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EDITORIAL NOTE

Latest bibliometrics of Polish Journal of Neurology  
and Neurosurgery

Zbigniew K. Wszolek1, Łukasz Stolarczyk2,, Jarosław Sławek3, 4

1Consultant and Professor of Neurology, Haworth Family Professor in Neurodegenerative Diseases, Mayo Clinic Florida, United States 
2Scientific Information, Via Medica™, Gdansk, Poland 

3Chair and Professor of Neurology, Neurology and Stroke Department, St. Adalbert Hospital, Gdansk, Poland 
4Division of Neurological and Psychiatric Nursing, Faculty of Health Sciences, Medical University of Gdansk, Poland

At the end of June, Clarivate Analytics™ (CA) released 
the 2023 Edition of Journal Citation Reports, which included 
important changes. Each Web of Science Core Collection jour-
nal was given a Journal Impact Factor (JIF). Journals indexed 
in the Arts and Humanities Citation Index and the Emerging 
Sources Citation Index received JIFs for the very first time, 
meaning that c.9,000 additional titles were included in the JIF 
calculation for 2022. CA introduced this new policy in order 
to widen representation of journals from different fields and 
to provide better journal assessments.

The second, albeit minor, change introduced by CA 
this year relates to simplifying the calculation of JIF to just 
the first decimal place (previously it was to three decimal 
places). CA anticipates that this move will eliminate a false 

sense of precision in JIF presentation, and encourage users to 
consider other bibliometrics and descriptive data in journal 
assessments.    

The 2022 JIF for the Polish Journal of Neurology and 
Neurosurgery (PJNNS, Neurologia i Neurochirurgia Polska) 
has significantly increased, as illustrated in Figure 1. The 
current JIF is 2.9 points, an increase of nearly 0.7 points when 
compared to the 2021 JIF. The 5-year JIF has also increased by 
almost 0.2 points. The three most cited articles that contributed 
to these increases are listed in Table 1. Not surprisingly, two 
of them deal with topics related to SARS-CoV-2 infection. All 
three are from Polish authors.  

Another bibliometric measure that we are highlighting 
here is the Journal Citation Indicator (JCI), which uses 

Address for correspondence: Zbigniew K. Wszolek, M.D., Department of Neurology, Mayo Clinic Florida, 4500 San Pablo Rd, Jacksonville, FL 32224, USA; 
e-mail: wszolek.zbigniew@mayo.edu
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.

Figure 1. Illustration of increases in Journal Impact Factor (JIF) and 5-Year JIF for PJNNS from 2018 to 2022. Data from Clarivate Analytics™
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Table 1. Three most cited manuscripts published in PJNNS that contributed to calculation of 2022 Journal Impact Factor  

First author Title Number  
of citations

Reference

Czarnowska A. Clinical course and outcome of SARS-CoV-2 infection in multiple sclerosis patients treated with 
disease-modifying therapies — the Polish experience

17 [1]

Nojszewska M. COVID-19 mRNA vaccines (Pfizer-BioNTech and Moderna) in patients with multiple 
sclerosis: a statement by a working group convened by the Section of Multiple Sclerosis and 
Neuroimmunology of the Polish Neurological Society

9 [2]

Malinowski Ł. Genetics of Parkinson’s disease in the Polish population 9 [3]

Table 2. Three most cited manuscripts published in PJNNS that contributed most to 2022 Immediacy Index

First author Title Number of 
citations

Reference

Madetko N. Platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio may reflect differences in PD and 
MSA-P neuroinflammation patterns

8 [4]

Szejko N. Cannabis-based medicine in treatment of patients with Gilles de la Tourette syndrome 6 [5]

Bratosiewicz- 
-Wąsik J.

Neuro-COVID-19: an insidious virus in action 5 [6]

Figure 2. Increases in Immediacy Index of PJNNS from 2018 to 2022. Data from Clarivate Analytics™

a category-normalised calculation. The JCI of PJNNS has 
been systematically increasing, from the initial assessment of 
0.26 points in 2017 to the current 0.56 points. In 2022, both 
indices improved, allowing PJNNS to change its position from 
Q4 to Q3 in the Web of Science ‘Clinical Neurology’ category. 

The Immediacy Index (II) of PJNNS has increased as well. 
The II is a measure of the topicality of published articles that 
are cited in the same year as their publication. The steady 
increase of PJNNS’s II is depicted in Figure 2. The three most 
cited articles that contributed to the growth of the 2022 II are 
presented in Table 2. 

The editors thank all authors and reviewers of PJNNS for 
their continued support of our journal. We welcome any sug-
gestions and comments as to how we might further improve 
the international standing of PJNNS. 
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INVITED EDITORIAL

Reoperations for degenerative spinal disease in Poland 
reported to the National Health Fund over 12 months  
with estimation of reoperation rate and of risk factors 

associated with reoperations

Michał Sobstyl 

Department of Neurosurgery, Institute of Psychiatry and Neurology, Warsaw, Poland

I read with great interest the article by Słowiński et al. 
entitled: ‘Risk factors for reoperation after surgical treatment 
for spinal disease in Poland: a nationwide retrospective study 
of 38,953 hospitalisations’. The authors of this study have an-
alysed and discussed the state of play regarding the practice 
of surgical treatment of degenerative spine disease (DSD) in 
Poland reported to the National Health Fund (NHF) over  
a 12-month period. 

The authors did not only touch upon the problems associ-
ated with the neurosurgical treatment of DSD in Poland, they 
also presented this issue in a broader context that will be un-
familiar to neurosurgeons or orthopaedic surgeons. The sheer 
numbers of surgical procedures for DSD in Poland illustrate 
how large is the burden placed on doctors of many specialisms 
and on our NHF. The authors stated that, in 2014, 68,000 hos-
pitalisations for DSD were reported in Polish hospitals. A total 
of 1,001,000 DSD patients were treated, and 2,004,000 med-
ical consultations were provided. All these consultations,  
medical treatments, and neurosurgical operations including 
reoperations, were reimbursed by the NHF.

The issue of reoperations for DSD is a timely topic because 
spinal surgeries constitute the majority of neurosurgical 
operations performed in many neurosurgical departments 
across Poland. The practice of neurosurgical treatment of DSD 
is growing, and in the coming years this will pose not only  
a medical challenge, but also a financial burden for our NHF 
(Fig. 1). An increasing trend for spinal surgeries is also being 
observed in many other countries [1–4].

The authors of this study found that in 2018, 38,953 neu-
rosurgical operations for DSD were performed. Reoperations 
reported within 365 days of hospital discharge affected a total 

of 3,942 operated patients (10.12%). They established the 
risk factors for reoperations to include female sex (female- 
-to-male ratio 1.34:1), age at surgery (mean age of reoperated 
patients 56.66, mean age of other patients 53.24), and multiple 
comorbidities (from 8.81% in a group of patients without co-
morbidities to 15.31% in a group of patients with at least three 
comorbidities). The highest reoperation rate for comorbidities 
was reported for patients with severe malnutrition (24%), 
lymphomata and haematological cancers (21.13%), and also 
obesity (15.11%), depression (14.76%), peripheral vascular 
diseases (14.54%), arthropathies and connective tissue diseases 
(14.15%), and neurological diseases (14.71%). 

The identification of the above-mentioned comorbidities 
may be of practical significance in selecting and counselling po-
tential candidates for surgery due to DSD. Regarding the facility 
profile, those surgeries performed in orthopaedic departments 
had the highest reoperation rate (11.65%) compared to neuro-
surgical departments (8.27%) and clinical centres (8.51%). The 
study revealed unexpected effects of other studied variables on 
the reoperations rate, which included surgeries with implants, as 
well as emergency admission and duration of hospital stay. The 
highest reoperation rate was identified for hospitalisation lasting 
1–2 days (12.37%), then for emergency admission (9.33%). 
Surgeries involving an implant (6.6%) and hospitalisation lasting 
4–7 days (6.25%) had the lowest reoperation rates.  

Variables that reduced the likelihood of reoperation 
were shown to include: place of residence (lower for rural 
areas than urban areas), surgery with an implant compared 
to surgery without, performance of the primary surgery in  
a neurosurgical department, and longer hospital stay compared 
to one-day surgery. 
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Figure 1. Axial (A) and sagittal (B) magnetic resonance images show large left disc sequestration at level of L5/S1. Postoperative axial (C) 
and sagittal (D) magnetic resonance images depict recurrent herniated disc two months after right-sided microdiscectomy

In my opinion, this is the first Polish study which has 
systematically elaborated on the reoperation rate after spine 
surgery in Poland, taking into account so many variables [3, 4].  
There have been a few studies, but the literature related to 
this issue is still scarce in Poland as it is worldwide [5–8]. 
Furthermore, the authors claim that there is still a need for the 
establishment of a national spine surgery registry in Poland. 
However, a few Polish medical institutions already provide 
medical data to the EUROSPINE International Spine Registry 
(Spine Tango), founded in 2002 [9].

The establishment of true risk factors for reoperations is 
a highly important goal, and this may help to reduce the in-
cidence of reoperations for DSD in the future. This approach 
will, undoubtedly, lead to a reduction of the costs associated 
with repeated hospitalisations and reoperations reimbursed 
by the NHF. The search for ways to reduce reoperations is 
urgent [10, 11].

This study provokes some concerns regarding the true 
incidence of the reoperations rate throughout one year in 
Poland. The data provided in this study refers only to the 

services reimbursed by the NHF. The services funded by 
private non-public funds are not included. The inclusion 
criterion set by the authors was 365 days to a reoperation; yet 
some reoperations are performed later than 12 months. Thus, 
the final annual rate for the reoperations of DSD is probably 
underestimated in this study. 

My second concern regarding this study relates to non-re-
ported truly reoperation-associated variables including the 
anatomical site of operation (e.g. cervical, thoracic or lumbar 
spine), the surgical approach adopted (anterior vs. posterior),  
and any underlying spine pathology (e.g. spinal stenosis, insta-
bility, spinal disc herniation) as well as the experience of a sur-
geon built up over years of clinical practice. If the reoperation  
rate was to be considered in the scope of primary spinal op-
eration, the reoperation ratio could be estimated according to 
the type of first spinal surgery performed.

 Nevertheless, this study remains a good basis for compara-
tive studies in the future, and may become a benchmark for sub-
sequent studies regarding truly surgical-associated variables of 
the operation/reoperation ratio for DSD in Poland and beyond. 

B

D
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ABSTRACT
Introduction. The pathogenesis of parkinsonisms is not fully understood. Among possible factors which may influence the 
course of neurodegenerative diseases, endocrine abnormalities may be interpreted as having been underevaluated.

State of the art. Growing interest is associated with the role of neuropeptides such as orexin. Orexin is a neuropeptide produ-
ced by orexigenic neurons in the lateral parts of the hypothalamus and is linked with excitement, wakefulness and appetite. An 
extended analysis of this neuropeptide might answer whether changes in the metabolism of orexin is more likely to be a cause 
or a consequence of neurodegeneration.

Clinical significance. Orexin is a neuropeptide produced by orexigenic neurons in the lateral parts of the hypothalamus and is 
linked with excitement, wakefulness and appetite. The aim of this study was to discuss the role of this factor and its abnormali-
ties in the pathogenesis and course of parkinsonian syndrome.

Future directions. Understanding the role of orexin in these diseases may be interpreted as an important feature in evolving 
therapeutical methods. Further evaluation based on larger groups of patients is required.

Key words: parkinsonism, orexin, Parkinson’s disease, hypothalamus, PSP

(Neurol Neurochir Pol 2023; 57 (4): 335–343)

Introduction

Parkinsonisms are a relatively wide group of diseases 
of which Parkinson’s disease (PD) is the most common. 
Among other entities associated with this group, dementia 
with Lewy bodies (DLB) and atypical parkinsonisms such as 
progressive supranuclear palsy (PSP), corticobasal syndrome 
(CBS) and multiple system atrophy (MSA) can be mentioned. 
The pathogenesis of these diseases is not fully verified [1–3]. 
However, growing interest is associated with the impact of 
endocrine abnormalities. Dopamine, of which a deficiency 
is characteristic for Parkinson’s disease (PD), is an important 

neurotransmitter that regulates hormone secretion. Due to the 
fact that both normal hormonal cells and tumour cells have 
receptors for dopamine, it can be assumed that abnormal levels 
of dopamine associated with Parkinson’s disease, as well as 
with its treatment, could potentially cause endocrine disorders.

Endocrine abnormalities in parkinsonisms

 Currently, there are few prospective publications on 
long-term treatment with dopamine agonists and its effect on 
hormonal balance [4–7]. Based on the literature, in untreat-
ed patients diagnosed with Parkinson’s disease, there are no 
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significant disorders in the basal secretion of anterior pituitary 
hormones- prolactin [8], thyroid-stimulating hormone [8], 
luteinsing hormone [9], and follicle-stimulating hormone [9]. 
The role of hormones contributing to non-motor PD symp-
toms is not fully understood, although a study has indicated 
cortisol and melatonin to be possible factors impacting upon 
these elements of clinical manifestation of PD [10]. In the 
context of melatonin, sleep disturbances and gastrointestinal 
dysfunction have been described as features negatively corre-
lated with plasma melatonin concentrations [11].

Furthermore, Aziz et al. [8] found normal levels of growth 
hormone and IGF-1 in untreated patients with Parkinson’s 
disease in morning tests. However, in the testing of the noc-
turnal secretion of growth hormone, Bruno et al. observed 
its lower values, which could be more related to age and 
concomitant diseases than to PD [12].  Secondarily, hormo-
nal imbalance in patients with PD may result from treatment 
with dopamine agonists rather than prior disease pathology. 
A significant decrease in prolactin concentration and 
increased secretion of growth hormone have been observed 
with unchanged concentrations of insulin-like growth factor 
(IGF-1), suggesting peripheral resistance to growth hor-
mone in PD patients on dopaminergic medication [7]. Not all 
dopaminergic drugs cause endocrine abnormalities to the same 
extent. Among the drugs having the least effect on hormones 
are the non-ergoline dopaminergic agents, e.g. pramipexole, 
ropinirole, and rotigotine [13]. Currently, the significance of 
the hormonal disorders described above in patients with PD 
is unclear. However, it cannot be ruled out that they have an 
impact on the occurrence or intensification of non-motor 
symptoms of this disease, such as autonomic, neuropsychiatric, 
cognitive disorders, sleep disorders or weight loss.

Orexin in parkinsonisms

Growing interest is associated with the role of neuropep-
tides such as orexin. Orexin is a neuropeptide linked with 
excitement, wakefulness and appetite [14]. It is produced by 
orexigenic neurons located in the hypothalamus. It is a group 
of neuropeptides of two main types — orexin-A (OXA) and 
orexin-B (OXB) [14], which are derived from the same prepro-
orexin precursor by proteolytic processing [15]. Preproorexin 
is composed of 130 amino acids and the first beginning of 
OXA and OXB. Mature OXA is a peptide with 33 amino 
acids  ̴3.5 kDa, having two disulfide bonds [16], while OXB is 
a 28 amino acid peptide with mass of 2.9 kDa, and contains two 
α-helices which are connected by an elastic loop [17]. Orexin 
receptors, including orexin 1 receptor (OX1R) and orexin 
2 receptor (OX2R), belong to G protein-coupled receptors 
(GPCR) [18–20]. 

Ox1R and Ox2R are found in the brain and central nervous 
system [21] but OXA is more lipophilic and stable than OXB.  
OXA is also detectable in the cerebrospinal fluid (CSF) as it 
crosses the blood–brain barrier and rapidly enters the brain 

by simple diffusion. In contrast, OXB is rapidly degraded in 
the serum before entering the CNS [22, 23].

The distribution of these two receptors overlaps, but cer-
tain regional differences can be observed. For example, OX1R is 
more intensively expressed in the ventromedial nucleus of the 
hypothalamus, cortical areas, and the nucleus of the bed of the 
striatum terminal and hippocampus, while OX2R expression 
is more pronounced in the cerebral cortex, anterior pretectal 
nucleus, and the nucleus accumbens (NAc) [24, 25]. The NAc 
is the projection area of dopaminergic neurons that are pres-
ent in the VTA. Both receptors are conserved in mammals. 
Human OX1R and OX2R have 94% and 95% resemblance to rat 
OX1R and OX2R, respectively. Both human receptors consist 
of 425 and 444 amino acids, respectively [26]. 

The affinity to orexigenic receptors varies depending on the 
type of orexin [27]. Its impact is based on inducing orexin 1 and 
orexin 2 receptors. Orexin-A is generally associated with stim-
ulating orexin 1 receptor, Orexin-B is not linked with a majorly  
affected receptor [28]. 

Orexin is evaluated in various entities. Its deviated levels 
may be observed in physiological conditions such as pregnancy 
and various pathological states [29]. Narcolepsy is among the 
main entities associated with the abnormalities within orex-
in neurons [30]. Orexin abnormalities are associated with 
multiple pathologies, although the mechanism of deteri-
oration varies. In the most common tauopathy, Alzheimer’s 
disease (AD), the progressive deterioration of orexin neurons 
is associated with developing sleep abnormalities. It is hy-
pothesised that in AD sleep may be affected by abnormalities 
in orexin regulations, which may be linked with tau and be-
ta-amyloid secretion, accumulation and clearance [31]. Orexin 
is related with abnormalities in parkinsonisms, although it is 
not known whether the factor is one of the causes of, or rather 
a consequence of, the pathological pathways observed in the 
diseases [32, 33]. In diseases affected by Lewy bodies such as 
PD or DLB, the pathology selectively affects the regions of 
the hypothalamus, among which can be mentioned orexin/ 
/hypocretin neurons, tuberomammillary nucleus and lateral 
tuberal nucleus [34, 35]. Among neurological diseases with 
abnormalities in the orexinergic system can be mentioned PD,  
atypical parkinsonisms, Huntington’s disease, AD and multiple 
sclerosis [36]. In some of these diseases, as with PD, abnor-
malities of the levels of orexin are associated with disease  
severity [37]. The role of orexin in parkinsonism has been 
studied for more than 20 years (Tab. 1).

Orexin in synuleinopathic parkinsonian 
syndromes

From previous studies, it is known that orexinergic neurons 
are significantly affected by Parkinson’s disease (PD). Fronczek 
et al. [38] showed that in patients with PD, the number of 
orexinergic neurons is decreased in the hypothalamus, while 
the concentration of OXA in the CSF and the frontal cortex is 
reduced. In addition, studies in animal models have shown that 
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the greater the damage to orexinergic neurons, the greater the 
decrease in the level of orexin in the cerebrospinal fluid [39].

Orexin as possible neuroprotective agent
Studies on PD animal and cell models have provided data 

suggesting a neuroprotective effect of orexin on dopaminergic 
neurons; orexin-A reduced MPP+-induced damage by increas-
ing the expression of hypoxia-inducible factor 1α. Feng et al. 
[40] showed that hypoxia-inducible factor 1 alpha (HIF1-α) is 
deficient in PD as a result of mitochondrial dysfunction, while 
administration of orexin-A leads to a significant neuroprotec-
tive effect on dopaminergic neurons through activation of 
HIF-α. Orexin-A attenuated 6-hydroxydopamine toxicity [41] 
and lowered MPTP-induced loss of dopaminergic neurons in 
the substantia nigra in mice [42]. Therefore, it can be hypoth-
esised that neurodegeneration of orexigenic neurons observed 
in PD may accelerate further damage of other brain structures. 

Brain-derived neurotrophic factor (BDNF) promotes 
neuroprotection and neuroregeneration [43]. In animal 
models of PD, BDNF enhances the survival of dopaminergic 
neurons, and improves dopaminergic neurotransmission and 
motor performance. OXA increases BDNF protein levels in 
dopaminergic neurons in PD by reducing tyrosine hydroxylase 
(TH) and upregulating BDNF in the substantia nigra. This is 
mainly mediated  by OX1R [44, 45].

Research has shown that mRNA expression of BDNF is 
downregulated in the substantia nigra, and inhibition of BDNF 
expression leads to loss of dopaminergic neurons in the sub-
stantia nigra of PD patients [46–48]. Epidemiological studies 
have shown that lower levels of BDNF in serum were associated 
with cognitive and motor impairments in PD patients [49–51]. 

These studies may suggest a role for orexin-A deficiency in 
the progression of PD, as well as explaining the link between 
narcolepsy-like symptoms in PD as both dopamine and orexin 
influence the regulation of the sleep pattern by activating the 
midbrain and thalamocortical pathways [52].

Orexin in context of narcolepsy-like symptoms
Ylikoski et al. [53] reported a high correlation between 

the occurrence of symptoms of narcolepsy and REM sleep 
behaviour disorder (RBD) among PD patients. Interestingly, 

many symptoms of PD and narcolepsy are shared: excessive 
daytime sleepiness, REM sleep abnormalities, sleep paralysis, 
hypnagogic hallucinations, and cataplexy. This phenomenon 
could be, at least partially, explained by progressive loss of 
orexigenic neurons in the process of neurodegeneration which 
causes orexin deficiency similar to that in narcolepsy with 
cataplexy. Ylikoski et al. concluded that narcolepsy-like symp-
toms in PD patients are secondary to PD itself as there is no 
evidence suggesting that patients with narcolepsy have a higher 
risk of developing PD. Genetic analysis revealed the existence 
of 38 genes shared in PD and narcolepsy gene sets [54] mainly 
associated with locomotion, circadian circle, sleep, learning 
and memory. The correlation of narcolepsy-like symptoms 
with orexin deficiency could potentially have a therapeutic 
impact in the future; currently animal studies indicate the 
usefulness of orally administered TAK-994 (OX2R agonist) in 
ameliorating narcolepsy-like symptoms in narcolepsy mouse 
models [55].

Orexin in context of body metabolism
Further studies on animal models have shown that orexin 

is an important link between sleep and body metabolism, as 
sleep deprivation leads to increased food intake and induction 
of catabolism [56]. It is known that orexin is responsible for 
stimulating food intake as a result of inhibiting autonomic 
digestive reactions. Orexigenic neurons are inhibited by leptin 
and food intake, while ghrelin and hypoglycaemia activate these 
neurons. The use of a high-protein and amino acids diet may 
affect the hyperpolarisation of orexigenic neurons and block 
glucose-induced activations of orexigenic neurons [57]. The as-
sociation between the impact of food intake, the role of orexin 
and PD has not yet been explored. One study indicated links 
between reward functions and orexin, as the abnormalities 
within this mechanism may be linked with drug-craving, 
which is commonly described as a feature of dopaminergic 
dysregulation [58]. On the other hand, food intake by be 
affected by the dysregulation of striatal dopamine D2/D3 re-
ceptors. In this mechanism, the impact of orexin was found 
to be inducing depressive behaviours in animal models [59]. 
These mechanisms show examples of possible and indirect 
pathways leading to food intake disruptions.

Orexin in context of other neurotransmitters
Both orexin receptors are involved in stimulating various 

neurotransmitters that are associated with the activation of the 
central nervous system such as monoamine neurons (serotonin, 
histamine, norepinephrine and dopamine), and cholinergic 
neurons in the basal forebrain [60]. Therefore, orexin receptor 
mutations lead to sleep disorders. Yamanaka et al. [61] showed 
that activation of OX2R by orexin leads to wakefulness mediated 
by the neurotransmitter histamine, as antihistamine blocks the 
excitatory effects of orexin, while activation of OX1R by orexin 
leads to wakefulness through the neurotransmitter norepineph-
rine. Decreased CSF orexin levels have been documented in 

Table 1. Abnormalities associated with orexin in parkinsonisms*

Disease Clinical features

Synucleinopathic 
parkinsonian syndromes

 — excessive daytime sleepiness

 — anxiety

 — cognitive deterioration**

 — dysautonomia

 — inverse correlation between levels  
of orexin and duration of morbidity

Tauopathic parkinsonian 
syndrome

 — inverse correlation between levels  
of orexin  and duration of morbidity

*Based on literature summarised in paragraph “endocrine abnormalities in parkinsonisms” 
**Questionable data concerning dementia with Lewy bodies
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patients with narcolepsy, and are indeed now considered one 
diagnostic criterion for diagnosing narcolepsy.

Orexin in contest of daytime sleepiness
A work based on the examination of three patients did 

not show abnormalities in the level of orexin-A among pa-
tients with PD and excessive daytime sleepiness. The group 
was affected by several limitations apart from the number of 
patients, among which could be mentioned the diverse ages  
of the patients — 52 to 69, and the fact that treatment duration 
varied from 0.5 to 5 years. All of the patients received dopa-
mine agonists — pramipexole and pergolide, factors increasing 
their vulnerability to daytime sleepiness [62]. On the other 
hand, a study based on a larger group of patients revealed 
an association between reduced orexin levels in ventricular 
CSF and daytime sleepiness in advanced PD [63]. The impact 
of orexin in parkinsonian syndromes is not limited to sleep 
disturbances. The lack of an effect between orexin levels and 
daytime sleepiness in PD patients is still unclear, but many 
factors may be at play. Firstly, it may be a discrepancy between 
the measurements of the CSF of the spinal cord and the ven-
tricular CSF [64]. The next explanation could be a deficiency in 
other neurotransmitters besides orexin. PD and parkinsonian 
syndromes are neurodegenerative diseases in which broad 
neuronal systems are impaired, including not only orexin 
fibres, but also acetylcholine, serotonin, and norepinephrine 
neurons. These neurotransmitters also play an important role 
in sleep/wake mechanisms [30, 65]. Confirmation of this thesis 
came from a paper by Rey et al., which showed the possible 
involvement of midbrain noradrenergic and dopaminergic 
neurons on the sleep/wake state via thalamocortical path-
ways [66]. In addition, the arrangement of orexin fibres in  
the hypothalamic and brainstem nuclei that are damaged  
in PD may contribute to the dysfunction of the orexin system. 
Therefore, CSF orexin levels are poorly correlated with clinical 
sleep disturbance in PD [30].

Orexin in context of dementia
Orexin-B transferred intracerebroventricularly in MPTP 

parkinsonian mice resulted in the reduction of dopaminergic 
neuron degeneration. Orexin B application was correlated with 
improvements in spontaneous activity and motor coordination 
[67]. Additionally, the impact of Orexin-A is different in de-
mentias. In dementia with Lewy bodies (DLB), the cognitive 
function is not correlated with its levels in the cerebrospinal 
fluid, whereas the correlation is maintained in AD [68–70]. In 
parkinsonian syndromes it is considered as a factor affecting 
sleep abnormalities [71]. In a study examining PD patients 
with REM Behaviour Disorder (RBD), PD without RBD and 
idiopathic RBD, no significant decrease in the levels of orexin 
compared to healthy controls was observed [72]. The lack of 
differences between the groups was accompanied by similar 
results of Tumour Necrosis Factor alpha in the serum and 
cerebrospinal fluid. 

Increased levels of plasma orexin-A have been detected 
in entities preceding neurodegenerative disease, as in mild 
cognitive impairment with Lewy bodies [73]. In PD, increased 
levels of orexin-A have been correlated with anxiety, cognitive 
and non-motor symptom scales [74]. Similar results have been 
observed in DLB, although in DLB with cognitive fluctuation 
or parkinsonisms the levels of orexin-A were decreased when 
contrasted with healthy controls. Plasma orexin-A was found 
to be correlated with cognitive and motor features in MCI-
Lewy bodies and DLB [73]. The abnormalities regarding orexin 
in DLB were also interpreted as a differentiating feature in 
AD and DLB in females, as its levels were decreased in this 
synucleinopathy when compared to tauopathy [75].

Role of orexin in autonomic nervous system
Orexin neurons are connected with multiple structures 

involved in autonomic functions such as presympathetic 
neural cells inter alia in rostral ventrolateral and ventromedial 
medulla, raphe nuclei, noradrenergic cells in the pons, para-
ventricular nucleus of the hypothalamus, nucleus ambiguus, 
dorsal motor nucleus of the vagus nerve, and solitary tract 
nucleus [76]. Orexin has an impact on the sympathetic cardi-
ovascular system causing an increase of blood pressure (BP), 
heart rate (HR) and renal sympathetic nerve activity [76]. 
Animal studies have indicated that orexin is involved in the 
cardiovascular stress response that is sympathetic excitation 
and in baroreflex and chemoreflex responses [76], although 
this is a rather minor role focused on potentiating and con-
trolling other inputs, as HR and BP variability are preserved 
in animals with orexin signalling dysfunction [76]. 

It is possible that a similar mechanism may be involved 
in orthostatic hypotension observed in patients with PD and 
especially multiple system atrophy (MSA). Animal studies 
suggest orexin signalling is necessary in cardiovascular reg-
ulation during sleep [77]. Although the impact of orexin on 
cardiovascular system and sympathetic regulation is evident 
in animal studies, it is unwise to extend these results to hu-
mans as there are no methods enabling a direct assessment 
of orexin activity applicable for human participants. Another 
animal study indicates that transgenic rats with a minimal 
number of orexigenic neurons have decreased response to 
B-blockers, impaired R-R interval regulation, and heart 
hypotrophy [78]. 

Some data supports a hypothesis concerning the role of 
orexin in the fight-or-flight response — e.g: orexin adminis-
tration causes an increase in cardiovascular and respiratory 
activity and analgesia [79]. Interestingly, in a mouse model, 
the suppression of baroreceptor reflex was visible only 
during the defence response, while it remained normal at 
rest [80]. Orexigenic neurons, but not orexin peptides, are 
involved in stress-induced hyperthermia in a mouse model, 
which indicates the role of other neurotransmitters in this 
process [81]. Orexin neurons are sensitive to changes in pH 
and CO2 concentration; acidosis causes its excitation and an 
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increase in autonomic respiration rate regulation, whereas 
alkalosis reduces their firing rate and causes a decrease in 
respiratory activity [82]. 

Orexin in tauopathic parkinsonian syndromes
A study evaluating orexin in PD, DLB, CBS and PSP 

revealed an inverse correlation between levels of orexin and 
duration of morbidity in PSP and its lack in other examined 
diseases [83]. The authors hypothesised that orexin may be 
a feature of neurodegeneration in PSP [83]. Information 
concerning the role of orexin in PSP has been relatively briefly 
described. One of the cases revealed orexin-A in undetectable 
levels in the CSF in a 74-year-old patient with probable PSP 
[84]. The authors assessed the neuropathological changes in 
PSP as neurofibrillary tangles in the hypothalamus as being 
associated with deviated orexin neurotransmission. 

Orexin in other entities
The role of orexin-A has also been evaluated in MPTP 

parkinsonian mice. This work showed an association 
between BDNF and impacting OX1R receptors [85]. 
Orexin-A was found to have a neuroprotective role. Apart 
from sleep disorders, orexin has been found to be a factor 
decreasing the severity of motor impairments and deficits 
in memory updating [86]. The recent development of phar-
macological orexin antagonists provides a good avenue for 
therapy in this field, which also has potential in neurode-
generation [87, 88]. The mechanism of orexin inhibition 
is associated with beta-amyloid accumulation [89]. Dual 
orexin antagonists block the association of the wakeful-
ness-promoting neuropeptides orexin A and orexin B,  
with their location and receptor sites. Currently, two orexin 
receptor antagonists (suvorexant and lemborexant) are 
approved for the treatment of insomnia.

These drugs bind reversibly to both receptors (OX1R and 
OX2R) and inhibit the activation of the arousal system; thereby 
facilitating the induction and maintenance of sleep [90–92], 
although lemborexant has a stronger inhibitory effect on OX2R 
than OX1R compared to suvorexant which could increase 
non-REM sleep. Lemborexant binds to and rapidly dissociates 
from orexin receptors, unlike other orexin receptor antagonists 
which usually dissociate slowly, which will make it easier to 
fall asleep and reduce the risk of drowsiness the next day. 

Suvorexant is generally well tolerated, but it has a lesser 
effect on the neurophysiology of sleep compared to benzo-
diazepines (traditional hypnotics). However its efficacy 
requires additional validation [93, 94]. A few studies have 
reported rare, but significant, side-effects of suvorexant in the 
treatment of insomnia disorder in Parkinson’s patients. These 
include sleep paralysis, abnormal dreams, over-sedation, the 
acute worsening of depressive symptoms, REM sleep behav-
ioural disorder and suicidal thoughts [95–97]. Confirmation 
of the above comes from a paper by Tabota et al., which pre-
sented a 72-year-old patient with PD in whom administration 

of 15 mg suvorexant induced both nightmares and abnormal 
behaviour during sleep, whereas he did not exhibit such dream 
enactment behaviour when not taking suvorexant [98].

However, no papers have yet addressed the therapeutic 
potential of lemborexant in PD patients.

Orexin antagonists are among the methods of therapy in 
this field. The mechanism of orexin inhibition is associated 
with decreased beta-amyloid plaque formation [89]. A study 
has shown that physiological levels of orexin A in the CSF 
are linked with excessive daytime sleepiness [99]. This study 
revealed that the level of orexin-A in CSF was similar to the one 
observed among geriatric patients, decreased in comparison 
with AD, and increased in comparison with frontotemporal 
lobe dementia [99].

Orexin as a factor in anti-parkinsonian 
medication

Interestingly, the orexinergic neurons may be reduced as an 
effect of anti-parkinsonian medication. The role of ropinirole 
is not fully understood, however the authors of one study sug-
gested a possible association between impacting dopaminergic 
receptors and inhibiting excitatory activities of the neurons 
correlated with orexin [100]. The impact of anti-parkinsonian 
drugs on orexigenic receptors is not fully understood. A work 
on the role of levodopa revealed its antinoceptive function in 
colonic distension by stimulating D2 dopamine receptor and 
inducing endogenous brain orexin [101].

Conclusions

The main question regarding abnormalities of orexin 
levels in the context of parkinsonisms is whether the factor is 
more of an inductor, a consequence of neurodegeneration, or 
simply a neutral feature.  

In the context of vigilance and sleep deviations in this 
group of diseases, the possible interference of orexin may 
play a role. The ambiguous results of analyses of orexin levels 
in parkinsonian entities may suggest that the role is diverse, 
possibly depending more on the stage of the disease than the 
type of parkinsonism. 

The often contradictory outcomes of studies may suggest 
an undetectable feature or that the significance of orexin in 
parkinsonisms may be questionable. Moreover, the majority 
of studies have been affected by a lack of sleep-specific data as 
well as of polysomnographic data, a sleep questionnaire, and 
circadian rhythm data. Such detailed analysis would be helpful 
in obtaining possibly more effective methods of treatments. 
The findings concerning orexin in parkinsonisms lacking 
evidence-based treatment as atypical parkinsonisms seem 
additionally striking. More research in this field is required.
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ABSTRACT
Introduction. Multiple sclerosis (MS) is one of the most common autoimmune diseases worldwide, and various autoimmune 
comorbidities have been reported with MS. The aim of this study was to estimate the prevalence of autoimmune disease co-
morbidity in patients with MS and their relatives in a Polish population.

Material and methods. In this retrospective multicentre study, we investigated a group of patients with MS, and their relatives, 
in terms of age, gender, and the presence of simultaneous autoimmune diseases such as Graves’s disease, Hashimoto’s thy-
roiditis, type 1 diabetes mellitus, myasthenia gravis, psoriasis, ulcerative enteritis, Crohn’s disease, coeliac disease, rheumatoid 
arthritis, autoimmune hepatitis and systemic lupus erythematous.

Results. This study included 381 patients with MS, of whom 52.23% were women. 27 patients (7.09%) had at least one autoim-
mune disease. The most common comorbidity was Hashimoto’s thyroiditis (14 patients). 77 patients (21.45%) had relatives with 
an autoimmune disease, of which the most common was Hashimoto’s thyroiditis.

Conclusions. Our study revealed that the probability of autoimmune diseases co-occurring in patients with MS, and in their 
relatives, is higher and we found the greatest risk to be for Hashimoto’s thyroiditis.

Key words: multiple sclerosis, autoimmune disease, comorbidity, prevalence

(Neurol Neurochir Pol 2023; 57 (4): 344–351)

Introduction

Due to their increasing incidence and chronic nature, 
autoimmune diseases (AID) pose a growing challenge to 
modern medicine. Although autoimmune diseases can affect 
virtually any organ, the tropism to the nervous system, endo-
crine system, and connective tissue is particularly manifested. 

Multiple sclerosis (MS) is a demyelinating disease of the 
central nervous system. The disease has three clinical forms: 
relapsing-remitting (RRMS), primary progressive (PPMS), and 
secondary progressive (SPMS) [1]. There are approximately 

2.8 million patients with MS worldwide, mainly in Europe and 
countries with Caucasian populations i.e. the United States, 
Australia, and northern Asia [2, 3]. MS is an autoimmune 
disease that results from complex interactions between genetic 
and environmental factors. The fact that it shares susceptibility 
genes with other autoimmune diseases raises the question of 
whether MS is associated with a higher incidence of these dis-
eases than in the general population. In autoimmune diseases, 
abnormal humoral and cellular responses to one’s own antigens 
play a role. This can lead to the co-occurrence of different 
autoimmune diseases in the same patient [4]. As with other 
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autoimmune diseases, MS is more common in females, with 
a peak incidence between the ages of 20 and 40, and there is 
a tendency to remission during pregnancy and intensification 
during the postpartum period. 

Several studies on this issue have been published, with 
contradictory results. Some have shown an increased inci-
dence of autoimmune diseases in patients with MS [5, 6], 
while others claim that these results are related to the more 
frequent reporting of symptoms by patients with MS [7, 8]. To 
the best of our knowledge, no study on the co-occurrence of 
autoimmune diseases in patients with MS and their relatives in 
a Polish population has yet been published. We hope that the 
conclusions from this study will draw attention to the problem 
of the co-occurrence of autoimmune diseases with MS. 

Material and methods

In this retrospective multicentre study, we assessed the 
prevalence of autoimmune diseases in patients with MS diag-
nosed according to the 2010 McDonald criteria, and in their 
relatives. Patients recruited for the study came from Polish MS 
treatment centres in Bydgoszcz, Białystok, Zabrze, Szczecin 
and Rzeszów. Expanded Disability Status Score (EDSS) was 
evaluated by neurostatus-certified neurologists dealing with 
MS patients on a daily basis. The questionnaire asked about 
autoimmune diseases such as diabetes, myasthenia gravis, 
Hashimoto’s thyroiditis, Graves’s disease, psoriasis, ulcerative 
enteritis, Crohn’s disease, coeliac disease, rheumatoid arthritis, 
systemic lupus erythematosus, and autoimmune hepatitis both 
in patients with MS and in their first- and second-line relatives. 
First-line relatives were defined as the patient’s parent, sibling 
or child, and as such they share c.50% of the patient’s genes. 
Second-line relatives share 25% of a patient’s genes and the 
term encompasses uncles, aunts, nephews, nieces, grandpar-
ents, grandchildren, half-siblings and cousins twice removed. 

Each eligible patient was asked to complete a standard 
questionnaire for the diagnosis of autoimmune diseases. 

Statistical analyses were performed with the use of 
MedCalc (version 15.8). P values less than or equal to 0.05 were 
considered statistically significant. Data distribution was 
determined by a d’Agostino-Pearson test. The values were 
reported as either means ± standard deviation (SD) for nor-
mally distributed variables or medians with 95% confidence 
interval (CI) for variables without normal distribution. 
Fisher’s exact test was used to examine associations between 
sex, presence of AID comorbidity and AID in first- and/or 
second-line relatives. Clinical characteristics (i.e. age, age 
at diagnosis, disease duration and EDSS) were checked for 
mutual correlation with Kendall rank correlation coefficient, 
then compared between the two sexes and subgroups of pa-
tients with and without: comorbid AID, first-line relatives with 
AID, second-line relatives with AID and first- or second-line 
relatives with AID. To compare normally distributed variables, 
a t-test was employed. For non-normal data distribution and 
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Figure 1. Concurrent AID prevalence in study cohort. In study 
cohort, female patients were more likely to have a concurrent AID 
(RR = 3.2, p = 0.01)

ordinal variables, a Mann-Whitney U test was used instead. 
Subsequently, logistic regression models were calculated, enter 
and stepwise (significance level to enter the model: 0.10, level 
to remain: 0.05) to determine the variables with the greatest 
contribution to the EDSS scores.

This study was approved by the Bioethics Committee of 
the Nicolaus Copernicus University in Toruń, number KB 
438/2017 and all patients signed an informed consent form 
to participate in the study.

Results

Prevalence of AIDs in MS patients and their 
families

The study involved 381 patients, including 199 females with 
a mean age of 41.3 years (range: 19–70) and median EDSS of 
1.75 (range: 1.5–2.0), and 182 males with a mean age of 40.7 years 
(range: 21–69) and median EDSS of 2.0 (range: 2.0–2.5). The 
median disease duration was 8 (range: 7–9) years in males and 
6 (range: 5–7) years in females.

Twenty seven patients with MS (7.09%) had at least 
one additional autoimmune disease: 14 (3.7%) patients had 
Hashimoto’s thyroiditis, four (1.05%) had coeliac disease, two 
(0.52%) had rheumatoid arthritis, two (0.52%) had psoriasis, 
two (0.52%) had Graves’s disease, one (0.26%) had diabetes 
type 1, one (0.26%) had atopic dermatitis, and one (0.26%) 
had myasthenia gravis (Fig. 1).

Seventy seven patients (21.45%) had a family history of 
AID. Twenty patients (5.17%) had a first- or second-line relative 
with Hashimoto’s thyroiditis, 17 (4.39%) rheumatoid arthritis, 
12 (3.10%) type 1 diabetes mellitus, 14 (3.62%) MS, nine (2.33%) 
psoriasis, seven (1.81%) Graves’s disease, and four (1.03%) anoth-
er autoimmune disease (coeliac disease, colitis ulcerosa, systemic 
lupus erythematosus, or autoimmune hepatitis) (Fig. 2, 3).



346

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 4

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Figure 4. A. AIDs in first-line relatives of MS patients. B. AIDs in 
second-line relatives of MS patients 

Figure 2. A. Concurrent AID prevalence in study cohort, females.  
B. Concurrent AID prevalence in study cohort, males 
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Figure 3. AIDs in first- and/or second-line relatives of MS patients 

Overall, AIDs in first-line relatives were more than twice 
as frequent as in second-line relatives (Fig. 4), with the par-
ticular exception of MS which was reported in second-line 
relatives of eight patients (2.11%) but in first-line relatives 
of only six patients (1.57%). However, recall bias cannot be 
ruled out.There was no statistically significant association 
between sex and a family history of AID. Multiple sclerosis 
patients with first-line relatives affected by AIDs were them-
selves more likely to have an additional AID [relative risk 
(RR) = 2.7] (p = 0.01).

Clinical characteristics of MS patients with 
concurrent AID and family history of AID

Gender
Median EDSS was higher in males than in females 

[2.0 (95% CI 2.0–2.5) vs. 1.5 (95% CI 1.5–2.0)] (p = 0.018), 
but disease duration was longer in males as well [8(7–9) vs. 
6(5–7), p = 0.0005]. In the study cohort, disease duration cor-
related positively with EDSS (Kendall tau: 0.134, p = 0.0009), 
although less than age (Kendall tau: 0.208, p < 0.0001) (Fig. 5).

Women did not differ significantly from men in either 
current age or age at onset of symptoms.
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B

0.53% 

None 

Diabetes

Graves

Hashimoto

MS

Other

84,25% 

0.26% 

2.11%

0.79% 

0.26% 

Rheumatoid arth.

Psoriasis 

6.07% 

1.06% 

1.06% 

3.41%

1.57%

1.31%

15.75% 84,25% 

4.99% 

2.10%

1.57%

0.79%

Personal history of concurrent AID
Patients with other AIDs did not differ from those with 

only MS in terms of EDSS, age, age at onset of symptoms, or 
disease duration. No gender-specific associations between 
these characteristics and AIDs were noted (Fig. 2).
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Table 1. Significant contributors to Expanded Disability Status Score (EDSS) score in logistic regression models

Outcome Significance level Variable Coefficient Variable p

EDSS ≥ 2 < 0.0001 Sex (♂) 
Age

1.2587

0.0459

< 0.0001

0.0014

EDSS ≥ 3 < 0.0001 Sex (♂) 
Age

1.5319

0.0462

< 0.0001

0.0020

EDSS ≥ 4 < 0.0001 Sex (♂)

Duration 
Age

0.9861

0.1059

0.0520

0.0404

0.0026

0.0062

♀ EDSS ≥ 3 0.0320 Duration 0.1394 0.0391

♀ EDSS ≥ 5 0.0024 Duration 0.4530 0.0440

♂ EDSS ≥ 2 0.0197 Age 0.0532 0.0034

♂ EDSS ≥ 3 0.0061 Age 0.0498 0.0024

♂ EDSS ≥ 4 0.0005 Age 
Duration

0.0570 
0.1015

0.0054 
0.0109

♂ EDSS ≥ 5 0.0258 Age 0.0778 0.0259

Figure 5. Expanded Disability Status Score (EDSS) by gender 

Family history of AID
There was no significant difference in age, age at disease 

onset, or disease duration between patients with and without 
AID-affected relatives, regardless of the degree of kinship. 
However, those with a first-line relative with an AID had lower 
EDSS scores [1.5(1.5–2.0) vs. 2(2.0–2.5), p = 0.0346]. This ef-
fect was more evident among female patients [1.5(1.07–1.5) vs. 
2.0(2.0–2.5), p = 0.007) was not present among males (Fig. 6).  
No similar associations were shown for patients with and 
without second-line relatives affected by AIDs.

EDSS predictors in MS patients
In logistic regression analysis, only sex (male), age (older) 

and disease duration (longer) remained as predictors of EDSS 
(Tab. 1). On the contrary, no association with additional AID 
or family history of AID was preserved in the models.

Discussion 

Multiple sclerosis is a chronic disease of the central nerv-
ous system that is mainly mediated by T lymphocytes specific 
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A

B

Figure 6. A. Expanded Disability Status Score (EDSS) with and without autoimmune disease (AID) in first-line relatives.  
B. Expanded Disability Status Score (EDSS) with and without autoimmune disease (AID) in first-line relatives 
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to neuronal antigens. It seems that genetic susceptibility may 
play a key role here. AIDs may result from the loss of tolerance 
of one’s own tissues. Although the mechanisms underlying 
impaired tolerance have not been fully understood, deficits in 
the functioning of regulatory T lymphocytes is one possibility 
[9]. The coexistence of other AIDs and MS has been described 
in the literature. But what influence the presence of another 
AID has on the course of MS is not yet fully understood [10]. 
It is known that another AID can develop after a diagnosis 
of MS. And immunomodulatory therapy alone can have an 
impact on the incidence of other diseases in patients [10–13]. 

This study assessed the impact of the presence of an addi-
tional AID in MS patients and in their first- and second-line 
relatives on the clinical course of MS. The risk of developing 
another AID in the studied patients was also assessed. 

Our results revealed that patients with MS and without 
a concomitant AID did not differ in terms of EDSS score 
compared to those with a concurrent AID. A similar study, 
carried out on a smaller group of patients, revealed that the 
mean EDSS was 1.62 ± 1.12 in patients with MS and anoth-
er AID, compared to the control group, where EDSS was 
3.33 ± 1.89 [10]. The authors suggested that MS may coexist 
with other AIDs, and their presence may modify the course 
of the disease.

Zéphir et al. [14] presented 66 patients with MS and con-
comitant enteritis. These patients had a milder course of the 
disease compared to patients with isolated MS.

These findings reveal that the problem of the coexistence 
of AIDs is not uncommon, and understanding their devel-
opment in patients with MS and their relatives could help to 
better understand the pathomechanisms of AIDs, which may 
be useful in future prognoses.

Patients who had a first-line or a second-line relative with 
an AID were more likely to be in the low EDSS group (0–2.5), 
80% in the first-line and 78% in the second line, respectively.

As research shows, family history is a frequent contribu-
tory factor in a wide variety of autoimmune disorders. Type 
1 diabetes may serve as a well-studied example. In more than 
14% of patients with type 1 diabetes, at least one first- or sec-
ond-line relative also suffered from this disease. This shows 
how important it is to evaluate patients comprehensively and 
to conduct an in-depth interview on the burden of other 
diseases in the family [15].

In our study, the presence of an additional AID in patients 
with MS did not result in more frequent inclusion in the group 
with low EDSS. However, the presence of such a disease in 
a first- or second-line relative resulted in a better course of 
the disease. It is possible that the coexistence of an AID in 
relatives and patients with MS could predispose them to 
a milder course of the disease.

A study in Sweden revealed that the relative risk of MS 
was 1.21 when the parents were diagnosed with any AID. That 
study was based on a multigenerational registry of diseases. 
Alleles associated with MS so far do not fully explain the 

familial occurrence of MS. On the other hand, the Swedish 
authors revealed a shared family risk of MS with amyotrophic 
lateral sclerosis and asthma, which may suggest a common 
genetic basis [16].

In another publication by authors from Italy, the risk of MS 
in relatives of patients with MS was 1.9%. The male gender of 
the affected patient, the female gender of the relative, and the 
number of family members with an AID, all significantly in-
creased the risk of MS in other relatives. It follows that gender 
may be of great importance in the risk of developing AID. On 
the other hand, in our study, there was no correlation between 
gender and disease progression expressed by belonging to 
a group with low, medium, and high EDSS.

It seems that establishing similar registries of co-occurring 
AID and MS in other countries, including Poland, would 
contribute to the holistic care of patients with MS. 

In the presented study, the risk of developing another 
AID among patients with MS was 10.5%. The greatest risk 
was found for Hashimoto’s thyroiditis. Similarly, patients 
with type 1 diabetes also have the highest risk of developing 
Hashimoto’s thyroiditis [15].

We observed the least frequent co-occurrence of MS and 
myasthenia. Danikowski et al. [9] presented possible common 
mechanisms of the development of these diseases based on 
the loss of regulatory T lymphocytes. Other AIDs that have 
been noted have been rheumatoid arthritis, coeliac disease, 
psoriasis, atopic dermatitis, and Graves’s disease. In this study, 
systemic lupus erythematosus (SLE) was not found in any of 
the patients although, according to previous studies, it is very 
often passed on in the family. There is a 10.3 times greater risk 
of developing SLE among first-degree relatives of patients with 
SLE. Moreover, regardless of the degree of relationship, people 
with a family history of SLE have been found to have a greater 
risk of developing other AIDs, including rheumatoid arthritis, 
autoimmune thyroid disease, MS, and others [17].

Another study carried out by Fanouriakis et al. [19] 
showed that patients with concurrent SLE and MS may have 
mild SLE with mostly dermal, mucosal, and musculoskeletal 
symptoms. After an average of four years of observation, the 
authors concluded that the coexistence of these two diseases 
does not seem to be associated with a severe phenotype of 
either [18]. 

There have been few reports on interactions between AIDs, 
one example being the relationship between colitis and pri-
mary sclerosing cholangitis. The coexistence of these diseases 
is almost always manifested by mild colitis. 

On the one hand, the additional burden of another AID 
is a significant problem for a patient with MS. On the other, it 
may predict a milder course of the underlying disease. 

It is unclear whether the two coexisting AIDs interact with 
each other. The mechanism of the coexistence itself is difficult 
to explain [10, 20–22]. It is possible that exposing patients to 
more antigens may result in greater immune tolerance and 
a milder course of MS. A more severe activation of regulatory 
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T lymphocytes and anti-inflammatory cytokines is another 
hypothesis explaining a milder course of disease in patients 
with two concurrent AIDs [23–27].

Weiner et al. [28] observed that the progressive course of 
the disease was more frequent in patients with isolated MS. In 
the presented study however, patients in the high EDSS group 
had a comorbid AID more often than not.

This study has several limitations. Firstly, the different 
forms of MS were not considered separately. Moreover, further 
research should take into account the immunomodulatory 
drugs used, because some of the therapies may impair the 
balance of the immune system and initiate the development 
of other AIDs [10]. 

Also, MRI examinations and radiological progression 
were not compared between patients with and without an 
additional AID. A clinical evaluation based on EDSS alone 
may be insufficient.

The analysis of the presence of AIDs among relatives 
could facilitate the prognostication in patients with MS. It is 
possible that the coexistence of another disease could improve 
the prognosis. 

Further studies on a larger group of patients are necessary 
in order to assess the significance of the presented results. In 
the future, it may be possible to link the analysis of family 
burdens with the assessment of the presence of specific genes.

A concomitant AID may play a role in the body’s toler-
ance to autoantigens. Further research involving more detail, 
including MRI and body fluid biomarkers, should be carried 
out to assess the immune system of patients with MS plus 
another coexisting AID. 
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ABSTRACT 
Introduction. Degenerative spinal disease (DSD) is one of the most common musculoskeletal conditions and a leading cause 
of sickness absence. It also contributes significantly to the global burden of disease. The aim of this study was to assess the 
frequency of reoperation after surgical treatment of DSDs in Poland, and to identify risk factors for reoperation. 

Material and methods. A retrospective analysis of hospitalisations for DSD in 2018 that were reported to Poland’s National Health 
Fund (NHF) was performed. Reoperations reported within 365 days of hospital discharge were identified. Demographic factors and  
multimorbidities were included in the analysis. A logistic regression model was then performed to assess risk factors for reoperations. 

Results. In 2018, 38,953 surgical hospitalszations for DSD were reported. A total of 3,942 hospitalised patients (10.12%) requi-
red reoperation within 365 days. Patients requiring reoperation were predominantly female (female-to-male ratio 1.34:1) and 
elderly (mean age of reoperated patients 56.66 years, mean age of other patients 53.24). The percentage reoperated upon 
correlated with multiple diseases (from 8.81% in the group of patients without comorbidities to 15.31% in the group of patients 
with three or more comorbidities). The risk of reoperation was most increased by comorbid depression, neurological diseases, 
obesity, and older age. The risk of reoperation was reduced by instrumented spinal surgery, surgery in a neurosurgical unit, and 
hospitalisations other than same-day surgery. 

Conclusions. Reoperations within a year after DSD surgical treatment are common. Identifying risk factors for reoperation, 
including those related to the presence of comorbidities and the phenomenon of multimorbidity, can be an important tool in 
reducing reoperation rates.
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Introduction

Degenerative spinal disease (DSD) is one of the most 
common musculoskeletal disorders and the leading cause of 
sickness absenteeism. It also contributes significantly to the 
global burden of disease. The results of the 2017 Global Burden 

of Disease Study indicate that low back pain remains the lead-
ing cause of disability worldwide [1]. DSD significantly reduces 
a patient’s quality of life due to its generation of pain, reduc-
tion in physical function, and chronic course. The treatment 
of DSD patients represents a heavy burden on the healthcare 
system, including primary healthcare, specialised outpatient 
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healthcare, inpatient treatment and rehabilitation. Low back 
pain, which was the most common clinical manifestation of 
DSD in 2000 in the United Kingdom, was found to be the most 
common single cause of sickness absenteeism in that country, 
accounting for 12.5% of all days of incapacity for work [2].

According to an analysis of the causes of sickness ab-
senteeism in Poland in 2012–2016, conducted by the Social 
Insurance Institution, musculoskeletal and connective tissue 
disorders (which include DSD) were the second cause of sick-
ness absenteeism after pregnancy, childbirth, and puerperium. 
Those spinal conditions accounted for 15.3% of total days of 
absenteeism, showing a marked increase in the years analysed. 
The lifetime prevalence of complaints associated with DSD is 
estimated to be up to 80% [2]. The point prevalence rate and 
annual prevalence rate for low back pain in the general pop-
ulation are estimated to be 18.3% and 38%, respectively [3]. 
According to analyses conducted as part of the Maps of Health 
Needs project in 2014, 462,000 cases of DSD were reported in 
Poland. The reported DSD incidence rate was 1.2% and the 
reported DSD prevalence rate (cases reported from 2009 to 
2014) was 9.2%. In 2014, 68,000 hospitalisations for DSD were  
reported in Polish hospitals. A total of 1,001,000 DSD patients 
were treated and 2,004,000 medical consultations were pro-
vided. This data refers to services reimbursed by the National 
Health Fund of Poland (NHF); it does not include services 
funded from other sources (non-public funds), and is therefore 
an underestimation of the final rates in Poland.

DSD is the most common reason for spinal surgery [4, 5]. 
Given the type of lumbar spine pathology in surgically treated 
patients, the most common indications for surgery in the world 
include degenerative disc disease (discopathy), spinal canal 
stenosis, and spondylolisthesis, respectively [6]. Data obtained 
from the Maps of Health Needs project  showed that in Poland, 
out of 68,000 hospitalisations of DSD patients, hospitalisations 
combined with surgical treatment comprised 50.1%. Surgical 
treatment can reduce pain and improve quality of life and 
overall fitness in many patients. However, it is associated with 
a risk of complications and adverse events. Surgeries performed 
for DSD are the most frequently performed surgeries of all. 

The effectiveness and safety of surgical treatment for DSD 
are affected by the eligibility of the patient for surgery, their gen-
eral health status (i.e. medical risk factors), the experience and 
knowledge of their surgeon, the type of medical equipment in 
their treatment centre, their postoperative care, and the quality 
of rehabilitation [7]. Additional factors include psychological, 
social, economic and occupational determinants of the patient. 

Given the prevalence of DSD and its social and economic 
consequences, it is crucial to monitor the quality of treatment 
for DSD. The reoperation rate is one indicator of the quality of 
treatment in surgery. Reoperation is defined as a subsequent, 
unplanned surgical intervention. This may involve surgical 
intervention at the same site, at a different site but due to the 
same condition, or repair of complications resulting from  
the initial surgical procedure [8]. Reoperation per se is strongly 

predictive of surgical complications in spinal surgery [9]. An 
additional burden of other health problems (multimorbidity) 
may carry an increased risk of surgical failure in DSD patients, 
including the need for reoperation. According to the World 
Health Organisation’s definition, multimorbidity means the 
co-occurrence of two or more chronic health problems in one 
person [10]. Multimorbidity is considered a potentially impor-
tant adverse predictor in DSD patients treated with surgery, 
although few publications have investigated this topic. Their 
interpretations and, above all, references to specific outcomes, are 
impeded by the fact that different authors use different methods 
to assess multimorbidity, and their analyses cover a wide range 
of degenerative spinal disorders (e.g. spinal disc herniation, 
spinal stenosis, spondylolisthesis) treated with various surgical 
techniques. Overall health status before surgery is a predictor of 
the clinical outcome of surgery and of patient satisfaction [9–13]. 

There have been very few studies on reoperation after 
spinal surgery in Poland [7, 14–16], so the literature is still 
scarce. However, some Polish medical institutions provide 
data to EUROSPINE’s International Spine Registry (Spine 
Tango), founded in 2002 [5]. It should also be noted that 
there was a specifically Polish registry for monitoring spinal 
surgical treatment known as Polspine [17]. Unfortunately, due 
to concerns about the protection of personal data and Poland’s 
General Data Protection Regulation introduced in 2018, the 
platform and data collection has been stopped, so there is still 
a need for an active national spinal surgery registry in Poland.

This study aims to evaluate the reoperation rate after sur-
gical treatment for DSD in Poland, and to identify risk factors 
for reoperation, including comorbidities and other variables.

Material and methods

Study organisation and eligibility criteria
This study is a retrospective analysis of adult patients 

operated on for DSD in 2018 in Poland. The study group was 
identified as consisting of patients hospitalised with a princi-
pal diagnosis of DSD defined by ICD-10 codes in accordance 
with the International Statistical Classification of Diseases and 
Related Health Problems ICD-10: M43.1, M47, M48, M50, 
M51, or M53 with extensions. Next it was verified whether 
the patient’s hospitalisation was reported using one of diag-
nosis-related group (DRG) codes: A22, A23, A27, H51, H52, 
H53, or H55. Those patients who met both the aforementioned 
conditions were designated the study group. The group of 
reoperated patients was identified by the same ICD-10 and 
DRG codes, provided that they were reported not later than 
365 days after the end of the primary hospitalisation. 

Ethics statement
This study is part of the Maps of Health Needs project 

implemented by the Ministry of Health, co-financed by the 
European Union through the European Social Fund under the 
Operational Programme Knowledge Education Development 
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(EU grant number: POWR 05.02.00-00-0149/15-01). The study 
was conducted in accordance with the tenets of the Declaration 
of Helsinki with respect to research involving human subjects. 
The approval of the Bioethics Committee was not necessary. 
The study protocol was approved by the Polish Ministry of 
Health, which is authorised under the law of the Republic  
of Poland to process NHF data.

Study procedure 
We defined any spinal surgery (instrumented or non-in-

strumented) as an index operation and a degenerative spinal 
disease as an index disease. Distinguishing between instru-
mented (with implants) vs. non-instrumented (without 
implant) surgery was possible owing to DRG codes reported 
to the National Health Fund. Reoperation was defined as 
a consequent spinal surgery performed within 365 days after 
the end of the primary hospitalisation for spinal surgery. 

Our analysis used NHF data concerning the reported 
inpatient, outpatient, primary healthcare, psychiatric and 
addiction treatment services, i.e. services reported to the payer 
in 2017–2019 and relating to prescriptions purchased during 
the corresponding period. Information concerning patient 
deaths for the period 2018–2019 was released by the Ministry 
of Administration and Digitisation.

Several risk factors that have a potential impact on the risk 
of reoperation were defined based on a literature review and 
the knowledge and experience of a medical expert. Factors 
related to medical history and pertaining to the patient’s de-
mographic profile were included in the analysis, as was a profile 
of the facility where the patient was hospitalised. The former 
group of risk factors includes variables whose definitions 
were taken from the article by Elixhauser et al. [18]; they are 
also included in the Elixhauser Comorbidity Index. The latter 
group of risk factors, the facility profile, includes information 
concerning for example the range of services provided at the 
facility, the presence of specific departments, or the facility’s 
classification as a teaching hospital.

Statistical analyses
The statistical analysis included constructing a logistic 

regression model in which a response variable concerned 
reoperation for DSD within 365 days of the discharge from 
hospitalisation associated with the primary surgery, according 
to explanatory variables. The qualitative variables used in the 
analysis were recoded for the correct model construction using 
one-hot encoding. To eliminate the problem of strong multi-
collinearity, the effect of VIF coefficients was verified and the 
Pearson’s linear correlation coefficients were analysed, as well 
as the correlation values of any monotonic relationship (in-
cluding non-linear relationship) by calculating the Spearman’s 
rank correlation coefficients. The Akaike information criterion 
algorithm was used to identify the model that best fits the data 
and for extraction of explanatory variables that have the great-
est impact on the response variable. The model parameters 

were estimated using the maximum likelihood estimation. 
Variables found to be very rare among the analysed cohort 
were excluded from the analysis. To ensure the evaluation of 
the quality of the model and to control its level of fit to the data, 
the considered set of observations was randomly divided into 
a learning (70%) part and a testing (30%) part. The quality of 
the resulting classifiers was evaluated using the Area Under 
ROC Curve (AUC) measure. Logistic regression analysis re-
sulted in odds ratios (OR) that were calculated together with 
a 95% confidence interval (CI). P-values of less than 0.05 were 
considered statistically significant. The analysis was performed 
using Python (version 3.6.5) and R (version 3.6.1) programs.

Results

There were 38,953 surgical hospitalisations for DSD 
reported in 2018. After 3,942 hospitalisations (10.12%), 
reoperations within 365 days after hospital discharge were 
noted (Fig. 1). Figure 2 shows the differences in terms of age 
distribution compared to surgical hospitalisation for DSD. 
The mean patient age in the analysed group was 53.59 years. 
The mean age of patients who underwent reoperation up 
to one year after hospital discharge was 56.66 years, and 
the mean age of patients who did not need reoperation was 
53.24 years. Figure 3 shows that women were more likely to 
undergo surgery for DSD than men (134 women compared to 
100 men). The mean age of women who needed reoperation 
was 57.42 years and that of men was 55.62 years. The likelihood 
of no reoperation decreased evenly within consecutive days 
of the primary surgery (Fig. 4). The figures characterise the 
study group, the statistical significance of the differences was 
tested using logistic regression, and the results are given below.

Table 1 shows comorbidities in patients undergoing surgi-
cal hospitalisations for DSD. The most common comorbidities 
in the study group included spontaneous hypertension (12.58% 
of patients), diabetes mellitus (11.41% of diabetic patients 
treated with oral medications and 3.14% of diabetic patients 
treated with insulin), and chronic respiratory diseases (6.15%). 

Hospitalisations 
with reoperations 

10,1

89,9

Hospitalisations 
without reoperations 

Figure 1. Distribution of hospitalisations compared to reopera-
tions within 365 days of hospital discharge
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Figure 2. Distribution of hospitalisations with and without reoperation compared to patient age (dashed lines indicate mean age of patients)
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Figure 3. Violin plots showing number of reoperations for DSD according to patient’s age and sex. Area under plot corresponds to number 
of performed reoperations. White dot in middle of plot indicates median age, whereas vertical thick lines indicate quartiles

The highest reoperation rate was reported for patients with 
severe malnutrition (24%), lymphomata and haematological 
cancers (21.13%), although the number of patients with these 
diseases was low and thus they were not included in the model. 
The highest reoperation rate among the variables included in 
the further analysis was for patients with diagnoses of meta-
static cancer (18.11%), obesity (15.11%), depression (14.76%) 
and neurological diseases (14.71%). The lowest reoperation 

rate included patients with HIV infection (0%), iron-deficiency 
anaemia (5.26%), and psychotic disorders (3.16%). There was 
also an increasing reoperation rate according to the number 
of diagnosed comorbidities. In the group of patients without 
comorbidities, the reoperation rate was 8.81%. When patients 
suffered from one or two comorbidities, the reoperation rate 
increased to 11.33%, and when they suffered from three or 
more comorbidities, the rate was 15.31%.
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Table 1. Distribution of variables in study group

Variable Number of 
patients 

Percentage of pa-
tients in study group

Patients with a certain variable who 
underwent reoperation  

Comorbidity variables

Spontaneous hypertension 4,899 12.58% 606 (12.37%)

Diabetes treated with oral medications 4,443 11.41% 523 (11.77%)

Chronic respiratory diseases 2,397 6.15% 322 (13.43%)

Hypothyroidism 1,772 4.55% 209 (11.79%)

Depression 1,673 4.29% 247 (14.76%)

Arrhythmias 1,547 3.97% 221 (14.29%)

Hypertension associated with organ damage 1,304 3.35%  185 (14.19%)

Diabetes treated with insulin 1,225 3.14% 151 (12.33%)

Non-metastatic cancers 1,174 3.01% 150 (12.78%)

Arthropathies and connective tissue diseases 1,152 2.96% 163 (14.15%)

Peripheral vascular diseases 1,025 2.63% 149 (14.54%)

Neurological diseases 748 1.92% 110 (14.71%)

Heart failure 520 1.33% 72 (13.85%)

Obesity 483 1.24% 73 (15.11%)

Alcoholism  463 1.19% 39 (8.42%)

Liver diseases 441 1.13% 59 (13.38%)

Paralytic syndromes 433 1.11% 32 (7.39%)

Renal failure 340 0.87% 44 (12.94%)

Valvular heart defects 302 0.78% 40 (13.25%)

Drug use 177 0.45% 28 (15.82%)

Water-electrolyte imbalance  109 0.28% 16 (14.68%)

Coagulopathies 101 0.26% 16 (15.84%)

Nutritional-deficiency anaemia 96 0.25% 13 (13.54%)

Psychotic disorders 95 0.24% 3 (3.16%)

Lymphomata and haematological cancers 71 0.18% 15 (21.13%)

Peptic ulcers without bleeding or perforation 62 0.16% 5 (8.06%)

Pulmonary circulatory disorders 53 0.14% 5 (9.43%)

Metastatic cancers 43 0.11% 8 (18.6%)

Iron-deficiency anaemia due to blood loss 38 0.10% 2 (5.26%)

Smoking 31 0.08% 2 (6.45%)
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Figure 4. Kaplan-Meier curve showing a decrease in probability of no re-
operation as number of days since primary hospital discharge increases

Table 2 shows 24 variables that were included in the logistic 
regression model. Other variables were eliminated during the 
initial stages of the analysis. The variables that most strongly 
increased the likelihood of reoperation included those re-
porting depression (OR = 1.507, Fig. 5), neurological diseases 
(OR = 1.426), obesity (OR = 1.401, Fig. 6), and hypertension 
associated with organ damage (OR = 1.253). Other significant 
variables that increased the likelihood of reoperation included 
age (highest likelihood of reoperation for patients aged 70– 
–79 compared to those aged 18-49; OR = 1.225, Fig. 7) and 
the profile of the facility where the operation was performed 
(higher likelihood for clinical centres compared to non-clinical 
ones, OR = 1.101).

Variables that reduce the likelihood of reoperation includ-
ed the place of residence (i.e. a lower likelihood of reoperation 
in patients living in rural areas compared to those living in 

Æ
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Variable Number of 
patients 

Percentage of pa-
tients in study group

Patients with a certain variable who 
underwent reoperation  

Malnutrition and abnormal weight loss 25 0.06% 6 (24.00%)

Disease caused by HIV 3 0.01% 0 (0.00%)

Demographic variables

Male 18,020 46.26% 1,679 (9.32%)

age: 50–59 years 9,329 23.95% 961 (10.3%)

age: 60–69 years 9,087 23.33% 1,014 (11.16%)

age: 70–79 years 4,139 10.63% 572 (13.82%)

age: 80–89 years 984 2.53% 161 (16.36%)

Place of residence: countryside 13,698 35.17% 1,197 (8.74%)

Facility profile

Clinical centres 12,323 31.64% 1,049 (8.51%)

Operations performed in a neurosurgical department 27,921 71.68% 2,310 (8.27%)

Operations performed in an orthopaedic department 8,324 21.37% 970 (11.65%)

Other variables

Surgeries with an implant 15,034 38.60% 992 (6.6%)

Emergency admission to hospital 6,492 16.67% 606 (9.33%)

Hospitalisation lasting 1–2 days 4,518 11.60% 559 (12.37%)

Hospitalisation lasting 3 days 7,071 18.15% 474 (6.7%)

Hospitalisation lasting 4–7 days 14,903 38.26% 931 (6.25%)

Hospitalisation lasting more than 7 days 8,079 20.74% 598 (7.4%)

Table 2. Results of logistic regression analysis (AUC for learning set = 0.687, AUC for test set = 0.69)

Variable Coefficient OR 2.5% OR 97.5% OR P-value

Metastatic cancers 0.562 1.754 0.677 4.544 0.247

Depression 0.410 1.507 1.266 1.795 < 0.001*

Neurological diseases 0.355 1.426 1.105 1.841 0.006*

Obesity 0.337 1.401 1.019 1.926 0.038*

Hypertension associated with organ damage 0.225 1.253 1.019 1.541 0.033*

Patients aged 70–79 0.203 1.225 1.063 1.412 0.005*

Patients aged 60–69 0.180 1.197 1.070 1.339 0.002*

Patients aged 50–59 0.177 1.194 1.069 1.334 0.002*

Emergency admission to hospital 0.109 1.115 0.995 1.250 0.061

Liver diseases 0.107 1.113 0.777 1.595 0.558

Peripheral vascular diseases 0.105 1.111 0.880 1.403 0.378

Clinical centres 0.096 1.101 1.000 1.213 0.049*

Patients aged 80–89 0.019 1.020 0.805 1.291 0.872

Spontaneous hypertension –0.048 0.953 0.842 1.079 0.445

Place of residence: countryside –0.147 0.864 0.790 0.944 0.001*

Surgery with an implant –0.202 0.817 0.738 0.903 < 0.001*

Operations performed in a neurosurgical department –0.322 0.724 0.662 0.792 < 0.001*

Intercept* –0.779 0.459 0.408 0.516 < 0.001*

Psychotic disorders –0.880 0.415 0.125 1.380 0.151

Hospitalisation lasting 1–2 days –1.071 0.343 0.298 0.394 < 0.001*

Iron-deficiency anaemia due to blood loss –1.281 0.278 0.035 2.174 0.222

Hospitalisation lasting more than 7 days –1.564 0.209 0.182 0.241 < 0.001*

Hospitalisation lasting 3 days –1.661 0.190 0.164 0.220 < 0.001*

Hospitalisation lasting 4–7 days –1.761 0.172 0.152 0.195 < 0.001*
*Constant parameter in logistic regression model, does not have a medical interpretation

Table 1. cont. Distribution of variables in study group
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Figure 5. Kaplan-Meier curve showing changes in probability of no 
reoperation as number of days since hospital discharge increases, 
according to depression as a patient's comorbidity

Figure 6. Kaplan-Meier curve showing changes in probability of no 
reoperation as number of days since hospital discharge increases, 
according to obesity as a patient’s comorbidity

Figure 7. Kaplan-Meier curve shows changes in probability of no 
reoperation as number of days since hospital discharge increases, 
according to patient’s age group at initial hospitalisation

urban areas, OR = 0.864), surgery with an implant compared 
to surgery without an implant (OR = 0.817, Fig. 8), the perfor-
mance of the primary surgery in a neurosurgical department 
(OR = 0.724) compared to other departments) and 1–2-day, 
3-day, 4–7-day or > 7-day hospital stays compared to a one- 
-day surgery (OR = 0.343, 0.19, 0.172, and 0.209, respectively). 
A detailed analysis of one-day surgeries, which is the reference 
group for the variables reporting other hospital stays, showed 
that out of 4,382 operations in this group, 4,324 (98.7%) were 

assessed according to DRG code H55 (arthroscopic and per-
cutaneous spine procedures).

Discussion

Our results show there is a relationship between the demo-
graphic and clinical variables selected for the purposes of this 
study and the risk of reoperation within 365 days of hospital 
discharge after primary surgery for DSD. The reoperation rate 
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Figure 8. Kaplan-Meier curve showing changes in probability of no 
reoperation as number of days since hospital discharge increases, 
with and without use of implants



359www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Jerzy Słowiński et al., Risk factors for reoperation after surgical treatment for degenerative spinal disease in Poland

for all 38,953 observations was 10.12%. When analysing the 
distribution of comorbidity variables, it can be observed that 
the reoperation rate ranged from 3.16% to 21.13% (Tab. 1). 
Based on observations obtained from hospital discharges in 
Washington state (USA) for the period 1997–2007, Martin et 
al. estimated the reoperation rate for the period of one year 
after lumbar disc herniation surgery (one of the most common 
surgeries performed on the spine) to be 6.4% (range 2.8% to 
12.5%). The risk of reoperation was higher in women and in 
patients with multimorbidity [19]. 

The logistic regression analysis provided several interesting 
and practically important observations. There were variables 
that increased, as well as others that decreased, the risk of 
reoperation. The variables that were associated with a statis-
tically significant increase in the risk of reoperation included:

Demographic variables
Older age is one of the strongest predictors of reoperation; 

this is especially true for patients aged 70-79 (OR = 1.225). Park 
et al., in their study concerning the risk of reoperation for lum-
bar spondylosis after spinal decompression surgery using dif-
ferent methods of spinal instrumentation (implants), found an 
association between reoperation and older age / male sex [20]. 
In contrast, Pereira et al. [21], in their 24-month study, found 
no association between older age and the risk of reoperation in 
patients with lumbar DSD. However, the risk of reoperation 
increased significantly with the extent of surgery (the risk 
was higher for operations involving more than three spinal 
segments) [21]. With age, there is an increase in the number 
of health problems and in the sensitivity of the body to adverse 
effects of external factors, while there is at the same time a de-
crease in the adaptive capacity of the body and the capacity 
of individual organs and systems. In view of the increasing 
proportion of elderly patients receiving surgical treatment for 
DSD worldwide, we can expect to see an increasing number of 
adverse events, including reoperations in facilities providing 
healthcare for these patients. Surgical treatment for DSD in 
elderly patients provides an opportunity for many of them to 
relieve pain, return to daily activities and regain independence. 
Reduction of adverse events in elderly patients undergoing 
surgery is favoured by an optimal rebalancing of their health 
status before the planned operation — operating on patients 
classified as 1 or 2 on the ASA scale [21]. 

Clinical variables according to the  
Elixhauser classification

Depression was diagnosed in 1,673 patients in the study 
group, and 14.76% of them required reoperation within 
a year. This is a strong risk factor for reoperation, increasing 
its likelihood by more than 50%. Such a large increase in the 
risk of reoperation must be kept in mind when qualifying 
and preparing patients for surgery. Depression is one of the 
most important risk factors for persistent postoperative 
pain (PPS) in spinal surgery [22]. Studies have shown that 

preoperative depression is correlated with rates of compli-
cation, readmission and reoperation [23–26]. Boakye et al. 
distinguished not only confirmed depression, but also other 
groups of patients who use antidepressants for other reasons. 
In all groups, the reoperation rate was higher compared to 
patients without depression and not taking antidepressants 
(OR 1.4-2.03) [26]. Persistent pain, which negatively affects 
satisfaction with the outcome of the primary spinal surgery, 
may result in more frequent patient eligibility for reoperation. 
Studies demonstrate that independent of surgical effective-
ness, baseline depression influences patient satisfaction after 
spinal surgery [27, 28]. The possibility of interplay between 
DSD and depression should be noted; it is thought that 
reduced physical fitness (frequently faced by DSD patients) 
can result in depression and other affective disorders [29]. 
Maintaining physical activity in older age can reduce the risk 
of depression and improve self-esteem [10]. Hence, proper 
treatment of depression can reduce its negative impact on 
the musculoskeletal system. On the other hand, effective 
treatment (including surgical) of DSD symptoms can reduce 
the incidence or severity of depression and improve quality 
of life. However, it should be underlined that it is not only an 
effective treatment which improves the mental condition of 
patients. Before the treatment itself, they should be properly 
prepared. The need for information about pain, disability 
and return to work are found to be factors associated with 
anxiety and depression in patients undergoing spinal surgery 
[30]. This group of patients requires a personalised approach 
and the utmost attention from medical personnel to obtain 
optimal results.

Obesity was found to be another strong risk factor for 
reoperation (OR = 1.401). It was diagnosed in 438 patients, 
and 15.11% of them were reoperated. The observed increase 
in risk has been confirmed in other studies [25, 30–32]. Goyal 
et al.’s meta-analysis of 32 studies involving 23,415 patients 
showed that in patients undergoing lumbar spine surgery, 
obesity increased the risk of complications (OR = 1.34) and 
reoperation (OR = 1.40). Minimally invasive surgery was 
not reported to have worse outcomes in obese patients [33]. 
The increased risk of postoperative complications, including 
surgical site infection and reoperation in obese patients, could 
be due to a higher level of surgical invasiveness, a longer 
duration of surgery, or higher intraoperative blood loss in 
obese patients [33, 34]. In the study by Gaudelli et al., the 
most common reason for reoperation of obese patients was 
surgical site infections [36]. In order to reduce the surgical risk, 
it is suggested to use minimally invasive techniques in obese 
patients [37]. In addition, these patients should be properly 
prepared for the procedure, and a multidisciplinary approach 
is essential in these cases. 

An association between comorbidities (e.g. renal disease, 
severe liver disease, diabetes etc.) and recurrence rate after 
fusion surgery in DSD has been reported in studies based on 
Korean administrative data [37, 38].
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Other variables
Patients operated on at a clinical centre had a higher like-

lihood of reoperation (OR = 1.101). This observation may be 
a result of both a higher degree of difficulty of primary sur-
geries performed at these centres and of the generally higher 
degree of ‘complexity’ of cases. It would be useful to compare 
the characteristics of patients treated in clinical centres to 
those treated in non-clinical ones, including the surgical 
techniques used.  

The variables that were associated with a statistically sig-
nificant decrease in the risk of reoperation included:

Demographic variables
The patient’s place of residence was correlated with the risk 

of reoperation, which was lower for those living in rural areas 
(OR = 0.864). According to epidemiological data, there is no 
difference in terms of the prevalence of low back pain in urban 
and rural residents [3]. The variety of reoperation rates may be 
rooted in the availability of specialist services, and differences 
in terms of overall health status and socioeconomic conditions, 
including motivation to working life.

Other variables
Surgery with an implant was associated with a lower 

risk of reoperation compared to surgery without an implant 
(OR = 0.817). This result can be explained by the relatively short 
follow-up period of 365 days from the date of hospital discharge 
after the primary surgery. In long-term postoperative follow-up, 
the use of implants is generally associated with an increased 
rate of reoperation, contrary to the study presented here [39]. 
A systematic review conducted by Lang et al. showed similar 
reoperation rates for decompression alone or decompression 
plus fusion surgeries for degenerative lumbar diseases. The 
authors point out, however, that the most common cause of 
reoperation after spinal decompression surgery is disease of the 
same spinal segment, whereas reoperation after fusion surgery 
is most frequently caused by adjacent segment disease [40].

Surgical treatment performed in a neurosurgical depart-
ment was associated with a lower risk of reoperation compared 
to surgical treatment performed in another department 
(OR = 0.724). The study by Seicean et al. found no differences  
in terms of postoperative complications and reoperation 
rate after spinal surgeries performed by neurosurgeons and 
orthopaedic surgeons; however, their follow-up period was 
only 30 days [41]. In this study, 27,921 (71.7%) patients were 
treated in the neurosurgical department and 8,324 (21.4%) in 
the orthopaedic department. It is difficult to clearly interpret 
the observed differences between the aforementioned depart-
ments. It is possible that the complexity of spinal disease, and 
thus the extent and scope of surgery for patients operated on 
in orthopaedic departments, is greater (coexisting scoliosis, 
multi-level spinal instability, etc.), which may be the reason 
for more frequent reoperations. 

Length of hospital stay was a clear predictor of re-
operation. The reference point for 1–2-day, 3-day, 4–7-day 
and > 7-day hospital stays was a one-day surgery, for which 
the reoperation rate was the highest. The high risk of re-
operation in patients who underwent one-day surgery may 
be explained by the surgery profile. A detailed analysis of 
one-day surgery cases, which is the reference group for the 
variables reporting other hospital stays, showed that out of 
4,382 operations in this group, 4,324 (98.7%) operations 
were assessed according to DRG code H55 (arthroscopic and 
percutaneous spine procedures). These include minimally 
invasive surgeries such as endoscopic discectomy, IDET, 
vertebroplasty and thermolesion of intervertebral joints. The 
reoperation rate in this group of patients may be linked to the 
limited or short-term effectiveness of surgical procedures. 
This is especially true in the case of thermolesion or IDET, the 
main purpose of which is symptomatic management of the 
pain associated with spinal disease, rather than treatment of 
the cause of the complaint. The risk of reoperation for > 24 h 
hospitalisations is lower, with the lowest values for 4–7-day 
hospital stays (OR = 0.172) and the highest values for 1–2-day  
hospital stays (OR = 0.343). 

Two recently published studies based on Korean adminis-
trative data provide a comprehensive analysis of the variables 
associated with the reoperation rate after spinal surgeries for 
DSD [37, 38]. These studies focused on the association between 
reoperation rate and anatomical site [37], and on analysing 
the role of the surgical approach adopted[38]. However, the 
cited research included exclusively patients who underwent 
fusion procedures, who  accounted for a mere 38.6% of cases 
in our study. 

Strengths and limitations

The presented study is the first large-scale study con-
cerning reoperation after surgery for DSD in Poland. This 
is a nationwide survey; the data was obtained from central 
sources, from the only public payer in Poland i.e. the NHF. The 
analysis included data concerning all publicly funded medical 
services of patients during the one-year period preceding the 
primary surgical treatment, which increases the likelihood of 
identifying comorbidities. 

This study has limitations. This is a retrospective study 
based on reported data rather than a review of medical records. 
It is possible that many factors (smoking, alcohol, obesity, etc.) 
are underestimated compared to prospective studies. Also, 
data regarding the surgeon’s experience and specialisation was 
not accessible. Subclassifications in terms of the anatomical 
site (cervical spine, lumbar spine, etc.), the surgical approach 
(anterior vs. posterior) and the underlying spine pathology 
(spinal stenosis, instability, spinal disc herniation, etc.) was 
not taken into consideration, and the postoperative follow-up 
period wass 12 months. 
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Conclusions

Reoperations within the first year after surgical treatment 
for DSD are common. Identifying risk factors for reoperation, 
including those related to the presence of comorbidities and 
the phenomenon of multimorbidity, can be an important 
tool in reducing the reoperation rate. This is particularly true 
for chronic diseases where appropriate medical management 
may enable the patient to be optimally prepared for surgery. 
In patients with several strong risk factors for reoperation, it 
may be prudent to forgo surgical treatment. 

The practical implications of our results are linked to the 
awareness of the need for reoperation in quite a high percent-
age of patients subjected to spinal surgery. This applies mainly 
to general practitioners who refer patients to specialists such 
as neurosurgeons, spinal surgeons, and orthopaedic surgeons. 
In particular, elderly candidates for spinal surgery and those 
with multiple comorbidities should be thoroughly informed 
about the risks. 

We recommend planning prospective studies concerning 
risk factors for reoperation after spinal surgery with a longer 
follow-up period. Optimally, this task could be realised within 
the framework of the national spine surgery registry. 
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ABSTRACT
Introduction. This study aimed to evaluate the knowledge and standard of treatment of chronic migraine with botulinum toxin 
by Polish aesthetic medicine professionals.

Rationale for the study. Onabotulinum toxin A injections are used as a preventive treatment for chronic migraine. Besides neu-
rologists, healthcare professionals of multiple specialisms can offer this treatment. Aesthetic medicine professionals commonly 
use the treatment to extend the scope of their practice. This may bring about a situation wherein physicians with different levels 
of experience and training are providing botulinum toxin injections for chronic migraine. 

Material and methods. An online survey asking about patient qualification procedures, the level of adherence to the PREEMPT 
paradigm, product-, technique-, dosing-, and treatment intervals-related aspects of the treatment, efficacy evaluation practices 
and concerns about the use of botulinum toxin in chronic migraine was sent to 110 Polish physicians practicing aesthetic medicine. 

Results. The response rate was 73.6%. The results of the survey revealed multiple deviations from the current paradigm of 
treatment of chronic migraine with botulinum toxin, from improper patient qualification through treatment procedure to the 
evaluation of the efficacy. Only around one-third of professionals evaluated the observed effectiveness of therapy as very good. 
Most respondents wanted to expand their knowledge and skills in chronic migraine treatment.

Conclusions. There is a considerable willingness among aesthetic medicine specialists to treat patients with chronic migraine 
with botulinum toxin. The current levels of knowledge and skills in this treatment are limited, and multiple physicians declared 
deviations from the diagnostic criteria and the therapeutic protocol. Transferring aesthetic medicine practices to neurology 
treatment is common and may result in a lack of effectiveness of treatment or even intensification of symptoms. An appropriate 
educational programme should be implemented for all physicians authorised to administer BoNT-A in Poland.

Key words: aesthetic medicine, chronic migraine, onabotulinum toxin type A, PREEMPT protocol

(Neurol Neurochir Pol 2023; 57 (4): 363–370)

Introduction

Onabotulinumtoxin A (OnaBoNT-A) was registered in 
Poland for the treatment of chronic migraine (CM) in 2010 [1]. 
Many randomised clinical trials have assessed its effectiveness 
and safety [2–7]. OnaBoNT-A is the only botulinum toxin type 
A (BoNT-A) registered for this indication. The drug has been 
reimbursed in Poland since July 2022 for patients with CM after 
previous failures of at least two oral prophylactic treatments [8, 9].

For 13 years, OnaBoNT-A therapy has been available to 
patients mainly in the private healthcare sector. Even so, many 
individuals who do not qualify for the reimbursed treatment 
due to lack of oral treatment failures, or those who prefer 
treatment in private clinics, receive OnaBoNT-A commercially 
as part of their out-of-pocket expenditure.

Both neurologists and aesthetic medicine profession-
als (AMPs) perform BoNT-A injections in CM. AMPs are 
involved in this treatment for several reasons. Firstly, the 
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initial observations about the effectiveness of BoNT-A in 
the treatment of migraine came from the AMP. By treating 
glabellar and forehead wrinkles, they reduced migraine pain 
in their patients. This observation launched successful clinical 
trials of OnaBoNT-A in CM. Secondly, AMPs have extensive 
BoNT-A treatment experience and full access to this therapy. 
Thirdly, the aesthetic medicine sector is heavily commercial-
ised, with extensive internet marketing, which means that pa-
tients quickly find a clinic offering BoNT-A migraine treatment 
and often go there first without waiting for an appointment 
with a neurologist.

After searching for a term, e.g. “treatment of migraine 
with botulinum toxin” in a browser, the patient is directed to 
the websites of aesthetic medicine clinics offering migraine 
treatment services with BoNT-A. Unfortunately, reading the 
information about this therapy available on the websites of 
some medical centres, one may suspect that these services 
have little to do with CM management according to the 
current standards and the PREEMPT protocol. This shows 
that BoNT-A treatment is offered to all migraine sufferers, 
not only those with CM, and the drug is administered 
mainly intramuscularly and at trigger points, which is sup-
posed to cause muscle relaxation and thus relieve headache. 
Inadequate qualifications and treatment techniques result 
in a lack of therapeutic effect and discourage the patient 
from continuing.

The indication for the treatment of OnaBoNT-A is CM, 
which is defined as the presence of headache (tension and/or 
migraine type) for at least 15 days a month in the last three 
months, and which headache for at least eight days a month 
meets the criteria for the diagnosis of migraine with or without 
aura, and at the onset of the disease had a migraine character 
and responded to triptans or ergotamine derivatives [10].

The technique of OnaBoNT-A administration according to 
the PREEMPT protocol was described in detail in a document 
published in 2017 by Blumenfeld et al. [11, 12]. For years, 
Polish neurologists have had the opportunity to participate in 
practical workshops on treating CM with OnaBoNT-A, con-
ducted by, among others, the author. AMPs do not have such 
a possibility and mainly explore how to administer BoNT-A in 
CM from the literature. Incorrect treatment may result in a lack 
of effectiveness of therapy [12]. An administration technique 
not following the PREEMPT protocol may also expose the 
patient to side effects. The effectiveness of therapy of CM is 
important also in the context of a high burden of disease and 
its undertreatment in Poland, which occurs despite relatively 
good access to physicians [13]. 

Objectives
This study’s primary aim was to analyse the state of knowl-

edge about CM and the technique of BoNT-A administration 
among Polish AMPs. The secondary objective was to analyse 
the educational needs of this group of physicians in CM treat-
ment with BoNT-A.

Material and methods

This pilot study among AMPs was conducted between 
December 2022 and January 2023. A self-developed online 
questionnaire with 40 questions aimed to evaluate: the profes-
sional experience of practitioners; the level of knowledge about 
BoNT-A treatment in CM and its source; patient qualification 
procedures; the type of BoNT-A and dose used in CM treatment; 
the technique of drug administration with particular emphasis on 
injection sites, single dose, depth of BoNT-A administration and 
direction of needle insertion; evaluation of the effectiveness of 
BoNT-A treatment in CM; concerns related to BoNT-A treatment 
in CM; and interest in, and willingness to expand knowledge of, 
the field of BoNT-A treatment in the treatment of CM. The supple-
mentary material contains the original survey and its translation. 

The questionnaire was created in Google Forms, a survey 
software included in Google LLC’s free, web-based Google 
Docs Editor. The author personally sent by e-mail the ques-
tionnaire to 110 AMPs with a detailed explanation of the 
purpose of the study and an assurance of data anonymity. 
Each physician was informed that the purpose of the analysis 
was not to indicate their possible errors in the procedure, but 
only to assess the state of knowledge and educational needs 
in this area. Personal contact with the author emphasised the 
problem’s essence and ensured the survey’s anonymity. This 
also served to eliminate the possibility of completing the 
questionnaire by unauthorised persons.

Respondents had the opportunity to omit questions that, 
in their opinion, did not apply to them (e.g. because they do 
not use BoNT-A in the treatment of CM) or which they did 
not want, or were unable, to answer. Therefore, a different 
number of answers were given to each question, which was 
considered in analysing the results. The results were presented 
as percentages of respondents. 

Results

Participants 
Eighty-one physicians completed the questionnaire; 

67 women (82.7%) and 14 men (17.3%) aged from 26 to 60. 
None of the surveyed AMPs was a neurologist, and 21 (25.9%) 
of the respondents were dentists. The rest of the clinicians had 
a different medical specialism.

The respondents differed in terms of years of professional 
experience: 1–2 years or 3–5 years of work experience were 
declared by 11 respondents (13.6%) each, 6–10 years by 
17 (21%), 11–15 years by 20 (24.7%), and over 15 years of 
work by 22 (27.2%).

Eligibility for botulinum toxin treatment  
of chronic migraine

Among all the doctors who completed the questionnaire, 
37 (45.7%) confirmed that they perform BoNT-A injection 
procedures in treating CM.
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Thirty-eight clinicians answered the question “For which 
patients do you use BoNT-A for migraine?” Most professionals 
(n = 30, 78.9%) confirmed that they use BoNT-A in patients diag-
nosed with CM, 12 (36.1%) declared that they used it in patients 
with many years’ migraine, 13 (13.2%) indicated that they used 
it in patients with migraine regardless of whether they had been 
diagnosed with CM, and two (5.3%) indicated that they used it 
in all patients, regardless of the frequency of migraine attacks.

The question: “Do you verify the diagnosis of migraine 
before treatment with BoNT-A?” was answered by 56 physi-
cians. Of them, 27 (48%) stated that they administered the drug 
based on the patient’s medical history and declaration of being 
treated for migraine. Twelve clinicians (21.4%) stated that they 
did not verify the diagnosis because they knew nothing about 
migraine. Some physicians (n = 8, 14.3%) verified the diagnosis 
and independently confirmed the CM diagnosis. A few AMPs 
(n = 6, 10.7%) required a referral from a neurologist before 
the procedure, and one (1.8%) needed a referral from a pain 
medicine specialist. Only 17 of 74 surveyed AMPs (23%) 
cooperated with a neurologist in treating CM.

Most physicians use BoNT-A in migraine patients con-
comitantly with the same medication for wrinkles (22/40, 
55%), bruxism (12/40, 30%), or other indications (11/40, 27%).

Knowledge of criteria for diagnosis of chronic 
migraine

Seventy-four respondents answered the question “Do you 
know the criteria for the diagnosis of CM?” Most clinicians 
confirmed they did (45/74, 60.8%). Only 17/31 respondents 
(54.8%) presented an accurate definition of CM.

Physicians’ experience in botulinum toxin 
therapy for chronic migraine

In the last 12 months, 36 of 77 AMPs (46.8%) said they 
did not perform any procedure, 22 respondents (28.6%) 
treated ≤ 5 patients, and 10 (13%) treated 6-10 patients. 

The treatment of multiple patients (> 50 patients/year) was 
declared by only three physicians (3.9%). The question about 
their experience and knowledge about CM treatment with 
the use of BoNT-A was answered by 74 physicians, assessing 
them on a scale of 1 (poor) to 5 (very good) (Fig. 1). 68/78 of 
the surveyed physicians were interested in expanding their 
knowledge and skills in CM treatment using BoNT-A (Fig. 1).

Knowledge and experience of PREEMPT 
protocol

Of 47 physicians who answered the question about the 
type of BoNT-A used to treat CM, 42 (89.3%) indicated us-
ing OnaBoNT-A, but as many as 32 (68.0%) also used other 
BoNT-As. Only 16 of 55 respondents (29.1%) declared that 
they always used a toxin according to the PREEMPT protocol, 
and 17 (30.9%) of the respondents modified the paradigm de-
pending on the patient’s needs. Many physicians (16/55, 29.1%) 
admitted that they did not know the PREEMPT protocol, 
and six (10.9%) administered BoNT-A only in the forehead 
and temples. Knowledge of the PREEMPT protocol came 
mainly from the internet, e.g. Google and YouTube searches 
(27/47 and 44.7%), their peers or medical representatives, 
and a summary of product characteristics (9/47, 19.1% each). 

Only 22 of 38 physicians (57.9%) indicated the correct 
dose of OnaBoNT-A, a fixed dose in line with the PREEMPT 
protocol. Sixteen specialists (42.1%) gave an incorrect dose 
of BoNT-A, including 10 (26.3%) selecting a fixed dose but 
different from the PREEMPT protocol, and six (15.8%) who 
adjusted the dose individually.

Most physicians (35/38, 94.6%) used an amount of 0.9% 
saline other than 2 mL to dilute BoNT-A, using 1–2.5 mL of 
solvent. Only three clinicians (8.1%) declared that they dilut-
ed the medication correctly using 2 mL of 0.9% saline. Two 
physicians (5.3%) mixed BoNT-A with lidocaine.

Out of 40 doctors who answered the question about the 
depth of drug administration, as many as 35 (87.5%) injected 
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Figure 1. Level of knowledge, experience, and interest in botulinum toxin treatment for chronic migraine among aesthetic medicine pro-
fessionals



366

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 4

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

60

50

40

30

20

10

0

Correct injection technique Correct number of injection points

Glabella
(n = 46)

Forehead 
(n = 45)

Temples 
(n = 44)

Occipital area
(n = 40)

Neck 
(n = 42)

Shoulders
(n = 38)

34.8 

63.0 

36.0 

20.0 

14.0 

57.0 

23.0 

57.5 

33.3 

45.2 

15.8

50.0

Re
sp

on
de

nt
s 

[%
]

Figure 2. Compliance with PREEMPT paradigm during botulinum toxin injections for chronic migraine analysed from perspective of treat-
ment in different areas of head and body

BoNT-A deep into the muscles. Others administered the drug 
subcutaneously (6/40, 15%) or intradermally (6/40, 15%), or 
deep into the periosteum (2/40, 5%). AMPs mainly injected 
BoNT-A into the temples (40/41, 97.6%), forehead (38/41, 
92.7%), back of the head (35/41, 85.4%), glabella (34/41, 82.9%), 
neck (26/41, 63.4%) and shoulders (14/41, 34.1%). The great 
majority, 37 of 39 AMPs (94.9%), administered the drug bilater-
ally, and only two persons (5.1%) injected only half of the head.

The results relating to the detailed technique of 
OnaBoNT-A injection into particular areas of the head and 
face, following the PREEMPT protocol, e.g. the location and 
number of injection points as well as the depth and angle of 
drug administration, are presented in Figure 2.

Only 16 of 46 physicians (34.8%) administered 
BoNT-A correctly, i.e. at a 90-degree angle, in the glabella 
area. Others declared that they inserted the needle diagonally 
upwards (n = 14/46, 30.4%) or downwards (n = 2/46, 4.3%). In 
addition, as many as 13/46 (28.3%) specialists administered an 
additional dose of BoNT-A in this area laterally into the skin 
attachment of the frowning muscle. Only 12 of 45 respondents 
(26.7%) applied BoNT-A in the upper third of the forehead, 
with the other 33 doing so in other places. Most AMPs (33/47, 
70.2%) did not aspire before injecting.

As per the PREEMPT paradigm, additional doses in 
the so-called Follow-the-Pain protocol were always used by 
6/40 (15%) of respondents. 19/40 (47.5%) gave these doses 
correctly but not in every patient, and 15/40 (37.5%) were 
unfamiliar with this part of the PREEMPT protocol.

Only 18 of 43 (41.9%) physicians give the correct dose 
of BoNT-A at each injection point (5 units). The others use 
different drug doses, as shown in Figure 3.
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Figure 3. Specific doses of botulinum toxin used per injection 
point. U — units; N = 43

Evaluation of effectiveness of chronic migraine 
treatment with botulinum toxin

Evaluation of effectiveness of chronic migraine treatment 
with botulinum toxin 7/40 (17.5%) doctors, by the recommen-
dations, administered BoNT-A at least three times at 3-month 
intervals, and 5/40 (12.5%) declared that they treat migraine 
with BoNT-A every three months and give it as many times as 
needed. The others repeated the procedure irregularly, usually 
when the migraine reoccurred (13/40, 32.5%).

The answer to the question “How do you assess the effective-
ness of migraine treatment with BoNT-A?” was presented on the 
Likert scale [from poor (1) to very good (5)]. Of 43 respondents, 
16 (37.2%) indicated a very good effect of BoNT-A. The others rated 
therapy effectiveness as 4 (n = 19/43, 44.2%) or 3 (n = 8/43, 18.6%).
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Concerns of aesthetic medicine professionals 
about BoNT-A therapy for chronic migraine

Fifty-seven physicians shared their worries and anxieties 
about CM therapy with BoNT-A. As many as 32 of them 
(56.1%) were most afraid of patient qualification errors, 
20 (35.1%) of performing the procedure incorrectly, 11 (19.3%) 
of damage to nervous structures and neurological complica-
tions, five (8.8%) of eyelid ptosis, eight (14.%) of the unsightly 
appearance of the patient, 24 (42.1%) of the patient’s dissat-
isfaction with the procedure performed or the entire therapy, 
24 (42.1%) of the ineffectiveness of BoNT-A, eight (14%) of 
a patient’s negative opinions, and seven (12.3%) of patient’s 
claims against them.

According to the majority of physicians (43/59, 72.9%), 
patients were discouraged from using BoNT-A by the high price 
of the therapy. Only 36 of 70 AMPs (51.4%) knew that some pa-
tients with CM could obtain reimbursement for BoNT-A treat-
ment, and 28 physicians (40%) believed that BoNT-A was not 
reimbursed for patients with CM in Poland.

Almost half of the specialists (29/59, 49.2%) believed that 
patients did not receive information about this therapy, and 
27 (45.8%) respondents believed that patients were afraid 
of BoNT-A toxicity, including eight physicians (13.6%) 
claiming that patients were afraid to have head injections, 
and 16 (27.1%) who believed that patients were discouraged 
from starting treatment for fear of the uncertain effect of the 
therapy. Over a third of AMPs (23/64) believed that the CM 
treatment procedure with BoNT-A was not economically 
feasible for them.

Discussion

This was a pilot study among AMPs in Poland concerning 
migraine treatment. It was challenging to identify all Polish 
AMPs because aesthetic medicine is a skill, not a specialisa-
tion. Every doctor, including dentists, can become AMPs, and 
they acquire skills during postgraduate studies and additional 
courses. There are no reliable data, but it is estimated that 
2,500–3,000 doctors practice aesthetic medicine in Poland, but 
not every professional is registered in databases of scientific 
societies. Only a few representatives of the aesthetic medicine 
community participated in this pilot study, but the author 
believes that its results indicate the need for further analysis 
and education in CM treatment with BoNT-A.

The PREEMPT paradigm is the only valid protocol for 
CM treatment with OnaBoNT-A [2, 3, 11, 14]. According 
to it, BoNT-A should be administered in 31–39 sites within 
the head and neck area, inserting the needle shallowly under 
the skin and administering 5 units of OnaBoNT-A at each 
point. The minimum dose of BoNT-A is 155U, which corre-
sponds to 31 injection points (registered in both the USA and 
Europe), and the maximum dose is 195U, which corresponds 
to 39 injection points (European registration) [15]. The initial 
administration technique has been improved, taking into 

account new scientific reports on the proposed mechanism 
of action of BoNT-A in neuropathic pain [16, 17]. Today, it 
is known that the goal of BoNT-A treatment in CM is not 
muscle relaxation but rather reaching the nerve endings of 
the trigeminal-occipital-cervical nerve complex. BoNT-A af-
fects unmyelinated C fibres, inhibiting the secretion of pain 
neurotransmitters [16–19]. This molecule is supposed to be 
transported by axonal retrograde transport along peripheral 
nociceptive pathways and affects the central mechanisms of 
migraine pain generation, including reducing the duration 
of cortical spreading depression [18, 19]. BoNT-A could 
have a unique neuromodulatory effect, causing peripheral 
and central desensitisation of nerve pathways involved in the 
pathogenesis of migraine pain [2, 17]. Therefore, there is no 
reason to administer this medication deep intramuscularly 
but only shallowly under the skin innervated by the endings 
of the trigeminal nerve, occipital and supraclavicular nerves 
[11]. Performing at least three treatment cycles every 12 weeks 
is necessary to obtain a satisfactory clinical effect, and the 
continuation brings further clinical benefits [20]. Evidence 
from open-label real-world trials has proven the safety and 
effectiveness of treatment according to the PREEMPT pro-
tocol [21]. Recent observational studies indicate a clinical 
benefit even from several years of regular administration of 
OnaBoNT-A every 12 weeks [22].

BoNT-A for CM is one of the most important and effective 
treatment methods for this severe condition. The therapy’s 
success depends on the patient’s proper qualification for the 
procedure and on conducting it according to a strictly defined 
protocol, including a specific injection technique, drug dose, 
and intervals between treatments [12, 23]. In order to achieve 
a beneficial long-term effect, it is necessary to monitor and 
verify the patient’s clinical condition systematically and to 
supervise the emergency medication used concomitantly.

In most cases, such treatment should be carried out by neu-
rologists, although not all of them can administer injections 
of BoNT-A in CM. Given cooperation between a neurologist 
and another doctor, e.g. an AMP, who has injection skills, 
BoNT-A therapy can be appropriately conducted [23].

This study is the first attempt at an analysis of CM treat-
ment with BoNT-A performed by AMPs to evaluate their state 
of knowledge, experience, and educational needs.

To the best of the author’s knowledge, this is the first 
available analysis of CM procedures among AMPs performed 
by online questionnaires. Perhaps thanks to the individual 
contact and establishing a relationship between the author and 
the respondent, the response rate was as high as 73.6%. In the 
study by Begasse de Dhaem et al., who conducted a similar 
questionnaire analysis of modifying the PREEMPT protocol 
among headache specialists, only 20.7% of practitioners re-
sponded [24].

The anonymous survey revealed that half of AMPs perform 
BoNT-A injections in CM. Most do these procedures to ac-
company the treatment of wrinkles or bruxism. Unfortunately, 
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only a few AMPs can qualify the right patient for the proce-
dure and treat migraine sufferers without considering the 
BoNT-A treatment.

OnaBoNT-A is registered for treating CM, and there 
is insufficient evidence for its effectiveness in episodic mi-
graine (EM) or other types of headaches. Proper treatment of 
BoNT-A of CM starts with qualifying the right patient. Most 
respondents claim that they use BoNT-A only in patients with 
CM, but almost half of the respondents gave this medication 
“at the patient’s request” without verifying and confirming the 
diagnosis of CM. Only a few of the respondents cooperated 
permanently with a neurologist or performed the procedure 
based on a referral from a neurologist. 20% of the surveyed 
AMPs admitted that they do not verify the diagnosis because 
they “know nothing about migraine”. Qualification of inap-
propriate patients comes from ignoring the criteria for CM 
diagnosis. 

More than half of the surveyed physicians claimed to know 
the criteria for diagnosing CM, but few could provide the 
correct definition of CM. The most common definition of CM 
given by the respondents was at least 15 days with a headache 
in a month. Few doctors knew that at least eight of these days 
should have migraine symptomatology, and the observation 
period must be at least three months. This raises suspicions 
that patients who do not meet the criteria for CM diagnosis 
and suffer from other types of headaches, such as tension-type 
headaches, may still qualify for BoNT-A treatment. However, 
ignorance of the full criteria for diagnosing CM is not only the 
domain of AMPs. Indeed, the great majority (90%) of Polish 
family physicians cannot list the full criteria for the diagnosis 
of migraine; only one in two of them claimed that they could 
distinguish between CM and EM, and only one in three could 
provide the correct definition of CM [25].

According to this study, AMPs do not often perform 
BoNT-A injections in CM. Only every second surveyed 
physician carried out at least one procedure last year; most 
performed it once every few months. Such a frequency of 
injections does not allow for developing and maintaining the 
experience in CM therapy with OnaBoNT-A.

Based on this survey’s results, it can also be concluded that 
most AMPs perform the CM treatment procedure misusing 
BoNT-A. Many of them, apart from OnaBoNT-A, also use 
other types of BoNT-A for treatment, which are not registered 
and tested for CM treatment. Almost all dilute the drug incor-
rectly, usually using a larger amount of 0.9% saline, a typical 
dilution protocol for treating wrinkles. Some clinicians mix 
BoNT-A with lidocaine, perhaps trying to gain additional 
therapeutic effects. 

Unfortunately, only a third of respondents perform in-
jections as per the PREEMPT protocol, a third modify it at 
his/her discretion, and the last third do not even know the 
protocol. Only half of those familiar with the PREEMPT 
paradigm administer Follow-the-Pain injections. Half of the 
physicians administer the incorrect dose of OnaBoNT-A per 

injection point, and most give a lower dose, due to worrying 
about side effects.

The depth of drug administration is a strategic element of 
the technique in the procedure of BoNT-A injection in CM. 
Most AMPs inject BoNT-A deep into the muscles and perform 
injections at the wrong angle, adhering to aesthetic medicine 
treatment protocols. Most AMPs inject the drug into the frown 
muscle as recommended by the BoNT-A manufacturers, as 
they treat glabellar wrinkles and direct the needle upwards 
and laterally from the eye (towards the forehead). This corre-
sponds to the original PREEMPT paradigm from 2010 [14]. 
According to this, the BoNT-A injection site in the PM is 
approximately 1.5 cm (i.e. one finger width) above the medial 
superior edge of the orbital ridge. The midpoint of puncture 
into the longitudinal muscle of the nose is located on the line 
connecting both injection points in the area of the frowning 
muscle, also about 1.5 cm above the edge of the eye socket, 
which in turn does not correspond to the location of the punc-
ture in the longitudinal muscle of the nose in the treatment 
of lion’s wrinkle. This one is shifted slightly downwards, even 
to the level of the bridge of the nose. Currently, according to 
the recommendations of Blumenfeld et al. from 2017, in the 
glabella area, BoNT-A should be administered at an angle of 
90 degrees, not obliquely upwards [11].

Similarly to the study by Begasse de Dhaem et al. [24], 
most of the AMPs do not aspirate before injecting, which is 
recommended for CM treatment with BoNT-A in the temple 
and occipital area. The topic of aspiration during injections 
in aesthetic medicine still raises much controversy, and many 
experts have differing opinions [26]. Nonetheless, in areas with 
rich vascularity such as the temporal and occipital regions, it 
is worth aspirating during the injection so that the drug does 
not end up in the vessel. However, accidental injection of 
a small amount of drug into the vessel is not dangerous and 
is less important than losing the drug that is supposed to act 
on the nerve endings in this area.

The surveyed doctors did not know the principles of CM 
therapy using BoNT-A. OnaBoNT-A should be administered 
at least three times at 12-week intervals to evaluate the clinical 
effect. Only a few AMPs administer BoNT-A at least three 
times at 3-month intervals. Others repeat the treatments 
irregularly, usually when migraine recurs. In the case of such 
inconsistencies in therapy, the effectiveness of BoNT-A may 
be low, which was confirmed by the respondents; only 1/3 of 
them assess the effect of the treatment as very good.

AMPs are limited by worrying about incorrect procedures, 
from qualifying the wrong patient to the occurrence of side 
effects. Ignorance of the pathogenesis of migraine, neuroanat-
omy, and the mechanism of action of BoNT-A causes many 
AMPs to be worried about damage to the nervous structures 
and neurological complications. Ptosis, which is more com-
mon after wrinkle treatment than after CM treatment, is not as 
worrying as the presence of other neurological complications. 
On the other hand, some doctors are afraid of the unsightly 
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appearance of the patient, which may be related to the specifici-
ty of the PREEMPT protocol and the possibility of medial brow 
ptosis, full eyebrow ptosis, or the Mephisto phenomenon in 
anatomically predisposed patients. The anatomical differences 
should be considered in every case, but the general principles 
of the PREEMPT paradigm should be preserved.

Almost half of the respondents were afraid of patient 
dissatisfaction with the performed procedure or the entire 
therapy, the ineffectiveness of BoNT-A, and negative opinions 
or even claims made by the patient. Such worries are frequent 
among clinicians performing procedures in the commercial 
healthcare market, especially in aesthetic medicine.

Not all surveyed physicians knew the new possibilities of 
BoNT-A reimbursement in CM treatment in Poland [8, 9]. 
They also believed Polish migraine sufferers do not receive 
sufficient information about this therapy and that the high 
price and uncertainty of the therapeutic effect discouraged 
them from BoNT-A treatment.

Since July 2022, Polish neurologists and patients with 
CM migraine have been widely informed about free treat-
ment programmes via the National Health Fund, the Polish 
Neurological Society, the Polish Headache Society, and 
social media websites. The truth is that the area of practical 
education in the field of BoNT-A in CM treatment in Poland 
is addressed mainly to neurologists. The Polish Headache 
Society and the manufacturer of OnaBoNT-A run free edu-
cational programmes, conferences, and workshops in which 
neurologists can participate. Doctors in other specialisms, 
including those with the skill of aesthetic medicine, have 
little opportunity to acquire knowledge and experience in this 
area. The only chance for them is to follow scientific reports 
or participate in commercially organised courses in aesthetic 
medicine, where the subject of CM is implemented. For most 
of the surveyed physicians, their source of information on 
CM treatment is the internet. For this purpose, they use the 
Google search browser or YouTube. The respondents con-
firmed they have little experience or knowledge in this area. 
They wanted to gain this knowledge and improve their skills 
in treating CM with BoNT-A. In additional comments at the 
end of the survey, several physicians asked for additional 
courses and training.

This study has several limitations; it relies on respondents’ 
willingness to answer the survey, and despite a high responder 
rate it is not free of non-response bias. The sample size was 
relatively small compared to the number of AMPs in Poland; 
thus, the accurate representation of the respondents’ popula-
tion is limited. The cross-sectional design does not support 
determining cause and effect relationships; however, this 
first survey can create a baseline for a similar assessment to 
be conducted in the future, i.e. after implementing different 
educational initiatives. To make this possible, the original 
and translated questionnaire is published alongside this 
manuscript.  

Conclusions

AMPs want to treat patients with CM with BoNT-A and 
strongly need education. Unfortunately, those doctors who 
have already conducted such treatment have mostly done it 
incorrectly, which is caused by ignorance of the CM diagnosis 
criteria and the current therapeutic protocol. This may result 
in the lack of effectiveness of BoNT-A treatment and even 
the intensification of symptoms due to the chronification of 
migraine in a patient not supervised by a neurologist. 

To prevent such events, an appropriate educational pro-
gramme should be implemented for all physicians authorised 
to administer BoNT-A in Poland. This would allow the broader 
therapeutic resources required to cope with the burden of CM 
in Poland [13]. 
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ABSTRACT
Introduction. Treatment with cladribine tablets is indicated in highly active relapsing-remitting multiple sclerosis (RRMS). 
Cladribine tablets proved safe and effective in the pivotal CLARITY trial, but that trial included primarily treatment-naïve pa-
tients. In clinical practice however, cladribine tablets are often given to patients who have failed other treatments. Therefore, 
this study investigated the real-world safety and efficacy of cladribine tablets.

Material and methods. We gathered data from nine MS clinical centres across Poland for patients with RRMS who started 
treatment with cladribine tablets from December 2019 to June 2022. 

Results. We enrolled 140 patients, with follow-up data available for 136 in year 1 and for 66 in year 2. At baseline, the mean 
age was 35.6 years, mean disease duration was 7.3 years, median EDSS score was 2.5, and 94% of patients were treatment-
-experienced. Thirty-nine patients (27.9%) had undergone COVID-19, and 94 (67.1%) were vaccinated against COVID-19. The 
annualised relapse rate (ARR) decreased from 1.49 at baseline to 0.33 in year 1 (p < 0.001) and to 0.25 in year 2 (p < 0.001).  
The percentage of relapse-free patients increased from 11.5% at baseline to 70.2% in year 1 and 82.1% in year 2. The percentage 
of patients with active lesions decreased from 91.4% at baseline to 36.2% in year 1 and 18.2% in year 2. EDSS score remained 
stable or improved in 83.7% of patients in year 1 and 89.6% in year 2. No evidence of disease activity (NEDA-3) was achieved in 
42.7% of patients in year 1 and 66.7% in year 2. Only one patient (0.72%) had grade 4 lymphopenia and 21 (15.1%) had grade 3 
lymphopenia. Varicella zoster virus infections occurred in three patients. Eight patients discontinued treatment with cladribine: 
five due to inefficacy, one due to lymphopenia, and two due to a personal decision. 

Conclusions. Cladribine tablets proved safe and effective in a real-world cohort of treatment-experienced patients. However, 
the efficacy measures improved to a lesser extent in our cohort than in the pivotal clinical trial, which is probably due to a higher 
proportion of treatment-experienced patients in our cohort. 

Key words: cladribine, relapsing-remitting multiple sclerosis, safety, efficacy, COVID-19

(Neurol Neurochir Pol 2023; 57 (4): 371–378)

Address for correspondence: Adam Stępień, MD, PhD, Department of Neurology, Military Institute of Medicine in Warsaw, 128 Szaserów St.,  
04–141 Warsaw, Poland; e-mail: astepien@wim.mil.pl 
Received: 01.03.2023 Accepted: 11.05.2023  Early publication date: 25.07.2023
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.

mailto:astepien@wim.mil.pl


372

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 4

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Introduction 

Multiple sclerosis (MS) is a chronic and progressive 
neurological disease characterised by recurrent episodes of 
inflammatory demyelination of the brain and spinal cord [1, 2].  
Cladribine is a potent anti-inflammatory agent to treat 
relapsing-remitting MS (RRMS). The drug selectively targets 
lymphocytes, depleting primarily CD19+ B cells, with a small 
reduction in CD4+ or CD8+ T-cells and CD16+/CD56+ 
natural killer cells [3–5]. Cladribine depletes lymphocytes 
via apoptosis rather than cell lysis, which is associated with 
a favourable safety profile during dosing. Cladribine is given in 
two courses 12 months apart, and leads to long-lasting disease 
control without the need for chronic immunosuppression and 
with minimal monitoring requirements [6]. This treatment 
regimen with cladribine tablets was particularly advantageous 
during the COVID-19 pandemic, often requiring self-isolation 
at home. 

In the pivotal phase III trial among primarily treat-
ment-naïve patients, cladribine tablets significantly reduced 
the annualised relapse rate, risk of disability progression, 
lesion activity on neuroimaging, and brain atrophy [7]. In 
Poland, cladribine tablets were approved for highly active 
RRMS in 2017 when the drug was licensed in the European 
Union [6]. However, the reimbursement criteria in Poland 
require evidence of a more active disease than is specified in 
the drug’s label [6, 8]. 

Six years after the marketing authorisation of cladribine 
tablets, the data on its safety and efficacy in a real-world set-
ting is limited. Our study aimed to examine the real-world 
efficacy and safety of cladribine tablets given as part of the 
reimbursement scheme in Poland, mostly to patients who had 
failed other disease-modifying therapies (DMTs). 

Clinical rationale for the study

Treatment with cladribine tablets proved safe and effec-
tive in the CLARITY trial. However, that trial was carried 
out when few DMTs were available to patients with RRMS. 
Consequently, the CLARITY trial enrolled primarily treat-
ment-naïve patients. Recently, the treatment landscape has 
changed considerably, with more than a dozen DMTs now 
available. Cladribine tables are now often given to patients who 
have failed previous treatments, including other high-efficacy 
DMTs. Therefore, post-marketing studies are needed to inves-
tigate the real-world safety and efficacy of cladribine tablets. 

Material and methods 

This retrospective observational study was carried out in 
nine MS clinical centres across Poland in a cohort of all patients 
with RRMS who started treatment with cladribine tablets from 
December 2019 to June 2022. One treatment course consisted 
of two cycles. All diagnoses complied with the 2017 revisions 

of the McDonald criteria [9]. The study was approved by the 
ethics committee of the Polish Military Chamber of Physicians 
(approval no. 235/22).

We gathered the following data: demographics; disease 
duration; prior DMTs; the number of relapses in the 12 months 
before cladribine initiation and 12 and 24 months after treat-
ment initiation; EDSS scores at cladribine initiation and 12 and 
24 months later; the reason for discontinuing previous DMTs; 
adverse reactions; history of COVID-19 infection and SARS- 
-CoV-2 vaccination; and lymphocyte counts before cladribine 
initiation and at two, six, 12, 14, and 18 months. 

Active MRI lesions were defined as Gd(+) or new/enlarg-
ing T2 lesions. No evidence of disease activity (NEDA-3) was 
defined as the absence of clinical relapses, disability progres-
sion, and active MRI lesions [10]. The annualised relapse rates 
(ARRs) with 95% confidence intervals (CI) were calculated 
with a negative binomial regression model for the 12 months 
before the first course, 12 months between the two courses, 
and 12 months after the second course. In accordance with 
previous reports [11], changes in EDSS scores were classified 
as an improvement or worsening as follows: among patients 
with baseline EDSS of 0 — a change of at least 1.5 points; 
among patients with baseline EDSS of 0.5 to 4.5 — a change of 
at least 1 point; and among patients with baseline EDSS ≥ 5 — 
a change of at least 0.5 points. EDSS changes that did not meet 
the criteria for an improvement or worsening were classified 
as stable EDSS. Lymphopenia grades were defined as follows: 
grade I (< 1.0–0.8 × 109/L); grade II (< 0.8–0.5 × 109/L); grade 
III (< 0.5–0.2 × 109/L); and grade IV (< 0.2 × 109/L) [12]. We 
assessed the frequency of lymphopenia among patients who 
had lymphocyte counts measured two months after the first 
treatment cycle or later, taking into account the lowest value 
of the lymphocyte count for each patient.

Descriptive data was presented as means ± standard 
deviations (SD) or medians and interquartile ranges (IQR). 
A Wilcoxon test was used to compare the ARR and EDSS at 
year 1 and year 2 with the ARR at baseline. A p-value < 0.05 was 
considered statistically significant. All analyses were completed 
in the R software (version 4.1.3). 

Results 

Cohort description 
In total, 140 patients who started treatment with cladribine 

tablets were enrolled in the study: four patients completed 
only one treatment week and were excluded from the efficacy 
analysis; 70 patients received one course (1.75 mg/kg), and 
66 received two courses (3.5 mg/kg). Thus, follow-up data 
was available for 136 patients in year 1 and for 66 patients in 
year 2 (Fig. 1).

Of the 140 patients, 109 (77.9%) were women, the mean 
(SD) age was 35.6 (11.0) years, the mean disease duration was 
7.3 (5.2) years, and the median (IQR) EDSS at baseline was 2.5  
(1.5, 3.5). 



373www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Adam Stępień et al., Cladribine for highly active RRMS

Figure 1. Flow diagram showing disposition of patients enrolled to study

140 patients enrolled

4 patients did not complete 1st 
treatment course

Year 1
136 patients

(89 forNEOA-3 assessment)
67 patients received 1 treatment 
course

3 patients did not complete 2nd

treatment course

66 patients received 2 treatment 
courses

Year 2
66 patients

(24 forNEDA-3 assessment)

Table 1. Baseline characteristics of study patients

Characteristic  

Sex (female); n (%) 109 (77.9)

Age (years); mean (SD) 35.6 (11.0)

Disease duration (years); mean (SD) 7.3 (5.2)

Time from last DMT to cladribine (months); mean (SD) 4.3 (9.5)

Number of previous DMTs; n (%)

    0* 8 (5.8)

    1–2 94 (67.2)

    ≥ 3 37 (26.4)

EDSS; median (IQR) 2.5 (1.5, 3.5)

ARR; mean (SD) 1.49 (0.88)

Patients with active MRI changes; n (%**) 127 (91.4)

Lymphocyte count (cells/µL); median (IQR) 1,560  
(1,250, 2,000)

Patients who underwent COVID-19; n (%) 39 (27.9)

Patients vaccinated against COVID-19; n (%) 94 (67.1)

DMT; n (%***)

Dimethyl fumarate 57 (43.8)

Fingolimod 23 (17.7)

Natalizumab 14 (10.8)

Teriflunomide 12 (9.2)

Glatiramer acetate 10 (7.7)

IFNβ-1a 6 (4.6)

IFNβ-1b 5 (3.8)

Ocrelizumab 2 (1.5)

Alemtuzumab 1 (0.8)

Reason for last DMT discontinuation; n (%)

    switch from 1st line DMT for inefficacy**** 89 (68.5)

    switch from 2nd line DMT for inefficacy 23 (17.7)

    switch from 2nd line DMT for adverse events 8 (6.1)

    switch from 2nd line DMT for high titre of anti-JCV antibodies 8 (6.1)

    planned pregnancy 2 (1.5)
*All naive patients (not previously treated with DMT) had rapidly evolving severe multiple sclerosis 
**Percentage of patients with available MRI data (N = 139)
***Percentage of patients with available data on previous DMT (N = 130)
****Second-line treatments include fingolimod, natalizumab, ocrelizumab, and alemtuzumab. 
Other treatments are considered first-line
ARR — annualised relapse rate; COVID-19 — coronavirus disease 19; DMF — dimethyl fumarate; 
DMT — disease-modifying therapy; EDSS — Expanded Disability Status Scale; IFNβ — interferon β; 
IQR — interquartile range; JCV — John Cunningham virus; SD — standard deviation

Before cladribine tablets, 131 (93.6%) patients had previ-
ously received at least one DMT, whereas only eight patients 
were treatment-naïve (all had rapidly evolving severe MS). 
Most patients were switched from dimethyl fumarate (43.8%), 
fingolimod (17.7%), or natalizumab (10.8%). Inefficacy was 
the most frequent reason for discontinuing previous DMTs 
(86.3% of patients). Thirty-nine patients (27.9%) had under-
gone COVID-19, and 94 (67.1%) had been vaccinated against 
COVID-19 during the study. Table 1 sets out the baseline 
characteristics in detail. 

Efficacy 
The ARR decreased from 1.49 (95% CI:  1.30–1.70) at 

baseline to 0.33 (0.23–0.46) at year 1 (p < 0.001) and to 
0.25 (0.11–0.48) at year 2 (p < 0.001, Fig. 2A). The percentage 
of relapse-free patients increased from 11.5% at baseline to 
70.2% in year 1 and 82.1% in year 2 (Fig. 2B). The percentage 
of patients with active MRI lesions decreased from 91.4% 
at baseline to 36.2% in year 1 and 18.2% in year 2 (Fig. 2C). 
EDSS remained stable or improved in 83.7% of patients in 
year 1 and 89.6% in year 2 (Fig. 2D). Compared to baseline, 
the median EDSS score did not change significantly at year 
1 [2.75 (1.50, 4.00), p = 0.643] and year 2 [3.00 (2.00, 4.00) 
p = 0.135]. Among patients with sufficient data (see Fig. 1), 
NEDA-3 was achieved in 42.7% of patients in year 1 and 66.7% 
in year 2 (percentages of patients with the full set of data 
needed for NEDA-3 assessment, Fig. 2E). Table 2 sets out the 
detailed characteristics by NEDA-3 status.

Safety 
All patients had a lymphocyte count of at least 800/µL 

before the start of treatment with cladribine tablets [me-
dian 1.56 (1.25, 2.00)]. The median lymphocyte count was 
0.88 (0.70, 1.00) at two months, 0.94 (0.80, 1.16) at six months, 
1.11 (0.90, 1.45) at 12 months, 0.77 (0.56, 1.00) at 14 months, 
and 0.86 (0.68, 1.15) at 18 months (see Fig. 3). Only one 
patient (0.72%) had grade 4 lymphopenia, 21 (15.1%) had 
grade 3 lymphopenia, 52 (37.4%) had grade 2 lymphopenia, 



374

Neurologia i Neurochirurgia Polska 2023, vol. 57, no. 4

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Figure 2. Efficacy outcomes after treatment with cladribine tablets. A. Annualised relapse rate — point estimates are means and error bars 
are standard deviations. B. Percentage of relapse-free patients. C. Percentage of patients with active MRI lesions. D. Percentage of patients 
with stable/improved EDSS. E. Percentage of patients with NEDA-3. Denominators at baseline, year 1, and year 2 were as follows: A and B 
(139, 94, 28); C (139, 80, 22); D (–, 86, 29); E (–, 89; 24). EDSS — Expanded Disability Status Scale; MRI — magnetic resonance imaging; 
NEDA-3 — No Evidence of Disease Activity 3

Table 2. Characteristics by NEDA-3 status at 1st and 2nd year of study

Characteristic 

Year 1 N = 89

NEDA-3; n (%)

    Achieved 38 (42.7)

    Switchers from 1st line DMT 21 (23.6)

    Switchers from 2nd line DMT 14 (15.7)

    Not achieved 51 (57.3)

Year 2 N = 24

NEDA-3; n (%)

    Achieved 16 (66.7)

    Switchers from 1st line DMT 8 (33.3)

    Switchers from 2nd line DMT 7 (29.2)

    Not achieved 8 (33.3)
ARR — annualised relapse rate; EDSS — Expanded Disability Status Scale; DMT — disease-
modifying therapy; IQR — interquartile range; NEDA-3 — No Evidence of Disease Activity 3; 
SD — standard deviation

33 (23.7%) had grade 1 lymphopenia, and 32 (23.0%) had 
normal lymphocyte counts.

Other than lymphopenia, adverse events occurred in 
19 patients (13.5% of the cohort). There were three cases of 
Varicella zoster virus infections, urinary tract infections, fa-
tigue, and nausea and two patients reported headaches. There 
were single cases of Herpes simplex infection, elevated liver 
enzymes, an unspecified infection, and stomatitis. 

Eight patients discontinued treatment with cladribine: 
five due to inefficacy (all later received ocrelizumab), one due 

to lymphopenia, and two due to a personal decision. After 
completing two cladribine courses, one patient developed 
secondary progressive MS and received mitoxantrone. Seven 
patients discontinued treatment after two cycles and one after 
three cycles. 

Discussion

This retrospective study looked at clinical and neuroimag-
ing outcomes for a real-world cohort of patients treated with 
cladribine tablets. The treatment was safe and effective among 
predominantly treatment-experienced patients, with nearly 
95% of patients switching to cladribine tablets from other 
DMTs. In year 2, over 80% of patients were relapse-free, EDSS 
was stable or improved in over 80% of patients, and over 60% 
of patients achieved NEDA-3. There were no substantial safety 
issues in our study; the rates of adverse events were similar to 
or below those reported in phase III trials. Our cohort was of 
a similar age and had a similar baseline disability as in the pivo-
tal CLARITY study, but the proportion of women was greater 
(78% vs. 68%) [7]. In a registry-based study from Finland, the 
proportion of women among patients who received cladribine 
tablets was even greater (86%) [13]. 

The baseline disease activity in our cohort was substantially 
higher than in the pivotal CLARITY study (ARR of 1.49 in 
our cohort, ARR of 0.33 in the placebo arm of the CLARITY 
study); consequently, the on-treatment ARR was also higher 
in our cohort (~ 0.25 vs. 0.15) [7]. This difference is prob-
ably because cladribine tablets in our cohort were mostly 
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given to treatment-experienced patients who had failed other 
treatments (owing to the reimbursement policy in Poland). 
Supporting this view, a post hoc analysis of the CLARITY 
study showed that patients with prior DMT had a significantly 
lower reduction in the risk of ARR (rate ratio vs. placebo, 0.55) 
than treatment-naïve patients (0.26, p = 0.032) [14]. Only 12% 
of patients in our cohort were switched to cladribine tablets 
because of safety concerns, and the rest because of ineffi-
cacy, including those who switched from other second-line 
DMTs. In contrast, only 26% of patients in the cladribine 
arm of the CLARITY study had previously received DMTs, 
predominantly low-efficacy drugs such as interferon beta and 
glatiramer acetate [7]. Post-marketing studies have reported 
that the ARR after treatment with cladribine tablets are greater 
among switchers from other DMTs than in treatment-naïve 
patients, and the ARR was particularly high in those who 
used many previous DMTs or were switched from second-line 
treatments [13–15]. 

Data from other real-world studies shows that cladribine 
tablets are used in patients with greater disease activity than in 
the pivotal CLARITY study. In a real-world study from Italy, 
among 1,236 patients (~80% treatment-experienced), the ARR 
within 12 months before starting cladribine tablets was ~1.1, 
decreasing to 0.2 after treatment [14]. Similarly, among nearly 
300 patients from Germany (~75% treatment-experienced), 
the baseline ARR was 1.0, and it decreased to ~0.2 during treat-
ment with cladribine tablets [16]. Similarly, a Finland-based 
real-world study reported ARR before (1.0) and after treatment 
(0.1) with cladribine tablets [13]. In a study from Australia 
where nearly all patients were treatment-experienced, the 
ARR decreased from 1.4 at baseline to 0.31 at follow-up [17]. 
The ARRs in our study were greater (1.49 at baseline, 0.25 in 
2 years) than those from most previous real-world studies, 
which can be explained by the stringent reimbursement cri-
teria in Poland. 

We observed a similar proportion of patients who achieved 
NEDA-3 (67%) as in a real-world study from Italy: 64% of pa-
tients over a median follow-up of 22- months [15]. We found 
that cladribine tablets were associated with stabilisation or 
improvement of disability scores in over 80% of patients in 
year 1 and nearly 90% in year 2. These figures are similar to 
those reported in a post-hoc analysis of the CLARITY exten-
sion studies for the respective intervals (100%, 94%) [11]. 
Likewise, in a real-world study from Italy, 97% of patients 
were progression-free at 12 months after the last cladribine 
dose [18]. In particular, an early intensive treatment with 
high-efficacy agents, such as cladribine, as opposed to an 
escalation strategy, has been associated with favourable dis-
ability outcomes [19].

As mentioned above, the higher disease activity in our 
cohort than in the pivotal trial and other real-world cohorts 
is likely to be due to the Polish reimbursement policy. In 
Poland, treatment with cladribine tablets is reimbursed only 
for patients with disease activity greater than specified in the 

drug’s label, which states that cladribine tablets are indicated 
in highly active diseases [6]. In treatment-naïve patients, 
highly active disease is defined as one relapse in the last year 
and evidence of MRI activity or two relapses in the last year 
without MRI activity [6, 20]. In contrast, the Polish reim-
bursement criteria require a treatment-naïve patient to have 
had two or more relapses and several active lesions in the 
preceding 12 months (two or more Gd+ lesions and three or 
more new T2 lesions) [8]. In treatment-experienced patients, 
a highly active disease might be considered even in patients 
without relapses, with at least one Gd+ lesion or at least two 
new T2 lesions [20]. In the Polish reimbursement scheme, 
treatment-experienced patients need to have two relapses 
within 12 months of first-line treatment or 1 “severe” relapse 
within 6 months of starting first-line treatment with two 
or more Gd+ lesions and three or more new T2 lesions [8]. 
A post-hoc analysis of the CLARITY study found that patients 
with two or more relapses in the year before enrollment had 
a greater relative risk reduction for the occurrence of relapse 
compared to other patients (relative risk vs. placebo, 0.32 vs. 
0.49, p = 0.068); similarly, they had a greater reduction in the 
risk of 6-month confirmed disability (hazard ratio vs. placebo, 
0.18 vs. 0.81, p = 0.004) [21]. 

Treatment with cladribine tablets is an immune reconstitu-
tion therapy characterised by the three phases of reduction, re-
population, and reconstitution [22, 23]. The lymphocyte count 
decreases in the reduction phase, which may be associated 
with transient immunosuppression, but it regenerates in the 
repopulation phase, resulting in immune competence that en-
ables normal responses to infections and vaccinations [22–24].  
For example, 38 patients treated with cladribine tablets (time 
from the last dose to vaccination 2–96 weeks) developed hu-
moral responses after anti-COVID-19 vaccinations, and the 
responses did not depend on the lymphocyte count [25]. The 
reconstitution phase leads to long-term qualitative changes in 
the immune system, which results in sustained disease control 
in the long-term, as was shown in the CLASSIC-MS study with 
9–15 years of follow-up [22, 23, 26]. 

Compared to other oral DMTs (fingolimod, teriflu-
nomide, dimethyl fumarate), cladribine tables have been 
shown to be associated with a significantly longer time to 
treatment discontinuation and lower ARRs [27]. A recent 
network-metanalysis of high efficacy DMTs reported that 
treatment with cladribine tablets was associated with a greater 
likelihood of sustained disability improvement compared to 
all other DMTs assessed (fingolimod, natalizumab, alem-
tuzumab, and ocrelizumab) [28]. Immune reconstitution 
therapy with cladribine tablets is associated with a favourable 
safety profile because immune suppression is transient in the 
reduction phase, but the risk of adverse events decreases with 
the repopulation of lymphocytes. In contrast, maintenance 
DMTs are typically associated with chronic immunosup-
pression, and the risk accumulates with longer treatment 
periods. Treatment with cladribine tablets is well tolerated 
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by patients with MS, which is partly due to a convenient 
dosing scheme and low monitoring burden. We observed 
lower rates of adverse events compared to other studies. As 
a reflection of cladribine’s mechanism of action, lymphopenia 
was the most frequent adverse event, with the lowest levels 
reached 3–4 months after the start of therapy, followed by 
a reconstitution of these cells [29]. Of note, reductions in the 
lymphocyte count following cladribine administration are 
more gradual compared to the rapid decrease after treatment 
with monoclonal antibodies [30]. In our cohort, only ~15% 
of patients had lymphopenia of grade 3 or greater (compared 
to ~25% in CLARITY). Treatment with cladribine tablets is 
associated with a long-term reduction of memory B cells 
that persists after overall lymphocyte counts have recovered 
from the initial reduction. The risk of infections outside the 
periods of lymphopenia seems unchanged, suggesting that the 
sustained clinical effect is not associated with the potential 
risks associated with immunosuppression [6]. 

The safety profile of cladribine tablets in our cohort was 
similar to that reported in the pivotal trial: we observed 
a similar frequency of Varicella zoster virus infections, 
nausea, and headache. Around 30% of patients had a docu-
mented SARS-CoV-2 infection, with no cases of severe 
disease course, which is in line with previous observations 
that treatment with cladribine tablets is not associated with 
a more serious disease course [31]. Similarly, Czarnowska 
et al. [32] reported that the course of COVID-19 among 
patients with MS receiving DMTs in Poland was favour-
able, with similar rates of hospitalisation and death as in 
the general population. Interestingly, some of the DMTs 
(interferon-beta, fingolimod) used to treat MS have been 
investigated as potential treatments for COVID-19 [33]. 
Cladribine tablets were discontinued in seven patients after 
two cycles and in one patient after three cycles; thus, these 
patients did not receive the full dose of 3.5 mg/kg. For pa-
tients who experience disease reactivation between doses, the 
updated ECTRIMS/EAN guidelines recommend giving the 
full dose of cladribine before switching to other drugs [34]. 
A higher proportion of patients in our cohort discontinued 
cladribine tablets (~6%) compared to the pivotal trial (3.5%); 
in a registry-based study from Finland, 5% of patients dis-
continued cladribine tablets [13]. The greater frequency of 
discontinuation in a real-world setting could be related to 
more active disease than in clinical trials: most patients in our 
cohort discontinued cladribine tablets due to inefficacy (5/8). 

Our study was limited by a small sample size, with a sub-
stantial proportion of patients not having a full follow-up. 
Overall, our data shows that treatment with cladribine 
tablets reduces the risk of relapse and stabilises disability. 
These findings add to the growing real-world evidence of 
the safety and efficacy of cladribine. In conclusion, cladrib-
ine tablets proved safe and effective in a real-world setting 
among primarily treatment-experienced patients with very 
high disease activity. 

Clinical implications/future directions

Cladribine tablets appear to be safe and effective in 
a real-world setting among primarily treatment-experienced 
patients with very high disease activity. Therefore, cladribine 
tablets may be given to patients who have failed previous 
treatments, including other highly effective DMTs. The safety 
profile of cladribine tablets in a real-world setting was similar 
to that observed in the pivotal CLARITY study. Thus, no ad-
ditional precautions, except for those already included in the 
drug label, seem necessary. 
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ABSTRACT
Introduction. Our study assessed changes in concentrations of serum markers for brain damage and blood–brain barrier (BBB) 
dysfunction in untreated and treated Wilson’s disease (WD) patients, and examined correlations between these changes and 
neurological impairment.

Objective. These results hold the potential to determine BBB impairment and neurological advancement in WD to develop the 
most effective treatment for patients with severe neurological deterioration.

Material and methods. The study groups included 171 patients with WD (77 with hepatic and 94 with neurological manifesta-
tions), treated either for up to 5 or 15 years, and 88 healthy controls. Serum concentrations of intercellular adhesion molecule 1 
(ICAM1), P-selectin, matrix metallopeptidase 9 (MMP9), glial fibrillary acidic protein (GFAP), and S100 calcium-binding protein B 
(S100B) were measured before and during anti-copper treatment. The Unified Wilson’s disease Rating Scale (UWDRS) was used 
to assess neurological advancement.

Results. ICAM1 concentrations were elevated before and during anti-copper treatment compared to controls (p < 0.01), but the-
rapy led to substantial decreases both in patients with hepatic (p < 0.01) and in patients with neurological manifestations (p < 0.05).  
P-selectin concentrations remained elevated before and during treatment (p < 0.05) regardless of the treatment duration 
and disease form. MMP9 concentrations before treatment were lower (p < 0.05), but reached control levels during treatment. 
GFAP concentrations were significantly elevated only in untreated patients with neurological symptoms in the longer-treated 
group compared to controls (p < 0.05). A significant reduction during treatment was observed only in the shorter-treated neu-
rological group (p < 0.05). No substantial changes were observed in S100B. Only ICAM1 concentrations positively correlated  
(r = 0.27, p < 0.001) with the UWDRS.

Conclusions. Our results provide evidence of endothelial activation in WD. However, inconclusive GFAP results, and no increase 
in S100B, do not allow us to conclude whether the reactive gliosis is not prominent or alternatively whether the BBB is disrupted. 
Elevated ICAM1 concentrations and their correlation with neurological advancement indicate BBB impairment. A decrease in 
ICAM1 during treatment suggests that the inflammatory process is reduced, and the BBB partially repaired. Decreased MMP9 
concentrations may be the result of active liver fibrosis and higher copper concentrations. Elevated P-selectin concentrations 
indicate a systemic inflammatory process.

Key words: blood–brain barrier, serum inflammatory markers, UWDRS, neurodegeneration, Wilson’s disease
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Introduction

Wilson’s disease (WD) is a rare autosomal recessive 
disorder of the copper metabolism caused by mutations in 
the copper-transporting P-type adenosine triphosphate 
(ATP7B) gene, resulting in copper overload in hepatocytes 
with associated liver pathology [1]. Excess copper is also 
released into the circulation with secondary pathological 
accumulation in other tissues, particularly the brain, lead-
ing to neurological and psychiatric symptoms. In WD, 
concentrations of total serum copper may be decreased due 
to low ceruloplasmin formation, but concentrations of toxic 
non-ceruloplasmin-bound copper (NCC) are elevated. 

The mechanisms by which copper crosses the blood–brain 
barrier (BBB) remain unclear. However, it has been demon-
strated that copper transport into the brain is mainly achieved 
in the form of NCC [2]. Furthermore, copper importer  
Cu transporter 1 (CTR1), and exporters ATP7A and ATP7B, 
are essential in ensuring copper-requiring processes and pre-
venting copper accumulation in the brain [3]. 

In WD patients, elevated NCC concentrations with 
a concomitant uptake of copper into the brain through CTR1, 
and an impaired copper re-export into the blood due to an 
ATP7B defect can result in brain copper accumulation [4]. 
Intracellular copper accumulation can induce mitochondrial 
stress, leading to brain cell death [5]. As a result, an inflam-
matory process may be triggered, which can aggravate the 
brain damage. This inflammatory process is characterised by 
endothelial cell activation, cytokines production, oxidative 
stress induction, the stimulation of microglia, astrocytes, and 
the further migration of inflammatory cells into the central 
nervous system (CNS) [6].

The BBB consists of a tightly connected monolayer of 
brain endothelial cells and pericytes separated by the base-
ment membrane and unsheathed by astrocytic end-feet [7]. 
Entry of leukocytes from the blood into a tissue is a multi-step 
process that includes rolling adhesion, firm adhesion, and 
extravasation. This requires a series of different leukocyte 
adhesion molecules, including selectins for rolling adhesion, 
and immunoglobulin family members for firm adhesion [8]. 
Under normal conditions, the endothelial layer remains at rest 
and the expression of adhesive molecules, such as intercellular 
adhesion molecule 1 (ICAM1) [9–15] and P-selectin [16–19], 
increases under the influence of inflammatory processes. With 
the increase in expression, adhesive molecules may be shed 
from the surface of the activated endothelial cells and released 
into the circulation in soluble form. 

The pathogenesis of diseases associated with BBB damage 
may involve metalloproteinases, enzymes involved in the 
degradation of basement membranes, and extracellular matrix 
proteins. One of the most widely investigated metalloprotein-
ases is matrix metallopeptidase 9 (MMP9) [20]. 

WD is neuropathologically characterised by a dominant 
alteration of astrocytes. Therefore, it has been considered as 

a primary gliopathy, represented by progressive astrocytic 
changes, taking the form of generalised proliferation and 
hypertrophy concomitant with nonspecific degeneration of 
astrocytes [21]. 

Activated or damaged astrocytes can release specific sub-
stances into the cerebrospinal fluid (CSF) and blood, which can 
serve as biomarkers of CNS injury and BBB disruption. One 
of these proteins is glial fibrillary acidic protein (GFAP), an 
emerging biomarker in brain and spinal cord disorders [22–24].

Another marker of CNS injury is S100 calcium-binding 
protein B (S100B) [25–30], produced mainly by astrocytes, 
which is also a marker of early BBB disruption that may 
precede brain damage. At the same time, massive elevations 
in S100B are indicators of extensive brain damage [31]. 

The characteristics of the serum markers for brain damage 
and blood–brain barrier dysfunction, i.e. ICAM1, P-selectin, 
MMP9, GFAP and S100B, are summarised in Table 1.

In patients with WD, copper-reducing therapy with 
D-penicillamine, zinc sulfate, trientine or bis-choline tetrathi-
omolybdate may lower NCC concentrations with later re-
distribution from the brain into the blood and subsequent 
copper excretion [32]. The copper-related toxic effects on 
the brain and the BBB in neurological WD patients have 
been demonstrated by an increased albumin ratio (AR) in 
CSF versus serum which normalises during anti-copper 
therapy. In addition, an initial worsening of the neurological 
condition after starting chelator therapy has been linked to 
the disturbance of BBB function, measured as a transient 
increase in AR [32].

Thus, brain damage from NCC may start at the BBB, facil-
itating further unregulated copper entry into the brain [33], 
and inflammatory processes in the liver and brain may impair 
BBB function and contribute to CNS damage. 

This study aimed to examine changes in concentrations 
of serum markers for brain damage and BBB dysfunction in 
untreated and treated WD patients, and assess correlations 
with the severity of neurological impairment.

Clinical rationale for the study
The aim of this study was to assess changes in serum con-

centrations of ICAM1, P-selectin, MMP9, GFAP and S100B in 
untreated and treated WD patients, and examine correlations 
between these changes and neurological advancement. Our 
goal was better determining BBB impairment and identifying 
possible improvements to treatment for WD.

Material and methods

This study was approved by the Committee for Ethics in 
Human Research at the Institute of Psychiatry and Neurology 
in Warsaw, Poland. Informed written consent was obtained 
from each participant. This publication was prepared without 
any external source of funding. All authors declare that they 
have no conflict of interest.
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Table 1. Characteristics of serum markers for brain damage and blood–brain barrier dysfunction

Serum 
marker

Type Location Function Clinical significance in neurogenerative and 
liver diseases

ICAM1 Intercellular 
adhesion molecule 
1, glycoprotein of 
immunoglobulin 

family 

Expressed constitutively 
on surface of various 
cell types, especially 

endothelial cells 

Firm adhesion of leukocytes 
to endothelium and their 

transendothelial migration to 
sites of inflammation [9]

Increased in active multiple sclerosis [10, 11], viral 
encephalitis [11], acute ischaemic stroke [12], 

Alzheimer’s disease [13], liver diseases and other 
inflammatory processes [14, 15]

P-selectin Cell adhesion 
glycoprotein of 
selectin family

Stored within platelets 
and endothelial cells, 
exposed on surface 
after inflammatory 

stimulation 

Initial recruitment of 
leukocytes, efficient leukocyte 

capturing [16]

Reports in neurodegenerative disorders reveal 
inconsistencies [17, 18], elevated in liver diseases [19]

MMP9 Matrix 
metallopeptidase 9

Produced by many 
cell types, including 
inflammatory cells

Degradation of basement 
membranes and extracellular 

matrix proteins [20]

Higher in WD patients with neurological than in 
hepatic forms and higher in hepatic presentations 

than in controls [20]

GFAP Glial fibrillary 
acidic protein, 
intermediate 

filament

Produced mainly by 
astrocytes

Involved in structure and 
function of cell’s cytoskeleton 

[22]

Emerging biomarker in brain and spinal cord 
disorders, elevated in mild traumatic brain injury, 
progressive multiple sclerosis [22], higher in WD 
patients with neurological manifestations [23], 
but in another study no significant differences 

between neurological, hepatic and control groups, 
and no association with severity of neurological 

impairment [24]

S100B S100 calcium-
binding protein B

Produced mainly by 
astrocytes

Involved in cell cycle 
progression, cell 

differentiation, and 
cytoskeletal-membrane 

interactions [25]

Potential parameter of glial activation in brain 
damage and neurodegeneration [26], studied in 
Parkinson’s disease [27], Alzheimer’s disease [28, 

29] and Creutzfeldt–Jakob disease [30], but not yet 
in WD

WD — Wilson’s disease

Study population
The study was performed in the Second Department of 

Neurology, Institute of Psychiatry and Neurology, Warsaw, 
Poland. Patients were diagnosed with WD based on a combi-
nation of clinical examination, abnormal copper results, the 
presence of a Kayser-Fleischer ring, typical abnormalities seen 
by brain magnetic resonance imaging (MRI), and genetic test-
ing results. The form of the disease was determined based on 
the results of a clinical examination and additional tests (basic 
laboratory liver tests, ultrasound examination of the liver and 
brain MRI). Patients classified as hepatic manifestations did 
not present abnormalities in neurological assessment or brain 
MRI [34]. Patients were treated with either D-penicillamine 
or zinc sulfate in standard doses. The Unified Wilson’s disease 
Rating Scale (UWDRS) was used to assess the neurological 
status advancement, including part II (disability, based on the 
Barthel Scale) and part III (detailed neurological examination) 
[35]. Patients with abnormalities in neurological assessment 
or brain MRI were scored according to the sum of parts II 
and III of the UWDRS.

The control group consisted of healthy volunteers with 
similar sex and age distributions and no history of liver disease, 
neurological or mental disease, chronic inflammatory disease, 
or infectious disease.

Blood collection
Blood was collected twice from the patients in the exper-

imental group, before and during anti-copper treatment for 
periods of up to 5 or 15 years, and once from the patients in 
the control group. After collection, the venous whole blood 
samples (10 mL) were incubated at room temperature for 
c.30 minutes to form a clot. Then the blood was centrifuged 
for 10 minutes at 3,000 rpm at 4°C. After centrifugation, the 
obtained supernatant was decanted. Serum was pooled suc-
cessively and stored at −80°C.

ICAM1, P-selectin, MMP9, GFAP  
and S100B measurements

ICAM1, P-selectin, MMP9, GFAP and S100B serum con-
centrations were measured with sandwich-type enzyme-linked 
immunosorbent assays in accordance with the manufacturers’ 
instructions (R&D Systems, Minneapolis, MN, USA; ELK 
Biotechnology, Wuhan, China). Absorbance at 450 nm was 
measured with Multiskan Go (Thermo Fisher Scientific, 
Waltham, MA, USA).

Statistical analysis
Shapiro-Wilk test was used to estimate the normality of 

the studied groups for statistical analyses. Normal distribution 
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Table 2. Characteristics of Wilson’s disease (WD) patients and controls

Controls 
(C) 

n = 88

All WD  
patients 
n = 171

p

WD form

Hepatic 
n = 77

Neurological 
n = 94

5-year 
treated 
n = 47

p 15-year 
treated 
n = 30

p 5-year 
treated 
n = 53

p 15-year 
treated 
n = 41

p

Age
before

34 
(30–43)

29 
(22–38)

< 0.001 25 
(21–31)

< 0.001 23.5 
(19–41)

< 0.001 31 
(24–38)

0.0043 33 
(24–42)

0.18

during
33 

(25–43)
0.070

26 
(23–33)

< 0.001 33 
(26–47)

0.47
32 

(27–39)
0.069

44 
(33–50)

0.015

Sex (female) 46 (52%) 94 (55%) 0.68 29 
(62%)

0.29 21 
(70%)

0.091 24 
(45%)

0.42 20 
(49%)

0.71

Treatment

D-penicillamine – 72  
(42%)

– 21 
(45%)

– 10 
(33%)

– 27 
(51%)

– 14 
(34%)

–

Zinc sulfate – 99  
(58%)

– 26 
(55%)

– 20 
(67%)

– 26 
(49%)

– 27 
(66%)

–

Results are shown as medians (interquartile range) or numbers (percentages). Statistically significant values are given in bold and p < 0.05 was considered a statistically significant difference; p-values   refer to 
comparison of preceding group to controls 

was not observed, and therefore results were presented as 
medians and interquartile ranges (IQR). Nonparametric 
tests such as Mann-Whitney U and Wilcoxon for matched 
pairs were used to compare groups. Correlation analysis was 
performed with the Spearman correlation test. All results for 
categorical variables were presented as numbers and percent-
ages. Categorical data was analysed with the Chi-square test. 
Significance was assumed at p < 0.05. Statistica 13.3 software 
was used for data analysis. 

Results

Patient characteristics 
Detailed data is set out in Table 2. Of the 181 patients with 

WD, 10 were lost to follow-up. Of the 171, 100 were treated 
for up to 5 years (47 with hepatic and 53 with neurological 
forms) and 71 were treated for up to 15 years (30 with hepatic 
and 41 with neurological forms). The WD group consisted of 
94 women (55%) and 77 men (45%), with a median age of 
29 years (IQR, 22–38 years). Regarding treatment, 72 patients 
(42%) received D-penicillamine and 99 (58%) were treated 
with zinc sulfate. The group of 88 healthy controls comprised 
46 women (52%) and 42 men (48%), with a median age of 
34 years (IQR, 30–43 years).

ICAM1, P-selectin, MMP9, GFAP  
and S100B serum concentrations 

Detailed data is set out in Table 3. ICAM1 serum con-
centrations were significantly elevated before anti-copper 
treatment in patients with hepatic or neurological forms com-
pared to the control group (p < 0.001). Anti-copper therapy 

led to a substantial decrease both with hepatic (p < 0.01) and 
neurological manifestations (p < 0.05) compared to before 
treatment. In the 15-year treated group in patients with he-
patic symptoms, ICAM1 concentrations were not significantly 
different from the control group. In patients with neurological 
forms, ICAM1 concentrations remained significantly elevated 
after 15 years compared to controls (p < 0.01).

P-selectin serum concentrations remained elevated be-
fore and during treatment compared to the control group 
(p < 0.05) and there were no significant differences between 
patients with hepatic and neurological manifestations. These 
values did not decrease regardless of the treatment duration 
or the disease form. 

MMP9 serum concentrations before treatment were lower 
than in the control group (p < 0.05) but reached the level of 
the controls during the treatment. There were no significant 
differences in MMP9 concentrations between patients with 
hepatic and neurological symptoms.

There were no significant differences in GFAP in patients 
with the hepatic form compared to controls. GFAP serum 
concentrations were significantly elevated only in untreated 
patients with neurological symptoms in the longer-treated 
group compared to controls (p < 0.05). There was a significant 
reduction during treatment only in the shorter-treated group 
(p < 0.05).

No substantial changes were observed in S100B serum 
concentrations in patients with either form of WD compared 
to the control group or during treatment. 

There were no significant differences in serum con-
centrations of the tested markers in patients treated with 
D-penicillamine or zinc sulfate (data not shown).
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Table 3. Changes in concentrations of serum markers (ng/ml) for brain damage and blood–brain barrier dysfunction in patients with hepatic and 
neurological forms, treated for up to 5 or 15 years 

ICAM1 P-selectin MMP9 GFAP S100B

Controls (C) 
n = 88 

180 
(140–290)

130 
(62–180)

560 
(210–790)

0.3 
(0.0–1.3)

0.78 
(0.72–0.88)

Hepatic form, n = 77

5-year 
treated 
group,  
n = 47

0 y 350 
(270–490)

200 
(120–330)

290 
(170–500)

1.0 
(0.0–4.1)

0.83 
(0.72–1.0)

5 y 270 
(210–370)

170 
(93–310)

470 
(340–730)

0.5 
(0.0–2.4)

0.77 
(0.73–0.92)

p-value 
0 y vs. C

< 0.001 0.0012 0.0074 0.052 0.12

p-value 
5 y vs. C

< 0.001 0.034 0.99 0.22 0.55

p-value 
0 y vs. 5 y

0.0016 0.43 < 0.001 0.051 0.061

15-year 
treated 
group,  
n = 30  

0 y 340 
(250–450)

270 
(120–410)

370 
(150–750)

0.8 
(0.0–3.5)

0.85 
(0.74–0.95)

15 y 220 
(170–300)

250 
(110–470)

510 
(320–760)

0.0 
(0.0–2.5)

0.82 
(0.75–0.91)

p-value 
0 y vs. C

< 0.001 0.0010 0.41 0.17 0.17

p-value 
15 y vs. C

0.16 < 0.001 0.87 1.0 0.17

p-value 
0 y vs. 15 y

0.0011 0.057 0.29 0.17 0.20

Neurological form, n = 94

5-year 
treated 
group,  
n = 53    

0 y 350 
(250–490)

160 
(63–250)

320 
(140–620)

0.1 
(0.0–3.5)

0.82 
(0.73–0.97)

5 y 290 
(190–400)

180 
(97–300)

420 
(230–810)

0.0 
(0.0–1.5)

0.84 
(0.73–1.0)

p-value 
0 y vs. C

< 0.001 0.12 0.021 0.58 0.23

p-value 
5 y vs. C

0.0020 0.0055 0.87 0.27 0.20

p-value 
0 y vs. 5 y

0.027 0.24 0.016 0.014 0.59

15-year 
treated 
group,  
n = 41  

0 y 330 
(260–430)

180 
(120–300)

320 
(210–550)

1.9 
(0.0–4.7)

0.86 
(0.73–0.96)

15 y 260 
(210–360)

220 
(140–410)

550 
(340–710)

1.3 
(0.0–4.3)

0.80 
(0.73–0.97)

p-value 
0 y vs. C

< 0.001 0.010 0.085 0.021 0.082

p-value 
15 y vs. C

0.0027 < 0.001 0.81 0.057 0.23

p-value 
0 y vs. 15 y

0.0061 0.15 0.0018 0.68 0.12

Results are shown as medians (interquartile range). Statistically significant values are given in bold and p < 0.05 was considered a statistically significant difference; GFAP — glial fibrillary acidic protein; ICAM1 
— intercellular adhesion molecule 1; MMP9 — matrix metallopeptidase 9; S100B — S100 calcium-binding protein B 

Correlations between serum concentrations of 
brain damage, BBB dysfunction markers, and 

severity of neurological impairment
The serum concentration of ICAM1 positively cor-

related (r = 0.27, p < 0.001) with the advancement of the 
neurological status assessed according to the sum of parts 

II and III of the UWDRS (Fig. 1). In contrast, the concen-
tration of MMP9 showed a negative correlation (r = −0.25, 
p < 0.01) with the advancement of the neurological status 
(Fig. 2). The concentrations of the other markers tested did 
not show significant correlations with the severity of the 
neurological status.
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Figure 1. Positive correlation between serum concentration of 
ICAM1 and advancement of neurological status assessed accor-
ding to UWDRS parts II and III (r = 0.27, p < 0.001)
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Figure 2. Negative correlation between serum concentration of 
MMP9 and advancement of neurological status assessed accor-
ding to UWDRS parts II and III (r = −0.25, p < 0.01)

Correlations between serum concentrations of 
brain damage, BBB dysfunction markers, and age

MMP9 concentrations were positively correlated (r = 0.3, 
p < 0.01) with age in the control group, but this effect was not 
observed in the WD group (data not shown). Concentrations 
of the other BBB dysfunction markers tested showed no cor-
relation with age in the control or WD groups.

Discussion

These results provide evidence of endothelial activation in 
WD patients, probably due to a toxic copper effect. The most 
promising result concerns ICAM1. Elevated concentrations 
of endothelial activation markers have previously been ob-
served not only in neurological disorders but also in chronic 
liver diseases and other inflammatory processes [14, 15, 19]. 
Therefore, increased serum values may not necessarily indicate 
damage to the BBB, but rather a systemic inflammatory process 
due to liver disease. 

However, the positive correlation between serum ICAM1 con-
centrations and the severity of the neurological status found in 
our study suggests that the BBB in WD patients is impaired. 
Thus, ICAM1 may become a potential biomarker of neurological 
impairment severity. A decrease in ICAM1 concentrations during 
treatment suggests that the inflammatory process is reduced 
and the BBB partially repaired. This is also confirmed by 
ICAM1 returning to control concentrations only in long-treat-
ed patients with hepatic symptoms. It might be helpful to 
determine the concentrations of markers such as ICAM1 in the 
CSF, but this is not done routinely, and we did not collect CSF 
samples during our study.  It would be interesting to correlate 
concentrations of these markers with AR in CSF versus serum 
to minimise the effect of systemic inflammatory response and 
to confirm the BBB interruption.

In our study, P-selectin concentrations remained elevated 
with treatment, which may indicate an ongoing inflammatory 
process in WD patients. P-selectin concentrations did not 
allow a distinction to be made between hepatic and neurolog-
ical manifestations and to assess the severity of CNS damage.

Unexpectedly, MMP9 serum concentrations before treat-
ment were lower in WD patients than in the control group, 
but reached the level of the controls during the treatment. 
This is inconsistent with previous results [20], in which serum 
MMP9 concentrations were higher in patients with neuro-
logical WD than in patients with hepatic WD, which in turn 
were higher than in the control group. Nevertheless, our study 
examined patients regarding their treatment duration, and in-
cluded larger WD and control groups. The positive correlation 
between MMP9 concentrations and age could impact upon the 
results of patients studied after several years, but this correla-
tion was observed only in the control group, and not in the WD 
group. However, the process of liver fibrosis may be essential. 
It has been shown that fibrotic matrix stiffness downregulates 
MMP9 expression and secretion in hepatic stellate cells, thus 
promoting fibrosis perpetuation [36]. Increased copper con-
centrations may also downregulate MMP9 expression, as has 
been demonstrated in rat livers [37]. Thus, untreated patients 
with higher copper concentrations and liver fibrosis should 
have lower MMP9 concentrations. Also, MMP9 concentrations 
increase after anti-copper treatment, which improves liver and 
brain function and reduces the inflammatory process [38]. 
Therefore, MMP9 is not a suitable marker for assessing BBB 
disruption in WD.

Elevated serum GFAP concentrations in untreated WD 
patients with neurological manifestations can serve as a bi-
omarker for different subtypes of WD. This was previously 
reported [23], although not confirmed in another study [24]. 
In our study, GFAP concentrations were significantly elevated 
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only in untreated patients with neurological symptoms in the 
longer-treated group compared to controls. This may indicate 
astrocytic damage in WD patients with neurological mani-
festation. No substantial changes were observed with serum 
S100B in our study. Therefore, we cannot definitely determine 
whether the reactive gliosis is not prominent, or if the BBB is 
disrupted in WD.

Our study investigated commonly used markers of brain 
damage and BBB impairment, broadly reviewed in various 
neurological disorders. Unfortunately, most of them are 
unspecific for BBB vasculature and depend on their periph-
eral production. Therefore, it is essential to investigate other 
promising indicators of BBB disruption, including vascular 
endothelial cadherin, claudin-5, ocludine, vascular endothelial 
growth factor, as well as anti-aquaporin 1 antibodies, which 
have been studied in primary BBB permeability diseases such 
as neuromyelitis optica spectrum disorders and multiple 
sclerosis [39].

Further studies involving other inflammatory molecules 
and brain-specific proteins in serum, but also in CSF, are nec-
essary to get a fuller picture of BBB involvement in WD. It may 
also be valuable to investigate the concentrations of markers 
at additional timepoints. Moreover, adherence to therapy is 
crucial, which should have been considered in this study.

Confirmation of BBB damage in WD patients with severe 
neurological deterioration may prompt the consideration of 
temporary immunosuppressive therapy to silence the inflam-
matory response and rebuild the BBB to reduce further CNS 
damage, as proposed in some neurological diseases such 
as refractory status epilepticus [40]. In addition, it might 
be beneficial to investigate the correlations between BBB 
dysfunction markers and copper metabolism parameters to 
determine optimal anti-copper treatment.

Conclusions and clinical implications

Elevated serum concentrations of ICAM1, and their cor-
relation with the advancement of neurological status, suggest 
that the BBB in WD patients is impaired, especially in patients 
with neurological symptoms. Furthermore, these results hold 
the potential to assess neurological impairment and indicate 
the role of endothelial dysfunction in this process. 
However, unclear GFAP results and no increase in S100B do 
not allow us to conclude whether the reactive gliosis is not 
prominent, or alternatively if the BBB is disrupted in WD. In 
addition to copper toxicity, impaired immune functions might 
influence neurological advancement. Therefore, characterising 
inflammatory molecules and their relationship to neurological 
deterioration warrants further investigations to determine the 
most effective treatment for patients with WD.
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ABSTRACT
Introduction. In this paper, we have analysed all hand glomangioma cases referred to our clinic in the context of symptoms, 
time to diagnosis, and the role of surgical resection of the lesion.

Material and methods. We have collected the following data: the presence of risk factors, manifestation, time to diagnosis, the 
treatment applied, and follow-up of patients.

Results. We have collected medical records from six patients, three males and three females. The median age was 45 (IQR: 
29.5–65.75). The main symptom in all patients was severe pain and tenderness. The first-choice physician(s) were: general 
practitioners, general surgeons, and neurologists. The median time to diagnosis was 7 (IQR: 5–10) years. The main complaint 
of our patients was severe pain — 9 (IQR: 9–10) on the VAS scale, which was significantly alleviated after surgical treatment —  
0 (IQR: 0–0; p = 0.043).

Conclusions. Extremely long times to final diagnosis, and excellent outcomes of surgical treatment, highlight the necessity of 
raising awareness of glomangiomas among clinicians.

Key words: subungual glomangioma, glomangioma, glomuvenous malformation, glomangiosarcoma, risk factors, treatment

(Neurol Neurochir Pol 2023; 57 (4): 387–391)

Introduction

Glomangioma is a rare, typically benign, lesion account-
ing for up to 2% of soft tissue tumours. According to the World 
Health Organisation guidelines, it is defined as “a mesenchy-
mal neoplasm composed of cells resembling the perivascular 
modified smooth muscle cells of the normal glomus body” 
[1]. The small (< 1 cm) visible and/or palpable mass (Fig. 
1A, Supp. Fig. 1), with a pinkish-red or bluish macule and/or 
spot, is usually located in the distal extremities - especially 
in the subungual region, but also in the hand, wrist, and foot 
[1, 2]. Other localisations have been observed especially 
in males e.g. nerves, bones, muscles, mediastinum, lung, 

gastrointestinal tract (preferably stomach), genitourinary 
system, and others [3–9]. 

Our patients reported the typical triad of symptoms: par-
oxysmal pain, cold sensitivity, and exquisite point tenderness 
in the region of the tumour. Not all of these symptoms were 
present consistently, and pain was the most common [1, 2]. 
The diagnosis was based on clinical presentation and clinical 
signs/tests, especially the Hildreth sign, cold-sensitivity test, 
and transillumination test [2]. The final verification was made 
by a pathologist.

In this paper, we analyse all hand glomangioma cases 
referred to the Department of Neurosurgery, Spine and 
Peripheral Nerves Surgery of the Medical University of Lodz, 
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Figure 1. Intraoperative images show dissection of glomangio-
ma: (A) presurgical photography of lesion, (B) usage of infiltra-
tion anaesthesia with lignocaine just after standard preparation 
of operating field, (C) visualisation of subungual glomangioma,  
(D) incision of aforementioned lesion, (E) removal of lesion,  
(F) state after subungual glomangioma removal

A B

C D

E F

Poland in the context of symptoms, time to diagnosis, and the 
role of surgical resection of the lesion.

Material and methods

Patient selection and collected data
We analysed the medical records of six patients treated 

for glomangioma in the Department of Neurosurgery, Spine 
and Peripheral Nerves Surgery of the Medical University of 
Lodz between 1 January, 2017 and 31 October, 2022. From all 
of these patients, we attempted to collect the following data: 
preoperative [age, sex, occupation, lesion location, initial 
symptoms, photographic documentation, duration of symp-
toms, first-choice physician, time to diagnosis, presurgical 
pain severity according to the Visual Analogue Scale (VAS)], 
intraoperative (photographic documentation, surgery descrip-
tion), and postoperative [histopathological verification result, 
appearance of new similar lesions in patient or patient’s family, 

pain severity in VAS (Supp. Tab. 1)]. Moreover, the data was 
juxtaposed with the presence/absence of selected risk factors 
including positive familial history, multiple lesions, mutations 
in the glomulin gene (GLMN), and neurofibromatosis type 1.

Surgical technique
The patients underwent Oberst anaesthesia just after the 

standard preparation of the operating field. Then the nail was 
removed if needed. In the case of nonvisible, nonpalpable 
lesions, they were further visualised using transillumination. 
The lesions were further totally dissected (Fig. 1B–F) and sent 
for histopathological verification (Supp. Fig. 2). The control 
of haemostasis was performed. A sterile dressing was used. 
These steps are shown in Supp. Video 1.

Results

We collected medical records from six patients, three males 
and three females. The median age was 45 (IQR: 29.5–65.75). 
One patient (16.67%) (Tab. 2) missed the follow-up. A lesion 
was found in the following localisations: (1) subungual in the 
first finger of the right hand, (2) fingertip of the third finger of 
the right hand, (3) subungual in the fifth finger of the left hand, 
(4) subungual in the first finger of the left hand, (5) subungual 
in the second finger of the left hand, and (6) fingertip of the 
first finger of the left hand. The lesion was visible in just one 
case (Fig. 1A). The lesion was palpable in three patients (50%).

The main symptoms in all patients were severe pain with 
the presence of point tenderness in the region of the tumour. 
Patients were diagnosed by general practitioners (n = 3), gen-
eral surgeons (n = 2), and neurologists (n = 2). Two of them 
were diagnosed by more than one physician. The median time 
to diagnosis was 7 (IQR: 5–10) years.

Preoperative pain and its relief
The main complaint of our patients was initially severe 

pain — 9 (IQR: 9–10) on the VAS scale. The specificity differed 
between patients (Tab. 1). Three months after surgery, median 
pain severity was 0 (IQR: 0–0; p = 0.043).

Risk factor presence
There was no case of positive familial history of glomangi-

oma, multiple lesions, detected mutations in the glomulin gene 
(GLMN), or neurofibromatosis type 1 symptoms (diagnosed 
NF1, six or more café-au-lait spots over 5 mm in greatest 
diameter in pre-pubertal individuals and over 15 mm in 
greatest diameter in post-pubertal individuals, two or more 
neurofibromas of any type or one plexiform neurofibroma, 
optic nerve glioma, two or more Lisch nodules (pigmented 
iris hamartomas), a distinctive osseous lesion such as sphenoid 
dysplasia, or thinning of the long bone cortex with or without 
pseudarthrosis, or a first-degree relative (i.e. parent, sibling, 
or offspring) with NF1 by the above criteria).
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Table 1. Results of pre-, intra-, and postoperative examinations juxtaposed with presence of selected risk factors

No. Sex Age Symptoms Lesion First-choice 
physician(s)

Time to diag-
nosis [years]

Pain severity in 
VAS scale pre- and  

postoperative

Risk 
 factors

1. M 74 Pain radiating to elbow, 
especially at night, 

tenderness

Nonvisible, palpable Neurologist 5 7 > 1 No

2. M 34 Dull pain, tenderness Nonvisible, 
nonpalpable

General 
surgeon

10 9 > 0 No

3. M 28 Pulsating pain, tenderness Nonvisible, 
nonpalpable

GP, general 
surgeon

4 9 > 0 No

4. F 69 Pain, tenderness Nonvisible, 
nonpalpable

N.D. N.D. N.D. No

5. F 24 Paroxysmal pain, and 
tenderness, aggravated by 

temperature changes

Visible (Fig. 1), 
palpable

GP, neurologist 7 10 > 0 No

6. F 56 Tenderness Nonvisible, palpable GP 10 10 > 0 No
GP — general practitioner; N.D. — no data; VAS — visual analogue scale

Discussion

Glomangioma remains a rare entity that significantly 
affects patients’ quality of life. These six patients reported the 
typical triad of symptoms: paroxysmal pain, cold sensitivity, 
and point tenderness in the region of the tumour. Not all of 
the symptoms were present consistently, and pain was the 
most common [2]. This statement is supported by our data. 
All patients reported severe pain and the presence of point 
tenderness in the region of the tumour. Interestingly, sensi-
tivity to temperature changes was observed in just 1/6 cases. 
Glomangioma may be visible as a small pinkish-red or bluish 
macule and/or spot, as was seen in the case presented in 
Figure 1 [1].

Glomangioma is mostly localised on distal extremities —  
especially in the subungual region but also in the hand, wrist, 
and foot. In the current study, we have focused on glomangio-
ma localised in the hand: 5/6 (83.33%) presented with a sub-
ungual lesion, and only 1/6 (16.67%) presented glomangioma 
in the fingertip of the third finger of the right hand. Other 
localizations are rarely observed but can include: nerves, 
bones, muscles, the mediastinum, lungs, the gastrointestinal 
tract, and the genitourinary system [4–9]. 

Diagnostic problems
Falcone has stated that hand glomangiomas are character-

ised by a high rate of misdiagnosis, due to “the very ignorance 
of their existence by the medical corpus” [10]. The extremely 
long time to diagnosis among our patients — 7 (IQR: 5–10) 
years — reveals a good deal of justification for this thesis. As 
patients were first diagnosed by general practitioners, general 
surgeons, and neurologists, there is a need to raise awareness 
of glomangiomas among clinicians.

In the case of uncertain diagnosis, the following entities 
should be taken into consideration in differential diagnosis, 

especially during histopathological verification: exostosis, 
enchondroma, leiomyoma, ganglion spiradenoma, and heman-
gioma [2]. Fortunately, in all of our cases, the initial diagnosis 
was confirmed.

Surgical treatment
Complete surgical resection remains the best treatment 

for subungual/finger glomangioma [10]. There are two main 
surgical approaches: trans-ungual with the removal of the 
nail, and lateral. The first of these is recommended for lesions 
localised in the central subungual region, while the second 
approach should be used in the case of glomangioma observed 
in the lateral subungual region and/or on the finger pad [2].

2–4 weeks after surgery, most of the patients reported 
significant relief, although pain can last longer in some cases 
[2]. In 4/6 (66.67%) cases we observed relief within the first 
month. One patient (16.67%) had pain lasting for two months, 
with complete recovery subsequently.

Histopathological diagnosis
Glomus tumours are composed of cells that resemble 

the modified smooth muscle cells of the normal glomus 
body. These glomus cells are round, monomorphic, and have 
indistinct borders, but no atypia. In most cases, they form 
dense nests that surround small vessels in hyalinised stroma. 
Oncocytic or epithelioid changes are occasionally present 
in glomus tumours [11, 12]. Features indicating malignant 
transformation include marked cellular (nuclear) atypia 
and atypical mitotic figures adjacent to the normal (benign) 
component.

According to the WHO 2020 Classification of Soft Tissue 
Tumours, an accurate diagnosis of glomus tumours should 
include the following immunohistochemical stainings: 
Smooth Muscle Actin (SMA) and CD34, to confirm the 
glomus body’s origin; desmin, to exclude other tumours of 
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myogenic differentiation; chromogranin, to exclude neu-
roendocrine differentiation; pan-cytokeratin (CKAE1/AE3), 
to exclude epithelial differentiation; melan-A, to exclude 
melanocytic differentiation; and Ki-67, to confirm a low 
proliferation index [1].

Risk factors
The established risk factors are a positive familial history 

of glomangioma, multiple lesions, detected mutations in the 
glomulin gene (GLMN), or neurofibromatosis type 1 [1]. 
Small studies have shown that pathogenic variants in BRAF, 
NOTCH, PDGFRB, KRAS, and SMARCB1 can predispose to 
glomangiomas. In our group of patients, there were no clinical 
indications for further genetic counselling, and therefore it 
was waived.

Prognosis and recurrence risk
The largest series of glomangioma patients in the last 

15 years have been presented by Lin et al. (n = 75) and Chou et 
al. (n = 50) [13, 14]. Although all of these patients underwent 
surgical removal of the lesion with good therapeutic effect, the 
outcome was not event-free in all cases. Chou et al. observed 
recurrence in three (6%) and nail deformity in three (6%) 
patients, while Lin et al. noted 13 (17%) recurrences [13, 14]. 
Recurrences can be divided into early (caused by incomplete 
excision or undiagnosed secondary tumours) or delayed 
(caused by the development of a new tumour) [15]. Recurrence 
risk factors encompass being skin-coloured (OR = 31.67; 
95% CI = 2.68–373.74), being located within the nail matrix 
(OR = 5.79, 95% CI = 1.03–32.49), and a genetic condition 
predisposing to glomangiomas [13].

Conclusions

Glomangioma remains a rarely observed lesion that 
strongly affects the patient’s quality of life, mainly due to 
severe pain. Unfortunately, knowledge regarding this en-
tity seems to be relatively scarce among physicians, which 
results in an extremely long time until the final diagnosis. 
The excellent outcomes of surgical treatment highlight 
the necessity to raise awareness of glomangiomas among 
clinicians.

Clinical implications/future directions
We observed a high necessity to raise awareness of glo-

mangiomas among clinicians, especially general practitioners, 
neurologists, and general surgeons. This may result in a reduc-
tion of the time to diagnosis and prompt treatment.

Strengths and limitations
The main advantage of this study was the relatively large 

group of patients with subungual glomangioma from the 
Department of Neurosurgery, Spine and Peripheral Nerves 

Surgery. All the questions were consulted with an experienced 
dermatologist, a neurologist, a general practitioner, and 
a neurosurgeon. All data was collected by medical doctors 
experienced in scientific work. 

Nevertheless, the study also has visible limitations, espe-
cially its retrospective character and the fact that the research 
was performed in a single centre. 
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Visual disturbances in patients with Parkinson’s disease 
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ABSTRACT
Aim of the study. Ophthalmological symptoms are common in patients with Parkinson’s disease (PD) and can be evaluated 
by the Visual Impairment in Parkinson’s Disease Questionnaire (VIPD-Q). This study aimed to assess the prevalence of ophthal-
mological symptoms in PD depending on the type of treatment used i.e. pharmacological or subthalamic nucleus deep brain 
stimulation (STN-DBS). 

Material and methods. We performed a cross-sectional study. The data was gathered from a VIPD-Q and from medical records. 
Patients with PD were divided into two groups based on the type of treatment – pharmacological (control group, CG) (39 pa-
tients) or STN-DBS (40 patients).

Results. The great majority of patients — 72 (91.1%) — experienced an ophthalmological symptom. The prevalence of three 
symptoms differed significantly between the groups. A burning sensation or a gritty feeling in the eyes occurred more often 
in patients in the STN-DBS group (40.0% vs. 15.4%; p = 0.015). On the other hand, the inability to read plain text on a coloured 
or grey background and problems with rapid changes of light intensity were more common in the CG group (38.5% vs. 15.0%,  
p = 0.018 and 28.2% vs. 10.0%, p = 0.039, respectively). 

Conclusions and clinical implications. The prevalence of ophthalmological symptoms in PD is high. Despite significant diffe-
rences in the three symptoms, the overall prevalence of ophthalmological clinical features was similar in the evaluated groups.

Key words: Parkinson’s disease, deep brain stimulation, ophthalmological symptoms, levodopa
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Introduction

Parkinson’s disease (PD) is the second most frequent 
neurodegenerative disorder, and, at the same time, the most 
frequent movement disorder [1]. Non-motor symptoms in PD 
are common and can contribute to reduced quality of life [2, 3].  
Among non-motor symptoms, ophthalmological symptoms 
are of significant importance [4, 5]. The most common of these 
symptoms include defects in visual acuity, eye movements, 

pupil abnormalities, lens opacity, and diplopia [6, 7]. Visual 
impairment, together with postural and gait impairment, 
increases the risk of falls and fall-related injuries [8]. 

Recently, a new PD-specific questionnaire, the Visual 
Impairment in Parkinson’s Disease Questionnaire (VIPD-Q), 
has been developed to assess ophthalmological symptoms 
[8]. This instrument facilitates the assessment of both the 
prevalence of specific symptoms and the domains in which 
those symptoms manifest themselves. There is a paucity of 
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data on the impact on ophthalmological symptoms of treat-
ment modalities used to treat PD. The aim of this study was 
to assess the prevalence of visual impairment in patients with 
PD treated only pharmacologically, i.e. with l-dopa, or by 
a combination of oral treatment with subthalamic nucleus 
deep brain stimulation (STN-DBS). 

Material and methods

Study design
This cross-sectional study was conducted in one academic 

centre between June 2020 and June 2021. Ethical approval 
was granted by the institutional review board (opinion 
number: 1072.6120.104.2020). Participants provided written 
informed consent.

Consecutive patients meeting the following inclusion 
criteria were recruited: a PD diagnosis based on the UK 
Brain Bank Criteria [9]; first symptoms of the disease having 
occurred after the age of 30; stable doses of PD medications 
(for at least four weeks); age at least 60; and ability to give 
informed consent for participation in the study. Exclusion 
criteria were as follows: a score of  ≥ 4 on the Hoehn and Yahr 
scale [10]; secondary parkinsonism (drug-induced, vascular, 
tumour, infectious, immunological); dementia according to 
DSM-IV (not allowing questions to be understood); a major 
depressive disorder according to DSM-IV; a psychotic disor-
der according to DSM-IV; previous brain surgery (except for 
DBS); previous ophthalmological surgery (except for cataract 
surgery); blindness in one eye; medication that influences 
normal visual function other than PD medication (detailed 
information see ref. [8]); systemic diseases which may influ-
ence visual function; a history of lesions near the optic chiasm 
or occipital cortex; and migraine. 

Additional data was obtained from medical records. 
Patients were divided into two groups based on their type of 
PD treatment. Patients in the control group (CG) were treat-
ed with oral medications, while patients in the other group 
were treated with STN-DBS in combination with oral treat-
ment. The Polish version of the VIPD-Q was administered 
to patients during a visit to the outpatient clinic. Detailed 
information on the VIPD-Q was presented in a previous  
study [8].

The main outcome of our study was the prevalence of 
ophthalmological symptoms in the two groups depending on 
the type of PD treatment. 

Questionnaire and analysis
VIPD-Q consists of 17 questions divided into four do-

mains: ocular surface, intraocular, oculomotor, and optic nerve 
[8]. The answers “every week” or “every day” were defined as 
the presence of all symptoms except for hallucinations, the 
presence of which was defined as the answer “every month” 
or higher [8]. The total score of the VIPD-Q and the score in 
each domain were calculated.

Statistical analysis
The analysis was conducted with IBM SPSS Statistics 28. 

Descriptive variables were presented as mean and standard de-
viations (SD) or median and first and third quartiles (Q1–Q3) 
depending on the distribution. The distribution was explored 
with Shapiro-Wilk’s test. The differences between non-nor-
mally distributed variables were assessed with the Mann-
Whitney U test and Spearman’s rho was used for correlation 
analysis. Categorical variables were presented as number (n) 
and percentage (%). The differences between qualitative data 
were analysed with the Chi-square test. P-value < 0.05 was 
considered significant.

Results

Seventy-nine patients were included in the study. The 
demographic and clinical features of patients are set out 
in Table 1. 

Almost all of the patients (72; 91.1%) experienced at least 
one ophthalmological symptom that occurred at least once 
a week; 37 (94.9%) patients in the CG group and 35 (87.5%) 
in the STN-DBS group (p = 0.432). The median total VIPD-Q 
score (Q1–Q3) in both groups was 9.0 (5.0–14.0); 9.0 (6.0– 
–16.0) in the CG group and 9.0 (4.0–14.0) in STN-DBS group 
(p = 0.312). The median score in the ocular surface was 
4.0 (2.0–5.0); in CG it was 3.0 (2.0–5.0), and in STN-DBS it was 
4.0 (2.0–6.0) (p = 0.933). In the intraocular domain, median 
score overall and in both groups separately was 2.0 (0.0–4.0) 
(p = 0.536). The median score in the oculomotor domain was 
1.0 (0.0–3.0); in CG it was 1.0 (0.0–3.0) and in STN-DBS it 
was 1.0 (0.0–2.0) (p = 0.551). In the optic nerve domain, the 
median score was 1.0 (0.0–4.0); in CG it was 2.0 (0.0–4.0) 
and in STN-DBS it was 1.0 (0.0–3.0) (p = 0.096) (Tab. 2). 
The prevalence of the three symptoms differed significantly 
between the groups. Burning sensation or gritty feelings in 
the eyes occurred in six (15.4%) patients in the CG group 
and in 16 (40.0%) patients in the STN-DBS group (p = 0.015; 
95% confidence interval (CI) for proportions difference: 
5.7%–43.5%). The inability to read plain text on a coloured or 
grey background was present in 15 (38.5%) patients in the CG 
group and in six (15.0%) in the STN-DBS group (p = 0.018; 
95%CI for proportions difference: –42.4% to –4.6%). Problems 
with rapid changes of light intensity occurred in 11 (28.2%) 
patients in the CG group and in four (10.0%) patients in the 
STN-DBS group (p = 0.039; 95%CI for proportions difference: 
–35.1% to –1.3%) (Fig. 1).

Considering both groups together, there was a significant 
positive correlation between VIPD-Q total score and UPDRS 
III (rho = 0.278, p = 0.013). In a separate analysis, a moderate 
correlation between VIPD-Q total score and UPDRS III was 
found only in the STN-DBS group (rho = 0.392, p = 0.012). 
Time from STN-DBS implantation moderately correlated 
with ‘intra-ocular’ and ‘oculomotor’ domains (rho = 0.327, 
p = 0.040, rho = 0.331, p = 0.037; respectively).
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Discussion

Our study is one of the first to compare ophthalmological 
symptoms in patients with PD treated with medications and 
STN-DBS. Patients treated with oral medication more often 
complained about two symptoms from the optic nerve domain, 
while one symptom from the ocular surface domain was more 
frequent in patients with STN-DBS. 

Ophthalmological symptoms are common in patients with 
PD as has been shown by previous studies [5]. In our study, 
their prevalence reached over 91% without significant differ-
ences in the treatment type groups. This is higher than in the 

existing literature where the prevalence has ranged between 
10% and 78% [6]. However, it is in line with the previously 
published studies using the VIPD-Q, which took into consider-
ation a greater number of ophthalmological symptoms — there 
the prevalence reached 82% and 92% [8, 11]. 

There is only our previous study comparing ophthalmolog-
ical symptoms in patients treated with DBS or with l-dopa [12]. 
However, only saccadic eye movements were analysed, showing 
better results in patients with DBS. The current study took into 
consideration a broad spectrum of ophthalmological symptoms. 

Patients with STN-DBS experienced a burning sensation 
in the eyes more often than those in CG. Nevertheless, those 

Table 1. Characteristics of study group

Parameter All patients  
(n = 79)

CG 
(n = 39)

STN-DBS 
(n = 40)

P-value 

Male, n (%) 46 (58.2%) 26 (66.7%) 20 (50.0%) 0.203

Age (years), median (Q1-Q3) 69.0 (60.0–73.0) 70.0 (60.0–73.0) 65.5 (60.0–71.8) 0.211

Disease duration (years), median (Q1-Q3)* 11.0 (7.0–16.0) 7.0 (5.0–11.0) 14.0 (11.5–19.5) < 0.001

Subtype of PD** Tremor dominant, n (%) 11 (14.7%) 7 (18.4%) 4 (10.8%) 0.703

PIGD, n (%) 34 (45.3%) 16 (42.1%) 18 (48.6%)

Mixed, n (%) 30 (40.0%) 15 (39.5%) 15 (40.5%)

LEDD (mg), median (Q1–Q3) 580.0 (410.0–760.0) 705.0 (535.0–1,360.0) 480.0 (380.0–618.8) < 0.001

UPDRS part III, median (Q1-Q3) 16.0 (8.0–26.0) 18.0 (8.0–28.0) 14.0 (7.0–22.8) 0.247

Comorbidity, n (%) 70 (88.6%) 37 (94.9%) 33 (82.5%) 0.154

Dementia, n (%) 21 (26.6%) 15 (38.5%) 6 (15.0%) 0.023

Diabetes mellitus type 2, n (%) 11 (13.9%) 9 (23.1%) 2 (5.0%) 0.025

Coronary artery disease, n (%) 11 (13.9%) 6 (15.4%) 5 (12.5%) 0.711

Hypertension, n (%) 36 (45.6%) 22 (56.4%) 14 (35.0%) 0.056

Atrial fibrillation, n (%) 11 (13.9%) 5 (12.8%) 6 (15.0%) 0.780

Any medication for disease other than PD, n (%) 68 (86.1%) 36 (92.3%) 32 (80.0%) 0.210

Time from STN-DBS implantation (years), median 
(Q1-Q3) 

– – 3.5 (2.0-6.8) –

*data available for 37 patients in CG group and 37 patients in DBS group;  
**data available for 38 patients in CG group and 37 patients in DBS group 
CG — control group; STN-DBS — subthalamic nucleus deep brain stimulation; PIGD — postural instability and gait disturbance; LEDD — levodopa equivalent daily dose; UPDRS III — Unified Parkinson’s disease 
Rating Scale III

Table. 2. Overall and 4-domains VIPD-Q results

Domain All patients  
(n = 79)

Controls  
(n = 39)

STN-DBS  
(n = 40)

P-value

Ocular surface, median (Q1–Q3) (95% CI) 4.0 (2.0–5.0)  
(4.0–5.0)

3.0 (2.0–5.0)  
(3.0–5.0)

4.0 (2.0–6.0)  
(3.0–5.0)

0.933

Intra-ocular, median (Q1–Q3) (95% CI) 2.0 (0.0–4.0) 
(2.0–3.0)

2.0 (0.0–4.0)  
(2.0–3.0)

2.0 (0.0–4.0) 
(2.0–5.0)

0.536

Oculomotor, median (Q1–Q3) (95% CI) (0.0–3.0) 
(0.0–2.0)

1.0 (0.0–3.0)  
(0.0–2.0)

1.0 (0.0–2.0) 
(0.0–2.0)

0.551

Optic nerve, median (Q1–Q3) (95% CI) (0.0–4.0) 
(1.0–2.0)

2.0 (0.0–4.0)  
(2.0–4.0)

1.0 (0.0–3.0) 
(1.0–3.0)

0.096

Total VIPD-Q score, median (Q1–Q3) (95% CI) 9.0 (5.0–14.0) 
(7.0–12.0)

9.0 (6.0–16.0)  
(7.0–13.0)

9.0 (4.0–14.0) 
(7.0–12.0)

0.312
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results did not influence the median score of VIPD-Q domains, 
which showed no significant differences between groups. Dry 
eyes in PD are thought to result from a decreased blink rate, but 
they may also result from decreased tear production caused by 
autonomic dysfunction, based on the partial parasympathetic 
innervation of the lacrimal gland [5]. Bologna et al. revealed 
that the spontaneous blink rate increases after either STN-DBS 
or l-dopa [13]. Thus, we speculate that autonomic dysfunction 
and STN-DBS may have a pivotal role in decreased tears pro-
duction in such patients. Moreover, a “burning sensation in 
the eye” may be considered, among others, an ocular adverse 
effect after STN-DBS in PD patients [14, 15]. 

Reduced contrast sensitivity, which is a common symptom 
in PD, is not yet fully understood [6]. A deficiency of retinal 
dopamine and impaired primary visual cortex function is 
thought to be involved [8]. Treating retinal and optic nerve 
pathology involves the optimisation of the l-dopa therapy 
[16]. The results of our study are contradictory. CG patients 
experienced an inability to read plain text on a coloured or 
grey background and difficulties with adaptation to rapid 
light changes significantly more often than STN-DBS patients. 
We suggest that this might be due to the impact of l-dopa or 
other antiparkinsonian medication (e.g. amantadine), espe-
cially since the CG group had a significantly higher LEDD. 
According to the literature, PD medications cause several 
adverse effects concerning the vision, such as mydriasis, 
miosis, and reduced accommodation [5]. Thus, antiparkin-
sonian medication may lead to adaptation difficulties [5]. In 
addition, the inability to read plain text on a coloured or grey 
background and difficulties with adaptation to rapid light 

changes had a lower prevalence in the STN-DBS group. That 
led us to speculate that STN-DBS positively impacted upon 
their prevalence. Moreover, this would be in line with the ex-
isting literature that shows that STN-DBS improves saccades 
as well as other more complex eye movements such as gaze 
holding or fixation [17].

Moreover, CG patients experienced fluctuations in ON 
and OFF states, commonly unpredictable in advanced condi-
tion. The evaluation of VIPD-Q was performed regardless of 
the ON or OFF condition, introducing a bias toward a more 
severe outcome. Symptoms may also result from PD itself, as 
has been shown in a previous study [18]. 

We demonstrated that the severity of ophthalmological 
symptoms weakly correlated with motor disability. Visual 
impairment in PD may be caused by the neurodegenerative 
process underlying PD itself [19, 20]. Considering the groups 
separately, a positive correlation between motor disability and 
VIPD-Q score was found in the STN-DBS group. Although 
patients suffered from motor symptoms of a similar severity 
(there was no significant difference in UPDRS part III between 
the groups), patients in the STN-DBS group had a significantly 
longer disease duration. This leads us to speculate that the 
degenerative changes in the brain were more severe in those 
patients. The literature shows that brain volume decreases with 
the duration of PD, and  that the visual tract — especially the 
occipital lobe — is also affected [21]. 

We acknowledge that this study has several limitations, 
such as a small sample size. Patients completed the ques-
tionnaires on their own. Thus, even though they were given 
precise instructions, they could have made some mistakes. 

Figure 1. Prevalence of symptoms with division into domains. DBS — deep brain stimulation; *p < 0.05
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Furthermore, patients might have overinterpreted their symp-
toms while reading them in the questionnaire. 

Conclusions

We have confirmed that the prevalence of ophthalmo-
logical symptoms in PD is high. Although we found some 
significant differences regarding single symptoms between the 
methods, there were no significant differences in the overall 
prevalence of symptoms between the group treated pharmaco-
logically and the group treated with STN-DBS. However, there 
was a significant correlation between UPDRS III and VIPD-Q 
total score, showing that motor severity is positively correlated 
with ophthalmological symptoms prevalence. 

Clinical implications/future directions

Patients with PD should be regularly assessed ophthal-
mologically, especially in the advanced state as the symptoms 
might progress with disease duration. The detailed influence 
of STN-DBS on the optic tract should be further studied in 
order to establish the precise interaction.
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To the Editors

Stroke, increasingly recognised in children in recent years, 
is an important cause of long-term morbidity and disability. 
A wide range of conditions associated with paediatric stroke 
has been identified, which differ significantly from those in 
adults. Paediatric stroke can also present with a variety of 
symptoms and signs, both specific and non-specific [1, 2]. Pae-
diatric haemorrhagic stroke (HS) is a rare but severe condition, 
with lifelong multifaceted adverse functional, psychosocial, 
and economic consequences [3]. 

In this study, we have evaluated the clinical, laboratory 
and neuroimaging findings in children with HS in order to 
draw attention to the high morbidity and mortality rates of 
paediatric HS.

Our study included 12 children with HS admitted to the 
Department of Paediatric Neurology, Necmettin Erbakan 
University, Turkey between January 2010 and January 2019. 
Paediatric HS has been defined as intracerebral haemorrhage, 
which is brain parenchymal bleeding with or without intra-
ventricular extension, occurring between the ages of 29 days 
and 18 years [3]. For cerebral palsy, the insult to the brain is 
believed to occur between the time of conception and the 
age of two years, at which time a significant amount of motor 
development has already occurred. A similar injury to the 
brain after the age of two can have a similar effect however, 
and this is often also called cerebral palsy. By the age of eight, 
most of the development of the immature brain is complete, 
as is gait development, and an insult to the brain now will 

result in a more adult-type clinical picture and outcome [4]. 
Patient data for our study was obtained from a chart review 
of hospital records. Children who had a history of head trau-
ma, a haemorrhage that was restricted to epidural, subdural, 
intraventricular or subarachnoid compartments, and children 
with both cerebral sinovenous thrombosis and haemorrhagic 
transformation were excluded from our study. The patients 
were evaluated for demographic characteristics, risk factors, 
and clinical, laboratory and neuroimaging findings including 
cranial computerised tomography and cranial magnetic reso-
nance imaging, retrospectively. 

Demographic, clinical and laboratory characteristics of 
the children with HS are set out in Table 1. The most com-
mon symptoms and the most common abnormal physical 
examination finding were headache and altered mental status, 
respectively. All patients except for one child had at least one 
risk factor. The most common risk factors were sepsis and 
thrombocytopenia. Haemorrhage on a single lobe was more 
common than haemorrhage on multiple lobes (Fig. 1). None 
of the patients except for one child had vascular imaging. 
Digital subtraction angiography showed an arteriovenous 
malformation (AVM) feeding from the left anterior cerebral 
artery in this child. HS recurred in two patients (15%). Four 
patients (33.3%) required evacuation of haematoma, and one 
patient (8.3%) underwent ventriculoperitoneal shunt because 
of hydrocephalus. Embolisation for cerebral AVM was per-
formed in one patient. HS recurred in two patients (15%) with 
factor VII deficiency during their follow-up. Three and five HS 
attacks occurred in these patients, respectively. Three patients 
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Table 1. Demographic, clinical and laboratory characteristics of children with haemorrhagic stroke

Characteristics* N = 12 
n (%)

Characteristics* N = 12 
n (%)

Age (months) [median (Q1–Q3)] 74 (3–128.5) Imaging methods 

Gender Computerised tomography 5 (41.6)

Female 7 (58.3) Computerised tomography + magnetic resonance imaging 4 (33.3)

Male 5 (41.6) Magnetic resonance imaging 2 (16.6)

Symptoms Computerised tomography + digital subtraction angiography 1 (8.3)

Headache 6 (50.0) Lateralisation of haemorrhage

Nausea/vomiting 5 (41.6) Right 5 (41.6)

Prone to sleep 4 (33.3) Left 4 (33.3)

Restlessness 4 (33.3) Both sides 3 (25.0)

Impaired consciousness 3 (25.0) Location of haemorrhage

Decrease in feeding 3 (25.0) Single

Convulsion 2 (16.6) Parietal lobe 2 (16.6)

Focal numbness 1 (8.3) Temporal lobe 2 (16.6)

Fainting 1 (8.3) Frontal lobe 3 (25.0)

Physical examination findings Subependymal 1 (8.3)

Altered mental status 8 (66.6) Multiple

Agitation/irritability 4 (33.3) Frontal + parietal lobes 1 (8.3)

Left hemiparesis 1 (8.3) Frontal lobe + temporal + parietal lobes 1 (8.3)

Risk factors/underlying diseases Frontal lobe + subarachnoid 1 (8.3)

Thrombocytopenia 3 (25.0) Temporal + occipital lobes 1 (8.3)

Sepsis 3 (25.0) Hospitalisation in paediatric intensive care unit

Factor VII deficiency 2 (16.6) Yes 8 (66.6)

Vitamin K deficiency 2 (16.6) No 4 (33.3)

Arteriovenous malformation 1 (8.3) Duration of hospitalisation (days) [median (Q1–Q3)] 27 (10–66)

Afibrinogenemia 1 (8.3) Prognosis

Acute lymphoblastic leukaemia 1 (8.3) Died 3 (25.0)

Disseminated intravascular coagulation 1 (8.3) Survived without sequelae 1 (8.3)

Immune thrombocytopenic purpura 1 (8.3) Survived with sequelae 8 (66.6)

Fanconi aplastic anaemia 1 (8.3) Cerebral palsy 3 (37.5)

Renal tubular acidosis 1 (8.3) Cerebral palsy + epilepsy 2 (25.0)

Hemiparesis + epilepsy 1 (12.5)

Hemiparesis 1 (12.5)

Paraparesis 1 (12.5)
*One patient had more than one clinical and imaging characteristic

died from sepsis, disseminated intravascular coagulation, and 
severe haemorrhage, respectively. Nine patients were followed 
up for 37.6 ± 36.6 months (0.5–120 months). All of these 
patients, except for one, demonstrated at least one sequel, of 
which cerebral palsy was the most common. The ages of the 
patients with cerebral palsy at the time of stroke were 21.6 ± 
17.8 months (2–33 months).  

It has been reported that the most common symptoms 
in many series of childhood HS are headache, vomiting, and 
altered mental status [5–9]. Cerebral AVM has been reported 
as the most common cause of HS [7–9]. Yock-Corrales et al. 
[5] reported that seven patients (20.5%) had an AVM and five 

patients (14.7%) had a cavernous venous malformation, suba-
rachnoid haemorrhage, and bleeding diathesis. The cause was 
not established in one third of the patients. In another series, 
haematological causes were identified in 26 (52%) patients and 
vascular malformations in seven (14%). No cause could be 
identified in 13 (26%) patients [6]. Gerstl et al. [7] reported that 
HS was caused by vascular malformations in more than half of 
patients. Other risk factors were brain tumour, coagulopathy, 
and miscellaneous severe underlying diseases. A known aetiol-
ogy was identified in 121 (86.4%) patients and the leading cause 
of HS was AVM in 72 (51.4%) patients in another series [8].  
In a systematic review, haemorrhages  comprised 43% of all 
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identified aetiologies or risk factors, with AVMs being the 
most common vascular cause (70.9% of all vascular causes). 
Haematological and systemic causes, brain tumours, intrac-
ranial infections, and cardiac causes were the less commonly 
encountered risk factors and aetiologies [10]. 

In line with the literature, the most common symptoms in 
our series were headache, nausea/vomiting, and altered mental 
status. All patients except for one had one or more risk factor. 
Sepsis and thrombocytopenia were the most common risk fac-
tors. However, in contrast to the literature, we found vascular 
malformation in one patient (8.3%) only. This low ratio is related 
to the fact that not all patients underwent vascular imaging.

HS is a serious condition that may require early sur-
gical intervention in many patients. Of 50 patients with 
HS, 18 (36%) and three (6%) underwent neurosurgical inter-
vention and vascular interventional radiology, respectively 
[6]. In another series including 25 children with HS, 17 (68%) 
required neurosurgical therapy. Neurological deficits were 
noted in 12 (48%) patients: hemiparesis ± facial palsy (n = 8), 
ataxia (n = 1), speech disturbance (n = 1), impaired short-term 
memory (n = 1), and multiple severe neurological sequelae 
(n = 1). No data was provided about the long-term outcome 
in this series [7]. Deng et al. [8] reported that neurological 
deficits occurred in 72.8% of patients with HS on discharge. 
The most common complications were epilepsy (17.1%) and 

hydrocephalus (12.1%). Early post-stroke rehabilitation strat-
egies using, in addition to the daily rehabilitation programme, 
virtual reality therapy with visual biofeedback is more effective 
on upper extremity motor performance than is conventional 
physiotherapy, and their effectiveness does not diminish 
with patient age. This may represent a promising addition to 
conventional physiotherapy in older stroke patients, as well 
as in younger [11]. Although no death was noted in the series 
of Uzunhan et al. [12], mortality rates of up to 33.8% have 
been reported in paediatric HS [5–7, 13]. In our series, four 
(33.3%) children required evacuation of haematoma and one 
(7.5%) child underwent ventriculoperitoneal shunt due to 
hydrocephalus. Three patients (25%) died. During follow-up, 
neurological sequelae, mostly cerebral palsy, were diag-
nosed in eight (88.8%) of the nine patients who survived. 
Conventional physiotherapy was applied to the children 
with neurological sequelae. 

In conclusion, our study showed that sepsis and 
thrombocytopenia were the most common risk factors in 
children with HS, and that paediatric HS had a poor progno-
sis with high morbidity (66.6%) and mortality (25%) rates. 
Therefore, we suggest that HS can be prevented by early 
diagnosis and treatment of the risk factors that lead to 
HS in a group of patients, and thus the prognosis of HS 
can be improved.

Figure 1. In a 12-year-old girl, cranial computerised tomography demonstrates acute haemorrhage in left temporal lobe (A, B). 
Fifteen days after evacuation of haematoma, axial T1-weighted and coronal fluid attenuated inversion recovery images show 
haemorrhage and haematoma (C, D). Axial susceptibility-weighted imaging shows haemorrhage in acute-subacute period (E). 
After 8 months, coronal fluid attenuated inversion recovery, axial T1-weighted, and axial T2-weighted, images show enlarged 
occipital horn of left lateral ventricle, porencephaly, and gliotic changes in cerebral parenchyma (F–H)
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Before blaming levodopa/carbidopa intestinal gel for 
demyelinating polyneuropathy, all differential aetiologies 

must be ruled out

Josef Finsterer
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(Neurol Neurochir Pol 2023; 57 (2): 401–402)

To the Editors

We read with interest the article by Piekarski et al. featuring 
a 55-year-old male with Parkinson’s disease (PD) of 16 years’ 
duration who developed demyelinating polyneuropathy 
(dPNP) 12 weeks after the initiation of levodopa/carbidopa 
intestinal gel (LCIG) therapy, which was published alongside 
a review of 15 cases with LCIG-associated dPNP [1]. It was 
found that LCIG therapy was discontinued in all 15 cases with 
LCIG therapy-associated dPNP, and that only in the index 
patient was LCIG therapy maintained, and that he additionally 
received intravenous immunoglobulins (IVIGs) [1]. 

It was concluded that all PD patients scheduled for 
LCIG therapy should have nerve conduction studies (NCSs) 
performed prior to initiating LCIG, and that LCIG therapy 
should not be discontinued if dPNP develops, but should 
rather be combined with immunosuppressive treatment [1]. 
This study is compelling, but has limitations that should be 
discussed.

The main limitation of the case report and review is that 
alternative aetiologies of dPNP were not adequately ruled 
out in each of the included cases. Demyelinating large fibre 
neuropathy is generally due to an immunological disease, such 
as Guillain–Barré syndrome (GBS), chronic inflammatory 
demyelinating polyneuropathy (CIDP), anti-myelin asso-
ciated protein (MAG) associated neuropathy, nodopathies 
due to antibodies against neurofascin, POEMS syndrome, 
connective tissue disease, vasculitis, a hereditary disease 

such as Charcot-Marie-Tooth (CMT) disease, paraneoplastic 
conditions (e.g. gammopathies), or neoplastic conditions [2]. 
To diagnose these conditions, a comprehensive and costly 
work-up is necessary. However, to remain scientifically sound, 
all of these differentials must be ‘off the table’ before a toxic 
aetiology of dPNP in the enrolled patients can be considered. 

A second limitation of the study is that GBS/CIDP follow-
ing an infection with, or vaccination against, SARS-CoV-2 was 
not adequately ruled out. Since there is evidence that the virus 
and the vaccination against it can be complicated by polyradic-
ulitis, and since this patient was reported during the pandemic 
and had dissociation cyto-albuminique on cerebrospinal 
fluid (CSF) examination, as did 10 of the 15 patients from the 
literature, it is crucial that this infectious or immunological 
cause of dPNP is ruled out.

A strong argument against LCIG therapy as the cause 
of dPNP in the index patient is that NCSs prior to the onset 
of LCIG therapy showed a moderate decrease of nerve con-
duction velocities in sural nerves, severe axonal neuropathy 
in both peroneal nerves, and mild reduction of conduction 
velocity and amplitude in both tibial nerves [1]. These results 
indicate that there was a combined demyelinating and axonal 
lesion already prior to the initiation of LCIG therapy. Thus, 
at best, LCIG therapy could have enhanced dPNP, but did 
not cause it. 

We disagree with the statement that nerve conduction 
velocity in the tibial nerve was “previously intact” [1]. The 
NCS of the tibial nerves prior to the onset of LCIG therapy 
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was described as mildly reduced [1]. This discrepancy needs 
to be resolved.

Another limitation of the study is that the current med-
ication, in addition to LCIG, of the index patient and of the 
15 patients from the literature was not provided.

Overall, this interesting study has limitations that put the 
results and their interpretation into perspective. Addressing 
these issues would strengthen the conclusions and could 
improve the status of the study. 

Before blaming levodopa/carbidopa intestinal gel for 
dPNP, alternative aetiologies must be adequately ruled out.
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RESPONSE TO LETTER  
TO THE EDITORS

Response to ‘Before blaming levodopa/carbidopa intestinal 
gel for demyelinating polyneuropathy, all differential 

aetiologies must be ruled out’

Radosław Piekarski1, 2, Anna Roszmann1, 2, Jarosław Dulski1, 2, Jarosław Sławek1, 2

1Department of Neurology & Stroke, St. Adalbert Hospital, Gdansk, Poland 
2Division of Neurological and Psychiatric Nursing, Faculty of Health Sciences, Medical University of Gdansk, Gdansk, Poland

To the Editors

We thank  the  author of the Letter to the Editors entitled 
‘Before blaming levodopa/carbidopa intestinal gel for demy-
elinating polyneuropathy, all differential aetiologies must be 
ruled out’ [1] concerning our article [2]. The author points out 
the need for thorough differential diagnosis in all Parkinson’s 
disease (PD) patients treated with LCIG (levodopa/carbidopa 
intestinal gel), before identifying this medication as causing 
polyneuropathy (PNP). 

We do agree that before making the diagnosis of Guillain– 
–Barré syndrome (GBS)/chronic inflammatory demyelinating 
polyneuropathy (CIDP), all the differential diagnoses listed in this 
Letter to the Editors [1] should be excluded. This is crucial espe-
cially when considering the introduction of intravenous immu-
noglobulins (IVIG) treatment. Such a decision should always be 
made with great caution because the treatment itself is indicated 
only in a limited number of illnesses, is limited in its access, and 
generates high therapy costs. The authors of the referred papers 
on single cases usually make the diagnosis of GBS/CIDP-like 
neuropathies, which might suggest that the differential diagnostic 
was in fact performed. However, data from referred papers on the 
performed differential diagnosis is scarce and — as mentioned in 
this Letter to the Editors [1] — may be a limitation of this review. 
Nevertheless, we have made only a review of the existing literature 
and we have presented already published data.

The problem of GBS or CIDP following an infection or vac-
cination against SARS-CoV-2 might also be another limitation  
of the discussed review. However, despite the article being 
published in the SARS-CoV-2 pandemic period, all of the 
patients (including our patient) were diagnosed several years 
before the pandemic began. 

Regarding our case report presented in the ‘clinical  
vignette’ with the pre-existing nerve damage, we were aware 
of this condition. However it was asymptomatic. Our patient 
did not suffer from any other illnesses except for PD and PD-
-related mild dementia, and only rivastygmine treatment was 
introduced shortly before the PNP diagnosis. Furthermore, no 
unequivocal conclusion on whether the LCIG caused the PNP 
was made in this particular case. 

Patients with long-lasting Parkinson’s disease (PD) are usu-
ally treated with high levodopa (LD) doses. It has been proven 
in previous papers [3] that PNP in PD may be related to high 
homocysteine levels and its neural toxicity may be triggered 
by LD therapy. This is usually of the axonal type, but in this 
paper [2] we discussed the far less common demyelinating 
type. As PNP due to LCIG therapy is common, it is easy to 
miss such a potentially treatable cause. We advise physicians 
to look carefully at the type of neuropathy and not to exclude 
patients from something that is usually a ‘last chance’ treatment 
of choice in advanced PD. 

Our aim was to emphasise the possible demyelinating form 
on neuropathy; however, we agree that there was uncertainty 
as to whether this was LCIG-related or just a coincidence.

  Again, the fact of limited access to detailed clinical data, 
i.e. that our paper was based on the available historical cases, 
was discussed at length in our paper. No unequivocal conclu-
sions should be made upon such data, and no such conclusions 
were presented by us. We concluded that all patients starting 
LCIG therapy should be carefully examined (both clinically 
and electrophysiologically) to detect those at risk (with initially 
mild symptoms) of developing any type of neuropathy. Those 
patients should be thoroughly monitored during therapy. 
Indeed, this is routine procedure at our centre.  
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