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REVIEW ARTICLE

Sleep disturbances in progressive supranuclear palsy 
syndrome (PSP) and corticobasal syndrome (CBS)

Piotr Alster1, Natalia Madetko-Alster1 , Anna Migda2, Bartosz Migda3, Michał Kutyłowski4,  
Leszek Królicki5, Andrzej Friedman1

1Department of Neurology, Medical University of Warsaw, Warsaw, Poland  
2Department of Endocrinology, Diabetology and Internal Medicine, Medical University of Warsaw, Warsaw, Poland 

3Diagnostic Ultrasound Lab, Department of Paediatric Radiology, Medical University of Warsaw, Warsaw, Poland 
4Department of Radiology, Mazovian Brodno Hospital, Warsaw, Poland 

5Department of Nuclear Medicine, Medical University of Warsaw, Warsaw, Poland

Abstract

Introduction. Progressive supranuclear palsy (PSP) and corticobasal syndrome (CBS) are clinical manifestations of tauopathies. 
They are commonly associated with rapid motor and cognitive deterioration. Sleep disturbances are less frequently described 
as a feature of these diseases, though they are reported among 50–75% of PSP patients. 

State of the art. Apart from various clinical manifestations, sleep abnormalities in PSP and CBS seem to be a factor enhancing 
pathogenesis as well its consequences. Multiple researchers have looked into the issue of whether the complexity of sleep 
disturbances in PSP and CBS could be linked to atrophic changes within structures crucial for daytime regulation, coexisting 
pathologies, or other less explored mechanisms.

Clinical significance. Among sleep abnormalities in PSP and CBS have been reported excessive daytime sleepiness, night-time 
insomnia, reduction of total sleep time, more pronounced sleep fragmentation, restless leg syndrome (RLS), agrypnia excitata, 
periodic limb movements, sleep respiratory disturbances, rapid-eye movement behaviour disorder, and others. 

Future directions. The aim of this review was to elaborate upon the significance of sleep abnormalities in tauopathic parkin-
sonian syndromes, and to determine their usefulness in differential diagnosis with synucleinopathic parkinsonian syndromes. 
Extended analyses of sleep disturbances may provide a different perspective on atypical parkinsonisms. 

Key words: progressive supranuclear palsy, corticobasal syndrome, CBS, PSP, sleep disturbances

(Neurol Neurochir Pol 2023; 57 (3): 229–234)

Introduction

Progressive supranuclear palsy syndrome (PSP) and 
corticobasal syndrome (CBS) are clinical manifestations of 
tauopathies. They are classified as atypical parkinsonisms. 
While PSP is most commonly associated with PSP pathology, 
CBS is observed among patients with various pathologies, 
among which could be mentioned what used to be known 
as corticobasal degeneration (CBD), PSP, frontotemporal 
degeneration (FTD), Alzheimer’s disease (AD) and others. 

The pathogenesis of these diseases is not fully understood [1]. 
There has been growing interest in the non-motor symptoms 
of tauopathic parkinsonian syndromes [2], and more attention 
has recently been paid in the context of sleep disturbances in 
this group, a feature often omitted in clinical examination. 

Clinical significance

The frequency of sleep disorders among patients diagnosed 
with parkinsonisms varies widely. An observational study 
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released in 2010 evaluated 1,307 patients with parkinsonisms, 
among whom 34 patients had multiple system atrophy (MSA), 
30 had PSP, 14 had dementia with Lewy bodies (DLB), and 
11 had CBD. Sleep disturbances were observed in more than 
75% of patients with PSP and DLB, in c.65% of those with MSA 
and PD, and only in 36.4% of CBS patients [3]. 

This discrepancy between PSP and CBD may suggest that 
the sleep disturbance in parkinsonian syndromes may not be 
directly associated with underlying pathology, as both entities 
are tauopathies.   

Though sleep disorders are interpreted as a common 
feature of PSP, they are not indicated in the criteria of diag-
nosis [4]. The incidence of sleep abnormalities in CBS is less 
specified. The aim of this review was to present an overview 
of findings concerning sleep abnormalities in PSP and CBS.

Material and methods

Our search for articles related to sleep abnormalities in PSP 
and CBS was based on the use of the PubMed database. We 
used the phrases “Corticobasal Syndrome Sleep”, “Corticobasal 
Syndrome Sleep Abnormalities”, “Progressive Supranuclear Palsy 
Sleep”, and “Progressive Supranuclear Palsy Sleep Abnormalities”. 
Due to the rarity of the syndromes, we also acknowledged case 
reports and research studies based on groups of fewer than 10 pa-
tients examined. Additionally, due to the evolution of terminology, 
certain older works referring to “Corticobasal Syndrome” used to 
describe it as “Corticobasal Degeneration”. The goal of our search 
was to obtain a perspective dedicated to these clinical entities.

Sleep disturbances
Sleep disturbances in development  

of neurodegeneration
Sleep disturbances have been evaluated as a factor in 

neurodegeneration. They may be a condition preceding the 
initiation of other symptoms of neurodegenerative disease. 
The exact relation between these processes is not verified. 
Growing interest is associated with dysfunction of the glym-
phatic system, which on the one hand is linked with slow-
wave sleep, while on the other hand its abnormalities have 
been found to contribute to neurodegeneration [5]. The role 
of the glymphatic system has been evaluated in PD, where 
the extracellular accumulation of alpha-synuclein is a feature 
impacting upon the neuroinflammatory and glymphatic re-
sponse [6]. Deficits of the glymphatic system, a deterioration 
in eliminating waste proteins, and the correlation between this 
and an increase of tau accumulation have also been studied in 
AD [7]. Abnormalities of the system have been interpreted as 
possibly modifiable points in the pathogenesis of dementia [7]. 
Sleep abnormalities have been indicated as parallel features 
correlated with this process, as the accumulation of tau may 
disrupt the wake-sleep cycle. To the best of our knowledge, 
no study presenting this issue in PSP and CBS has previously 
been published.

Sleep disturbances in progressive supranuclear palsy
The first report presenting PSP indicated that fatigue was 

a feature of the disease [8]. With the evolution of knowledge 
concerning this disease, sleep abnormalities and night-time 
behavioural deviations became associated with approximately 
half of PSP patients [9]. Interestingly, the abnormalities have 
been interpreted as moderate to severe among almost one out 
of four [9]. Among sleep disturbances associated with PSP 
can be mentioned excessive daytime sleepiness, night-time 
insomnia, reduction of total sleep time, more pronounced 
sleep fragmentation, rapid-eye movement behaviour disorder, 
restless leg syndrome (RLS), and sleep respiratory disturbances 
[10–13]. Insomnia and deviated sleep architecture are the most 
common sleep abnormalities in PSP [14]. Sleep disturbances 
are rarely observed at the time of diagnosis. However, they are 
reported by 50% of patients who have experienced three years 
or more of disease duration [15]. 

Sleep disturbance has been interpreted as a factor inducing 
up to a quadrupling in mortality in PSP [16]. Additionally, 
the pathogenesis of sleep abnormalities seems multifacto-
rial, being on the one hand linked with neurodegenerative 
changes within the brainstem, and on the other hand being 
associated with cognitive, pseudobulbar and extrapyramidal 
disturbances [17]. The sleep disturbances in PSP may be also 
related to degeneration of the thalamus, as this has been in-
terpreted as a milestone in the gating of sensory information, 
which induces different patterns of activity during sleep and 
wakefulness [18]. Abnormalities related to the thalamus have 
been reported in various works, although the issue of sleep 
disturbances associated with these deviations was not explored 
[19–21]. Hypothalamus, another structure impacted upon by 
PSP degeneration, is associated with decreased pre- or post-
synaptic orexin neurotransmission [22]. In a work evaluating 
orexin levels in the cerebrospinal fluid in PD, DLB, PSP and 
CBD, it was revealed that its levels were significantly lower in 
tauopathic parkinsonian syndromes [23]. 

The disturbance of orexin regulation may cause abnormal-
ities in the sleep-wake cycle [24]. Interestingly, disturbances 
of this cycle may be both a manifestation and a cause of neu-
rodegenerative disorders [25]. PSP and CBS have also been 
examined in the context of wake-promoting neurons. It was 
found that the structure, though highly impacted upon by AD, 
is spared in both PSP and CBS [26].

Sleep abnormalities in PSP refer to different entities. The 
quality of sleep in PSP is interpreted as being more deterio-
rated partly due to its fragmentation, which can be observed 
in polysomnographic examination (PSG) [27]. Patients with 
PSP are considered as experiencing a longer duration of falling 
asleep [28]. The neurodegeneration and subsequent atrophic 
changes within the brainstem result in deviations affecting 
sleep regulating structure [16]. Due to the degeneration of 
the brainstem, insomnia in patients with PSP is more severe 
than the insomnia observed in Parkinson’s Disease (PD) and 
AD. [29]. This deterioration within the brainstem has been 
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found to be correlated also with excessive daytime sleepiness 
and obstructive sleep apnoea [30]. The atrophies within  
the pedunculopontine tegmentum significantly decrease the  
percentage of REM sleep in PSP [31, 32]. Additionally,  
the durations of N2 and N3 sleep have been shown to be 
significantly decreased [28]. Vertical saccadic restriction was 
also found to decrease both sleep time and its efficiency [33]. 
In a work presenting two phenotypes of PSP-PSP Richardson 
Syndrome (PSP-RS) and PSP-speech and language subtype 
(PSP-SL) it was pointed out that sleep deviations are more 
frequent in probable PSP-RS than in PSP-SL. The work was 
based on a screening questionnaire evaluation of 90 patients 
with PSP-SL and 71 with PSP-RS. 

Interestingly, the threshold of at least one sleep disturbance 
has been observed in almost twice the number of patients 
with PSP-RS compared to PSP-SL. Features such as using one’s 
voice during sleep or acting out dreams, commonly associated 
with being an aspect of synucleinopathies, have been found to 
be often present in probable PSP-RS [34]. Excessive daytime 
sleepiness was not considered a differentiating feature of the 
examined entities. Fatigue in PSP patients has not been fully 
explored [35]. Its increased level correlates not only with se-
verely disturbed sleep hygiene, but also a more pronounced 
tendency towards depression [36]. The EEG patterns of sleep 
in PSP have been considered to resemble those reported in 
presenile dementia [37].

Rapid Eye Movement Behaviour Disorder (RBD), a fea-
ture commonly associated with synucleinopathies, is one of 
the sleep abnormalities found in tauopathic parkinsonian 
syndromes [38–43]. Extended research has revealed that ab-
normalities such as RBD, which have been primarily described 
in synucleinopathies, have also been found to be present in 
PSP and CBS. In PSP, RBD is linked with recurrent dream 
enactment behaviour [11].  RBD is associated with 14–33% 
of patients with PSP compared to c.60% in PD [10, 11, 44]. 
A different study investigating the incidence of RBD showed 
significantly lower rates of RBD among patients afflicted by 
PSP — 36.7% and especially CBS — 5.5%, when compared 
to those afflicted by PD, DLB and MSA (58-81.9%) [45]. The 
authors, Smilowska et al., revealed that although RBD is not 
a common feature of PSP, it should be interpreted as a possible 
aspect of the disease, unlike CBS [40]. A different work pre-
senting similar rates (11–14%) of RBD among PSP and CBD 
patients was affected by smaller groups — 35 with PSP and 
only seven with  CBD [46]. 

The frequency of REM without atonia (RWA) in PSP has 
been evaluated in various works. In the study by Arnulf et al., 
evaluating 15 patients with PD, 15 with PSP and 15 controls, 
the incidence of RWA in both diseases was similar, ranging 
from 28% to 36% [47]. This study was based on sleep in-
terviews, overnight polysomnography (PSG), and Multiple 
Sleep Latency Tests. In the work by Nomura et al. examining 
20 patients with PSP and 93 with PD, RWA was more common 
in PD [48]. The authors verified interviews with patients and 

their caregivers, and subsequently assessed the clinical back-
grounds and PSG parameters. None of the abovementioned 
works acknowledged any differentiation between phenotypes 
of PSP. The study highlighting the higher prevalence of RWA 
among PD patients was based on older PD and PSP patients 
than the work by Arnulf et al. (75 ± 7 years in PSP and 73.4 ± 
± 7.9 in PD compared to 68 ± 8 in PSP and 67 ± 7 in PD) 
[47]. The percentage of males in the study indicating lower 
RWA incidence in PSP was three times higher than females. 
The disease duration of the PD group with similar to PSP. 
RWA incidence was more diverse. Comparing these works 
may suggest an additional impact of sex, age at onset, and 
disease duration on the prevalence of RBD in both diseases. 
Restless leg syndrome, RLS, though commonly linked with 
PD, is also frequently present in PSP, and has been correlated 
with deviated sleep efficiency and duration [30]. PSP rating 
scale (PSPRS), a common test evaluating PSP, is interpreted as 
feasible in the evaluation of sleep disturbances. In the section 
covering daily activities can be found a query regarding sleep 
difficulties. This part of the test is dedicated to insomnia in 
PSP and may be insufficient in other sleep abnormalities [49].

Sleep disturbances in corticobasal syndrome
The interpretation of sleep abnormalities in CBS is more 

difficult than in PSP, due to the more diverse underlying 
pathologies and the lower incidence of the disease. Recent 
advances have revealed that CBS should be interpreted as 
a group of diseases among which could be mentioned most 
commonly tauopathies, however the group also includes 
vascular changes, TDP-43 pathology and others [50–52]. 
The presence of TDP-43 pathology has been reported in up 
to 17%, while the incidence of vascular CBS is not yet fully 
evaluated [53]. Among sleep disturbances in CBS one can 
mention insomnia, RLS, agrypnia excitata, sleep respiratory 
disorders, inversion of sleep and vigilance pattern, periodic 
limb movements, and less commonly RBD [45, 46, 54–61]. 
Periodic limb movements in CBS may be unilateral. Their 
presence is linked with disrupted inhibitory pathways initiated 
in the cortex or basal ganglia [62].

A work highlighting Lewy body disease with clinical 
manifestation of CBS showed a lower incidence of RBD and 
a younger age at disease onset among these patients when 
compared to LBD [63]. The incidences of RBD in CBS are 
commonly based on a small number of patients or case re-
ports [45, 46, 54, 55, 57].  Patients with CBS and RBD may 
experience symptoms of overlapping synucleinopathic and 
tauopathic parkinsonian syndromes. One of the patients with 
clinical manifestation of apraxia, rigidity, bradykinesia and 
right arm myoclonus, suffered due to hallucinations and RBD. 
Neuropathological evaluation revealed astrocytic plaques, and 
thorny astrocytes were disseminated within cortical, subcorti-
cal and limbic structures [51, 53]. Lewy bodies were found in 
the substantia nigra, locus ceruleus and nucleus of the solitary 
tract. The appearance of subclinical RBD in CBS is associated 
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Table 1. General overview on sleep disturbances in PSP and CBS

Progressive supranuclear palsy  
syndrome

Corticobasal syndrome

Frequency* 75% 36.4%

Sleep disturbances — clinical features Most common:

— excessive sleepiness 

— insomnia

— sleep fragmentation

— night-time insomnia

— reduction of total sleep time

*insufficient data to determine frequency of disorders

— insomnia

— restless leg syndrome

— agrypnia excitata

— sleep respiratory disorders

— inversion of sleep vigilance pattern

— periodic limb movementsLess common:

— rapid-eye movement behaviour disorder

— restless leg syndrome 

— sleep respiratory disturbances

Sleep disturbances — related features Decreased level of orexin Decreased level of orexin
 CBS — corticobasal syndrome; PSP — progressive supranuclear palsy syndrome 

with simultaneous atrophic changes in the cortex, thalamus 
and brainstem [59]. Brainstem nuclei and pontomedullary 
pathways being affected is considered to be a possible cause 
of RBD in CBS [64].

Conclusions

Our review of sleep disturbances shows them to be 
an insufficiently explored aspect of PSP and CBS (Tab. 1).  
Undoubtedly, PSP and CBS show a significantly lower rate 
of RBD incidence than synucleinopathic parkinsonian syn-
dromes. However, the presence of RBD should not be a factor 
leading to the exclusion of tauopathic parkinsonian syndromes 
in a differential diagnosis. On the other hand, the presence 
of factors such as insomnia, excessive daytime sleepiness 
and sleep fragmentation combined with parkinsonian syn-
drome may not necessarily be observed in PD or other 
synuclienopathies, however they can be also associated with 
possible tauopathic atypical parkinsonisms. There are several 
limitations which make interpretation of the studies more 
difficult. Chief among these is the lack of neuropathological 
verification in the majority of the presented works; also, the 
diverse pathology of CBS, the small groups rarely exceeding 
20 patients in the research studies in the context of CBS, and 
the lack of indication regarding subtypes of PSP. Any of these 
could additionally impact upon the obtained results. 

In the context of PSP and CBS, the features regarding the 
course of sleep disturbances are multifactorial. The evolution of  
the abnormalities is likely to be correlated with the stage  
of atrophic changes, and the dissemination of pathological 
proteins and other coexistent mechanisms. The presence of 
RBD may be additionally impacted upon by the coexistence 
of Lewy bodies in neuropathological examination. 

Analysis of the combination of sleep deviations may be 
interpreted as an interesting feature of disease progress and 
may provide additional hints on the possible underlying 

pathology. Our review shows that patients with diagnoses of 
probable or possible PSP and CBS, or their caregivers, should 
undergo a detailed interview concerning sleep disturbances. 
The course of these abnormalities may be both a manifestation 
and a cause of the progress of the disease. Further research in 
this field is required.
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ABSTRACT
Multiple sclerosis (MS) is a chronic autoimmune demyelinating disease of the central nervous system (CNS) that mostly ma-
nifests as irreversible disability. The aetiopathogenesis of MS is still unclear, although it was initially thought to be primarily 
mediated by T-cells.

Research into the immune concepts of MS pathophysiology in recent years has led to a shift in the understanding of its origin 
i.e. from a T-cell-mediated to a B-cell-mediated molecular background. Thus, the use of B-cell-selective therapies, such as anti-
-CD20 antibody therapy, as expanded therapeutic options for MS is now strongly supported.

This review provides an up-to-date discussion on the use of anti-CD20 targeted therapy in MS treatment. We present a rationale 
for its use and summarise the results of the main clinical trials showing the efficacy and safety of rituximab, ocrelizumab, ofa-
tumumab, and ublituximab. Future directions that show selectivity to a broader population of lymphocytes, such as the use of 
anti-CD19 targeted antibodies, as well as the concept of extended interval dosing (EID) of anti-CD20 drugs, are also discussed 
in this review.

Key words: multiple sclerosis, targeting CD20, ofatumumab, ocrelizumab, ublituximab, rituximab, extended interval dosing

(Neurol Neurochir Pol 2023; 57 (3): 235–242)

Introduction

Multiple sclerosis (MS) is one of the most common auto-
immune inflammatory diseases of the central nervous system 
(CNS) and is characterised by the accumulation of irreversible 
disability. The most common form of the disease, relapsing-re-
mitting multiple sclerosis (RRMS), is characterised by the 
appearance of new or worsening neurological symptoms (re-
lapses), which last for at least 24 hours. In the early stages of the 
disease, complete resolution of neurological defects is observed; 
however, after some time, the symptoms can become permanent. 

Gradually, MS symptoms become more severe, and patients 
suffer from serious neurological deficits, including physical, 
psychological, and cognitive deficits. Nevertheless, there is no 
specific course of the disease, as it can vary from patient to 
patient. Other forms of MS, including primary progressive MS 

(PPMS), secondary progressive (steady worsening after RRMS; 
SPMS), and progressive-relapsing MS (PRMS), are character-
ised by a particularly intensive accumulation of disability [1].  
Therefore, effective early treatment is crucial to prevent disa-
bility progression and reduce relapse risk.

The aetiopathogenesis of MS is still not fully clear. 
Nevertheless, excessive activation of the immune system is 
known to be responsible for the destruction of myelin and, 
consequently, axonal (neuronal) failure. For many years, the es-
sential component of the immune system attacking myelin was 
considered to be CD4+ lymphocytes. As a result, many drugs 
used in the treatment of MS, such as interferons, teriflunomide, 
or natalizumab, decrease the activity of CD4+ cells and reduce 
the risk of relapses and disease progression [2, 3]. However, 
a profound decrease in the immune response can increase the 
risk of serious infections or even anticancer responses. 
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In recent years, a growing body of evidence has emerged 
showing that the picture of the abnormal immune response in 
MS is far more complicated. An important role in the process 
of neuronal and myelin damage is played by B lymphocytes, or 
B cells [4, 5]. The involvement of these cells in MS pathology 
is supported by the existence of oligoclonal bands in the cer-
ebrospinal fluid, as well as by the detection of myelin-targeted 
antibodies, which are responsible for myelin damage and 
neuronal loss. Currently, in the treatment of MS, we have some 
CD20-targeted antibodies at our disposal, including rituximab, 
ocrelizumab, and ofatumumab. Some others are still under 
investigation e.g. ublituximab and inebilizumab (MEDI-551, 
an antibody that binds to CD19, which is a surface antigen 
expressed on a broader range of B cells than CD20).

In this review, our aims were to describe the role of  
B lymphocytes in MS pathology, to present the latest data 
regarding the efficacy and safety of the currently available 
CD20-targeted drugs, and to indicate the future perspective 
of the use of such drugs.

Our modus operandi involved searching the PubMed 
database from 1970 to the present. Clinical trial registries 
were also searched for appropriate data. Key words searched 
for were “CD20”, “rituximab”, “ocrelizumab”, “ofatumumab”, 
“ublituximab”, “multiple sclerosis”, “RMS”, “RRMS”, “SPMS”, 
and “randomised clinical trial”. Records were limited to 
those in the English language. The search was last updated 
on 5 January 2023.

B lymphocytes in MS

Research into the pathology associated with MS has 
been ongoing for many years. Initially, attention was focused 
on the role of T lymphocytes, including CD4+ and CD8+ 
lymphocytes, with consideration given to subtypes releasing 
IL-17 or granulocyte-macrophage colony-stimulating factor 
(GM-CSF) [6, 7]. These cells were believed to play a crucial 
role in demyelination and neuronal damage. In recent years, 
attention has been drawn to a shift in thinking regarding the 
pathogenesis of MS. 

It now appears that CNS damage results from multiple 
types of immune cells, with a more significant than expected 
role played by B lymphocytes [8, 9]. In patients with MS,  
B lymphocytes have been shown to be an important compo-
nent of inflammatory infiltrates, especially in active demyeli-
nating lesions with predominantly perivascular localisation 
[10, 11]. The concept of B-cell-mediated pathogenesis of MS 
was prompted by the finding of impaired antibody production 
in the CNS (presence of anti-myelin antibodies), the presence 
of oligoclonal bands in the cerebrospinal fluid (CSF), the de-
tection of antibodies in inflammatory lesions, and, above all, 
the clinical confirmation of the high clinical effectiveness of 
antibodies directed against CD20, the most reliable marker 
of B lymphocytes [12].

In MS, increased numbers of B cells and plasmablasts (PB) 
have been observed in the CSF. Most B lymphocytes present 
the phenotype of memory cells and short-lived PB [13].  
It is worth noting that CSF PB numbers in MS patients are 
correlated with intrathecal IgG synthesis and inflammatory 
parenchymal disease activity as revealed by MRI, in other 
words, CNS inflammation.

It should be noted however, that antibodies directed 
against CD20 do not cover the entire population of B lym-
phocytes suspected to be involved in the pathogenesis of MS. 
Plasma cells, as well as plasmablasts, which are responsible for 
the production of antibodies and whose presence and num-
ber in inflammatory infiltrates correlate with the severity of 
inflammatory processes in the CNS, do not present CD20 an-
tigens, i.e. they are not targeted by anti-CD20 antibodies [14].

B lymphocytes can contribute to MS in multiple ways. 
Subsets of B lymphocytes may produce cytokines with pro- 
(which secrete TNFα, GM-CSF, IL-6, IL-12, and IL-15) and an-
ti-inflammatory (which secrete IL-10 and IL-35) properties [5].  
Furthermore, they are antigen-presenting cells pivotal for 
T-cell activation. B cells can also express CD80 and CD86 an-
tigens on their surface, which play a crucial role in the T-cell 
activation observed in MS [15].

The available data indicates that the initial step of the auto-
immune reaction may be the attraction of Th cells into the CNS 
followed by secondary infiltration of the affected region by  
B lymphocytes. Finally, B lymphocytes undergo differentiation 
into plasma cells that are able to produce autoantibodies, thus 
directly contributing to the demyelination of neurons, which 
is strongly facilitated in conditions of increased inflamma-
tion. Antibodies produced by B lymphocytes in the CNS are 
directed against various structural, but also other functional, 
elements of neurons. Previous studies have identified antibod-
ies directed against myelin basic protein (MBP), proteolipid 
protein (PLP), myelin oligodendrocyte glycoprotein (MOG), 
inwards rectifying potassium channel (Kir) 4.1, a calcium- 
-activated chloride-channel protein called ‘anoctamin 2’ 
(ANO2), and many other antigens [16–19]. The role of B cells 
is also postulated to be linked with the trafficking of Th cells to 
demyelinating lesions. This action of B cells could form a ‘vi-
cious circle’ of inflammation and lead to intense accumulation 
of different inflammatory mediators in the CNS.

Conversely, in MS, the pathophysiological role of individ-
ual antibody production needs to be clarified. Specifically, no 
clear correlation has been demonstrated between antibody 
titres and disease severity [20]. It is worth noting that among 
the isolated antibodies, none are strictly specific for MS. 
However, their occurrence correlates with disease activity e.g. 
the number of demyelinating foci lesions, indicating that in in-
dividual patients, a certain unique specificity may be expected. 
In addition, there is a lack of research into the nature of stimuli 
that trigger B-cell influx into the CNS and the mechanism of 
B-cell accumulation in specific CNS regions [21].
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However, these doubts do not change the fact that in-
hibition of CD20+ cell activity will effectively slow disease 
progression, regardless of the antigenic spectrum of anti-
bodies produced. Accordingly, the role of B lymphocytes as 
antigen-presenting cells and cells that induce overactivity of  
T cells is becoming increasingly important. Recent studies have 
shown that the involvement of B lymphocytes in CNS damage 
in the course of MS is not only limited to the production of 
antibodies directed against structural elements of myelin, 
glial cells, or neurons, but also involves the activation of  
T lymphocytes. This phenomenon is related to the activity  
of B lymphocytes as antigen-presenting cells, and their  
action includes the effective presentation of soluble and mem-
brane-bound antigens [22].

The predominant mechanism by which CD20-blocking an-
tibodies exert their therapeutic effect is still unclear. Protection 
against relapses is achieved within 1–2 months of admin-
istration depending on the agent used, which is faster than 
the effect on antibody production or plasma cell counts [23].  
It is speculated that the reduced function of B lymphocytes 
as antigen-presenting cells, as well as a reduced influx of 
B lymphocytes across the blood‒brain barrier, may lead to 
a local decrease in antibody production in the CNS [8]. In 
addition, B lymphocytes in MS have a disturbed cytokine 
production profile, with excessive production of proinflamma-
tory cytokines such as IL-6, TNFα, or lymphotoxin alpha, and 
a concomitant deficiency in inhibitory cytokines, including 
TGFβ. The disturbed profile of cytokine production results 
in an excessive activation of Th1 or Th17 cells, leading to 
processes associated with myelin and neuronal damage [5]. 
An important element affecting the effectiveness of drugs 
targeting CD20 is the profile of B lymphocytes reconstituted 
after treatment. Reconstituted B lymphocytes produce fewer 
proinflammatory cytokines, such as TNFα, IL-6, or GM-CSF, 
and more IL-10. The change in the profile of B lymphocytes 
also appears to reduce the proinflammatory response of  
T lymphocytes [15, 24]. This phenomenon seems very impor-
tant in terms of the long-term suppression of the pathological 
inflammatory response in MS.

CD20-targeted drugs in MS

Due to evidence of B lymphocyte involvement in MS- 
-related pathology, a decision was made to use anti-CD20 mon-
oclonal antibody medication for MS treatment. Currently 
used anti-CD20 agents include ocrelizumab, ofatumumab, 
and rituximab (off-label). The last of the CD20 ligands cur-
rently being assessed by the FDA and the EMA is ublituximab. 
CD20 is a surface antigen present on B lymphocytes at different 
stages of maturation, from pre-B cells to naïve and memory  
B cells, and is involved in the generation of T-cell-independent 
antibody responses [25]. The binding of anti-CD20 antibodies 
to the antigen leads to the activation of mechanisms that re-
sult in a profound decrease in the number of B lymphocytes. 

Usually, these mechanisms are antibody-dependent cellular 
cytotoxicity (ADCC) or complement-dependent cytotoxicity 
(CDC). Available drugs targeting CD20 do not act identically 
in this regard. Ocrelizumab and ublituximab are drugs with 
a dominant ADCC effect involving NK cells (natural killer 
cells), whereas rituximab and ofatumumab have a dominant 
CDC effect with activation of the C1q component of the 
classical complement pathway [26, 27]. A decrease in CD20+ 
cell levels below 10% is considered to be therapeutic and 
correlates with clinical efficacy. However, in clinical practice 
and clinical trials, the reduction in B lymphocytes (measured 
as CD19+ cells) is usually more profound, reaching as low as 
less than 1% [28]. Current clinically used antibodies directed 
against CD20 have different structures and some differences 
in binding sites. However, their efficacy in reducing CD20+ 
cell levels appears to be similar.

Rituximab

Rituximab (RTX) is a chimeric (mouse–human) anti- 
-CD20 antibody used in the off-label treatment of MS. As 
mentioned above, the drug’s mechanism of action is mainly 
based on the activation of CDC. In addition to its use in MS, 
RTX is widely used in haematological disorders and autoim-
mune diseases such as B-cell lymphomas (e.g. non-Hodgkin’s 
lymphoma, chronic lymphatic leukaemia, rheumatoid arthri-
tis, and granulomatosis with polyangiitis) (SmPC Mabthera).

One of the first clinical trials to evaluate the efficacy and 
safety of RTX in MS was an open-label, 72-week clinical trial in 
which 1.0 g of RTX was administered on days 1 and 15 of treat-
ment and then at 6-monthly intervals in adult patients with  
RRMS [29]. The use of RTX was shown to be associated  
with a reduction in the annualised relapse rate (ARR) from 
1.27 at baseline to 0.18 at week 72 of treatment, with the pro-
portion of patients without relapses exceeding 80% (80.8%). 
However, the high rate of infusion-related allergic reactions 
was noteworthy (65.4%).

Subsequent studies confirmed the initial observations. The 
double-blind, placebo-controlled HERMES study, which used 
RTX in 69 RRMS patients at a dose of 1.0 g on days 1 and 15 of 
treatment, showed that, starting at week 12 of follow-up, there 
was a significant reduction in both the number of Gadolinium-
enhancing (Gd+) lesions (by more than 90%) and the risk of 
relapse [20.3% (RTX) vs. 40% (PBO)] at week 48 of follow-up 
[RR 1.9 (1.1–3.2), p = 0.04]. Infusion-related adverse events 
were common following the first infusion (in more than 90% of 
patients) and most likely reflected cytokine release syndrome. 
However, during the next dose, their frequency did not differ 
from the placebo [30]. In contrast, the OLYMPUS study, which 
was also a double-blind, placebo-controlled trial using RTX in 
439 adult patients with PPMS, with a modified regimen (two 
infusions of RTX at a dose of 1.0 g every two weeks or placebo 
every 24 weeks until week 96) showed no significant difference 
in terms of confirmed disability progression (CDP12 — time 
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to confirmed disease progression sustained for 12 weeks; haz-
ard ratio (HR) 0.77, 95% confidence interval (CI): 0.55–1.07,  
p = 0.1442). However, subgroup analysis indicated a signif-
icant effect in a population of younger patients (50 years or 
younger) with active disease [with active Gd+ lesions present; 
HR 0.33 (95% CI: 0.14–0.79, p = 0.0088)] [31]. 

Although the results of the study were disappointing to 
some extent, they did indicate a direction for further research 
on a subpopulation of younger patients with active disease (with 
active Gd+ lesions). As in previous studies, infusion-related 
side effects occurred primarily after the first dose of the drug. 
The tolerability of RTX treatment appears to be good. A retro-
spective analysis of MS patients adhering to treatment, based 
on data from a Swedish multiple sclerosis registry, showed 
much the lowest dropout rate to be from RTX therapy (3%) 
compared to other agents such as IFNsβ (53%), fingolimod 
(38%), dimethyl fumarate (32%), and natalizumab (29%) [32].

The long-term efficacy and safety of RTX use in patients 
with relapsing multiple sclerosis with active disease were 
evaluated in a double-blind, placebo-controlled, randomised, 
single-centre study. Participants were followed up for three 
years. The primary endpoint was the number of participants 
with no evidence of disease activity (NEDA). At the end of the 
study, 44% of RTX-treated patients showed NEDA, compared 
to 19.23% of the placebo-treated group (p = 0.049). More than 
two new lesions, relapses and/or sustained accumulation of 
disability, defined as treatment failure, was smaller in RTX- 
-treated patients than in placebo-treated patients (37.04% vs. 
69.23%, p = 0.019). Furthermore, the time to treatment failure 
was longer in RTX-treated patients than in placebo-treated 
patients (23.32 months vs. 11.29 months, p = 0.027). More infu-
sion-related reactions were observed in the RTX-administered 
group than in the control group. No differences in serious 
adverse events between the groups were observed [33].

Ocrelizumab

Ocrelizumab (OCR) is the first anti-CD20 drug reg-
istered for the treatment of MS. The drug has received 
a positive recommendation from both the US Food and Drug 
Administration (FDA) and the European Medicines Agency 
(EMA) for the treatment of patients with RRMS as well as 
PPMS. Due to structural differences compared to RTX (i.e. 
slightly different target site, humanised antibody), OCR is 
a drug that exerts its effects primarily through an ADCC 
mechanism.

The two largest phase III trials using OCR in adult patients 
with RRMS were the two identical, double-blind OPERA I  
and OPERA II trials, in which more than 800 patients (in 
each trial) were randomised to receive OCR (300 mg on 
days 1 and 15 of therapy followed by 600 mg every 24 weeks)  
or the active comparator, IFNβ 1α, s.c. at a dose of 44 µg (three 
times weekly). After 96 weeks of treatment, there was a statisti-
cally significant difference in favour of OCR in terms of ARR 

(0.29 for IFN1β vs. 0.16 OCR, p < 0.001 for both studies). 
At the same time, almost complete protection was observed 
in terms of Gd+ lesions [OPERA I — 0.02 vs. 0.29 (= 94%),  
p < 0.001; OPERA II — 0.02 vs. 0.42; p < 0.001 — 95% reduc-
tion] and in terms of the number of new Gd+ lesions [OPERA 
I — 0.32 vs. 1.41 (= 77%), p < 0.001; OPERA II — 0.33 vs. 
1.90 (= 83%), p < 0.001]. Additionally, the use of OCR was 
shown to be associated with a c.30–40% reduction in the risk 
of 24-week CDP [OPERA I — 5.9% vs. 9.5% (= 38%), p = 0.03; 
OPERA II — 7.9% vs. 11.5% (= 31%), p = 0.003]. 

These results clearly demonstrated the usefulness of OCR 
and its significant advantage over the active comparator (IFNβ 
1a). An interesting observation was the weaker functional 
effect (progression of disability) compared to almost com-
plete protection in the context of new demyelinating lesions. 
However, this phenomenon was not explained [34].

The long-term efficacy and safety of OCR in relapsing 
MS were assessed over the course of 6.5 years (336 weeks) 
in the double-blind period (DBP) and open-label extension 
(OLE) period of the OPERA I and OPERA II studies, wherein 
the influence of OCR administration (compared to IFN) on 
time to EDSS ≥ 6.0, confirmed for ≥ 24 and ≥ 48 weeks, was 
assessed [35]. The risk of requiring a walking aid confirmed 
for ≥ 24 weeks was 34% lower in patients who initiated OCR 
treatment over 6.5 years earlier [HR (DBP + OLE) 0.66, 95% 
CI: 0.45–0.95, p = 0.024]. Furthermore, over 6.5 years, the 
risk of requiring a walking aid at ≥ 48 weeks was 46% lower 
in patients who initiated OCR treatment earlier compared 
to those who started it later [HR (DBP + OLE) 0.54, 95% CI: 
0.35–0.83, p = 0.004].

A continuation of the set of studies with OCR was a dou-
ble-blind, placebo-controlled phase III study in 732 adult 
patients with PPMS (the ORATORIO trial). OCR was admin-
istered intravenously at a dose of 300 mg on days 1 and 15 and 
then repeated every 24 weeks. OCR was shown to result in 
a moderate but statistically significant reduction in the risk 
of disability progression (12-week CDP — 24% reduction, 
OCR — 32.9% vs. PBO — 39.3%, and 24-week CDP — 25% 
reduction, OCR — 29.6% vs. PBO — 35.7%). Similarly to 
RTX, the effect of OCR was most pronounced in the younger 
subpopulation (under 45 years) [36].

The safety profile of OCR is quite similar to that of RTX, 
and as in the case of RTX, the most common adverse reactions 
observed in clinical trials were drug-related reactions associ-
ated with cytokine release, especially after the first dose of 
OCR. Pruritus and redness of the skin and hot flushes were the 
most common. However, the incidence of these changes was 
significantly lower than with RTX, probably due to premedi-
cation, including antipyretics and antihistamines. It is worth 
mentioning that OCR has been discontinued in patients with 
rheumatoid arthritis due to an increased risk of opportunistic 
infections. The older age of patients and the concomitant use 
of other immunosuppressive drugs were the most likely causes 
of these infections [23, 28].
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Ofatumumab

Another drug registered by the FDA (2020) and the EMA 
(2021) targeting CD20 is ofatumumab. This is a fully human 
IgG1 antibody suspected to have reduced immunogenicity 
compared to chimeric rituximab and ocrelizumab. It is postu-
lated that the mechanism of action on B lymphocytes is mainly 
based on CDC. An additional advantage of ofatumumab is 
that it can be administered subcutaneously. In addition to 
MS, the drug is also registered for the treatment of chronic 
lymphocytic leukaemia.

The primary evidence for the efficacy of ofatumumab 
comes from two methodologically identical, double-blind, 
randomised trials (ASCLEPIOS I and II) comparing the effi-
cacy and safety of ofatumumab (20 mg every four weeks after 
20 mg loading doses on days 1, 7, and 14) vs. teriflunomide 
(14 mg daily) [37].

Both studies showed that, compared to teriflunomide, 
the use of ofatumumab was associated with a reduced risk of 
relapse (ARRs were 0.11 and 0.22, respectively, in ASCLEPIOS 
I [RR 0.49 (95% CI — 0.37 to 0.65), p < 0.001] and 0.10 and 
0.25 in ASCLEPIOS II [RR 0.42 (0.31 to 0.56), p < 0.001)]. In 
addition, there was a significantly better inhibitory effect of 
ofatumumab on the progression of disability confirmed at six 
months [8.1% and 12.0%, respectively (HR 0.68 (95% CI — 
0.50 to 0.92), p = 0.01]. A very strong effect of ofatumumab 
was also observed in terms of inflammatory parameters on 
MRI, in terms of the number of Gd+ lesions on T1-weighted 
MRI [ASCLEPIOS I — Rate ratio 0.03, (95% CI) (0.01 to 0.05) 
p < 0.001; ASCLEPIOS II — Rate ratio 0.06 (95% CI) (0.04 to 
0.10), p < 0.001], as well as in terms of new or enlarging lesions 
on T2-weighted MRI [ASCLEPIOS I — Rate ratio 0.18 (95% 
CI) (0.15 to 0.22), p < 0.001; ASCLEPIOS II — Rate ratio 
0.15 (95% CI) (0.13 to 0.19), p < 0.001]. The safety profile of 
ofatumumab was very favourable, with the most common 
changes associated with the first administration of the drug 
(e.g. headache, flushing) (14.4% and 7.5% ofatumumab 
vs. placebo injections, respectively). In both studies, other 
adverse effects, particularly those leading to treatment dis-
continuation, occurred in 5% of both the ofatumumab and 
teriflunomide groups.

Additional data pertaining to the long-term safety of 
ofatumumab comes from the ALTHIOS study, which was 
a phase IIIb, open-label, long-term safety study. Patients 
completing the ASCLEPIOS I/II, APLIOS, or APOLITOS 
trials could enter ALITHIOS [38]. The safety and tol-
erability of ofatumumab were assessed in RMS patients 
after extended treatment for up to 3.5 years. A total of 
1,650 patients (83.8%) reported ≥ 1 adverse event, and 
191 (9.7%) had ≥ 1 serious adverse event. No opportunistic 
infections or progressive multifocal leukoencephalopathy 
events were identified; the risk of malignancies was very 
low (0.55%, 11/1,969).

Ublituximab

The last of the CD20 ligands currently being evaluated by 
both the FDA and EMA is ublituximab. Unlike the recently 
registered ofatumumab, but similarly to ocrelizumab and ritux-
imab, ublituximab is a chimeric antibody with different binding 
sites on CD20 and a mechanism based mainly on ADCC [39].

The main results regarding treatment efficacy have come 
from the ULTIMATE I and II studies. As with other CD20 li-
gands, these were double-blind, controlled phase III studies, 
with teriflunomide as an active comparator. The results were 
not published as full text but have been presented as confer-
ence reports. In both studies, ublituximab was administered 
as an intravenous infusion of 450 mg UTX via a one-hour  
i.v. infusion every 24 weeks (following a 150 mg UTX infusion 
on day 1) or 14 mg oral teriflunomide once a day.

Over a 96-week follow-up period, ublituximab was shown 
to be associated with no relapses in 86.7% (ULTIMATE I) and 
87.5% (ULTIMATE II) of MS patients. In addition, ublituxi-
mab was associated with a significant reduction in the risk of 
developing a relapse compared to teriflunomide (ULTIMATE 
I: HR 0.50; 95% CI: 0.33–0.75; p = 0.0007; ULTIMATE II: HR 
0.43, 95% CI: 0.28–0.65, p < 0.0001) [40].

The ULITMATE study showed an acceptable safety pro-
file for the drug. Infusion-related adverse events occurred in 
47.7% (ublituximab) and 12.2% (placebo) of patients and, 
as with ocrelizumab or rituximab, these adverse events were 
mostly associated with the first infusion. A severe anaphylactic 
reaction was observed in one patient [41].

At the time of writing, full results have not yet been 
published, but the preliminary data indicates similar efficacy 
and safety profiles for ublituximab compared to other drugs 
belonging to the CD20 ligand group. Long-term data regard-
ing efficacy and safety is not available for ublituximab. An 
OLE study of ublituximab in subjects with relapsing multiple 
sclerosis is ongoing. This study is planned to be completed 
in October 2023 (clinicaltrials.gov, NCT04130997) (Tab. 1).

Future directions

In clinical practice, in addition to the drugs used for the 
treatment of MS, other anti-CD20 molecules are available 
for the treatment of haematological diseases or treatment- 
-resistant autoimmune conditions. These include veltuzumab, 
obinutuzumab, tositumomab, and ibritumomab; however, to 
date (based on ClinicalTrials.gov), there is no data regarding 
their efficacy in MS.

Another therapeutic option being considered for the treatment 
of MS is blocking the CD19 antigen. Similar to CD20, the CD19  
antigen is localised on B lymphocytes but, unlike CD-20, 
CD19 is also localised on younger forms (early pro-B cells) and 
on plasmablasts and plasma cells, which are responsible for an-
tibody production [42]. It is therefore postulated that antibodies 
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Table 1. Biological, pharmacological and clinical characteristics of anti-CD20 antibodies used in multiple sclerosis treatment

Antibody Rituximab Ofatumumab Ocrelizumab Ublituximab

Structure Chimeric Human Humanised Chimeric

Target epitope  
of CD20

Primary  
mechanism  
of action

Important clinical endpoints

Symptomatic  
results

ARR reduction from 1.27 at 
baseline to 0.18 at week 72 

in RRMS [29]

ARR not reduced compared 
to PBO at week 48 in RRMS 

(0.37 vs. 0.72) [30]

ARR reduction compared 
to  teriflunomide in RRMS at 

EOS (median 86 weeks)  
(0.11 vs. 0.22 — ASCLEPIOS 

I and  0.10 vs. 0.25 — 
ASCLEPIOS II) [37]

Reduction of CDP in PPMS 
(at week 24 CDP for OCR 

— 29.6% vs. PBO — 35.7%; 
OLYMPUS [36]

Reduction compared to  
IFN-β1a in RRMS (0.16 vs. 
0.29 at week 96 — OPERA 

I and II) [34]

Full data not available

Nearly 86.7% of RMS 
patients free of relapse at 
week 96 (ULTIMATE I) and 
87.5% (ULTIMATE II) [40]

MRI results Reduction of T2 lesion 
volume compared to 

baseline (from 8,566.4 mm3 
at baseline by 272.7 mm3 at 

week 72 in RRMS [29]

Reduction of Gd+ lesions 
from 1.31 at baseline to 0 at 

week 72 in RRMS [29]

Reduction of T2 compared to 
PBO (–175 mm3 vs. +418 mm3) 

at week 36 in RRMS [30]

Reduction of Gd+ lesions 
compared to PBO at  weeks 

12, 16, 20, 24, and 48 in 
RRMS (0.5 vs. 5.5) [30]

Reduction of mean number 
of Gd+ lesions compared 
to  teriflunomide at  EOS 

(median 86 weeks) in RRMS 
(0.01 vs. 0.45) (ASCLEPIOS 

I and 0.03 vs. 0.51) 
(ASCLEPIOS II) [37]

Reduction of new or 
lesions on T2 compared 
to teriflunomide at EOS 

(median 86 weeks) in RRMS 
(ASCLEPIOS I — 0.72 vs. 4.0; 

ASCLEPIOS II —  
0.64 vs. 4.15) [37]

Reduction of mean percent 
change in total volume of 
lesions on T2 compared to 

placebo in PPMS  
(–3.37 vs. +7.43

from baseline to week 120; 
OLYMPUS) [36]

Reduction of mean no. of 
Gd+ lesions compared to  
IFN-β1a in RRMS  at week 

96 (OPERA I — 0.02 vs. 0.29; 
OPERA II — 0.02 vs. 4.2)  [34]

Reduction of number of new 
Gd+ lesions compared to 
IFN-β1a  in RRMS at week 

96 (OPERA I — 0.32 vs. 1.41; 
OPERA II — 0.33 vs. 1.9) [34]

Full data not available

Mean number of lesions 
per scan per participant:   

0.282 for ublituximab 
+ oral placebo vs. 2.831 
for  teriflunomide + IV 

placebo in RMS at week 
96 (ULTIMATE I) [40, 41]

directed against CD19 may be more potent in modifying im-
mune activity. Conversely, this effect may also be associated with 
a poorer safety profile than that of anti-CD20 antibodies due to 
its more potent suppression of the immune system. 

The results of a phase I trial using inebilizumab (MEDI-
-551), a humanised IgG1κ monoclonal antibody directed 
against the CD19 antigen, for the treatment of MS are now 
available [43]. During a 24-week follow-up period, the use of 
inebilizumab was shown to lead to an effective reduction in 
B-lymphocyte counts, with an acceptable safety profile and 
a reduced risk of new Gd+ lesions. However, these results 
should be regarded as preliminary.

Extended interval dosing

The high efficacy of anti-CD20 drugs used in MS has led to 
increased consideration of the option of increasing the dosing 
interval for patients with good disease control achieved with 
standard dosing [44]. The concept of extended interval dosing 
(EID) is related to observations that the use of anti-CD20 drugs 
results in prolonged immunosuppression, which in turn 
is associated with maintaining clinical activity. Currently 
available data indicates that ocrelizumab can take more than 
six months to repopulate B lymphocytes and, in some cases, 
more than 12 months. Furthermore, no significant differences 
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in treatment efficacy have been found when comparing the 
effectiveness of standard dosing to EID. Similarly, encouraging 
findings were also obtained for another highly active drug 
(not acting on CD20), natalizumab [45]. However, the issue 
requires further study, especially since most of the available 
clinical data is from phase III trials with standard dosing, and 
there is relatively limited long-term data [46].

Conclusions

The importance of drugs directed against CD20 in the 
treatment of MS is not in doubt. Clinical evidence indicates 
that these agents are highly effective in various forms of MS. 
Although the full mechanism of their high clinical efficacy is 
not yet fully understood, it is mainly related to their effect on 
the number and function of B lymphocytes. Currently used 
agents include ocrelizumab, ofatumumab, and rituximab 
(off-label). In addition, promising data also exists for ublituxi- 
mab, which is presently being evaluated by the registration 
agencies (FDA and EMA). Despite the relatively modest data 
supporting the long-term efficacy of anti-CD20 antibodies, 
they represent an important therapeutic option in the treat-
ment of MS.
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ABSTRACT
Stroke remains one of the greatest health challenges worldwide, due to a high mortality rate and, despite great progress  
in its treatment, the significant disability that it causes. Studies conducted around the world show that the diagnosis of stroke in  
children is often significantly delayed. 

Paediatric ischaemic arterial stroke (PAIS) is not only a problem that varies greatly in frequency compared to the adult popula-
tion, it is also completely different in terms of its risk factors, clinical course and outcome. 

The main reason for the lack of a rapid diagnosis of PAIS is a lack of access to neuroimaging under general anaesthesia. The 
insufficient knowledge regarding PAIS in society as a whole is also of great importance. Parents and carers of children should 
always bear in mind that paediatric age is not a factor that excludes a diagnosis of stroke.

The aim of this article was to develop recommendations for the management of children with acute neurological symptoms 
suspected of ischaemic stroke and further treatment after confirmation of the ischaemic aetiology of the problem. These recom-
mendations are based on current global recommendations for the management of children with stroke, but our goal was also 
to match them as closely as possible to the needs and technical diagnostic and therapeutic possibilities encountered in Poland. 
Due to the multifactorial problem of stroke in children, not only paediatric neurologists but also a neurologist, a paediatric 
cardiologist, a paediatric haematologist and a radiologist took part in the preparation of these recommendations.

Key words: stroke, paediatric, risk factors, diagnosis, treatment

(Neurol Neurochir Pol 2023; 57 (3): 243–260)

Introduction

Stroke remains the third most common cause of death 
worldwide, after cardiovascular disease and cancer, despite 
tremendous progress in its treatment. Around the world, about 

17 million people suffer a stroke each year, and about 90,000 of 
these are registered in Poland. 

Paediatric arterial ischaemic stroke (PAIS) is not only 
a problem that is significantly different in its incidence 
compared to the adult population, but it has also completely 
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different risk factors and prognosis. The PAIS incidence rate 
is estimated at c.3–13 new cases per 100,000 children per year. 
This frequency range is due to several reasons, i.e. the ages of 
patients recruited for the studies (including newborns or an 
extension of recruitment up to 21 years of age), the recruit-
ment of children with any type of cerebral vascular disease 
including haemorrhagic stroke or cerebral venous thrombosis 
of the brain (CVT), and another factor that leads to differing 
incidences is geography, e.g. in the basin of the Mediterranean 
Sea and in sub-Saharan Africa, children with sickle cell disease 
(SCD) will be more often affected [1, 2]. 

Therefore, for practical and methodological reasons, it is 
necessary to define PAIS and the correct use of this term for 
confirmed cases. 

PAIS is an acute neurological deficit of sudden onset in 
children aged between 29 days and 18 years, and the results of 
neuroimaging tests show acute ischaemic changes correspond-
ing to the range of symptoms observed in the patient [3–5].

Late diagnosis of stroke in children is a worldwide prob-
lem, especially when contrasted with the diagnosis of adult 
patients. Frequently, the delay in making a correct diagnosis 
after the onset of symptoms of stroke can take several days. 
This means that the child is excluded from thrombolytic 
treatment, because the therapeutic window remains the same 
for children and adults.

The crucial reason for the delay in PAIS diagnosis is lack of 
access to neuroimaging under general anaesthesia. Moreover, 
in children with acute neurological symptoms, a large propor-
tion of changes detected in radiological studies are pathologies 
different from ischaemic stroke (so-called ‘stroke mimics’) [6].

A lack of understanding in society in general, and among 
parents and caregivers in particular, about the fact that pae-
diatric age does not exclude stroke is also very important. The 
consideration of stroke in differential diagnosis is likewise 
inadequate among medical staff and doctors. This means that 
training programmes for radiologists, as well as for paedia-
tricians and paediatric neurologists, are necessary to improve 
the accuracy and promptness of PAIS diagnoses. 

Bearing in mind the specificity of childhood stroke, 
special attention should be paid to risk factors for its oc-
currence in children. The most common are arteriopathies 
with pathologies of the arterial wall being a cause of acute 
cerebral ischaemia. Among arteriopathies, the most prevalent 
is so-called focal cerebral arteriopathy of childhood (FCA), 
affecting large arterial vessels such as the middle cerebral 
artery (MCA) with uni- or bilateral location. Upper res-
piratory tract infections are a predisposing factor for FCA, 
and its nature is often reversible. Dissection of extracerebral 
arteries in children and adolescents, usually due to trauma, 
accounts for c.20% of the arteriopathies associated with 
stroke in children.

The recommended diagnostic method in the case of 
suspected PAIS is magnetic resonance imaging. If however 
this technique is not available, then a computed tomography 

examination is acceptable [2, 7, 8]. The frequency and variable 
localisation of vascular lesions in PAIS contribute in turn to 
the scope of imaging diagnostics in a child with suspected 
ischaemic stroke. The current recommendations for the 
diagnostics of a child with sudden symptoms of central nerv-
ous system impairment indicate the need for head and neck  
imaging, taking into account angio mode. Otherwise, if cervi-
cal vessels and structures are not assessed in radiological scans, 
an important arteriopathy such as extracerebral dissection 
might be overlooked and not properly treated [2, 7, 8].

The current classification of paediatric stroke, CASCADE 
(Childhood AIS Standardised Classification and Diagnostic 
Evaluation), which includes seven categories, also places 
strokes in the course of various arteriopathies in items 1–4; 
indicating at the same time a possible variety of their aetio
logies (i.e. genetic, metabolic, or infectious) and their course 
(stable, progressive, or reversible). A follow-up neuroimaging 
examination is required to determine the extent of the course 
of arteriopathy, and the recommended period is 3–6 months 
after disease onset. Category 5 in the CASCADE classification 
is a cardiac-embolic stroke, which in turn affects the young-
est children with congenital heart defects, often requiring 
numerous surgeries. 

Nearly 40% of all childhood strokes occur under the age 
of five years. This fact contradicts the popular belief that there 
is no stroke in children. Moreover, newborns are a group 
in which stroke occurs much more often than does AIS in 
children over 29 days of age; but due to specific risk factors 
and the course of neonatal stroke, this is excluded from the 
PAIS category [9].

Idiopathic aetiology of childhood stroke is another element 
that significantly distinguishes it from stroke in adults, when 
despite extensive laboratory and imaging diagnostics, none 
of the well known risk factors for acute cerebral ischaemia 
can be found.

Today, in the adult population with stroke, thrombolytic 
therapy is common, provided that a stroke is diagnosed 
and that contraindications have been ruled out within the 
therapeutic window, i.e. 4.5 hours from the onset of clinical 
symptoms. Australian and American recommendations indi-
cate the possibility of using intravenous thrombolysis under 
these conditions in children aged 2–17 years. According to the 
Summary of Product Characteristics in Poland, this treatment 
can be considered in children aged 16 years or older. In turn, 
endovascular therapy can be performed in children with 
a stroke up to six hours after its onset. Uncertainty about the 
timing of a stroke is a contraindication to both of the above 
procedures.

For all children with PAIS, initial therapy with unfraction-
ated heparin, low-molecular heparin or aspirin is recommend-
ed until a cardioembolism or a dissection has been excluded. 
Aspirin for another two years is recommended even after the 
exclusion of the two reasons mentioned; for cardioembolic 
aetiology or vascular dissection, low-molecular weight heparin 
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(LMWH) or vitamin K antagonists would be appropriate for 
6–12 weeks after stroke onset [7].

The purpose of this paper was to develop recommen-
dations on how to deal with a child with acute neurological 
symptoms being suspected of an ischaemic stroke, and for 
further treatment after confirming the ischaemic aetiology of 
the problem. These recommendations are based on the current 
global recommendations for the management of children 
with stroke, but our goal was also to match them as closely as 
possible to the needs and technical diagnostic and therapeutic 
possibilities encountered in Poland.

Obviously, although paediatric stroke, as has been repeat-
edly emphasised, is not a ‘tracer’ of adult stroke, the experience 
of ‘adult’  neurologists dealing with stroke contributes to the 
management of children. For this reason, the team develop-
ing our recommendations included ‘adult’ neurologists. On 
the other hand, due to the multifactorial and complex basis 
of stroke in children, the team also included a cardiologist, 
a haematologist and a radiologist because our goal was to not 
only set out theoretical assumptions, but above all to convey 
the experience and practical knowledge of a group of people 
experienced in dealing with paediatric stroke. 

When preparing the guidelines, we used the tips contained 
in the work by Graham ID, Harrison MB, Brouwers M et al., 
2002 [10].

Paediatric stroke recommendations — 
definitions, epidemiology and clinical 

presentation in acute phase

For a diagnosis of paediatric ischaemic stroke, several 
conditions must be met:
1.	 occurrence of a sudden neurological deficit with an acute 

onset;
2.	 results of radiological examinations, i.e. magnetic res-

onance imaging (MRI) or computed tomography (CT), 
showing the presence of a stroke/strokes of vascular origin 
and corresponding to known ranges of arterial vasculari-
sation as well as clinical symptoms;

3.	 symptoms occurring in a child aged between 29 days and 
18 years [11–14].
According to various researchers, the prevalence of ischae-

mic stroke in children is estimated at between 1.2 and 7.9 per 
100,000 child population per year [15–16].

These differences in the estimated prevalence of AIS in 
children result from several factors, such as the age of the 
patients recruited for the study (e.g. just the neonatal period, 
or with an upper age limit ranging between 16 and 19 years), 
various ethnic origins, and thus various factors risk of AIS (e.g. 
moya moya disease and sickle cell disease), and whether or not 
to include patients with heart defects and patients diagnosed 
with TIA (transient ischaemic attack) or CVT.

Less than half of childhood strokes affect patients under 
5 years of age, and it is largely determined by the number of 

cases of cerebral ischaemia in children with congenital heart 
defects. In the entire paediatric population, stroke occurs more 
often in boys than in girls; the neonatal population, especially 
preterm infants, is also characterised by a higher incidence of 
strokes due to risk factors specific to this age group [17–23].

Clinical symptoms of a child’s stroke depend on three 
factors: the patient’s age, and the location and the size of the 
brain ischaemia. In newborns and young infants, the symp-
toms of stroke are disturbances of consciousness and epileptic 
seizures, including so-called ‘subtle seizures’.

Neurological symptoms associated with the occurrence of 
stroke in adult patients, can also concern older children. In 
the case of localisation of an ischaemic focus in the anterior 
circle of cerebral circulation (i.e. arteries: ICA, the Internal 
Carotid Artery, MCA, the Middle Cerebral Artery, and ACA, 
the Anterior Carotid Artery), the symptoms of a stroke will 
be paresis or hemiplegia, central paresis of the facial nerve on 
the side of limb paresis, semi-amblyopia, and aphasia (speech 
disorder) which may be motor, sensory or mixed, in the case 
of dominant hemisphere involvement. In some patients, these 
symptoms are accompanied by, or preceded by, symptoms such 
as headache, nausea, vomiting and/or convulsions, which are 
an expression of increased intracranial pressure syndrome.

On the other hand, if the stroke is located within the pos-
terior part of the cerebral vascularisation, the clinical picture 
will be dominated by the features of the cerebellar syndrome.

In the paediatric population, anterior strokes occur much 
more frequently than those in the posterior part of brain cir-
culation. The division of strokes into PACI (Partial Anterior 
Circulation Infarct), TACI (Total Anterior Circulation Infarct), 
LACI (Lacunar Infarct) and POCI (Posterior Circulation 
Infarct) was based on the location of vascular changes  
in stroke patients, and it concerns both adults and children 
with stroke [24–27].

The most important risk factors for death in the early 
phase of childhood stroke are the patient’s young age, the 
presence of a heart defect, and the large size of the stroke [26]. 
Malignant middle cerebral artery syndrome is characterised 
by a dramatic course, with rapidly increasing cerebral oedema 
and deterioration of the patient’s condition; in patients not 
qualified for decompressive craniectomy, the course of the 
stroke is usually fatal.

Paediatric stroke recommendations —  
risk factors

The factors predisposing towards paediatric arterial ischae-
mic stroke (PAIS) are numerous, and it is not uncommon for 
one patient to recognise several comorbid factors. Such coin-
cidences make the ischaemia more likely to recur (see Table 1). 

The first group of factors, cerebral arteriopathies, are any 
pathologies of the cerebral vessel  wall, both congenital and 
acquired, of a transient, stable or progressive nature, which 
cause abnormal cerebral flow and, consequently, cerebral 
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Table 2. Recommended tests for thrombophilia screening 

*It is necessary to refer the results to the norms for different age 
groups [70–74, 77, 83–84].

**A single finding of deviations in the results requires control (except 
for pathogenic mutations).

	— coagulation tests:

APTT, PT, fibrinogen; thrombin time (TT) 

	— antithrombin (AT)

	— protein C 

	— free protein S

	— activated protein C resistance (APCR) Æ in more than 95% 
corresponds to factor V Leiden mutation

	— factor V Leiden mutation

	— prothrombin G20210A mutation 

	— homocysteine Æ in the case of abnormal result, testing for MTHFR 
gene polymorphism

	— lipoprotein (a)

	— antiphospholipid antibodies: anticardiolipin antibodies (aCL), anti-
b2-glycoprotein I antibodies (anti-b2GPI); lupus anticoagulant (LA); 
activity of clotting factors: VIII, IX, XI

***To be considered:

	— plasminogen

	— tissue plasminogen activator (t-PA)

	— tissue plasminogen activator inhibitor 1 (PAI-1) Æ in the case of 
abnormal PAI-1 results, testing for 4G/5G polymorphism in the PAI-1 
gene

Table 1. Risk factors of paediatric arterial ischaemic stroke (PAIS)

Cerebral arteriopathies

FCA (focal cerebral arteriopathy of childhood)

Moya moya disease and syndrome (e.g. in course of SCA, sickle cell 
anaemia)

Vascular wall dissection

PVA (post-varicella arteriopathy)

Congenital blood wall defects, e.g. hypoplasia, fibro-muscular 
dysplasia

Congenital and acquired heart diseases/defects

Thrombophilia

(prothrombotic 
state)

Congenital 

High lipoprotein(a)(lp(a) serum concentration

Protein C (PC) deficiency

Protein S (PS)  deficiency

Antithrombin III (ATIII) deficiency

Activated protein C resistance (APCR)

Genetic polymorphisms of genes of coagulation 
factors

Factor V G1691A

Factor II G20210A

MTHFR C667T

Factor XIII Val34Leu

Fibrinogen A (FGA) Thr312Ala

Fibrinogen B (FGB) G455A

Acquired

Antiphospholipid syndrome (APS)

URI (upper-respiratory infection), generalised infection (sepsis) 

Connective tissue diseases

Traumas

Intoxications (e.g. amphetamines, cocaine)

ischaemia. The most common in this group is FCA, which 
affects large cerebral vessels (e.g. the ICA or MCA), unilater-
ally or bilaterally, and the nature of which is often reversible.

Of the acquired arteriopathies, vascular wall dissection, 
most often associated with neck trauma, deserves attention; 
this problem accounts for c.20% of arteriopathies associated 
with the risk of childhood stroke. Indeed, this possibility is 
the reason why imaging of the vessels of the head and neck 
to the aortic arch is included in the recommendations for the 
methodology of neuroimaging in children with suspected 
stroke [3, 11, 28–30].

The second group of risk factors of acute cerebral is-
chaemia in the paediatric population is congenital, and less 
frequently acquired, heart disease [33–35].

Another group of factors contributing to the occurrence of 
PAIS are coagulation disorders, congenital or acquired, known 
as thrombophilia or prothrombotic state [12,31].

In the differential diagnosis of stroke risk factors in 
the pediatric population, infections should also be taken 
into account, among which is the presence of post-vari-
cella arteriopathy (PVA) as a consequence of chickenpox. 

Upper respiratory tract infections deserve special attention 
(URIs, upper respiratory infections) as they are considered 
a predisposing factor for FCA.  Moreover, the possibility 
of intoxication with amphetamines or cocaine as a risk 
factor for PAIS has been included in the set of laboratory 
tests [12, 31].

Despite the described imaging methods and laboratory 
diagnostics, in as many as one third of children with ischaemic 
stroke, it is not possible to determine the aetiology.

Paediatric stroke recommendations —  
acute phase management 

The scheme for dealing with a child with acute CNS (cen-
tral nervous system) symptoms/suspected acute cerebrovas-
cular disease, is based on the 2017 recommendations of the 
RCPCH, the Royal College of Paediatrics and Child Health, 
as well as on the guidelines developed in 2019 by a team of 
specialists from the AHA, the American Heart Association/ 
/American Stroke Association [35–36].

For a quick assessment of symptoms in a patient, including 
a child, the simple FAST (Face Arm Speech Time) mnemonic 
is useful:
F — face asymmetry (i.e. sudden onset of paresis of facial 
muscles);
A — arm drift (i.e. sudden upper limb weakness);
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S — speech disturbances (i.e. sudden onset of aphasia or 
dysarthria);
T — time (summon  ambulance as soon as possible and 
transport patient to hospital to qualify for treatment of causal 
stroke).

Correctly collected history is of great importance in the 
diagnosis of a stroke. When a stroke is suspected, the timing 
of the first symptoms, the circumstances of the onset of the 
disease, the possibility of trauma to the skull, throat or neck, 
upper respiratory tract infections, and drug poisoning are 
important facts to gather. The course of symptoms (sudden, 
relapsing), the sequence of neurological symptoms, and the 
circumstances of their occurrence are all important. When 
taking an interview, account should be taken of previous 
diseases, the presence of heart disease, medications used, 
unexplained fever (systemic diseases), and psychomotor 
retardation. Family history, the presence of hypertension, 
diabetes, atherosclerosis, and genetically determined diseases 
are also important.

In a suspected childhood stroke, i.e. a sudden neurological 
deficit in a patient aged 29 days to 18 years, or in the neonatal 
period a neonatal stroke, the child should immediately be 
sent to the accident and emergency department of a hospital 
prepared for the treatment of children with stroke. A multi-
disciplinary stroke team including a paediatric neurologist, 
a neuroradiologist/radiologist, and an anaesthetist, should be 
available 24/7. A paediatric cardiologist, a paediatric haema-
tologist, a physiotherapist, and a neurosurgeon should also be 
available in the hospital treating a child with stroke.

On the way to the hospital, it is necessary to secure the 
intravenous catheter, to monitor blood pressure, heart rate 
and respiration — oxygen therapy (goal sat > 92%), and to 
control and symptomatically treat hypoglycaemia, fever and 
convulsions.

Laboratory tests to be performed on admission to the 
hospital/A&E department:

	— Blood tests: blood gas analysis, complete blood count 
with smear, CRP (C-reactive protein), blood coagulation 
parameters, glucose level, electrolytes: sodium, potassi-
um, calcium, magnesium, phosphorus; creatinine, urea, 
transaminases, bilirubin, urine.
Vital functions should be monitored constantly.
•	 Evaluation of child’s condition using Glasgow Coma 

Scale and PedNIHSS score.
•	 Enclosed is a workflow, Glasgow Scale and PedNIHSS.
•	 Every child suspected of having an acute stroke should 

have an urgent neuroimaging examination after go-
ing to the hospital — recommended for children are 
MRI or CT and/or with vascular examination (MR/ 
/CT angiography) — up to one hour after the child is 
admitted to hospital [7]. Further treatment depends 
on the diagnosis.

	— In case of ischaemic stroke: ASA (acetylosalicylic acid) 
or LMWH/UFH (unfractionated heparin) treatment 

to be considered. If conditions are met: thrombolysis, 
thrombectomy or decompressive craniectomy if necessary.

	— Haemorrhagic stroke:
•	 Urgent contact with a neurosurgeon is necessary — 

surgical treatment to be considered
•	 ICU care (intensive care unit) — anaesthetist

	— Stroke mimic: further management is based on clinical 
symptoms, and the result of an imaging examination; 
a careful history should be taken into account.

Paediatric stroke recommendations — 
imaging diagnosis

The logistics of admitting a child with a suspected stroke 
to the paediatric accident and emergency department should 
aim at performing neuroimaging tests as soon as possible. In 
a child with suspected stroke, imaging of the brain should be 
performed immediately, and preferably within 60 minutes of 
arrival at hospital. Magnetic resonance imaging (MRI) diag-
nostics is the method of choice in children with suspected 
stroke, in the absence of contraindications to its performance.

The final decision to perform a specific imaging test, 
i.e. computed tomography (CT) or MRI, should be made 
depending on the availability of these methods, and on the 
centre’s own procedures and experience in neuroradiological 
diagnostics in children.

MRI has higher sensitivity and an undoubted advantage 
over CT in detecting ischaemic changes in the acute and hy-
peracute phases, and their differentiation from other sudden 
states imitating a stroke (bearing in mind that in children 
stroke-mimics are more frequent than in adults) [35–38].

In the detection of a haemorrhagic stroke, both CT and 
MRI techniques are similarly effective, but it is easier to reco
gnise the presence of blood in the subarachnoid space in 
a CT. CT imaging of the brain should not be delayed if MRI, 
general anaesthesia or staff are not available. If it is impossible 
to perform a CT or MRI scan in a given unit, the child should 
be immediately transported to a centre equipped with full 
diagnostic capabilities [40–44].

These are the recommended neuroimaging diagnostic 
guidelines in the case of a child suspected of stroke: 
1.	 Every child suspected of having an acute stroke should 

immediately undergo a neuroimaging diagnosis (no later 
than 60 minutes after arriving at the hospital) in order to 
confirm or rule out the diagnosis of ischaemic stroke. This 
is very important when deciding to start thrombolytic 
treatment.

2.	 Magnetic resonance imaging or computed tomography 
should be performed, depending on the availability of 
these techniques and on the centre’s own experience in 
paediatric neuroradiological diagnostics. Whether or not 
to perform the examination under general anaesthesia, 
especially in young children who are agitated or who are 
unable to remain motionless throughout the examination 
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period, should be taken into account (CT — 1–3 minutes, 
MRIc. 7–20 minutes). Some children who will require 
MRI anaesthesia will be able to have a CT scan without 
the need for anaesthesia.

3.	 Ischaemic stroke from onset until 7–10 days after acute 
symptoms can be diagnosed on the basis of DWI (dif-
fusion-weighted imaging) sequence which is the most 
sensitive and specific tool for ischaemia detection in the 
first minutes.

4.	 MRI examination is the examination of choice in children 
suspected of having acute stroke.Due to the race against 
time, the MRI examination should be as short as possible.
The most important sequences are DWI, T2* or SWI 

(susceptibility-weighted imaging), FLAIR (fluid attenuated 
inversion recovery) and optionally T1 weighted images with 
TOF (time of flight) MRA (magnetic resonance angiography).
The examination time must not exceed 15 minutes in the basic 
version without TOF MRA. It is recommended that this should 
be less than 10 minutes if the MRI machine is technically 
capable of doing it (e.g. automatic positioning of scans, fast 
diffusion scanning).
5.	 If ischaemic stroke is diagnosed, a follow-up CT examina-

tion is recommended to assess if haemorrhagic transfor-
mation was observed up to 48 hours [45–50].
Based on the distribution of ischaemic lesions, radiologists 

can identify the cause of a stroke in a child. Ischaemic strokes 
of cardiogenic aetiology are more often bilateral, occur in both 
the anterior and posterior circulations, and have an increased 

tendency for haemorrhagic transformation. Similarly, stroke 
caused by the herpes virus is multifocal but more frequently 
unilateral and related to limbic system and basal ganglia 
[51–54].

The radiological picture of ischaemic stroke depends 
mainly on its duration and the extent of ischaemia caused by 
the size of the occluded artery (e.g. internal cerebral artery 
vs. anterior cerebral artery) and the level of occlusion (e.g. 
occlusion of the first segment in the middle cerebral artery, 
so-called M1 vs. M4).

The time from the onset of clinical symptoms is the 
criterion for the division of the stroke into the following 
phases: hyperacute (0–6 hours; divided into the thrombolytic 
window: 0–4.5 hours and outside the thrombolytic window 
4.5–6 hours), acute (6–24 hours), subacute (1–7 days), and 
chronic (8 days to 3 months). 

In the first minutes of ischaemia, lactic acidosis develops 
and the cell membranes and the ion pump are damaged. This in 
turn leads to the redistribution of water from the extracellular 
to the intracellular space and the formation of cytotoxic 
oedema. Cytotoxic oedema in the infarction zone is visible as 
areas of restriction of free diffusion of water molecules in the 
extracellular space, i.e. high signal areas on DWI maps and 
low signal areas on apparent diffusion coefficient (ADC) maps. 

Cytotoxic oedema lowers the brain tissue density in CT 
theoretically by 2 HU (Hounsfield units) within 2.5 hours, 
which can be difficult for the human eye to see and requires 
extensive experience in evaluating CT scans [55–56].

Figure 1. Extent of MCA vascularisation on both sides with marked areas, enabling assessment of ischaemic lesions on ASPECTS scale. 
Markings as follows: Alberta Stroke Programme Early CT Score (ASPECTS) — a scale used to quantify early ischaemic changes in CT, where 
C — caudate nucleus; L — lenticular nucleus; I — island; IC — inner capsule; M1 — anterior cortical area part frontal lobe; M2 — cortical area 
lateral to island ribbon; M3 — posterior cortical area temporal lobe; M4 — anterior area located above M1 area; M5 — central area located 
above M2 area; M6 — posterior area located above M3 area
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Paediatric stroke recommendations — 
qualification for mechanical thrombectomy 

[57–59]

This decision is made jointly by an interventional radiolo-
gist, a paediatric neurologist, and a neurologist from a centre 
experienced in treating patients with mechanical thrombecto-
my based on the following data: the age of the child, the time 
elapsed since the onset of clinical symptoms, the severity of 
clinical symptoms according to the MRS and NIHSS scales, 
the angio-CT examination/angio-MRI performed on the 
height of the aortic arch, and the advancement of ischaemic 
lesions on CT according to the ASPECTS scale (Alberta Stroke 
Programme Early Computed Tomography Score).

For MRI, the size of the lesion can be assessed using the 
approximate ASPECTS to DWI scale [60–70].

Standard considerations for qualifying adult ischaemic 
stroke patients for endovascular treatment with mechanical 
thrombectomy are as follows:

	— up to 6 hours from the presentation of symptoms
	— MRS = 0 or 1
	— NIHSS = not less than 6
	— ASPECTS = not less than 6
	— occlusion or critical stenosis of a large arterial trunk 

documented in angio-CT or angio-MRI: ICA, MCA (M1, 
M2, ACA), BA, VA  and changes at the junction of the 
above-mentioned arteries.
The ASPECTS scale used to quantify early ischaemic CT 

lesions identifies patients who will benefit from mechanical 
thrombectomy. According to this scale, the brain is divided 
into 10 areas of MCA supply, 1 point is scored for ischaemic 
changes in a single area. If there is ischaemia in several areas 
— the changes add up and the rating is weighted. In the case 
of a correct CT image in the MCA range, the brain CT image 
gets 10 points on the ASPECTS scale, when all 10 MCA ter-
ritories are occupied — ASPECTS is 0 points, but when three 
areas are occupied — ASPECTS is 7. We only add up fresh 
ischaemic changes, ignoring the old ones. The MCA areas are 
set out in Figure 1.

In addition, an extended therapeutic window may be 
considered in children by considering the principles used in 
adults in the DEFUSE-3 and DAWN studies and in the absence 
of certain information at the time of onset according to the 
WAKE-UP protocol.

The DAWN study showed that adult patients with ob-
struction of the large cerebral artery and a small volume of 
infarcted area (reduced flow in CBF) and, at the same time, 
with a relatively large neurological deficit, may benefit from 
mechanical thrombectomy in the therapeutic window up to 
24 hours after the onset of symptoms. 

Similar conclusions can be drawn from the DEFUSE-3 study, 
in which the target mismatch profile on CT perfusion or MRI-
mismatch between the volume of the penumbra area and 
ischaemic core volume was the basis for the qualification of 

patients for endovascular treatment of occlusion of the large 
arterial trunk 6–16 hours after the clinical manifestation of 
stroke. Volumetric assessment of an outbreak on DWI maps in 
the adult population in the DAWN study was used to qualify 
patients for endovascular therapy between six and 24 hours 
from the time they were last seen without clinical signs of 
stroke, outside the standard therapeutic window. 

Patients with a relatively small volume of diffusion restric-
tion and, at the same time, a significant neurological deficit, 
have been successfully treated with mechanical thrombectomy 
in an extended therapeutic window. Similar observations were 
made in the DEFUSE-3 study, where the decisive factor in 
endovascular restoration of the main arterial trunk 6–16 hours 
after the onset of the disease was a clear mismatch between 
the DWI and PWI sequences [27–36].

Although a fairly large number of randomised trials con-
ducted in adults have found that they do benefit from mechan-
ical thrombectomy, we cannot directly transfer these guidelines 
to children. Therefore, in each case, the assessment should 
be highly individualised, and we recommend thrombectomy 
therapies only in older children. 

Summary
1.	 Neuroimaging on admission — CT or MRI in every child: 

a.	 CT of head without using contrast agent;
b.	 Rapid MRI protocol including inversion and recovery 
sequences (FLAIR, fluid attenuated inversion recovery), 
MR diffusion-weighted imaging (DWI) with actual diffu-
sion-weighted imaging (ADC, apparent diffusion coeffi-
cient) and T2 * or SWI;

2.	 In children with symptoms of ischaemic stroke on MRI/ 
/CT or with a normal CT image, it is recommended to 
perform angio-CT or angio-MRI of intracerebral arteries 
(from level of aortic arch);

3.	 Control neuroimaging of head (CT or MR) to exclude 
haemorrhagic transformation — usually performed 
24 hours after start of thrombolytic treatment and/or 
mechanical thrombectomy, or performed earlier in event 
of significant deterioration of neurological condition.
An abbreviated method of neuroimaging diagnosis is 

presented in Figure 2.

Paediatric stroke recommendations — 
diagnostics of thrombophilia

The basic analysis includes blood group, complete blood 
count with microscopic smear and iron balance assessment, 
biochemical tests, and coagulation tests. Their implementa-
tion is also aimed at assessing the safety of anticoagulant/ 
/antiplatelet or thrombolytic therapy [70–72]. D-dimer is of 
limited importance in children, because the results are often 
false-positive (including infection, pre-laboratory errors), and 
a low concentration of D-dimer does not exclude a thrombo-
embolic event, including ischaemic stroke [70–73].
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Imaging diagnosis of stroke in children/
/children with sudden neurological deficit and suspicion of stroke

MR IMAGING 
(within 60 minutes  of arriving at hospital) 

sequences: DWI/ADC
FLAIR

T1 and T2 or SWI
TOF MRA (head and neck)

Examination time 10–15 mins

CT IMAGING
(if MRI is not possible) 
CTA and CT perfusion 

If no ischaemia/haemorrhage:
Full MRI protocol + contrast enhancement + MRV

Figure 2. Imaging diagnosis of stroke in children/children with sudden neurological deficit and suspicion of stroke

In our opinion, laboratory tests for thrombophilia should 
be performed in every child diagnosed with ischaemic stroke, 
although experts in this field are not unanimous on this topic. 
The parameters set out in Table 2 are used in the differential 
diagnosis of hypercoagulability [71–77].

Important to consider

1.	 In the acute phase of stroke/thrombosis, the determina-
tion of proteins C, free S, antithrombin III, and activity of 
clotting factor VIII, can be inaccurate. If incorrect results 
are obtained, it is recommended to repeat them at least 
6–8 weeks after the acute episode. Factor VIII is also an 
acute phase protein [74–76].

2.	 Determination of homocysteine level is recommended, 
and, only if elevated, polymorphisms in the methylenetet-
rahydrofolate reductase (MTHFR) gene should be tested. 
Carriage of clinically insignificant MTHFR polymor-
phisms is common in the Caucasian race. Importantly, 
the increase in homocysteine ​​concentration also occurs 
in vitamin deficiencies (folic acid, vitamins B6, B12) and  
in metabolic diseases such as homocystinuria or cobalamin C  
deficiency [75].

3.	 Antiphospholipid syndrome (APS) is the most severe ac-
quired thrombophilia. It is most common in adolescents 
and young adults. The diagnosis and treatment of APS 
in children is based on the guidelines for adults (Tab. 2), 
and the criteria for paediatric patients are being drawn up 
[78–81]. Antiphospholipid syndrome comprises primary 
(isolated) and secondary (coexisting) APS, which is usually 
found in the course of rheumatological diseases (mainly 
systemic lupus erythematosus). After a bacterial or viral 
infection, as well as in patients with atopic dermatitis, 
antibodies typical for APS [anticardiolipin antibodies 
(aCL), anti-b2-glycoprotein I antibodies (anti- b2GPI); 

lupus anticoagulant (LA)] may be transient, and therefore 
it is necessary to repeat the tests after 12 weeks. It should 
be emphasised that in a group of 121 children from the 
Ped-APS Registry, ischaemic stroke was the first manifesta-
tion of APS in 31 children [80]. In the case of perinatal/ 
/neonatal stroke, the role of maternal antiphospholipid 
antibodies penetrating the placenta is ambiguous, and 
additional factors (including perinatal hypoxia, infection, 
and congenital thrombophilia) seem to play a role in the 
development of stroke [83].

4.	 Oral contraception, or increased activity of factor VIII, 
are associated with acquired activated protein C resistance 
(APCR) [70–75].

5.	 In the case of ischaemic stroke in a patient with sickle cell 
anaemia, the RCPCH 2017 recommendations discuss in 
detail the management and different treatment for this 
group of patients [15].
Tests for thrombophilia screening are set out in Table 3.
Diagnostic criteria for the antiphospholipid syndrome 

recommendations in Table 3 [78].

Paediatric stroke recommendations —  
other laboratory tests

An important element of the diagnosis of the aetiology of 
stroke, apart from neuroimaging tests, are laboratory tests that 
should take into account haematological disorders that predis-
pose people, especially children, to the occurrence of a stroke. 
Additional tests should exclude the inflammatory process, 
systemic diseases, disorders of lipid and electrolyte metab-
olism, as well as mitochondrial diseases or infection [6, 37].  
Most of these tests can be performed in the days following 
acute illness.

If an infection is suspected, a chest X-ray should be per-
formed, and if an inflammatory aetiology of ischaemic stroke 
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or subarachnoid haemorrhage is suspected, a cerebrospinal 
fluid test is performed if the CT image is abnormal. 

If there are seizures or non-seizure status epilepticus, elec-
troencephalography (EEG) should be performed. If possible, 
this should be performed in a child at the beginning of the 
disease, in order to be able to follow the dynamics of changes 
in subsequent tests, which may be a possible indicator of the 
development of epilepsy. Every child with suspected stroke 
should have the following test (Fig. 3).

Paediatric stroke recommendations — 
Doppler ultrasound of vessels in children

This test should be performed in all children who have 
had a stroke or transient ischaemic attack, regardless of other 
neuroimaging tests [86].

Probes used in ultrasound examinations
Examination of extracranial and intracerebral arteries 

should be performed with a duplex-Doppler apparatus, 
a 5–13 MHz linear probe, which enables the assessment of 
the vessel wall, as well as the assessment of flow in the form 
of colour-coded flow according to velocity or amplitude 
(the so-called ‘power Doppler’), with an assessment of the 
flow direction and velocity graph (Doppler spectrum in 
visualisation of the spectrum shape and measurement of 
systolic and diastolic velocities as well as vascular resistance 
coefficients).

The transcranial examination can be performed using 
Transcranial Doppler ultrasonography (TCD), sometimes 
called ‘blind Doppler’, equipped with a 2 MHz pulse wave 
(PW) probe) or duplex-Doppler examination with a sector 
probe with a frequency of 2–3.5 MHz. The lower frequency 

Table 3. Diagnostic criteria for antiphospholipid syndrome [77]

Clinical criteria:

Venous or arterial thrombosis confirmed by imaging tests

Obstetric failures:

	— death of a morphologically normal foetus > 10 weeks of gestation

	— premature birth of a morphologically normal child < 34 weeks gestation due to eclampsia, severe pre-eclampsia or confirmed placental insufficiency

	— three or more spontaneous abortions < 10 weeks gestation, other causes excluded

Laboratory criteria:

Lupus anticoagulant confirmed at least twice with an interval of ≥ 12 weeks

Anticardiolipin antibodies (IgG and/or IgM) in medium or high titre (> 40 GPL or MPL*, or > 99 percentile), confirmed at least twice at an interval of ≥ 12 weeks

Antibodies against b2-glycoprotein I (in IgG and/or IgM class), titre > 99th percentile, confirmed at least twice with an interval of ≥ 12 weeks)
*At least one clinical criterion and one laboratory criterion are required for diagnosis
*Symbols GPL and MPL denote standardised units used in measurement of anti-cardiolipin antibodies in IgG and IgM classes, respectively

Figure 3. Investigations for suspected or confirmed childhood stroke

All children should be tested:  

Full blood count with differential
Basic biochemistry:  urea, creatinine, electrolytes, glucose
Coagulation screen: international normalised ratio/prothrombin time, activated partial thromboplastin time, fibrinogen
In all children with confirmed AIS, it is recommended: vascular imaging (MR or CT  angiography) of intracranial and neck 
vessels
In all children should be performed: echocardiography and ECG
Investigation of prothrombotic makers: anticardiolipin Ab(ACLA), lupus anticoagulant, antithrombin, protein C, protein S, 
activated protein C resistance, Factor V Leiden, prothrombin G20210A, and MTHFR TT677 mutation, serum homocysteine
A history of recent infection (within preceding six months), particularly varicella infection, should be sought in children with 
suspected or confirmed stroke
There are no indications for determination  of level of D-dimer, and their value does not affect treatment

Additional tests should exclude inflammatory process, systemic diseases, disorders of lipid and electrolyte metabolism, as well 
as mitochondrial diseases/genetic diseases or infection.  Most of these tests can be performed in days following acute illness.
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used in transcranial probes makes it impossible to assess the 
walls of intracranial vessels, so the most important thing is 
to assess the velocity, flow direction and shape of the Doppler 
spectrum.

In very young children with an open fontanelle, convex 
duplex probes with a small forehead area, broadband with 
a frequency of 5–11 MHz is used. The examination is routinely 
performed through the anterior fontanelle [87].

Paediatric stroke recommendations —  
cardiological diagnostics

A cardiogenic stroke is an ischaemic stroke caused by 
embolic material formed in the cavities or valves of the heart. 
In the general population, cardiogenic stroke accounts for 
25–30% of all ischaemic strokes. With age, the proportion 
of cardiogenic strokes in the pathomechanism of ischaemic 
stroke increases, and it reaches 50% in the 45–80 age group. 
This is due to the increase in potential risk factors, such as: 
an increase in the percentage of cardiac arrhythmias (mainly 
atrial fibrillation), dilated and contractile disorders of the heart 
cavities, and valve prostheses as well as venous flow disorders, 
which can lead to the formation of embolic material and its 
subsequent migration into cerebral circulation in the mecha-
nism of paradoxical (cross) embolism. Such a mechanism of 
stroke is favoured by impaired venous flow and inflammation 
of these vessels, which predisposes to the formation of embolic 
material in them. The incidence of these diseases increases 
significantly with age.

A large percentage of strokes are cryptogenic strokes with 
an undiagnosed cause. It depends, of course, on the scope and 
detail of the conducted diagnostics. The causes and patho-
mechanisms of cardiogenic stroke in the paediatric popula-
tion are completely different. The disease entities that are the 
main causes of stroke in adults (atrial fibrillation and dilated 
cardiomyopathy) are almost entirely absent in the paediatric 
population. In an analysis of 667 children with ischaemic 
stroke, 30.6% were diagnosed with heart disease. Congenital 
heart defects were found in 59.3%, acquired cardiovascular 
abnormalities in 19.6%, and PFO (patent foramen ovale) in 
15.2% [88].

There is an increased risk of cardiogenic stroke in children 
with congenital heart disease. Defects with a right-to-left leak 
(e.g. Fallot syndrome) allow the embolic material to pass from 
the venous system to the systemic circulation through the 
existing communication. The formation of embolic material 
is favoured by compensatory polyglobulia, which occurs in 
response to cyanosis accompanying the defect.

A similar situation occurs in patients with Eisenmenger’s 
syndrome, in whom changes in the pulmonary vessels in the 
course of the defects with increased pulmonary flow leads 
to the development of pulmonary hypertension and right-
left reversal of the intracardiac shunt. Also, children after 

cardiac surgery for heart defects have an increased risk of 
thrombotic material formation, which is facilitated by the 
presence of artificial materials used during the correction 
of the defect. This thrombotic material can be clots or bac-
terial vegetations.

Bacterial endocarditis, especially located on the valves or 
structures of the left heart, is associated with a high (25–50%) risk  
of stroke [89]. Compared to the general population, the risk of  
ischaemic stroke in young adults with a heart defect is 
9–12 times higher, and in children up to 19 times higher [90–91].  
Studies of more than 25,000 children and young adults with 
congenital heart disease have shown that the incidence of 
ischaemic stroke is 0.5%, which is 11 times higher than in the 
general population [92]. 

Heart defects predisposing to ischaemic stroke in the 
mechanism of paradoxical embolism include atrial septal 
defect (ASD II). This defect causes blood to flow from the left 
to the right heart. However, the pressure difference between 
the atria is small. In certain situations, the leak direction may 
be reversed temporarily. This can cause the transfer of embolic 
material to the systemic circulation. A history of ischaemic 
stroke in this mechanism is an indication for the closure of 
the interatrial defect, regardless of its size and haemodynamic 
significance.  A similar mechanism of stroke may occur in the 
case of patent foramen ovale (PFO). This remnant of the foetal 
circulation remains patent in up to 20–30% of the population. 
It is not treated as a heart defect, and under no circumstances 
is there any indication for its prophylactic closure. Due to the 
anatomy of PFO, spontaneous leakage of blood between the 
atria is often not observed, or the flow is haemodynamically 
insignificant.

However, in situations such as pushing, sneezing, lift-
ing heavy objects, or Valsalva’s manoeuvre, right-left blood 
flow may occur, and with it, embolic material may enter the 
systemic circulation. In patients after ischaemic stroke and 
after excluding its other causes, patent foramen ovale may be 
considered as a potential site for the transition of the embolic 
material from the venous to the systemic circulation.

In people under 45 years, as many as half of ischaemic 
strokes may be caused by a paradoxical embolism. In this age 
group, percutaneous PFO closure can be considered as a sec-
ondary prophylaxis of stroke. However, in paediatric patients, 
this embolic mechanism is much less frequent. This is mainly 
due to the fact that venous thrombosis as a potential source 
of embolism occurs rarely in children, with a frequency of 
0.05/1,000/year [93].

Data from the literature shows that in children after an 
ischaemic stroke of uncertain origin, the incidence of PFO 
is higher than in the adult population, and in many of them 
the decision has been made to percutaneously close the PFO 
[94–97]. Implantation of the device closing interatrial com-
munication is a safe and effective method of treatment also 
in paediatric patients.
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Arterio-venous fistulas located in the lungs may be 
another cause of ischaemic stroke in the mechanism of 
paradoxical embolism. The prevalence of arteriovenous 
fistulas in the lungs is estimated at 2–3/100,000. More than 
80% of fistulas are congenital and often coexist with Rendu-
Weber-Osler syndrome. Fistulas are abnormal connections 
between the artery and the pulmonary vein, bypassing the 
pulmonary capillaries, in which there is a constant flow of 
desaturated blood from the pulmonary bed directly into 
the pulmonary veins, bypassing the capillaries. Fistulas 
can cause desaturation (cyanosis), volume overload, or 
be asymptomatic. Ischaemic stroke in the mechanism of 
paradoxical embolism may be the first, and often the only, 
symptom. The frequency of strokes in pulmonary arteri-
ovenous fistulas is estimated at 18–32%, and up to 60% in 
the case of multiple fistulas [98].

The risk of paradoxical embolism is increased by the fact 
that there is constant right-left blood flow. Percutaneous em-
bolisation of abnormal connections is the method of choice for 
the treatment of these malformations. This allows for minimal-
ly invasive, precise closure of them while maintaining healthy 
lung tissue. Valsalva contrast echocardiography is standard in 
the diagnosis of leaks between the right and left hearts. During 
echocardiography, saline is administered intravenously with 
microbubbles in the air. During the Valsalva test, it is found 
that the micro air vesicles enter the systemic circulation.

Transoesophageal echocardiography is the most sensitive 
and specific. However, in children with good echocardio-
graphic visualisation, a transthoracic examination is sufficient. 
Equally sensitive is the transcranial Doppler (TCD) test, 
also with agitated saline. During the Valsalva manoeuvre, 
the micro signals are detected in the cerebral circulation. 
This examination, although simpler and less invasive for 
the patient, does not allow for the indication of the leakage 
site, and only detects its presence. It can definitely be used 
as a screening test.

Paediatric stroke recommendations — 
anticoagulant treatment and secondary 

prevention of stroke in children, based on 
RCPCH 2017 and AHA 2019 guidelines

1.	 If patient is qualified for thrombolytic treatment according 
to scheme included in these recommendations, antiplatelet/  
/anticoagulant treatment is postponed for 24 hours [35].

2.	 Patients who do not qualify for thrombolytic therapy 
should be urgently initiated on antiplatelet therapy (in ab-
sence of CNS bleeding and other contraindications) [36].  
Recommended therapy is acetylsalicylic acid (ASA) at 
a dose of 5 mg/kg (up to a maximum of 300 mg daily) with 
dose reduction after 14 days (up to a maximum of 75 mg 
daily) [35, 71, 72].

3.	 Patients with a suspected cardiovascular or vascular 
embolism should be treated with anticoagulation (low 
molecular weight heparin/unfractionated heparin/vita-
min K antagonist; in the absence of contraindications 
and intracranial bleeding) [35, 71–72]. Anticoagulation 
therapy should last at least six weeks (in the case of 
dissection of the arteries) or longer. A multi-specialist 
council and planning of further therapy, including pro-
cedures in the field of invasive cardiology, is necessary 
[36, 72, 98].
It must be emphasised that the main goal of antiplatelet 

or anticoagulant therapy is to prevent recurrence of stroke 
[35, 71–73]. 

Safety of therapy

Patients with a massive ischaemic stroke involving a signi
ficant area of the brain (> 2/3 of the vascular territory of middle 
cerebral artery), or with arterial hypertension, are at high risk 
of secondary haemorrhage. The decision whether to initiate 
anticoagulant/antiplatelet therapy should be postponed for up 
to 72 hours. Patients with middle cerebral artery involvement 
may develop a malignant cerebral oedema requiring urgent 
neurosurgical treatment (hemicraniectomy) and reversal of 
anticoagulant drugs [35, 71–73].

During antiplatelet therapy with ASA, in case of severe 
epistaxis or gastrointestinal intolerance, it is recommended 
to reduce the dose to 1–3 mg/kg/day. ASA therapy is advised 
to last at least two years, because the risk of recurrent stroke 
is highest during this period. ASA therapy is considered safe, 
and so far Reye’s syndrome has not been reported in children 
receiving the drug in a prophylactic dose [99].

Based on the observation of large groups of patients, the 
risk of secondary haemorrhage in ischaemic lesions in children 
who have received or have not received antiplatelet/antico-
agulant therapy is similar [100–102]. The same observations 
also apply to newborns treated with anticoagulants due to 
cardiogenic strokes [101].

Paediatric stroke recommendations — 
indications for use of chronic secondary 

anticoagulant prophylaxis after ischaemic 
stroke [103–105]:

	— Recurrent ischaemic stroke
	— Predisposing heart defect, arrhythmias, blood vessels 

abnormalities
	— Antiphospholipid syndrome
	— Severe thrombophilia: deficiency of antithrombin, protein 

C deficiency, free protein S deficiency, homozygous factor 
V Leiden mutation, homozygous G20210A mutation in 
prothrombin gene
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	— Complex thrombophilia (e.g. coexistence of heterozygous 
forms of factor V Leiden mutation and prothrombin gene 
G20210A and others)

	— Current process/inflammation in body predisposing to 
relapse (e.g. active nephrotic syndrome, active ulcerative 
colitis, use of asparaginase).
Long-term anticoagulants in children are vitamin K antag-

onists (VKA) administered orally (e.g. warfarin, acenocouma-
rol) or subcutaneously injected low molecular weight heparin 
when the use of VKA is impossible (gastrointestinal malab-
sorption, in tablet form in young children). Therapy requires 
regular monitoring, including INR or anti-Xa determination, 
respectively. In 2022, the direct oral anticoagulant (DOAC) 
rivaroxaban was approved for use in children in Poland in 
the treatment of VTE and prevention of its recurrence, while 
other DOACs are yet to be registered in patients under 18.

Studies in adults have shown that DOACs should not be 
used in patients with antiphospholipid syndrome or in patients 
undergoing heart valve replacement (due to the increased 
frequency of recurrence of thrombosis) [105].

The risk of recurrent ischaemic stroke and, on the other 
hand, the risk of bleeding, the chronicity and the burden of 
secondary anticoagulation in children raise many doubts. To 
make therapeutic decisions, specialist consultations and the 
active participation of the patient and his or her family are 
necessary.

Paediatric stroke recommendations —  
intravenous thrombolytic therapy

Intravenous thrombolytic therapy of ischaemic stroke 
(i.v. cerebral thrombolysis) with tissue plasminogen activator 
(rt-Pa i.v.) has been approved for the treatment of adult pa-
tients since 1996, initially in the USA based on results from 
the National Institute of Neurological Diseases and Stroke 
(NINDS), and then since 2002 in Europe, following the results 
of randomised clinical trials and the European Cooperative 
Acute Stroke Study (ECASS) [106].

In Poland, cerebral thrombolysis, implemented incidental-
ly since the beginning of the 21st century, has been admitted 
into routine clinical practice since 2003 and is currently used 
in an average of 17%, and in the best patient centres more 
than 33%, of ischaemic stroke patients. Even though access to 
endovascular methods is increasingly common, rt-Pa i.v. re-
mains a standard method of treatment of stroke patients [107].

The insufficient data on safety and long-term effects 
can probably be explained by the fact that the US Food and 
Drug Administration and Health Canada do not recommend 
thrombolytic therapy for ischaemic stroke in children and 
adolescents. Also, the American Heart Association, the 
American Stroke Association, and the American College of 
Chest Physicians do not recommend routine use of thrombo-
lytic therapy for stroke before the age of 18 [36].

The opinion of the American Heart Association/American 
Stroke Association on the management of stroke in newborns 
and children, published in 2019, states that it remains contro-
versial, without providing clear indications/contraindications 
for the use of thrombosis brain due to the absence of clinical 
trial results on the treatment of acute phase of stroke. The 
AHA/ASA recall only the protocol elements used in the TIPS 
(Thrombolysis in Paediatric Stroke) study (classic rt-PA dos-
ing at a dose of 0.9 mg/kg body weight: 10% by bolus in the 
first 5 minutes, the remaining amount in the infusion pump 
within 55 min) [108].

Currently, the most detailed practical guidance is pro-
vided by the algorithm proposed by the Boston Children’s 
Hospital Neurological Department, prepared on the basis of 
the TIPS study protocol (Tab. 2) [8]. Similarly, the Australian 
Clinical Consensus Guidelines for diagnosis and acute man-
agement appropriate in specific children proposes the use 
of criteria based on the TIPS study consensus, pointing to 
“weak” evidence of the benefits of thrombolytic therapy in 
children [7].

In a small group of patients, it is additionally helpful 
to use the premises contained in the summary of product 
characteristics of actilyse/alteplase, indicating: “in children 
≥ 16 years of age, the individual benefit-risk ratio should be 
carefully assessed. Children aged ≥ 16 years should be treated 
according to the guidelines for adults after confirmation of 
arterial ischaemic thromboembolism (exclusion of a disease 
imitating stroke)” [108].

In light of the above facts, thrombolytic therapy in chil-
dren and adolescents < 16 years of age can still be performed 
outside the registration indications (only off-label), and there-
fore should be considered individually and after a detailed 
consideration of the benefit-risk ratio. Its conduct should be 
carried out in a centre equipped with an interdisciplinary team 
of specialists experienced in the diagnosis and treatment of 
stroke in children and adolescents.

Indications and contraindications for 
cerebral thrombolysis in children and 

adolescents proposed in TIPS study [109]

Indications
	— Age: 2–17 years
	— Symptoms of acute ischaemic stroke defined as sudden 

onset of focal deficit  
	— NIH Stroke Scale (PedNIHSS) ≥ 4 and ≤ 24 points (An-

nex 1) [110]
	— Duration of symptoms < 270 minutes
	— Features of acute ischaemia confirmed by neuroimaging:

•	 MRI with diffusion-weighted sequences and MRA 
showing at same time signs of partial or complete 
occlusion of cerebral arterial vessel in location corre-
sponding to symptoms,
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•	 CT examination showing correct image of brain 
structures or minimal early ischaemic changes and 
CT-angio examination showing partial or complete 
obstruction of cerebral arterial vessel in location 
corresponding to symptoms,

•	 Exclusion of haemorrhagic foci.

Contraindications*
	— Unknown time of onset
	— Pregnancy
	— Clinical symptoms suggesting a subarachnoid haemor-

rhage even with a normal CT imaging
	— Patients in whom consent has not been obtained for a po-

tential blood transfusion
	— Previous intracranial haemorrhage
	— Known arteriovenous malformation, aneurysm or brain 

tumour
	— Systolic blood pressure in lying or sitting position > 15% 

higher than 95th percentile value for patient’s age
	— Blood glucose < 50 mg/dL (2.78 mmol/L) or > 400 mg/dL  

(22.22 mmol/L)
	— Platelet count < 100,000, PT > 15 sec, INR > 1.4, PTT  

> laboratory norm
	— Symptoms of myocardial infarction or pericarditis that 

require a cardiac evaluation
	— Stroke, major head injury, or intracranial surgery in pre-

vious three months
	— Major surgery or biopsy within previous 10 days (relative 

contraindication)
	— Bleeding from gastrointestinal tract or urinary tract during 

previous 10 days (relative contraindication)
	— Puncture of artery in a place inaccessible to pressure or 

lumbar puncture in period of seven preceding symptoms 
(relative contraindication) (patients with a catheter insert-
ed into pressure artery are not excluded)

	— Patients with active neoplastic disease or within one month 
after end of treatment

	— Patients with known significant coagulation deficits (pa-
tients with mild platelet dysfunction, mild von Willebrand’s 
disease, or other mild coagulation deficits are not excluded)

	— Mild neurological deficit (PedNIHSS < 4) at initiation of 
rt-PA infusion or prior to initiation of sedation for neu-
roimaging (if applicable)

	— Significant neurological deficit suggesting extensive ter-
ritorial stroke (PedNIHSS > 24 points), regardless of size 
of ischaemic focus seen in neuroimaging

	— Symptoms of stroke in course of bacterial endocarditis, 
moya moya disease, sickle cell anaemia, meningitis, my-
eloid, air or fat embolism

	— Previously diagnosed primary central nervous sys-
tem vasculitis (PACNS) or secondary central nervous  
system vasculitis (childhood focal cerebral arteriopathy 
(FCA) is a contraindication)

	— Intracranial haemorrhage (HI-1, HI-2, PH-1 or PH-2) 
demonstrated by MRI or CT of head

	— Dissection of intracranial arteries (above exit of eye artery)
	— Significant volume of infarct on MRI, covering > one third 

of MCA supply area 
	— Known allergy to recombinant plasminogen activator
	— INR > 1.4
	— APTT in laboratory standard for heparin treatment up 

to 4 hours
	— LMWH treatment in previous 24 hours (aPTT and INR 

do not reflect LMWH effect).
*The occurrence of an epileptic seizure upon onset is not 

a contraindication if the other inclusion criteria are met and 
if the exclusion criteria are absent.

Paediatric stroke recommendations — 
malignant MCA syndrome 

Malignant middle cerebral artery syndrome (MMCAI) is 
a situation where the ischaemic area is large and covers over 
33% of the MCA vascularisation range, which is associated 
with large swelling of the brain and rapid deterioration of the 
patient’s condition. MMCAI risk factors include seizures lasting 
more than 5 minutes as a manifestation of trauma, and a severe 
neurological condition at the beginning. For adult patients 
with MMCAI, the recommended management is to perform 
a decompressive craniectomy; this improves the survival rate 
of the stroke and the neurological outcome of patients in long-
term follow-up; in the case of children, there is no reliable 
research [8, 36]

In summary, we propose a scheme illustrating in a simpli-
fied way the diagnostic procedure in the case of a child with 
suspected stroke (Fig. 4). 
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Figure 4. Scheme of management of child with acute symptoms of central nervous system/suspected acute cerebrovascular disease — 
from appearance of symptoms through diagnosis and treatment of acute phase to secondary prophylaxis (according to Royal College of 
Paediatrics and Child Health recommendations in 2016, 2019 [8, 36], modified by the authors) 

Child with acute CNS symptoms —  hospital accident and emergency 
department prepared for treatment of children with stroke
Protection of airway patency
Oxygen therapy (Sat goal > 92%)
Intravenous input security
Intravenous hydration
Symptomatic treatment of hypoglycaemia, fever and convulsions
Laboratory tests:
Blood gas analysis, complete blood count with smear, CRP, coagulation 
system, glucose, urea, creatinine, blood group, blood and urine cultures 
(in children with fever)
Constant monitoring of vital functions
Glasgow score and PedNIHSS score

Intubation and mechanical ventilation 
to consider:
GCS < 8 points
Features of respiratory failure
Symptoms of increased intracranial 
pressure

If a child has been diagnosed with sickle 
cell anaemia 
(SCD), need for any replacement blood 
transfusion 
should be discussed with haematologist

Urgent neuroimaging tests by MR method — recommended in children/CT and/or together with vascular 
examination (MR/CT angiography) — up to one hour after child's arrival at hospital

Ischaemic stroke Haemorrhagic stroke ’Stroke mimic’

Treatment of ASA
Thrombolysis to be considered 
if conditions are met
Symptomatic treatment (anticonvul-
sant, antipyretic)
(see Chapter  3)

Urgent contact with a neurosurgeon 
and an anaesthettist — surgical 
treatment and ICU care to be 
considered

Depending on result of imaging 
examination and clinical symptoms, 
further diagnostic decisions (lumbar 
puncture, CSF examination for 
neuroinfections/demyelinating 
diseases of CNS)

To consider:
• Thrombectomy
• Decompressive craniectomy

Discharge from the department to the rehabilitation center/department
Secondary prophylaxis: ASA or depending on the established etiology 
of ischemic stroke 

In paediatric neurology department: rehabilitation,
speech therapist and psychologist care
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ABSTRACT 
Introduction. Nearly 80% of people diagnosed with idiopathic REM sleep behaviour disorder (iRBD) via video-polysomnography 
(v-PSG) are expected to be in the prodromal stage of an alpha-synucleinopathy. Signs of autonomic dysfunction can appear earlier 
than motor or cognitive alpha-synucleinopathy symptoms. Heart rate variability (HRV) can potentially be an objective measurement  
of autonomic dysfunction, and furthermore can be obtained directly from v-PSG.

Objectives. The aim of this study was to evaluate dysautonomia in iRBD subjects using HRV obtained during different sleep 
stages and wakefulness from v-PSG.

Material and methods. Subjects positively screened by an RBD screening questionnaire (RBD-SQ) underwent v-PSG to 
diagnose RBD. HRV obtained from v-PSG recordings was correlated to dysautonomia evaluated from a Non-Motor Symptoms 
Scale (NMSS) questionnaire. Optimal cut-off values of HRV parameters to predict dysautonomia were calculated using receiver 
operating characteristics (ROC) — area under the curve (AUC) analysis. The effect of confounder variables was predicted with 
binomial logistic regression and multiple regression analyses. 

Results. Out of 72 positively screened subjects, 29 subjects were diagnosed as iRBD (mean age 66 ± 7.7 years) by v-PSG. Eighty-
-three per cent of the iRBD subjects in our cohort were at the time of diagnosis classified as having possible or probable pro-
dromal Parkinson’s disease (pPD) compared to zero subjects being positively screened in the control group. The iRBD-positive 
subjects showed significant inverse correlations of NMSS score, particularly to log low-frequency (LF) component of HRV during 
wakefulness: r = –0.59 (p = 0.001). Based on ROC analysis and correlation between NMSS score, log LF during wakefulness (AUC 
0.74, cut-off 4.69, sensitivity 91.7%, specificity 64.7%, p = 0.028) was considered as the most accurate predictor of dysautono-
mia in the iRBD group. Apnoea-hypopnoea index (AHI) negatively predicted dysautonomia in the iRBD group. None of the 
HRV components was able to predict the presence of iRBD in the full cohort. Age, gender, and PSG variables were significant 
confounders of HRV prediction. 

Conclusions. The presented study did not confirm the possibility of using HRV from v-PSG records of patients with iRBD to 
predict dysautonomia expressed by questionnaire methods. This is probably due to several confounding factors capable  
of influencing HRV in such a cohort.

Key words: idiopathic REM sleep behaviour disorder, dysautonomia, heart rate variability, RBD Screening Questionnaire
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Introduction

Consistent evidence indicates that RBD is the most spe-
cific clinical prodromal marker of alpha-synucleinopathies — 
neurodegenerative disorders characterised by the pathological 
accumulation of alpha-synuclein, such as Parkinson’s disease 
(PD), dementia with Lewy bodies and multiple system atrophy 
[1, 2]. The presence of RBD is also currently being studied in 
tauopathies, such as progressive supranuclear palsy [3] and 
Alzheimer’s disease [4]. Several studies have demonstrated 
that c.80% of v-PSG proven RBD patients eventually develop 
alpha-synuclein-induced neurodegeneration [2, 5, 6], with 
a nearly 6.3% phenoconversion rate per year [7], and thus 
it can be effectively used as a substitute for pPD in research 
studies of other potential biomarkers [1].

Such a predictor is dysfunction of the autonomic nervous 
system (ANS). Signs of autonomic dysfunction are estimated 
to start developing as much as 15 years before the diagnosis  
of PD [8]. Orthostatic hypotension in PD involves a combina-
tion of sympathetic denervation and baroreflex failure, and oc-
curs in 20–50% of patients with PD, according to the different 
diagnostic criteria used [9]. Other signs of dysautonomia are 
constipation, with a prevalence ranging from 24.6–63% [10], 
and lower urinary tract dysfunction, mostly characterised by 
overactivity of the detrusor muscle leading to an overactive 
bladder, occurring in 27–80% of PD patients [11]. 

It has been recognised that the presence of RBD identifies 
a specific PD subtype characterised by a higher prevalence  
of autonomic dysfunction [12]. A recent proposal [13] divides 
PD into two subtypes, according to the phenotypes seen in 
the prodromal stage. One is the ‘body-first’ subtype, clearly 
associated with the presence of RBD, appearing during the 
prodromal stage and with significant damage to the ANS 
preceding measurable damage to the nigrostriatal dopamine 
system. The other subtype is designated ‘brain-first’, which in 
its prodromal stage is without RBD or quantifiable dysfunction 
of the ANS, but already with evident damage to the nigrostri-
atal dopamine system [13].

Questionnaires and rating scales are currently the gold 
standard for assessing most aspects of autonomic dysfunction; 
however, these are subjective, and few objective measures 
are available, e.g. HRV. HRV measures the fluctuation of the  
time intervals between consecutive heartbeats, revealing  
the dynamic interactions between the sympathetic and para-
sympathetic functions. HRV has been suggested as a possible 
biomarker for dysautonomia in conditions such as diabetes 
mellitus type 2 [14] and ischaemic stroke [15]. Having the 
advantage of being directly obtained from diagnostic v-PSG, 
HRV is an inexpensive measure of cardiac dysautonomia com-
pared to examinations such as 123 I-MIBG-scintigraphy [16], 
and could potentially be an objective measure of autonomic 
dysfunction in subjects at risk of developing an alpha-synucle-
inopathy. In this study, we tested the hypothesis that HRV can 
predict subjective autonomic dysfunction in iRBD patients.

Material and methods

Study participants were recruited in a single Movement 
Disorder Centre in Kosice, Slovakia, between 2018 and 2021 
after a nationwide media campaign, followed by a multistage 
screening described previously [17]. Patients were screened 
using the REM Sleep Behaviour Disorder Single-Question 
Screening [18], followed in the case of positive findings by 
the RBD-SQ [19]. Patients with ≥ 5 points on the RBD-SQ 
underwent v-PSG. All involved subjects signed informed 
consent forms prior to their enrolment. The investigation 
protocol was approved by the local ethics committee, and 
the work was carried out in accordance with the Declaration 
of Helsinki. 

A full night v-PSG examination was performed over the 
course of one or two nights using Sleepware G3 version 3.9.5. 
software to guarantee an appropriate amount of REM sleep for 
the evaluation. The v-PSG scoring used was according to the 
American Academy of Sleep Medicine’s recommendation [20].  
REM sleep muscle tone was recorded and scored according to 
the SINBAR group’s recommendations [21]. Subjects were con-
sidered as RBD-positive patients in the presence of REM-sleep 
without atonia (RWA) in PSG and complex motor behaviour 
in the REM phase based on the synchronised v-PSG recording 
or patient history, according to the International Classification 
of Sleep Disorders — 3rd edition [22].

All patients were evaluated by a movement disorder spe-
cialist to exclude the presence of clinically established par-
kinsonism and also by a level 2 neuropsychological assess-
ment to exclude the presence of cognitive dysfunction [23].  
Patients presenting with severe autonomic dysfunction and 
age below 50 were also excluded in the initial visit [24]. After 
performing v-PSG analysis, those patients who were observed 
to have severe OSA (apnoea-hypopnea index (AHI) over 30 per 
hour of total sleep time), and those with cardiac arrhythmia or 
artefacts affecting ECG signal were excluded from the study 
as well. Subjects included in the study were then divided into 
an iRBD group and an RBD-negative group based on the 
presence of RBD (Fig. 1).

The likelihood ratio (LR) of a given subject being in pPD 
at the time of examination was also calculated based on the 
updated Movement Disorder Society (MDS) Research Criteria 
for prodromal Parkinson’s disease [24], using all risk factors 
and prodromal markers, excluding genetic testing, plasma 
urate levels in men, and physical inactivity, as described 
previously [17].

HRV analysis came from a 5-min interval with stable ECG 
taken from v-PSG in three distinct sleep and wake stages:  
pre-sleep relaxed wakefulness, NREM (especially stage N2 but 
occasionally also N1 and optimally from the first sleep cycle), 
and REM. Intervals did not contain arousals, motor or res-
piratory events. For each interval, HRV was analysed in the 
frequency domains using Kubios HRV Premium software 
version 3.5.0 (University of Eastern Finland, Kuopio, Finland). 
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Initially recruited subjects (n = 72)

Excluded for not having v-PSG 
performed at current 
analysis time (n = 2)

Excluded for being diagnosed 
with manifest parkinsonism 
during clinical examination 

(n = 6)

Excluded for being 
under 50 years of age 

(n = 6)

Excluded due to severe OSA 
(AHI > 30/hour of TST) (n = 8)

Excluded due to severe 
urinary dysfunction (n = 1)

Excluded due to severe artefacts 
in ECG channel in v-PSG 

recording (n = 2)

Subjects included 
in current analyses 

(n = 47, males n = 26; 55%)

Group 2 — RBD negative 
(n = 18, males n = 4; 22%)

Group 1 — iRBD 
(n = 29, males n = 22; 76%)

HRV analysis provided several different metrics: the fre-
quency-domain metric LF is a measure of the low-frequency 
band (0.04–0.15 Hz) traditionally associated with both sympa-
thetic and vagal influence and reflects baroreflex sensitivity [25].  
Parasympathetic activity is considered to be a major contribu-
tor to the high-frequency (HF) band (0.15–0.4 Hz). The LF/HF 
ratio is used to estimate the relation between the influence of 
the sympathetic and parasympathetic systems under controlled 
conditions, also known as the sympathovagal balance [26]. In 
our analysis, the following frequency-domain spectral com-
ponents of HRV were obtained, as quantified by a fast Fourier 
transform decomposition algorithm available in the software: 
absolute power of LF — LF ms2, natural logarithm of LF — 
log LF, absolute power of HF — HF ms2, natural logarithm of 
HF — log HF, and the LF/HF ratio.

Lastly, the Non-Motor Symptoms Severity Scale (NMSS) 
questionnaire was selected in this study based on MDS 
recommendations [27] to reflect multidomain autonomic 
dysfunction due to its cross-validity with other scales [28]. 
Items regarding autonomic function were selected (Nos. 1, 2, 
19–24 and 30) [29]. Each item is evaluated based on the sever-
ity of the symptoms (0–3 points) and frequency (1–4 points). 
The final score for each NMSS item is the result of the severity 
multiplied by the frequency.

The NMSS total in the study represents the sum of the scores 
for the items concerning autonomic function, and the separate 
domains of autonomic dysfunction — the cardiovascular (CVS), 
gastrointestinal (GIT), urinary domains or sweating, were 
quantified by a set of NMSS items regarding specific domain. 

We defined significant dysautonomia if the subject scored 
at least one severity score of 2 or 3 points that represents symp-
toms which were a moderate or major source of disturbance 
for the patient.

Data analysis
Statistical analysis was performed using IBM SPSS Statistics 22  

and managed by spreadsheet software. The one-tail unequal 
variance t-test (Welch’s t-test) was used when assessing the 
differences in demographic, v-PSG and autonomic parameters 
between the two study groups. 

Correlations between the values of NMSS total, as well as 
of separate autonomic dysfunction in the CVS, GIT, urinary 
and sweating domains, with the LF (ms2), log LF, HF (ms2), 
log HF and the LF/HF ratio components of HRV obtained 
separately during wakefulness, NREM and REM sleep, were 
calculated using Pearson’s correlation coefficient (r) in the full 
cohort and in iRBD subjects. The correlations were considered 
to be significant if r > 0.5 or r < –0.5.

Figure 1. Flow chart of study population. AHI — Apnoea-Hypopnoea Index; iRBD — idiopathic rapid eye movement (REM) sleep behaviour 
disorder; n — number; OSA — obstructive sleep apnoea; v-PSG — video-polysomnography; TST — total sleep time
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Table 1. Description of study groups. Values are expressed as averages followed by standard deviations (in brackets)

       All individuals n = 47, age [years] = 63.8 (7.7)
Statistical  

significance – p-valueGroup 1 (iRBD) 
n = 29

Group 2 (RBD negative) 
n = 18

Age [years] 66 (7.7) 60.4 (6.6) 0.006 

MDS-UPDRS-III total evaluation score 7.1 (6) 6.5 (6.1) 0.379

TST —total sleep time [min] 375.7 (106.4) 407.8 (62.3) 0.1

Sleep efficiency [%] 76.7 (13.5) 82.4 (7.8) 0.039

AHI index (/h TST) 11.9 (8.1) 9.8 (7.3) 0.19

PLMS index (/h TST) 20.7 (19) 12.1 (12.9) 0.035

Arousal index (/h TST) 9.6 (5.5) 10.7 (8.6) 0.311

NMSS total autonomic score 11.1 (10.2) 10.2 (15.8) 0.416
AHI — Apnoea-Hypopnoea Index; MDS-UPDRS-III — Movement Disorder Society-Unified Parkinson’s Disease Rating Scale part III; N — number; NMSS — Non-Motor Symptoms Severity Scale; PLMS — periodic 
Limb movements of sleep; TST — total sleep time

We performed ROC analysis, from which the AUC (values 
0–1) was calculated, using HRV components as the diagnostic 
test and significant dysautonomia as the outcome. 

The ROC analysis was performed to obtain a cut-off value 
for different components of HRV that predict whether or 
not a given subject has a significant autonomic dysfunction,  
with a given sensitivity and specificity. Using the AUC calcula-
tion, we obtained a cut-off value for each of the studied HRV 
components, predicting if a given subject had a significant 
autonomic dysfunction.

Binomial logistic regressions were performed to ascer-
tain the effects of independent variables — age, gender, AHI 
index and PLMS index on the prediction of HRV changes, 
having iRBD, and the presence of significant autonomic 
dysfunction. The Nagelkerke  r2  coefficients and correct 
prediction — overall percentage of the final binary regres-
sion model for the prediction of the dependent variables 
were calculated. The magnitude of association between the 
dependent and the independent variables was measured by 
the odds ratio (OR). A 95% confidence interval (CI), was 
used in the study, with a p-value of under 0.05 considered 
statistically significant. 

Results

Demographic, v-PSG, autonomic parameters 
and HRV components

Seventy-two initially recruited patients with positive RBD-
-SQ (average age 62.6 ± 9 years, 29 females and 43 males) were 
eventually included in the study (Fig. 1). Due to technical 
problems, two of the 72 subjects did not undergo v-PSG. Six 
patients were excluded because of the presence of parkinson-
ism. From the remaining 64 subjects, six were excluded from 
further analysis due to age under 50 years, plus one because 
of severe urinary dysfunction (associated with a complication 
of surgery), plus 10 due to severe OSA or severe artefacts in 
ECG (Fig. 1). For the further analysis of HRV, we used 47 pa-
tients (average age 63.8 ± 7.7 years, 21 females and 26 males), 

29 of them diagnosed with iRBD (Tab. 1). Thirty-five (50%) 
positively RBDSQ-screened subjects out of the 70 were con-
firmed as RBD.

The diagnosis of RBD was based on the presence of RWA 
and dream-enacting complex behaviour on v-PSG or patient 
history. On average, 7.53% of the REM epochs presented 
with RWA in the RBD positive group.Of the 29 RBD positive 
subjects, 12 manifested dream-enacting behaviour on v-PSG.

The LR for pPD was calculated for each subject. The iRBD 
group consisted of 22 (76%) subjects with an LR of probable 
pPD; two (7%) subjects met the criteria for possible pPD, and 
five were classified as negative for pPD. All 18 subjects in the 
RBD negative group – the control group — were classified as 
negative for pPD. 

Table 1 presents a description of the demographic, v-PSG, 
and autonomic parameters of the two studied groups according 
to the presence of RBD. Significant statistical differences were 
found between the groups in terms of age, sleep efficiency, 
and periodic limb movements in sleep (PLMS) indices. IRBD 
subjects were older, had decreased sleep efficiency, and had 
more PLMS. 

Relationship between HRV components  
and questionnaire-assessed autonomic 

parameters in iRBD patients
In iRBD subjects, we found significant inverse correlations 

of NMSS total to the natural logarithm of the LF and HF 
components of HRV during wakefulness: log LF: r = –0.59  
(p = 0.001), log HF r = –0.54 (p = 0.003). Significant corre-
lations were also observed between the urinary domain of 
autonomic function and log LF (r = –0.58; p = 0.001), as well 
as log HF (r = –0.54; p = 0.003) during wakefulness (Tab. 2). 
In the control group, we did not find any significant correla-
tions. Also when considering the full cohort, there were no 
significant correlations.

By performing the ROC analysis, we obtained values of 
AUC for each of the HRV components. Only three HRV com-
ponents had statistically significant AUC values. Of these three 
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HRV components, one of them had been described previously 
as also having a significant correlation to the total NMSS 
score in the correlation analysis: log LF during wakefulness; 
therefore, this HRV component was finally selected to be the 
HRV component that could more accurately predict significant 
dysautonomia. We further selected an optimal cut-off level for 
predicting significant dysautonomia, together with sensitivity 
and specificity values: log LF during wakefulness has an AUC 
of 0.74 and an optimal cut-off of 4.69 (sensitivity 91.7% and 
specificity 64.7%, p = 0.028) (Suppl. Material A).

Using binomial logistic regression, we described that 
the influence of age, gender and PSG variables is 44.1% 
(Nagelkerke r2) on the prediction of significant dysautonomia 
in the group of iRBD subjects. The only variable that can sig-
nificantly impact the prediction of significant dysautonomia 
was the AHI index, where an increase of 1 point in the AHI 
index decreases the chance of having significant dysautonomia 
by 19% (p = 0.017) (Suppl. Material B).

Differences in HRV between iRBD patients and 
controls 

The subjects in the cohort did not show any statistically 
significant differences between the HRV components during 
wakefulness or NREM, and REM sleep, when comparing the 
iRBD group to the RBD negative group (Suppl. Material C). 

A ROC curve was performed in the full cohort to predict 
iRBD based only on HRV values during wakefulness and 
sleep. No HRV component was able to independently predict 
the diagnosis of iRBD, which is reflected in the values of AUC 
without statistical significance (Suppl. Material D).

Using binomial logistic regression, we described that the 
influence of age, gender and PSG variables on the prediction  
of iRBD in the full cohort was 83%. The Nagelkerke r2 indicated 
approximately 43% of the variance in the iRBD prediction 
was accounted for by independent factors. The only variable 
that could significantly impact the prediction of iRBD was 
gender: females were 88.1% less likely to have iRBD than males  
(p = 0.005) in the presented cohort. 

Multiple regressions were used to predict how much  
of the variance of each HRV component in sleep and wake stag-
es was accounted for by age, gender, AHI and PLMS indices, 
in the full cohort (Suppl. Material E). The HRV component 
which was most influenced by these variables was log LF  
in wakefulness (R2 = 0.22).

Discussion

The presented study revealed that 50% of subjects after 
a questionnaire screening process were v-PSG proven as RBD- 
-positive, which was lower than in a previous study [19]. Eighty- 
-three per cent of the iRBD subjects in our cohort were at the time 
of diagnosis classified as possible or probable pPD, compared 
to zero subjects being positively screened in the control group, 
which was in accordance with previous observations [30, 31]. 
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For the first time, changes in HRV were correlated with 
the questionnaire-assessed autonomic dysfunction. The study 
revealed correlations between NMSS questionnaire-assessed 
autonomic function scores and HRV indices in the iRBD 
group, especially with the low-frequency (LF) components  
of HRV in wakefulness, which mainly represent the sympa-
thetic nervous system function. 

In contrast, in the study we observed that although HRV 
is strongly correlated with general autonomic dysfunction 
in iRBD subjects (based on the total score for the questions 
regarding autonomic function in the NMSS), it is only weakly 
correlated with the separate domain of CVS function. The 
explanation for this could be that HRV is closely related to 
cardiac autonomic function, while the CVS domain in the 
NMSS questionnaire mostly concerns orthostasis, which more 
accurately represents peripheral vascular autonomic function, 
or it could be that the subjective nature of questionnaire- 
-assessed dysautonomia in NMSS does not reflect all of the 
aspects of CVS function. However, Sumi et al. demonstrated 
that the decrease in HRV indices during the supine position 
can predict orthostatic hypotension, providing an alternative 
to the orthostatic challenge test [32]. While using the head-
up tilt test, Rocchi et al. [33] described LF and LF/HF ratio 
as significantly higher in controls compared to iRBD, while 
we did not find statistically significant differences between 
both groups. 

The other issue could be the reliability of subjective 
NMSS domains for orthostasis and objective head-up tilt test. 
Unfortunately, the presented study was set before the MDS 
updates for pPD evaluation, and such data was not available for 
the first patients included. A question that remains unanswered 
in the presented study is that while log LF was significantly 
correlated with autonomic questionnaires, the absolute power 
of LF was not. In practice, this finding means that it can only 
be a random statistical phenomenon, and not a relationship 
between quantities. Moreover, log LF in wakefulness was the 
HRV component which was the most affected by confounders. 
The assessment of HRV in the studied iRBD patients during 
any stage of sleep and wake is not able to identify the presence 
of subjectively reported dysautonomia.

In previous studies that only looked at HRV changes in 
patients with RBD, the findings were inconsistent as for the 
main impact on LF or HF component or distribution during 
sleep and wakefulness: Attenuated sympathetic nervous system 
activity has been observed in RBD patients (11 iRBD, 14 PD 
patients with RBD) when compared to controls, and being 
more pronounced in patients with PD [34]. Decreased HRV 
(both the sympathetic and parasympathetic components) 
in iRBD has been described when analysing 5-minute pre-
sleep ECG segments [35]. Another study however reported 
reduced HF in RBD (47 individuals) compared to age- and 
gender-matched controls (26 individuals), along with re-
duced time-domain HRV components (RMSSD and SDRR). 
The latter study also observed that tonic activity in RWA was 

inversely correlated with LF and LF/HF ratio, and positively 
correlated with HF [36].

The other studies found reduced HRV during sleep in iRBD 
and RBD associated with neurodegenerative disorders [37].  
Significant differences in HRV between iRBD and healthy 
control subjects were found in the very LF and LF compo-
nents of HRV during wakefulness, independent of whether 
or not the iRBD subjects would eventually develop neuro
degeneration [38]. The presented study failed to show sig-
nificant changes in HRV between iRBD patients and controls 
in any sleep-wake stage.

It has been demonstrated that HRV can be easily in-
fluenced by other variables, such as age, gender, OSA, and 
PLMS [39–43]. There is a high interindividual variability in 
HRV, so there are no ranges of normative values for a given 
individual [44]. There were no significant differences between 
the study groups regarding comorbidities that may affect HRV 
evaluation (heart arrhythmia, diabetes mellitus type 2, arte-
rial hypertension, thyroid disorder, neuropathy, myocardial 
infarction, and ischaemic heart disease) no regarding med-
ication (antidepressants, beta-blockers, alpha-blockers, ACE 
inhibitors and sartans, calcium-channel blockers, diuretics, 
statins and antiaggregants). Lower HF, reflecting deficient 
vagal inhibition, has been correlated with stress, anxiety, and 
increased morbidity [45]. It was reported that LF power was 
lower in healthy individuals who developed type 2 diabetes 
mellitus over an average follow-up period of 8.3 years, with 
no differences in HF power [46]. 

Since, in the presented study, iRBD patients differed 
from controls in terms of age, gender and PSG variables, we 
considered that confounding factors were involved in HRV 
changes. We demonstrated that gender could have signifi-
cantly influenced the prediction of iRBD using HRV. Despite 
the fact that there were men and women in a ratio of 1:1.2 in 
the entire cohort obtained by the questionnaire survey, the 
gender distribution in the iRBD (male 76%) group and  
the non-RBD group (male 22%) was clearly uneven. The 
higher representation of the male gender in the iRBD group 
is also in accordance with previous findings, which led to the 
expression of a 1.5-fold increased risk for pPD in males [27]. 
The high ratio of women in the iRBD-negative group could 
indicate that the questionnaire survey in women fails to dif-
ferentiate the motor and dream activity in women associated 
with other sleep and mental disorders, especially the abuse 
of psychoactive substances. No other independent variable 
(age, AHI and PLMS indexes) had a significant effect on 
this prediction. In the group of iRBD subjects, we observed 
that AHI may be a significant confounder (even if patients  
with severe OSA were excluded from the study).

Limitations
This study has several limitations. Firstly, the limited 

number of the studied subjects, due to iRBD rarity, should 
be followed by studies on larger patient cohorts. The nature  
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of our study did not allow for having age- and gender-matched 
subjects. In addition, while our study evaluated autonomic 
symptoms based on subjective patient reports correlated 
to objective HRV components, other multimodal objective 
autonomic examinations, such as orthostatic and/or head-up 
tilt test, the quantitative sudomotor axon reflex test, ther-
moregulatory sweat test, urodynamic investigations, as well 
as emerging GIT autonomic tests [47], should be included in 
future studies. 

Conclusions

Questionnaire screening for RBD positively predicted the 
disease in 50% of subjects. HRV changes failed to differentiate 
iRBD patients from controls, as HRV changes were affected 
by age, sex, and AHI. The presented study did not confirm 
the possibility of using HRV from v-PSG records of patients 
with iRBD to predict dysautonomia expressed by the NMSS 
questionnaire. 
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Abstract

Introduction. Corpus callosum abnormalities are complex, aetiologically diverse, and clinically heterogeneous conditions. 
Counselling parents regarding their causes and associated syndromes, and predicting the neurodevelopmental and seizure 
risk prognosis, is challenging. 

Material and methods. We describe the clinical characteristics, associated anomalies, and neurodevelopmental outcomes of 
children with agenesis of corpus callosum (ACC). Fifty-one neonates with ACC/hypoplasia of the corpus callosum were identified 
over a 17-year period, and their medical records were retrospectively reviewed. 

Results. Patients were classified into two groups depending on the presence or absence of associated abnormalities. The first 
group (17 patients, 33.4%) presented with isolated callosal anomalies. The second group included 34 patients (66.6%) with as-
sociated cerebral and extracerebral anomalies. We achieved an identifiable genetic aetiology in 23.5% of our cohort. Magnetic 
resonance imaging was performed in 28 patients (55%), and of these 39.3% had additional brain anomalies. During the study 
period, five patients died early in the neonatal period and four were lost to follow up. Of the 42 followed patients, 13 (31%) 
showed normal neurodevelopment, 13 (31%) showed mild delay, and 16 (38%) had a severe delay. Fifteen (35.7%) had epilepsy. 

Conclusions and clinical implications. We have confirmed that callosal defects are frequently accompanied by brain and so-
matic anomalies. Additional abnormalities were shown to be significantly associated with developmental delay and increased 
risk of epilepsy. 
We have highlighted essential clinical features that may provide diagnostic clues to physicians and we have given examples of 
underlying genetic disorders. We have provided recommendations about extended neuroimaging diagnostics and widespread 
genetic testing that may impact upon daily clinical practice. Paediatric neurologists may therefore use our findings to help base 
their decisions regarding this matter.
Key words: agenesis of corpus callosum, developmental delay, somatic anomalies, brain malformation, genetic anomalies
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Introduction

The corpus callosum (CC) is the largest connective struc-
ture of the brain, joining the two cerebral hemispheres [1, 2]. 

Development of the ACC comprises variable mechanisms 
of neurogenesis and neuronal migration in which multiple 

genes are involved. Agenesis of the corpus callosum (ACC) can 
result from disruption of its formation at numerous develop-
mental stages, leading to a total or partial absence of the CC, 
when one of its components (rostrum, genu, body, isthmus, or 
splenium) is missing. It may also present as hypoplasia of the 
CC (HCC), when the CC is fully formed, but thinner. ACC can 
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occur as an isolated condition, or in association with various 
brain and extracranial malformations, as well as with a broad 
range of genetic disorders [3–8]. 

ACC can result from antenatal infections, vascular or 
toxic factors. Foetal alcohol spectrum disorders (FASD) and 
inborn errors of metabolism are also considered as causes of 
ACC [6, 8–10]. The reported prevalence of callosal anomalies 
ranges between 1.47–2.05 per 10,000 live births to 2.49 per 
10,000 births [10–13]. 

Prenatal diagnosis of ACC is possible on the mid-trimester 
ultrasound, when there is a failure in visualisation of CC in 
mid-sagittal plan [14–16]. Callosal anomalies can also be de-
tected based on the presence of indirect ultrasound signs, such 
as the absence of the cavum septi pellucidi (CSP), colpocephaly 
(dilatation of the occipital horns of the lateral ventricles), 
increased separation of the hemispheres, abnormally elevated 
third ventricle, and lack of pericallosal arteries [15, 17]. 

The clinical course of ACC varies remarkably widely, 
ranging from asymptomatic cases to severe developmental 
delays. A lack of CC affects intelligence and behaviour, 
leading to motor and intellectual disability, epilepsy, and 
social and language deficits [3, 6, 18]. Parental counselling 
as to its causes and associated syndromes, and predicting 
the prognosis for neurodevelopment and seizures is difficult. 
Asymptomatic neonates without an antenatal diagnosis of 
ACC can be discharged without a congenital callosal defect 
being recognised. Thus, early diagnosis and prediction of 
long-term complications can help towards earlier intervention 
and better outcomes. 

Objective
The clinical and diagnostic features of a group of children 

with CC anomalies born in a single tertiary perinatal care cen-
tre were analysed to show the possible diagnostic difficulties 
encountered in paediatric practice. Isolated and non-isolated 
cases were compared to show the impact of extracallosal ab-
normalities on long-term outcomes. We focused on the key 
steps in the diagnosis, assessment, investigation, and man-
agement of neonates and children presenting with ACC. We 
wanted to highlight any essential clinical features that could 
provide diagnostic clues to physicians.

Materials and methods

This study was conducted at the Department of Neonatology 
of the University Clinical Centre in Gdansk associated with 
the Medical University of Gdansk, Poland.

We evaluated prenatal findings and postnatal outcomes of 
neonates who presented with a congenital anomaly diagnosis 
during hospitalisation in our centre from 1 January, 2001 to 
31 December, 2017. 

Fifty-seven neonates demonstrating CC anomalies were 
found during this 17-year study period. Of these, we elim-
inated six infants in whom the CC was missing due to the 

presence of severe destructive central nervous system (CNS) 
lesions (two cases of holoprosencephaly, two neonates with 
bilateral schizencephaly, one with schizencephaly and hemi-
sphere atrophy, and one with hemisphere atrophy coexisting 
with hypoplasia of the CC after intracranial haemorrhage 
following prematurity).

This left a total of 51 cases with callosal anomalies included 
in the study. Of these, 43 (84.3%) underwent postnatal head 
ultrasound following prenatal suspicion of congenital defects, 
including callosal anomalies and other brain or organ defects. 
The remaining eight (15.7%) cases underwent ultrasound due 
to prematurity (one case), intrauterine growth restriction (one 
case), the presence of dysmorphic features (four cases), being 
a neonate of a diabetic mother (one case), and coexisting pre-
maturity, dysmorphic features and other anomalies, namely 
congenital heart defect and cleft lip and palate (one case).

Children with anomalies of the CC were initially identified 
during their stay in the Neonatal Department. The following 
data was assessed: gestational age (GA) at birth, birth weight 
(BW), gender, prenatal and postnatal diagnoses, brain mag-
netic resonance imaging (MRI) if carried out, genetic test 
results (if available), and the presence of additional cerebral 
and extracerebral malformations. Mothers were asked to 
complete a questionnaire regarding pregnancy course, parity, 
comorbidities and place of residence. Prenatal diagnoses were 
also taken into consideration. After assigning an identifica-
tion number and anonymisation, data was transferred to the 
hospital database. Written informed consent was obtained 
from parents or authorised representatives of all the subjects 
included in this study. Informed consent to collect subsequent 
patient observations and patient information to be published 
was also provided. Clinical records of the selected patients 
were retrospectively reviewed for additional examinations 
(e.g. brain neuroimaging, genetic tests), developmental course, 
and neurological status by researching the hospital database.

Patients showing callosal anomalies were classified into 
two groups depending on the presence or absence of accom-
panying anomalies. 

Group 1 
Isolated callosal anomalies; no other malformations 

identified. Patients with an interhemispheric cyst, a lipoma, 
or colpocephaly were included in this group, as we considered 
these findings to be a part of callosal anomalies [1, 2, 7, 11, 12]. 

Group 2
Callosal anomalies associated with both CNS and other 

organ anomalies, including genetic disorders. 
The main characteristics and developmental outcomes of 

each group were compared.
The extent of the defects in each baby was defined based 

on head ultrasound; MRI was performed in 28 patients (55% 
of the 51 studied). In cases of neonatal death, post mortem 
reports were available. Callosal defects were classified as 
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either agenesis of the CC, complete — ACC, or agenesis of the 
ACC, partial — pACC, or HCC, according to the description 
provided by the radiologist or pathologist. The assessment of 
neurological development was conducted by paediatricians or 
paediatric neurologists during hospitalisations or follow-up 
visits. The patient’s age at the time of the last examination was 
taken into consideration. We relied on clinical descriptions 
of neurological conditions from children’s medical records, 
as this was a retrospective study. The phrase “children with 
motor delay” is a description of patients who were not diag-
nosed with an intellectual disability, but who did show delayed 
motor milestones. Intellectual disability, social problems, and 
speech delay were defined by hospital psychologists without 
providing the type of tools used for the diagnosis.

Statistical analysis
Data was analyzed using Statistica 13.3 software (TIBCO, 

Palo Alto, CA, USA). Descriptive statistics were calculated sep-
arately for groups of patients with callosal defects. Analysis of 
variance (ANOVA) and Chi-square test were used to compare 
data between groups of children with ACC depending on the 
ACC pattern. Contrast analysis and Fisher’s LSD test were used 
to evaluate the differences between these groups. A P-value < 
< 0.05 was considered statistically significant.

Ethical approval
This study is consistent with the Helsinki Declaration, 

and was approved by the Independent Bioethics Committee 
for Scientific Research at the Medical University of Gdańsk, 
Poland, approval number NKBBN/65/2014. 

Results

Over the study period, 36,145 neonates were born at 
our centre. Congenital malformations were identified in 
1,163 (3.2%) infants. CNS anomalies were found in 217 cases 
(18.7% of all inborn defects and 0.6% of the general popula-
tion). Of them, 51 infants had ACC/HCC diagnosed, resulting 
in a prevalence of 14.1 per 10,000 births. 

In patients with ACC, the mean GA at birth was 37.1 weeks 
(range 24–41) and the mean BW was 2,891.4 g (range 600– 
–4,730). Newborns with an isolated ACC/HCC had a signifi-
cantly higher BW (3,433.8 g) than those presenting with addi-
tional somatic and CNS defects (2,614.0 g, p = 0.027). Similarly, 
they had a significantly higher GA at birth (38.6 weeks), than 
the remaining patients (36.3 weeks, p = 0.018). There were 
30 (58.8%) males and 21 (41.2%) females. Twenty-eight (55%) 
neonates had complete ACC, 14 (27.4%) had pACC, and nine 
(17.6%) had HCC. 

A prenatal diagnosis was made in 11 (21.5%) foetus-
es. Mean GA at diagnosis was 25 weeks (range 21–30). 
Finding one of the indirect signs of failed commissuration 
was strongly associated with a prenatal diagnosis of ACC 
(Table 1). Ventriculomegaly (VM) was found in five (45.5%) of 

Table 1. Correlation between presence of indirect symptoms and prenatal 
diagnosis of agenesis of corpus callosum

Prenatal diagnosis  
of colpocephaly

Prenatal diagnosis of ACC

Not  
diagnosed 

(%)

Diagnosed  
(%)

Row 
(%)

Not diagnosed 38 (95.0) 5 (45.5) 43

Diagnosed 2 (5.0) 6 (54.5) 8

Totals 40 (100.0) 11 51

p = 0.00059

Prenatal finding  
of interhemispheric 
cyst or widening of 

interhemispheric fissure

Prenatal diagnosis of ACC

Not  
diagnosed 

(%)

Diagnosed  
(%)

Row 
(%)

Not diagnosed 39 (97.5) 8 (72.7) 47

Diagnosed 1 (2.5) 3 (27.3) 4

Totals 40 (100) 11 (100) 51

p = 0.028

Non-visualisation of 
cavum septi pellucidi

Prenatal diagnosis of ACC

Not 
diagnosed 

(%)

Diagnosed 
(%)

Row 
(%)

Not diagnosed 40 (100) 7 (63.6) 47

Diagnosed 0 4 (36.4) 4

Totals 40 (100) 11 (100) 51

p = 0.00132
ACC — agenesis of corpus callosum

11 foetuses with a correct diagnosis of ACC and in 33 (82.5%) 
of 40 cases without antenatal diagnosis (p = 0.102). There 
were 40 (78.5%) cases in which CC anomalies were not sus-
pected during pregnancy despite other abnormalities being 
diagnosed. In this group, the most common abnormality was 
hydrocephalus in 17 foetuses, VM in seven, Dandy Walker 
Syndrome in four, cardiac defects in three (Hypoplastic Left 
Heart Syndrome, Ebstein anomaly, dextrocardia), chromo-
somal aberration in one, and arm and leg deformations in 
two foetuses. 

In total, 29 (57%) neonates were born by caesarean deliv-
ery (CD) and 22 (43%) by vaginal delivery (VD). Newborns 
with a prenatal diagnosis of CNS anomalies were more likely 
to be born by CD, either planned or emergency (p = 0.060). 
Prenatal diagnosis of ACC did not affect the plan of delivery 
(Tab. 2).

There was no difference in the level of care received by 
neonates born by CD and VD (p = 0.466). Six (20.7%) neonates 
born by CD and five (22.7%) born by VD received normal 
neonatal care, and 18 (62.0%) born by CD and 13 (59.1%) by 
VD required special care in the Neonatal Intermediate Care 
Unit. Five (13.7%) born by CD and two (9.1%) born by VD 
required admission to the Neonatal Intensive Care Unit, and 
two (9.1%) born by VD received palliative care.
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Table 2. Impact of prenatal diagnosis on mode of delivery

Mode of delivery Row  
n (%)

p-value

Elective CD  
n (%)

Emergency CD  
n (%)

VD  
n (%)

Prenatally diagnosed ACC 4 (36.5) 2 (18.0) 5 (45.5) 11 (100) 0.525 

Prenatally diagnosed CNS anomalies 14 (52.0) 4 (15.0) 9 (33.0) 27 (100) 0.060 

Prenatally diagnosed other organ anomalies  1 (20.0) 2 (40.0) 2 (40.0) 5 (100) 0.817 

Cases without prenatal diagnosis 1 (12.5) 1 (12.5) 6 (75.0%) 8 (100) 0.042 

20 (39.2) 9 (17.8) 22 (43.0) 51 (100)
ACC — agenesis of corpus callosum; CD — caesarean delivery; CNS — central nervous system; VD — vaginal delivery 

Patients were classified into two groups on the basis of 
accompanying anomalies. Group 1 included 17 (33.4%) pa-
tients who presented with isolated callosal anomalies. In one 
child, a congenital cytomegalovirus infection was diagnosed 
postnatally; this baby died at the age of one year. Three cases 
were lost to follow-up. The characteristics of this group are 
set out in Table 3.

Group 2 comprised 34 (66.6%) patients who presented 
with CC anomalies associated with extracallosal CNS anom-
alies and/or other organ anomalies or genetic syndromes. 
The characteristics of this group are set out in Tables 4–6. The 
most frequent extracallosal brain anomalies were agenesis 
of the septum pellucidum (9/51; 17.6%) and hydrocephalus 
(8/51; 15.6%).

Of the 28 (55%) patients who underwent MRI, 11 (39.3%) 
had additional brain abnormalities, including cortical mal-
formations (seven cases), and septo-optic dysplasia, Chiari 
syndrome, lack of other cerebral commissures, and stenosis 
of aqueduct of Sylvius (one case each, see Tab. 4–6). 

Genetic testing was conducted in 43% (22/51) of cases, in-
cluding karyotype analysis, fluorescence in situ hybridisation, 
and array comparative genomic hybridisation (aCGH). Two of 
our patients were screened for FRAS1 and EPG5 mutations. 
An underlying diagnosis was found in 12 of the 51 patients 
(23.5%). Chromosomal disorders were confirmed in seven 
patients (13.7%), with one case each of mosaic trisomy chro-
mosome 8, sex chromosome aneuploidy (47, XYY), trisomy 13/ 
/trisomy 18 mosaicism, 22q11.2 deletion syndrome, 5p de-
letion syndrome, and Vici syndrome. The last of these new-
borns had a disorder of sex development, in which the female 
phenotype did not correspond to the genetic sex (46, XY). In 
five (9.8%) cases, the genetic analysis did not reveal any abnor-
malities, although specific dysmorphic features were present. 
The following genetic syndromes were recognised: Fraser 
syndrome (one case), Smith-Lemli-Opitz syndrome (one case), 
Rubinstein-Taybi syndrome (one case), and Apert syndrome 
(two cases). The main features of these patients are set out in 
Table 6. In eight (15.6%) patients demonstrating unspecific 
dysmorphic features, the genetic basis remained unknown. 

Neurodevelopmental outcomes were available for 
42 (82.3%) of our patients. Four children were lost to fol-
low-up, and five died early in the neonatal period. The mean 

age at the last neurological assessment was 4.7 years (range 
4 months to 18 years). 

Development at the last follow-up was normal in 31% 
(13/42) of patients. Of these, nine were in the isolated ACC 
group, while four were in the other group (p = 0.001, Tab. 7). 

Of 14 patients who presented with isolated ACC, five had 
transient hypotonia, two had speech delay in early childhood, 
one had learning difficulties at school age, one demonstrated 
cognitive and social problems, and one developed epilepsy 
(see Tab. 3).

All of the 12 infants with chromosomal disorders or 
known genetic syndromes had mild to severe developmental 
delay (see Tab. 6). 

Epilepsy occurred in 35.7% (15/42) of children. The risk 
of seizures was almost 13-fold higher for babies with addi-
tional abnormalities (OR = 12.99; 95% confidence interval 
(CI):  1.49–111.11), compared to cases with isolated callosal 
defects. Of 28 patients with callosal defects accompanied by 
other abnormalities, 14 (50%) developed epilepsy, while in the 
14 patients with isolated callosal anomalies, only one (7.1%) 
had epilepsy (p = 0.008). 

In a total of 51 ACC cases, nine deaths occurred (15.6%). 
The presence of extracallosal anomalies significantly affected 
mortality. Infants with ACC/HCC accompanied by additional 
defects were 10 times more likely to die compared to those 
with an isolated ACC/HCC (OR = 10.70; 95% CI: 1.20–95.23).

Discussion 

The detection of callosal anomalies in infants always raises 
concerns among parents and healthcare professionals. The 
diagnosis of ACC is possible antenatally, which could allow 
for medical care for the mother and her child to be optimised 
after birth [10, 15, 19]. Postnatal detection of ACC may be 
limited, as ACC can be asymptomatic, especially if not asso-
ciated with other anomalies. Head ultrasound in neonates is 
usually undertaken following prenatal suspicion of congenital 
anomalies, or as a neuroimaging investigation in newborns 
who have neurological abnormalities or risk factors for in-
tracranial lesions [20]. 

The current study confirmed a relatively high frequency 
of clinical indications for brain imaging in the context of 
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postdelivery ACC diagnosis. In more than three-quarters 
of patients from our series, a neonatal head ultrasound and 
a subsequent diagnosis of ACC resulted from a prenatal sus-
picion of CNS defects [1]. 

Neonatal head ultrasound is usually the first step in the 
diagnosis of ACC; however, it has some limitations; it does not 
provide enough information to determine whether the lesion 
is isolated or not. Including MRI in the diagnostic pathway 
helps to confirm the diagnosis and to identify associated 
brain anomalies, especially cortical malformations previously 
undiagnosed during the prenatal and postnatal ultrasound 
[10, 21, 22].  

Some clinicians value the reliability and reproducibility 
of a neonatal ultrasound in an accurate diagnosis of callosal 
anomalies, and this can lead them to abstain from performing 
MRI. MRI is typically undertaken in the context of evaluation 
for either developmental delay or epilepsy, and is not con-
sidered to be a standard procedure for a detailed diagnosis 
of callosal abnormalities. We noticed a similar trend in our 
study. MRI was performed most often in the group of patients 
presenting with additional defects and displaying neurological 
symptoms. In those cases in which an MRI was carried out, 
previously undiagnosed brain defects were revealed. 

Like most previous series, we confirmed that callosal de-
fects are frequently accompanied by a large number of brain 
and somatic anomalies [11, 13, 21, 23]. Isolated cases com-
prised only one-third of our cohort, while the remaining cases 
were accompanied by other defects. Most of these associated 
defects were found after birth, as has been shown in previous 
studies [24, 25]. Malformations of cortical development and 
heterotopia have been identified as the most common con-
comitant brain abnormalities, and their presence dramatically 
alters the prognosis [11, 13, 21, 22, 24, 25]. 

Chromosomal aberrations or gene mutations have been 
reported as common underlying factors of ACC. However, 
due to the presence of unknown causative genes and techni-
cal problems, approximately half of all ACC cases cannot be 
identified [3–5, 8, 13].

Although trisomy 18 and trisomy 13 have been previously 
shown as the genetic basis of ACC, the rare reported cases of 
their mosaicism did not include callosal defects [26]. 

To the best of our knowledge, this is the first study 
to describe a patient presenting with trisomy 13/trisomy 

Table 7. Neurodevelopmental outcomes in all patients with corpus callosum anomalies: isolated callosal anomalies versus callosal anomalies associated with 
other abnormalities

Group Development Sum

Normal Mild delay Severe delay

Isolated ACC 9 (64.3%) 4 (28.6%) 1 (7.1%) 14 (100%)

ACC + other brain defects + other organ defects 4 (14.3%) 9 (32.1%) 15 (53.6%) 28 (100%)

Sum 13 (31%) 13 (31%) 16 (38%) 42 (100%)

p = 0.001 (–)
ACC — agenesis of corpus callosum

18 mosaicism accompanied by pACC. Other chromosomal 
disorders may impact upon CC morphogenesis [27–29]. Our 
study found DiGeorge and 5p deletion syndromes as an under-
lying aetiology of ACC. ACC accompanied by these syndromes 
has been previously presented in case reports [30, 31].

The challenge of identifying the underlying disorder of pa-
tients with ACC is significant. Patients should be offered pae-
diatric genetic testing following a diagnosis of ACC. Genetic 
investigation usually starts with karyotyping. Molecular 
diagnostics with aCGH may be a valuable method, allowing 
re-investigation of cases in which conventional cytogenetic 
techniques reached no conclusion. Although the implemen-
tation and availability of molecular gene analysis is increasing, 
it is still not performed as a routine diagnostic protocol. It is 
more often undertaken in children with developmental delay, 
epilepsy or multiorgan manifestations, than in patients with 
normal or slightly delayed neurodevelopment. We observed 
a similar trend in our survey. 

There are numerous conditions in which ACC may be 
a feature, as in Vici or Fraser syndromes. All previously report-
ed cases of Vici syndrome featured ACC. In our patient suffer-
ing from this condition, ACC was also found. Vici syndrome is 
caused by mutations in the EPG5 (ectopic P granules protein 5)  
gene, while Fraser syndrome is caused by mutations in the 
FRAS1 and FREM2 gens. Fraser syndrome is rare, without 
clear genotype-phenotype correlations, and FRAS1 gene has 
many exons, which impedes the investigation of mutations in 
affected patients. For Vici syndrome, almost 40 EPG mutations 
have been already detected, making it difficult to identify the 
mutation in some patients [9, 32, 33]. Two of our patients were 
screened for FRAS1 and EPG5 mutations. Unfortunately, in 
a patient who met the clinical diagnostic criteria for Fraser 
syndrome, genetic testing did not prove this diagnosis. Patients 
with Fraser syndrome described so far have presented with 
several brain abnormalities, but, callosal anomalies have not 
been among those reported [32].

The differential diagnosis of ACC is wide. Subsets of 
callosal anomalies, dysmorphic features, other anatomical 
malformations and neurological impairment can be encoun-
tered in different syndromes, which can result in difficulties 
in choosing the relevant molecular screening test.

Apert, Aicardi, Smith-Lemli-Opitz, and Rubinstein-Taybi 
syndromes are among the known genetic syndromes that 
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could manifest with ACC [3, 8, 10]. Our results are in line 
with these findings, although we did not include any patients 
with Aicardi syndrome. 

Defects of the CC, neurodevelopmental delay, epilepsy, and 
dysmorphism are frequently reported in patients presenting 
with various types of dystonia and other hereditary movement 
disorders with childhood onset. Results of the latest gene anal-
yses have revealed varied molecular bases of these disorders 
[34, 35]. In neurodegenerative diseases with onset in the 4th 
and 5th decades of life, in which brain macrophages known as 
microglia play an important role in their formation, defects 
of the CC may also be present. Microglia proliferation and 
development requires the activation of a Colony Stimulating 
Factor 1 Receptor (CSF1R), the gene previously associated 
with adult-onset leukoencephalopathy with axonal spheroids 
and pigmented glia (ALSP). However, the role played by brain 
microglia in nervous system development has been recently 
noted. Individuals with homozygous CSF1R mutations who 
presented paediatric phenotypes distinct from ALSP have been 
described. This mutation has been found in infants with ACC 
and in adolescents with severe developmental regression, epi-
lepsy and leukodystrophy [36, 37]. It has also been described 
in paediatric patients as BANDDOS, a syndrome consisting of 
brain abnormalities including ACC, neurodegeneration and 
dysosteosclerosis [34, 35].

A CSF1R mutation was identified in a Polish patient 
with a diagnosis of ALSP accompanied by thin CC [38]. The 
clinical features of CSF1R-related leukoencephalopathy oc-
cupy a broad spectrum, encompassing seizures, movement 
disorders and psychiatric features, seen also in individuals 
with ACC [39]. 

Therefore, in patients with callosal abnormalities, genetic 
testing should also include this gene mutation.  

The clinical course in children with callosal anomalies 
is unpredictable and varies from asymptomatic cases to 
a wide range of neurodevelopmental impairments [21–23]. 
Establishing the prognosis for further neurodevelopment of 
affected individuals remains difficult, as these infants may 
not show symptoms during the neonatal period, especially if 
they have no other associated malformations. Poor outcomes 
have often been reported when ACC has been associated 
with extracallosal anomalies, while patients without other 
associated malformations or chromosomal abnormalities 
have been shown to be more likely to obtain better neurolog-
ical outcomes [6, 19, 25, 40–42]. Our results are consistent 
with these findings. The majority of children with normal 
development in our study were patients with isolated ACC. 
However, even in isolated cases, the prognosis remains un-
clear, and the neurodevelopmental outcome can range from 
normal development in 75% of patients, to differing levels 
of intellectual disability. Some clinical features may become 
more apparent during infancy and childhood, including sei-
zures, abnormal muscle tone, poor coordination, cognitive 
impairment, and language developmental delay [24, 40, 41]. 

Similarly to previous works, a third of our isolated ACC cases 
showed (mostly mild) developmental disabilities. Hypotonia 
and slight motor delay occurred in the first six months of life, 
while cognitive disabilities manifested at school age. 

The presence of extracallosal CNS and extra-CNS malfor-
mation, together with the detection of a genetic aetiology, have 
been linked to abnormal developmental outcomes [3, 6, 19]. 

Our study confirmed these findings: delayed neurodevel-
opment and intellectual disability were evident in all patients 
displaying chromosomal disorders and known genetic syn-
dromes. Unfavourable neurological findings were also seen 
in the majority of children with additional serious CNS and 
non-CNS abnormalities.

Like most earlier studies, the present paper confirms that 
the coexistence of other defects significantly increases the risk 
of epilepsy [42]. 

Limitations of study 
Firstly, as this was a retrospective study, some data may 

be missing or not fully reported (e.g. genetic testing reported 
for 43%, MRI imaging available for 55% of patients). MRI 
data was reported mostly in patients with poor neurological 
outcomes. It remains unknown how many patients with 
normal intelligence, mild behavioural problems, or assessed 
as having isolated ACC, actually had additional brain abnor-
malities. Secondly, intellectual disability, social problems, and 
speech delay were defined by hospital psychologists without 
providing the type of tools used for the diagnosis. Moreover, 
the assessment of neurological impairments relied on our 
review of medical records. However, our diverse cohort was 
a strength of this study; based on our hospital database, we 
obtained a diverse sample of ACC cases which were not limited 
to patients with neurodevelopmental delays. With respect to 
developmental outcomes, the results in our cohort may reflect 
those to be expected for the overall population of children 
with callosal defects. 

Conclusions 

Callosal defects are frequently accompanied by a large 
number of brain and somatic anomalies. Therefore, both chil-
dren with additional malformations, and those with apparently 
isolated callosal anomalies, should undergo a detailed brain 
and cardiac examination. Thorough neuroimaging should 
also be carefully planned at a later date to confirm partial or 
complete agenesis and other accompanying abnormalities. 

Since several chromosomal aberrations may be an under-
lying cause of callosal anomalies, genetic testing should be 
offered to all ACC patients. Patients presenting with ACC may 
exhibit different degrees of neurodevelopmental impairment. 
The coexistence of extracallosal abnormalities significantly 
worsens the neurological prognosis and increases the risk of 
epilepsy. Individuals with isolated ACC show better neurode-
velopmental outcomes.
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ABSTRACT

Introduction. Neurodegeneration is likely to be present from the earliest stages of multiple sclerosis (MS). MS responds poorly 
to disease-modifying treatments (DMTs) and leads to irreversible brain volume loss (BVL), which is a reliable predictor of future 
physical and cognitive disability. Our study aimed to discover the relationship between BVL, disease activity, and DMTs in a co-
hort of patients with MS.

Material and methods. A total of 147 patients fulfilled our inclusion criteria. Relevant demographic and clinical data (age, 
gender, time of MS onset, time of treatment initiation, DMT characteristics, Expanded Disability Status Scale (EDSS), number of 
relapses in the last two years prior to MRI examination) were correlated with MRI findings.

Results. Patients with progressive MS had significantly lower total brain and grey matter volumes (p = 0.003; p < 0.001), and 
higher EDSS scores (p < 0.001), compared to relapsing-remitting patients matched by disease duration and age. There was no 
association between MRI atrophy and MRI activity (c2 = 0.013, p = 0.910). Total EDSS negatively correlated with the whole brain 
(rs = −0.368, p < 0.001) and grey matter volumes (rs = −0.308, p < 0.001), but was not associated with the number of relapses 
in the last two years (p = 0.278). Delay in DMT negatively correlated with whole brain (rs = −0.387, p < 0.001) and grey matter 
volumes (rs = −0.377, p < 0.001). Treatment delay was connected with a higher risk for lower brain volume (b = −3.973, p < 0.001), 
and also predicted a higher EDSS score (b = 0.067, p < 0.001).

Conclusions. Brain volume loss is a major contributor to disability progression, independent of disease activity. Delay in DMT 
leads to higher BVL and increased disability. Brain atrophy assessment should be translated into daily clinical practice to monitor 
disease course and response to DMTs. The assessment of BVL itself should be considered a suitable marker for treatment escalation.

Key words: multiple sclerosis, brain volume loss, atrophy, neurodegeneration, disability

(Neurol Neurochir Pol 2023; 57 (3): 282–288)

Introduction

Multiple sclerosis (MS) is an inflammatory and degen-
erative disorder of the central nervous system (CNS) with 
complex and not yet fully-understood disease mechanisms 

[1, 2]. In addition, MS has a heterogeneous presentation and 
a wide range of onset age. This diversity can lead to a delayed 
diagnosis and result in more complicated management. 
Although the clinical course of MS is variable, in the vast ma-
jority of cases it starts with reversible episodes of neurological 
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disability — as the relapsing-remitting (RR) form with dominant  
inflammatory pathogenesis. Later in the course of the dis-
ease, continuous and irreversible neurological decline due 
to neurodegeneration prevails (this is secondary progressive 
MS — SPMS) [3]. When exactly the progressive phase of MS 
begins is still the subject of debate. A minority (10–15%) of 
patients have primary progressive MS (PPMS), in which the 
progression of disability is present from the very onset [4]. 
Whether the clinical subtypes of MS are pathologically distinct 
from each other — or possibly even different disease entities 
— is still open for discussion. Some authors consider MS per 
se (all types) to be an asynchronously progressive disease from 
the very beginning [5]. Nevertheless, MS classification is still 
based on the clinical phenotype [6]. 

In the context of reserve capacity, progression occurs in all 
patients, but remains unrecognised by clinicians. Numerous 
magnetic resonance imaging (MRI) features — i.e. brain 
volume, spinal cord atrophy, and T2 lesion volume — are 
predictive of disability worsening and are variably present 
in both the relapsing and the progressive forms of MS [7, 8]. 
Brain volume loss (BVL) is relatively independent of lesion 
load, and, as a predictor of the evolution of disability, has 
become a critical biomarker of neurodegeneration [9]. 
Irreversible brain atrophy is clinically relevant, correlating 
with future physical and cognitive disability in MS patients 
[10]. Brain volume loss, reflecting the real tissue damage in 
MS patients, occurs from the preclinical stage of the disease 
and progresses up to five times faster than natural ageing 
[11]. Axonal damage accounting for brain atrophy may be 
acute due to inflammation or chronic due to pathogenic 
mechanisms primed by the preceding inflammation and later 
perpetuated with disease progression [12]. Brain atrophy 
assessment is substantial in MS, making BVL a relevant 
marker to diffuse CNS damage, leading to clinical disease 
progression, and serving as a useful parameter in evaluating 
the effects of MS therapies [13].

The definition for efficacy of MS treatment has become 
more comprehensive over the last decade. With the introduc-
tion of more effective types of disease-modifying therapies 
(DMTs), the disease-free period or “no evidence of disease 
activity” (NEDA) became a new measured outcome. Although 
NEDA status may strongly predict favourable long-term out-
comes, its absence is not necessarily a poor prognostic sign. 
Daily clinical practice indicates that patients may experience 
a new relapse and/or new MRI lesion, and yet remain stable 
from a long-term point of view [14]. 

Three basic components — an absence of clinical relapses, 
no progression measured by expanded disability status scale 
(EDSS), and a lack of new T2 and/or enhancing lesions on 
brain MRI — represent NEDA-3. Cognitive state assessment 
and monitoring of neuroaxonal damage (measuring BVL or 
plasmatic levels of neurofilament chain) became the basis for 
NEDA-4 [15]. The concept of NEDA-4 has the potential to 
capture the impact of therapies on both inflammation and 

neurodegeneration. NEDA-4 deserves further evaluation 
across different compounds and long-term studies [16].

Clinical rationale for study

Our study aimed to analyse the clinical relevance of brain 
atrophy in a cohort of patients with MS. According to obser-
vations from clinical practice and our preliminary data [17], 
we postulated the following hypotheses:

	— Brain atrophy is independent of MRI activity.
	— Disability is more affected by brain volume loss than by 

disease activity (number of relapses and/or new T2 lesions 
on brain MRI).

	— Delay in DMT initiation leads to worse outcomes in MS 
patients.

Material and methods

Patients
Inclusion criteria for study enrollment were:

	— diagnosis of MS according to the 2017 McDonald criteria,
	— minimum age of 18 years,
	— having valid results from brain MRI and volumetry exams 

at the MRI Centre, Dr. Magnet Ltd, Bratislava, Slovakia.
Data collection was carried out between April 2017 and 

December 2020. We collected data from 150 patients; three of 
them were excluded due to incomplete information.

Methods
This was a retrospective, cross-sectional, single-centre 

study approved by the Ethical committee of Derer University 
Hospital, Comenius University, Bratislava, Slovakia under 
approval number 03/2017.

All MRI examinations were performed using the same 
hardware and software throughout the whole study duration. 
Data was assessed by neuroradiologists trained in MS. Visual 
evaluation of the brain focused on detecting lesions (Flair/ 
/T2 hyperintensities, T1 hypointensities) and distribution in 
space, the detection of new Flair/T2 lesions, and contrast- 
-enhancing T1 hyperintensities to evaluate disease activity —  
distribution in time, according to the 2017 McDonald criteria. 
Description of atrophic changes was assessed using visual 
rating scales. Simultaneously, MRI scans (3D Flair, 3D T1) 
were analysed by Icobrain MS software (Icometrix, Leuven, 
Belgium). Icobrain MS software can detect, quantify and track 
the evolution of MS lesions (Flair, T1) and distribution in space 
and time. The software provides metrics that can assess the 
volume of the whole brain and grey matter, tracking annual-
ised brain volume changes to evaluate disease progression. 
Additionally, the software compares brain volume and volume 
changes to age — and sex — having matched a normative 
reference population. The calculated volumes can be used to 
interpret the subjects’ measurements concerning a normative 
population.
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Relevant demographic and clinical data was collected 
from the information system at the Centre for MS Treatment 
at the Second Department of Neurology, Faculty of Medicine, 
Comenius University in Bratislava. Data was obtained at the 
timepoint corresponding with the date of the brain MRI exa
mination, and included:

	— age,
	— gender,
	— time of MS onset,
	— time of treatment initiation,
	— DMT characteristics (escalation versus induction; 1st line 

versus 2nd line),
	— Expanded Disability Status Scale (EDSS),
	— number of relapses in the two years prior to MRI exami

nation.

Statistical analysis
We determined the required minimum sample size based 

on a a priori power analysis [18] using the G*Power 3 pro-
gram [19]. The data was analysed by JASP Team (2021) JASP 
(Version 0.16) software. Statistics were used to evaluate demo-
graphic and clinical data. For normality evaluation, individual 
variables were first tested with the Lilliefors modification of the 
Kolmogorov-Smirnov test. Continuous parametric data satis-
fying normal distribution were described as mean ± standard  
deviation. If the data was non-normally distributed, it was 
described as median values with corresponding interquar-
tiles. Categorical parametric data was presented as percent-
ages. Parametric data was compared by the Student T-test, 
non-parametric data by the Mann-Whitney U-test; the 
chi-square test was used for categorical variables. Using the 
Bonferroni approach to control Type I errors, a p-value ≤ 0.008  
was required for statistical significance. Correlation analysis  
of the data was conducted with the Spearman correlation test 
and linear regression. In cross-sectional analysis, a binary 
logistic or linear regression model was used to estimate prob-
ability and 95% confidence intervals (CI) for the risk factors.

Results

Description of patients
We collected complete data from 147 patients with 

MS, of whom 68.7% were female. The mean age was 42.13  

± 11.03 years and mean disease duration was 10.70 ± 7.46 years. 
By far the most common MS subtype in our group was relapsing- 
-remitting (n = 123; 83.7%), followed by the secondary pro-
gressive (n = 21; 14.3%) and then the primary progressive 
subtypes (n = 3; 2.0%). The median of EDSS was 3.0 (IQR 
2.250, min 1.0, max 7.0). The mean duration of MS treatment 
was 6.13 ± 4.26 years; 36.7% patients were treated by their first 
DMT (n = 54), 34.0% (n = 50) by the second DMT, 17.0% by 
the third (n = 25), 6.8% (n = 10) by the fourth, and 3.4% (n = 5) 
by the fifth DMT in their medical history. Only three patients 
(2%) did not take any DMT. Demographic and clinical data is 
summarised in Table 1.

Both whole brain volume (rs = −0.409, p < 0.001) and grey 
matter volume (rs = −0.747, p < 0.001) negatively correlated 
with age; there were no significant differences between genders.

According to age, whole brain volume negatively corre-
lated with MS duration (rs = −0.270, p < 0.001). Progressive 
MS (both primary and secondary) patients had significant-
ly lower whole brain and grey matter volumes (p = 0.003  
and p < 0.001, respectively) compared to RRMS patients 
matched by disease duration and age.

Whole brain volume also negatively correlated with treat-
ment duration (rs = −0.177, p = 0.037). 

There was no significant difference in whole brain vol-
ume when comparing patients treated by different treatment 
lines (p = 0.384), different therapy modes (induction versus 
escalation, p = 0.552), or the number of previous treatments  
(p = 0.228). We did not find any significant correlation with 
grey matter volume in these specific parameters (data available 
upon request).

MRI atrophy and MRI activity
There was no association between MRI atrophy and MRI 

activity (χ2 = 0.013, p = 0.910).
Comparing patients with and without MRI activity, there 

was a significant difference in age (p = 0.006) and the number 
of relapses in the last two years (p = 0.008). There was no sig-
nificant difference in either MS or therapy duration (p = 0.533, 
and p = 0.113, respectively) or total brain and grey matter 
volume (p = 0.533, and p = 0.113, respectively).

Comparing patients with and without MRI atrophy, there was 
a significant difference in both whole brain volume (p < 0.001)  
and grey matter volume (p < 0.001), and in MS duration  

Table 1. Relevant demographic and clinical data of all included patients

 Mean Median SD IQR Min Max

Age (years) 42.13 42.00 11.03 15.50 20.00 71.00

MS duration (years) 10.70 8.500 7.458 9.850 0.3000 46.70

Treatment duration (years) 6.128 5.700 4.263 5.600 0.000 20.90

Number of DMTs 2.007 2.000 1.089 2.000 0.000 5.000

EDSS 3.500 3.000 1.417 2.250 1.000 7.000

MS — multiple sclerosis; DMT — disease-modifying therapy; EDSS — expanded disability status scale; SD — standard deviation; IQR — interquartile range 
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Table 2. Comparison of patients with and without MRI activity, or MRI atrophy, respectively

MRI activity MRI atrophy

Group Mean SD p-value Mean SD p-value

Age 

(years)

No 43.577 10.889 0.006 40.527 9.923 0.027

Yes 37.667 10.398 44.732 12.285

MS duration (years) No 10.639 6.833 0.533 9.291 6.501 0.005

Yes 10.872 9.232 12.979 8.362

Treatment duration 
(years)

No 6.356 4.017 0.113 5.384 4.019 0.004

Yes 5.425 4.943 7.338 4.406

Relapses in last two 
years (n)

No 0.360 0.569 0.008 0.429 0.635 0.680

Yes 0.722 0.815 0.482 0.687

Whole brain volume 
(mL)

No 1,509.586 75.779 0.314 1,548.132 64.039 < 0.001

Yes 1,510.972 89.679 1,447.839 59.607

Grey matter volume 
(mL)

No 904.135 48.802 0.038 927.297 46.476 < 0.001

Yes 925.806 58.206 880.429 47.245
MRI — magnetic resonance imaging; SD — standard deviation; MS — multiple sclerosis

Figure 1. Negative correlation between expanded disability status scale (EDSS) and both whole brain volume (rs = –0.368, p < 0.001) and 
grey matter volume (rs = –0.308, p < 0.001)

(p = 0.005) and treatment duration (p = 0.004). All data is set 
out in Table 2.

Disability
Total EDSS score correlated positively with MS duration 

(rs = 0.457, p < 0.001) and treatment duration (rs = 0.329,  
p < 0.001), but was not associated with the number of relapses 
in the last two years (p = 0.278). Comparing patients with 
and without MRI activity, there was no significant difference 
in EDSS (p = 0.01). Comparing patients with and without 
MRI atrophy, patients with atrophy had higher EDSS scores  
(p < 0.001). EDSS negatively correlated with whole brain 
volume (rs = −0.368, p < 0.001) and grey matter volume  

(rs = −0.308, p < 0.001) as shown in Figure 1. Progressive MS 
patients had significantly higher EDSS scores (p < 0.001) 
compared to RRMS patients matched by MS duration and age.

Treatment delay
The number of years from MS onset to DMT initiation 

(treatment delay) negatively correlated with whole brain 
volume (rs = −0.387, p < 0.001) and grey matter volume  
(rs = −0.377, p < 0,001). Treatment delay was connected with 
a higher risk for lower brain volume (b = −102, p < 0.001).

There was no significant correlation between treatment 
delay and MRI activity or the number of relapses (p = 0.943, 
and p = 0.591, respectively).
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Figure 2. Positive correlation between treatment delay and expanded disability status scale (EDSS) score (rs = 0.322, p < 0.001)
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Discussion

Neuroimaging is of the utmost importance in both the 
diagnosis and the differential diagnosis of MS — especially 
in borderline, undetermined and atypical cases [20]. Multiple 
sclerosis used to be considered a white matter inflammatory 
disease, whereas brain volume loss was previously regarded as 
being present in more severe or advanced stages of the disease. 
This belief has been refuted in the last decade by numerous 
studies demonstrating that brain atrophy begins to occur from 
the preclinical stage of MS, and continues (at least partially) 
independently of inflammation [21]. This has been proved not 
only by volumetric studies; progressive neurodegeneration 
was recently confirmed by measuring the peripapillary retinal 
nerve fibre layer (pRNFL) by optical coherence tomography 
(OCT) [22].

MRI activity versus MRI atrophy and brain 
volume loss

Our results confirm that total brain volume is negatively 
correlated with MS duration. In addition, patients with pro-
gressive forms have significantly lower whole brain volume and 
grey matter volume compared to patients with RRMS (matched 
by disease duration and age). Previously published data showed 
that grey matter volume is lower in secondary-progressive 
disease compared to relapsing-remitting disease [10].

Regarding DMT, brain volume is negatively correlated with 
treatment duration, but it is not affected by current therapeutic 
approaches (i.e. the first versus the second line, escalation 
versus induction scheme). This supports the above-mentioned 
hypothesis that the neurodegenerative process is not signifi-
cantly influenced by inflammation and/or immunomodulatory 
medication.

We found no association between MRI activity and brain 
volume changes on MRI (atrophy, total brain volume or grey 
matter volume). We proved that patients with confirmed 
activity on brain MRI — compared to patients with stable 

MRI findings — were significantly younger and had a higher 
number of relapses in the past two years — very probably being 
still in the inflammatory-predominant stage of MS. Here, MRI 
activity can predict the effects of immunomodulatory treat-
ment on relapses of over two years [23]. This is important for 
clinicians’ decisions about the escalation of DMT in a patient 
without manifest clinical worsening, as the predictive value of 
a new T2 MRI lesion counting as a predictor of longer-term 
effects on relapses has been assessed [24].

On the other hand, we found that the presence of brain 
atrophy on MRI did not correlate with disease activity (nei-
ther the number of relapses, nor new lesions on MRI). These 
patients had longer MS duration, as well as longer duration 
of DMT, compared to patients with no atrophy. All these 
findings underline that atrophy and activity are independent 
of each other.

Assessment of atrophy helps to distinguish between clini-
cally and cognitively deteriorating patients and predicts those 
who will have a less favourable clinical outcome in the long 
term. Atrophy can be measured from brain MRI scans due to 
the many technological improvements made over the last few 
years. Despite this, measuring brain atrophy is not yet estab-
lished as a routine clinical practice [12]. Early identification of 
patients with MS — accumulating future irreversible clinical 
disability in the long term — could help with therapeutic 
decision-making and patient management [25].

Impact of MRI findings on disability
In our study, EDSS score positively correlated with MS 

duration. However, it was not associated with disease activity 
assessed by the number of relapses in the last two years.

In addition, the difference in EDDS scores between pa-
tients with and without MRI activity was not significantly 
different. On the other hand, patients with brain atrophy had 
significantly higher EDSS scores, and this disability indicator 
negatively correlated with both whole brain and grey mat-
ter volume. An association between brain volume loss and 
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disability progression has been recently confirmed [12, 25]. 
These findings support previous research revealing that grey 
matter atrophy and T2 lesion volume are independent and 
mirror distinct pathological processes in a specific stage of 
MS [10].

Progressive MS patients had significantly higher EDSS 
scores, and lower total brain and grey matter volumes, than 
RRMS patients matched by disease duration and age.

Grey matter volume loss explains physical disability (as 
measured by the EDSS) better than white matter volume loss 
and/or T2 lesion volume [26]. Recent reports have confirmed 
that the rate of BVL is relatively stable throughout the course of 
RRMS. Accelerated BVL is weakly associated with concurrent 
higher disease activity [27]. Brain atrophy might also have 
a higher predictive value than conventional MRI findings in 
preventing physical disability progression (T2 lesion load) 
[21]. Our results are in agreement with the hypothesis that 
the neurodegenerative components of the progressive aspects 
of MS pathology, characterised by worsening disability, are 
independent of relapses [28].

Effect of treatment delay on outcomes
We found no significant correlation between treatment 

delay and MRI activity or the number of relapses in the last 
two years. This is not surprising, as the role of effective DMT 
is to decrease the activity of MS. On the other hand, a higher 
number of years from MS onset to DMT initiation was as-
sociated with lower brain volumes and higher EDSS scores. 
This has been referred to as the ‘therapeutic window’: if anti- 
-inflammatory drugs are started late, too much damage has 
already accrued to prevent the consequences of previous focal 
inflammatory activity. Patients with SPMS show sustained 
accumulation of disability due to uncontrolled progression 
attributable to brain volume loss. The rate of cerebral atrophy 
is most significant in patients with established cerebral atrophy 
and a higher inflammatory lesion burden before DMTs [29]. 
Available DMTs are of only marginal benefit for patients al-
ready in the progressive stage of the disease [3]. Therefore, pre-
venting patients from converting from the relapse-remitting to 
the progressive form of MS might be the only way of slowing 
down the irreversible neurological deterioration caused by 
axonal loss. Uher et al. [7] found that early initiation of ade-
quate treatment helps halt the rate of BVL [27]. Randomised 
controlled trials and recent observational studies suggest that 
the initiation of early-intensive therapy is associated with 
decreased accumulation of overall disability. Understanding 
risk factors associated with disability progression is helpful in 
enhancing the clinician’s availability to provide optimal treat-
ment recommendations. There is clear evidence that a higher 
reduction in brain atrophy leads to a reduction of disability 
amelioration, but disease-modifying therapies (DMTs) can 
only partially slow down the rate of brain atrophy progression 
in MS patients [11, 21, 24]. Over the past decade, new DMTs 
with various secondary neuroprotective properties impacting 

on axonal survival have been implemented. Moreover, treat-
ment delay is now shorter. All this might have contributed 
to the changes in the course of multiple sclerosis — which is 
apparently milder nowadays.

Our study has some limitations. The vast majority of 
our patients were treated with DMTs; therefore, the effect  
of pseudo-atrophy may have been present [30]. In our study, 
we did not assess the volume of T2 lesions, which, together 
with magnetisation transfer ratio (MTR) lesions, correlate with  
mean grey matter volume loss [31–33]. 

We did not include healthy controls; nevertheless, our data 
was statistically analysed, controlling for age and gender. We 
are aware that EDSS is not sensitive to signs of progression 
such as cognitive impairment, severe fatigue etc., but despite 
its limitations, this scoring system for disability evaluation 
is still the gold standard [6, 12, 28, 33]. Various volumetric 
software has been used in different reviewed studies compared 
to ours. However, the majority of results are still consistent 
[10, 27, 31–33].

Clinical implications / future directions

Our results have validated that brain atrophy manifests 
progressively in MS patients, and independently of clinical 
and MRI activity. Brain volume loss is a major contributor to 
disability progression, and we found that delay in DMT leads to 
higher BVL and increased disability. With the advent of easily 
accessible neuroimaging software, brain atrophy assessment 
should be translated into daily clinical practice to monitor 
disease course and responses to DMTs. Volumetric assess-
ment should be implemented into routine MRI protocol for 
patients with MS. In addition, plenty of new, more promising 
DMTs are already being tested in progressive MS types, and 
the assessment of BVL itself should be considered a sufficient 
marker for treatment escalation. Further studies are required 
to confirm these promising results.
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ABSTRACT
Introduction. Several studies have suggested the possibility that disease prodromes might occur months or even years before 
a multiple sclerosis diagnosis.

Objectives. To describe the profile of prodromal symptoms and the possible relationship between the occurrence of individual 
symptoms and clinical course characteristics in patients with relapsing-remitting multiple sclerosis (RRMS), and to assess their 
role as predictors of further disease course.

Material and methods. The cohort included 564 patients with RRMS. Patients were stratified based on their current EDSS sco-
re, and the annual EDSS growth rate was calculated. Logistic Regression Analysis was used to study the relationship between 
prodromal symptoms and disease progression.

Results. The most commonly reported prodromal symptom was fatigue (42%). The following symptoms were significantly 
more common in women than in men: headache (39.7% vs. 26.5%, p < 0.05), excessive sleepiness (19.1% vs. 11.1%, p < 0.05) 
and constipation (18.0% vs. 11.1%, p < 0.05). 
Prodromal urinary and cognitive disturbances, fatigue and pain complaints were significantly more common in patients with 
the highest annual EDSS increase (p < 0.05).
Multivariate analysis revealed some potential predictors of long-term disability progression: hesitancy in starting urination 
predicted EDSS increase by 0.6 point (p < 0.05), while deterioration in everyday functioning because of cognitive disturbances, 
and pain complaints, were associated with an EDSS increase of 0.5 (p < 0.05), and 0.4 (p < 0.05), respectively.

Conclusions. Prodromal pain, urinary and cognitive complaints (especially when these lead to deterioration of everyday fun-
ctioning) were associated with a higher EDSS increase rate, and may thus be regarded as possible predictors of worse clinical 
outcomes in RRMS patients. 

Key words: multiple sclerosis, prodromes, disease predictors, RIS, preclinical phase

(Neurol Neurochir Pol 2023; 57 (3): 289–296)

Introduction

Multiple sclerosis (MS) is a chronic demyelinating disease 
of inflammatory and neurodegenerative aetiology, which 
mainly affects young adults [1]. Currently, MS diagnosis can 
only be made at the onset of clinical symptoms typical for MS, 

when the patient meets the criteria for dissemination in time 
and space [2]. However, it is vital to diagnose the disease at 
a very early stage, since starting treatment without delay allows 
patients to achieve better outcomes [3–6].

Radiologically isolated syndrome (RIS), first described by 
Okuda in 2009 [7], is a condition wherein the patient has brain 
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magnetic resonance imaging (MRI) abnormalities suggestive 
of MS, but with no apparent signs or symptoms of the disease. 
Approximately 50% of subjects with RIS go on to develop 
MS within 10 years [8]. Therefore, describing RIS was one 
of the first arguments to suggest that there was a preclinical 
phase of MS. If such a phase does in fact exist, then it would 
be extremely important to be able to identify patients who 
are still in this very phase, possibly by careful screening for 
disease prodromes.

A prodrome is defined as a sign or symptom preceding the 
classical course of a specific disease [9]. One of the best exam-
ples of diseases with an evident prodromal phase is Parkinson’s 
disease [10] but it is also features in Alzheimer’s disease, de-
pression, rheumatoid arthritis, and Crohn’s disease [1, 11, 12].

Clinical rationale for study

Several studies have suggested the possibility that disease 
prodromes might occur even 5–10 years before MS diagnosis. 
Such a possibility is implied by a higher number of hospital-
isations and visits to psychiatrists and dermatologists, and 
more frequent recognition of sleep and bowel disturbances, 
fatigue, pain, migraines or cognitive impairment [1, 13–18].

In this study we aimed to: (I) analyse the profile of prodro-
mal symptoms based on information obtained directly from 
MS patients; (II) compare this profile to previously published 
data obtained from healthcare and insurers’ registries; (III) 
analyse the profile of patient-reported prodromal symptoms 
with regards to gender and age at disease onset; and (IV) finally 
to assess the possible role of different prodromal symptoms as 
predictors of the subsequent disease course.

Material and methods

Participants were recruited from the single MS centre at 
the Department of Neurology, Poznan University of Medical 
Sciences, Poznan, Poland. Adult patients with relapsing re-
mitting MS (RRMS) were enrolled to take part in the study 
between November 2021 and April 2022. The data was ob-
tained by neurologists using an original questionnaire called 
‘ProdroMuS’ (see Appendix 1) during the patients’ visits to 
the  clinic. In the questionnaire, patients were asked about 
any symptoms that preceded the onset of their first relapse 
for up to five years, but were not typical MS relapses. In the 
questionnaire, we listed the prodromal symptoms mentioned 
in previously published studies. Additionally, we asked patients 
about their subjective feelings about their cognitive functions 
during the time preceding their first MS relapse. The patients 
were asked to mark the time frame in which they developed 
symptoms. When asking about fatigue and upper respiratory 
tract infections, we asked about the increased number of 
symptoms or severity in comparison with their peers.

Patients were also assessed by their treating neurologists 
with Expanded Disability Status Scale (EDSS) at the time 

of enrollment into the study. Clinical data concerning the 
onset of first MS symptoms, MS diagnosis and all annual 
EDSS assessments since treatment onset were obtained from 
patient records, and verified with the data entered by treating 
neurologists to the central nationwide register under the 
Polish public healthcare system (the National Health Fund 
electronic database).

Patients who did not consent to participate in the study 
were excluded. 

This study was approved by the Internal Review Board 
at Poznan University of Medical Sciences, Poznan, Poland. 

Demographics and clinical characteristic  
of study group

We enrolled 564 patients with relapsing-remitting MS, 
consisting of 383 women (67.9%) and 181 men (32.1%). The 
study flow diagram is presented in Figure 1. The mean age 
(years) was 39.3 ± 10.4; median 39 (range 19–71); IQR 14.8. 
The mean EDSS at enrollment was 2.0 ± 2.8, median 2.0 (range 
0–6.5), IQR 1.5.

The mean age at MS diagnosis (years) was 30.9 ± 9.2; 
median 29.5 (range 13–66); IQR 12.8.

The mean time from experiencing first MS symptoms to 
enrollment (years) was 9.9 ± 6.3, median 9.0 (range 0–39), 
IQR 9. The majority of patients were treated with disease-
modifying therapies (N = 562; 99.6%), including 70 (12.4%) 
on high-efficacy therapies (natalizumab, alemtuzumab, 
ocrelizumab, cladribine, fingolimod) and 494 (87.6%) on 
platform therapies (injectables) i.e. teriflunomide or dimethyl 
fumarate. The relatively small percentage of patients treated 
with high-efficacy therapies in our centre is a result of the 
provisions of the National Health Fund that require meeting 
the appropriate (relatively high) criteria for receiving high-
efficacy therapies [19].

Statistical analysis
The results were reported as counts (percentage) for the 

categorical variables, mean with standard deviation, and medi-
an with quartiles for the continuous variables. As appropriate, 
categorical variables were compared using Chi-square tests 
(with Yates correction for 2 × 2 tables) or Fisher’s exact tests.

Continuous variables were compared between two groups 
using a Mann–Whitney test. The comparison of variables in 
three or more groups was performed using a Kruskal-Wallis 
test. After detecting statistically significant differences, post-
hoc analysis with Dunn’s test was conducted to determine 
which groups differed from each other.

A multiple linear regression model was used to investigate 
the combined effect of all prodrome variables on EDSS value.

A p-value of 0.05 or lower was considered statistically 
significant. All statistical analyses were performed using R soft-
ware [R Core Team (2022). R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL https://www.R-project.org/].

https://www.R-project.org/
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Table 1. Prodromal symptoms reported by RRMS cohort in ‘ProdroMuS’ 
questionnaire

Symptom N %

Fatigue 237 42%

Headache 200 35.5%

Vertigo 173 30.7%

Sleep disturbances 165 29.3%

Bowel disturbances 146 25.9%

Cognitive difficulties at school/work 130 23.1%

Concentration disturbances 123 21.8%

Limb tremor 119 21.1%

Dizziness 112 19.9%

Urinary disturbances 104 18.4%

Spinning 101 17.9%

Excessive sleepiness 93 16.5%

Increased frequency of URTIs 89 15.8%

Constipation 89 15.8%

Insomnia 83 14.7%

Deterioration in everyday functioning due to 
cognitive difficulties

83 14.7%

Anxiety and depressive disorders 82 14.5%

Dermatological disorders 65 11.5%

Abdominal pain 61 10.8%

Urgent need to urinate 58 10.3%

Diarrhoea 46 8.2%

Incontinence 44 7.8%

Use of antidepressant drugs before diagnosis 36 6.4%

Hesitancy in starting urination 32 5.7%
URTIs — upper respiratory tract infections

Results

Frequencies and timing of prodromal symptoms 
prior to first relapse

Four hundred and sixty-five out of 564 patients (82.4%) had 
at least one prodromal symptom, and 99 patients (17.6%) had no 
such symptoms. The mean number of prodromal symptoms per 
patient was 4.8 ± 4.4, median 4 (IQR = 7), and ranged from 0 to 22.

The period in which patients noticed prodromes was 
mostly reported as being difficult to assess (N = 142, 25.2%), 
followed by 2–3 years (N = 120, 21.3%), then within one year 
(N = 102, 18.1%), then within 4–5 years (N = 99, 17.6%) before 
the onset of classical MS symptoms (Tab. 1).

Two hundred and thirty-seven patients (42%) experienced 
fatigue and this was the most commonly reported prodrome. 
As the definition of fatigue can be vague, we asked specifically 
about fatigue which hindered everyday functioning and was 
more pronounced than in their peers. 

A total of 65 (11.5%) patients observed new dermatological 
diseases, such as atopic dermatitis, psoriasis, rash, tinea versicolor 
or photodermatosis, in the years preceding MS onset. In addition 
to the symptoms mentioned in the questionnaire, we also asked 
an open question about any bothersome symptoms occurring 
in the years preceding the MS onset. Patients typically reported: 
paresthesia (N = 62, 11%), non-specific visual disturbances  
(N = 27, 4.7%), or Lhermitte sign (N = 12, 2.1%). Fewer than five 
patients mentioned other symptoms, such as syncope, Bell’s palsy, 
hearing disturbances, sexual dysfunction, excessive sweating, tin-
nitus, stammering, or involuntary movements of the upper limbs.

Differences between women and men
A total of 318 women (83%) and 147 men (81.2%) reported 

prodromal symptoms, which was not significantly different  
(p = 0.682) However, women reported more symptoms than 
men (mean 5.1 vs. 4.3, p < 0.05).

The following symptoms were significantly more common 
in women than in men: headache (39.7% vs. 26.5%, p < 0.05), 
excessive sleepiness (19.1% vs. 11.1%, p < 0.05), and constipa-
tion (18% vs. 11.1%, p < 0.05). Gender-related differences were 
not statistically significant for other symptoms (see Tab. 2).

Prodromal symptoms and age at disease onset
We divided patients into five groups depending on their age 

when experiencing their first MS symptoms. The largest group 
constituted patients with a typical age at MS onset, namely 
21 to 30 years of age (N = 231, 41%). The frequency of pro-
dromal symptoms was not significantly different between the 
groups. However, the mean number of the reported prodromal 
symptoms was higher in the groups of middle age at disease 
onset (mean 5.3 and 6.1 for 31–40-years and 41–50-years onset  
respectively) compared to younger patients (mean 4.3 for  
onset ≤ 20 years and 4.2 for onset at 21–30 years) and to the late on- 
set group (mean 4.8 for disease onset > 50 years), p < 0.05.

We also analysed whether the occurrence of specific pro-
dromes was associated with age at MS onset. Pain complaints, 
sleep disturbances, vertigo, and fatigue were most common 
in the group that was diagnosed with MS between the ages 
of 41 and 50. Nightmares prevailed in the group with disease 
onset before age 20. Dizziness, urinary incontinence, or urgent 
need to urinate dominated in the group with late MS onset 
(after 50 years of age). All the above-mentioned relationships 
were statistically significant (p < 0.05, see Supplemental Tab. 1).

Prodromal symptoms and EDSS
To assess how and which of the prodromal symptoms 

were associated with future neurological status, we stratified 
patients into two groups according to their current EDSS 
(EDSS < 3 and ≥ 3).

The group with the higher EDSS reported more prodro-
mal symptoms (a mean of 6.1 ± 5 vs. 4.4 ± 4.1, p < 0.05), see 
Figure 1.
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Figure 1. Number of the reported symptoms by the current EDSS 
score (p < 0.05)
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Table 2. Prevalence of reported prodromal symptoms by gender

Symptom Sex p-value

Women (N = 383) Men (N = 181)

Pain complaints 88 (23%) 38 (21%) 0.68

Headache  152 (39.7%) 48 (26.5%)  0.003*

Sleep disturbances  122 (31.9%) 43 (23.8%) 0.06

Insomnia 60 (15.7%) 23 (12.7%) 0.43

Excessive sleepiness 73 (19.1%) 20 (11.1%) 0.02*

Vertigo  128 (33.4%) 45 (24.9%) 0.005*

Spinning 71 (18.5%) 30 (16.6%) 0.65

Dizziness 80 (20.9%) 32 (17.7%) 0.44

Anxiety and depressive disorders 57 (14.9%) 25 (13.8%) 0.84

Limb tremor 78 (20.4%) 41 (22.7%) 0.61

Bowel disturbances 105 (27.4%) 41 (22.7%) 0.27

Diarrhoea 25 (6.5%) 21 (11.6%) 0.06

Constipation 69 (18%) 20 (11.1%) 0.046*

Abdominal pain 42 (11%) 19 (10.5%) 0.98

Urinary disturbances 76 (19.8%) 28 (15.5%) 0.26

Incontinence 34 (8.9%) 10 (5.5%) 0.22

Urgent need to urinate 41 (10.7%) 17 (9.4%) 0.74

Hesitancy in starting urination 21 (5.5%) 11 (6.1%) 0.93

Use of antidepressant drugs before dg 23 (6%) 13 (7.2%) 0.73

Fatigue  168 (43.9%) 69 (38.1%) 0.23

Cognitive difficulties at school/work 94 (24.5%) 36 (19.9%) 0.26

Concentration disturbances 86 (22.5%) 37 (20.4%) 0.67

Deterioration in everyday functioning due to cognitive difficulties 59 (15.4%) 24 (13.3%) 0.59

Increased frequency of URTIs 60 (15.7%) 29 (16%) 1.0

*statistically significant. URTIs — upper respiratory tract infections

The following prodromes were significantly more frequent 
in the higher EDSS group: pain complaints, headache, vertigo, 
dizziness, limbs tremor, diarrhoea, urinary disturbances 
(incontinence, urgency, hesitancy in starting urination) and 
deterioration in everyday functioning due to cognitive issues, 
see Supplemental Table 2.

In multivariate analysis, the following prodromes correlated 
significantly with the future EDSS score: hesitancy in starting 
urination (raised EDSS by 0.6, p < 0.05), deterioration in every-
day functioning because of cognitive difficulties (raised EDSS by 
0.5, p < 0.05), and pain complaints (raised EDSS by 0.4, p < 0.05).  
The R² coefficient for this model was 14.13% (p < 0.05).

Prodromal symptoms and subsequent increase 
in disability

We adopted the index EDSS increase per year to assess 
whether and which prodromal symptoms occurred in patients 
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with a more aggressive course of the disease. Patients with 
disease duration of less than one year were excluded from this 
analysis. Subjects were divided into four numerically similar 
subgroups (see Suppl. Tab. 3).

The presence and number of prodromal symptoms cor-
related significantly with a higher increase in index EDSS per 
year during the course of the disease (see Suppl. Tab. 3).

For several of the analysed prodromal symptoms, we 
showed statistically significant differences between the groups, 
with the following prodromes occurring more often in the 
two groups with the highest annual EDSS increase: urinary 
disturbances, cognitive complaints, fatigue, and pain (see 
Suppl. Tab. 4). 

Pain complaints, headache, sleep disturbances, cognitive 
difficulties at school/work and deterioration in everyday 
functioning due to cognitive complaints were all significantly 
more frequent in the group with the fastest rate of disability 
accrual of ≥ 0.35 EDSS per year (p < 0.05 for all correlations).

Discussion

In this study, a great majority of our RRMS cohort (82.5%) 
presented with at least one prodromal symptom. The follow-
ing characteristics correlated significantly with the number 
of reported prodromal symptoms: female sex, disease onset 
between ages 31 and 50, EDSS score ≥ 3.0 at enrollment into 
the study, and higher annual EDSS increase. We stratified 
patients into two groups using a cut-off of EDSS 3.0. This was 
selected as a generally accepted essential milestone in the 
course of the disease [20]. 

The occurrence of individual prodromes differed signifi-
cantly depending on gender; specifically, headache, excessive 
sleepiness and constipation were significantly more common 
among women. The differences between the groups stratified 
by age at MS onset did not reach statistical significance. 
Therefore, it seems that the occurrence of the prodromal phase 
is independent of age at disease onset.

Fatigue, which is common among MS patients, has also 
been described in subjects with RIS [21], and was the most 
commonly reported symptom in our population (42%). In 
a study by Berger et al. [22], 28.9% of MS patients were labelled 
with chronic fatigue syndrome, malaise or fatigue in the three 
years preceding the MS diagnosis. In another study, fatigue 
was significantly more frequent in MS subjects up to five years 
before their diagnosis, compared to a healthy population [23].

Cognitive impairment in MS tends to progress over time, 
but might be detected as early as in clinically isolated syndrome 
[24] and even in up to 27.6% subjects with radiologically iso-
lated syndrome [25]. Notably, almost a quarter of our patients 
reported that they had noticed problems with concentration 
and learning even several years before their first relapse. These 
cognitive disturbances resulted in difficulties at school or work 
[26] and in almost 15%, these symptoms had affected their 
everyday life months or even years before MS onset.

Similarly, according to a Norwegian study, impaired cog-
nitive performance was found up to two years prior to the first 
MS event [27]. In an Argentinean population, it was shown 
that patients with subsequent MS diagnosis performed worse 
in their math exams at school compared to the healthy control 
group, even many years before disease onset [13].

In the current study, we were able to show that the pro-
dromal cognitive complaints were most frequently reported 
by the group with the fastest rate of disability accrual. 

Also, patients with EDSS ≥ 3 at enrollment were more 
likely to report that prodromal cognitive impairment and fa-
tigue led to deterioration in everyday functioning even before 
their first MS relapse. 

We acknowledge that fatigue could affect cognitive 
impairment. Importantly, our study participants were spe-
cifically asked whether their memory and concentration 
problems or difficulties in acquiring new information were 
more severe than in their peers and whether they made 
it difficult to cope with work or school duties. It was the 
deterioration in everyday functioning due to cognitive 
impairment that was a predictor of higher EDSS increase 
rate. This finding underlines the importance of patients’ 
subjective judgements and patient-reported outcomes in 
clinical reasoning.

Another clinically significant complaint is pain, which is 
more prevalent in MS subjects, even as much as 10 years before 
their first MS relapse [15, 23, 28]. In our study group, pain 
complaints (usually muscles, joints or back) were a predictor 
of higher disability (raised EDSS by 0.4 point, p < 0.05) and 
were reported more commonly in the higher EDSS subgroup 
(33.6% vs. 18.7%, p < 0.05) and in the subgroup with the 
highest annual EDSS increase (33.8% in ≥ 0.35 EDSS/y group 
vs. 12.1% in ≤ 0.10 EDSS/y group, p < 0.05). However, pain 
might be more elusive as a potential outcome predictor than 
cognitive impairment, given that the latter allows for a more 
reliable quantification.

Interestingly, 6.4% of our patients were treated with 
antidepressant drugs before their first MS relapse, which is 
consistent with the data reported for Polish (7%) and European 
(7.2%) populations [29]. This points to the fact that in the years 
preceding the disease, future MS patients do not use antide-
pressant drugs more frequently than the general population, 
something which has been implied by some studies [14, 15].  
Importantly, the number of patients on antidepressants dou-
bled after the diagnosis was made, rising from 6.4% to 12.4%. 
The frequency of anxiety and depressive disorders did not 
statistically differ between groups divided based on EDSS 
outcome or age at onset of disease.

Vertigo was reported by 30.7% of our patients, which is 
consistent with studies revealing that patients with MS had 
more prescriptions made out for anti-vertigo drugs in the five 
years preceding the diagnosis [30]. This was reported more 
frequently in groups with a higher EDSS score and higher 
accrual of EDSS per year.
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In our study population, gastrointestinal disturbances 
were observed in 29.1% of patients, which is higher than the 
numbers reported in Portuguese (17%) [15] and Swiss studies 
(11.6%) [23]. On the other hand, Almeida et al. [31] revealed 
that 31.6% of patients with RRMS reported bowel symptoms 
before the occurrence of clinically isolated syndrome, mostly 
constipation (50%) and diarrhoea (29.5%). In a Lithuanian 
population, 36.7% of patients experienced gastrointestinal 
disorders as prodromes [28]. The differences in the reported 
numbers may represent regional differences (dietary habits, 
environmental exposures) or may result from different group 
size effects.

Urological symptoms are rarely the first presentation of 
MS (3–10%), but in the course of the disease almost 65%  
of patients report moderate to severe urinary complaints 
[32]. Importantly, in our group 18.4% of patients reported 
them as prodromal signs, mostly in the groups with a higher 
disability increase rate. We must emphasise that studies based 
on International Classification of Diseases-10 (ICD-10) codes 
have also revealed that patients with MS have a significantly 
higher risk of presenting urinary dysfunction before their 
MS onset [14] and have a higher hospitalisation rate related 
to bladder disorders or higher number of prescriptions for 
urinary anti-spasmodics in the five years before typical MS 
onset [30, 33].

In the current study, hesitancy in starting urination as 
a prodromal sign correlated significantly with a higher EDSS 
at enrollment into the study. 

The strengths of our study include its access to a relatively 
large RRMS population with well-documented disease onset 
and follow-up EDSS scores, as recorded in the clinical database 
by the treating neurologists.

So far, the majority of studies concerning the prodromal 
MS phase have been based on electronic healthcare databases, 
which does ensure large groups of patients. However, in such 
databases, MS onset would be reported as the date of the first 
MS clinic visit [15, 22, 23, 33]. Such an approach could easily 
be flawed as some of the earlier visits could already be related 
to MS and not constitute a prodrome. Additionally, symptoms 
were identified from records by ICD-10 classification, and not 
reported directly by patients, which we believe to be a limi-
tation. Some complaints, such as fatigue, are rarely coded in 
ICD-10, especially if they accompany sleep or mood disorders. 

Limitations of retrospective approach
Recall bias needs to be addressed as an important limita-

tion of this study. Firstly, our questionnaire was designed to 
screen a period of only five years before MS onset, which is 
limiting but reliable (given the fact that it is self-reported). In 
fact, in most of the available studies on MS prodromes, a 5-year 
period has been analysed [14–16, 18, 30]. 

Another limitation is the lack of a control group. However, 
the aim of our study was rather to assess whether the symp-
toms were consistent with data available from studies based 

on ICD-10 databases, and not to compare MS to the general 
population. Importantly, we attempted to select symptoms that 
could be predictors of a more severe disease course.

Notably, most patients found it difficult to answer the 
open-ended questions about the other antecedent symp-
toms they noticed. This indicates the potential difficulties 
in accurately estimating prodromal symptoms. Due to their 
non-specific nature, relatively low intensity as compared to 
the symptoms of a relapse, and their chronicity, prodromes 
may sometimes simply be ignored by patients.

It is well established that radiologically isolated syndrome 
may precede the appearance of clinical symptoms of MS by up 
to several years [34–36], with levels of serum neurofilament 
light chain showing increases as much as six years before 
clinically definite MS [37].

Based on the pattern of radiological abnormalities in RIS 
and the presence of oligoclonal bands, we can estimate the risk 
of conversion from RIS to MS [34–36]. It is likely that consid-
ering prodromal symptoms would allow physicians a better 
selection of subjects requiring disease modifying therapies 
promptly in their care. As we nowadays have a wide range of 
therapies available, it seems that the biggest problem is still 
that we introduce them too late [4]. Also, in this specific pop-
ulation, neuroprotective strategies would be especially needed.

In this paper, we have shown that patients with higher 
EDSS scores reported more prodromal symptoms. Cognitive 
impairment and urinary disturbances were significantly cor-
related with a higher rate of EDSS increase in the future. This 
obviously necessitates further research.

This might be the right moment to change the generally 
dismissive approach to non-specific, ‘mild’ symptoms that do 
not affect a patient’s life. This approach is clearly contraindi-
cated by the high percentage of our study population who did 
experience a significant deterioration in their quality of life 
years before their first MS relapse.

Clinical implications and future directions
The inclusion of prodromes into the clinical course of MS 

may change the diagnostic criteria in future, although the use 
of additional tests/biomarkers, e.g. neurofilament light chain 
measurements, could be helpful in terms of minimising the 
risk of misdiagnosis [38]. We suggest that patients with RIS 
should receive routine assessments on Fatigue Severity Scale, 
neuropsychological tests, and a detailed history of urinary 
disturbances.

Since pain and fatigue can be difficult to objectify, we 
suggest focusing on complaints regarding cognitive impair-
ment, especially since a large group of patients noticed that 
these deficits worsened their daily functioning, even before 
manifestation of the typical MS symptoms. 

Our study may have important implications for newly 
diagnosed patients. Specifically, it suggests that screening 
this population for previous prodromal symptoms could be 
a factor in considering highly effective therapies (HET) earlier 
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on, if patients were identified as high-risk for early disability. 
Interestingly, in a Polish population, it has recently been shown 
that HET have been used less frequently than anticipated [19].

In the future, we plan to compare the results obtained from 
the MS population to those of additional comparative study 
cohorts of patients with other immune-mediated diseases, 
such as ulcerative colitis. 

We conclude that a broader appreciation and deeper 
understanding of the phenomenon of prodromes will allow 
us to better apprehend the early stages of multiple sclerosis.

Conflicts of interest: None.
Funding: None.
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ABSTRACT
Introduction. Recurrent falling is a major clinical milestone in Parkinsonian syndromes. It has a detrimental impact on quality 
of life, further prognosis, and life expectancy.

Aim of the study. To improve fall management and prevention, we aimed at identifying clinical parameters predicting fall fre-
quency. To this end, we retrospectively analysed records of fall events of patients with Parkinson’s disease (PD), or progressive 
supranuclear palsy (PSP), or multiple system atrophy (MSA), during their two-week inpatient stay at the Parkinson-Klinik Orte-
nau, Wolfach, Germany. This data served as an objective proxy for patients’ fall frequency and allowed us to estimate the impact 
of several demographic and clinical variables on the occurrence of falling.

Material and methods. Of 2,111 patients admitted to our hospital, 1,810 presented with PD, 191 with PSP, and 110 with MSA. 
We employed a multiple (quasi-) poisson regression analysis to model the fall frequency as a function of various demographic 
variables (age at diagnosis, gender) and clinical variables (disease duration and sub-type, motor and cognitive impairment, 
autonomic dysfunction). 

Results. Statistically significant predictors for falls in PD were cognitive impairment, motor impairment, and autonomic dys-
function. In PSP, significant predictors for falls were motor and autonomic dysfunction, while in MSA only disease duration 
predicted falls, but with only marginal statistical significance. 

Conclusions. Our results stress the importance of different factors in predicting falls in the different types of Parkinsonian syn-
drome. Preventive interventions should address these disease-specific targets for optimal success. 

Key words: autonomic dysfunction, cognitive impairment, falls, multiple system atrophy, Parkinson’s disease, progressive 
supranuclear palsy

(Neurol Neurochir Pol 2023; 57 (3): 297–304)

Introduction

The occurrence of falling is a major clinical milestone 
in the progression of Parkinsonian syndromes [1]. While in 
progressive supranuclear palsy (PSP) falling occurs early and 
is a diagnostic feature [2], falls occur later in the course of 
Parkinson’s disease (PD). Specifically, the median time to the 

first fall has been reported to be 1.4 years in PSP, but 9 years 
in PD [3]. In multiple system atrophy (MSA), the first fall has 
been estimated to occur at a median of 3.5 years after diagnosis.

Alongside the occurrence of dementia [4], falling has 
been described as a major detrimental factor in patients with 
Parkinsonian syndromes, affecting their quality of life nega-
tively [5]. A survey among Parkinsonian patients, including 
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PD and atypical Parkinsonian syndromes, has found that 
after falling, 65% of patients sustained injuries. Of these, 33% 
sustained fractures [6]. Falling, and in particular recurrent 
falls and their resulting injuries, are a major risk factor for 
nursing home admissions [7]. The early occurrence of falls 
has been described as being predictive of shorter survival in 
both MSA and PSP [8].

Previous studies have usually relied on retrospective chart 
reviews [3], post-hoc rating scales and questionnaires [9–11], 
or self-report diaries [12] to estimate fall rates in Parkinsonian 
syndromes. A major disadvantage of post-hoc self-reports is 
the possibility for recall bias. The occurrence of falls is likely to 
be underreported, patients and their caretakers might down-
play fall events, and might only recall those falls resulting in 
injuries as being genuine falls. 

Recording fall events of inpatients in a clinical setting has 
the advantage of standardised criteria as to what constitutes 
a fall event, and should thus provide an objective estimate of 
fall frequency.

In order to understand the occurrence of falls in Parkinsonian 
syndromes and to obtain possible insights into the mechanisms 
of falling, we retrospectively analysed data of 2,111 patients 
with PSP, MSA, or PD who were admitted as inpatients to 
the Parkinson-Klinik Ortenau, Wolfach, Germany between 
2015 and 2020. As a part of standard clinical routine, we 
obtained various clinical parameters, describing the disease 
progression and its effects on motor, cognitive, and autonomic 
function. On average, patients stayed for about two weeks at 
our hospital, and many of them experienced fall events during 
that time. The aim of our data analysis was to identify predic-
tors by modelling the fall rate at our hospital with regression 
analysis as a function of various demographic and clinical 
parameters. The fall rate observed at our hospital was thus used 
as an objective proxy measure for fall probability in general. 

Material and methods

Participants
We retrospectively surveyed data of inpatients admitted 

to the Parkinson-Klinik Ortenau, Wolfach, Germany in 
2015–2020. Inpatients were included in this study if they 
had been diagnosed with a) PSP, or b) MSA, or c) PD. PSP 
was diagnosed according to the criteria given in the National 
Institute for Neurological Disorders and Society for PSP [13] 

and the criteria devised by Höglinger et al. [14]. The diagnostic 
criteria for MSA were those of Gilman et al. [15]. The level 
of diagnostic certainty for PSP was “probable PSP” according 
to Höglinger et al. [14] and “probable MSA” following the 
guidelines described in Gilman et al. [15]. Diagnoses were 
supported by neuroimaging (magnetic-resonance imaging 
and positron-emission tomography), but neuropathological 
evidence was not available. Diagnosis of PD relied on the 
UK Brain Bank criteria [16] and the criteria published by 
Postuma et al. [17] and were sub-classified, with PSP being 
distinguished into PSP-Richardson’s syndrome (PSP-RS), 
PSP with predominant parkinsonism (PSP-P), or others (see 
Höglinger et al. [14] for sub-type definitions). 

MSA was sub-typed according to the guidelines described 
by Gilman et al. [15] into MSA with predominant cerebellar 
ataxia (MSA-C), or MSA with predominant Parkinson motor 
features (MSA-P). 

PD patients were classified into tremor-dominant, akinet-
ic-rigid, or mixed motor phenotypes (see [17]). 

We identified 2,111 patients fulfilling the requirements 
(see Table 1 for patient characteristics). All patients received 
medication and various therapies (physical, speech, and occu-
pational therapy; psychosocial counselling) according to best 
practice. Detailed information on prescribed medication was 
not collected for this study sample. See the supplementary 
material of Altmann et al. [19] for typical prescriptions of 
anti-Parkinson, anti-dementia, anti-psychotic, and anti-de-
pressant drugs in a sample of PD patients at the same clinic. 
The procedures used in this study were in accordance with 
the ethical guidelines laid down in the Declaration of Helsinki 
1964, and were approved by the local ethics committee of the 
State Medical Chamber of Baden-Württemberg, Germany 
(F-2021-151). 

Assessment and procedure
Data on demographics was obtained from medical records. 

Disease severity was assessed with the Unified PD Rating Scale 
(UPDRS, [20]). As measures of motor function, we analysed 
part III of the UPDRS and the Berg Balance Scale (BBS, Berg 
et al., 1989 [21]; Scherfer et al. [22]). Global cognitive function 
was assessed with the Montreal Cognitive Assessment (MoCA, 
[23]), a diagnostic tool widely used in screening for cognitive 
impairment in PD [24]. Frontal lobe functions were tested with 
the Frontal Assessment Battery (FAB; Dubois et al., 2002 [25]).

Table 1. Patient demographics and clinical characteristics

Variable PSP MSA PD

N 191 110 1,810

Gender (female:male) 77:114

40.3:59.7%

65:45

59.1:40.9%

673:1,137

37.2:62.8%

Age at diagnosis in years; mean ± SD (range) 68.7 ± 7.0 (47–86) 63.1 ± 9.4 (37–84) 64.0 ± 10.5 (30–89)

Disease duration in years; mean ± SD (range) 2.6 ± 2.5 (0–20) 3.2 ± 2.9 (0–17) 7.8 ± 5.9 (0–46)
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To measure autonomic function, orthostatic hypotension 
(OH) was tested with the modified Schellong test [26]. The 
UPDRS was performed by neurologists, the BBS by physical 
therapists, the cognitive test by neuropsychologists, and the 
Schellong test by medical technical assistants. All examin-
ers were experienced in applying the tests to patients with 
Parkinsonian syndromes. Fall events were recorded as part of 
clinical routine by any staff member who witnessed the event 
or its outcome, and were confirmed by a neurologist. Falls were 
defined as “an unexpected event in which the person comes to 
rest on the ground, floor or lower level” [27].

Statistical analysis
Fall frequency was computed by dividing the number 

of falls of a patient during his or her inpatient treatment by 
the number of days he or she was an inpatient. In the first 
analysis, the distribution of fall frequencies was calculated as 
a function of disease duration (in years). To assess correlations 
among clinical parameters, Pearson’s correlation coefficients 
were computed and tested for significance computing a test 
statistic t and comparing to Student’s t distribution (degrees 
of freedom: n-2). An α = 0.05 was defined as a critical value 
for statistical significance.

An analysis of predictive factors was performed with 
multiple Poisson regression models, which are the canon-
ical statistical model used for count data such as falls (see 
e.g. [12]). Calculation of these models was conducted in R  
(www.r-project.org, version 3.5.2) employing the glm function. 
For model selection, we followed a formal model-building 
procedure [28], as follows: 
1.	 We started with a Poisson regression model to explain 

the number of falls during the inpatient residency as 
a function of various variables, including the demographic 
factors: age at first diagnosis and gender; disease duration 
and sub-type (sub-types being for PSP: PSP-RS, PSP-P, and 
PSP-others; for MSA: MSA-C and MSA-P; and for PD: 
akinetic-rigid, mixed, and tremor-dominant); motor pa-
rameters: UPDRS (part III), the BBS; cognitive parameters 
(MoCA and FAB scores); and autonomic dysfunction: OH. 

2.	 We then tested the Poisson model for over-dispersion (i.e. 
for empirical variance not equal to the mean of the data) 
and the necessity for an additional parameter account-
ing for this. We tested for over-dispersion with a χ2-test, 
with α = 0.05 as the critical value. Over-dispersion was 
evident in all cases and therefore quasi-Poisson models 
were employed that entailed an additional coefficient by 
which the variance in the model is greater than the mean, 
as described in Ver Hoef and Boveng [29]. 

3.	 We then employed backward stepwise deletion and re-
moved all predictors from the resulting model that did not 
reach significance in a t-test on the regression coefficients 
(α = 0.05). Overall performance of the final models was 
evaluated with an Omnibus test and an R2 value describing 
the explained variance [28].

Results

Data from 2,111 patients was analysed for this study. 
The patients’ clinical characteristics are set out in Table 1. 
Frequencies of the different sub-types of Parkinsonian syn-
dromes are shown in Supplementary Table 1. Figure 1 depicts 
the fall rate as a function of disease duration. Fall rates were 
highest early for PSP, increased with disease duration, and 
showed a slight decrease in advanced disease stages (4+ years). 
For MSA, fall rates were higher than for PD, and for both MSA 
and PD fall rates increased monotonically with disease dura-
tion for the disease stages observed in this study.

We obtained several clinical parameters as potential predictors 
for falls. Table 2 sets out correlations among these predictors. High 
correlations were observed between the two cognitive parameters, 
i.e. between the test scores of MoCA and FAB, and for the motor 
parameters, i.e. between the UPDRS (part III) and the BBS. To 
avoid collinearity in the regression model, only one of the cogni-
tive parameters (the MoCA test score) was considered for further 
analysis. Results of the regression model including the FAB instead 
of the MoCA are set out separately in Supplementary Table 2.  
The strongest correlation with disease duration was observed for 
the UPDRS (part III)-score, in particular for MSA patients.

We analysed factors predicting fall rates separately for the 
different types of Parkinsonian syndrome (PSP, MSA, and PD).  
Statistically significant coefficients for the final multiple 
(quasi)-poisson regression models are set out in Table 3. 
Cognitive, motor, and autonomic factors were predictive for 
falls in PD, whereas for PSP, only the motor and autonomic 
factors predicted falls significantly. Sub-types of Parkinsonian 
syndromes were not significantly predictive for falls in this 
study. However, for PSP, the factor sub-type reached marginal 
significance (p = 0.059), with a tendency towards a higher fall 
rate in Richardson’s Syndrome. The omnibus tests for the full 
models were significant for PSP and PD, but revealed only 
a marginally significant result for MSA, with disease duration 
as the only significant predictor for fall rate. 

Our analysis was mainly focused on modelling fall fre-
quency during the hospital stay as an inpatient. However, 
many previous studies have differentiated between frequent 
fallers and less frequent fallers [9, 11] or between fallers and 
non-fallers [12, 29] and have therefore represented falls as 
binary data. To allow for comparability with these previous 
reports, we show demographic and clinical parameters for 
fallers and non-fallers in Table 4.

Discussion

We analysed fall rates of patients with Parkinsonian 
syndromes based on objectively recorded fall events during 
hospitalisation as inpatients. While fall rates in PD were pre-
dicted by cognitive (MoCA), motor (UPDRS-III, BBS), and 
an autonomic parameter (OH), falls in PSP were significantly 
predicted by a motor (UPDRS-III) and an autonomic (OH) 
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Table 2. Pearson’s correlation coefficients between parameters

Parameter pair PSP MSA PD

MoCA ~ FAB 0.74*** 0.79*** 0.83***

UPDRS-III ~ BBS –0.58*** –0.66*** –0.60***

MoCA ~ disease duration –0.003 –0.08 –0.13***

FAB ~ disease duration 0.005 –0.16 –0.14***

UPDRS-III ~ disease duration 0.30*** 0.39*** 0.29***

BBS ~ disease duration –0.23** –0.24* –0.22***

OH ~ disease duration 0.14 –0.02 0.13***
* — p < 0.05; ** — p < 0.01; *** — p < 0.001

Figure 1. Histogram of falls during hospital stay as a function of disease duration for PSP, MSA, and PD patients, measured in years since 
diagnosis
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Table 3. Multiple quasi-Poisson regression models

Parameter PSP MSA PD

N 146 110 1540

MoCA — — –0.059****

BBS — — –0.028****

UPDRS-III 0.027*** — 0.012*

OH 0.018* — 0.012***

Gender — — —

Sub-type — — —

Age at diagnosis — — —

Disease duration — 0.112* —

Intercept –4.328*** –3.828*** –2.81***

Dispersion parameter 3.17 2.26 2.10

* — p < 0.05; ** — p < 0.01; *** — p < 0.001. Omnibus test p-values and R2: PSP p < 0.0001, R2 = 0.114; MSA p = 0.055, R2 = 0.061; PD p < 0.0001, R2 = 0.060; dispersion parameters > 1 indicate overdispersion. 
Please note that sample sizes (N) can deviate from those in Table 1, because not all patients received all clinical tests (e.g. some patients had no MoCA or OH score)

Table 4. Comparison of demographic and clinical parameters between non-fallers (0 falls during hospital stay) and fallers (≥ 1 fall during hospital stay)

PSP MSA PD

Falls = 0 Falls ≥ 1 Falls = 0 Falls ≥ 1 Falls = 0 Falls ≥ 1 

N 99 92 84 26 1,529 281

Gender (f:m) 32:67

32:68%

45:47

49:51%

53:31

63:37%

12:14

46:54%

565:964

37:63%

108:173

38:62%

Sub-type* 21:54:24

21:55:24%

46:28:18

50:30:20%

17:67

20:80%

6:20

23:77%

923:546:60

60:36:4%

198:79:4

70:28:2%

Age at diagnosis [years] 69.3 ± 6.8 68.1 ± 7.2 63.1 ± 8.7 63.2 ± 11.6 63.6 ± 10.5 65.8 ± 9.9

Disease duration [years] 2.4 ± 2.2 2.8 ± 2.7 2.9 ± 2.5 4.0 ± 3.8 7.5 ± 5.7 9.6 ± 6.5

UPDRS-III 37.3 ± 14.7 42.2 ± 10.7 47.9 ± 14.6 46.8 ± 12 35.3 ± 12 42.4 ± 11.2

BBS 34.8 ± 16.4 28.3 ± 11.9 27.8 ± 17.2 22.9 ± 12.8 42.8 ± 13 31.8 ± 14.8

MoCA 20.9 ± 4.7 18.9 ± 5.9 24.2 ± 4.1 24.4 ± 5.5 22 ± 5.8 17.6 ± 6.5

FAB 12.1 ± 3.4 11.9 ± 3.5 15.2 ± 3 14.8 ± 3.6 14.3 ± 3.7 11.7 ± 4.2

OH [ΔmmHG] 10.5 ± 12.1 13.3 ± 15.1 31.9 ± 21.9 32.0 ± 21.2 17.8 ± 17 26.5 ± 21.8
*Sub-types for PSP: PSP-RS, PSP-P, and PSP-others; for MSA: MSA-C and MSA-P; for PD: akinetic-rigid, mixed, and tremor-dominant

parameter. Falls in MSA were significantly predicted by disease 
duration. Gender or age at diagnosis had no predictive value 
in any Parkinsonian syndrome.

The occurrence of falls and associated injuries follows 
different time-courses and is mediated by different risk factors, 
depending on the syndrome [3]. Our data showed that cogni-
tive, motor, and autonomic factors predict fall rate in PD. This 
is in line with previous retrospective [3], but also prospective, 
studies [12]. The latter study has stressed the importance of tan-
dem gait and global cognitive performance (mini-mental state 
examination) as predictors for short and long-term (6 months 
and 3.5 years, respectively) fall frequencies. Some studies have 
also proposed that gender (a higher risk for females) and age 
at disease onset (a higher risk for older age) contribute to fall 
frequency [3, 6], but this was not replicated in the current study. 

The peak in fall frequency for intermediate disease dura-
tions in PSP, with fewer falls in later stages of the disease, is in 

line with descriptions of a single patient in Brown et al. [10] 
who suggested that advanced immobilisation and the use of 
a wheelchair in the later stages of the disease might lead to 
fewer falls. For PSP patients, falls in our study were predicted 
by motor and autonomic factors, but not by cognitive status. 
This finding is in line with previous studies reporting motor 
factors such as oculomotor parameters, modified turning, 
bradykinesia, axial rigidity, neck dystonia, and postural sta-
bility as being predictive of fall risk [9]. 

Interestingly, our analysis revealed an association between 
orthostatic hypotension (OH) and fall risk in PSP patients. 
However, OH values were lowest for the PSP group (only 
40/191, i.e. 20.9% of PSP patients had OH ≥ 20). A recent study 
has even suggested that there is no association between neuro-
genic OH and PSP based on data from post mortem-confirmed 
cases [31]. Thus, even though clinically relevant OH is rare in 
PSP, it might still contribute to falls as a risk factor, possibly 
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due to mechanisms similar to those in the elderly in general 
[32]. The role of cognitive status as a risk factor in PSP is under 
debate. While some studies indicate a role of cognition in falls 
[3, 11], others point toward deficits of dual-tasking as a risk 
factor for falls [33]. A recent study with 339 patients did not 
find a significant association between cognitive parameters 
and fall risk in PSP [9].

As for MSA, only disease duration proved to be a predictor 
for falls in this study. While autonomic dysfunction was more 
severe in MSA than for PD and PSP, the OH was similar for 
fallers and non-fallers. This is in line with findings reported 
in a recent review [34] suggesting that dysautonomia does 
not predict falls, while motor parameters, in particular axial 
symptoms and early pyramidal tract signs, are associated 
with falls [3]. 

However, due to low sample sizes for MSA and PSP, 
we cannot rule out that in these cases statistical power was 
insufficient to detect subtle potential effects of cognitive or 
motor/autonomic parameters on fall rate. In contrast, since 
PD is comparatively more prevalent in the population, the 
sample size for PD was also larger in our study, resulting in 
better statistical power. Thus, for direct comparisons between 
the Parkinsonian syndromes, sample sizes of the atypical 
syndromes were possibly insufficient.

Other than that, four further factors might limit the gen-
eralisability of this study’s results: 
1.	 In this study, fall events were only counted when they 

occurred during an inpatient stay (of c.14 days). That 
means that patients with fall rates of less than one fall 
per two-week period were unlikely to fall during their 
inpatient stay, and were thus recorded as non-fallers. 
Therefore, a fall rate of once per six months [12] or two 
falls per 12 months [11] was likely not to be covered in 
our study. Thus, the fall rates covered in our study were 
in the ‘very frequent’ range. 

2.	 Recording fall events in a hospital setting has the advan-
tage of the presence of an objective witness, very often 
a trained member of nursing staff, and is thus not subject 
to bias due to delayed recall. Nevertheless, the possibility 
of under-reporting still exists. In particular, patients with 
high fall rates might not report some actual fall events, 
because they perceived them to be ‘near-falls’, e.g. when 
no injury occurred. Moreover, PSP patients very often 
lack insight into their postural disorder due to cognitive 
impairment [35] and may therefore also underreport fall 
events in the absence of witnesses. 

3.	 Another factor that might distort fall rate estimates is that 
during a patient’s stay in a hospital, the environment is 
very different from that at home and might therefore lack 
ecological validity (e.g. see Fasano et al. [36]). Specifically, 
patients might experience more mobilisation and in-
creased activity in the less familiar hospital environment, 
resulting in an increase of fall frequency. Then again, the 
hospital might be a more controlled environment with aids 

such as handrails and wheeled walker, possibly resulting 
in a lower fall frequency. Furthermore, the presence of 
professional staff might result in avoiding many near falls 
from becoming actual fall events.

4.	 Another possible limitation of this study was the reduced 
variance in disease severity: patients seeking medical 
help as inpatients are commonly those who are already 
advanced enough in their disease to suffer significantly, 
so only a few PD patients in Hoehn & Yahr stages I–II are 
expected to be treated as inpatients. On the other hand, pa-
tients with a severely advanced Parkinsonian syndrome are 
also rarely present at a specialised Parkinson clinic, where 
most of the patients are in Hoehn & Yahr stages III–IV. 
Interventions to prevent falls in PD have mainly focused 

on exercise and medication [36]. The targets for exercise-based 
interventions are mainly poor balance and decreased mobil-
ity as risk factors for falls. Interestingly, combining exercise 
targeted at both physical and cognitive factors using a virtual 
reality setting has been shown to positively affect the long-
term (6-month follow-up) risk of falls [37]. Pharmacological 
interventions with an effect of reducing fall rates (besides 
anti-parkinsonian medication) include acetylcholinesterase 
inhibitors (rivastigmine), but also drugs (droxidopa) amelio-
rating neurogenic orthostatic hypotension [36]. 

Due to the retrospective nature of our study, we have not 
investigated the effect of prescribed medication as a risk factor 
for falls. However, polypharmacy, sedative, anticholinergic, 
and other drugs are known to affect the risk of falling for PD 
patients, and the elderly in general [36, 38]. Other potentially 
important variables, such as eye disease, sarcopenia or BMI 
were not investigated either, limiting the scope of the study, 
considering the effect of obesity on fall frequency demonstrat-
ed in previous studies on healthy elderly people [39]. 

Overall, the described targets to reduce falls in PD are in 
line with the risk factors predicting fall rate in PD in the cur-
rent study. Compared to PD, interventions to reduce falls are 
much less established in PSP, owing to a scarcity of data [10].  
Promising approaches have aimed at preventing falls with 
physical therapy employing treadmill or robot-assisted 
training [40], or reducing risk by targeting cognition and the 
impulsiveness typical of PSP [41]. However, the existing data is 
insufficient to draw valid conclusions as to the efficacy of these 
approaches. Similarly, therapeutic interventions specifically 
targeting fall risk reduction in MSA are rare; possibly, some of 
the strategies developed for PD may prove applicable for MSA 
as well [34]. Retrospective epidemiological studies can provide 
rough indications towards plausible targets for interventions. 

Nevertheless, to develop effective and individualised 
therapies for Parkinsonian syndromes, detailed analysis of 
falls, their mechanisms and possible triggers is necessary. For 
instance, dual tasking during walking has been suggested as 
resulting in increased fall probability in PD due to cogni-
tive-motor interaction [42]. Understanding the mechanisms 
of falling therefore allows for the development of targeted 
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therapies taking into account cognitive, motor, and auto-
nomic factors.

Conclusion

Our study evaluated the rate of falling in a sample of 
patients with Parkinsonian syndromes. Rather than relying 
on self-report, we counted falls during a two-week stay as 
inpatients. We identified different predictors for falls de-
pending on the particular type of syndrome. While for PD, 
cognitive, motor, and autonomic factors best predicted falls, 
for MSA the main variable predicting falls was the duration of 
the disease. For PSP, both motor and autonomic dysfunction 
predicted falls. Thus, optimal management and prevention of 
falls should consider these predictors in the different types  
of Parkinsonian syndrome. 

Acknowledgements: We are most grateful to Elmar Trutt for  
helpful comments on the manuscript, to Andreas Fleiner  
for helpful ideas for the study design and help with data collec-
tion, and to Tanja Fiesel, Botond Balo, and Ziad Salhani for help 
with data collection. Furthermore, we express our gratitude to 
David Emmans for proofreading this manuscript.
Conflicts of interest: WHJ is an advisor and speaker for Abbvie, 
Bial, Desitin, Stada, UCB, and Zambon. JK is an advisor and 
speaker for Desitin. CFA is an advisor for Zambon.
Funding: None.

References

1.	 Kempster PA, O’Sullivan SS, Holton JL, et al. Relationships between 
age and late progression of Parkinson’s disease: a clinico-pathologi-
cal study. Brain. 2010; 133(Pt 6): 1755–1762, doi: 10.1093/brain/
awq059, indexed in Pubmed: 20371510.

2.	 Wenning G, Ebersbach G, Verny M, et al. Progression of falls in postmor-
tem-confirmed Parkinsonian disorders. Movement Disorders. 2001; 
14(6): 947–950, doi:  10.1002/1531-8257(199911)14:6<947::aid-
-mds1006>3.0.co;2-o.

3.	 Williams DR, Watt HC, Lees AJ. Predictors of falls and fractures in bra-
dykinetic rigid syndromes: a retrospective study. J Neurol Neurosurg 
Psychiatry. 2006; 77(4): 468–473, doi: 10.1136/jnnp.2005.074070, 
indexed in Pubmed: 16543524.

4.	 Vossius C, Larsen JP, Janvin C, et al. The economic impact of cognitive 
impairment in Parkinson’s disease. Mov Disord. 2011; 26(8): 1541–
–1544, doi: 10.1002/mds.23661, indexed in Pubmed: 21538519.

5.	 Marras C, McDermott MP, Rochon PA, et al. Parkinson Study Group DA-
TATOP Investigators. Predictors of deterioration in health-related qua-
lity of life in Parkinson’s disease: results from the DATATOP trial. Mov 
Disord. 2008; 23(5): 653–9; quiz 776, doi:  10.1002/mds.21853, 
indexed in Pubmed: 18076084.

6.	 Wielinski CL, Erickson-Davis C, Wichmann R, et al. Falls and injuries 
resulting from falls among patients with Parkinson’s disease and 
other parkinsonian syndromes. Mov Disord. 2005; 20(4): 410–415, 
doi: 10.1002/mds.20347, indexed in Pubmed: 15580552.

7.	 Tinetti ME, Williams CS. Falls, injuries due to falls, and the risk 
of admission to a nursing home. N Engl J Med. 1997; 337(18): 

1279–1284, doi:  10.1056/NEJM199710303371806, indexed in 
Pubmed: 9345078.

8.	 Glasmacher SA, Leigh PN, Saha RA. Predictors of survival in pro-
gressive supranuclear palsy and multiple system atrophy: a syste-
matic review and meta-analysis. J Neurol Neurosurg Psychiatry. 
2017; 88(5): 402–411, doi: 10.1136/jnnp-2016-314956, indexed in 
Pubmed: 28250027.

9.	 Bluett B, Litvan I, Cheng S, et al. ENGENE PSP study. Understanding 
falls in progressive supranuclear palsy. Parkinsonism Relat Disord. 
2017; 35: 75–81, doi: 10.1016/j.parkreldis.2016.12.009, indexed in 
Pubmed: 28007518.

10.	 Brown FS, Rowe JB, Passamonti L, et al. Falls in Progressive Supranuc-
lear Palsy. Mov Disord Clin Pract. 2020; 7(1): 16–24, doi: 10.1002/
mdc3.12879, indexed in Pubmed: 31970205.

11.	 Kim SL, Lee MJ, Lee MS. Cognitive dysfunction associated with falls in 
progressive supranuclear palsy. Gait Posture. 2014; 40(4): 605–609, 
doi: 10.1016/j.gaitpost.2014.07.005, indexed in Pubmed: 25088758.

12.	 Lindholm B, Brogårdh C, Odin P, et al. Longitudinal prediction of falls 
and near falls frequencies in Parkinson’s disease: a prospective co-
hort study. J Neurol. 2021; 268(3): 997–1005, doi: 10.1007/s00415-
020-10234-6, indexed in Pubmed: 32970193.

13.	 Litvan I, Agid Y, Calne D, et al. Clinical research criteria for the diag-
nosis of progressive supranuclear palsy (Steele-Richardson-Olszew-
ski syndrome): report of the NINDS-SPSP international workshop. 
Neurology. 1996; 47(1): 1–9, doi:  10.1212/wnl.47.1.1, indexed in 
Pubmed: 8710059.

14.	 Höglinger GU, Respondek G, Stamelou M, et al. Movement Disorder 
Society-endorsed PSP Study Group. Clinical diagnosis of progressive 
supranuclear palsy: The movement disorder society criteria. Mov Di-
sord. 2017; 32(6): 853–864, doi: 10.1002/mds.26987, indexed in 
Pubmed: 28467028.

15.	 Gilman S, Wenning GK, Low PA, et al. Second consensus statement on 
the diagnosis of multiple system atrophy. Neurol. 2008; 71: 670–676, 
doi: 10.1212/wnl.0000324625.00404.15.

16.	 Gibb WR, Lees AJ. The relevance of the Lewy body to the pathoge-
nesis of idiopathic Parkinson’s disease. J Neurol Neurosurg Psychia-
try. 1988; 51(6): 745–752, doi: 10.1136/jnnp.51.6.745, indexed in 
Pubmed: 2841426.

17.	 Postuma RB, Berg D, Stern M, et al. MDS clinical diagnostic criteria 
for Parkinson’s disease. Mov Disord. 2015; 30(12): 1591–1601, 
doi: 10.1002/mds.26424, indexed in Pubmed: 26474316.

18.	 Kang GA, Bronstein JM, Masterman DL, et al. Clinical characteristics in 
early Parkinson’s disease in a central California population-based stu-
dy. Mov Disord. 2005; 20(9): 1133–1142, doi: 10.1002/mds.20513, 
indexed in Pubmed: 15954133.

19.	 Altmann CF, Trubelja K, Emmans D, et al. Time-course of decline in dif-
ferent cognitive domains in Parkinson’s disease: a retrospective study. 
J Neural Transm (Vienna). 2022; 129(9): 1179–1187, doi: 10.1007/
s00702-021-02441-w, indexed in Pubmed: 34817687.

20.	 Fahn S, Elton RL. members of the UPDRS Development Committee. 
Unified Parkinson`s disease rating scale. In: Fahn SL, Marsden CD, 
Goldstein M, Calne DB. ed. Recent deve¬lopments in Parkinson’s 
disease. Macmillan, New York 1987: 153–163.

21.	 Berg K. Measuring balance in the elderly: preliminary development 
of an instrument. Physiotherapy Canada. 1989; 41(6): 304–311, 
doi: 10.3138/ptc.41.6.304.

22.	 Scherfer E, Bohls C, Freiberger E, et al. Berg-Balance-Scale - deutsche 
Version. Physioscience. 2006; 2(2): 59–66, doi:  10.1055/s-2006-
926833.

http://dx.doi.org/10.1093/brain/awq059
http://dx.doi.org/10.1093/brain/awq059
https://www.ncbi.nlm.nih.gov/pubmed/20371510
http://dx.doi.org/10.1002/1531-8257(199911)14:6%3C947::aid-mds1006%3E3.0.co;2-o
http://dx.doi.org/10.1002/1531-8257(199911)14:6%3C947::aid-mds1006%3E3.0.co;2-o
http://dx.doi.org/10.1136/jnnp.2005.074070
https://www.ncbi.nlm.nih.gov/pubmed/16543524
http://dx.doi.org/10.1002/mds.23661
https://www.ncbi.nlm.nih.gov/pubmed/21538519
http://dx.doi.org/10.1002/mds.21853
https://www.ncbi.nlm.nih.gov/pubmed/18076084
http://dx.doi.org/10.1002/mds.20347
https://www.ncbi.nlm.nih.gov/pubmed/15580552
http://dx.doi.org/10.1056/NEJM199710303371806
https://www.ncbi.nlm.nih.gov/pubmed/9345078
http://dx.doi.org/10.1136/jnnp-2016-314956
https://www.ncbi.nlm.nih.gov/pubmed/28250027
http://dx.doi.org/10.1016/j.parkreldis.2016.12.009
https://www.ncbi.nlm.nih.gov/pubmed/28007518
http://dx.doi.org/10.1002/mdc3.12879
http://dx.doi.org/10.1002/mdc3.12879
https://www.ncbi.nlm.nih.gov/pubmed/31970205
http://dx.doi.org/10.1016/j.gaitpost.2014.07.005
https://www.ncbi.nlm.nih.gov/pubmed/25088758
http://dx.doi.org/10.1007/s00415-020-10234-6
http://dx.doi.org/10.1007/s00415-020-10234-6
https://www.ncbi.nlm.nih.gov/pubmed/32970193
http://dx.doi.org/10.1212/wnl.47.1.1
https://www.ncbi.nlm.nih.gov/pubmed/8710059
http://dx.doi.org/10.1002/mds.26987
https://www.ncbi.nlm.nih.gov/pubmed/28467028
http://dx.doi.org/10.1212/wnl.0000324625.00404.15
http://dx.doi.org/10.1136/jnnp.51.6.745
https://www.ncbi.nlm.nih.gov/pubmed/2841426
http://dx.doi.org/10.1002/mds.26424
https://www.ncbi.nlm.nih.gov/pubmed/26474316
http://dx.doi.org/10.1002/mds.20513
https://www.ncbi.nlm.nih.gov/pubmed/15954133
http://dx.doi.org/10.1007/s00702-021-02441-w
http://dx.doi.org/10.1007/s00702-021-02441-w
https://www.ncbi.nlm.nih.gov/pubmed/34817687
http://dx.doi.org/10.3138/ptc.41.6.304
http://dx.doi.org/10.1055/s-2006-926833
http://dx.doi.org/10.1055/s-2006-926833


304

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 3

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

23.	 Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal Cognitive 
Assessment, MoCA: a brief screening tool for mild cognitive impair-
ment. J Am Geriatr Soc. 2005; 53(4): 695–699, doi: 10.1111/j.1532-
-5415.2005.53221.x, indexed in Pubmed: 15817019.

24.	 Dalrymple-Alford JC, MacAskill MR, Nakas CT, et al. The MoCA: well-su-
ited screen for cognitive impairment in Parkinson disease. Neurology. 
2010; 75(19): 1717–1725, doi: 10.1212/WNL.0b013e3181fc29c9, 
indexed in Pubmed: 21060094.

25.	 Dubois B, Slachevsky A, Litvan I, et al. The FAB: a Frontal As-
sessment Battery at bedside. Neurology. 2000; 55(11): 1621–1626, 
doi: 10.1212/wnl.55.11.1621, indexed in Pubmed: 11113214.

26.	 Fanciulli A, Campese N, Wenning GK. The Schellong test: detecting 
orthostatic blood pressure and heart rate changes in German-spea-
king countries. Clin Auton Res. 2019; 29(4): 363–366, doi: 10.1007/
s10286-019-00619-7, indexed in Pubmed: 31273549.

27.	 Lamb SE, Jørstad-Stein EC, Hauer K, et al. Prevention of Falls Network 
Europe and Outcomes Consensus Group. Development of a common 
outcome data set for fall injury prevention trials: the Prevention of 
Falls Network Europe consensus. J Am Geriatr Soc. 2005; 53(9): 
1618–1622, doi:  10.1111/j.1532-5415.2005.53455.x, indexed in 
Pubmed: 16137297.

28.	 Field A, Miles J, Field Z. Discovering Statistics using R. Sage Publica-
tions, London 2012.

29.	 Ver Hoef JM, Boveng PL. Quasi-Poisson vs. negative binomial re-
gression: how should we model overdispersed count data? Ecology. 
2007; 88(11): 2766–2772, doi:  10.1890/07-0043.1, indexed in 
Pubmed: 18051645.

30.	 McKay JL, Hackney ME, Factor SA, et al. Lower Limb Rigidity Is Asso-
ciated with Frequent Falls in Parkinson’s Disease. Mov Disord Clin 
Pract. 2019; 6(6): 446–451, doi: 10.1002/mdc3.12784, indexed in 
Pubmed: 31392245.

31.	 van Gerpen JA, Al-Shaikh RH, Tipton PW, et al. Progressive supra-
nuclear palsy is not associated with neurogenic orthostatic hypo-
tension. Neurology. 2019; 93(14): e1339–e1347, doi:  10.1212/
WNL.0000000000008197, indexed in Pubmed: 31484717.

32.	 Ooi WL, Hossain M, Lipsitz LA. The association between orthostatic 
hypotension and recurrent falls in nursing home residents. Am J Med. 
2000; 108(2): 106–111, doi:  10.1016/s0002-9343(99)00425-8, 
indexed in Pubmed: 11126303.

33.	 Lindemann U, Nicolai S, Beische D, et al. Clinical and dual-tasking 
aspects in frequent and infrequent fallers with progressive supra-
nuclear palsy. Mov Disord. 2010; 25(8): 1040–1046, doi: 10.1002/
mds.23023, indexed in Pubmed: 20131396.

34.	 Joza S, Camicioli R, Ba F. Falls in Synucleinopathies. Can J Neurol 
Sci. 2020; 47(1): 30–43, doi:  10.1017/cjn.2019.287, indexed in 
Pubmed: 31452470.

35.	 Bluett B, Pantelyat AY, Litvan I, et al. Best Practices in the Clinical 
Management of Progressive Supranuclear Palsy and Corticobasal 
Syndrome: A Consensus Statement of the CurePSP Centers of Care. 
Front Neurol. 2021; 12: 694872, doi: 10.3389/fneur.2021.694872, 
indexed in Pubmed: 34276544.

36.	 Fasano A, Canning CG, Hausdorff JM, et al. Falls in Parkinson’s disease: 
A complex and evolving picture. Mov Disord. 2017; 32(11): 1524– 
–1536, doi: 10.1002/mds.27195, indexed in Pubmed: 29067726.

37.	 Mirelman A, Rochester L, Maidan I, et al. Addition of a non-immersive 
virtual reality component to treadmill training to reduce fall risk in 
older adults (V-TIME): a randomised controlled trial. Lancet. 2016; 
388(10050): 1170–1182, doi:  10.1016/S0140-6736(16)31325-3, 
indexed in Pubmed: 27524393.

38.	 Dhalwani NN, Fahami R, Sathanapally H, et al. Association between 
polypharmacy and falls in older adults: a longitudinal study from 
England. BMJ Open. 2017; 7(10): e016358, doi:  10.1136/bmjo-
pen-2017-016358, indexed in Pubmed: 29042378.

39.	 Mitchell RJ, Lord SR, Harvey LA, et al. Associations between obe-
sity and overweight and fall risk, health status and quality of life 
in older people. Aust N Z J Public Health. 2014; 38(1): 13–18, 
doi: 10.1111/1753-6405.12152, indexed in Pubmed: 24494939.

40.	 Clerici I, Ferrazzoli D, Maestri R, et al. Rehabilitation in progressi-
ve supranuclear palsy: Effectiveness of two multidisciplinary treat-
ments. PLoS One. 2017; 12(2): e0170927, doi:  10.1371/journal.
pone.0170927, indexed in Pubmed: 28158197.

41.	 Rittman T, Coyle-Gilchrist ITs, Rowe JB. Managing cognition in progressi-
ve supranuclear palsy. Neurodegener Dis Manag. 2016; 6(6): 499–
508, doi: 10.2217/nmt-2016-0027, indexed in Pubmed: 27879155.

42.	 Raffegeau TE, Krehbiel LM, Kang N, et al. A meta-analysis: Parkinson’s 
disease and dual-task walking. Parkinsonism Relat Disord. 2019; 
62: 28–35, doi:  10.1016/j.parkreldis.2018.12.012, indexed in 
Pubmed: 30594454.

http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
https://www.ncbi.nlm.nih.gov/pubmed/15817019
http://dx.doi.org/10.1212/WNL.0b013e3181fc29c9
https://www.ncbi.nlm.nih.gov/pubmed/21060094
http://dx.doi.org/10.1212/wnl.55.11.1621
https://www.ncbi.nlm.nih.gov/pubmed/11113214
http://dx.doi.org/10.1007/s10286-019-00619-7
http://dx.doi.org/10.1007/s10286-019-00619-7
https://www.ncbi.nlm.nih.gov/pubmed/31273549
http://dx.doi.org/10.1111/j.1532-5415.2005.53455.x
https://www.ncbi.nlm.nih.gov/pubmed/16137297
http://dx.doi.org/10.1890/07-0043.1
https://www.ncbi.nlm.nih.gov/pubmed/18051645
http://dx.doi.org/10.1002/mdc3.12784
https://www.ncbi.nlm.nih.gov/pubmed/31392245
http://dx.doi.org/10.1212/WNL.0000000000008197
http://dx.doi.org/10.1212/WNL.0000000000008197
https://www.ncbi.nlm.nih.gov/pubmed/31484717
http://dx.doi.org/10.1016/s0002-9343(99)00425-8
https://www.ncbi.nlm.nih.gov/pubmed/11126303
http://dx.doi.org/10.1002/mds.23023
http://dx.doi.org/10.1002/mds.23023
https://www.ncbi.nlm.nih.gov/pubmed/20131396
http://dx.doi.org/10.1017/cjn.2019.287
https://www.ncbi.nlm.nih.gov/pubmed/31452470
http://dx.doi.org/10.3389/fneur.2021.694872
https://www.ncbi.nlm.nih.gov/pubmed/34276544
http://dx.doi.org/10.1002/mds.27195
https://www.ncbi.nlm.nih.gov/pubmed/29067726
http://dx.doi.org/10.1016/S0140-6736(16)31325-3
https://www.ncbi.nlm.nih.gov/pubmed/27524393
http://dx.doi.org/10.1136/bmjopen-2017-016358
http://dx.doi.org/10.1136/bmjopen-2017-016358
https://www.ncbi.nlm.nih.gov/pubmed/29042378
http://dx.doi.org/10.1111/1753-6405.12152
https://www.ncbi.nlm.nih.gov/pubmed/24494939
http://dx.doi.org/10.1371/journal.pone.0170927
http://dx.doi.org/10.1371/journal.pone.0170927
https://www.ncbi.nlm.nih.gov/pubmed/28158197
http://dx.doi.org/10.2217/nmt-2016-0027
https://www.ncbi.nlm.nih.gov/pubmed/27879155
http://dx.doi.org/10.1016/j.parkreldis.2018.12.012
https://www.ncbi.nlm.nih.gov/pubmed/30594454


305www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery

2023, Volume 57, no. 3, pages: 305–309
DOI: 10.5603/PJNNS.a2023.0027

Copyright © 2023 Polish Neurological Society 
ISSN: 0028-3843, e-ISSN: 1897-4260

SHORT COMMUNICATION

Endovascular embolisation as minimally-invasive treatment 
for spinal dural arteriovenous fistulas — evaluation  

of long-term results

Paweł Szmygin1, Maciej Szmygin2, Tomasz Roman2, Tomasz Jargiełło2, Radosław Rola1

1Department of Neurosurgery, Medical University of Lublin, Lublin, Poland 
2Department of Interventional Radiology and Neuroradiology, Medical University of Lublin, Lublin, Poland

ABSTRACT
Aim of study. Spinal dural arteriovenous fistulas (sDAVF) are rare spinal cord lesions formed between a radicular artery and medul-
lary vein leading to venous hypertension resulting in neurological impairment. Endovascular embolisation is a minimally-invasive 
method aiming to interrupt the shunt between the artery and vein. We report our experience with sDAVF treated endovascularly.

Material and methods. Clinical and procedural data of 16 consecutive patients diagnosed with sDAVF was reviewed. Pre- and 
post-operative neurological condition was evaluated using both the Aminoff and Logue disability scale and the VAS scale. Rates 
of complete occlusions, technical difficulties, and procedural complications were noted. 

Results. Four of the patients were female and 12 were male; mean age was 62.4 years. Mean interval between symptom onset 
and treatment was 13.3 months. Complete occlusion was achieved in 88% (14/16 patients). Significant or moderate clinical 
improvement in long-term follow-up was observed in eight patients (50%). Recurrence was observed in two cases (13%). 

Conclusions and clinical implications. While endovascular methods are being refined and thus achieving an increasing 
percentage of successful occlusions, patients should be closely monitored since this condition is recurrent and the clinical 
consequences of myelopathy can persist despite complete occlusion of the shunt.

Key words: spinal dural arteriovenous fistulas, endovascular, embolisation, outcome

(Neurol Neurochir Pol 2023; 57 (3): 305–309)

Introduction

Spinal dural arteriovenous fistulas (sDAVF) are rare 
spinal cord lesions formed between a radicular artery and 
medullary vein leading to venous hypertension with subse-
quent radicular pain and extremity weakness (paresis), as 
well as loss of bowel and bladder function [1]. They are also 
the most common vascular malformations found within the 
spinal canal [2]. Because of the manifold clinical presenta-
tions, which resemble much more common diseases such as 
degenerative disc disease or polyneuropathies, the diagnosis 
is often delayed [3]. 

However, due to the fact that sDAVF can result in perma-
nent spinal cord injury if left untreated, prompt and accurate 
diagnosis is crucial. Initial diagnosis is based on magnetic 
resonance (MR) findings, with special attention to MR angi-
ography (MRA), but digital subtraction angiography (DSA) 
is necessary for a thorough understanding of the anatomical 
condition and planning of the therapeutic strategy [4, 5]. 
Current medical treatment includes both microsurgical and 
endovascular methods [6–8]. A recent multicentre study aimed 
at comparing these two techniques did not find significant 
differences in overall clinical outcomes, but concluded that 
patients undergoing embolisation have a higher risk of late 
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Table 1. Aminoff and Logue scale of disability

Grade Characteristics 

Gait 
disturbance

1 Leg weakness or abnormal gait, no restricted activity

2 Grade 1 with restricted activity

3 Requiring one stick/crutch for walking

4 Requiring two sticks/crutches/walker for walking 

5 Unable to stand, confined to bed/wheelchair

Micturition

1 Hesitancy, frequency, urgency

2 Occasional urinary incontinence or retention

3 Total urinary incontinence or retention

recurrence [9]. However, with constant technological im-
provements the rate of successful embolisation has been rising 
and due to the additional advantages of minimally-invasive 
embolisation (i.e. shorter hospitalisation and a less painful 
postoperative course), some centres now consider this as the 
treatment of choice in selected patients [10]. 

The aim of this study was to report the clinical outcomes, 
as well as the failure and recurrence rates, of 16 patients with 
sDAVF treated with endovascular means.

Material and methods

In this single-centre retrospective study, we evaluated the 
clinical and procedural data of 16 consecutive patients diag-
nosed with sDAVF and treated with endovascular embolisation 
between January 2014 and December 2020. All sDAVF were 
initially diagnosed with MR and MRA and subsequently con-
firmed with DSA examination. All cases were then reviewed by 
a multidisciplinary board which consisted of a neurosurgeon 
and a neuroradiologist. All cases amenable to endovascular 
treatment were referred for embolisation. Baseline clinical 
condition was evaluated using both the Aminoff and Logue 
disability scale and the VAS scale [11]. All patients gave in-
formed consent prior to the procedure (Tab. 1). 

All endovascular interventions were performed under 
biplane angiography unit with 3D rotational angiography and 
with patients under general anaesthesia. After selective cath-
eterisation of the feeding artery with a microcatheter, defini-
tive embolisation was attempted with N-butyl cyanoacrylate 
(NBCA; Cordis Microvascular Inc.) or ethylene vinyl alcohol 
(Onyx, Covidien) depending on the vascular condition of 
the fistula. Control angiography was performed afterwards. 

All patients underwent at least one control DSA and/ 
/or MR examination as well as a neurological examination 
3–6 months after the procedure. In cases of recanalisation/ 
/incomplete occlusion and no clinical improvement, the pos-
sibility of secondary embolisation or surgical intervention was 
discussed with the patient. 

Results

In total, 16 patients met the inclusion criteria. The ma-
jority of patients were male (12, 75%) and the mean age on 
admission was 62.4 years (range 28 to 70). Average time from 
symptoms onset to endovascular procedure was 13.3 months. 
In terms of fistulas localisation, the most common on spinal 
angiography was at the level of T7 (four cases), with 13 fis-
tulas located at the thoracic level and three at the lumbar 
level. All the malformations were dural spinal arteriovenous 
fistulas (pathological arteriovenous shunting between the 
leaflets of the dura), with draining vein on the dorsal surface 
of the spinal cord, and were classified as type 1 according to  
the Spetlzer et al. classification [12]. Complete and super-selec-
tive occlusion was achieved in 10 patients (63%). Five patients 
required secondary intervention due to late recurrence (four 
cases) or the presence of multiple feeders (one case). As far 
as post-procedural complications were concerned, in one case 
a transient paralysis of the lower extremities was noted, which 
resolved within three months of the procedure. 

Imaging examination performed at the long-term fol-
low-up (mean duration = 28 months, range 7 to 58) disclosed 
that complete occlusion of the fistula was achieved in 14 pa-
tients (88%). In the two cases in which complete occlusion 
could not be obtained, one patient was referred for further 
microsurgical operation and one is being followed-up with 
incomplete occlusion of the fistula. 

In the long term, clinical improvement was observed in 
eight patients (50%) and stable clinical condition in a further 
five patients (31%). Deterioration of the patient despite treat-
ment was observed in three cases (19%). Among the patients 
with clinical improvement or stable neurological condition, av-
erage improvement was 1.25 points in the Aminoff and Logue 
disability scale and 2.1 points in the VAS scale (Fig. 1, Tab. 2). 

Discussion

Due to variable clinical presentations, spinal dural arte-
riovenous fistulas (sDAVF) remain a diagnostic challenge. 
They are usually diagnosed in middle-aged male patients in 
the thoracic and lumbar spine, and this was reflected in the 
findings of our study. Although they might present with a va-
riety of symptoms ranging from mild to severe neurological 
impairment, accurate diagnosis and effective treatment is 
crucial as the disease is progressive and leads to disability [13]. 
Fortunately, recent advances in diagnostic imaging modalities 
and endovascular treatment techniques have greatly increased 
the options regarding these lesions. 

Magnetic resonance imaging is currently the best tool in 
the diagnosis of sDAVF. The diagnosis is confirmed by a triad 
of findings on routine MRI that is present in > 95% of cases: 
1) spinal cord oedema (hyperintense signal on T2-weighted 
images); 2) enlarged veins around the spinal cord (flow voids 
on T2-weighted images); and 3) disruption of the blood-brain 



307www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Paweł Szmygin et al., Long-term embolisation results in sDAVF

Figure 1. Successful embolisation of a thoracic sDAVF in a 53-year-old male patient who presented with increasing weakness in lower extre-
mities. Initial diagnosis of sDAVF was made after MR examination (A) and confirmed in DSA afterwards (B). Super-selective catheterisation 
of feeding artery was performed (C), tip of a micro-catheter is pointed with white arrow. Embolisation of fistula was performed with N-butyl 
cyanoacrylate. Control angiography confirmed successful occlusion (D). Control imaging examinations performed six months after procedure 
(DSA — E) and two years after procedure (MR — F) showed no signs of recurrence   

Table 2. Clinical data of patients and procedural outcomes  

Clinical data 
Patients (n) 16
    Male/female (n, %)  12 (75%), 4 (25%)
    Mean age (years, range) 62.4 (28–70)
    Mean time from onset to procedure  
    (months, range) 

13.3 (1–39)

Localisation of sDAVF (n, %) 
    Thoracic 
    Lumbar

 
13 (81%)  
3 (19%)

Procedural details
Occlusion of fistula (n, %)  
    Complete 
    Incomplete

 
10 (63%) 
6 (37%)

Secondary treatment (n, %)  
    Endovascular 
    Microsurgical

 
4 (25%)  
1 (6%)

Complications (n, %)  
    Transient paralysis

 
1 (6%)

Long-term outcome
Duration of follow-up (months, range) 28 (7–58)
Occlusion of sDAVF (n, %)  
    Complete 
    Incomplete

 
14 (88%)  
2 (12%)

Clinical outcome (n, %)  
    Improvement   
    Stable condition  
    Deterioration  

 
8 (50%) 
5 (31%) 
3 (19%)

barrier (cord enhancement on T1-weighted images after con-
trast injection) [14]. The location of the sDAVF is determined 
by magnetic resonance angiography (MRA) and/or digital 
subtraction angiography [5]. 

The traditional treatment of sDAVF consisted of micro-
surgical occlusion of the fistulous connection. This involves 
a hemilaminectomy, opening the dura and coagulation or 
clipping of the vein [15]. A recent review of the literature 
published by Maimon et al. [14] described a reported success 
rate of this surgery ranging from 85–100%. However, being 
an open surgery, it is associated with several procedural com-
plications including epidural haematoma, CSF leak, wound 
infection etc. [6, 16]. 

For this reason, some centres are implementing novel 
technologies (e.g. microscope-assisted endoscopic techniques 
in order to reduce the risk of complications) [17].  

Minimally invasive endovascular embolisation is an alterna-
tive therapeutic approach for patients presenting with sDAVF. 
During this procedure, liquid embolic material is injected from 
a microcatheter placed in the proximity of the shunt aiming to 
permanently occlude the venous side of the fistula [14]. 

Although the initial experience was less satisfactory com-
pared to the surgery, today with the introduction of modern 
microcatheters and liquid embolic materials, especially Onyx, 
the role of minimally invasive endovascular embolisation in 
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the management of spinal vascular malformations has ex-
panded [8, 10, 14, 19]. In our series, compete occlusion of the 
fistula in long-term follow-up was achieved in 88% of patients, 
comparable to the outcomes reported by other authors [19, 20].  
Similarly, the rate of complications remains within the range 
of reported procedural complications described in the above-
mentioned articles. 

As far as the clinical outcome is concerned, the observed 
clinical improvement rate was 50%. Similar results have 
been described in surgical studies [16, 21]. In addition to 
this, clinical stable condition was achieved in further 31% of 
monitored patients. 

An overview of presented literature on treatment and 
outcomes of patients with sDAVF is set out in Table 3.

Considering the minimally-invasive nature of endovas-
cular embolisation, and its high success rate combined with 
low rate of procedural complications, is seems reasonable to 
refer all sDAVF patients for multidisciplinary board evaluation 
consisting of a neurosurgeon and a neuroradiologist and to 
consider embolisation in all amenable patients.     

We are aware that our study has some limitations. First and 
foremost, our small sample size of unrandomised patients limits 
the validity of the data. Secondly, the absence of a control group 
treated with surgical methods might be perceived as a potential 
drawback. Perhaps patients more suitable for microsurgical treat-
ment were referred to other neurosurgical centres, and this prese-
lection bias may have impacted upon the final outcome of our 
study. Finally, the heterogeneity of the location and morphology  
of the fistulas might have affected the results. Nonetheless, these 
drawbacks might be attributed to the rarity of the entity.

In conclusion, the results of this preliminary study suggest 
that long-term clinical outcomes in patients with sDAVF treat-
ed with endovascular embolisation are comparable to those 

Table 3. Overview of literature on treatment and outcomes of patients with sDAVF

Study Patients  
(n)

Treatment Initial technical success 
(%)

Complications rate  
(%)

Overall clinical success 
(%)

Qi et al. [8] 52 Surgery — 40

Embolisation —12

Surgery — 100%

Embolisation — 60%

4% Improvement to some 
degree — 100%

Bretonnier et 
al. [9]

63 Surgery — 23

Embolisation — 40

Surgery — 91%

Embolisation — 70%

Surgery — 9%

Embolisation — 2%

N/i

Park et al. [10] 18 Embolisation 82% 6% 83%

Saladino et al. 
[16]

154 Surgery 95% 9% Improvement — 82% 
Stability — 14%

Kirsch et al. 
[18]

78 Surgery — 17

Embolisation — 61

Surgery — 100%

Embolisation — 77%

Surgery — 0%

Embolisation — 5%

> 75%

Gemmete et 
al. [19]

33 Surgery — 4

Embolisation — 29

Surgery — 100%

Embolisation — 76%

Surgery — 0%

Embolisation — 3%

Improvement — 45% 
Stability — 55%

Sasamori et 
al. [20]

50 Surgery — 19

Embolisation — 31

Surgery — 95%

Embolisation — 71%

Surgery — 11%

Embolisation — 13%

Improvement — 66%

Present study 16 Embolisation 63% 6% Improvement — 50% 
Stability — 31%

reported in surgical studies, even if the initial success rate is 
significantly lower compared to microsurgical intervention. 
Similarly, the rate of procedural complication is comparable 
with microsurgery. 

Clinical implications 

Even if microsurgery remains the primary treatment 
modality for patients with spinal dural arteriovenous fistulas, 
modern endovascular methods offer a safe and reliable alter-
native, and should therefore be considered during multidis-
ciplinary evaluation of these patients. 

Conflicts of interest: None.
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ABSTRACT

Introduction. We present the first two Polish families diagnosed with spinocerebellar ataxia type 7 (SCA7) and draw attention 
to cardiac involvement as a new potential manifestation of this disease.

Material and methods. Two well-documented kindreds are presented. 

Results. The proband from Family 1 presented aged 54 years with vision worsening followed by progressive imbalance. Brain 
MRI demonstrated cerebellar atrophy. Genetic testing confirmed CAG repeat expansion (42/10) in ATXN7 gene. The proband from 
Family 2 developed imbalance at age 20, followed by progressive deterioration of vision. Brain MRI revealed cerebellar atrophy. 
Additionally, she developed chronic congestive heart failure and, at age 38, had cardiomyopathy with an ejection fraction of 
20% and significant mitral and tricuspid regurgitation. Genetic analysis found abnormal CAG expansion in the ATXN7 (46/10). 

Conclusions and clinical implications. Vision loss due to pigmentary retinal degeneration is the distinguishing feature of SCA7 
and often the initial manifestation. Although SCA7 is one of the most common SCAs in Sweden, it has never been reported in 
neighbouring Poland. Until now, cardiac abnormalities have only been described in infantile-onset SCA7 with large CAG repeats.  
The observed cardiac involvement in Family 2 may be coincidental, albeit a new possible manifestation of SCA7 cannot be 
excluded.
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(Neurol Neurochir Pol 2023; 57 (3): 310–313)

Introduction

Spinocerebellar ataxia type 7 (SCA7) is a rare autoso-
mal-dominant neurodegenerative disorder caused by ab-
normal CAG expansion (typically above 36 repeats) in the 
ATXN7 gene encoding Ataxin-7 protein [1, 2]. SCA7 is very 
rare, with an estimated prevalence of less than 1:100,000 and 
accounting for 2% of all SCA cases worldwide [1, 2]. However, 

its prevalence is higher in Scandinavians, indigenous South 
Africans, and Mexicans, constituting approximately 50%, 
22%, and 7% of all SCAs in those countries and regions, re-
spectively [2]. Interestingly, until now, only one isolated case 
from Eastern Europe (Czechia) has ever been reported [3]. 

In this work, we present the first two Polish families diag-
nosed with SCA7 and draw attention to cardiac involvement 
as a new potential manifestation of the disease.
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Material and methods

Family 1 (Fig. 1A)
A 54-year-old female (II-1) noticed a blurring of vision, 

and optical coherence tomography revealed degeneration of 
the optic nerve. Brain magnetic resonance imaging (MRI) 
demonstrated cerebellar atrophy. Subsequently, her vision 
deteriorated, and she developed imbalance. Neurological ex-
amination at age 57 showed dysarthria, vision loss, four-limb 
ataxia, and wide-based gait. Genetic testing confirmed CAG 
repeat expansion (42/10) in ATXN7. Her symptoms slowly 
worsened over time. During a follow-up evaluation at age 67, 
she had dysarthria, severe vision deficiency, impaired vertical 
gaze, four-limb ataxia, increased muscle tension of the mixed 
rigid-spastic type, brisk tendon reflexes, bilateral ankle clonus, 
and Babinski sign on the left side. She could stand only with 
intermittent support and walk with the strong support of 
an accompanying person. Her follow-up brain MRI showed 
progression of the cerebellar atrophy.

Her daughter (III-1) presented aged 32 with slurring of 
speech and difficulties with word retrieval. She was diagnosed 
with oligoastrocytoma WHO grade III in the left temporal lobe 
and underwent surgical excision, chemo- and radiotherapy. 
Despite recovering from the brain tumour, she experienced 
worsening of speech and imbalance. Genetic testing found 
abnormal CAG repeat expansion in ATXN7 (43/10). On neu-
rological examination aged 43, she had dysarthria, horizontal 
nystagmus during lateral gaze, four-limb ataxia, spasticity, 
exaggerated tendon reflexes, and Babinski sign on the left side. 

She could walk unsupported but occasionally staggered, was 
unable to walk in tandem, and had reduced right arm swing.

A second daughter, a 41-year-old (III-2), is asymptomatic, 
with genetic testing revealing abnormal CAG repeat expansion 
in ATXN7 (42/10). The family history for similar symptoms 
in other family members was negative. Based on the genea-
logical information going three generations back, the family 
originated from the Greater Poland region.

Family 2 (Fig. 1B)
A 20-year-old female (III-3) developed imbalance and gait 

difficulty, followed by progressive vision loss. On neurological 
examination aged 28, she had dysarthria, vision deficiency, 
impaired vertical and horizontal gaze, spasticity in the lower 
limbs, exaggerated tendon reflexes, and four-limb ataxia. She 
needed an accompanying person or a walker to ambulate. 
Brain MRI revealed cerebellar atrophy. Genetic analysis found 
abnormal CAG expansion in the ATXN7 (46/10). In subse-
quent years, her symptoms progressed, and she developed 
chronic congestive heart failure and was diagnosed with car-
diomyopathy. Transthoracic echocardiography at 38 showed 
global hypokinesia with an ejection fraction of 20% and 
significant mitral and tricuspid regurgitation. Neurological 
examination at 39 revealed severe dysarthria, ophthalmoplegia 
with complete vision loss, four-limb ataxia, spasticity in the 
lower limbs, and bilateral Babinski sign. She could only walk 
a short distance with a walker or the strong assistance of an 
accompanying person. She depended on a caregiver for all her 
daily activities, and remained recumbent for most of the day. 

Figure 1. Pedigrees of Family 1 (A) and Family 2 (B). For family pedigrees, standard pedigree symbols are used: arrowhead indicates pro-
band; circle indicates female; square indicates male; slash through symbol indicates diseased individual; left lower quadrant black symbol 
indicates affected individual with ataxia; right upper quadrant grey symbol indicates affected individual with cardiac disease
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The family history was positive for similar symptoms. 
Her father (II-4) did not suffer from a visual deficiency or 
gait difficulty, but developed cardiomyopathy at 50 and died 
suddenly while asleep at 60. However, the patient’s uncle 
(II-1) noticed imbalance and gait difficulty at 54, and slowly 
progressed over the years. He also suffered from a cardiac 
disorder (atrial fibrillation). His son (III-1) presented gait and 
balance problems at 40. They both had genetic testing, which 
confirmed abnormal repeat expansion in the ATXN7. Of note, 
the proband’s paternal grandmother (I-1) died suddenly at 57, 
of suspected cardiac arrest. The paternal side of the proband’s 
family descended from central Poland, which they had inhab-
ited for at least three generations. 

Discussion

Normal ATXN7 encodes a protein involved in the reg-
ulation of transcription and stabilisation of microtubules; 
however, the mutation results in an aberrant polyglutamine 
protein with a propensity to accumulate in the cerebellum, 
spinal cord, brainstem, and retina [1, 2]. Therefore, the disease 
usually manifests with progressive cerebellar ataxia, dysarthria, 
oculomotor disturbances, motor neuron symptoms, and vision 
deficiency due to pigmentary retinal degeneration [1, 2]. The 
latter feature distinguishes SCA7 from other hereditary ataxias 
and often is the first manifestation. 

SCA7 has been reported in North and South America, 
Africa, Asia, Oceania, Europe, and the Caribbean [1, 2, 4]. It 
is one of the most common SCAs in Sweden, but interesting-
ly, it has never been reported in neighbouring Poland [4, 5]. 
Although the two countries are separated by the Baltic Sea, 
they have a rich history of bilateral relations and migration 
in both directions. Previous studies on haplotyping suggested 
a common founder in a few populations with SCA7, including 
the Swedish one [4]. On the other hand, many cases, includ-
ing the one from Czechia, were sporadic [3]. This may be 
due to the high intergenerational instability of CAG repeat 
length in the ATXN7 gene, which may increase from low to 
pathogenic range even over one generation [6]. In particular, 
paternal transmission poses a risk of expanding CAG repeat 
length [3]. As the age of onset and severity of the phenotype 
is inversely proportional to the extent of CAG expansion, the 
next generation can present decades earlier [3]. In everyday 
clinical settings, most cases of ataxia are due to causes other 
than genetic ones [7, 8]; however, as many of the reported 
SCA7 cases were isolated, the disease should be included in 
the differential diagnosis of sporadic ataxia. 

Interestingly, cardiac involvement has only been reported 
in infantile-onset SCA7 [9, 10]. It has been postulated that large 
(above 180 CAG repeats) ATXN7 expansions may damage 
cardiac tissue and lead to congestive heart failure [9, 10]. In 
light of this, the relatively small size of the CAG expansion may 
suggest another aetiology of heart failure, including a genetic 
one, which cannot be precluded based on the available data 

regarding Family 2. However, the number of reported SCA7s 
is limited, and new data on its and other SCAs’ possible symp-
tomatology, including urinary dysfunction, is emerging [11].  
Therefore cardiac involvement as a new manifestation of 
adult-onset SCA7 cannot be excluded. 

At present, there is no approved specific therapy for SCA7, 
and the management remains symptomatic and supportive [2]. 
Physiotherapy has been shown to improve motor coordination 
and mobility in patients with other types of SCA, and these 
effects persisted beyond one year of follow-up [2, 12]. Although 
there is no consensus as to the optimal regimen of physiother-
apy, its beneficial effects were shown by many previous studies 
with variable protocols used [2, 13–16]. Therefore, we suggest 
tailoring the form and intensity of physiotherapy to the needs 
of the individual patient. Occupational and speech therapy 
should also be considered [1, 2]. Diplopia may be alleviated 
with prism correction. Patients with spasticity may benefit 
from botulinum toxin injections [17–19]. Neuropathic pain 
and paresthesia may be mitigated with pregabalin and gabap-
entin; however, caution should be used as these medications 
can aggravate dizziness and imbalance. Therefore, acupuncture 
may also be considered in patients’ neuropathic symptoms [2]. 
Neuropsychiatric symptoms (depression, behavioural abnor-
malities) should be managed in the first place with selective 
serotonin reuptake inhibitors [2].

Clinical implications/future directions

In this short communication, we present the first two 
Polish families with SCA7 and highlight the need to include 
this disease in the differential diagnosis. We draw attention to 
cardiac abnormalities in SCA7, which may be other possible 
disease manifestations. Further research is needed to inves-
tigate the genotype-phenotype correlations in SCA7 and to 
better our understanding of the disease’s pathomechanism. 
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To the Editors

Cranial solitary plasmacytoma is a very rare clinical 
manifestation of multiple myeloma (MM) [1–3]. Moreover, 
cranial plasmacytomas presenting as visibly prominent swell-
ings on the head are extremely rare, and their management 
poses a challenge for neurosurgeons. It remains unclear which 
patients are most likely to develop this type of large, solitary, 
protruding cranial plasmacytoma. Age and gender are the 
two main non-modifiable factors in an individual’s risk of 
being diagnosed with cancer. [4] Various biological and be-
havioural factors have been proposed to explain how age and 
gender significantly modulate the incidence of cancer at the 
population level. Exploring common features of such cranial 
plasmacytomas may shed light on their pathophysiology.

A 90-year-old female patient was admitted to our hospital 
complaining of a soft, painless, rapidly swelling mass that had 
developed within a month on the left frontal region of her 
scalp. The skin overlying the lesion was hyperaemic because 
of enlarged vessels. The patient did not have any complaints 
about the bump, such as a headache, other than its cosmetic 
appearance, and no neurological deficit was detected during 
the examination. Her medical history revealed that not only 
had she been diagnosed with MM eight years before (which 

was treated with chemotherapy), but also that she had been 
diagnosed with basal cell carcinoma in the sacral region four 
years before presenting on this occasion. The patient was in 
remission, but had disrupted her treatment for the preceding 
two years because of the COVID-19 pandemic. The patient’s 
blood and urine analyses were consistent with the diagnosis 
of MM, including increased monoclonal immunoglobulins, 
anaemia, and hypercalcaemia.

Cranial magnetic resonance imaging revealed a giant 
left frontal extra-axial lesion adjacent to the superior sagittal 
sinus (Fig. 1a). The lesion had compressed the cerebral tissues, 
causing a left ventricular collapse and subfalcine herniation. 
The lesion was isointense and showed homogeneous contrast 
enhancement on the T1-weighted sequences. Dural boundar-
ies were indistinguishable. Magnetic resonance angiography 
showed that the mass was being fed from the distal branches 
of the external carotid artery (Fig. 1b). It was observed that 
the tumour had destroyed both the inner and outer tables of 
the skull in an area approximately 3 cm in diameter.

The patient was operated on with a bifrontal incision 
under general anaesthesia (Fig. 1c). There was a cleavage line 
between the skin and the tumour. The galea was taut but intact. 
Although the tumour was vascular in nature, no excessive 
bleeding was observed. The tumour had completely eroded the 
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Figure 1. A. Cranial magnetic resonance image showing giant 
left frontal extra-axial lesion adjacent to superior sagittal sinus;  
B. Magnetic resonance angiographic scan showing that mass was 
being fed from distal branches of external carotid artery (arrow); 
C. Patient was operated on with a bifrontal incision under general 
anaesthesia. Skin overlying the lesion was hyperaemic because 
of enlarged vessels; D. Grey-brown and slightly hard intracranial 
component of tumour was also completely resected using a cleav-
age line plane between tumour and brain; E. Diffuse plasma cell 
infiltration was observed histologically; F. Postoperative MRI scan 
showing total removal of tumour

A D

B E

C F

calvarial bone in a small area. The parts of the tumour extend-
ing outward from the bone surface were completely removed 
up to the bone surface. The grey-brown and slightly hard 
intracranial component of the tumour was also completely 
resected using a cleavage line plane between the tumour and 
the brain (Fig. 1d). The dura was closed using a galeal graft. 
In this elderly patient, cranioplasty was not performed, not 
only because of the small calvarial defect, but also to shorten 
the operation time and prevent the risk of infection. The 
patient woke from anaesthesia with a Glasgow Coma Scale 
(GCS) score of 15 without any problems and was extubated 
in the operating room. She was then taken as routine to the 
intensive care unit and transferred to a ward bed a day later. 
Diffuse plasma cell infiltration was observed histologically; 
the results were positive for kappa light chain and negative 
for lambda light chain (Fig. 1e). Plasma cells, which were 
kappa monoclonal, displayed strong and diffuse expressions 
of CD138, CD38 and CD56.

The patient did well postoperatively. She was transferred 
to the haematology ward on the seventh postoperative day, 
and after three weeks of chemotherapy, she was discharged. 
A postoperative MRI scan showed total removal of the tumour 
(Fig. 1f). Four months later, the patient developed sudden 
mild hemiparesis due to a cerebrovascular ischaemic event, 
but recovered after treatment.

In this article, we present a case of solitary cranial plasma-
cytoma presenting as a giant swelling on the head of a 90-year-
old female patient with a history of sacral basal cell carcinoma 
and an eight-year history of MM in remission. Although MM 
is more common in men, cranial plasmacytomas tend to be  
more common in women. Similarly, basal cell carcinomas are more  
common in women under the age of 40 than in men [4].  
To the best of our knowledge, the potential relationship be-
tween sex hormones and cranial plasmacytomas has not been 
explicitly researched.

Osteoclasts are important cells involved in the bone lysis of 
MM. Osteoclast formation during bone remodelling is affected 
by a protein from the tumour necrosis factor family called the 
receptor activator of nuclear factor-κB ligand (RANKL) [5].  
RANKL increases osteoclast activation, which results in aug-
mented bone resorption, leading to the release of IGF1 and 
TGF-β. This process then leads to immune suppression  
and the further proliferation of MM cells. An increase in serous 
RANKL has been found to increase the risk of sex hormone-
induced breast cancer associated with a familial BRCA1 mu-
tation. Females with BRCA1 mutations have an increased 
risk of developing breast and ovarian cancers. Although no 
laboratory examination for either RANKL or BRCA1 muta-
tions could be performed on our patient, increased RANKL 
activation and/or a BRCA1 mutation may underlie the effects 
of aggressive bone lysis in females with giant, rapidly growing, 
bone-destroying plasmacytomas. With the excessive shift of 
the osteoclastic-osteoblastic balance in favour of osteoclastic 
activity, rapid destruction of the bone and rapid growth of the 

plasmacytoma from the bone surface towards a weak barrier, 
such as the skin, may be possible. Under the influence of sex 
hormones, excessive osteoclastic activity may cause the ap-
pearance of giant cranial solitary plasmacytomas in women 
more than in men. Another observation that supports this 
hypothesis is that Paget’s disease, which is known to be more 
common in women, can be seen frequently with MM.

Although preoperative superselective tumour embolisa-
tion was recommended to prevent excessive blood loss during 
the operation, embolisation was not attempted in this case in 
order not to cause additional morbidity for the patient with 
advanced age and comorbidities. There was no uncontrollable 
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bleeding in the surgery. The primary surgical goal should be 
radical tumour resection, but radiotherapy may be preferred 
for small tumours or when resection is not possible because 
the tumour is extremely radiosensitive. Since the tumour was  
completely resected in the presented case, radiotherapy  
was planned to be considered only in case of recurrence.

Since cranial plasmacytomas can present in many differ-
ent forms, many pathological lesions, such as glioblastomas, 
subdural haematomas, metastases, meningiomas, sarcomas, 
and giant cell tumours, should be considered during differ-
ential diagnosis [1, 2]. 

This case demonstrates the complexity of the pathophysi-
ology of giant cranial solitary plasmacytomas. A potential 
relationship between sex hormones and giant cranial plasma-
cytoma may exist. Notably, this case featured the oldest patient 
to have been successfully surgically treated and documented 
in the medical literature.

Ethical issues: The ethical issues for this study have been care-
fully considered in line with the Declaration of Helsinki and 
its amendments. Written informed consent and permission to 
reproduce copyrighted materials were obtained from the patient.
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To the Editors

The neurological deficit of a stroke is not only the conse-
quence of the focal lesion, but also the result of the disrup-
tion in connections with other areas. The analysis of brain 
connectivity provides new insights into post-stroke recovery 
mechanisms, as well as means of assessing the extent of the 
damage [1, 2].

Post-stroke electroencephalography (EEG) studies have 
demonstrated a reduction in intrahemispheric functional 
connectivity in various networks of the lesioned hemisphere 
after stroke, and this pattern has been shown to be associated 
with poor function. More pronounced low-frequency activity 
(delta or theta frequency activity) in the lesioned hemisphere 
and higher frequency activity (alpha or beta activity) in the 
contralesional hemisphere may create a higher interhemi-
spheric imbalance. This may be associated with poor function 
and the restoration of balance may be associated with improved 
recovery after stroke [3].

Stroke leads to an early reduction of connectivity in the 
motor network. With recovery time, connectivity increases 
and can reach the same levels as in healthy participants. The 
increase in connectivity is correlated with functional motor 
gains. The analysis of changes in connectivity patterns may lead 
to a better understanding of these compensatory mechanisms 
in the brain after stroke [4].

EEG functional connectivity analysis can be performed 
using sLORETA (standardised low resolution electromag-
netic tomography software). This is a linear inverse solution 
for EEG signals that have no localisation bias in the presence 

of measurement and biological noise. The electric potential 
differences from EEG can estimate the current density vector 
field on the cortex in LORETA [5].

We report below some observations regarding network 
reorganisation in two cases of ischaemic stroke with an early 
good outcome. Informed consent was acquired from both 
patients.

We firstly report the case of a 74-year-old man who was 
admitted to the neurological department for sudden onset of 
weakness in his left limbs of two days’ duration. He had a his-
tory of alcohol drinking, but there were no known additional 
vascular risk factors.

Neurological examination revealed left hemiparesis 
(Muscle Strength Rating Scale 4.5/5 upper limb and 4/5 lower 
limb, left Babinski sign) and mild dysarthria with an NIHSS 
(National Institutes of Health Stroke Scale) score of 5 points. 
A CT (computed tomography) scan performed in the accident 
and emergency department revealed an ischaemic acute stroke 
in the right anterior cerebral artery territory (Fig. 1 A).

Routine blood exam was unremarkable, and cardiovascu-
lar investigations revealed atrial fibrillation.

We performed an EEG in a resting state condition, in an 
isolated room, with closed eyes for 20 minutes on the fifth 
day after symptoms onset. Electroencephalographic signals 
were measured from 32 electrodes positioned according to 
the augmented International 10–20 system. The data was 
analyzed with MATLAB software, using scripts based on the 
EEGLAB toolbox. Detection and rejection of the artifacts were 
completed through ICA (independent component analysis). 
We selected the components that had brain source (Fig. 1 B).
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Figure 1. A. Axial CT reveals acute hypodensity in right anterior cerebral artery; B. Independent component analysis in MATLAB-EEGLAB 
for Patient 1; C. sLORETA algorithm for independent component chosen for Patient 1; D. Axial CT reveals acute hyperdense thrombus in 
M2 segment of left middle cerebral artery; E. Independent component analysis in MATLAB-EEGLAB for Patient 2; F. sLORETA algorithm 
for independent component chosen for Patient 2. CT — computed tomography; sLORETA — standardised low resolution electromagnetic 
tomography software

We used sLORETA to compute the cortical electrical dis-
tribution from the scalp potentials measured at the electrode 
sites (Fig. 1 C). We detected an increased distribution of elec-
trical sources in the contralateral hemisphere (non-lesioned 
hemisphere — frontoparietal area).

We now report the second case: a 51-year-old man was 
admitted to the neurological department for sudden onset 
of weakness in his right limbs and expressive aphasia, of 
four hours’ duration. He had a history of cigarette smoking, 
hypertension and dyslipidemia.
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The neurological examination revealed right hemiparesis 
(strength was 4+ out of 5 on the right hand and 4+ out of 5 on 
the right foot, right Babinski sign) and motor aphasia with an 
NIHSS score of 6 points. A CT scan performed in the accident 
and emergency department revealed an acute hyperdense 
thrombus in the M2 segment of the left middle cerebral artery 
(Fig. 1 D). The ASPECTS (Alberta Stroke Program Early CT 
Score) was 10 points. The routine blood exam was unremark-
able. During hospitalisation, the NIHSS score decreased to 
1 point after intravenous (IV) thrombolysis. The cerebral CT 
performed one day after IV thrombolysis confirmed a small 
recent hypodense parietal area. Cardiovascular investigations 
during hospitalisation detected atrial fibrillation.

We performed a resting state EEG of 20 minutes’ duration 
on the fifth day of hospitalisation, and we analysed the signals 
in MATLAB-EEGLAB (Fig. 1 E). We removed the artifacts 
and we selected the components corresponding to brain 
electrical dipoles. 

We further investigated the cortical electrical distribution 
of scalp potentials in sLORETA and we detected an increased 
distribution of electrical sources in the contralateral temporal 
area (non-lesioned hemisphere) and the ipsilateral frontal 
area (Fig. 1 F).

These two clinical cases raise questions regarding the 
ability of the brain to reorganise its connections and the utility 
of assessing early clinical outcomes in acute stroke patients.

Recent studies have focused on connectivity after stroke 
in order to find predictive biomarkers in stroke recovery.  
This represents an active research area in neuroscience and this 
could be a new insight in the domain of rehabilitation. In the 
context of incomplete knowledge of network reorganisation 
after stroke and its importance in clinics, further research 
studies are required to validate the importance of connecto-
mics in this disabling disorder. 

Analysing recovery studies of resting state functional 
connectivity of stroke participants and comparing them to 

a control group, functional connectivity measures have 
shown decreases in at least some nodes or networks. When 
recovery occurs spontaneously, or is supported by therapy 
or training, connectivity increases over time [4]. Rehabili-
tative training (e.g. virtual reality as a therapeutic strategy 
can engage certain sensory and motor circuits) that indirectly 
affects the flow of information through brain connectomes and 
circuit-level plasticity may have a positive impact on stroke pa-
tients [1]. Studying functional connectivity in acute stroke, and 
finding early predictive biomarkers that are reliable enough in 
clinical practice to guide individualised rehabilitative training, 
represents a promising direction for future research.
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To the Editors

We read with interest the article by Bistriceanu et al. [1] 
describing a 47-year-old male with ischaemic stroke in the ter-
ritory of the right middle cerebral artery, which was classified 
as cardioembolic due to intracardiac thrombus formation in 
the context of left ventricular hyper-trabeculation (LVHT), 
also known as non-compaction. Their study is excellent, but 
has limitations that cause us concerns and which we would 
like to discuss.

We disagree with the statement that LVHT is congenital in 
each case [1]. Though rarely reported, several cases of LVHT 
have been reported in which LVHT was not present at birth, 
and therefore not congenital, but developed during post-par-
tum life [2]. Acquired LVHT has been particularly reported in 
patients with neuromuscular disorders, in pregnant females, 
and in professional athletes [2]. There are also indications that 
acquired LVHT in pregnant females can disappear again after 
delivery or after cardiac surgery [3].

We also disagree with the statement that LVHT is a genetic 
disorder [1]. Though commonly associated with genetic dis-
ease, particularly chromosomal defects, LVHT and hereditary 
neuromuscular disorders, and although rare familial cases 
have been reported [4], a causal relation between any of these 
genetic defects and the intra- or extrauterine development of 
LVHT has not been proven.

The complications of LVHT not considered in the dis-
cussion of the index case are ventricular arrhythmias and 
sudden cardiac death (SCD). Ventricular arrhythmias can 
have neurological implications as they can be associated with 
heart failure or thrombus formation. Thrombus formation can 
occur either within the recessus between the trabeculations 
or within the left ventricular cavity. Because of the risk of 

ventricular arrhythmias, LVHT patients are recommended to 
undergo either repeated Holter monitoring or implantation of 
a loop recorder to detect malignant ventricular arrhythmias. 

Detection of ventricular arrhythmias has therapeutic 
implications, because implantation of an implantable car-
dioverter defibrillator (ICD) should be considered in LVHT 
patients with recurrent syncopes or documented ventricular 
arrhythmias on long-term ECG recordings.

Neurological complications of LVHT not only include 
cardio-embolic stroke but also syncope, transitory ischae-
mic attack, or cerebral hypoxia in the case of heart failure, 
prolonged malignant ventricular arrhythmias, or insufficient 
resuscitation in the context of asymptomatic ventricular 
arrhythmias.

Because LVHT is most commonly associated with neu-
romuscular disorders [5], all patients with LVHT should be 
systematically investigated for myopathy. Accordingly, we 
would like to establish whether the index patient, who was seen 
by a neurologist because of the stroke, had any indications for 
peripheral nervous system disease. 

Because LVHT is commonly associated with the phe-
nomenon of late gadolinium enhancement (LGE) of the 
left ventricular myocardium [6], we would also like to ask 
whether the index patient underwent cardiac MRI, and if this 
phenomenon could be documented in his case as well. The 
pathophysiological consequences of this phenomenon are not 
fully understood, but it has been postulated that it represents 
intraventricular fibrosis. LGE is associated with the occurrence 
of major adverse cardiovascular events (MACE) [6].

To sum up, this interesting study has limitations that call 
the results and their interpretation into question. Addressing 
these issues would strengthen the conclusions and could im-
prove the status of the study. LVHT has to be regarded as a risk 
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factor of cardioembolic stroke, but before attributing stroke to 
LVHT, alternative aetiologies need to be thoroughly ruled out.
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(Neurol Neurochir Pol 2023; 57 (3): 322–323)

To the Editors

We read with interest the article by Chatys-Bogacka et 
al. on a cross-sectional study on the differences between the 
sexes in post-COVID ‘brain fog’ [1]. Data collection took 
place between April 2021 and August 2021 using previously 
published electronic questionnaires which were delivered via 
bulk email, Facebook, and a post-COVID outpatient unit [1].  
It was found that females compared to males were more 
likely to report problems with writing, reading, counting, 
and thought communication at > 12 weeks post infection [1].  
At > 12 weeks, no gender differences were found in mul-
titasking, remembering past information, determining the 
current date, or field orientation [1]. We feel that the study 
is excellent, but has limitations and raise concerns that 
should be discussed. 

The main limitation of the study is the definition of ‘brain 
fog’, a vague term that means different things to different peo-
ple. There is no single, universally accepted definition of brain 
fog. Therefore, if neuropsychological deficits are recognised 
as a post-COVID complication, they should be described 
in detail after appropriate testing by a neuropsychologist, 
and not reported by the patient him or herself. When using 
electronic questionnaires in particular, there is a risk that dif-
ferent patients will understand the term ‘brain fog’ differently, 
which is why we suggest the term should be abandoned. The 
ambiguity of the term is supported by the different definitions 
in the article. In the introduction, the authors define brain 
fog firstly as “poor memory and concentration”, then later as 
“poor concentration, intellectual ambiguity, mental fatigue, 

and anxiety”, and thirdly as “disorders of concentration and 
memory, sleep and speech disorders” [1]. Even the investiga-
tors themselves seem to be unsure about a precise definition 
of the term ‘brain fog’ [1]. 

Another limitation is that electronic questionnaires were 
used for data collection [1]. Electronic questionnaires have 
several disadvantages. There is no guarantee that the patient 
will provide truthful answers; it is not verified that the patient 
addressed will in fact answer the questionnaire themselves 
rather than leave it to a relative or caregiver; and there is no 
certainty that the patient is physically and/or mentally able 
to fill out the form. There is also the disadvantage that only 
patients who are able to use a computer can respond. Indi-
viduals in a hospital, individuals without access to electronic 
media, and individuals unfamiliar with using electronic media 
will probably not be included in such a study. Individuals 
with severe complications resulting from COVID-19 may 
not be included because they simply cannot be reached for 
the investigation. 

Another limitation is that no distinction was made be-
tween people with and without a SARS-CoV-vaccination. 
Vaccinated patients may have a different type, intensity, 
and frequency of symptoms compared to unvaccinated 
patients.

Another limitation is that it remains unclear how causes 
other than COVID-19 were ruled out in order to explain 
symptoms described by the patient. Since the latency period 
between the onset of COVID-19 and the completion of the 
questionnaire was 208 days on average [1], it is conceivable 
that some of the included patients suffered another disease 
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that was responsible for the symptoms during this period. 
How was depression ruled out, and what scores were used to 
assess depression?

Furthermore, the results and conclusions drawn may be 
unreliable because the sex ratio was 5:1, meaning that five 
times more females than males were included in the study. 
This inequity is a strong bias, meaning that the results must 
be interpreted with caution.

Overall, this interesting study has several limitations that 
call the results and their interpretations into question. Clari-
fying these weaknesses would strengthen the conclusions and 
so improve the study. Before identifying a gender difference 

regarding post-COVID ‘brain fog’, we feel that the require-
ments for such a study must be met.
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To the Editors

We thank Finsterer and Stöllberger for their valuable 
feedback [1], and we would like to respond to it.

A study from 2018 that involved a molecular analysis of 
107 genes in 95 adult patients with LVNC in order to charac-
terise the genetic spectrum of this disorder found that TTN, 
HCN4, MYH7 and RYR2 were the most common mutations 
among these patients. 

The results of this study give substance to the idea that 
LVNC is basically a genetic disease. However, according to the 
European Society of Cardiology, LVNC is listed among unclas-
sified cardiomyopathies, and according to the American Heart 
Association it is among the genetic cardiomyopathies [2]. 

Another interesting research field in this area is the asso-
ciation and overlapping with other conditions.

Several decades ago, the association of the phenotype 
with congenital heart diseases was first acknowledged and 
attributed to the additional burden imposed by the congenital 
defects on the LV [3]. 

Other associations between non-compaction cardiomyo
pathy and neuromuscular disorders can be found, i.e. Duchene 
muscular dystrophy, Becker muscular dystrophy, myotonic 
dystrophy, metabolic myopathy, and Leber’s hereditary optic 
neuropathy [4]. 

No such neuromuscular pathology was detected in our 
patient, nor any other peripheral nervous system disorder.

We discussed in our article some complications such 
as cardiac arrhythmias, cardiac failure and sudden death. 
Cardiac monitoring is important because the treatment is 
related to cardiac failure management or an implantable 
defibrillator in ventricular arythmias [5]. In our patient, 
ECG monitoring did not reveal atrial fibrillation or any 
other cardiac arrhythmia at that moment. Further car-
diac investigations did not reveal any thrombus between  
the trabeculations or within the left ventricular cavity.  
The phenomenon of late gadolinium enhancement (LGE) was 
not described on cardiac MRI. 

However, we analysed the brain DWI-MRI imaging, and 
this revealed acute stroke in the right superficial MCA terri-
tory and left PCA territory. This is known as MACI (multiple 
acute cerebral infarcts in multiple arterial territories) and 
is radiologically defined as more than one acute ischaemic 
lesion in at least two cerebral territories. Several studies have 
emphasised cardiogenic embolism to be the primary aetiology 
for this group. 

Further investigations in our case did not reveal a cervical 
or intracranial atherosclerosis that could have explained suc-
cessive embolisation and affected clinical assessment or MRI 
timing. A cardio-embolic mechanism was hypothesised and 

Address for correspondence: Cătălina Elena Bistriceanu, Neurology Department, Faculty of Medicine, Grigore T. Popa University of Medicine and Pharmacy, 
Iasi, Romania; e-mail: catalina_nastac@yahoo.com
Received: 11.04.2023	 Accepted: 13.04.2023	 Early publication date: 5.05.2023
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to 
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

https://orcid.org/0000-0002-7136-5061
mailto:catalina_nastac@yahoo.com


325www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Cătălina Elena Bistriceanu et al., Tytuł

the treatment with DOACs was started (the EF was < 20%  
and this represents another criterion according to other 
studies) [5, 6].
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To the Editors

We are grateful to Finsterer and Mehri for their valuable 
comments [1] on our article entitled ‘Sex-related patient- 
-reported brain fog symptoms in non-hospitalised COVID-19  
patients’ that was recently published in the Polish Journal of 
Neurology and Neurosurgery [2]. 

However, we believe that all the points raised in their re-
cent Letter to the Editors were in fact covered in detail within 
the ‘limitations’ section of our paper [2].

Firstly, we admit that the ambiguity exists regarding 
what is perceived as a ‘brain fog’ in COVID-19 research. 
However, for the purposes of the current study, we used 
the meaning proposed by the National Institute for Health  
and Care Excellence and the Centres for Disease Control and  
Prevention that underlined difficulty in thinking [3]  
and other cognitive problems, including loss of concentration 
and memory [4]. All of these aspects were covered by our 

detailed questionnaire that was created based on the expe-
rience of 70 healthcare professionals who were afflicted by 
SARS-CoV-2 infection [5]. Furthermore, the development and 
validation process of the BF-COVID questionnaire included 
a standardised methodology, i.e. item generation, validation of 
content, face validation, and psychometric analysis [6]. Note-
worthy, exploratory factor analysis with varimax rotation and 
reliability testing showed good content validity and acceptable 
internal consistency (Kaiser-Meyer-Olkin value 0.796, Bartlett’s 
test of sphericity Chi2 = 943; df = 36, p-value < 0.001, and Cron-
bach’s alpha of 0.740) [6].

Secondly, as we mentioned in the limitations section 
of our article, our research was based on patient-reported 
data only and, given that the anonymous questionnaires 
were completed retrospectively, our results inherently re-
flect largely subjective aspects of brain fog. However, we 
did not rely solely on electronic versions of questionnaires, 
because individuals who attended the ambulatory clinic for 
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post-COVID patients in the University Hospital in Krakow 
were also asked to participate in the study [2]. It is also note-
worthy that patient-reported outcomes are increasingly being 
used among COVID-19 survivors [7]. Furthermore, although 
neuropsychological examination remains an important and 
valuable assessment tool, it may actually be less sensitive 
in detecting subtle cognitive changes during recovery after 
SARS-CoV-2 infection [8].

Thirdly, only 19% of participants were vaccinated against 
COVID-19; however, most of them underwent this procedure 
after their diagnosis of SARS-CoV-2 infection [2]. Indeed, as 
the authors of the Letter to the Editors suggest, although vac-
cination against COVID-19 might reduce the risk of persistent 
problems after initial infection, nonetheless, in individuals with 
existing long COVID symptoms, including brain fog, the role 
played by subsequent vaccination remains uncertain, as some 
studies have suggested improvement while others have not [9].

Fourthly, as specifically stated in the limitations section of our 
paper, no data on comorbidities, including neurological and psy-
chiatric conditions such as depression, were collected during the 
course of our study [2]. Therefore, their influence on the respons-
es given by the patients cannot be excluded. On the other hand, 
using self-reported screening questionnaires might not be help-
ful in depression, and can even result in its overestimation [10].  
Thus, face-to-face interviews would be the preferable method 
for both brain fog and depression assessment, but this would 
require studies with diverse methodologies and designs.

Finally, we are aware of the uneven sex distribution in our 
cohort [2]. However, post hoc power calculation remained 
satisfactory [2].

In summary, the limitations of our study are important when 
interpreting the results. Nevertheless, the use of a previously 
validated questionnaire allowed us to show significant differ-
ences in the course of brain fog between women and men [2].  
Although consistent with previous research regarding the role 
of female sex in the risk of developing post-COVID brain fog, 
future studies are essential to confirm the results and conclu-
sions set out in our paper.
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