical
energy delivered and higher battery consumption in dystonia
than in PD, the implantation of rechargeable batteries should
be considered in every patient with dystonia treated with DBS.

Conclusions

This situation should warn medical staff at emergency,
neurology and movement disorders wards against postponing
the visits of patients with an implanted DBS system. Despite
the progress and development of DBS technology, there are
still no programmes or applications available for remote bat-
tery checking. Manufacturers of equipment for deep brain sti-
mulation should also ensure smooth delivery of the necessary
elements of DBS systems, especially during a pandemic, to
ensure constant access to depleted IPGs and shorten possible

replacement delays. To avoid a sudden shutdown of DBS
pacing due to battery depletion, battery status and electrical
integrity may be checked through telemedicine or telephone
consultation [7]. If the battery power is low, the elective pro-
cedure of IPG replacement should be planned and performed
as soon as possible. One possible solution would be replacing
IPG batteries as an outpatient procedure. To minimise the
risk of sudden cessation of stimulation, reduction of amper-
age and frequency of the stimulation should be considered
to reduce temporarily total electrical energy delivered and
battery consumption [25].

Despite many years of practice of using DBS in patients with
PD and dystonia, no studies including larger groups of patients
with battery depletion were found in our search of databases.
It is difficult to assess the percentage of patients with battery
depletion, and the number appears to be underreported. Never-
theless, all presented case reports are valuable and show the
potentially fatal risks of delaying battery replacement.
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Screening and diagnosis for mood and anxiety disorders
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ABSTRACT

Introduction. Epilepsy is one of the world’s most prevalent noncommunicable diseases and tends to have a chronic course, of-
ten with comorbid psychiatric disorders, of which depressive disorders (DDs) and anxiety disorders (ADs) are the most common.

Background. As anxiety and depressive disorders are underdiagnosed and so undertreated in people with epilepsy (PWE), this
could have implications for the course of both of these medical conditions and the response to treatment and health outco-
mes. Thus it is crucial to perform screening for psychiatric disorders in populations with epilepsy using specific psychometric
screening instruments optimised for that group of patients. Polish versions of the Hospital Anxiety and Depression Scale (HADS),
the Hamilton Rating Scale for Depression (HRSD), the Hamilton Anxiety Rating Scale (HARS), the Beck Depression Inventory
(BDI), the State-Trait Anxiety Inventory (STAI) and the Neurological Disorders Depression Inventory for Epilepsy (NDDI-E) were
validated against ‘gold standards'in a Polish population with epilepsy.

Clinical implications. Using well-validated screening instruments that can be easily implemented in a clinical setting may con-
tribute to better diagnosis, and consequently treatment, of comorbid psychiatric disorders, which would have a great impact
on the course and prognosis of epilepsy management.

Conclusions. Based on the outcomes of Polish studies aimed at validating psychometric instruments for screening for mood

and anxiety disorders, HADS is recommended as a first-choice screening tool.

Key words: epilepsy, mood disorders, anxiety disorders, screening tools

(Neurol Neurochir Pol 2021; 55 (4): 351-356)

Introduction

Epilepsy is a noncommunicable disease of the brain that
affects approximately 50 million people globally, leading
to poor health-related quality of life and a deterioration in
psycho-social everyday functioning. Epilepsy tends to have
a chronic course, often with comorbid psychiatric disorders of
which depressive disorders (DDs) and anxiety disorders (ADs)
are the most common, occuring with a prevalence ranging
from 5-25% [1, 2] (ADs) and from 11-62% [3] (DDs). Anxiety
and depressive disorders are commonly underdiagnosed and
undertreated in people with epilepsy (PWE), which could
have adverse effects on the course and prognosis of epilepsy
management, with lower overall health-related quality of life
and increased risk of suicidal ideation and suicide attempts [4].

The ‘gold standard’ tools used in the recognition of anxiety
and depressive disorders are different types of psychometric
instruments based on structured interviews [5-13]. Semi-
structured interviews, e.g. the Structured Clinical Inter-
view for DSM (SCID), are designed to be administered by
clinically trained professionals with experience in diagnosis
[5-8]. The output of the SCID is a record of the presence or
absence of each of the disorders being considered for cur-
rent episode (past month) and for lifetime occurrence. Fully
structured interviews, on the other hand, such as the Com-
posite International Diagnostic Interview (CIDI) [6, 9], have
been designed specifically to address the high cost of using
clinician-administered interviews in epidemiological surveys
and can be administered by trained lay interviewers. The Mini-
International Neuropsychiatric Interview (M.IN.L) is a very
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brief, fully structured, diagnostic interview for Diagnostic
and Statistical Manual of Mental Disorders (DSM-IV) and
10th revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10) psychiatric
disorders [10, 11]. With an administration time of approxi-
mately 15 minutes, it meets the need for a short but accurate
structured psychiatric interview for clinical trials and epide-
miology studies, and can be used as a screening instrument
in clinical settings [10, 11]. Undoubtedly the main advantage
of using gold standard tools such as MINI, SCID or CIDI
is that they are structured interviews to be performed by
a specialist, and thereby a proper psychiatric diagnosis can be
determined. The detection of mood and anxiety disorders is of
vital clinical importance in patients with epilepsy. Measures
of severity must also be assessed against population-specific
criteria. Several factors, including antiepileptic drug (AED)
side effects as well as atypical symptomatology can affect
the accuracy of psychiatric diagnosis in PWE. In particular,
screening instruments lacking reference to a standardised
structured psychiatric interview may not produce a credible
diagnosis, as tools used in the general population may not be
valid and reliable in PWE [12, 13].

Therefore, defining PWE specific cut-off scores is of prime
importance. A psychometric instrument may exhibit substan-
tial variability for the targeted population. Thus, with limited
data and some conflicting results, there is a need for validation
studies against the gold standard, such as standardised struc-
tured psychiatric interviews, in order to produce a conclusive
cut-off with valid diagnosis points for specific psychometric
screening instruments that are optimised for PWE [13].

The aim of this study was to present and discuss screening
tools for mood and anxiety disorders in a Polish population
with epilepsy.

Materials and methods

A PubMed and Scholar Google literature search was
performed to identify articles regarding Polish validations of
depression and anxiety screening tools in people with epilepsy.

Results and discussion

This review includes seven articles regarding Polish va-
lidations of HARS, STAI-T, BDI, HRSD, HADS-A, HADS-D
and NDDI-E. Before we discuss the results of our review, we
would like to mention factors to be considered when validating
screening tools, as well as to briefly describe depression and
anxiety screening psychometric instruments.

Population-specific factors and rationale for
cultural adaptation
When validating screening tools, it is important to con-
sider the fact that they were developed in different cultures
and languages from that in which they have been applied.

Differences between the psychometric properties of the orig-
inal and adapted versions may be encountered. Therefore it
is necessary to acquire normative data to make the translated
tools useful. Maters et al. drew attention to the fact that
cross-culturally valid, but literally translated, versions of HADS
may not be obtainable and specific cut-off points may not be
valid across cultures and languages. It is crucial to take this
into consideration and to remember that optimal cut-offs may
differ between the general population and specific populations
such as PWE.

Screening tools in mood disorders

Screening psychometric tools for depression in PWE
include the Beck Depression Inventory (BDI) [15-18], the
Hospital Anxiety and Depression Scale (HADS-D) [15-17, 19],
the Hamilton Rating Scale for Depression [20] and the Neu-
rological Disorders Depression Inventory for Epilepsy (ND-
DI-E) 18, 21]. NDDI-E is a screening instrument developed
specifically for use in PWE and is designed to minimise the
potential for confounding factors related to AEDs or epilepsy
itself. In the original version, a score above 15 points has a high
predictive value for major depression [21]. The BDI-I contains
21 items on a 4-point scale from 0 (symptom absent) to 3 (se-
vere symptoms) and is a self-report inventory for evaluating
the severity of depression in normal and psychiatric popula-
tions. It assesses depressive symptoms within the preceding
week, with high scores reflecting a more severely depressed
mood (range 0-63) [18, 22, 23]. The Hospital Anxiety and De-
pression Scale (HADS) was developed by Zigmond and Snaith
in 1983 [19] to identify possible and probable anxiety disorders
and depression among patients in non-psychiatric hospital
clinics. It has been broadly used in the general population
and in many populations with different somatic illnesses. The
tool includes 14 items, seven related to anxiety (HADS-A) and
seven related to depression (HADS-D). Zigmond and Snaith
recommended that a score > 8 on an individual scale should
be considered as a possible case, and this threshold value has
been found to be optimal for HADS-A and HADS-D in the
general population [4, 17, 19, 24].

Screening tools in anxiety disorders

Screening instruments for anxiety disorders comprise the
Hamilton Anxiety Rating Scale (HARS) [13, 25], the State-Trait
Anxiety Inventory (STAI) [26, 27] and the Hospital Anxiety
and Depression Scale (HADS) [4, 19]. STAI [26, 27] consists
of 40 items measuring respectively transient and enduring
levels of anxiety and includes two separate self-report scales
for assessing the distinct concepts of state and trait anxiety.
This is used as an indicator of general anxiety, general psy-
chological distress, and general emotional distress. Wiglusz
et al. [27] used the Polish version of the original Spielberger
STAL usually referred to as the STAI-X [26, 28]. STAI-X is
a self-administered inventory of two sections containing
20 items each, designed to explore anxiety in its temporary
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condition of ‘state anxiety’ (STAI-S) and the more general and
persistent ‘trait anxiety’ (STAI-T) [26]. STAI-S evaluates how
respondents feel right now, at this moment, while STAI-T
estimates how respondents ‘generally feel’ A total score of 40 or
more specifies an anxious condition. The higher the score, the
more severe the anxiety [26, 27].

HARS was one of the first rating scales developed to assess
the severity of anxiety symptoms, and is still widely used to-
day in both clinical and research settings. The scale includes
14 items, each defined by a number of symptoms, measuring
both psychic anxiety (mental agitation and psychological
distress) and somatic anxiety (physical complaints related to
anxiety) [13, 25]. As there has been a constant need for vali-
dation studies against the gold standard, in order to produce
conclusive cut-off points for specific psychometric screening
instruments that are optimised for PWE, attempts were made
to validate the screening tools in Polish populations [4, 13,
17,18,27,29, 30]. Wiglusz et al. [4, 13, 17, 18, 27, 30] in their
study on a Polish population with epilepsy validated the Polish
versions of HADS, HRSD, HARS, BDI and STAI against ‘gold

Table 1. Review of Polish research study

Validated
tool

Cut-off score
for general

Year of
research

Authors

population

HARS Wiglusz et al. 2019

STAI-T Wiglusz et al. 2019

P-NDDI-E 2018 15 (in the ori-

ginal study)

Gmaj et al.

HADS-A Wiglusz et al. 2018 > 8 possible

case
> 11 definite
case

BDI Wiglusz et al. 2017 14

11 (any
depressive
disorder)

11 (MDD)

HRSD 2016 < 6 remission

for depression

Wiglusz et al.

HADS-D Wiglusz et al. 2016

Cut-off
score for
PWE

18 (MDD)

standards’ A Polish version of NDDI-E was validated as well
by Gmaj et al. [29], as set out in Table 1.

Among the presented scales, HARS and HRSD are clini-
cian-rated while the others are self-reported. The scales vali-
dated by Wiglusz et al. (HARS, STAI-T, HADS-A, HADS-D,
BDI and HRSD) are of high NPV so perform better in terms
of ruling out depression or anxiety than in confirming the
diagnosis. It is noticeable that, except for HARS, the cut-off
scores for PWE differ from those established for the general
population i.e. are lower in PWE for STAI-T, HADS-D,
P-NDDI-E (compared to the original study), for BDI (for any
depressive disorder) and for HADS-A (for definite cases). In
HADS-A (for possible cases), BDI (for MDD) and HRSD, the
cut-off scores are higher in PWE. The highest sensitivity was
found in HRSD (100%), BDI and HADS-D (90.5%) as well
as in STAI-T and HADS-A (81.3%), while HRSD, HARS and
P-NNDI-E (89.3%, 87.5% and 85.8% respectively) presented
the highest specificity. Wiglusz et al. [4, 13, 17, 18, 27, 30] in
their study used data collected as part of a larger study reported
elsewhere [2]. 96 PWE from a tertiary epilepsy centre were

Sens- Comment
iti-
vity
[%]

68.8

Speci-
ficity
[%]

Clinician-rated evalu-
ation, performs better
in ruling out anxiety

524 933

81.3 77.5 419 95.4 Self-reported symp-
tom scale, performs
better in ruling out

anxiety

76.6 85.8 Nodata Nodata Self-reported symp-
tom scale, standard
for depressive

disorders screening

in PWE

70.0 315 94.9 Self-reported symp-
tom scale, performs
better in ruling out

anxiety

70.7 46.3 96.4 Self-reported symp-
tom scale, performs
better in ruling out
depression

100 89.3 724 100 Clinician-rated
evaluation, performs
better in ruling out

depression

90.5 70.7 46.3 96.4 Self-reported symp-

tom scale, performs
better in ruling out
depression

BDI — Beck Depression Inventory; HADS-A — Hospital Anxiety and Depression Scale for Anxiety; HADS-D — Hospital Anxiety and Depression Scale for Depression; HARS — Hamilton Anxiety Rating Scale;
HRSD — Hamilton Rating Scale for Depression; MDD — major depressive disorder; NDDI-E — Neurological Disorders Depression Inventory for Epilepsy; NPV — negative predictive value; PPV — positive predic-

tive value; PWE — people with epilepsy; STAl — State-Trait Anxiety Inventory
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enrolled. Subjects who had received a diagnosis of active epi-
lepsy according to the International League Against Epilepsy
criteria [4, 13, 17, 18, 27, 30], who had been receiving stable
antiepileptic treatment in the past two months, and who were
aged 18-65 were included. It is worth mentioning that in the
study to validate HARS in a Polish population of PWE [13],
Wiglusz et al. also compared HARS and HADS- A validation
data on the same study sample [4, 13]. The authors highlight-
ed several important differences between the two scales. The
first is a different approach (self-rated vs. observer-rated) and
time of administration (2-5 min vs. 10-15 min). In the study,
HADS-A showed higher sensitivity than HARS. Another dis-
tinction in both scales is the presence of somatic symptoms.
HADS was designed in a way to avoid somatic items [15-17,
19] that may help minimise the risk of false positives in PWE.
On the other hand, half of the items on HARS assess somatic
symptoms of anxiety [13, 25], which makes it sometimes
difficult to determine whether the ratings reflect symptoms
of anxiety or the side effects of common epilepsy medication
[13]. Lastly, each HADS-A question concentrates on the
evaluation of one symptom, whereas each item on the HARS
scale includes multiple symptoms [13]. In epilepsy, symptoms
such as fear are part of the seizure itself, and anxiety often
accompanies aura of epilepsy attack. Thus, the physiological
and cognitive symptoms of epilepsy could be indistinguishable
from symptoms of psychiatric anxiety disorders in individuals
with epilepsy.

It has to be emphasised that screening for depression in
PWE should cover not only major depressive disorder (MDD)
but also all subthreshold forms of depression and atypical
mood disorders specific to epilepsy, namely interictal dys-
phoric disorder (IDD) [17, 32, 33], which may not be precisely
identified with DSM-IV criteria [16] or may also overlap with
Depressive Disorder Not Otherwise Specified (DD-NOS)
criteria [17, 34]. In psychiatric studies, it is very important to
perform a whole psychiatric examination in order to exclude
other psychiatric disorders which may significantly influence
the HADS results.

Limitations

The key limitation of Polish validation studies is the metho-
dology as the study results refer to the small sample size of the
population and selection bias due to the tertiary reference centre
being associated with a risk of a complicated course of epilep-
sy. In order to minimise the influence of peri-ictal and ictal
psychiatric symptoms, subjects with a seizure within 24 hours
of examination and those experiencing more than 10 seizures
in the last month before participation were excluded. Thus,
the results may underscore in the depressive symptomatolo-
gy and ‘atypical’ presentations of depression [18]. Also, the
presentation of anxiety disorder may be confounded with
seizure phenomena. Also, the relatively low anxiety rates for
a tertiary clinic population may reflect this exclusion criterion
as patients with frequent seizures would generally be expected

to have higher anxiety levels [13]. Because of the small sample
size, the analysis was performed in all subjects with anxiety
disorders regardless of the type of disorder, including those
with comorbid major depression [4]. As far as the BDI is
concerned, it has to be pointed out that the BDI cut-off score
of 11 for any depressive disorder is of low clinical significance
as it represents a broad spectrum of depressive symptoms and
should be approached with caution [18].

As the study procedures occurred during a single visit
at the interview site and were completed by one rater, no
test-retest reliability measure for the test results’ consistency
was performed. Thus, the observations may be biased and
no conclusions may be drawn regarding the stability and
reliability of the instrument over time. The independent
raters might reduce the inflation bias with regard to the
concordance between psychometric results. There was also
no control group of patients with non-epileptic mood or
anxiety disorders, or a control group with non-epileptic
neurological disorders. Another important study limitation
pointed out by Wiglusz et al. is psychiatric assessment with
SCID-I for DSM-IV-TR, which is now updated to version
5 (SCID-5-CV for DSM-5) [13, 35, 36]. The use of an out-
dated instrument could affect the diagnosis rates and the
resulting predictive values.

However, considering the anxiety disorder diagnoses
profile in the study sample, we assumed that this would not
have a huge impact on our study results. All these limita-
tions together mean that the results of the studies cannot be
generalised to the entire population of PWE.

Conclusions

As there is a frequent comorbidity of anxiety or/and
depressive disorders with epilepsy, which may have implica-
tions for the course of both medical conditions, responses to
treatment and health outcomes, it is of vital importance to
perform screening for psychiatric disorders in a population
of PWE using proper, well-validated instruments that could
be easily implemented in a clinical setting. Based on the out-
comes of Polish studies aimed at validating the psychometric
instruments for screening for mood and anxiety disorders,
HADS is recommended as a first-choice screening tool.
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ABSTRACT

Introduction. The global pandemic of COVID-19 began in Wuhan, China in December 2019. Research into effective therapies
has been conducted worldwide. Currently, there is no antiviral treatment and many patients develop a severe course of the
disease, including severe respiratory failure. Due to similar pathomechanisms of inflammation in multiple sclerosis (MS) and
COVID-19, immunomodulatory drugs that are registered for the treatment of MS are under study in the SARS-CoV-2 infection

in clinical trials.

Materials and methods. Using clinicaltrials.gov, we found information related to ongoing clinical studies on potential drugs
for COVID-19 which are also used in MS therapy. The outcomes of several trials were published on pubmed.ncbi.nIm.nih.gov.

Results. There were 18 clinical trials evaluating the effectiveness and safety of interferon-p, fingolimod, or leflunomide in
COVID-19. Some trial outcomes available at pubmed.ncbi.nlm.nih.gov suggested an association of these drug treatments with

improvements in signs and symptoms, and the disease course.

Conclusion. The administration of immunomodulatory drugs in COVID-19 may result in potential beneficial effects probably
associated with their anti-inflammatory and antiviral properties. Further research is warranted to confirm the long-term effects

of immunomodulatory therapies in patients with COVID-19.

Key words: multiple sclerosis, COVID-19, SARS-CoV-2, immunomodulatory therapies

(Neurol Neurochir Pol 2021; 55 (4): 357-368)

Introduction

Previously, two epidemics were caused by coronaviruses:
severe acute respiratory syndrome coronavirus (SARS-CoV)
in 2003 and Middle East respiratory syndrome coronavirus
(MERS-CoV) in 2012 [1]. Coronaviruses (CoV's) are respon-
sible for many diseases in humans and animals. The result-
ing infections may affect respiratory, enteric, hepatic, and
neurological systems with varying severity [2]. The current
COVID-19 is caused by an RNA virus known as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2).

The outbreak of COVID-19 was first reported in Wuhan,
China in December 2019. The global pandemic was declared
in March, 2020 [3]. According to data from the World Health

Organisation, 66,243,918 laboratory-confirmed cases, in-
cluding 1,528,984 deaths, had been reported by 7 December,
2020 [4]. Respiratory droplets and contact transmission are
the major routes of SARS-CoV-2 infection [5]. There are
different courses of the disease, i.e. asymptomatic infections
or mild cases (80-90%), severe cases with dyspnoea and hy-
poxemia (10%), critical cases with respiratory failure, shock
and multiorgan failure (5%), and, in the most serious cases,
death associated with progression to acute respiratory distress
syndrome (ARDS) and multiorgan failure [6]. The most com-
mon symptoms of infection include fever (98%), cough (76%),
myalgia or fatigue (44%) [1]. Of note, the severity, course, and
rapid progression to ARDS are related to comorbidities and
older age of patients. In-hospital mortality is approximately
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60% for patients aged > 80 years and about 5% in patients
under the age of 40 [7].

Many clinical studies on COVID-19 are underway world-
wide. However, currently there has been no effective therapy
available. Trials of experimental agents for treatment and
chemoprophylaxis are under way. Most patients are monitored
and given symptomatic supportive treatment such as oxygen
and antipyretics. Umbilical cord blood and convalescent plas-
ma are also used. Research studies have tested antiviral drugs
and other molecules [8-10].

Multiple sclerosis (MS) is a chronic immune-mediated
central nervous system (CNS) disorder. Immune response
plays a key role in the pathogenesis, course, and progres-
sion of the disease. Inmunomodulatory drugs used in the
treatment of MS target the peripheral immune system.
These treatments have side effects, but are also specific and
selective for molecules of the immune system [11]. Some of
these medications are currently under study for their efficacy
in COVID-19.

Disorders in the cytokine system have been reported
in the course of MS and immunomodulatory therapy is
believed to silence the immune system and halt disease
progression. Interestingly, the significant role of cytokine
dysregulation and immune response in the pathogenesis of
COVID-19 has led to a hypothesis about the potential effec-
tiveness of immunomodulatory drugs in the treatment of the
disease. This is important in patients with MS infected with
SARS-CoV-2. In the future, appropriate modification of the
immunomodulatory treatment during infection may result in
a milder course of both diseases and a shorter hospital stay.
These drugs can be effective in both diseases by regulating
the immune response, reducing the activity of cytokines and
proinflammatory factors.

The present paper reviews immunomodulatory drugs
used in the treatment of MS which are currently under study
for COVID-19.

Materials and methods

We searched clinicaltrials.gov and found 18 ongoing
clinical studies on potential drugs for COVID-19 which are
currently used in MS therapy (Tab. 1). Through the pubmed.
ncbi.nlm.nih.gov database, we found several trial outcomes.
Three immunomodulatory drugs registered for MS treatment
are under study in COVID-19. These are interferon (IFN)-p,
fingolimod, and leflunomide (with teriflunomide as its active
metabolite). Vidofludimus calcium (IMU-838), an inhibitor
of dihydroorotate dehydrogenase, is in Phase II clinical trials
for effectiveness in relapsing-remitting MS [12]. This drug
is also under study for the treatment of COVID-19. There
are four ongoing trials investigating IMU-838 in the SARS-
-CoV-2 infection but, currently, it is not officially registered
as a treatment for MS. Therefore, we did not include it in
our research.

Results and discussion

Pathophysiology of multiple sclerosis vs.
pathophysiology of COVID-19

The precise aetiology of MS is still unclear. Many factors
have an impact on the development of MS, including envi-
ronmental and genetic factors such as vitamin D deficiency,
Epstein-Barr Virus (EBV) and smoking. All of these agents
initiate immune-mediated mechanisms that contribute to de-
myelination and neurodegeneration [13]. The disease process
starts when autoreactive T-lymphocytes with a pro-inflamma-
tory activity cross the blood-brain barrier.

In turn, the immune response to the SARS-CoV-2 infec-
tion consists of two phases, i.e. the immune phase and tissue
damage [14]. The virus has an affinity for angiotensin-convert-
ing enzyme 2 (ACE2) receptors, which are located on epithelial
cells in the apical parts of the lungs. Other organs expressing
ACE2 include the oral and nasal mucosa, nasopharynx, stom-
ach, small intestine, colon, skin, lymph nodes, thymus, bone
marrow, spleen, liver, kidney and brain, which may also be
affected by SARS-CoV-2 [15].

The virus consists of four proteins which are important
in the immune response. The spike protein (S) binds to
ACE2 receptors. Neutralising antibodies and T-cell receptors
recognise it during the immune response. Nucleocapsid
proteins (N) in complex with viral RNA are the target for
antibodies. The matrix protein (M) forms epitopes of T-cell
receptors and interacts with the envelope protein (E). The
S protein may as well bind to CD26 or CD147 and may
enable SARS-CoV-2 to enter cells which do not express
ACE2 [16]. The antiviral response is mainly mediated by
CD4+ and CD8+.

During the development of MS, primary activation of
T-cells occurs in the blood. There are different hypotheses re-
lated to this phenomenon. It may occur as a result of infection
with EBV [17] or contact with myelin antigens in the lymph
nodes [18]. Activated T-lymphocytes show increased adhesion
molecule activity, facilitating their interaction with endothelial
cells. It appears that the presentation of viral antigens may play
arole in the development of MS and the excessive inflamma-
tory response in COVID-19 (Fig. 2).

In MS, dendritic cells, microglia, and B-lymphocytes are
the main antigen-presenting cells (APCs). Adhesive molecules,
matrix metalloproteinases and chemokines play an important
role in cell migration to the CNS [19]. In the CNS, another
activation of CD4+ lymphocytes occurs.

In COVID-19, pattern recognition receptors (PRRs), such
as toll-like receptors (TLR-7, TLR-8), NOD-like receptors
(NRL) and RIG-I-like receptors (RLR), recognise viral antigens,
which results in production of IFN I, III and several chemo-
kines by infected cells [20]. Dendritic cells and macrophages are
APCs. The virus binds to dendritic cells via the specific inter-
cellular adhesion molecule-3-grabbing nonintegrin (DC-SIGN)
and DC-SIGN-related protein. DC-SIGN is highly expressed
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Table 1. Ongoing trials on potential COVID-19 therapies used in MS treatment based on clinicaltrials.gov and studies with published outcomes according to
pubmed.ncbi.nim.nih.gov/

Drug

Interferons

Mechanism of action

— antiviral properties

— increase in expression
of anti-inflammatory
agents

— reduction in expres-
sion of pro-inflamma-
tory cytokines

Ongoing trial

Efficacy and safety evaluation of the-
rapeutic regimen of lopinavir/ritonavir
and interferon-B-1b (IFNB-1b) in patients
with COVID-19

Effect of interferon-f 1 (zifron) on
clinical improvement and prognosis of
COVID-19

Clinical study for treatment with interfe-
ron-B-1a (IFNB-1a) of COVID-19 patients:
randomised, controlled, open label

Comparative study of effects of tocili-
zumab, interferon-gamma and vitamin
Con recovery of critically ill COVID-19
patients and cytokine storm

Evaluation of effect of raltegravir and
raltegravir/interferon- combination on
COVID-19 patients

Using interferon to treat COVID-19

Effect of interferon on treatment of
COVID-19 patients

Efficacy evaluation of inhalation therapy
(nasal spray) of interferon-B-1a in hospi-
talised COVID-19 patients

Evaluation of interferon treatment in
high-risk COVID-19 patients

Phase

of study

Phase
M-l

Phase Il

Phase Il

Phase Il

Phase Ill

Phase

I/

Phase Ill

Phase Ill

Phase Ill

Details of study

N:70

Age: 18+

Gender: both

Date of registration: April 2020

Estimated study completion date:

information

N: 60

Age: no age limit

Gender: both

Date of registration: May 2020

Estimated study completion date:

information

N: 126

Age: 18+

Gender: both

Date of registration: June 2020

Estimated study completion date:

April, 2021

N: 60

Age: 18-65

Gender: both

Date of registration: July 2020

Estimated study completion date:

information

N: 60

Age: 18+

Gender: both

Date of registration: June 2020

Estimated study completion date:

information

N:76

Age: 18+

Gender: both

Date of registration: June 2020

Estimated study completion date:

information

N: 60

Age: 18-70

Gender: both

Date of registration: May 2020

Estimated study completion date:

information

N: 50

Age: 20-65

Gender: both

Date of registration: May 2020

Estimated study completion date:

information

N: 60

Age: 18-70

Gender: both

Date of registration: May 2020

Estimated study completion date:

information
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no

no

Area
and country

Sari, Iran

Tabriz, Iran

Milan, Italy

Tabriz, Iran

Jahrom, Iran

Mashhad, Iran

Qom, Iran

Tehran, Iran

Qom, Iran
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Table 1 cont. Ongoing trials on potential COVID-19 therapies used in MS treatment based on clinicaltrials.gov and studies with published outcomes accor-
ding to pubmed.ncbi.nlm.nih.gov/

Drug Mechanism of action = Ongoing trial Phase Details of study Area

of study and country
Heberon Alfa R in COVID-19 PhaselV  N:no information
Age: no age limit
Gender: both
Date of registration: May 2020
Estimated study completion date: no

Havana, Cuba

information
Phase II, randomised, controlled, open- Phase Il N: 40 Gujarat, India
-label study to evaluate efficacy and Age: 18-85

safety of pegylated-IFN alpha-2b in
treatment of adult patients diagnosed

Gender: both
Date of registration: June 2020

ith SARS-CoV-2 (COVID-19
WI ov2( ) Estimated study completion date: no

information
Determination and comparison of effect Phase N:76 Mashhad, Iran
@ of two antiviral drugs (interferon-p-1a /11 Age: 18+
E ang mierfg;ﬁnci)lsrs-—]z:) on prognosis of Gender: both
'2 patients wi Date of registration: June 2020
- Estimated study completion date: no
information
Interferon-B-1b in COVID-19 Phase N: 70 Sari, Iran
li/m Age: 18+

Gender: both
Date of registration: April 2020
Estimated study completion date: no

information
Investigating efficacy and safety of Phase Il N: 100 Tehran, Iran
interferon-B-1a nasal spray in controlling Age: 18+
symptoms of patients with COVID-19 Gender: both

Date of registration: May 2020
Estimated study completion date: no

information
Safety and efficacy of inhaled nebulised Phase Il N: 100 United King-
interferon-B-1a (SNG001) for treatment Pub- Age: 18+ dom
of SARS-CoV-2 infection: randomised, lished Gender: both
double-blind, placebo-controlled, phase outco- Date of registration: May 2020
Il trial (Monk et al., 2020)double-blind, mes Estimated Study completion date:
placebo-controlled, phase 2 pilot trial May, 2021

at nine UK sites. Adults aged 18 years
or older and admitted to hospital with
COVID-19 symptoms, with a positive
RT-PCR or point-of-care test, or both,
were randomly assigned (1:1)

Evaluating efficacy and safety of inter- Phase N:33 Tehran, Iran
feron B-1b (IFN B-1b) in treatment of /10 Age: 18-75
COVID-19 (Rahmani et al., 2020) Pub- Gender: both
lished Date of registration: March 2020
outco- Estimated study completion date: no
mes information
Evaluating therapeutic and adverse Phase Il N: 20 Tehran, Iran
effects of interferon-B-1a subcutaneous Pub- Age: 18+
administration in patients with novel lished Gender: both
Coronavirus (COVID-19) (Dastan et al., outco-

Date of registration: March 2020
Estimated study completion date: no
information

2020) mes
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Table 1 cont. Ongoing trials on potential COVID-19 therapies used in MS treatment based on clinicaltrials.gov and studies with published outcomes accor-
ding to pubmed.ncbi.nim.nih.gov/

Drug Mechanism of action = Ongoing trial Phase Details of study Area
of study and country
Repurposed Antiviral Drugs for COVID-19 N: 11,330
- Interim WHO Solidarity Trial Results Phase Ill Age: 18+
(Pan et al., 2021)hydroxychloroquine, Pub- Gender: both Multi-country
Iop?navir, and.int.erferor.w beta-1a - ip lished Date of registration: March 2020 study (30
patients hospitalized with coronavirus outco- Estimated study completion date: countries)
disease 2019 (COVID-19) mes March 2023
— angiogenic factor
— preventing lympho- N: 40
- cyteTand B e?gress Age: 18-80
i<} from lymphoid 5
E . Effect of fingolimod for treatment of Gender: both .
& tissues COVID-19-induced cytokine storm ekl f registrati il Tabriz,Iran
2 — reductionin 117, DatAe of registration: Apri A2020 .
IL-10, IL-12 levels Estimated study completion date: no
-reduction in levels of information
CD4+ and CD8+
N: 100
Multicentre, randomised, double-blind, Age: 18-70
controlled clinical trial for leflunomide in Phase Il Gender: both Wuhan. China
treatment of novel coronavirus pneumo- Date of registration; February 2020 !
nia (COVID-19) Estimated study completion date: no
information
N:30
Efficacy and safety of leflunomide for Age: 43-70
refractory novel coronavirus pneumonia Phase 0 Gender: both Shandong,
(COVID-19): non-randomised controlled Date of registration: May 2020 China
study Estimated study completion date: no
— antiviral properties it
3 — reduction in expres- N: 178
g sion of pro-inflamma- Age: 18+ Chert
= : ertsey,
tory cytokines .
% . y 4 . DEFEAT-COVID Study Phase Ill s bo'th . Surrey, United
= — killing activated T- Date of registration: July 2020 Kingdom
and B-lymphocytes Estimated study completion date: no
information
Treatment of Coronavirus Disease 2019 PUb- N:50
Patients With Prolonged Postsympto- lished Age: 18-70
matic Viral Shedding With Leflunomide: - Gender: both Wuhan, China
A Single-Centre Randomised Controlled comes Date of registration: May 2020
Clinical Trial (Wang et al., 2020) Published: September, 2020
A Small-Scale Medication of Leflunomide b N: 10
as a Treatment of COVID-19 in an Open- I'uh -d Age: 18-70
-Label Blank-Controlled Clinical Trial (Hu ;Z: Gender: both Wuhan, China
etal, 2020) comes Date of registration: February 2020

on dendritic cells and macrophages. Then APCs phagocytose
cells infected with the virus migrate to the lymph nodes to
present the antigen to T-lymphocytes [21]. In the development
of COVID-19 and MS, the presentation of antigen in lymph
nodes by dendritic cells may play a significant role (Fig. 2).
In MS, CD4+ lymphocytes have the ability to differenti-
ate into Th1, Th2 and Th17 cells [22]. Thl lymphocytes are
involved in inflammatory processes related to the activity

Published: July, 2020

of macrophages and the production of pro-inflammatory
cytokines such as IFN-y, tumour necrosis factor-a (TNF-a),
interleukin (IL)-2, IL-12, and IL-15. Th2 lymphocytes have
an anti-inflammatory activity and produce anti-inflammatory
cytokines such as IL-4, IL-5 and IL-13 [23, 24]. They can also
stimulate an autoreactive B-cell response. Th17 lymphocytes
secrete IL-17 and other pro-inflammatory cytokines (IL-21, IL-
-22) [24]. Anincrease in IL-17 expression in the cerebrospinal
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Figure 1. Prognostic relevance of IFN-B, leflunomide and fingolimod in COVID-19 according to their mechanisms. IFN-B induces proteins
important in antiviral action (PKR, OAS, RNase, IFIT, MHC I/1l molecules). This results in inhibition of viral entry, transcription, replication,
translation, assembly, or egress. IFN- increases expression of anti-inflammatory factors (IL-10, IL-4), whereas it reduces expression of pro-
-inflammatory cytokines (IL-1, IL-17 and osteopontin) via JAK/STAT pathway. Leflunomide suppresses DHODH, which results in inhibition of de
novo pyrimidine synthesis and reduction in lymphocyte proliferation (diminishing release of proinflammatory cytokines IL-6, IL-8 and MCP-1).
Leflunomide impairs viral RNA replication. Fingolimod decreases inflammation by binding to S1P receptors (S1P1, S1P3, S1P4 and S1P5),
arresting lymphocytes in lymphoid organs and reducing macrophage movement via RhoA/actin pathway. Fingolimod acts as angiogenic
factor; it enhances lung endothelial cell integrity and possibly reduces cytokine storm and ARDS by inhibiting ACE2 receptor expression and
recruiting macrophages to lungs.

ACE2 — angiotensin-converting enzyme 2; ARDS — acute respiratory distress syndrome; DHODH — dihydroorotate dehydrogenase;
IFIT — IFN-induced protein with tetratricopeptide repeats; JAK/STAT — Janus kinase-signal transducer and activator of transcription;
0AS — 2'-5-oligoadenylate synthetase; PKR — protein kinase R; S1P — sphingosine-1-phosphate

fluid (CSF) and blood is characteristic of patients with MS, cells are the main components of demyelinating plaques. They
especially during a relapse [25]. can recognise brain antigens and destroy oligodendrocytes and

In COVID-19, CD8+ lymphocytes kill infected cells [21]. neurons [30]. B-lymphocytes are responsible for the humoral
Immune dysregulation leads to cytokine storm and tissue dam- response. They produce antibodies, specifically recognise the
age. The concentration of pro-inflammatory cytokines corre- antigen, present the antigen, produce cytokines, and regulate the
lates with the severity of the disease. In COVID-19 patients, differentiation and function of dendritic cells and T-lymphocytes.
higher levels of the following have been found: IL-1,IL-2, IL-4, During COVID-19, many patients develop lymphopenia.
IL-6, IL-10, IL-12, IL-13, IL-17, macrophage colony-stimu- A decrease in the levels of CD4+, CD8+, B-lymphocytes and
lating factor (M-CSF), granulocyte colony-stimulating factor natural killer (NK) cells is also reported [31]. T-cell levels
(G-CSF), granulocyte-macrophage colony-stimulating fac- correlate negatively with IL-6, IL-10 and TNF-a concentrations

tor (GM-CSF), IFN-induced protein-10 (IP-10), monocyte [32]. There is also an increase in the release of IFNs, mainly
chemotactic protein-1 (MCP-1), TNF-a, IFN-y and vascular IFN I and III. Their function is to limit the spread of the virus.

endothelial growth factor (VEGF) [26]. IL-6 level is particu- However, SARS-CoV-2 inhibits IFN release [42]. In terms of
larly related to the severity of the disease [27, 28]. the humoral response, CD4+ cells activate B-lymphocytes to
In the development of MS, T-regulatory (Treg) lymphocytes generate natural IgM and IgG antibodies against the virus.
have a weakened ability to control immune reactions, which According to the described data, overexpression of both
also leads to demyelination and neurodegeneration [29]. CD8+ interleukins and chemokines may be characteristic of MS and
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COVID-19

Contribution of viral infection

Denritic cells as APCs
Lymph nodes as a place of antigen
presentation

Destructive function of CDS8+

Activation of B-lymphocytes to
produce antibodies

Cytokine storm

Figure 2. Comparison of pathophysiology of MS and COVID-19 and their common mechanisms. Aetiology of MS is unknown. However,
important role of EBV, myelin antigens and other factors is suspected. In COVID-19, SARS-CoV-2 is causative pathogen. In both cases, viral
infection may contribute to disease development. In MS and COVID-19, dendritic cells are main APCs, whereas antigen presentation occurs
in lymph nodes. CD4+ and CD8+ play an important role in immune response in both diseases. CD 4+ activation leads to B-cell response
and cytokine overproduction. Cytokine storm is present in MS or COVID-19. Probable common elements of pathomechanisms shown in bold.
APCs — Antigen-Presenting Cells; BBB — Blood-Brain Barrier; EBV — Epstein-Barr Virus; G-CSF — Granulocyte Colony-Stimulating Factor; GM-
CSF — Granulocyte-Macrophage Colony-Stimulating Factor; IFN-y — Interferon Gamma; IgG — immunoglobulin G; IgM — immunoglobulin M;
IL —interleukin; IP10 — Interferon-induced protein-10; MCP-1 — Monocyte Chemotactic Protein-1; M-CSF — Macrophage Colony-Stimulating
Factor; NRL — NOD-like receptors; PRRs — Pattern Recognition Receptors; RLR — RIG-I-like receptors; IFN I, Ill — Interferon |, IIl; TLR — Tolllike

receptors; TNF-oc — Tumour Necrosis Factor Alpha; VEGF — Vascular Endothelial Growth Factor

COVID-19. In MS, the loss of immune system control due to
the impaired function of regulatory T-lymphocytes has been
reported (Fig. 2). SARS-CoV-2 may also cause impairment
of the immune system. The development of both diseases
is closely related to the dysfunction of CD4+ and CD8+
lymphocytes, as well as B-lymphocytes (Fig. 2). As discussed
above, certain elements of the pathomechanisms are common
to COVID-19 and MS. Therefore, immunomodulatory drugs
may be highly effective in disease-modifying treatment.

MS immunomodulatory drugs tested for
COVID-19

Interferon-f
Mechanism of action
IFN-B is an immunomodulatory agent. It increases the
expression and concentration of some anti-inflammatory
factors such as IL-10, II-4, whereas it reduces the expres-
sion of pro-inflammatory cytokines such as IL-1, IL-17 and

osteopontin. Pro-inflammatory cytokines induce the activa-
tion and proliferation of additional T-cells, B-cells and mac-
rophages, stimulate major histocompatibility complex (MHC)
class IT expression on APCs, decrease the level of anti-inflam-
matory cytokines, and intensify the cytolytic activity of CD8+
cells, macrophages and certain NK cells [33]. IFN-p leads to
a reduction in the number of inflammatory cells which cross
the blood-brain barrier, and increased production of nerve
growth factor. These cells are important in the production of
anti-inflammatory mediators, and have the potential to reduce
neuronal inflammation [33, 34].

Prognostic relevance in COVID-19
The IFN response is the first line of defence against viruses.
Diagnosis of viral infections is possible due to innate immune
vigilance activating, in particular, IFN I and III responses.
Type I IFN (IEN-a, IEN-pB, IFN-¢, IFN-k, IFN-w) binds to the
common type I TEN receptor (IFNAR) on the cell surface. IFN
induced by virus-infected cells acts in autocrine and paracrine
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ways, binding to cell surface receptors, and leads to the expres-
sion of antiviral IFN-stimulated genes (ISGs), 2’-5-oligoade-
nylate synthetase (OAS), RNase L, dsSRNA-dependent protein
kinase R (PKR) and IFN-induced protein with tetratricopep-
tide repeats (IFIT) to perpetuate antiviral signalling [35].
This activates the antiviral defence mechanism made up of
hundreds of ISGs, thereby interfering with every step of the
virus replication (Fig. 1) [36, 34]. IFN-mediated signalling and
transcriptional activation of cellular gene expression are best
understood in the context of the JAK-STAT pathway protein.
The signal transducer and activator of transcription (STAT)
family of proteins are latent cytoplasmic transcription factors
that become tyrosine phosphorylated by the Janus family
of tyrosine kinase (JAK) enzymes in response to cytokine
stimulation. Different members of the JAK and STAT families
have distinct functions in cytokine signalling. Receptor-as-
sociated JAKSs are activated following the binding of IFNs to
their cognate multi-subunit transmembrane receptor. This
plays central roles in mediating IFN-dependent biological
responses and could shift the pathogenic Th1/Th17 responses
to Th2/Treg responses, which results in increased production
of anti-inflammatory cytokines such as IL-2, IL-4, IL-5 and
IL-10 (Fig. 1) [37, 38]. An insufficient IFN response promotes
uncontrolled viral replication, increases viral load, and leads to
poor outcomes in SARS-CoV infection. A strong IFN response
has been observed following SARS-CoV-2 infection. ISG ex-
pression was significantly increased in COVID-19 patients
[39]. Blanco-Melo et al. showed a similar relationship after
analysis of serum from COVID-19 patients [40]. Pro-in-
flammatory cytokines and chemokines were significantly
elevated with no detectable levels of IFN I and III. Moreover,
IFN-B may show beneficial antiviral activity against SARS-
CoV-2 in combination with conventional antiviral drugs as
shown in a recent open-label Phase II clinical trial. This
study showed that the triple action of injectable IFN (IFN-p
1b), an oral protease inhibitor (lopinavir-ritonavir) and an
oral nucleoside analogue (ribavirin) administered for seven
days from the day of symptom onset completely inhibited
the excretion of SARS-CoV-2, not only in nasopharyngeal
swabs, but in all clinical specimens compared to lopinavir
and ritonavir alone. Additionally, the duration of a positive
RT-PCR reaction and the duration of viremia were shorter.
It was associated with clinical improvement and shortening
of hospital stay [41]. Initiating IFN-B treatment in patients
with newly diagnosed MS appears safe. The action of IFN-f
rarely lowers lymphocyte levels. The associated lymphope-
nia is mild. Therefore, it is unlikely that it will affect the
early or delayed immune response to SARS-CoV-2 or will
significantly increase the susceptibility to infections. De-
spite the optimal safety of IFN-f compared to other drugs,
and the fact that it is an appropriate treatment option for
patients with mild MS, its potency is low and it may not
be suitable for patients with highly active MS during the
pandemic [42].

On clinicaltrials.gov, we found 16 ongoing trials on IFNs
for COVID-19, 11 of which are focused on IFN-B. Most of
them are in Phases II or III (Tab. 1). We found some out-
comes evaluating the effectiveness of IFN-p among patients
with COVID-19. The efficacy and safety of inhaled nebulised
IFN-B-1a were assessed among hospitalised patients with
COVID-19 in the UK. This was a randomised, double-blind,
placebo-controlled, Phase II pilot trial including 101 patients.
The symptoms of infection improved more rapidly in patients
who received IFN-p compared to those who received a pla-
cebo. Moreover, there were three deaths in the placebo group
and none in the active treatment group [43]. Another clinical
trial was conducted in Imam Khomeini Hospital Centre in
Iran from 20 April to 20 May, 2020 and included 66 patients.
IFN-B was administered subcutaneously every other day for
two weeks. The control group received lopinavir/ritonavir or
atazanavir/ritonavir plus hydroxychloroquine. Rahmani et al.
showed a shorter time to clinical improvement and discharge
and lower mortality in patients with IFN therapy compared
to the control group [39]. IFN-f is often combined with other
drugs. Hong et al. described five severe COVID-19 pneumo-
nia patients who recovered 7-15 days after treatment with
lopinavir/ritonavir, hydroxychloroquine and IFN-B-1b [44].
On 2 December, 2020, the New England Journal of Medicine
published interim WHO SOLIDARITY trial results of four
antiviral drugs, i.e. remdesivir, hydroxychloroquine, lopina-
vir, and IFN-B-1a in patients hospitalised with COVID-19.
None of the above drugs had a significant effect on the
disease course as indicated by overall mortality, initiation
of ventilation, or duration of hospital stay. Only remdesivir
slightly reduced time to recovery. Given the size of the trial,
these findings seem reliable [45]. Dastan et al. conducted
a prospective non-controlled trial [46]. They also used
IFN-p-1a in combination with hydroxychloroquine and
lopinavir/ritonavir. Their study revealed a reduction of di-
sease symptoms, which were supported by lung CT and
chest X-ray images. Davoudi-Monfared et al. carried out
a very similar study with IFN-B-1a added to hydroxychlo-
roquine plus lopinavir-ritonavir or atazanavir-ritonavir
[47]. They showed that only early IFN-B-1a administration
was related to a significant reduction in mortality. Their
study did not reveal an influence of IFN on shortening
hospital stay or the duration of mechanical ventilation.
Many randomised clinical trials aimed at evaluating the
efficacy and safety of IFN-B in COVID-19 treatment have
shown that treatment with IFN-p could lead to faster
recovery from infection. The trials are still underway and
their aim is to confirm the benefits of this form of therapy.

Fingolimod
Mechanism of action
Fingolimod, sphingosine-1-phosphate (S1P) analogue, is
the first oral disease-modifying drug for relapsing-remitting
MS. Fingolimod binds to four of the five known S1P receptors
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(S1P1, S1P3,S1P4 and S1P5) on lymphocytes, leading to recep-
tor internalisation and lymphocyte ‘arrest’ in lymphatic organs
(Fig. 1). As a result, the damaging infiltration into the CNS is
reduced [48, 49]. It also inhibits the expression of RhoA and
RhoA/actin-dependent macrophage receptors (Fig. 1) [50].

Prognostic relevance of fingolimod in COVID-19

The action of fingolimod in COVID-19 is complex. Acting
as an immunomodulatory drug, it inhibits naive T-cells and
memory T-cells in the lymph nodes, thus preventing autoim-
mune reactions. However, memory effector T-cells, which are
less affected by fingolimod treatment, are of crucial impor-
tance in defending against infectious disease antigens [51].
The pathological process of infection in COVID-19 includes
pulmonary oedema and diffuse alveolar injury with cellular
fibromyxoid exudates [52]. Fingolimod is a potent angiogenic
factor and its action enhances the integrity of lung endothelial
cells. S1P enhances vascular permeability and alveolar hem-
orrhage in preclinical animal models of acute lung injury.
Moreover, in the case of a cytokine storm, immunomodulation
may be beneficial in reducing mortality [53]. Fingolimod in-
hibits macrophage movement and expression of macrophage
receptors via the RhoA/actin pathway. It may also inhibit the
expression of ACE2 receptors and macrophage recruitment to
the lung tissue, which is the main cause of ARDS (Fig. 1) [50].

We found one ongoing trial on fingolimod in COVID-19,
which was conducted at the Tabriz University of Medical
Sciences in Iran (Phase III study involving 40 patients) (Tab.
1). Unfortunately, no outcomes of COVID-19 treatment
with fingolimod have been published yet. Therefore, further
research is warranted.

Leflunomide
Mechanism of action

Leflunomide acts by suppressing dihydroorotate dehy-
drogenase (DHODH), which results in the inhibition of de
novo pyrimidine synthesis and reduction in B- and T-lym-
phocyte proliferation. The effect of leflunomide is related to
a decrease in the release of pro-inflammatory cytokines such
as IL-6, IL-8 and MCP-1 (Fig. 1) [54, 55]. The inflammatory
imbalance seems to be crucial in the onset and propagation
of MS [56]. Leflunomide has already been clinically used in
autoimmune diseases to inhibit pathogenic cytokines and
chemokines [57]. Teriflunomide is the main active metabolite
of leflunomide. The effectiveness of therapy with leflunomide
is possible, but this drug has not been registered for the
treatment of MS yet, as opposed to teriflunomide, which is
alicenced drug in MS. However, its efficacy in COVID-19 has
not been confirmed [58].

Prognostic relevance in COVID-19
Leflunomide reduces the level of immune activation
without cell apoptosis. It kills only rapidly proliferating lym-
phocytes. On the other hand, it can use the salvage pathway

to proliferate and self-renew [59]. Thus, an adequate defence
against the virus may be provided, while decreasing host
immune response [54]. That mechanism could prevent the
cytokine storm that occurs in severe acute infections, including
influenza and COVID-19 [57].

Three clinical trials are currently underway to investigate
the efficacy of leflunomide in COVID-19 (Tab. 1). We also
found two completed randomised controlled clinical trials.
The former was performed by scientists from RenMin Hospi-
tal of Wuhan University, China. This trial assessed the effects
of treatment with leflunomide and IFN-a-2a compared to
IFN-a-2a alone. The study group consisted of 50 patients.
No differences were found in duration of hospital stay or
viral shedding. Two patients in the leflunomide group were
unable to complete therapy due to adverse effects [60]. The
latter study was performed on a small group of 10 patients.
This small-scale investigation is a part of the Open-Label
Blank-Controlled Clinical Trial which is currently in Phase
III as reported by clinicaltrials.gov. The study revealed
a decrease in C-reactive protein levels in the leflunomide
treatment group. In this group, a shorter duration of viral
shedding was also found. The chest CT imaging from one
representative patient showed much smaller areas of ground-
glass opacity and obvious absorption of lesions in the bilateral
lung after seven days of treatment with leflunomide [61].
Despite the small size of the group, the outcomes from the
above investigation may be crucial, although the findings
require further analysis.

Drugs in NMOSD tested for COVID-19

Neuromyelitis optica spectrum disorder (NMOSD) is
another neurological disease with an important role in the
inflammatory process. NMOSD is an autoimmune disorder
characterised by inflammatory and demyelinating lesions in
the optic nerve, spinal cord brainstem, and cerebrum, which
can lead to a decrease or loss of vision and disability [62].
NMOSD is often misdiagnosed as MS. Therefore, it seems ne-
cessary to mention the drugs which are tested in COVID-19
and used in the treatment of neuromyelitis optica (NMO) and
which are registered and used in clinical trials.

There are studies on the effectiveness of anti-IL-6 receptor
monoclonal antibodies (sarilumab, tocilizumab, satralizumab),
anti-IL-6 monoclonal antibody (siltuximab) and inhibition
of the C5 protein of the complement system (eculizumab)
[63,64,65].

Inhibition of IL-6 may attenuate the early immune response
against the virus by T-cell suppression. It could also increase
the risk of secondary bacterial infection in COVID-19 pa-
tients. On the other hand, inhibition of the IL-6 signalling
pathway could result in a decrease in the cytokine storm [62].
Suppression of the inflammatory process would certainly be
very beneficial for patients with severe COVID-19 pneumonia.
There are also studies on a potential benefit of complement
inhibition in the SARS-CoV-2 infection. A clinical trial of
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eculizumab in COVID-19 patients is underway (clinicaltrials.
gov, NCT04288713).

Currently, the guidelines by the National Institutes of
Health (NIH) suggest against the routine use of anti-IL-6 re-
ceptor monoclonal antibodies (tocilizumab and sarilumab) or
anti-IL-6 monoclonal antibody (siltuximab) for hospitalised
patients with COVID-19 outside clinical trials [64].

Conclusion

Many drugs are under study for their effectiveness in
the treatment of COVID-19. According to most scientists,
the pandemic will last for months or even years. Due to the
presented pathophysiology of COVID-19 and the crucial
role of the immune response, the above immunomodula-
tory drugs may be effective in some cases of the SARS-
-CoV-2 infection.

IFN-p largely counteracts the pathogenic processes by
increasing the production of anti-inflammatory factors, while
inhibiting the pro-inflammatory cytokines. It has been shown
to have antiviral activity and inhibit the SARS-CoV-2 rep-
lication. Some of the cited clinical studies revealed that
administration of IFN-p with other antiviral drugs resulted
in a reduction of symptoms as evidenced by chest CT scans
and X-rays. It may also contribute to a shorter time to clini-
cal improvement.

Fingolimod acts as an angiogenic factor. It may inhibit
ACE2 receptors. As an immunomodulatory drug, fingolimod
inhibits lymphocytes in lymphatic nodes, thus reducing the
inflammatory response. There are no published outcomes
about its efficacy in COVID-19. However, some studies suggest
that it may prevent the development of ARDS.

Leflunomide, an inhibitor of DHODH, leads to a reduced
proliferation of both T- and B-lymphocytes. Moreover, it low-
ers pro-inflammatory cytokine levels, thus reducing inflamma-
tion. Studies show that it could contribute to a shorter duration
of viral shedding and a reduction in disease symptoms.

The findings that we have presented suggest that immuno-
modulatory drugs may be effective in some cases of COVID-19.
Due to the similar pathophysiology of COVID-19 and MS,
IEN- B, leflunomide and fingolimod may be equally effective in
both conditions due to their antiviral activity and the influence
on the immune response.

Of note, many drugs used or tested in MS have also
been included in COVID-19 clinical trials, which may
suggest that these drugs have a common mechanism of
action in both diseases. Currently, data on their potential
effects is limited. Most studies have not been completed
yet and there have been no published outcomes. Until solid
outcomes from patient samples are published, drawing
conclusions about drug effectiveness is impossible. The
recommendations of professional organisations should be
followed. However, they will change over time depending
on the further development of the COVID-19 pandemic or

viral mutations and changes. The long-term effects of MS
immunomodulatory treatment in patients with COVID-19
should be monitored.
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ABSTRACT

Aim of the study. This study aimed to assess the cerebral voxel-based and surface-based morphological abnormalities of
patients with temporal lobe epilepsy (TLE).

Materials and methods. A total of 100 healthy adults and 73 patients with TLE were enrolled in this study, and their 3D
T1-weighted MRI data were collected. Voxel-based morphology (VBM) and surface-based morphology (SBM) tools were used
to compare the morphological differences between healthy adults and patients with TLE. Receiver-operating characteristic
(ROCQ) curves were used to acquire the boundary values for detecting morphological abnormalities in regions of interest from
the corrected VBM and SBM analysis.

Results. Our results showed that cortical voxels and decreased thickness areas were located in the widespread cortex and
subcortical structures in the TLE group. However, after completing the analysis, we found that the left-TLE lesions were limited
to the left temporal pole and left hippocampus, while the right-TLE lesions were located in the bilateral medial temporal lobe,
including the right hippocampus and bilateral amygdala. ROC-curve results showed that the volume of the left hippocampus
at4,124.45 mm’ and the thickness of the left temporal pole cortex at 3.50 mm could be used as optimal boundary values based
on the curves of the left-TLE group. The right-TLE group curves were poor.

Conclusions. Widespread cerebral morphological TLE abnormalities were represented in this study. However, the lesions may be limi-
ted after completing a corrected comparison with clinical information. Boundary values of left-TLE group lesions were also obtained.

Key words: structural assessment, temporal lobe epilepsy, morphological atlas, hippocampal sclerosis, 3D T1-weighted images

(Neurol Neurochir Pol 2021; 55 (4): 369-379)

Introduction

Temporal lobe epilepsy (TLE) is a common type of drug-re-
sistant epilepsy [1]. Research studies have shown that patients
with TLE suffer from widespread cortical and subcortical
morphological abnormalities, such as decreased volume and
cortical atrophy. The regions were mostly located in the frontal,
temporal, occipital, and central cortex, and the thalamus [2, 3].
These studies have also found damage in white matter fibres [4].
Therefore, it is expected that patients with TLE suffer a certain
degree of cognitive impairment, in addition to frequent seizures,

that are closely related to the structural abnormalities [5, 6].
A certain amount of neural network damage is also related to
cerebral emotional functions [7]. It is considered that factors
such as long-term duration, frequent seizures, and medication
have an influence on the impairments of the cortical and sub-
cortical structures [8], but it has also been found that progressive
cortical atrophy is still present with the disease’s prolongation,
even in the case of seizure freedom [9]. It is currently believed
that epilepsy is a neurodegenerative disease, and the spread of
epileptiform discharges are considered to be detrimental to the
widespread cortical and subcortical structures [10].
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Quantitative measurements have been used as a non-in-
vasive tool for brain morphology assessments, and the effects
have also been shown to be consistent with actual measure-
ments [11]. However, widespread cortical atrophy has been
discovered in patients with TLE, with no benefits in terms of
locating the epileptogenic lesions. Fully quantitative cerebral
morphological assessments could provide a path for predicting
curative effects, cognitive evaluation, and early surgical deci-
sions [12]. They also provide precise boundary evaluations for
detecting morphological abnormalities that have been difficult
to recognise in conventional imaging. Therefore, this study
aimed to assess the cerebral morphology for patients with
TLE based on voxel-based morphometry (VBM) [13] and
surface-based morphometry (SBM) [14].

Materials and methods

Subjects

In this study, we collected the 3D T1-weighted MRI data
of healthy adults and patients with TLE who were recruited
from 2015 to 2019.

Standard protocol approvals, registration, and participant
consent: all participants provided written consent. The insti-
tutional review board at the General Hospital of Southern
Theatre Command, PLA, approved this study.

Inclusion and exclusion criteria

In the healthy adults’ group, the inclusion criteria were:
1. healthy adult; 2. aged over 18; 3. right-handed; 4. EEG and
cerebral MR examinations taken with normal results. The
exclusion criteria were : 1. a history of neurological or mental
illness; 2. a history of chronic disease such as hypertension,
diabetes, or coronary heart disease; 3. a positive family history
of hereditary disease.

In the TLE group, the inclusion criteria were: 1. patients
with unilateral TLE, with a diagnosis that fulfilled the criteria
of the International League Against Epilepsy (ILAE) [15] (this
criterion was established based on a comprehensive investi-
gation that included the collection of seizure semiology, the
inspection of discharge from unilateral temporal areas on
inter-ictal/ictal EEGs, video-telemetry recordings, and the in-
spection of MR images for evidence of structural abnormalities
in the mesial temporal lobe); 2. Aged over 16. The exclusion
criteria were: 1. Patients with TLE caused by inflammation;
2. Patients with TLE caused by trauma; 3. Patients with TLE
caused by brain tumors; 4. Patients with bilateral TLE.

Materials
General demographic information, such as the gender and
age of each participant, was collected. For patients with TLE,
it was also necessary to collect clinical information such as
disease duration, age at onset, seizure types, seizure frequency,
and medication use (Tab. 1).

MR acquisition: The visual interpretation of the findings
in this study was conducted by an experienced clinician.
Cerebral MR scans were performed on 173 participants using
a General Electric (GE) 3.0T MR scanner and a SIEMENS 3.0T
MR scanner. The scan sequences included the conventional
T1-weighted, T2-weighted, and T2 FLAIR images. Three-di-
mensional T1-weighted MPRAGE sequences (TE = 3.24 ms,
TR =2300 ms, TT = 900 ms, flip angle = 9 degrees, bandwidth
= 210 Hz/pixel, FOV = 256 mm, matrix = 256 X 256, resolu-
tion 1.0 x 1.0 x 1.0 mm’, atotal of 176 sagittal images) were
also necessary.

Methods

SPM [16] was used for the cortical assessment of TLE
patients.

For the 3D T1-weighted magnetisation, prepared rapid
gradient echo (MPRAGE) sequences were preprocessed, in-
cluding the DARTEL normalisation of images to MNI152 spac-
ing, the segmentation of grey matter (GM), white matter (WM)
and cerebrospinal fluid (CSF), and the estimation of cortical
surface and thickness and smooth areas.

Before entering the GM images into a statistical model,
GM-image data was required for the estimation of the corti-
cal surface and thickness and the smooth areas through the
‘Estimate Surface Models” function.

The cortical surface images and smoothed GM images
were then entered into the statistical models for a comparison
between the healthy group and the group with TLE.

The subcortical structures, including the hippocampus,
amygdala, caudate nucleus, putamen, globus pallidus, nu-
cleus accumbens, and the brainstem, were segmented and
reconstructed within a Freesurfer 5.3 software package [17].
The T1-weighted NIFTI format images were input into Free-
surfer and automatically reconstructed through the ‘recon-
all’ function. These processes included removing non-brain
tissue, volumetric labelling, intensity normalisation, GM
and WM segmentation, subcortical mass creation, and data
estimation (Fig. 1).

Statistical analysis

T-test statistical models using the standard VBM
and SBM ‘Specify 2nd Level’ or ‘Basic Models’ modules
were performed for grey-matter volume and thickness
comparison at two different significance thresholds: an
uncorrected threshold of p < 0.001 and a threshold of
p < 0.05 corrected for FDR. Comparisons were performed
again when corrected by covariates, including disease dura-
tion, age at onset, seizure type, seizure frequency, number
of current medications, and total intracranial volume. The
regions of interest (ROIs) were then detected from these
comparisons. SPSS 19.0 software program (IBM, Chica-
go, IL, USA) was used for statistical data. The cortical
thickness data of ROIs were derived from SBM analysis,
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Figure 1. Processing streams for 3D T1-weighted magnetisation: prepared rapid gradient echo (MPRAGE) sequences

and the subcortical structural volumes were derived from
the Freesurfer 5.3 results. The data was imported into the
SPSS. A general linear model (GLM) was used for the co-
variance comparison of cortical and subcortical structural
data between the groups. We used the covariates above for
correction and the ROC curves to acquire the boundary
values with the highest sensitivity and specificity for detect-
ing morphological abnormalities. A value of p < 0.05 was
considered statistically significant.

Results

General characteristics
We recruited 100 healthy adults for the first group. These
included 50 males and 50 females, and their ages ranged from
18 to 40. We recruited 73 patients with TLE for the second
group, including 38 left-TLE patients and 35 right-TLE pa-
tients. Their ages ranged from 16 to 44.

Cortical morphological comparison between
healthy group and TLE group

The VBM comparison results between the groups showed
that voxel-decreased areas in patients with TLE were found
in the widespread cortical and subcortical structures in ad-
dition to the temporal lobe, including the bilateral cingulate,
temporal cortex, and thalamus (p < 0.001, uncorrected).
The cortical thickness comparison results based on the SBM
analysis between the groups were shown based on the De-
strieux 2009 parcellation [18]. In addition, we found that the
cortical thickness atrophy areas of the patients with TLE were
also present in the widespread cortex, with the most obvious
areas in the bilateral frontal, temporal, and central cortex
(Fig.2,3) (p <0.05, FDR corrected). The cortical atrophy rang-
es of the left TLE were more extensive than for the right TLE.

Corrected cortical morphological comparison
between healthy and TLE groups

The corrected VBM comparisons between the healthy
group and the left-TLE patients demonstrated that the mor-
phologically abnormal areas were limited to the left hip-
pocampus (p < 0.001, uncorrected), while the morphologically
abnormal areas in the patients with right TLE were found in
the bilateral medial temporal lobe, based on the corrected
VBM comparisons. In the corrected SBM analysis, the cortical
atrophy area of the patients with left TLE was confined to the
left temporal pole area (original data 3.71 + 0.27 mm vs. 3.48
+ 0.45 mm, adjusted p = 0.027). No significant results were
found in the corrected SBM analysis between the healthy group
and the right-TLE group (Fig. 4, 5).

Corrected subcortical structure volume
comparison between healthy and TLE groups

The corrected comparison of the subcortical structure
volumes by GLM also confirmed that the left hippocampus
volume of the left-TLE patients was reduced (original data
4,325.62 + 454.70 mm’ vs. 3,849.32 + 761.36 mm’, adjusted
p = 0.033). The volume-decreased areas were located in
the right hippocampus (4,542.17 + 418.28 mm’ vs. 4,049.94
+985.20 mm’, adjusted p = 0.002) and the bilateral amygdala
(left side: 1,685.50 + 214.54 mm’vs. 1,504.43 + 227.38 mm’, ad-
justed p = 0.003, right side: 1,717.50 + 170.92 mm’vs. 1,563.72
+269.38 mm”, adjusted p = 0.001) of the right-TLE patients.

ROC curves for detection of morphological
abnormalities in ROIs
For the left-TLE patients, ROC curves of the left hip-
pocampus volume and left temporal pole area thickness were
performed. The area under the ROC curve of the left hip-
pocampus volume was 0.699, and the optimal boundary value
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Table 1. Demographic characteristics and clinical information of healthy adults and TLE patients

Healthy Left-TLE group Right-TLE group
adults
Age (years) 27.71 £4.00 26.84 + 8.52 26.86 + 8.34 0.401 0.670
Sex Male 50 (50) 25 (65.8%) 15 (42.9%) 4.227 0.121
Female 50 (50) 13 (34.2%) 20(57.1%)
Disease duration 0-5 — 16 (42.1%) 14 (40.0%) 1.732 0.630
(years) 6-10 — 9.(23.7%) 10 (28.6%)
11-15 — 8(21.1%) 4(11.4%)
216 — 5(13.2%) 7 (20.0%)
Onset age (years) 0-10 — 6 (15.8%) 7 (20.0%) 0.302 0.960
11-20 — 19 (50.0%) 16 (45.7%)
21-30 — 7 (18.4%) 7 (20.0%)
>16 — 6(15.8%) 5(14.3%)
Seizure type CPS — 28 (73.7%) 23 (65.7%) 0.55 0.458
SGTCS — 34 (89.5%) 31(88.6%) 0.015 0.902
CPS frequency <10 — 3 (7.9%) 6(17.6%) 5.966 031
(times per year) 10-20 = 6(15.8%) 4(11.4%)
21-30 — 5(13.2%) 3(8.6%)
31-40 — 4(10.5%) 0(0%)
>41 — 9(23.7%) 9(25.7%)
sGTCS frequency <10 — 17 (44.7%) 22 (62.9%) 7.109 0.213
(times per year) 10-20 — 13 (34.29%) 6(17.1%)
21-30 — 0 (0%) 2 (5.7%)
31-40 — 1(2.6%) 0 (0%)
> 41 — 3(7.9%) 1(2.9%)
Febrile seizures history — 13 (34.20%) 7 (20.0%) 1.85 0.174
Family history — 1(2.6%) 1(2.9%) 0.003 0.953
Medication Sodium Valproate — 16 (42.1%) 19 (54.3%) 1.083 0.298
Carbamazepine — 11 (28.9%) 7 (20%) 0.785 0.376
Oxcarbazepine — 4(10.5%) 3 (8.6%) 0.08 0.777
Topiramate — 5(13.2%) 4(11.4%) 0.05 0.822
Lamotrigine — 1(2.6%) 10 (28.6) 9.579 0.02
Levetiracetam — 3(7.9%) 4(11.4%) 0.262 0.608
Phenytoin — 2 (5.3%) 1(2.9%) 0.268 0.605
Benzodiazepine — 4(10.5%) 2 (5.7%) 0.559 0.455

CPS — complex partial seizures; SGTCS — secondary generalised tonic-clonic seizures

was 4,124.45 mm’, with sensitivity 60.5% and specificity 77.0%.
The area under the ROC curve of the left temporal pole thick-
ness was 0.711, and the optimal boundary value was 3.50 mm,
with sensitivity 60.5% and specificity 78.0%. However, for the
right-TLE patients, the ROC curves for the right hippocampus
and amygdala volume showed poor efficiency. The area under
the ROC curve of the right hippocampus volume was 0.605,
and the optimal boundary value was 4,487.95 mm”, with sen-
sitivity only 57.1% and specificity 58.0%. The area under the
ROC curve of the right amygdala volume was 0.679, and the

optimal boundary value was 1,658.45 mm’, with sensitivity
62.9% and specificity 64.0% (Fig. 6).

Discussion

This study showed that grey-matter volume and cortical
thickness-decreased areas were located in the widespread
cortex and subcortical structures in the TLE group. However,
after our corrected analysis, we found that left-TLE lesions
were limited to the left temporal pole and left hippocampus.
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Figure 2. VBM and SBM analysis between healthy group and left-TLE patients
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Figure 3.VBM and SBM analysis between healthy group and right-TLE patients
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Figure 4. Corrected VBM and SBM analysis between healthy and left-TLE groups
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Figure 5. Corrected VBM analysis between healthy and right-TLE groups

The lesions in patients with right TLE were located in the
bilateral medial temporal lobe, including the right hippocampus
and bilateral amygdala. The results of the ROC curves showed
that the volume of the left hippocampus at 4,124.45 mm” and the
thickness of the left temporal pole cortex at 3.50 mm could be
used as the optimal boundary values based on the left-TLE group
curves. However, the right-TLE results were relatively insignificant.

Based on innovations in imaging processing methods,
especially the widespread application of VBM, it has been
reported that temporal lobe epilepsy is a network disorder.
Even a multicentric study of advanced morphological neuro-
imaging in lateral temporal lobe epilepsy has been performed
in recent years [19].

We found similar results in the uncorrected VBM and SBM
analysis in this study, demonstrating widespread cortical and

sub-cortical atrophy areas in TLE. However, these results have
no benefits for lesion localisation, something which is also
highlighted in previous studies. VBM based on grey-matter
volume appeared unfavourable in presurgical focal epilepsy
patients, but VBM based on T2-FLAIR and junction maps
might achieve higher specificity and sensitivity [20].
Furthermore, as discussed above, these results were
mixed, with many confounding clinical factors. Some
scholars have been able to detect morphological alterations
confined to the medial temporal lobe after excluding the
influence of disease duration and onset age [21]. But these
studies were only focused on hippocampal sclerosis patients,
which is not conducive to determining morphological ab-
normalities in patients who have normal imaging on visual
inspection. Nor was medication involved in the cerebral
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Figure 6. ROC curves of ROIs for detecting morphological abnormalities in patients with TLE

morphological changes of the patients with TLE. For this
reason, we recruited TLE patients who even had MRI
negative conditions, and we also considered the influence
of medication factors.

A decrease in the left hippocampus volume and left tem-
poral pole cortical thickness was the main morphological
alteration in the left-TLE patients, who still had to be identi-
fied by corrected VBM and SBM analysis, respectively, in this
study. The volume decrease of the left hippocampus was also
supported by a corrected comparison of subcortical structure
volumes. The volume decrease in the TLE hippocampus has
long been documented and is related to memory impairment
[22]. Moreover, studies concerning the cortical thickness of
the left-TLE lesions showed the left temporal polar thickness
thinning specifically. This result could provide evidence for the
early detection of temporal cortical dysplasia. Likewise, the
most significant morphological change in right-TLE patients
was right hippocampus volume loss.

Thus, it can be concluded that ipsilateral hippocampus
volume decrease was still the most intrinsic morphological
abnormality of unilateral TLE. Quantitative morphological
analysis for TLE has been refined in hippocampal subfields
[23]. The CAl field is receiving attention from researchers
and has proved to be related to the histopathology in TLE
[24]; however, total hippocampal volume atrophy was found
in the patients of this study, suggesting that hippocampal
subfields other than CA1 should be considered equally in the
morphological assessment of TLE. We expect to prove this
assumption in further studies. In addition, the results also
suggest that confounding factors had a considerable influence
on extensive extratemporal cortical damage. These factors

need to be excluded in lesion localisation, especially in the
pre-surgery assessment.

We further attempted to use ROC curves to analyse the
ROI data from the corrected VBM and SBM analysis to deter-
mine the criteria of morphological abnormalities for left-TLE
patients. This showed that the areas under the ROC curves
of the left hippocampus and left temporal pole reached 0.7.
The volume of the left hippocampus at 4,124.45 mm” and the
cortical thickness of the left temporal pole at 3.50 mm was
the optimal boundary value based on the current curves.
However, the results of the ROC curves of the right-TLE group
were quite poor.

Under the corrected comparison, the grey-matter volume
decrease in the bilateral medial temporal lobe was found in
the corrected VBM analysis of the right-TLE patients. The
corrected GLM analysis of the subcortical structures also
confirmed a volume decrease in the right hippocampus and
bilateral amygdala areas. These results are in contrast to
studies that have suggested more widespread abnormalities
with left TLE than right TLE [2, 3]. In fact, the results of our
uncorrected morphological analysis support previous conclu-
sions. The different results between the left and right TLE in
the corrected analysis may suggest a variance in the intrinsic
epileptic networks in patients with unilateral TLE. Another
recent study has also confirmed a contralateral shape inflation
of the left hippocampus in the right TLE [25]. The connectivity
between bilateral temporal lobes has been clearly shown [26,
27]. Furthermore, another study using interictal connectivity
analysis on a high-density EEG found a stronger connection
from the ipsilateral to the contralateral medial temporal pole
in the right TLE than the left TLE [28].
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It could be assumed that the seizures in right-TLE patients
are more likely to be caused by a linkage between bilateral
medial temporal lobe structures. This also suggests that we
should pay more attention to the possibility of contralateral
temporal lobe damage in the clinical assessment of patients
with right TLE.

There were several limitations to this study. Firstly, this
study was a single-centre trial, and the sample size was limit-
ed. Secondly, the ROC-curve analysis failed to achieve higher
sensitivity and specificity, which may be due to the use of raw
data. An accurate correction algorithm is required to obtain
corrections for better boundaries. Thirdly, we only used VBM
and SBM tools to validate morphological abnormalities.
More structural and functional data, such as diffusion tensor
imaging (DTI), EEG, and fMRI, should be included in future
clinical assessments. Fourthly, in this study, hippocampal
volumes and volumetric measurements were not corrected
for total intracranial volume, which may have caused a certain
bias. Finally, no pathological information was provided in this
study. This should be included in future studies.

Conclusions

Widespread cerebral morphological TLE abnormalities
were presented in this study. However, the lesions could be
limited after a corrected comparison with the clinical infor-
mation. The boundary values of the left-TLE group lesions
were also obtained.
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ABSTRACT

Aim of the study. This study aimed to analyze the daily clinical practice of primary care practitioners (PCPs) in Poland concer-
ning migraine patients.

Clinical rationale for the study. Migraine is a common chronic primary headache disease, which can be disabling if insuffi-
ciently managed. Numerous studies suggest that migraine remains underdiagnosed and undertreated. The first consultation
of migraine patients is usually undertaken by a PCP.

Materials and methods. This study was conducted in June and July 2019 in Poland using a computer-assisted web interview
with 51 PCPs. The interview questions concerned knowledge of diagnostic criteria and methods of migraine treatment.

Results. On average, each PCP consulted 12 patients with migraine per month. More than half of PCPs (63%) listed partial
diagnostic criteria for migraine without aura or mentioned aura in their responses. Only 10% of PCPs listed all diagnostic criteria
for migraine without aura. Although 55% of PCPs said that they distinguished between episodic and chronic migraine, 18%
provided the wrong definition. The most commonly prescribed drugs were triptans (66%), paracetamol, metamizole, or non-
-steroidal anti-inflammatory drugs (42%).

Conclusions and clinical implications. PCPs play a critical role in diagnosing, treating, and monitoring migraine; however,
many of them have insufficient knowledge about its diagnosis and correct differentiation between chronic and episodic forms.

Key words: chronic migraine, episodic migraine, headache, primary care practitioner

(Neurol Neurochir Pol 2021; 55 (4): 380-386)

Introduction

Migraine is a widespread, chronic primary headache
disease characterised by recurrent headaches with or without
aura. It affects up to 18% of women and 6% of men [1]. Chronic
migraine prevalence in the general population ranges from
1.4-2.2% [2]. In Poland, chronic migraine accounts for 49%
of chronic daily headaches [3]. Migraine is associated with
considerable functional impairment, with both physical and
emotional consequences that can impact upon occupational
and family life [4, 5].

Despite the burden of disease, and the increasing avail-
ability of effective treatment, the management of migraine

remains less than satisfactory. People with migraine are un-
derdiagnosed and undertreated. This is observed not only in
developing countries, but also in Europe and North America
[6-8]. According to an online survey among Polish adults in
January 2019, 25% of respondents reported some migraine
symptoms in the last 12 months, yet only 37% of them had
been diagnosed with migraine by a physician in the past [9].

Headaches account for 4.4% of primary care practitioner
(PCP) visits [10]. Most migraine patients consult their PCPs.
Although PCPs play a critical role in the diagnosis, treatment
initiation, and monitoring of migraine [11, 12], insufficient
knowledge of diagnostic criteria often leads to misdiagnosis
[13, 14]. Thus, it is important to evaluate PCP knowledge and
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educate PCPs as to the proper diagnosis and effective treatment
of migraine patients.

Clinical rationale for the study

Migraine is a frequent reason for PCP visits. Usually,
a PCP is the first healthcare professional diagnosing migraine
or referring to a specialist. As migraine is poorly recognized
in many countries, it is important to improve knowledge of
migraine diagnosis among PCPs. This study aimed to analyze
the daily clinical practice of PCPs in Poland concerning mi-
graine patients.

Materials and methods

In June and July 2019, we conducted a computer-assisted
web interview with general practitioners (GPs) in Poland who
had agreed to participate in the study during a phone call. The
physicians were selected from the Health Data Management
database [15]. Physician sampling was based on 24 strata
(16 voivodeship regions of Poland and two types of locations
based on the physician’s place of work — voivodeship capital
cities and other locations), taking into account the structure
of GPs in the mentioned database. The inclusion criteria
confirmed during the phone call were: a PCP (e.g. internal
medicine doctor, family doctor, general practitioner) who sees
at least six patients with migraine per month.

Al PCPs filled out a questionnaire (spontaneous answers,
open-ended questions) concerning the number and character-
istics of migraine patients under constant care, their knowledge
of diagnostic criteria for migraine, and the type of treatment
for migraine patients.

Statistical analysis
The results of the study were analyzed based on descriptive
statistics. Most data were presented as nominal variables using
percentage distributions, while continuous variables were
presented as an arithmetic mean and median as measures of
central tendency. Calculations were performed using IBM
SPSS Statistics Version 24.

Results

The study involved 51 PCPs, with a mean age of 46.1 and
an average working experience of 20.1 years. Nearly all PCPs
(98%) attended to patients in a public outpatient clinic. On
average, each PCP consulted 12 patients with migraine per
month (median 10 patients/month). The PCPs included in
the study declared experience in treating migraine patients,
which was defined in the study design as treatment of at least
six patients per month. Almost half of the PCPs (45%) admit-
ted 6-9 patients each month (Fig. 1). On average, PCPs had
39 patients with migraine under continuous care (median
30 patients); however, 37% looked after 11-20 patients (Fig. 1).

Number of patients Number of patients under

per month continuous care
18%
18%

37%

M 6-9 patients

M 10-15 patients
16-20 patients
> 20 patients

< 10 patients
B 11-20 patients

21-35 patients
M 36-50 patients
W > 50 patients

Figure 1. Number of migraine patients seen monthly and under
constant care of PCPs

Respondents declared that in 19% of patients, they per-
formed a diagnosis and initiated treatment. PCPs suspected
migraine and referred patients to a neurologist for further
diagnosis and treatment in 37.9% of cases; in 30.8% they
ordered temporary treatment, and in 7.1% no treatment was
administered. In 32.7% of patients, PCPs continued treat-
ment prescribed by a neurologist. It is estimated that 56.4%
of patients with migraine attending PCPs were previously
undiagnosed. The detailed answers are set out in Figure 2. Our
study suggests that 32.8% of new patients were diagnosed and
treated by PCPs only.

Migraine diagnosis

PCPs were asked to list the criteria or signs and symptoms
they used to diagnose migraine (the categories of answers are
shown in Figure 3). More than half of PCPs (63%) listed partial
diagnostic criteria for migraine without aura or mentioned
aura in their responses; only 10% listed all diagnostic criteria
for migraine without aura. Very few (2%) diagnosed migraine
if the pain was related to menstruation or was accompanied
by nausea and vomiting.

Figure 3 presents the understanding of migraine diagnostic
criteria among primary care practitioners.

Those PCPs who declared that they distinguished between
episodic and chronic migraine (n = 28; 55%) were asked about
the definition of those two types of the disease. Most of them
(79%) differentiated between chronic and episodic migraine:
18% knew the full, correct definitions, 60% described partial
definitions, 18% gave the wrong definition, and 4% gave
a general answer without detailed criteria. Figure 4 presents
more categories of answers.

When distinguishing the type of migraine, most PCPs
asked patients about the number of days per month with
headache (94%) and with migraine headache (90%).
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32.7%

M Diagnoses migraine and starts treatment

[ Suspects migraine, refers patient to a
neurologist for diagnosis and therapy;
temporarily orders treatment

[1 Suspects migraines, refers patient to a
neurologist for diagnosis and therapy;
does not order treatment
Continues treatment prescribed by a
neurologist

M Continues treatment prescribed by
themselves, another GP/family doctor

M Changes current treatment

Figure 2. Role of primary care practitioners in migraine diagnosis and treatment. Diagram shows percentage of patients under each intervention

Some diagnostic criteria for migraine without aura,
aura was mentioned

General answer, no specific criteria listed

Presence of aura/symptoms of aura are listed

Correct diagnostic criteria for migraine
without aura

Location of pain — temple, eye socket, occiput

Exclusion of other causes of pain 6%

Severe headache/chronic headache with
accompanying symptoms

Minimum 5 episodes

No criteria, description of patient type
(e.g. young woman)

Pain episodes are very persistent for the patient

The pain persists with traditional pain
reliever treatment

Nausea, vomiting

Pain associated with menstruation

63%

Figure 3. Knowledge of diagnostic criteria among primary care practitioners

Management of migraine patients

Among patients whose PCPs suspected migraine, 61% visited
a physician during a headache episode (39% presented with-
out headache). More than half of the patients (59%) had been
self-treating for a long time before visiting a PCP, and 39% had
recently started self-treatment. The results of patients whose PCPs
diagnosed migraine mirrored those of patients with suspected
migraine, i.e. 62% visited a physician during a headache episode
(37% presented without headache), and 55% had been self-treating for
alongtime before visitinga PCP (44% started self-treatment recently).

Over half (59%) of the patients were consulted by
a neurologist every 11 months (on average), 29% remained
only under the care of a PCP, and 12% were consulted by
other specialists, e.g. a laryngologist, ophthalmologist, or
psychiatrist.

On average, 32% of patients (four patients/month) re-
quired sick leave from work or school (mean duration three
days). Additionally, 15% of patients (two patients/month)
asked for a medical certificate for migraine diagnosis and
treatment confirmation.
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Full definition of episodic and chronic migraine

Episodic — headache less than 15 times a month, chronic

— headache > 15 days a month for at least 3 months 21%

Close to the correct definition of chronic migraine

Close to the correct definition of episodic
and chronic migraine

Definition referring to the number of episodes

. 21%
but wrong number of episodes per month

Incorrect definition

General answer, no criteria were mentioned

Figure 4. Knowledge of diagnostic criteria for episodic and chronic migraine among primary care practitioners

Migraine treatment

All 28 PCPs who declared ability to distinguish between
episodic and chronic migraine reported starting treatment of
episodic migraine in their clinical practice. The most com-
monly prescribed drugs were triptans (66%) and paracetamol,
metamizole, or non-steroidal anti-inflammatory drugs
(NSAIDs) (42%). Only 46% (n = 13) of PCPs who declared
ability to distinguish between episodic and chronic migraine
reported starting treatment for the chronic form, most fre-
quently with triptans (81%) and paracetamol, metamizole,
or NSAIDS (34%). Detailed results are included in Table 1.

Most PCPs (68%) used only acute medications for episodic
migraine patients. In treating patients with chronic migraine,
most PCPs (72%) used both acute and preventative treat-
ments. In the PCPs’ opinion, treatment was effective in 63%
of migraine cases.

When asked about migraine prophylaxis, 35% of PCPs
pointed to lifestyle factors such as avoiding triggers, proper
hydration, exercise, and relaxation. Fourteen PCPs (27%)
reported preventative treatment to reduce the frequency and
intensity of migraine attacks. Other answers included long-
term medications to prevent headache episodes (25%) or
permanent medications (12%).

PCPs most commonly mentioned the possibility of using
B-blockers (75%), calcium channel blockers (55%), antiepilep-
tic drugs (53%), and antidepressants (51%) in migraine preven-
tion. However, only 18% of PCPs were aware that antibodies
targeting the calcitonin-gene related peptide (CGRP) pathway
were available in Poland for migraine prevention.

Discussion

Headaches are one of the most common reasons for con-
sulting PCPs, who are the first line doctors for diagnosing
and starting treatment for migraine or providing a referral to
a specialist. Indeed, according to a large populational study
conducted in the United Kingdom, 6.4/100 patients/year in
women and 2.5/100 patients/year in men consulted PCPs
due to headache. In this study, each PCP had an average of
12 patients (median 10) with migraine per month and average
of 39 patients (median 30) under constant care. Moreover,
in the International Burden of Migraine Study conducted in
the United States (US) and Canada, 13.9% of US patients and
12.3% of Canadian ones with episodic migraine (and 26.2%
of US patients and 48.2% Canadian ones with chronic form)
had visited a PCP at least once in the last three months [16].

Table 1. Drugs prescribed by primary care practitioners as initial migraine treatment

Drug type

Chronic migraine

Episodic migraine

Triptans

Non-steroidal anti-inflammatory drugs (including acetylsalicylic acid),
paracetamol, and metamizole

B-blockers

Anti-epileptic drugs

Tricyclic antidepressants

Calcium channel blockers
Angiotensin Il receptor antagonists
Other

81% 66%
34% 42%
1% 4%
2% 6%
6% 5%
4% 1%
0% 0.4%
0% 1%
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These findings confirm that PCPs consult a large number of
migraine patients seeking a diagnosis and effective treatment.

About 1% of the adult population in Poland is estimated
to be affected by chronic migraine; however, only 48% of
migraine patients had had migraine diagnosed within the
last five years [9]. Misdiagnosis is a significant reason for
migraine underestimation. In a telephone survey conducted
among UK and US patients fulfilling the criteria of migraine
diagnosis, only 67% of the UK and 56% of the US respondents
had received a migraine diagnosis [17]. Those findings may be
related to insufficient knowledge of the diagnostic criteria for
migraine among physicians. Indeed, in our study, only 10% of
PCPs listed all diagnostic criteria for migraine without aura
as used in their practice, and more than half (63%) of them
listed partial criteria. Moreover, the ability to distinguish be-
tween chronic and episodic migraine was declared by 55% of
respondents, but only 18% provided the correct definitions.
Notably, 18% provided an incorrect definition of chronic and
episodic types of the disease. Similarly, in a previous study [8]
on migraine treatment in Poland among neurologists, only one
(2%) knew the exact definition for migraine with and without
aura, and only five (10%) could provide the diagnostic criteria
for migraine without aura. Likewise, in Turkey, only 10.5% of
PCPs knew the diagnostic criteria for migraine without aura
[18]. Furthermore, some general practitioners tend to unde-
ruse the specific recommendations for migraine diagnosis
and may diagnose patients intuitively without any criteria, as
described in an interview narrative study [19]. Thus, improving
understanding of diagnostic criteria is essential for accurate
diagnosis and treatment of patients with migraine.

Chronic migraine was added as a separate category to the
third version of the International Classification of Headache
Disorders (ICHD-III) in 2013 [20]. It is estimated that episodic
migraine progresses into chronic migraine in 2.5% cases/year
[21]. Differentiation of the migraine type is pivotal because
chronic migraine is associated with a greater personal and
economic burden than episodic migraine. Also, the identifica-
tion of patients with chronic migraine allows the initiation of
preventative treatment [22, 23].

Well-educated staff could explain the disease mechanisms
to patients, which may encourage them to implement lifestyle
changes. For example, Aguirrezbal et al. reported that 68.9% of
patients who received a neuroscience-based educational inter-
vention achieved more than a 50% decrease in disability level (as
measured by the Migraine Assessment Disability Test [MIDAS]
score) compared to 34.6% of patients in the control group [24].
Similarly, the duration and intensity of headache were significant-
ly lower in the intervention group. Therefore, education by PCPs
could improve the quality of life of migraine patients by reducing
the number of days with headache and the medication intake.

In our study, in 66% of episodic migraine cases and 81%
of chronic migraine ones, PCPs prescribed triptans. The se-
cond most common group of drugs used in both episodic and
chronic migraine were NSAIDs and paracetamol.

Triptans are considered the most effective drugs for the
treatment of acute migraine episodes. If insufficient, they can
be combined with NSAIDs [25]. In the US, triptans account
for over 80% of prescriptions for migraine patients [26]. How-
ever, the amount and frequency of acute medications must
be monitored, as at least 50% of chronic migraine patients
overuse analgesics. It is recommended that patients should
use analgesics for no more than 15 days per month (and for
less than 10 days for triptans or ergots, opioids and complex
analgesics) to avoid medication overuse headache [27].

Migraine preventative therapy is intended to reduce the
duration and frequency of migraine episodes and days with
headache. This approach may enhance the response to acute
treatment and reduce disability. Recommended pharma-
cotherapy for the prevention of episodic migraine includes
antiepileptic drugs and p-blockers (level of recommendation:
1A) [28, 29]. In our study, most PCPs possessed knowledge
about using B-blockers (75%), calcium channel blockers
(55%), antiepileptic drugs (53%), and antidepressants (51%)
in preventative therapy of either chronic or episodic migraine.
However, for the preventative treatment of chronic migraine,
only topiramate and valproate (antiepileptics), amitriptyline
(antidepressant), and botulinum toxin are recommended (level
of recommendation: A or B) [28]. The use of monoclonal an-
tibodies (mAbs) against CGRP or its receptor is a novel treat-
ment strategy for patients with migraine [30]. Yet only 18%
of PCPs were aware of the availability of treatment targeting
the CGRP-pathway in Poland (i.e. erenumab — mAb against
CGRP-R — during the study period). In comparison, in the
previous study, 80% of neurologists had such knowledge [8].

Migraine carries a large economic burden due to both the
disease itself and absenteeism. In the presented study, 32% of
migraine patients required sick leave from work or school for
an average three days/month. According to the National Health
Fund, in 2017, costs due to absenteeism of migraine patients
were 31 million PLN [31]. Moreover, there are also significant
costs related to presenteeism, ranging from 6 to 8.5 billion PLN
per year [31]. Therefore, precise diagnosis and treatment may
improve the quality of life of migraine patients, and that could
indirectly reduce the significant costs related to this disease.

Study limitations
The major limitation of this study is the small sample size.

Clinical implications and conclusions

Most patients with migraine initially consult PCPs, and
32.8% of new migraine patients are diagnosed and treated only
by PCPs. Therefore, the role of PCPs in migraine diagnosis and
treatment initiation is crucial. Unfortunately, many PCPs in
Poland have insufficient command of migraine diagnosis and
the differentiation between episodic and chronic types of the
disease. Therefore, PCPs need more tools and training to cor-
rectly diagnose migraine and institute effective, individualised
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treatment according to standardised management guidelines.
The impact of PCP training on clinical outcomes of patients
with migraine needs to be further investigated.
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ABSTRACT

Aim of the study. To compare the demographic, clinical and laboratory characteristics of patients with multiple sclerosis (MS)
analysed based on the age at which they were diagnosed.

Clinical rationale for the study. Most cases of MS are diagnosed between the ages of 20 and 40 years, but the clinical charac-
teristics of patients with MS over this age range have rarely been studied.

Material and methods. 182 patients diagnosed with MS between 2000 and 2015 were divided into four groups by age at
diagnosis: < 30 years (n = 62), 30-39 years (n = 54), 40-49 years (n = 27), and > 50 years (n = 39). The demographic, clinical and
laboratory features of each age group were investigated and between-groups comparisons analysed.

Results. There were no significant differences in the female-to-male ratio between groups, which was close to 3:1 in every group
(p=0.98). Motor symptoms were more common as the first manifestation of MS with increasing age (< 30: 19.3%; 30-39: 37.0%;
40-49: 44.4%; > 50: 61.5%). Visual and sensory symptoms were responsible for nearly half of first manifestations in patients
< 30 to 49, but affected a significantly lower proportion of patients in the oldest group (p = 0.01). Median (interquartile range
[IQRI) Expanded Disability Status Scale at diagnosis was higher with advancing age (2 [1.5-3], 2.25 [1.5-3.5], 3 [2-3.5], and 3.5
[3-5]; p < 0.01). There was also a higher proportion of patients with progressive forms of the disease with age, especially pri-
mary progressive MS (0.0%, 3.7%, 14.8%, and 51.3%; p < 0.01). The median (IQR) time needed to confirm the diagnosis of MS
became significantly longer as age increased (7 [2-25], 9 [2-32], 12 [6-58], and 26 [12-60] months; p < 0.01). In laboratory tests,
significant differences were found only in the rate of post-contrast enhancement by magnetic resonance imaging, which was
lower in the older age groups (63.2%, 50.0%, 31.6%, and 30.0%; p < 0.01).

Conclusions and clinical implications. Our study indicates significant differences in the demographic and clinical picture of
MS depending on the age of the patient at diagnosis. Diagnostic delay in older patients is a common problem, and this study
shows the features of later forms of MS to help inform neurologists and improve time to diagnosis.

Key words: Multiple sclerosis, age at diagnosis, time from first symptoms to diagnosis, clinical differences
(Neurol Neurochir Pol 2021; 55 (4): 387-393)

Introduction rates of disability accumulation. Three classifications of MS

have been defined based on age at onset: childhood-onset

Multiple sclerosis (MS) is the most common cause of neu- MS (< 18 years), adult-onset MS (AOMS) (18-49 years) and
rological disability in young adults in the developed world [1]. late-onset MS (LOMS) (= 50 years). The clinical picture of
MS can follow very different patterns of evolution and variable MS appears different depending on the age at diagnosis, with
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the course of the disease tending to be more progressive and
disabling in LOMS [2]. Most cases of MS (~70%) are typically
diagnosed between 20 and 40 years of age [3, 4] and yet the
clinical characteristics of patients with MS over this age have
rarely been studied.

Clinical rationale for study

In this retrospective study, we compared the clinical
characteristics and laboratory tests results of patients with
MS diagnosed at different ages at our centre from 2000 to
2015. The purpose was to investigate differences between age
groups, since better understanding of the disease course and
predictors of progression would be valuable. We also sought
to determine whether older age at diagnosis affects the time
to reach a diagnosis of MS, since knowledge of the factors
affecting diagnosis delay are important to ensure timely re-
cognition and treatment.

Materials and methods

Study group

The study population included patients diagnosed with
MS at the 2™ Department of Neurology, Institute of Psychiatry
and Neurology, Warsaw, Poland between 2000 and 2015. Every
adult patient who met the contemporary MS diagnostic criteria
(McDonald 2000, McDonald 2005, or McDonald 2010) and
did not fulfill the exclusion criteria was included, as described
previously [5]. The exclusion criteria were: incomplete medical
documentation, incomplete information about the differential
diagnosis in inconclusive cases, and patient documentation
indicating that the MS diagnosis had already been made be-
fore attending our department. The database used for further
analysis was created from the available records stored at the
Institute.

Data analysis

Patients were divided into subgroups according to their
age at diagnosis: 18-29 years, 30-39, 40-49, and > 50. Then,
we analysed the difference between these groups for chosen
demographic and clinical features: sex distribution, first
documented symptoms and signs of MS, patient report of un-
documented symptoms in the time preceding a documented
onset of MS, dominating neurological syndrome at time of
diagnosis, disability level measured by the Expanded Disa-
bility Status Scale (EDSS), differences in time and number
of in-patient stays needed to confirm the diagnosis of MS,
and clinical course of the disease preceding the diagnosis.
Differences were also analysed in magnetic resonance imag-
ing (MRI) features (including the fulfillment of Barkhof and
Tintore criteria and presence of post-contrast enhancement),
cerebrospinal fluid (CSF) parameters (including immuno-
globulin G [IgG] index and oligoclonal bands [OCB]), and
the pattern of visual evoked potentials (VEP) (abnormal
P100 latency).

Statistical assessment

Quantitative data are presented as median and interquar-
tile range (IQR) values due to non-normal distribution (mean
and standard deviation were shown only for reference), while
qualitative data are presented as percentage frequency. Differ-
ences in the quantitative variables, EDSS score and time from
the first clinical symptom to the diagnosis of MS were evaluat-
ed using the Wilcoxon test for two-group comparison and the
Kruskal-Wallis test for multi-group comparison. Differences
in qualitative parameters, which comprised the rest of our
data, were assessed using the Chi-square test or Fisher’s exact
test. Values of p < 0.05 were considered significant. Statistical
analysis was performed using SAS 15.1 software.

Results

General features of studied group

Out of 193 patients diagnosed with MS in our department
between 2000 and 2015, 182 were analysed; seven patients
were excluded due to incomplete documentation and four
due to an earlier diagnosis of MS. Of the 182 patients studied,
62 (34%) were diagnosed before the age of 30, 54 (29.7%) were
diagnosed aged 30-39, 27 (14.8%) were diagnosed aged 40-49,
and 39 (21.4%) were diagnosed aged > 50.

Demographic and clinical characteristics

Differences in demographic and clinical characteristics
between the age groups are shown in Table 1. There was a pre-
dominance of women in all age groups with a female-to-male
ratio of close to 3:1, and no significant differences between
groups (p = 0.98).

There was no difference in the percentage of patients who
reported undocumented neurological symptoms before the
documented onset of MS, which was 38.5-40.7% of patients in
all age groups (p = 0.41). The type of first documented symp-
tom of MS differed between groups: motor dysfunction was far
less common in patients aged < 30 years or 30-39 compared to
those aged > 50, while there was a prevalence of sensory symp-
toms and visual symptoms in the younger groups (p = 0.01).
A detailed neurological examination at the time of diagno-
sis also differed between age groups. The most significant
feature of patients aged < 30 was a predominance of sensory
dysfunction and a relatively common lack of any neurological
dysfunction at the time of diagnosis. In patients aged 30-39,
there was still a high percentage of minimal neurological signs,
but a higher proportion of motor signs at first examination
than in the youngest group. In patients aged 40-49 or 2 50,
motor dysfunction became a dominating feature, followed by
multifocal syndrome in those > 50 (p < 0.01). Median (IQR)
EDSS at the time of diagnosis was significantly higher with
increasing age (< 30: 2 [1.5-3]; 30-39: 2.25 [1.5-3.5]; 40-49:
3 [2-3.5];250: 3.5 [3-5]). Median (IQR) time to reach a diag-
nosis of MS was longer with increasing age: 7 [2-25] months
in patients < 30 (p < 0.05 vs. 40-49 and > 50), 9 [2-32] months
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Table 1. Demographic and clinical characteristics of patients by age group

Group |

(18-29y)
n=62

Female:male ratio 3.4:1

First documented symptom of MS, %

Motor 19.3
Sensory 226
Visual 22,6
Brainstem 14.5
Cerebellar 19.3

Dominating neurological syndrome at diagnosis, %

No/minimal signs 14.5
Pyramidal 8.0
Sensory 35.5
Visual acuity loss 6.5
Cerebellar 11.3
Brainstem 9.7
Multifocal 14.5
EDSS at diagnosis
Median (IQR) 2(1.5-3)

Time to diagnosis from first documented symptom

Median time to diagnosis 7 (2-25)
(IQR), months
% of patients diagnosed 66.1
within 0-11 months
Number of in-patient stays needed for diagnosis, %
1 387
2 46.8
3 113
>4 32
Disease course, %
Relapsing remitting 96.8
Secondary progressive 3.2
Primary progressive 0.0

*p-value for comparison between all groups; **two-groups comparisons (group number/group number)

Group Il Group Il Group IV P-value
(30-39y) (40-49y) (=50y)
n=54 n=27 n=39
EAR 2.8:1 2.9:1 *p=0.98
37.0 444 61.5 *p=0.01
**p < 0.05 for I/
18.5 22.2 10.2
V; lI/IV
259 18.5 5.1
9.3 11.1 7.7
9.3 37 12.8
14.8 74 0.0 *p<0.01
**p < 0.05 for I/1I;
296 444 46.1 p< ;
ARVAAIIHIVI
204 14.8 7.7
74 3.7 5.1
9.3 74 5.1
74 3.7 5.1
1.1 18.5 30.8
2.5(1.5-3.5) 3(2-3.5) 3.5(3-5) *p<0.01
**p < 0.05 for I/Il;
1/IV; 1AIV; IV
9(2-32) 12 (6-58) 26 (12-60) *p<0.01
**p < 0.05 for I/Ill;
1/IV; 1I/IV
59.3 40.7 23.1 *p <0.01
**p < 0.05 for I/Il;
1IV; IV
389 444 385 *p=0.38
46.3 444 41.0
9.3 3.7 7.7
5.6 74 12.8
90.7 741 30.8 *p <0.01
**p < 0.05 for I/Il;
5.6 11.1 17.9
1/IV; 1AV; IV
37 14.8 513

EDSS — Expanded Disability Status Scale; IQR — interquartile range; MS — multiple sclerosis; SD — standard deviation

in patients aged 30-39 (p < 0.05 vs. 2 50), 12 [6-58] months
in patients aged 40-49 (p < 0.05 vs. 2 50) and 26 [12-60]
months) in patients aged > 50(trend p < 0.01). As a result, the
percentage of patients diagnosed 1-11 months from the first
symptom of MS became lower as age increased (p < 0.01). At
the same time, there was no significant correlation between age
and the number of in-patient stays needed to make a diagnosis
of MS, with 38.7-44.4% of patients needing one in-patient
stay and another 41-46.8% of patients needing two in-patient
stays (p = 0.38).

Disease course before diagnosis was relapsing remitting in
more than 90% of patients in the < 30 and 30-39 categories, was
74.1% in patients aged 40-49, but was only 30.8% in patients
> 50, where the primarily progressive course dominated (p <0.01).

Laboratory findings
A similarly high percentage of patients in all age groups
fulfilled the MRI Barkhof and Tintore criteria (p = 0.51).
Most patients in the younger groups were given contrast me-
dium (79-90%), but only around half (51%) of patients aged
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Table 2. Comparison of laboratory test results by age group

Group |
(18-29y)
n=62
MRI results
Barkhof and Tintore criteria fulfilled, % 84.7
Contrast given, % 79
Post-contrast enhancement, % 63.2
CSF analysis
Elevated IgG index, % 66.7
Oligoclonal bands positive, % 92.6
EEG results
Abnormal visual evoked potentials, % 86.7

*p-value for comparison between all groups; **two-groups comparisons (group number/group number)

Group I Group Il Group IV P-value
(30-39y) (40-49y) (=50y)
n=54 n=27 n=39

83.0 92.6 743 *p=0.51

79 90 51
50.0 31.6 30.0 *p <0.01
**p < 0.05 for I/1lI; I/
IV; 111V

66.7 84.0 75.7 *p=034

89.4 95.4 86.7 *p=0.74

76.2 76.2 813 *p=0.57

CSF — cerebrospinal fluid; EEG — electroencephalogram; IgG — immunoglobulin G; MRl — magnetic resonance imaging

> 50 received it. When contrast was used, the proportion
of patients with post-contrast enhancement decreased with
advancing age, from 63.2% in patients < 30 to 30% in patients
aged > 50 (p < 0.01). In an analysis of CSF, the percentage of
patients with elevated IgG index was not significantly higher
with age (p = 0.34), although the two oldest groups had nu-
merically higher proportions than the younger age groups. Age
had no influence on the proportion of patients with positive
OCB, which was high in all groups (p = 0.74). The percentage
of patients with abnormal VEPs was also not significantly
different across the age groups (p = 0.57) (Tab. 2).

Discussion

MS is commonly perceived as a disease of young adults,
but in fact it can start at any age. It is of the utmost impor-
tance to know the differences in the clinical picture of MS
depending on age at onset or diagnosis. A number of studies
have compared young MS patients to those whose disease
started at 50 or later [6, 8-12, 13-15], but, to the best of our
knowledge, none of them have compared patients in different
age groups in relation to their age at diagnosis, or concerned
a central-eastern Europe population.

Our study shows that the percentage of patients diagnosed
after 50 is higher (21.4%) than the percentage of LOMS pa-
tients in other studies (1.1-12.7%) [6-14], but is similar to the
percentage of patients (21.3%) in an Italian study where MS
started at 40 years or older [15]. In our study, the time from the
first documented symptom to the diagnosis of MS increased
significantly with the age of the patient, suggesting that the di-
agnostic process is more challenging in older patients. Similar
results were obtained by Kis et al. who observed alonger mean
time to diagnosis in LOMS patients (three years) compared
to younger patients (one year) [9]. A Portuguese study also
demonstrated diagnostic delay in older patients [16].

In our study, we found that the proportion of progressive
forms of MS was higher in older patients, which may be a factor
that contributes to delay in diagnosis. In other studies, delay
in diagnosis was related to the primary progressive form of
MS [16, 17], prolonged time to first medical consultation [18,
19], patients born in earlier decades [20, 21], and coexisting
diseases [22, 23]. Our age groups were not distributed evenly
in relation to the different McDonald criteria used, and this
raises the question of the influence this might have on median
time to diagnosis. However, as we have proven in another study
[Przybek-Skrzypecka 2020], differences in time to diagnosis
depending on the type of criteria used were not significant in
our Department (mean time in months: McDonald 2000 —
39.1 + 68.4; McDonald 2005 — 36.2 + 58.5; McDonald 2010 —
33.6 £ 68.2). Also, we did not have enough pre-hospitalisation
data to examine other factors that may have contributed to
the prolongation of diagnostic process, although we found
that number of hospitalisations was not a factor that differed
significantly between the age groups.

We noted differences in the clinical picture of MS across
the age groups. We observed that motor symptoms were
the first documented symptom and sign of MS in all age
groups except for patients aged < 30. The presence of motor
symptoms was found to be higher as age increased. Our find-
ings are similar to those in studies comparing patients with
AOMS and LOMS, where motor deficit was found to be the
most common neurological manifestation among late-onset
patients, encompassing more than half of the studied group
(54.8-80%) [6, 9, 10, 12, 13, 24, 25]. Overrepresentation
of motor deficit in older patients may be connected to the
overrepresentation of the primary progressive form of the
disease. However, Cossburn et al. found that in a population
of patients with only relapsing remitting MS, there was also
a higher percentage of patients with motor signs at the begin-
ning of the disease [11]. We observed that the frequency of
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sensory symptoms and optic neuritis as a first manifestation of
MS was similar up to 50 years, but then deceased, which is con-
sistent with studies comparing AOMS and LOMS [9, 12, 14].

As mentioned, progressive forms of MS, mainly primary
progressive MS, were more common in older patients. Typi-
cally, primary progressive MS starts 10 years later than relap-
sing remitting MS (around the age of 38-41) [26-29]. Similarly,
significant differences in the percentage of primary progres-
sive MS patients in the AOMS versus LOMS group have been
described in other studies (AOMS: 5-11%; LOMS: 20-83%)
(6, 8-10, 12, 13, 25, 30]. There appears to be a turning point,
somewhere between 40 and 50, where a rising advantage of
degeneration over demyelination processes changes the clinical
picture of the disease to a progressive one with dominating
motor deficits.

However, in our youngest age groups there were some cases
of secondary progression. Three of those patients, a female
aged 22, a female aged 34, and a male aged 39 at diagnosis, had
already entered the progressive phase because of the long gap
between first symptom and diagnosis (36-58 months). Two
other cases were a young woman aged 19, and a 31-year-old
male who had a short but aggressive history of disease with
a progressive-relapsing course.

EDSS at the time of diagnosis was also influenced by age
in our study. We found mean EDSS significantly higher with
each passing decade. Our results are comparable to those of
Kis et al. where mean EDSS in a late-onset MS group was sig-
nificantly higher than an adult-onset MS group (3.5 vs. 2.7) [9]
and similar to a Canadian study, where the percentage of pa-
tients with EDSS of 3.0 or more at first neurological examina-
tion was higher in LOMS (66.0%) than in AOMS (44.7%) [8].
Most authors agree that the older the patient is at MS onset, the
more rapid the accumulation of disability [12, 14, 15, 29-39].
However, it was observed by Tremlett et al. that this was only
true for patients up to EDSS 3.0 and beyond this value, which
was a turning point for relapsing remitting MS becoming sec-
ondary progressive MS, time of onset of MS had no influence
on speed of disability accumulation [8]. This observation has
been seconded by other authors who observed that age at di-
sease onset only affected the severity of the relapsing remitting
phase, not the secondary progressive phase [40, 41].

Brain MRI can become less specific in older MS patients,
due to concomitant diseases and different localisation of le-
sions, necessitating an additional spine MRI to make a diagno-
sis [7, 9]. However, in our study, we found that brain MRI that
fulfilled Barkhof and Tintore criteria was similarly specific in
all age groups. The only parameter that became significantly
less frequent in older groups was the presence of contrast en-
hancement. Our results are similar to those of other studies,
where Barkhof and Tintore criteria fulfillment stayed high
in the late-onset group (65-88%) [7, 10, 25], while contrast
enhancement decreased (AOMS: 61-63%; LOMS: 15-35%) [7,
9]. Interestingly, Jasek et al. showed that conventional measures
such as T2-lesion load or brain atrophy measures were similar

in AOMS and LOMS groups, and that only more sophisticated
methods indicated more axonal damage in LOMS [42].

In our study, a high percentage of patients had OCBs in
CSE, and this was observed across all age groups, consistent
with other studies [9, 10, 24, 30], which indicates that OCB
is an effective diagnostic tool in patients of all ages. Patients
with abnormal VEP also predominated in our study, in line
with the work of Kis et al. (AOMS: 70%; LOMS: 86%) [9] and
Noseworthy et al. (AOMS: 67%; LOMS: 62%) [43]. Of note,
other diseases of the visual system are common in older pa-
tients, so the specificity of an abnormal VEP test may decrease
with age, despite its high sensitivity.

We are aware that the present study has certain limitations.
Small groups, a single-centre study and retrospective design
may have affected our results. However, our centre was a re-
ference hospital and our diagnostic procedure was carefully
tailored to meet current diagnostic criteria.

Conclusions and clinical implications

We found significant differences in the demographic and
clinical picture of MS depending on the age of the patient at
diagnosis. Patients aged > 50 had a more severe clinical picture
of MS at diagnosis, with greater neurological impairment,
commonly affecting the pyramidal system, and they often
had a progressive course. Differences in the clinical picture
began to occur between 40 and 50 or even before. A delay in
diagnosis was common in older patients, despite diagnostic
tools remaining reliable across all age groups.

These findings related to the different features of MS with
age at onset may help to inform neurologists and improve
time to diagnosis.
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ABSTRACT

Aims of the study: We aimed to define the cognitive burden of the largest pseudotumor cerebri syndrome (PTCS) population
to date, compare objective to subjective cognitive dysfunction, and determine clinical predictors of cognitive dysfunction
amongst an array of previously unstudied factors.

Clinical rationale: Patients with PTCS commaonly report cognitive dysfunction, a factor associated with poor quality of life. It is
not definitively known whether cognitive impairment is present in these patients, and what features of the syndrome predict
impairment.

Materials and methods: We administered a cognitive battery consisting of the National Adult Reading Test, Mini-Mental Status
Exam, Digit Span, Boston Naming Test, Rey Auditory Verbal Learning Test, Clock Drawing, Trail Making Test, Controlled Oral Word
Association, and Category Fluency. Cognitive impairment was defined as mild-single domain with one test score, and mild-multiple
domain with two scores, more than two standard deviations below the mean for age-, gender-, and education-adjusted norms.

Results: One-hundred and one prospectively recruited PTCS patients were enrolled. The objective testing showed 30 patients
had mild-single domain impairment, and 25 had mild-multi domain impairment. More patients without objective cognitive
impairment had transverse venous sinus stenosis, but otherwise the groups did not differ. Two measures of headache severity,
the Headache Impact Test and pain on the Numeric Rating Scale, were negatively associated with the composite cognitive score,
as was ocular pain, vision-related disability, and mental health. Opening pressure and visual function were not associated with
objective cognitive impairment. We found no association between subjective and objective cognitive impairment.

Conclusions and clinical implications: Patients with PTCS may be cognitively impaired, and this correlates with measures of
headache burden. Studies evaluating cognitive impairment before and after remission of the headache disorder would have
to be performed to investigate this relationship further. Patients with self-perception of cognitive burden are no more likely to
be cognitively impaired.

Key words: pseudotumor cerebri syndrome, cognition, impairment, headache

(Neurol Neurochir Pol 2021; 55 (4): 394-402)

Introduction pressure (= 250 mm H,0 in adults) with a normal cerebro-

spinal fluid composition [1]. Classic symptoms including

Definite pseudotumor cerebri syndrome (PTCS) is charac- headache, transient visual obscurations, diplopia and tinnitus
terised by papilloedema in a patient with a normal neurological have been extensively reported in the literature [2-5]. While
exam allowing for cranial nerve abnormalities, normal brain these symptoms contribute to the burden and disability asso-
parenchyma on neuroimaging, and elevated lumbar opening ciated with the syndrome, the cognitive dysfunction reported
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by these patients can often be an unrecognised source of dis-
ability, receiving little attention in the medical literature [6,
7]. In the largest trial on PTCS, 21% of 165 patients reported
subjective cognitive dysfunction, which also correlated with
poor health-related and vision-related quality of life [8]. This
was a young (mean age 29.2) and educated (mean 14 years
of schooling) population that is otherwise expected to be
cognitively normal at baseline.

To date, only six studies with patient populations of one,
five, 10, 30, 31 and 85 have addressed cognitive function in
PTCS, with the largest study only utilising a single memory
scale [6, 7, 9-12]. Most found deficits in at least one cognitive
domain, typically language and memory, though there was no
universal agreement [6, 7, 9-12]. None of the previous studies
quantified subjective cognitive burden, though they reported
it was present. The existing studies did not look extensively at
confounding factors such as medication use or the relation-
ships with the magnitude of intracranial hypertension.

The aims of our study were to: 1) determine the cognitive
burden of the largest PTCS population to date; 2) compare
objective results to patients’ subjective cognitive dysfunction;
and 3) determine how patients with objective cognitive impair-
ment differed from patients with normal cognition in terms of
a wide array of previously unstudied baseline characteristics.

Clinical rationale for study

It is necessary to further study the cognitive concerns in
PTCS for several reasons. Firstly, the syndrome affects (mainly)
women at an age when many are finishing training, beginning
their careers, or starting families, all devastating times in life
in which to be held back. Secondly, diagnosing cognitive
dysfunction provides physicians with a treatment measure
in addition to preservation of vision and headache control.
Finally, determining predictors of cognitive dysfunction is
necessary for the symptoms to be addressed adequately.

Materials and methods

Patient selection

We prospectively recruited 101 out of 146 new patients
referred to the Centre for Cerebrospinal Fluid Disorders at
Johns Hopkins Hospital for treatment of PTCS from August
2009 to May 2015. All patients with a diagnosis of PTCS
according to published diagnostic criteria who met the in-
clusion criteria and who consented to cognitive testing were
included, regardless of subjective cognitive deficit [1]. Patients
with PTCS secondary to venous sinus stenosis were included.
Patients with mental health conditions were included. Patients
were otherwise healthy, and had no neurological disorder
aside from PTCS.

Subjects with the following conditions were excluded:
non-native English speaking, language impairment, hearing
impairment, and severe visual impairment defined as visual
acuity equal to or worse than 20/100 on the Early Treatment

Diabetic Retinopathy Study chart, as these could have im-
paired reliable completion of the cognitive battery. Patients
with secondary causes of PTCS including cerebrovascular
abnormalities other than venous sinus stenosis (dural arte-
rio-venous fistula), medications (lithium, tetracyclines, oral
vitamin A derivatives) and medical conditions (endocrine and
autoimmune disorders) were excluded, as these factors could
have also influenced cognitive function [1].

History

Details regarding: age, gender, education, headache
characteristics, duration of disorder, history of sleep apnoea,
medication history, history of lumbar punctures and maximum
opening pressure, risk factors for intracranial hypertension
including use of: lithium, vitamin A or derivatives, tetracy-
clines, oral contraceptives, tamoxifen, and corticosteroids, and
history of shunt placement were collected from participants.
Educational data was missing from one patient.

Examination

Patients underwent a full neurological exam including
fundoscopy to assess papilledema grade by Frisén criteria. Two
neurologists (AM and OF) tested visual acuity using a retro
illuminated Early Treatment Diabetic Retinopathy Study chart
and corresponding LogM AR values were recorded. In the same
manner, colour vision was tested using Hardy-Rand-Rittler
plates.

Investigative methods

Venography with either magnetic resonance imaging or
computed tomography was reviewed or ordered during the
clinical encounter to assess for transverse venous sinus steno-
sis. Imaging data was available for 93 of 101 patients. Patients
without prior lumbar puncture to document opening pressure,
or with inconclusive results, underwent lumbar puncture at
a separate visit, with measurement of opening pressure in the
lateral decubitus position with legs extended.

Participant-completed questionnaires

Participants completed questionnaires including: the
Headache Impact Test (HIT-6), a six item scale to assess
headache-related disability which yields a range from 36 (no
disability) to 78, where a score of 60 or more is considered
severe headache-related disability [13]; the Numerical Rat-
ing Pain Scale (NRS) where 0 indicates the absence of pain,
while 10 represents the most intense pain possible; the STOP-
Bang screening tool for sleep apnoea, in which the presence
of three or more characteristics indicates high risk for the
condition [14]; the Prospective and Retrospective Memory
Questionnaire (PRMQ) to assess for subjective memory
failures in everyday situations, where scores range from 16 to
amaximum impairment of 80, with the mean in normal adults
being c.39 [15]; and the National Eye Institute Visual Function
Questionnaire (VFQ 39) to assess vision-related disability [16].
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Patients who scored more than 2 on the STOP-BANG
questionnaire underwent formal polysomnography to de-
termine if they had obstructive sleep apnoea, defined as an
apnoea-hypopnoea index greater than five. Data from the
HIT-6 was missing for six patients, from the NRS for four
patients, from the VFQ39 for 11 patients, and from the PRMQ
for eight patients. The PRMQ was completed by all subjects
prior to initiation of the objective cognitive battery.

Cognitive testing

All participants were administered a battery of cognitive
tests in a private room in the clinic. This included the following:
1) National adult reading test in English (NART) to estimate
premorbid intelligence [17]; 2) Mini Mental Status examination
(MMSE); 3) Digit span repetition, forward to test attention and
backward to test working memory and executive function [18];
4) Boston naming test (BNT) for confrontational naming [19];
5) Rey auditory verbal learning test (RAVLT), a test of verbal
memory [20]; 6) Clock drawing for visuospatial function [21];
7) Trail making test (TMT), part A for psychomotor speed and
B for executive function [22]; 8) Controlled oral word associa-
tion task for letters CFL (COWA) to assess phonemic fluency
and executive function [23]; and 9) Category fluency (animals)
to test semantic fluency and memory [24]. The battery was
administered to patients by a trained psychometrician. The
same test instructions were used during all sessions.

Raw test scores were converted to standardised Z scores
based on published norms for healthy adults and were adjusted
for age, gender, and education. Impairment was defined asaZ
score below 2 standard deviations (SD). Performances falling
1 SD, 1.5 SD, and 2 SD have all been suggested as cutoffs de-
marcating mild cognitive impairment (MCI) in various studies
[25]. We chose a conservative cutoff of 2 SD in order to strike
abalance between reliability, sensitivity, and specificity. A more
radical cutoff of 1 SD in our patient population would have
classified the vast majority of our subjects as impaired. We
defined MCI-single domain when participants scored in the
impaired range in one cognitive test, and MCI multi-domain
when performance was impaired in two or more tests [25].
To provide more stable measures of the underlying abilities
that can be compared across individuals, composites were
formed with unit-weighted Z scores of constituent tests as
recommended by Ackerman and Cianciolo and Riordan [26,
27]. A composite cognitive Z score was determined from the
mean of tests 2 to 9 inclusive [28].

Statistical analysis

Statistical analysis was performed using Stata 15.1 software
(StataCorp LLC). To compare the characteristics between the
cognitively normal and the impaired, two sample t-tests or
Mann-Whitney U tests (for variables not normally distributed
as indicated by the Shapiro-Wilk test) were used for continuous
variables and chi-square tests or Fisher’s exact tests were used
for categorical variables. Simple linear regression models with

robust standard error estimates were carried out respectively
to evaluate the associations between the composite cognitive
Z scores and the baseline factors that could predict cognitive
dysfunction. A multiple linear regression model was generated
using backward-stepwise selection with likelihood-ratio tests.
The predictors for the backward-stepwise selection included dis-
ease duration, education, NRS score, Max OP, VA, HIT-6 score,
narcotic use, acetazolamide use, and VFQ Mental Health. The
considerations for choosing the variables were clinical signifi-
cance, relatively high association from simple linear regression,
low correlation with other variables, and fewer missing values.
A pvalue of 0.05 or less was considered statistically significant.
Correlation between Trail Making Test scores with headache and
visual function, and between subjective total, retrospective, and
prospective memory scores and RAVLT results were explored
using Spearman’s rank correlation.

Institutional review board approval
This study was approved by the Johns Hopkins Medical
Institutions’ Institutional Review Board. All subjects gave
written informed consent for participation. The study was
performed in accordance with the ethical principles stated in
the Declaration of Helsinki. No formal prospective protocol
was registered.

Results

Demographics
One hundred and one subjects were enrolled. Baseline
characteristics of the sample, divided into groups with and
without objective cognitive impairment, are set out in Table
1. There were no demographic differences between the groups.

Objective cognitive impairment in PTCS

Eight-six patients completed the entire cognitive battery.
Results from one test were missing for 14 patients and results
from two tests were missing for one patient. All 101 patients
were included in the analysis. More than half of the subjects
(n = 55) had MCI when compared to published age-, gen-
der-, and education-adjusted norms. Thirty patients (29.7%)
demonstrated MCl in a single domain, and 25 (24.8%) showed
multi-domain MCI. Significantly fewer patients with MCI had
venous sinus stenosis on head imaging. But other than this,
the groups did not differ (Tab. 1).

When analysed with simple regression models, we found
negative associations between composite cognitive score and
headache intensity and HIT-6 (beta coeflicients = -0.088,
-0.016, p = 0.013, p = 0.021, respectively). We found pos-
itive associations between composite cognitive score and
VFQ39 total, mental health and ocular pain subscores (beta
coefficients = 0.014, 0.009 and 0.01, p = 0.02, 0.016, and
0.002, respectively) (Tab. 2). With this model, there were
no statistically significant associations between composite
cognitive score and duration of disease, body mass index,
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Table 1. Baseline characteristics of PTCS patients with and without cognitive impairment

Characteristic

Without objective cognitive

impairment
n=46

Age (mean + SD) 356+94
Female (%) 40 (87%)
Education, yrs, median (IQR) 14 (13, 16)
Duration of disease, yrs, median (IQR) 1.0(0.33,2.0)
BMI kg/m’(mean + SD) 356+73
Sleep apnoea (%) 9 (19.6%)
MRI-VSS (%) 35 (83.3%)
Headache intensity, NRS, median (IQR) 7(5,8)
HIT-6 Score, median (IQR) 62.0 (54.0, 66.0)
Max OP in cm H,0 (mean + SD) 352+10.8

VA, median (IQR)
CV, median (IQR)
PA (mean + SD)

Total VFQ39, median (IQR)
VFQ Mental Health, median (IQR)

-0.05 (-0.09, 0.00)
10.0(9.75, 10.0)
1.75+1.09

82.2(73.3,90.9)
82.5(50.0,90.0)

VFQ Ocular Pain (mean * SD) 63.4+22.0
PRMQ (mean + SD) 399+129
Narcotic use (%) 4 (8.7%)
Acetazolamide use (%) 19 (41.3%)
Topiramate use (%) 5(10.9%)

With objective cognitive P value
impairment
n=>55
32.6+84 0.094
52 (94.5%) 0.29
14(12,16) 0.51
1.0(0.25, 2.0) 0.96
36.8+9.3 0.51
9 (16.4%) 0.68
30 (61.2%) 0.020
8(6,9) 0.15
66.0 (58.5,71.0) 0.053
373+96 0.31
-0.02 (-0.09, 0.04) 0.26
10.0(9.75, 10.0) 0.81
1.38+£1.19 0.1
79.2(68.2,90.2) 0.35
75.0(50.0, 90.0) 0.18
53.9+27.6 0.077
39.0+14.2 0.76
6 (10.9%) 0.75
31 (56.4%) 0.13
4(7.3%) 0.73

IQR — interquartile range; BMI — body mass index; MRI-VSS — presence of venous sinus stenosis on head imaging; NRS — numerical rating pain scale; HIT-6 — Headache Impact Test 6 score; OP, CSF — opening
pressure; VA — visual acuity; CV — colour vision; PA — Frisén papilloedema grade; VFQ-39 — Visual Function Questionnaire 39 score; PRMQ — Prospective and Retrospective Memory Functioning Questionnaire score

sleep apnoea, presence of venous sinus stenosis, maximum
opening pressure, mean visual acuity, mean colour contrast,
narcotic use, acetazolamide use, topiramate use, or PRMQ
score (Tab. 2). A multiple linear regression model adjusting for
maximum opening pressure and mental health score showed
that as headache intensity increased by one point, composite
Z score decreased by 0.077 points (95% CI: -0.149, -0.005, p
=0.037). (Tab. 2, Fig. 1).

Supplementary Table 1 demonstrates raw and Z score
ranges for each cognitive test, as well as the percentage of
patients scoring 2 SD below the normative cut-off on each
test. More patients scored below the cutoff on BNT and TMT
part B than any other tests. Supplementary Table 2 shows
correlations between TMT and headache intensity and visual
function measures. We found negative correlations between
TMT and headache intensity and visual acuity, but not colour
vision or papilloedema grade.

Subjective cognitive impairment in PTCS

On average, subjective assessment of cognitive impair-
ment in the whole cohort was similar to published norms as
evidenced by a total PRMQ T score 0f 49.9 (Tab. 3). The mean

total PRMQ score in the general, healthy adult population is
38.8, and higher scores represent greater subjective impair-
ment [15]. In our study, 11.8% of subjects scored more than
2 SD above this published mean, reflecting more than average
subjective concerns over memory (Tab. 4). There was no
difference in PRMQ results comparing patients with or with-
out MCI (Tab. 1). When analysed with regression methods,
there was a trend but no statistically significant correlation
with PRMQ scores and composite cognitive Z score (Tab. 2),
although we found negative correlations between the total,
retrospective, and prospective PRMQ scores and the RAVLT
results (Suppl. Tab. 3).

Discussion

To the best of our knowledge, this was the first study
to examine multiple domains of cognition in a population
of more than 31 PTCS patients. Over half of our patients
showed at least single-domain MCI compared to published
norms. Our results agree with previous studies finding
objective cognitive impairment in PTCS [6,7, 10-12]. Ob-
jective cognitive impairment correlated only with headache
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Table 2. Simple and multiple regression model results for associations between composite cognitive Z score and NRS pain score, HIT-6 score, and other

potential factors

Simple linear regression model

Characteristic Coefficient 95% Confidence
interval

Age 0.004 -0.017,0.024
Female vs. male 0.138 -0.607, 0.883
Education, yrs 0.070 0.009,0.130
Duration of disease, yrs -0.043 -0.102,0.015
BMI kg/m’ -0.001 -0.021,0.019
Sleep apnoea: yes vs. no 0.062 -0.378,0.503
MRI-VSS: yes vs. no 0.275 -0.145, 0.696
Headache intensity, NRS -0.088 -0.157,-0.019
HIT-6 Score -0.016 -0.030,-0.003
Max OP in cmH,0 -0.011 -0.028, 0.006
VA -0.659 -1.615, 0.296
v 0.058 0.060,0.176
Total VFQ39 0.014 0.002, 0.026
VFQ Mental Health 0.009 0.002,0.016
VFQ Ocular Pain 0.010 0.004,0.016
PRMQ -0.009 -0.021, 0.003
Narcotic use: yes vs. no -0.405 -1.001, 0.191
Acetazolamide use: yes vs. no -0.232 -0.546, 0.082
Topiramate use: yes vs. no -0.148 -0.929, 0.634

Multiple linear regression model

95% Confidence
interval

P value Coefficient P value

0.707
0.714
0.024
0.147
0.915
0.780
0.197
0.013 -0.077 -0.149,-0.005 0.037
0.021
0.215 -0.013
0.174
0332
0.020
0.016 0.007
0.002
0.130
0.181
0.146
0.709

-0.029,0.003 0.111

-0.001,0.015 0.083

BMI — body mass index; CV — mean colour vision; HIT-6 — Headache Impact Test 6 score; MRI-VSS — presence of venous sinus stenosis on head imaging; NRS — numerical rating pain scale; OP, CSF — opening
pressure; PA — mean Frisén papilloedema grade; PRMQ — Prospective and Retrospective Memory Functioning Questionnaire score; VA — mean visual acuity; VFQ-39 — total Visual Function Questionnaire 39 score

Composite Cognitive Score
|
!

0 2 4 6 8 10
Numerical Rating Pain Scale (NRS)

Figure 1. Relationship between composite cognitive score and
headache severity. Predictive margins and 95% confidence inter-
vals are from multiple regression model adjusting for maximum
opening pressure and VFQ Mental Health

burden, ocular pain, mental health, and visual quality of
life, and surprisingly did not correlate with self-perception
of cognitive impairment.

Table 3. Prospective and retrospective memory scores in our PTCS pa-
tients compared to published norms

T score

Total PRMQ score + SD 499+ 148
Retrospective PRMQ score + SD 51.8+13.8
Prospective PRMQ score £ SD 46.5+14.9

This was the first study to quantify patients’ impressions
of cognitive deficit and compare that to objective cognitive
burden. Of the six previous studies on the subject, five reported
that patients did note cognitive difficulties [6, 7, 9, 10, 12]. In
Kaplan’s case report, the single patient self-reported difficulty
with concentration and memory, prompting the case study,
and this was corroborated by the report of “very high level of
difficulty with cognitive tasks” on the administered Chronic
Pain Inventory [9]. All five of the patients studied by Sorensen
etal. self-reported problems with concentration, learning, and
memory, as did half of the patients studied by Kharkar, over
half of the patients studied by Yri, and all 30 patients studied
by Zur [6, 7, 10, 12]. These were all self-reported concerns of
cognitive difficulty, presumably by interview, as self-report
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Table 4. Percentage of our patients scoring > 2SD above published norms in PRMQ

Patients scoring
> 2SD above mean

Total PRMQ score 38.88 9.15
Prospective score 20.18 4.91
Retrospective score 18.69 4.98

PRMQ — prospective and retrospective memory questionnaire; PTCS — pseudotumor cerebri syndrome

17-67 2.95 11.8%
8-35 336 12.9%
8-33 3.58 6.5%

Subjective total, prospective, and retrospective memory burden reported by patients on PRMQ. For ease of interpretation, Table 3a reports scales as T scores, determined from conversion of raw scores based
on published norms. Table 3b (columns A to D) represents published norms for PRMQ, and column E reflects percentage of our subjects scoring in a symptomatic range on this measure of subjective cognitive

impairment

PTCS — pseudotumor cerebri syndrome; PRMQ — prospective and retrospective memory questionnaire

scales were not mentioned in any study other than Kaplan’s
[9]. In the large cohort of the Idiopathic Intracranial Hyper-
tension Treatment Trial, the primary aim of which was not
to study cognitive impairment, this self-report (no scale) of
cognitive difficulty was much lower, at 21% of 165 patients
[8]. In contrast to these groups, which unanimously support
self-perception of cognitive difficulties in PTCS, we showed
that when a formal questionnaire regarding prospective and
retrospective memory is administered (rather than directly
asking subjects whether they experienced cognitive difficul-
ties), only a minority of subjects showed subjective cognitive
impairment. Specifically, less than 12% of our patients scored
2 SD above the mean level of subjective cognitive impairment
(referring to total PRMQ score), despite over half the sample
showing objective MCI, indicating a possible lack of aware-
ness of the deficit. Other groups had clinically noted a lack of
self-awareness in patients with PTCS, raising their suspicion
of prefrontal dysfunction [10].

The secondary aim of our study was to explore the pre-
dictors of cognitive impairment. In this study, objective cog-
nitive impairment correlated with headache severity at the
time of testing, headache-related disability, and ocular pain,
all congruent findings. Severity of headache was reported in
only one previous study. It is interesting in light of our results
that Yri et al. found no association between headache and
cognitive performance [10]. It is reported that 71% of Yri’s
patients had headache at the time of initial testing, with the
mean NRS pain score being 2.3 [10]. This discrepancy may
be accounted for by the fact that all our patients suffered
more severe headache at the time of testing, with mean NRS
pain score of 8 in patients with MCI. Taking our results into
account, it is also interesting that Zur et al. found cognitive
impairment in a PTCS population that was free from severe
or chronic headache [12]. This discrepancy could potentially
be explained by our larger sample size, and our more stringent
definition of cognitive impairment.

It is not surprising that our two measures of headache
severity correlated with overall cognitive burden. The evidence
for long-term cognitive impairment in migraine has been
contradictory, but it is clear that migraineurs experience ictal
cognitive impairment, and possible that the ones most affected

by headache experience interictal cognitive difficulties as well
[29]. Studies comparing migraineurs to subjects with non-mi-
graine headache and non-headache chronic pain found similar
mild deficits in cognition, suggesting that poor performance
was a factor of general pain rather than intrinsic to the head-
ache disorder [30, 31]. It is often implied that cognitive dys-
function in chronic pain is related to depression [30]. Indeed,
depression is common in migraine [32] and more common
in PTCS then normal weight controls, and more severe com-
pared to weight-matched controls [33]. However, depression
was not associated with poor cognitive performance in Yri’s
sample [10], and while our simple linear regression model
found a correlation between cognitive impairment and worse
mental health, this finding was no longer significant in the
multiple regression model adjusting for headache severity.
Larger cohorts or more detailed measures of mental health
would be needed to explore this relationship in the future.

We wanted to understand whether factors intrinsic to the
intracranial hypertension itself could predict cognitive dys-
function. This encompasses the risk factors for the disorder
— namely BMI, obstructive sleep apnoea, and venous sinus
stenosis (when primary), the consequences — including open-
ing pressure, visual function, papilloedema grade, and visual
quality of life, and the treatments — specifically medications
which could impact cognition, including acetazolamide,
topiramate, and narcotics.

In agreement with the earlier work, we found no corre-
lation of cognitive impairment with patient BMI, which is
surprising given previous, albeit inconsistent, associations of
obesity with cognitive dysfunction in the general population
(10, 12, 24].It is possible that if we had used markers of central
obesity, such as waist circumference or weight-to-hip ratio,
our results would have differed.

Likewise, we found no relationship between the comor-
bidity of sleep apnoea and cognitive dysfunction, a surprising
new finding given the degree of daytime fatigue, and known
reversible cognitive dysfunction that is classically experienced
in the sleep disorder [35]. Future studies could explore this
relationship in more detail and in larger cohorts, stratifying the
patients according to apnoea-hypopnoea-index, and treatment
status (with positive airway pressure).
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We considered the final risk factor for PTC to be venous
sinus stenosis. Most of our patients did have venous sinus ste-
nosis on initial imaging. We expected that the possible venous
congestion occurring as a consequence of venous sinus stenosis
would have led to cognitive impairment, akin to other con-
ditions described causing venous congestive encephalopathy
[36, 37]. We were surprised to find that significantly more of
our patients without MCI had stenosis. It is possible that no
relationship existed after all, as this difference did not hold up
in our simple regression model, or that simply too many of
our patients had venous sinus stenosis, making it difficult to
discern differences. A future direction could include stratifying
patients by primary versus secondary venous sinus stenosis,
if known.

The next set of characteristics pertained directly to intrac-
ranial hypertension. We did not find any correlation between
the composite cognitive score and maximum opening pres-
sure. Yri et al. performed both cognitive testing and lumbar
puncture at baseline and 3-month follow up in 31 subjects
with PTCS, and found no correlation between change in cog-
nitive performance and change in intracranial pressure, which
supports our finding [10]. We demonstrated that objective
cognitive impairment, as measured by the composite cognitive
score, correlated with worse visual quality of life, especially
in the domain of ocular pain, despite no correlation to visual
acuity or colour vision. Earlier studies showed that higher
headache-related disability correlated with visual quality of
life in pseudotumor cerebri [8] and that visual quality of life
was substantially reduced in migraineurs without PTCS, es-
pecially in the domain of ocular pain [38], so our finding was
not surprising in the context of our other results highlighting
the effect of headache.

Finally, we studied the relationship between cognitive
impairment and potentially confounding medications namely
acetazolamide, topiramate, and narcotics, and found none.
This is in agreement with previous work looking at aceta-
zolamide [12].

Our results could support additional diagnostics and
treatments in the management of PTCS. Consideration should
be given to including at least screening cognitive tests in the
standard management of PTCS, considering the majority of
our patients did not recognise cognitive burden, despite it
being present. Secondly, our results cautiously support the
treatment of the headache disorder associated with PTCS
independent of the treatments aimed at reducing intracranial
pressure. While acetazolamide has been proven to improve
visual outcomes in PTCS, it does not address the coexistent
headache disorder, which often needs separate treatment
[39, 40].

Our study has several limitations. This was a non-blinded
study, potentially affecting subjects” performance. Secondly,
while our study was controlled using published normative data
for cognitive testing in healthy adults, we did not control for
the presence of chronic headache. This is being addressed in

an ongoing study that is quantifying the cognitive burden in
a population with chronic daily headaches and will be reported
separately. Thirdly, we did not specifically evaluate depres-
sion or anxiety, although we administered the VFQ39 which
quantifies level of worry, frustration, irritability, isolation, and
lack of control, and these are reported as the Mental Health
subscore [16]. Finally, we did not perform follow up cognitive
testing after resolution of headache to determine reversibility
of deficits.

Nevertheless, given the rarity of this disorder and the
large number of subjects enrolled, we were able to identify
prevalence and predictors of cognitive impairment in subjects
with PTCS.

Conclusions, clinical implications,
future directions

Single-domain and multi-domain mild cognitive im-
pairment is present in pseudotumor cerebri syndrome, and
correlates with headache and ocular pain burden, but not with
self-perception of deficit.

Measures representing intracranial hypertension such as
cerebrospinal fluid opening pressure, papilloedema grade, and
visual function did not correlate with cognitive impairment.
Future controlled studies are needed with cognitive testing
before and after headache remission in order to understand
the full extent of the demonstrated relationships.
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To the Editors

Cross-circulation thrombectomy gains access to emer-
gent large-vessel occlusions without a favourable direct route
through the anterior or posterior communicating artery.
Although there have been a few successful cases reported,
this approach involves long distance navigation of the end-
ovascular devices in the tortuous Circle of Willis collaterals,
accompanied by a high risk of clots escaping and arterial injury.

We here present the first case of cross-circulation
thrombectomy with a good outcome for acute middle cerebral
artery occlusion and chronic ipsilateral internal carotid artery
occlusion via the patent posterior communicating artery using
the Solitaire FR/Stent With Intermediate Catheter Assisting
(SWIM) technique. We demonstrate that cross-circulation
thrombectomy provides an opportunity for recanalisation
of occluded arteries with unfavourable direct access or ana-
tomical constraints. The SWIM technique, which employs an
intermediate catheter, is beneficial in minimising mechanical
injuries and reducing exposure of the retrieved clot to the
bloodflow, thus lessening complications.

Acute occlusion of the middle cerebral artery (MCA) with
tandem occlusion of ipsilateral internal carotid artery (ICA)
has a low recanalisation rate after intravenous thrombolysis,

and a poor prognosis [1]. There are currently no treatment
guidelines for these patients, and only a few case studies have
reported successful cross-circulation thrombectomy through
the Willis circle, via trans-anterior or posterior communicating
artery (AComA or PComA) routes [2-5].

However, the endovascular devices have to travel long dis-
tances in the tortuous intracranial arteries using this approach,
thereby increasing the risk of mechanical injury, the escape of
clots, and thromboembolisms [6].

The newly developed Solitaire FR/Stent With Intermediate
Catheter Assisting (SWIM) technique employing an inter-
mediate catheter could potentially reduce trans-circulation
thrombectomy-associated complications.

A 63-year-old male with a 40-year history of smoking,
alcohol consumption (30 years), hypertension and coronary
artery disease was transferred to the emergency department
90 minutes after the acute onset of somnolence, right hemiple-
gia, dysarthria, right facial droop, visual field defect, marked
left-sided gaze preference, hemidysesthesia, hemi-neglect, and
aphasia. A head computed tomography (CT) scan excluded
intracranial haemorrhage (Supp. Fig. S1). His baseline Nation-
al Institute of Health Stroke Scale (NIHSS) score was 20, his
Rapid Arterial Occlusion Evaluation (RACE) score was 8, and
his Albert Stroke Programme Early CT score (ASPECTS) was 9.
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Intravenous recombinant tissue plasminogen activator (rtPA)
was administered followed by endovascular therapy with
conscious sedation 150 minutes after the onset of symptoms.
A left common carotid artery (CCA) angiogram revealed
asmall stump at the origin of the left ICA, indicative of chronic
occlusion (Fig. 1A). Perfusion into the MCA territory was not
observed. Right CCA angiogram demonstrated insufficient
leptomeningeal collaterals (ASTIN/SIR:2) reconstituted
by a patent AComA (Fig. 1B). Left vertebral artery (VA)
angiogram showed flow to the supraclinoid segment of the
left ICA and MCA from the left PComA, and revealed an
occlusion at the mid M1 segment of the left MCA (Fig. 1C).
As the left PComA was 1.3 mm in diameter, a stent-retriever
thrombectomy through the collateral PComA was selected. An
8F guide catheter was placed in the left VA followed by a 5F
Navien catheter (intermediate catheter, 0.058-inch diameter,
Medtronic, Irvine, CA, USA) and a Rebar 18 microcatheter
(0.021-inch diameter, Medtronic) that were coaxially advanced
over a 0.014-inch microwire (Stryker, Kalamazoo, M1, USA)
to the distal basilar artery (BA). Next, the microcatheter was
advanced through the left P1 segment, then through the
PComaA into the M1 segment, and finally placed distal to the
clot. A 4x20 mm Solitaire FR stent (Medtronic) was then in-
troduced through the microcatheter and fully deployed across
the occluded left MCA (Fig. 1D). After the stent had been
maintained in place for five minutes, the 5F Navien catheter
was advanced to the left posterior cerebral artery along the
guidewire. The stent and microcatheter were slowly pulled
back in the Navien catheter (Fig. 1E), and then withdrawn
outside the body through the 8F guide catheter. A large red
thrombus was retrieved with a single pass (Fig. 1F). During
clot retrieval, continuous manual aspiration with both the 5F
Navien catheter and the 8F guide catheter was performed,
using two 30-mL syringes. A subsequent angiogram revealed
significant flow restoration [Thrombolysis in Cerebral In-
farction (TICI) score 2b in the left MCA (Fig. 1G)]. Time to
revascularisation, defined as the time from the femoral access
to the achievement of revascularisation, was 38 minutes.
The patient started to improve immediately after thrombec-
tomy. Head CT following the procedure showed no haemor-
rhage. A follow-up head CT the next day revealed scattered
acute infarction restricted to the MCA territory in the left
basal ganglia, as well as the left frontal and temporal lobes,
and did not show intracranial haemorrhage (Supp. Fig. S2).
There were no new infarcts in the posterior circulation, which
confirmed a lack of embolisation in the stent-retriever passing
territory. Symptoms that persisted at that time included partial
gaze preference, right face droop, right hemiparalysis, sensory
aphasia, and dysarthria. The NIHSS score had fallen to 10.
A cervical and cerebral CT angiogram performed seven days
later confirmed the recanalisation of the previously occluded
left MCA (Fig. 1H) and a chronic occlusion at the origin of the
right ICA with a small stump (Fig. 1I). At discharge, 10 days
post stroke, the patient’s symptoms were sensory aphasia and

right facial droop. His NIHSS score was 3. At the four-week
follow-up visit, patient recovery was nearly complete, with only
the right facial droop persisting. His NIHSS score was 2 and
modified Rankin Scale (mRS) score was 0. Written informed
consent was obtained from the patient.

Nearly 20% of ischaemic strokes are related to severe ex-
tracranial carotid lesions, 10% of which are caused by carotid
occlusion [7]. Regardless of the mechanism of ICA occlusion,
symptoms are usually caused by a coexisting intracranial
occlusive embolus, commonly in the middle cerebral artery
(MCA) or carotid terminus [7]. Therefore, in most patients the
final outcome depends on timely restoration of distal intracra-
nial flow, rather than recanalisation of the proximal occlusion
[8, 9]. Using a collateral vascular approach may provide an
alternative quick, safe, and effective endovascular treatment
for acute stroke patients presenting a large intracranial vessel
occlusion without a direct route to the occlusion site. The first
successful cross-circulation aspiration thrombectomy via the
patent PComA was for an acute MCA occlusion [3]. Then, an
anterior-posterior revascularisation of a BA occlusion upon
intra-arterial thrombolysis and aspiration thrombectomy
through a patent PComA was reported [4]. Kim et al. described
a cross-circulation stent-retriever thrombectomy via the patent
PComA for acute MCA ischaemic stroke with chronic cervical
ICA occlusion [2]. More recently, two cases of trans-AComA
stent-retriever thrombectomy were successfully carried out
for acute MCA occlusion tandem with ICA occlusion [5].
These cases demonstrate the feasibility of cross-circulation
thrombectomy.

To date, there has been no imaging approach that can ac-
curately distinguish acute from chronic ICA occlusions, both
of which can establish collateral circulation at the distal end
of the occlusion. Recently, Hasan et al. analysed and classified
the radiographic findings of 100 chronic ICA occlusion pa-
tients into four types with the aim of predicting the feasibility
and safety of ICA revascularisation via endovascular therapy
[10]. The occlusive morphology and relatively sound primary
collateral circulation of our patient supported the diagnosis
of chronic ICA occlusion. Moreover, our patient had type C
occlusion in Hasan’s classification, which has a low recanali-
sation rate and a high perioperative complication rate [10].

Recanalisation of a chronically occluded cervical carotid
before treatment of the intracranial lesion might delay the time
to distal recanalisation and potentially lead to a less favourable
outcome [11]. In addition, this procedure carries significant
risks, including distal embolisation into previously healthy
intracranial vessels [e.g. anterior cerebral artery (ACA), ca-
rotid terminus], dissection or perforation of the extracranial
carotid, and cerebral reperfusion haemorrhage (particularly
after thrombolysis or when antiplatelet agents are administered
after stent placement).

In our case, symptoms were mainly caused by thrombus
or atherosclerotic plaque detachment from the occluded ICA
stump and blockage of the left MCA, rather than cerebral
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Figure 1. Brain images of patient suffering from acute left MCA occlusion. A. Lateral left CCA angiogram shows chronic occlusion at origin of
left ICA, with small stump (arrow). B. Angiogram of right CCA (anterior-posterior) shows insufficient flow through leptomeningeal collaterals
into left hemisphere reconstituted by patent AComA. C. Angiogram of left VA (anterior-posterior) reveals occlusion in mid M1 segment of left
MCA (arrowhead) reconstituted by patent left PComA with diameter of 1.3 mm (arrow). D. A 4 x 20 mm Solitaire FR stent retriever (black
arrow) was deployed over whole length of thrombus in left MCA through left PComA (white arrow). Immediate antegrade flow to left MCA was
restored. Note filling defect in M1 segment representing trapped thrombus within stent struts (black arrows). Stent has three radiopaque
distal markers (black arrowhead). E. Stent retriever shown in mid portion of MCA (black arrowhead), microcatheter in proximal segment of
MCA (black arrow), and 5F Navien catheter in left PCA (white arrow). F. Red clot retrieved using Solitaire FR stent. G. Angiogram of left VA
(anterior-posterior) after thrombectomy shows significant restoration of flow (TICI score: 2b) in left MCA. H. Cervical and cerebral CT angio-
gram performed seven days after thrombectomy confirmed our previous observations: patent left PComA (white arrowhead), recanalisation

of previously occluded left MCA (white arrow). I. Chronic occlusion at origin of right ICA with small stump (white arrow)

haemodynamic insufficiency caused by chronic ICA occlusion
with poor collateral supply. Prompt reperfusion of viable tis-
sue, and the prevention of subsequent expansion of cerebral
infarction, are the keys to successful endovascular revasculari-
sation in acute stroke [12]. Facing a chronic ICA occlusion, we
believed that it was best to open the distal occlusion through
the collateral pathway to save time. Nevertheless, we recog-
nised that we had to try to open the ICA occlusion itself if the
collateral pathway conditions did not allow a cross-circulation
thrombectomy. We sought and evaluated alternative routes
such as a wide patent AComA or PComA, and we found that
the diameter of the PComA was 1.3mm, and thus suitable
for the passage of the Rebar 18 microcatheter. Therefore, the

opening of the left MCA through the patent PComA would
save time, enhance the opening efficiency, and improve the
clinical prognosis of the patient.

The cross-circulation technique is currently reserved for
selected cases because of a high risk of complications, including
dissection, perforation, escaping clots, and thromboembolic
occlusions, associated with the advancement of endovascular
devices through tortuous Circle of Willis collaterals with small
diameters. This risk may be higher in patients with advanced
atherosclerotic stenosis in the proximal vertebral and carotid
arteries [6]. Newly developed microwires, microcatheters
and clot-retrieval devices have been shown to improve the
recanalisation rate and decrease complications [6].
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The SWIM technique shortens the distance of the stent-re-
triever in the vascular cavity, which can further minimise the
risk of proximal and distal embolisms, and mechanical damage
to the vessel wall. In this case report, we placed a Navien, an
intermediate catheter, through the BA to the ostium of the left
posterior cerebral artery, and achieved recanalisation without
complications. Large scale studies are necessary to verify the
efficacy and safety of this approach.
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To the Editors

Spontaneous intracranial hypotension (SIH) was first
described by Schalltenbrand in 1938. It is a clinical disorder
in which cerebrospinal fluid (CSF) volume or pressure drop
down due to a dural CSF leakage [1]. Although historically
considered a rare condition, STH has been increasingly rec-
ognised, with an incidence estimated at 5 per 100,000 [2].
However, it is frequently initially misdiagnosed [3]. A large
number of symptoms can lead to difficulties in diagnosis.
It is extremely important to pay particular attention to
the fact that symptoms may mimic acute cerebrovascular
events (ACE). The condition is characterised by similar
symptoms. Research shows an incorrect diagnosis in 66.3%.
Incorrect diagnoses are mainly made in the pre-hospital
setting, but can also happen in the ED, especially if the
treating physician is not a neurologist or stroke physician
[4]. The clinical hallmark is debilitating postural headache,
exacerbated by standing, and relieved in the recumbent
position. Patients may also present with diplopia, tinni-
tus, vertigo, dizziness, neck stiffness, nausea, vomiting,
hyperacusis, deafness, and vision loss [5]. Conservative
treatment is limited to bed rest, hydration, caffeine and
analgesic drugs [6]. In this letter, we present life-threat-
ening complications of SIH in two patients.

Case 1

A 42-year-old female was admitted to hospital with a two-
-week history of headache that was persistent, changed depen-
ding on the patient’s position, and was posture related. The
patient also reported nausea and vomiting. No abnormalities
were found in blood test or neurological examination, nor did
the patient have a history of head or neck trauma. Computed
tomography of the brain (CT) revealed bilateral hypodense
subdural collections of blood (4 mm and 5 mm), along with the
obliteration of the prepontine cistern. Initially, the patient was
prescribed bed rest, hydration and steroid therapy. Unfortu-
nately, she did not comply with these. Brain MRI demonstrated
an advanced descent of the brainstem with flattening of the
pontine surface, dilation of the sagittal sinus, enlargement of
the pituitary gland, and expansion of the subdural haematomas
(Fig. 1A). Additionally, C6/C7 disc herniation was found on
spinal MRI, without accompanying symptoms. Isotopic cister-
nography and CT myelography results were normal. However,
the patient again failed to comply with a strict bed regime. As
aresult, her score on the Glasgow Coma Scale (GCS) decreased
from 15 to 14. CT confirmed the IH and enlargement of the
subdural haematomas (7 mm and 11 mm). The patient still
did not follow medical orders and a decrease to GCS 7 was
recorded. As the aetiology of SIH remained unknown, the
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patient was implanted with a both-sided subdural-peritoneal
shunt, which caused a transient increase in GCS score up
to 15. But the patient’s neurological condition again deteri-
orated to GCS 5 four days after the implantation. This was
primarily a consequence of further non-compliance with the
bed regime. When emergency decompressive craniectomy
was performed, the patient improved to 15 GCS. Another
MRI with T2-weighted sequences showed the cause of SIH,
a collection of cerebrospinal fluid referred as a ‘double dural
sac sign’ in the extradural space, just above the degenerated
C6/C7 segment (Fig. 1B). However, no epidural blood patch
(EBP) was carried out at the affected segment of the spine,
given the risk of neurological complications. The decision not
to perform EBP was driven by the review paper published by
Kapoor et al. [7]. Instead, anterior cervical discectomy and
fusion at C6/C7, along with the inspection of dura mater at
that level, were performed.

A large collection of cerebrospinal fluid was found extra-
durally, but no evident tear of the dura was identified despite
a thorough inspection of the dural sac at the level of the disc
herniation. The dura watertight protection was obtained by
sealant matrix TachoSil. Despite further non-compliance with
the bed regime, no deterioration of the patient’s neurological
condition was observed post-surgery. The patient was dis-
charged with a GCS score of 15. No signs of SIH were found
on a follow-up MRI six months later.

Case 2

A 54-year-old male presented with a four-week history
of postural headache, concomitant nausea and vomiting,
without neurological signs and symptoms, head or neck
trauma. The results of blood tests, levels of paraneoplastic
markers, thoracic radiogram, and abdominal ultrasound
findings were normal. An initial CT of the brain revealed
bilateral hypodense subdural collections of blood (8 mm
each side) and the prepontine cistern’s obliteration. Initially,
the patient was treated with hydration, steroid therapy and
ordered a strict bed regime. Failure to comply with medical
recommendations contributed to the suspicion of IH. MRI
revealed a critical descent of the brainstem with flattening of
the pontine surface and enlargement of the pituitary gland.
After the administration of a gadolinium-based contrast
agent, diffuse pachymeningeal enhancement in the supraten-
torial and infratentorial regions was observed, ultimately
confirming the diagnosis of ITH. Spinal MRI showed advanced
degenerative disease of the cervical spine. Subsequent CT
myelography revealed a significant CSF leakage at the level
of C1/C2 (Fig. 1C). To reduce the risk of a spinal cord injury,
the patient was qualified to laminectomy with inspection of
the dura at the leakage level, rather than to EBP. At the time
of the qualification, the patient’s GCS score was 15. Howev-
er, the patient did not comply with the bed regime and his
condition suddenly deteriorated, GCS score dropping from

Figure 1. A. MRI showing expansion of subdural haematoma
— case 1; B. MRI with T2-weighted sequences showed collection
of CSF within extradural space, just above degenerated C6/C7
segment (‘double dural sac sign’) — case 1; C. CT myelography
revealed significant CSF leakage at level of C1/C2 — case 2

408 www.journals.viamedica.pl/neurologia_neurochirurgia_polska



Grzegorz Turek et al., Bed regime lifesaving in SIH

15 to 7 within an hour. Control CT revealed a critical descent
of cerebellar tonsils to the foramen magnum; the patient
was already unconscious at that time, with a GCS score
of 7. Large emergency decompressive craniectomy of the
posterior fossa with the removal of the posterior edge of the
foramen magnum was performed. During subsequent C1-
-C4 laminectomy, CSF leakage from a large dural laceration
at the C2 nerve root level was identified. The laceration was
thoroughly sealed by collagen matrix coated with human fi-
brinogen and thrombin — TachoSil. The subdural collections
of blood were evacuated through both-sided decompressive
craniectomy. The patient was transferred to the intensive
care unit and put into a propofol-induced coma for five days.
After recovery from the coma, he was fully conscious, with
a GCS score of 15.

A rare condition, such as IH, can constitute a diagnostic
and therapeutic challenge. IH is highly likely to be misdi-
agnosed or overlooked because patients with this condition
usually lack objective symptoms. No clear guidelines have
been published with regard to the conservative management
of TH. While according to some authors an approximately
two-week bed rest is sufficient to control this condition
[8, 9], some published evidence suggests that conservative
treatment might not be enough [10]. The most likely reason
behind these discrepancies is patient non-compliance with
the bed regime. This is well illustrated by the two cases
presented herein; lack of compliance with the bed regime
resulted in further CSF leakage, brain sagging and deterio-
ration of the clinical condition, as shown by a rapid decrease
in GCS scores. To the best of our knowledge, non-compliance
with physician’s orders has not been reported as a cause of
IH exacerbation to date, and this case series is the first pub-
lished evidence of potentially fatal complications related to
non-compliance with a strict bed regime. While CSF leakage
is a major cause of SIH, the underlying mechanisms are yet
to be elucidated. Supine position of the body creates favour-
able conditions for dura mater regeneration, improving the
CSF fluctuation and shifting the centre of mass of the brain
upward [11, 12].

A bed regime seems to be an effective and vital component
of IH treatment [13]. As we have presented in this paper,
non-compliance with the bed regime can lead to life-threat-
ening complications.
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To the Editors

Trigeminal cardiac reflex (TCR), hemifacial hypesthesia,
hemifacial palsy, jaw pain, internal jugular vein injury and mi-
crocatheter gluing are potential complications in endovascular
onyx embolisation of dural arteriovenous fistulas (DAVFs)
[1]. TCR is a physiological reflex that occurs in response to
stimulation of sensory branches of the trigeminal nerve, which
can lead to haemodynamic instability such as bradycardia
and asystole. TCR is often reported in craniofacial, ophthal-
mological, and skull base surgery, and less often reported in
endovascular onyx embolisation. We report a case of TCR
during endovascular onyx embolisation of a DAVE.

[A]

A 37-year-old male presented with a sudden severe headache
without apparent cause, most pronounced in the occipital region,
accompanied by nausea and vomiting. CT scan showed haemor-
rhage on right cerebellum, third ventricle and fourth ventricle.
Further DSA examination showed a Cognard Class X DAVF in
right petroclival region. The DAVF was fed by the marginal ten-
torial branch of right meningohypophyseal trunk, right anterior
inferior cerebellar artery, and the petrous branch of right middle
meningeal artery (Fig. 1). The patient had no significant cardiac
or respiratory disease. After discussion of treatment options, we
decided to use transarterial onyx to embolise DAVE

The procedure was performed under standard anaesthesia
and systematic heparinisation. Anaesthesia was induced with

Figure 1. A. Lateral view of left external carotid artery angiogram demonstrates DAVF being fed by petrous branch of right middle meningeal
artery (arrow); B. Lateral view of left internal carotid artery angiogram demonstrates DAVF being fed by marginal tentorial branch of right
meningohypophyseal trunk (arrow); C. Anteroposterior view of left vertebral artery angiogram demonstrates DAVF being fed by right anterior
inferior cerebellar artery (arrow)
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Figure 2. A. Lateral view of petrous branch of right middle meningeal artery superselective microcatheter angiogram demonstrates fistulous

point (arrow); B. Lateral view of endovascular onyx injection to fistula

sufentanil 15ug, followed by rocuronium (0.8 mg/kg) and etomi-
date (0.2 mg/kg). After tracheal intubation, we performed me-
chanical ventilation with pure oxygen. Anaesthesia was main-
tained with renifentanyl (0.2 g/kg/min), and additional boluses
of propofol (2 mg/kg/h), norepinephrine (0.06 ug/kg/min),
dexmedetomidine (0.5 ug/kg/h) and sevoflurane (0.4%) were
administered.

After transfemoral arterial access was gained, an Envoy
6F guide catheter (Cordis, Miami Lakes, FL, USA) was placed
in the right external carotid artery. By using a road-mapping
technique and selective control angiogram, a Marathon
microcatheter (ev3 Neurovascular, Irvine, CA, USA) with
a Synchro 2 0.010-inch microwire (Stryker Neurovascular,
Fremont, CA, USA) was advanced into the petrous branch of
right middle meningeal artery (Fig. 2A). Dimethyl sulfoxide
(DMSO) was injected into the microcatheter without conse-
quence. Then onyx was used to embolise the fistula (Fig. 2B).
Near the completion of embolisation, the patient developed
bradycardia: heart rate (HR) dropped from 52 to 32 bpm and
blood pressure (BP) from 126/68 mmHg to 100/52 mmHg.
The injection was immediately paused, and the patient’s HR
and BP normalised spontaneously. After discussion with the
anaesthetist, onyx injection was performed again. But the
patient developed asystole and BP dropped to 64/30 mmHg.
Immediately, the injection was stopped. After intravenous in-
jection of ephedrine and atropine and chest compressions, the
patient returned to spontaneous circulation. The subsequent
angiography found that the embolisation was satisfied (Fig. 3),
and so the embolisation was terminated. Upon waking up from
anaesthesia, the patient developed mania and was sedated with
dexmedetomidine (0.5 ug/kg/h) and sent to the intensive care
unit (ICU) for 48 hours of close monitoring. The patient did
not present bradycardia or asystole during his ICU stay, and
no cardiac or respiratory symptoms were reported, except
for intermittent headache. Postoperative CT showed that the

Figure 3. Lateral view of left external carotid artery angiogram
demonstrates complete embolisation of fistula

bleeding was well absorbed and the patient’s symptoms had
improved, so he was allowed home from hospital.

This case presented herein reports bradycardia and asystole
during endovascular onyx embolisation of a dural arterio-
venous fistula. We consider that this response was caused by
TCR, which was first described in endovascular onyx embo-
lisation by Lv et al. [2].

Interestingly, TCR during endovascular embolisation
has only been reported when using onyx. The reflex mainly
occurred when transarterially injected into the middle me-
ningeal arteries or transvenously injected into the cavernous
sinus and inferior petrosal sinus. The injection of DMSO
comes before the injection of onyx in order to flush the dead
space of microcatheter. The incidence of TCR in endovascular
onyx embolisation may be caused by neurotoxicity of DMSO
or direct compression of the trigeminal nervous innervation
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of the dural mater by the formation of an onyx plug produce
[3]. Wang et al. [4] thought that during transarterial onyx
embolisation, the injection pressure to middle meningeal
artery induced neuronal signals via the Gassarian ganglion to
the sensory nucleus of the trigeminal nerve, and thus caused
TCR. They also believed that neurotoxicity of DMSO on
the ophthalmic nerve within the cavernous sinus, or on the
trigeminal nerve innervation of the dura mater, caused TCR
during transvenous onyx embolising carotid cavernous fistula.
Puri et al. [5] reported a case in which TCR occurred during
a pre-onyx DMSO injection. This finding suggests that it is
the biochemical action of DMSO, rather than onyx or any me-
chanical effect of the solidified cast, which elicits the TCR [6].

In our case, TCR occurred near the end of embolisation. We
think that this reflex might be due to backflow of onyx to the
petrous branch, which increased the pressure of the middle me-
ningeal artery and induced neuronal signals and elicited TCR.

Neurointerventionalists should be very cautious when con-
ducting intravascular manipulation in the middle meningeal
artery. Anaesthetists should pay close attention to heart rate
changes of patients and be prepared for TCR at any time. The
operation should be immediately halted once TCR occurs.
Intravenous administration of anticholinergic drugs and chest
compressions are efficacious.
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To the Editors

We read with great interest the article published recently
by Zielinska-Turek et al. [1] entitled ‘Clinical features of neu-
rological patients with coronavirus 2019: an observational
study of one centre, where the authors investigated a cohort of
patients with COVID-19 and previous neurological diseases,
finding that most of these patients were elderly, with dementia
or a history of stroke, and that these conditions associated
with COVID-19 worsened the prognosis and increased the
mortality of these patients.

We thank Zielinska-Turek et al. [1] for providing such
valuable evidence. However, we would like to make some com-
ments on a recently described entity which poses a challenge
in the management of patients with a neurological history
or who present with neurological complications during the
course of COVID-19.

Disease burden studies of neurological disorders estimate
that since 2005 there has been a notable increase in Years
Lived with Disability (YLDs) and Disability Adjusted Life
Years (DALYs) globally, mainly due to cerebrovascular dis-
eases (50,785 to 53,815 DALYs) and Alzheimer’s and other
types of dementia (11,078 to 13,540 DALYs) [2], and these
figures are projected to increase to 60,864 and 18,394 by 2030,
respectively [2].

Based on the above, controlling the burden of neurological
diseases is a global health priority.

Considering that the moderate and severe phenotypes of
COVID-19 generally present neurological complications, or

manifest themselves only through neurological syndromes
[3], it is necessary to establish the prognosis of these patients
and the impact on their quality of life.

Post-COVID 19 neurological syndrome is a new condition
only recently described [4, 5], which consists of medium and
long-term involvement of the nervous system due to molecular
mechanisms that trigger neuroinflammation, compromising
the functional capacity and quality of life of neurological
patients in general [4, 5].

Noting that the average age of the patients of Zielifis-
ka-Turek et al. [1] was 72 years, and that they also had comor-
bidities that have a negative impact on the nervous system such
as arterial hypertension, type II diabetes mellitus, or dementia
[1],itis necessary to pay attention and perform strict follow-up
of these patients, because of the increased probability and se-
verity of developing post-COVID-19 neurological syndrome,
manifested through the persistence of certain symptoms, or
the presentation of neurological disorders in a short period
after the resolution of COVID-19 [4, 5].

There is no clear evidence or understanding of the patho-
physiology of this syndrome, although meta-analyses have
reported results establishing short-term associations between
COVID-19 and neurological involvement in patients presenting
with neurological symptoms, in the absence of lesions visible
on neuroimaging, regardless of age or expression of the COV-
ID-19 phenotype [3].

In this scenario, a strategic plan should be designed
by neurology and neurosurgery departments with the aim
of creating prospective multicentre studies to evaluate the
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evolution of neurological involvement and rehabilitation of
these patients, in order to establish effective and safe measures
to ensure functional capacity and survival.

Likewise, this event sheds further light on the need to

create specialised centres in neurointervention and neurore-
habilitation, since the burden of neurological diseases remains

one

of the highest globally, and can be expected to increase

even more rapidly due to this syndrome.
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