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Searching for tics

Philip W. Tipton

Department of Neurology, Mayo Clinic Florida, Jacksonville, United States

ABSTRACT 

Introduction. In the current edition, Szejko and colleagues describe a subset of patients with Gilles de la Tourette syndrome 
(GTS) who had dystonic tics (DTs), which occurred more frequently in those with a greater number of tics and likely contribute 
to impairment.

Clinical reflections. DTs manifest as an abnormal posture that may be difficult to distinguish from other movements, such as 
dystonia and other tic types. Electromyography is an invaluable tool that can aid clinicians in making this important distinction.

Clinical implications. Accurately diagnosing these movements can significantly impact treatment decisions and contribute to 
more homogenous research populations.

(Neurol Neurochir Pol 2019; 53 (5): 315–316)

Gilles de la Tourette syndrome (GTS) is diagnosed in 
individuals who have two or more motor tics and at least one 
phonic tic for at least one year’s duration beginning before 
age 18 [1]. Patients with GTS often have comorbid psychiatric 
problems that, coupled with tics, can lead to substantial im-
pairment. Research has sought to characterize the phenotypic 
variability among those with GTS in order to better understand 
disease mechanisms and identify elements that have the greatest 
impact on quality of life. Accomplishing these goals will allow 
clinicians to more effectively tailor treatment to an individual’s 
specific needs. Szejko et al. have nicely contributed to this effort 
and found that 73.9% of patients with GTS developed dystonic 
tics (DTs) [2].  They also provided a thorough characterization 
of their cohort of 153 patients with DTs. Their attention to 
detail highlights the importance of accurately differentiating 
tics from other movement phenomena, taking an account of 
one’s complete tic repertoire, and correctly identifying types 
of tics, all of which can have a significant impact on treatment.

Tics are stereotypical movements sometimes described as 
semivoluntary or unvoluntary to highlight that they are not 
truly involuntary [3] unlike some other movement pheno-
mena, such as dystonia, which is an involuntary sustained or 
intermittent co-contraction of muscle agonist and antagonists 
resulting in abnormal movements and/or postures [4]. Simple 
tics often have a jerk-like appearance and may be differentiated 
from other jerking movements by their serotyped nature and 

other attributes, including a premonitory urge that resolves 
when the tic is completed. Szejko et al. provide a nice table 
summarizing characteristics to aid in differentiating tics from 
dystonia [2]; however, there are limitations to an approach 
based solely on clinical history and observation as illustrated 
by the fact that 90% of adults and only 37% of children endorse 
a hallmark premonitory urge [5, 6]. Moreover, simple motor 
tics may be misidentified as myoclonus thus leading the clini-
cian to misdiagnosis. EMG is a useful technique that can aid 
in differentiation among these [7] and should be considered 
an integral extension of the neurological examination. Mea-
suring burst duration enables one to categorize tics as clonic 
(< 100ms) or dystonic (> 300ms) [8]. This is a distinction that 
may escape the sensitivity of clinical observation and only 
consistently accomplished with EMG. 

Clinicians should be aware that individuals with GTS may 
have hyperkinetic movements in addition to tics, such as tardive 
chorea or tardive dystonia [9]. Accurately identifying these mo-
vements, which may mimic tics, can have a significant impact 
on treatment decisions, such as whether to increase or decrease 
the dosage of a dopamine antagonist like aripirazole, which is 
commonly used to treat tics [10]. The wrong decision could 
have serious and potentially irreversible consequences given the 
association between these medications and extrapyramidal side 
effects. Once an accurate and specific diagnosis of tics is estab-
lished, appropriate treatments can be pursued. The American 
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Academy of Neurology recently published new guidelines for 
the treatment of tic disorders [11]. Comprehensive Behavioral 
Intervention for Tics (CBIT) is the mainstay of the nonpharma-
cological treatment arm while pharmacological options include 
α-adrenergic agonists, antipsychotics, vesicular monoamine 
transporter-2 inhibitors, and botulinum toxin injections, the last 
of which has particular applicability to those with dystonic tics 
[12].  Botulinum toxin may also be used to treat laryngeal tics [13] 
and has even been shown to reduce the premonitory urge [14].

To effectively treat their patients, clinicians must compile 
a patient’s tic inventory and determine their impact on one’s 
life. This can be accomplished with various rating scales, such 
as the Yale Global Tic Severity Scale (YGTSS) [15, 16]. Szejko 
and colleagues made several interesting observations including 
the average age of onset of DTs 3.7 years after development of 
their first tic suggesting that most individuals do not present 
with DTs [2]. They also showed that the presence of DTs was 
more common in those with more tics overall. Previous reports 
have shown co-occurance of tics and dystonia [17] as well as 
cosegregation of eye-winking tics, frequent eye-blinking and 
blepharosm with a family [18, 19], raising the question of 
a shared mechanism. This idea has since been strengthened 
by identification of a shared mutation within the guanosine 
triphosphate cyclohydrolase I gene (GCHI) in a Danish family 
with dopa-responsive dystonia and GTS [20].

While the first step in evaluating movement disorders is 
accurately identifying the movement phenomenon, clinicians 
must be aware that not all phenomena are ‘pure,’ i.e. tremor 
or tics, but can have characteristics of multiple movement 
phenomena simultaneously, e.g. DTs. Differentiating tics 
from dystonia as well as correctly identifying the type of tic 
is necessary for clinicians to provide appropriate treatment 
options, properly counsel their patients, and to better ho-
mogenize patient populations so that higher quality research 
studies may be conducted.

Conflict of interests / Funding: None declared.

Abbreviations
GTS — Gilles de la Tourette syndrome
DTs — Dystonic tics
Cts — Clonic tics
CBIT — Comprehensive Behavioral Intervention for Tics
YGTSS — Yale Global Tic Severity Scale
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Novel emerging treatments for NMOSD 
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2Centre of Neurology, Lodz, Poland

ABSTRACT
Neuromyelitis optica spectrum disorders (NMOSD) are inflammatory demyelinating diseases of the central nervous system 
(CNS) that cause optic neuritis, transverse myelitis, and some other CNS syndromes. 

Recently, diagnosis and understanding of these diseases has been markedly enhanced by the discovery that serum autoantibodies 
that target aquaporin-4 (AQP4) are strongly associated with the disease. This spectrum includes also a potential subset of patients 
with a phenotype of NMOSD who have anti-myelin oligodendrocyte glycoprotein (MOG) antibody. Although steroids and immu-
nosuppressive drugs have been widely used for NMOSD treatment, until recently there was no approved therapy for these dise-
ases. With improved understanding of the pathophysiology of NMOSD, numerous new therapeutic strategies have recently been 
evaluated. The results of these studies, involving monoclonal antibodies (mAbs) inhibiting terminal complement protein cleavage 
interfering with interleukin-6 receptor (IL-6 R) signaling and depleting CD19-positive B cells, have been published in recent months.  
All of these new therapeutics have shown a high degree of efficacy in diminishing NMOSD activity and inhibiting disability progression.  
At the same time, all these mAbs have demonstrated favorable safety and tolerability profiles, with a limited rate of adverse events. 
The first of these new drugs, eculizumab, have been approved in USA and Europe for NMOSD treatment within the last couple of 
months and it is expected that the other novel, effective and safe treatments for NMOSD will be approved in the near future. 

Key words: neuromyelitis optica spectrum disorders, monoclonal antibodies, demyelinating diseases

(Neurol Neurochir Pol 2019; 53 (5): 317–326)

Introduction

Neuromyelitis optica spectrum disorders (NMOSD) are 
autoimmune inflammatory disorders of the central nervous 
system (CNS) characterised by bilateral or rapidly sequential 
optic neuritis and/or transverse myelitis. Other suggestive 
presentations include episodes of brainstem symptoms, in 
particular area postrema clinical syndrome. The disease can 
result in severe muscle weakness and paralysis, loss of vision, 
sensory loss, bladder dysfunction, neuropathic pain, and in 
the most severe cases respiratory failure [1]. The prevalence of 
NMOSD in Caucasians is relatively low at 0.5–10 per 100,000, 
but severe and frequently rapid impairment observed in pa-
tients can lead to an unfavourable prognosis, including death. 

The mechanism of NMOSD is associated with the presence 
in the serum of patients’ IgG1 antibodies against aquapo-
rin-4 (AQP4 Ab), the major water channel present within the 
CNS specifically on astrocyte endfeets at the blood-brain-
-barrier (BBB) [2]. This antibody can be found in more than 

80% of patients. The discovery of AQP4 Ab has contributed 
significantly to our understanding of the pathology of NMOSD, 
also allowing for a much more precise diagnosis. AQP4 Ab 
appears to have a pathogenic role in the mechanism of NMOSD 
[3]. Recombinant AQP4 Ab after passive transfer in rats has 
induced NMOSD-specific immunopathology [4]. Serum 
AQP4 Ab titers have been shown to correlate with clinical at-
tacks and with the extent of spinal cord lesions on MRI [5, 6]. 
In addition, serum AQP4 Ab titers have been shown to drop 
after immunosuppressive treatment, and to remain low during 
remissions [7]. This antibody, produced by T-helper dependent 
B cells from the peripheral immune compartment, crosses 
the blood-brain-barrier (BBB) and interacts with AQP4 on 
astrocyte endfeet leading to astrocyte oedema and dysfunction. 
Subsequent inflammation involves complement activation, 
increased BBB permeability, and a massive influx of neutrophils 
and eosinophils [8]. Thus, inflammatory lesions in NMOSD are 
clearly different from CNS inflammation in multiple sclerosis 
(MS), where T and B cells constitute the majority of invading 
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cells. These findings, demonstrating significant mechanistic 
differences between MS and NMOSD, have allowed for a de-
finitive separation of these two clinical entities. 

More recently, another antigen was found to be associated 
with AQP4 seronegative NMOSD. Antibodies against myelin 
oligodendrocyte glycoprotein (MOG) were detected in 4–11% 
of seronegative patients [9]. Unlike AQP4 Ab, anti-MOG Ab did 
not induce astrocytic pathology. It was found that anti-MOG 
Ab led to demyelination with limited immune cell infiltration 
[10].  Anti-MOG Ab almost never co-exists with AQP4 Ab and 
occurs much more frequently in children than in adult patients. 

Despite the discovery of AQP4 Ab and anti-MOG Ab, there 
are still patients who meet the clinical diagnostic criteria of 
NMOSD, but in whose sera the two Abs cannot be detected. 
The prerequisite of a NMOSD diagnosis requires the presence 
of optic nerve and spinal cord symptoms [11]. The current 
2015 International Consensus Diagnostic Criteria for NMOSD 
are stratified according to the presence of AQP4 Ab. For se-
ropositive patients, they require the presence of at least one 
of the core manifestations, whereas for seronegative patients 
two manifestations including optic neuritis, myelitis or area 
postrema syndrome are required (Tab. 1). Recently, prelimi-
nary results have suggested the role of antibodies against glial 
fibrillary acidic protein (GFAP) in seronegative NMOSD [12]. 

Current treatment of NMOSD

Until recently, there was no approved treatment for NMOSD, 
and patients were restricted to off-label therapies bringing un-
certain benefits. Based on its clinical course, NMOSD therapy 
can be divided into relapse treatment and preventive treatment. 

Relapse treatment
For relapse, patients are usually treated with pulsed 

steroid therapy. Methylprednisolone at a dose of 1g is given 

intravenously (IV) for 3–5 days but therapy can be extended 
in a very severe relapse [13]. Relapses that respond poorly 
to methylprednisolone can be treated with plasma exchange 
(PLEX), usually 5–7 procedures every other day. PLEX can also 
be used as a first line therapy for NMOSD relapse [14]. Since 
the progression of disability in NMOSD is mainly driven by 
relapses, it is critically important that NMOSD relapse is trea-
ted as early as possible and with the most effective procedure. 

Shortly after steroid pulsed therapy or PLEX, patients 
usually are started with immunosuppressive therapies. To 
protect patients from disease progression before the immuno-
suppressive drugs start to work, prednisone or prednisolone 
can be given orally for up to six months. Relapses in NMOSD 
dependent on anti-MOG Ab usually respond better to steroid 
treatment than in AQP4 dependent disease [15]. Limited data 
indicates that intravenous immunoglobulins (IvIg) might 
show a benefit in NMOSD relapse treatment. In one study, 
the effectiveness of IvIg in the treatment of acute relapses in 
NMOSD was assessed in a retrospective review of 10 patients 
unresponsive to treatment with steroids with or without PLEX 
[16]. Improvement was noted in five of 11 (45.5%) relapses, 
and the remaining relapses had no further worsening. The 
study concluded that IvIg may have a role in treating acute 
NMOSD relapses.

Immunosuppressive treatment
Based on the autoimmune mechanism of NMOSD invol-

ving the production of auto-antibodies against AQP4 and 
MOG, several immunosuppressive agents have been tested 
in this disease over the past 30 years. Unfortunately, on most 
occasions the studies only involved a small number of patients 
and were designed as open label trials. None of these drugs 
have been formally approved for NMOSD treatment.

Traditionally, Azathioprine (AZT) was widely used as 
a first line NMOSD treatment. AZT was recommended as 

Table 1. IPND 2015 diagnostic criteria for NMOSD

NMOSD with AQP4-Ab

At least one core clinical characteristic plus positive test for AQP4-IgG using best available detection method*

Exclusion of alternative diagnoses

NMOSD without AQP4-Ab

At least two core clinical characteristics occurring as a result of one or more clinical attacks and meeting all of the following requirements:

1. At least one core clinical characteristic must be optic neuritis, acute myelitis with LETM, or area postrema syndrome.

2. Dissemination in space (two or more different core clinical characteristics).

3. Additional MRI requirements, as applicable.

4. Negative tests for AQP4-IgG using best available detection method* or testing unavailable.

5. Exclusion of alternative diagnoses.

Core clinical characteristics: Optic neuritis; acute myelitis; area postrema syndrome (hiccups, nausea and vomiting); acute brainstem syndrome; 
symptomatic narcolepsy or acute diencephalic clinical syndrome with NMOSD-typical diencephalic MRI lesions; symptomatic cerebral syndrome with 
NMOSD-typical brain lesions.

*AQP4-IgG serology: cell-based assay is strongly recommended
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a first line preventive treatment by the EFNS panel on guide-
lines on diagnosis and management of NMO [17]. Several 
small studies have tested the efficacy of AZT alone, or in com-
bination with steroids [18]. Some of these studies showed an 
approximately 70% reduction in the  NMOSD relapse rate and 
reduced disability after several years of treatment. In a large 
retrospective review of the medical records of 103 AQP-4 an-
tibody-positive NMOSD patients, 89% (n = 92) had reduced 
their median annualised relapse rates from 1.5 (IQR 0.6–4.0) 
to 0 (IQR 0–0.27, p < 0.00005) during treatment. Sixty-one 
per cent (n = 63) remained relapse-free at a median follow-up 
of 18 months. Neurological function improved or stabilised 
in 78%. However, the discontinuation rate was 47%, reflecting 
the poor tolerability of this drug [19]. 

The other problem with AZT treatment in NMOSD is the 
delayed mechanism of action of this drug. AZT on average 
requires 3–6 months to demonstrate its effect on the immune 
system. Mitoxantrone [20], cyclophosphamide [21] and some 
other immunosuppressive treatments including methotrexate 
have demonstrated beneficial effects in NMOSD only in case 
reports and only in a limited number of patients. In addition, 
safety profiles of these drugs reduce the enthusiasm for their 
use in NMOSD. Little more data is available regarding My-
cophenolate Mofetil (MMF). In a prospective study including 
67 NMOSD seropositive and seronegative patients, MMF redu-
ced the annual relapse rate by 49% and stabilised EDSS in 80% 
of patients within a 24 month observation period. There was 
no difference between seropositive and seronegative patients 
[22]. Several retrospective studies have assessed the efficacy of 
MMF in AQP4- and MOG- seropositive and double negative 
patients. In one of these studies [23], the median post-MMF 
annualised relapse rate was significantly lower than the pre-
-MMF annualised relapse rate (0.0 vs 1.5; p < 0.001). EDSS 
scores also significantly decreased after MMF treatment (3.0 vs 
2.5; p = 0.005). Thirty-five patients (60%) were relapse-free with 
a median treatment duration of 20 months, and EDSS scores 
were stabilised or improved in 53 patients (91%). In a similar 
way to AZT, MMF requires an extended period of time to de-
monstrate its effect on the immune system, and a substantial 
number of patients discontinued treatment due to side effects. 

Intravenous immunoglobulins 
In recent years, intravenous immunoglobulins (IvIg), 

which have been proven to be effective in some other antibody-
-mediated autoimmune conditions including inflammatory 
demyelinating polyneuropathies [24], have attracted signifi-
cant attention in terms of NMOSD treatment. IvIg have been 
shown to induce diminished activity on membrane-damaging 
components of the complement system, B cell activating 
factor (BAFF), and several other immune mechanisms inclu-
ding interference with antigen recognition, downregulation 
of cytokine secretion, adhesion molecules expression, and 
suppression of T-cell activation relevant to NMOSD [25]. 
Although popular views and practical experience are strong 

advocates for the use of IvIg in NMOSD, there is relatively 
little evidence to support these conclusions. 

The first study to look into the role of IvIg treatment in 
NMOSD included eight patients [26]. Five experienced re-
lapsing optic neuritis with or without myelitis, and the rema-
ining three had relapsing longitudinal extensive transverse my-
elitis (LETM). After a total of 83 infusions (4–21 per patient) 
and a mean follow-up duration of 19.3 months (6–39 months), 
it was observed that the mean relapse rate had decreased from 
1.8 in the 12 months  pre-IvIg therapy to 0.006 during follow-
-up (p = 0.0001), while the mean EDSS score had declined from 
3.3 ± 1.3 to 2.6 ± 1.5 (p = 0.04). In another study [27], the use 
of IvIg was evaluated in preventing relapses in patients with 
NMOSD. Six NMOSD patients who were treated with an IvIg 
induction dose followed by infusions every 2-3 months were 
retrospectively analysed. ARR and EDSS pre- and post-IvIg 
were recorded. The median number of relapses and the median 
ARR were significantly reduced (8.0 to 1.0 and 0.75 to 0.15; p < 
0.05) during IvIg treatment. EDSS remained the same during 
four years of treatment. 

Cell depletion therapy
The discovery of a pathological role of autoantibodies aga-

inst AQP4 and MOG in NMOSD has prompted the application 
of B cell depletion therapy which might help to eliminate an-
tibody-producing cells and improve treatment of this disease. 
Rituximab (RTX), a chimeric monoclonal antibody against 
CD20, a pan-B cell surface marker, has been tested in NMOSD 
in several small or medium-sized open labelled studies [28, 
29]. RTX very efficiently depleted B cells over a duration of 
6–9 months. Importantly, the cells from early stages of B cell 
lineage development and plasma cells were preserved, securing 
immune homeostasis during RTX treatment. 

Most of the RTX studies have shown its profound be-
neficial effect on ARR and on stabilisation and reduction of 
disability measured with EDSS. Some of these studies have 
even shown complete suppression of relapses over a  2–3 year 
period. A recently published meta-analysis analysed 26 studies, 
in which differences in the ARR ratio and EDSS score before 
and after RTX therapy were used as the main efficacy measures 
[30]. This meta-analysis involved 577 patients. Antibodies 
against aquaporin-4 were present in 435 (75.39%) patients. The 
findings suggested diminished mean ARR ratio after rituximab 
therapy by 1.56 (95% CI, -1.82 to -1.29). No significant corre-
lation was detected between the outcome of ARR ratio change 
and the following variables: age at onset, duration of disease, 
follow-up time, dose of infusion or  AQP4-IgG serostatus. The 
findings of this meta-analysis disclosed also a reduction in the 
mean EDSS score by -1.16 (95% CI, -1.36 to -0.96) during RTX 
treatment. A total of 330 out of 528 patients (62.9%) achieved 
relapse-free status. RTX showed acceptable tolerance, and 
there were no serious safety issues in NMOSD patients treated 
with RTX. All of these findings have  led to increased off label 
use of RTX in NMOSD in recent years.
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Figure 1. Emerging treatments of NMO
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Novel emerging treatments of NMOSD

Progress in the understanding of NMOSD pathologic 
mechanisms has led to unprecedented attempts to intensify 
research into the development of new therapies in this disease 
in recent years. New therapeutic strategies have emerged which 
involve targeting novel molecules believed to be operating 
in the pathomechanism of NMOSD. These new strategies 
include the  prevention of complement activation, interfering 
with IL6 receptor (IL6-R) signalling, and the depletion of 
AQP-4 and MOG antibodies producing cells (Fig. 1). More 
importantly, these new strategies were tested in studies de-
signed as double blinded, randomised and controlled phase 
2 and 3 trials. Within the last few months, very encouraging 
results of these studies have become available and have gene-
rated renewed hope of combatting this devastating disease. It 
is expected that the results of these recent studies will allow 
for the formal approval of all of these therapies for NMOSD 
in the near future. 

Eculizumab
Eculizumab is a humanised monoclonal antibody which 

inhibits the terminal complement protein C5 and prevents its 
cleavage into C5a and C5b fragments [31]. Preclinical data 
indicates that AQP4 Ab triggers the complement cascade [32], 
which leads to inflammation and the formation of a membrane 
attack complex. The membrane attack complex is implicated 
in astrocyte destruction and neuronal injury. C5a expresses 
proinflammatory activity, and C5b induces the formation of 
a membrane attack complex. Experimental studies have shown 
that complement inhibitor efficiently suppresses NMOSD 
development [33]. Eculizumab has been approved in the USA 
and Europe for paroxysmal nocturnal haemoglobinuria, aty-
pical haemolytic uraemic syndrome, and myasthenia gravis.

In recently published results of a phase 3, randomised, 
double-blind, placebo-controlled, time-to-event trial (PRE-
VENT) it was shown that eculizumab significantly suppres-
sed disease activity in 143 AQP4-Ab-positive patients with 
a moderate to severe course of the disease [34]. Patients were 
randomised 2:1 to either treatment with eculizumab or a pla-
cebo. The drug was administered intravenously at a dose of 
900 mg weekly for the first four doses; subsequently patients 
received a maintenance regimen of 1,200 mg every two weeks 
until relapse or until the end of the trial. Immunosuppressive 
treatment used prior to study entry was allowed (with the 
exception of rituximab) and the group of immunosuppressi-
ve concomitant treatment was 108 patients out of the total 
group of 143. The primary efficacy endpoint was the first 
adjudicated relapse. The primary endpoint occurred much 
less often in the eculizumab group (3 of 96 patients – 3%) 
than in the placebo group (20 of 47 – 43%) (HR, 0.06; 95% 
CI, 0.02 to 0.20; p < 0.001). At 48 weeks, 97.9% of patients 
receiving eculizumab were relapse-free, compared to 63.2% 
of patients receiving the placebo. Symptoms of most of the 
relapses were related to myelitis. Eculizumab was associated 
with a lower adjudicated annualised relapse rate after adjust-
ment than the placebo, which represented the first secondary 
end-point, 0.02 and 0.35, respectively (p < 0.001). No con-
clusions could be made regarding the remaining secondary 
endpoints because the difference between groups for the 
next endpoint in the hierarchy, which was a change in the 
EDSS score, was not significant. The lack of between-group 
differences in disability progression resulted from the trial 
design precluding follow-up beyond six weeks after a single 
relapse. This implied that there were no benefits of the drug 
on disability progression during the short period of the trial. 
Patients from the eculizumab group had higher rates of upper 
respiratory tract infection and headache than did patients in 
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the placebo group: 31 versus 19 events of upper respiratory 
tract infection per 100 patient-years, and 55 versus 38 hea-
dache events per 100 patient-years. One patient in the ecu-
lizumab group who was receiving concomitant azathioprine 
died from pulmonary empyema. Eculizumab increases the 
risk of meningococcal and encapsulated bacterial infection 
[35], and all patients received meningococcal vaccination 
prior to study entry. No cases of meningococcal infection 
were reported during the trial.

Eculizumab (Soliris) was approved by FDA for NMOSD 
treatment following an expedited six-month priority review 
in June 2019.  EMA approved Eculizumab for treatment of 
AQP4-Ab-positive patients with relapsing course of the disease 
in August 2019.

Tocilizumab
Tocilizumab was the first anti-IL6-R mAb tested in the 

treatment of NMOSD. The rationale for using tocilizumab in 
NMO was related to the potential role of IL-6 in the mecha-
nism of NMOSD [36]. This drug has been already used for the 
treatment of severe rheumatic arthritis patients.

Tocilizumab has been tested in NMOSD in several small 
open label studies and case reports [37, 38]. These small series 
have demonstrated a beneficial effect in NMOSD. In one study 
[39], eight female patients with highly active AQP4-Ab-sero-
positive NMOSD (n = 6) and NMOSD patients (n = 2) whose 
disease had been resistant to previous medications including 
B-cell depletion, were switched to tocilizumab (6–8 mg/
kg of body weight per dose). The patients were followed up 
for 30.9 months after switching to tocilizumab. Two of the 
eight patients received add-on therapy consisting of monthly 
corticosteroid pulses or azathioprine. During tocilizumab 
treatment, the median annualised relapse rate significantly 
decreased from 4.0 in the year before tocilizumab therapy 
to 0.4 (p = 0.008), and the median EDSS score significantly 
decreased, from 7.3 to 5.5 (p = 0.03). Active magnetic reso-
nance imaging lesions were seen in 6/8 patients at tocilizumab 
initiation and in 1/8 patients at the last magnetic resonance 
imaging. Three patients remained relapse-free during tocilizu-
mab treatment. The AQP4-Ab titers (p = 0.02) and pain levels 
(p = 0.02) dropped significantly during tocilizumab treatment. 
Adverse effects included moderate cholesterol elevation in 
6/8 patients, infections in 4/8, deep venous thrombosis in 1/8, 
and neutropenia in 1/8.

Tocilizumab development for NMOSD treatment has 
been delayed since another anti-IL6-R mAb, satralizumab, 
was designed to improve pharmacokinetics of IL6-R binding 
and provide better efficacy (see below). However, at the recent 
ECTRIMS meeting in Stockholm, the results were presented 
of an investigator-initiated study (Tango) in China [40]. This 
was a randomised, open-label, parallel-group study comparing 
tocilizumab with azathioprine. Patients (n = 118) were ran-
domly assigned 1:1 to receive 8 mg/kg intravenous tocilizumab 
monthly or 2–3 mg/kg oral azathioprine daily. Treatment was 

administered in conjunction with a gradual discontinuation 
of the previous treatments, followed by monotherapy for 
12 months; 85% of patients were seropositive for AQP-4. 
The primary endpoint was the time to first relapse. After 
a mean observation period of 48 weeks, the percentages of 
relapse-free patients were 91.5% in the tocilizumab group 
and 67.8% in the azathioprine group (HR = 0.32, 95% CI 
0.14–0.70, p = 0.004). Sustained reduction in disability was 
more likely among patients treated with tocilizumab than 
in patients with azathioprine (HR = 0.34, 95% CI 0.13–0.90, 
p = 0.03). Serum levels of anti-AQP4-ab were reduced sig-
nificantly, by 42% with tocilizumab compared to 15% with 
azathioprine (p = 0.03). In the azathioprine group, there 
was a higher frequency of lymphopenia (46% vs 7%) and 
anaemia (27% vs 41%) than in the tocilizumab group. Du-
ring the Tango study, two patients died (one in each arm): 
in tocilizumab because of a severe recurrence of NMOSD, 
and in azathioprine because of meningoencephalitis. In 
both groups, there was an increased number of patients 
with elevated transaminases (31% and 46%) respectively 
for tocilizumab and azathioprine. 

Satralizumab
Satralizumab is a humanised IgG2 subtype recombinant 

anti-IL6-R monoclonal antibody [41]. IL-6 is a pro-inflam-
matory pleiotropic cytokine produced by a large number of 
cell types, including T and B lymphocytes, monocytes and 
fibroblasts [42]. IL-6 plays a role in several immunopatholo-
gical processes such as T-cell activation, induction of immu-
noglobulin secretion, and enhancing macrophage activity, 
and it has been implicated in the mechanism of NMOSD [43]. 
IL-6 specifically contributes to the development of autoimmu-
nity by promoting the generation of Th17 cell lineage [44]. 
Th17 cells are recognised as the primary T cell sub-population 
contributing to the development of autoimmune conditions. 
IL-6 has been found to be significantly elevated in the serum 
and cerebrospinal fluid of patients with NMOSD; it induces 
AQP4-Ab production by plasmablasts, and thus represents 
a novel therapeutic target for NMOSD. 

The molecule of satralizumab was designed to improve 
pharmacokinetics of anti-IL6-R Ab by applying so-called 
‘antibody recycling technology’ [45]. This technology leads 
to increased dissociation of anti-IL6-R Ab from IL6-R within 
the acidic environment of the endosome, while maintaining 
its binding affinity to IL6-R in plasma.  Thus, in the endosome 
acidic environment, IL6-R Ab after degradation of IL6-R is 
dissociated from this complex and can again bind another IL6-
-R in the plasma, increasing its efficacy of IL6-R elimination.

Satralizumab efficacy in NMOSD was evaluated in 83 pa-
tients in a randomised, double-blind, phase 3 study (SAku-
raSky) [46]. AQP4-positive patients represented 66.3% and 
AQP4-negative patients 33.7%. In this study, satralizumab was 
compared to a placebo as an add-on to baseline treatment with 
a stable dose of immunosuppressive and/or corticosteroids. 
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Subjects were randomised to satralizumab (120 mg s.c.) or 
placebo administered at weeks 0, 2, 4, and Q4W thereafter. The 
primary endpoint was time to first protocol-defined relapse 
(PDR), adjudicated by a clinical endpoint committee. Pre-
-specified subgroup analyses included assessing the response 
to treatment by AQP4-Ab serostatus, baseline treatment, and 
region. Satralizumab showed a 79% risk reduction of PDR 
compared to placebo in the NMOSD AQP4-Ab positive sub-
group (HR, 0.21; 95% CI, 0.06-–0.75). At weeks 48 and 96, 
the percentages of relapse-free patients were 91.5% (95% CI, 
69.6%–97.8%) and 91.5% (95% CI, 69.6%–97.8%) with satra-
lizumab and 59.9% (95% CI, 36.3%–77.3%) and 53.3% (95% 
CI, 29.3%–72.4%) with placebo, respectively. However for the 
NMOSD AQP4-Ab negative patients, satralizumab showed 
a risk reduction of PDR that was significantly lower compared 
to the AQP4 Ab positive group, 34% compared to the placebo 
group (HR, 0.66; 95% CI, 0.20–2.23), and the percentages of 
relapse-free patients at weeks 48 and 96 were 84.4% (95% CI, 
50.4%–95.9%) and 56.3% (95% CI, 24.2%–79.2%) with satra-
lizumab, and 75.5% (95% CI, 41.6%–91.4%) and 67.1% (95% 
CI, 34.2%–86.2%) with placebo, respectively. 

More recently, results have become available for satralizu-
mab monotherapy in NMOSD. In the SAkuraStar study, the 
efficacy and safety of satralizumab was compared to placebo 
for relapse prevention in patients with NMOSD [47]. In this 
phase 3, double-blind, placebo-controlled study, 95 patients 
were randomised 2:1 to satralizumab (120 mg s.c.) or placebo, 
administered at weeks 0, 2, 4 and every four weeks thereafter. 
Unlike the SAkuraSky study, concomitant immunosuppressant 
medications were prohibited. Patients with AQP-4 antibodies 
represented 65.1% in the satralizumab group and 71.9% in the 
placebo group. All patients had had ≥ 1 documented relapse, 
including first attack, in the year prior to screening. The prima-
ry endpoint was time to first protocol-defined relapse (PDR) 
adjudicated by a clinical endpoint committee. Satralizumab 
monotherapy significantly reduced the risk of PDR by 55% 
compared to placebo (HR 0.45; 95% CI 0.23–0.89; p = 0.018). 
The percentages of relapse-free patients at week 48 were 76.1% 
in the satralizumab group, and 61.9% in the placebo group. 
At week 96, these values were 72.1% and 51.2%, respectively. 
As in the SAkuraSky study, in the group of patients without 
AQP-4 Ab, satralizumab showed significantly less effect on the 
proportion of relapse-free compared to the AQP-4 Ab positive 
patients, and the difference between satralizumab and placebo 
was not significant.  Satralizumab was well tolerated, and si-
milar proportions of patients in the satralizumab and placebo 
groups experienced adverse events. Rates of serious infections 
were similar between groups. No deaths or anaphylactic rea-
ctions were observed with satralizumab or placebo treatment. 

The clear difference in satralizumab efficacy between 
AQP4 Ab-positive patients and AQP4 Ab-negative patients 
observed in the SAkuraSky and SAkuraStar studies will require 
further analysis. 

Inebilizumab
Inebilizumab is a humanised mAb of IgG1 subtype direc-

ted against the extracellular B cell marker CD19 leading to 
depletion of a broad range of B cells, including autoantibody-
-secreting plasmablasts and CD19-expressing plasma cells 
[48]. Inebilizumab induces a cytotoxic T-lymphocyte response 
and a strong antibody dependent cell cytotoxicity (ADCC) 
against B cells. 

Inebilizumab was evaluated in a phase 3, double-blind, 
randomised, placebo-controlled trial (N-MOmentum) in 
231 NMOSD patients, both AQP4 Ab-positive (91%) and 
AQP4 Ab-negative (9%) [49]. Enrollment of AQP4 Ab-nega-
tive patients required approval of an eligibility committee that 
confirmed the entry criteria. Participants were randomised 
3:1 to either treatment with inebilizumab, 600 mg iv in two 
doses of 300 mg each two weeks apart, or a placebo, with no 
further doses occurring after day 15. Concurrent treatment 
with other immune suppressants was prohibited. 

This means that inebilizumab was the first monotherapy 
tested in NMOSD free from the confounding influence of 
other background immunosuppressive treatments. B cells 
were depleted within approximately four weeks of treatment 
initiation, and this depletion was sustained throughout the 
randomised, controlled period of the study. The patients were 
followed for 28 weeks, after which time the blinded control 
period was stopped early for efficacy. The primary outcome 
measure was time to first adjudicated relapse. Following the 
blinded period, patients were given the option of entering an 
open-label extension period, in which they received 300 mg 
of inebilizumab every six months. Inebilizumab met the 
primary efficacy endpoint with a 77% reduction in the risk 
of developing an NMOSD relapse when compared to placebo 
in AQP4-Ab seropositive patients after 28 weeks of treatment 
(HR: 0.227; p < 0.0001). 

A similar effect on relapse risk (73% reduction) was ob-
served in the total inebilizumab-treated patient population, 
inclusive of AQP4-Ab seronegative patients, (HR: 0.272; 
p < 0.0001). At 28 weeks, at the end of the randomised-
-controlled period, 89% of AQP4-Ab seropositive patients 
treated with inebilizumab were relapse-free, versus 58% in 
the placebo group. Inebilizumab had also met most of the 
secondary endpoints. Reduction of disability worsening 
measured with EDSS in the inebilizumab-treated patients 
was significantly lower, 15.5%, than in the placebo group 
where it was 33.9%, (p = 0.0049). In inebilizumab-treated 
patients, the reduction in NMOSD-related hospitalisations 
was significantly lower, 5.7% of patients, versus placebo 
14.3% (p = 0.01). In this study, MRI was also used as a se-
condary endpoint and showed a reduction in the frequency 
of cumulative total active MRI lesions in inebilizumab-
-treated patients (45.4% patients) versus placebo (57.1 %) 
(p = 0.0034). Visual acuity, another secondary endpoint, 
did not demonstrate a statistically significant difference 
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between inebilizumab-treated patients and placebo. Ine-
bilizumab demonstrated favourable safety and tolerability 
profiles, with an adverse event rate similar to that of the 
placebo. The rate of infusion-related reactions was low in 
both arms. The rates of serious and/or ≥ Grade 3 severity 
adverse events were similar in the inebilizumab (10.3%) 
and placebo (14.3%) groups. Two deaths occurred in the 
open-label period: one related to a severe NMOSD relapse, 
and the other related to a brain event of unclear aetiology 
without a definite diagnosis.

Based on data from the pivotal N-MOmentum study, the 
FDA has granted Breakthrough Therapy Designation (BTD) 
for the development of inebilizumab for the treatment of 
NMOSD. 

Breakthrough Therapy Designation is designed to expedite 
the development and regulatory review of medicines intended 
to treat a serious condition that have shown encouraging 
early clinical results which may demonstrate substantial im-
provement on a clinically significant endpoint over available 
medicines. 

Future perspectives

The pathogenic role of AQP4-Ab in NMOSD is as-
sociated with the production of AQP4-Ab by peripheral 
plasma cells, which can enter the CNS and bind to AQP4 on 
perivascular astrocytes. This binding initiates activation 
of the terminal complement complex and the induction of 
inflammatory lesion formation. Impaired blood-brain bar-
rier function allows for a massive influx of neutrophils and 
eosinophils into the CNS of NMOSD patients. Neutrophil 
counts are elevated in CSF in about 60% of NMOSD pa-
tients during relapse, and about 20% during remission [50]. 
Eosinophils are also present in the CSF of NMOSD patients. 
Degranulation of these cells and the release of several toxic 
proteins and enzymes provide a direct mechanism of da-
mage to astrocytes, followed by oligodendrocyte injury and 
neuronal death [51]. 

Future NMOSD therapies will need to address the inhibi-
tion of AQP4-Ab and prevention of neutrophils and eosinop-
hils activation leading to CNS infiltration.

In vitro and in vivo studies have demonstrated that AQP4-
-Ab deglycosylation or cleavage reduce the complement-
-dependent cytotoxicity and the antibody-dependent cell-
-mediated cytotoxicity, leading to decreased astrocyte damage 
and reduced development of inflammation [52]. Similarly, IgG-
-degrading enzyme produced by Streptococcus pyogenes efficien-
tly cleaved AQP4-Ab in mice in vivo and greatly reduced lesion 
formation in an experimental mice model of NMOSD [53]. The 
bacteria-derived endoglycosidases may target AQP4-Ab and 
reduce its pathogenicity by inhibition of the AQP4-Ab binding 
to AQP4 and preventing NMOSD pathology. Another strategy 
to inhibit interaction between AQP4-Ab with AQP-4 protein 
involved Aquaporumab which is a synthetic IgG that competes 

with AQP4-Ab for AQP 4 binding [54]. In contrast to patho-
genic AQP4-Ab, the mutated Fcγ portion of Aquaporumab 
does not activate the antibody-dependent complement and 
cell-dependent mediated cytotoxicity. Its competitive inhibi-
tion of AQP4-Ab binding depends also on the greater affinity 
of aquaporumab to the AQP4 protein, compared to that of 
pathological AQP4-Ab. Its efficacy to compete with AQP4-Ab 
binding has already been proven in a preclinical study [55].

The dominant presence of neutrophils in inflammatory 
infiltrates of the CNS, and the proven role of these cells in 
NMOSD lesions formation, points at their inhibition as a new 
strategy of NMOSD treatment. 

This concept was supported by findings that intracerebral 
injection of AQP-4 Ab in neutropenic mice induced less 
inflammation and demyelination than in mice with normal 
neutrophil counts [56]. The potential utility of neutrophil 
protease inhibitors might have particular significance in this 
regard [57]. It has already been shown that Sivelestat, an inhi-
bitor of neutrophil elastase, demonstrated a beneficial effect in 
animal models of NMOSD, as evidenced by reduced NMOSD 
lesion formation [56]. Sivelestat was applied intraperitoneally 
or intracerebrally either alone or in combination with cat-
hepsin G inhibitor. In addition to its inhibition of proteolytic 
activity, Sivelestat also reduced the production of inflamma-
tory cytokines and suppressed neutrophil-induced capillary 
permeability and leukocyte kinetics in other conditions [58].

 Eosinophil infiltration is another prominent feature 
of NMOSD lesions, and eosinophils have been found to be 
elevated in the CSF of NMOSD patients [59]. Accordingly, hy-
poeosinophilic mice showed diminished potential for NMOSD 
development. Eosinophil inhibition, either by anti-IL-5 or 
gene depletion, led to reduced lesion severity in experimental 
models of NMOSD. 

These findings confirm the involvement of eosinophils in 
NMOSD’s pathogenesis, and suggests the therapeutic utility 
of eosinophil-targeted drugs [60]. The inhibition of eosinophil 
degranulation has demonstrated promising results in animal 
models of NMOSD. The histamine H1 receptors antagonists 
have been shown to influence eosinophil activity. Cetirizine, 
a selective antagonist of the H1 receptor, was administered 
orally before and during AQP4-Ab intracerebral injection 
and significantly reduced eosinophil infiltrates and lesion 
formation in mice. These results prompted the testing of 
cetirizine in a pilot, open-label, add-on trial to standard the-
rapy for 16 NMOSD patients. Cetirizine was administered at 
a dose of 10 mg daily. After one year of treatment, ARR was 
reduced fourfold in these patients [61]. Thus, antihistaminic 
drugs affecting eosinophilic function might be beneficial as 
an add-on therapy in NMOSD treatment. 

Another future strategy for NMOSD treatment might 
be associated with an attempt to enhance apoptotic death of 
plasma cells. This strategy might reduce the number of cells 
producing pathogenic AQP4-Ab and demonstrate benefit for 
NMOSD patients. 
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Table 2. Results of primary findings for novel NMOSD treatment

Eculizumab Inebilizumab Satralizumab Tocilizumab 
(SAkuraSky) 
(SakuraStar)

Mechanism of action Anti-C5 Anti-CD19 Anti-IL6-R 
Ab recycling

Anti-IL6-R

Patients, number 143 230 83 
95

118

Status AQP-4 Ab 

– positive 143 212 55 
62

100

– negative 0 18 28 
33

18

Placebo + + + 
+

AZT

Concomitant

Immunosuppression + - + 
-

+/-

Relapse free 96.1% 87.6% 91.5%(AQP+) 91.5%

(96 w) (28 w) 72.1% (AQP+) 
(96 w)

(48 w)

Relapse reduction 93.1% 73% 79% (AQP+) NA

(HR) (0.06) (0.272) 74% (AQP+) 
(0.21)

Disability risk reduction NS 0.371 NA 0.34

(OR) NA

HR — hazard ratio; OR — odds ratio; W — weeks; NS — non significant; NA — not available

Bortezomib is a selective inhibitor of the 26S proteasome 
subunit leading to enhanced cell death. Bortezomib has been 
tested in an open-label study including five NMOSD AQP4-
-Ab-positive patients. All patients were refractory to previous 
therapies, and two of them were resistant to RTX. Four of these 
five patients remained stable or improved within 12 months of 
the study. Patients treated with bortezomib had a lower plasma 
cell count and diminished levels of serum AQP4-Ab [62].

Conclusions

Recent years have witnessed unprecedented progress 
in the understanding and treatment of NMOSD (Tab. 2). 
2019 has been called the Year of NMOSD. The discovery of the 
pathogenic role of AQP4-Ab and anti-MOG Ab has allowed 
the targeting of the basic immune mechanism of this disease. 

The exciting findings of the recent randomised and con-
trolled trials have provided a realistic hope that the era of 
unproved therapies in NMOSD will come to the end. 

The findings from studies with novel drugs targeting 
complement activation, interfering with IL6-R activation 
and depleting antibody-producing plasma cells, should soon 
bring about a new and effective treatment of this devastating 
disease. These results are very welcome for NMOSD patients 
who have been relegated to off-label therapies with uncertain 

benefits for many years. The approval of new therapies for 
NMOSD will undoubtedly prove to be another breakthrough 
in modern neurology.
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Abstract

Introduction. Trigeminal neuralgia (TN) is one of the most common neurological diseases involving the orofacial region. 
It affects mainly the older population, usually after the age of 60, and more commonlywomen. It involves the fifth cra-
nial nerve and manifests as paroxysmal, unilateral, severe, shock-like or knife-like pain of from a second to two minutes’ 
duration. Usually pain attacks arise spontaneously, but they can also be precipitated by triggers such as cold weather, 
brushing teeth or shaving. The ICHD-3 classification divides TN into classical, secondary and idiopathic. Current treat-
ment includes pharmacological and surgical methods. Anticonvulsants, such as carbamazepine and oxcarbazepine, are 
the first line therapy. Microvascular decompression is the most common and most effective way to treat TN surgically. 
However, none of these methods is free from complications. Moreover, 25–50% of patients became refractory to drug 
therapy. Some studies have shown that a new therapy that uses a Botulinum toxin type A can be a safe and effective 
way to treat trigeminal neuralgia.

Methods. Literature from the PubMed base and the Main Medical Library from the last 18 years was analysed. Forty-three items 
were obtained; after verification, seven articles were included.

Aim of the study. To look at current guidelines about treating trigeminal neuralgia with Botulinum Toxin type A in patients who 
are refractory to drug therapy or who do not want to undergo surgical treatment.

Conclusion. BoNT-A therapy is a safe and effective method of treating trigeminal neuralgia.

Key words: trigeminal neuralgia, neuropathic pain, trigeminal nerve, botulinum toxin 

(Neurol Neurochir Pol 2019; 53 (5): 327–334)

Introduction

Trigeminal neuralgia (TN) is one of the most common neu-
rological pains involving the orofacial region. Epidemiological 
studies have shown that approximately 4 to 28.9/100,000 persons 
worldwide experience TN. It affects mainly the older population, 
usually after the age of 60, and is more common in women than 
in men [1, 2]. It involves the fifth cranial nerve and manifests 
as paroxysmal, unilateral, severe, shock-like or knife-like pain 
lasting between a second and two minutes. Usually pain attacks 
arise spontaneously, but they can also be precipitated by triggers 
such as cold weather, brushing teeth or shaving [3].

IHS Classification ICHD-3 divides TN into classical, 
secondary and idiopathic. 

There are two types of classical TN: purely paroxysmal 
(without persistent background facial pain); and with con-
comitant continuous pain (with persistent background facial 
pain). Classical TN is mainly caused by vascular compression. 

The classification distinguishes three types of secondary 
TN: TN attributed to multiple sclerosis, TN attributed to 
a space-occupying lesion (e.g. brain tumour) and TN attribu-
ted to a cause other than those described above. 

Idiopathic TN divides in two: purely paroxysmal and TN 
with concomitant continuous pain [4, 5]
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the study was to estimate the degree of pain relief, which was 
based on the visual analogue scale (VAS), plus the frequency 
of pain attacks per day. Patients with a ≥ 50% reduction in 
mean VAS score at the endpoint of the study were considered 
to be responders. Out of 42 patients, 21 and 19 patients from 
the BoNT-A and placebo groups, respectively, completed the 
study. Fifteen (68.18%) patients from the BoNT-A group and 
three (15.00%) from the placebo group responded to treat-
ment. Moreover, 17 (77.27%) patients from the BoNT-A and 
four (20.00%) patients from the placebo group reported 
a significant or very significant improvement in symptoms. 
Attack frequency was also reduced in the BoNT-A patients. All 
of these differences were found to be statistically significant. 
The authors concluded that Botulinum toxin type-A may be 
a novel, safe and efficient strategy for trigeminal neuralgia 
treatment.

Zúñiga et al. [17] treated 36 patients with a subcutaneous 
injections that contained 1 ml of 0.9% saline or 50 U of BO-
TOX, depending on the group of patients. Cases with third 
branch of involved also received either 10 U of BOTOX or pla-
cebo into the masseter muscle. This randomised, double-blind, 
placebo-controlled study was performed to evaluate the tole-
rability, safety and efficacy of BoNT-A treatment in classical 
TN. Patients were assigned to two groups, 20 of them to receive 
BOTOX, and 16 to receive a placebo. Drugs were administered 
in various sites, 1 cm apart from one another, according to the 
path of the involved branch. This was always performed by 
the same physician using the same technique. The aim of the 
study was to evaluate the reduction in pain severity and attack 
frequency. Pain was assessed with the visual analogue scale 
(VAS). All patients completed the study. The initial mean VAS 
scores was 8.85 and 8.19 for BoNT-A and placebo patients, 
respectively. One month after intervention, the differences in 
mean VAS values in both groups were compared, and reported 
as nonsignificant (VAS 5.05 vs 6.06 in BoNT-A and placebo 
group, respectively). A significant decrease in the number of 
paroxysms was observed among the patients treated with BO-
TOX. Two months after the injections, a significant reduction 
in mean VAS scores in the BoNT-A group was observed and 
this was maintained until the end of the three-month follow-
-up period. At the endpoint of the study, the mean VAS score 
for patients treated with BOTOX was 4.75, and 6.94 for those 
treated with a placebo. Also, the frequency of attacks was sig-
nificantly lower than at the beginning in the BoNT-A group 
(29.1 vs 7.1 paroxysms per day). These results were statistically 
significant. The authors concluded that Botulinum toxin type 
A is useful in acute treatment of classical TN, and when added 
to current drug therapy may cause a significant decrease in 
pain expression. Eighteen patients completed the study.

Shehata et al. [18] carried out a randomised, double-blind, 
placebo-controlled study.  They treated 20 patients with intrac-
table idiopathic TN, which was defined as a failure to achieve 
50% reduction in pain intensity (quantified by VAS) and/or pa-
roxysm frequency during the previous three months. The aim 

TN can be treated pharmacologically and non-phar-
macologically. Anticonvulsants such as carbamazepine and 
oxcarbazepine are the first-line therapy in patients with tri-
geminal neuralgia. Unfortunately, about 25–50% of patients 
become refractory to drug therapy and require higher doses 
during the therapy. Also, the risk of side effects increases with 
prolonged use. Patients who are refractory to drugs or who 
do not tolerate side effects may undergo surgical procedures, 
i.e. microvascular decompression, gamma-knife radiosurgery, 
partial sensory rhizotomy, and percutaneous radiofrequency 
thermocoagulation, which comprise the second-line therapy 
in TN. But all of these surgical methods are associated with 
multiple postoperative complications [6, 7]

Some studies have shown that there is a new therapy 
that uses a Botulinum toxin type A (BTX-A or BoNT-A), 
a natural neurotoxin derived from the bacterium Clostridium 
botulinum [8, 9]. It inhibits the release of acetylcholine at 
neuromuscular junctions, causing relaxation of the muscle as 
well as pain-modulating neurotransmitters, which is why it 
has been studied for its effectiveness in treating neuropathic 
pain [10]. BTX-A is commonly used in cosmetic surgery, and 
in recent years also in medicine to manage conditions such 
as blepharospasm, hemifacial spasm, chronic migraine, post-
-stroke spasticity and many other types of headache [11–15].

The present review was undertaken to give an overview of 
the available evidence that BoNT-A has a therapeutic effect 
on TN.

Methods

The literature from the PubMed base and the Main Me-
dical Library from the last 18 years was analysed. Key words 
included: trigeminal neuralgia, botulinum toxin, neuropathic 
pain, and trigeminal nerve. Forty-three items were obtained; 
after verification, seven articles were reviewed with attention 
to the efficacy and safety of Botulinum toxin Type A therapy in 
trigeminal neuralgia. The works were set out in a tabular form 
considering the number of patients and the BoNT-A therapy 
used to reduce the pain in TN patients: this is Table 1. Different 
types of toxin which were used in the evaluated studies are 
set out in Table 2.

Results

Wu et al. [16] performed a randomised, double-blind, 
placebo-controlled study to investigate the efficacy, safety 
and tolerability of BoNT-A in the treatment of trigeminal 
neuralgia. A total of 42 patients were randomly divided into 
two groups: 22 in the BoNT-A group and 20 in the placebo 
group. They were followed-up over 12 weeks. Intradermal 
and/or submucosal injections were performed along the area 
of pain distribution. A total of 75 U of BoNT-A were given 
into 15 injection sites. Similarly, patients from the placebo 
group received an equal volume of 0.9% saline. The object of 
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Table 2. Types of botulinum toxin

Author, title, country, year Type of botulinum toxin Dilution

Wu et al., 
Botulinum Toxin Type A for the 
treatment [...]; 
China, 2012

HengLi®  
(Onabotulinumtoxin type A); 
100 U of Clostridium botulinum type A neurotoxin complex, 5mg gelatin, 25mg 
dextran, and 25mg saccharose (Lanzhou Biological Products Institute, China)

100 U of BoNT-A in 2 ml 0.9% 
saline

Zủñiga et al.,  
Acute Treatment [...]; 
Argentina, 2013

BOTOX®  
(Onabotulinumtoxin type A)

100 U of BoNT-A in 2 ml 0.9% 
saline

Shehata et al., 
Botulinum Toxin-Type A [...]; 
Egypt, 2013

BOTOX®  

(Onabotulinumtoxin type A)
100 U of BoNT-A in 2 ml 0.9% 
saline

Li et al., 
Therapeutic effect of Botulinum 
toxin-type [...]; 
China, 2014

HengLi®  
(Onabotulinumtoxin type A); 
100 U of Clostridium botulinum type A neurotoxin complex, 5mg gelatin, 25mg 
dextran, and 25mg saccharose (Lanzhou Biological Products Institute, China)

100 U of BoNT-A in 2 ml 0.9% 
saline

Zhang et al., 
Two doses of botulinum [...]; 
China, 2014

HengLi®  
(Onabotulinumtoxin type A); 
100 U of Clostridium botulinum type A neurotoxin complex, 5mg gelatin, 25mg 
dextran, and 25mg saccharose (Lanzhou Biological Products Institute, China)

Depending on group: 
25 U of BoNT-A in 1 ml 0.9% 
saline 
or 
75 U of BoNT-A in 1 ml 0.9% 
saline

Zhang et al., 
Single-dose Botulinum Toxin Type 
A [...]; 
China, 2017

HengLi®  
(Onabotulinumtoxin type A); 
100 U of Clostridium botulinum type A neurotoxin complex, 5mg gelatin, 25mg 
dextran, and 25mg saccharose (Lanzhou Biological Products Institute, China)

100 U of BoNT-A in 2 ml 0.9% 
saline

Liu et al., 
Efficacy and Safety of Botulinum 
Toxin [...]; 
China, 2018

HengLi®  
(Onabotulinumtoxin type A); 
100 U of Clostridium botulinum type A neurotoxin complex, 5mg gelatin, 25mg 
dextran, and 25mg saccharose (Lanzhou Biological Products Institute, China)

100 U of BoNT-A in 4 ml 0.9% 
saline

of the study was to evaluate the efficacy, safety and tolerability 
of BoNT-A in patients who were refractory to first-line drug 
therapy. Patients were randomised into either the BoNT-A or 
the placebo group, 10 subjects in each group. Subcutaneous 
injections were performed using the ‘follow the pain’ method. 
Also, botulinum toxin was injected into the posterior part of 
the masseter muscle if the mandibular root of the trigeminal 
nerve was affected. Each injection site received 5 U of BoNT-
-A. The overall doses ranged from 40 U to 60 U (mean ± SD 
of 48 ± 5.87 U). All of the patients completed the 12-week 
study period. Significant reductions in both efficacy measures, 
i.e. pain VAS scores and attack frequency, were observed in 
week 2 and were maintained over the follow-up period. At the 
endpoint, mean VAS scores were decreased by 6.5 and 0.3 for 
BoNT-A and placebo, respectively. The authors concluded that 
subcutaneous BoNT-A injections can be an effective treatment 
option in cases with intractable TN.

Several studies were evaluated for the purpose of assessing 
the efficacy of different doses and methods in botulinum toxin 
type A therapy. Li et al. [19] performed a study to investigate 
the long-term effects and safety of BoNT-A in TN treatment. 
Eighty-eight subjects with one-branch classical TN were in-
cluded. Patients were asked to report the expression of pain 
(measured by VAS) and attack frequency. A patient’s overall 
response to treatment was evaluated over the course of 
a 14-month follow-up period. The main goal of the study was 

to estimate the influence of different doses on the therapeutic 
effect of BoNT-A. Injections were given in the trigger areas at 
15–20 points (0.5 cm depth, 15 mm separation, 2.5–5 U per 
point). Forty-three cases received ≤ 50 U, 32 cases received 
from 50 U to 100 U, and 13 cases received ≥ 100 U of BoNT-A. 
Minimal and maximal doses were 25 U and 170 U, respectively. 
All 88 patients showed an improvement in symptoms within 
two weeks. At two months, the percentage of patients in whom 
treatment was effective had reached 100%. After three months, 
the effectiveness of BoNT-A therapy decreased gradually. The 
authors concluded that there were no significant differences 
in effectiveness of treatment or attack frequency between the 
different dose groups at identical time points between oneand 
14 months. Moreover, the maintenance of therapeutic effect 
was not related to different dosages, but was related to the 
reduction of VAS score after the first set of injections.

Zhang et al. [20] included 84 patients into a randomised, 
double-blind, placebo-controlled study to assess the efficacy 
and safety of two different doses of BoNT-A in TN therapy. All 
patients suffered from classical TN. Patients were randomly 
divided into three groups: placebo (n = 28), BoNT-A25U (n = 
27), and BoNT-A75U (n = 29), and were followed-up during 
an 8-week period. Patients received placebo or BoNT-A via 
intradermal and/or submucosal injections, which were guided 
by the individual patient’s experience of pain. These doses were 
injected into 20 sites. The purpose of the study was to define 
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an effective dose of BoNT-A. Pain severity, attack frequency, 
overall response to treatment, and proportion of responders (≥ 
50% reduction in mean pain score from baseline to endpoint) 
were assessed during the study. 32.1% of patients from the 
placebo group, 70.4% of patients from the BoNT-A25U group, 
and 86.2% of patients from the BoNT-A75U group responded 
to treatment. The VAS scores in the BoNT-A patients reduced 
significantly one week after the first injections, and were main-
tained until the end of the study. Pain symptoms vere much or 
very much improved in 66.7% and 75.9% of patients from the 
25 U and the 75 U group, respectively. Only 32.1% of patients 
who received the placebo reported the same improvement as 
in the BoNT-A groups. These results showed that both doses 
were effective in TN treatment, but there were no significant 
differences between the groups. Thus, the authors concluded 
that 25 U and 75 U doses are similar in efficacy over a short 
period of time.

Zhang et al. [21] compared two different methods of 
BoNT-A  administration: single-dose and repeated-dose 
therapy. They conducted a open-label trial which included 
100 patients with classical TN. Fifty patients received an in-
tradermal and/or a submucosal single injection of 70–100 U of 
BoNT-A at the site of pain. The other 50 patients received 
two sets of injections using the aforesaid method. The initial 
injection contained 50–70 U of BoNT-A. Two weeks later, 
another set of injections was given with an equal volume 
of BoNT-A. The drug was given in 15–25 sites, with 0.1 cm 
depth and 15 mm separation between sites. Each point recei-
ved 1.25–5 U of BoNT-A. Every patient was interviewed for 
severity of pain (VAS score) and rate of TN occurrence. After 
a 6-month follow-up, 44 patients from the single-dose group 
and 37 patients from the repeated-dose group completed the 
study. Mean VAS scores at the baseline and the endpoint for 
the single-dose method were 8.26 ± 1.68 and 3.02 ± 3.29, re-
spectively. In the repeated-dose method, mean VAS score at the 
baseline was 7.98 ± 1.60, which had decreased by the endpoint 
to 4.32 ± 3.61. In both groups, VAS scores and drug response 
rates were not significantly different. However, the duration of 
efficacy in those patients who underwent single-dose therapy 
was significantly longer than that of the repeated-dose patients. 
The authors conluded that repeated dosing has no advantage 
over single dosing of BoNT-A, and that single dosing may be 
the best choice in TN therapy. Multiple injections should be 
considered for patients who respond poorly to the first set 
of injections. Dosing should be adjusted for the individual 
patient.

A new study, which assessed the efficacy and safety of 
BoNT-A for treating idiopathic TN in patients ≥ 80 y.o., ap-
peared last year. Liu et al. [22] selected 43 patients who were 
divided into two groups: ≥80 years old (n = 14) and < 60 ye-
ars old (n = 29). Prior to treatment, the median pain scores 
(measured by VAS) in both older and younger patients were 
8.5 and 8.0, respectively. BoNT-A was given in similar doses in 
all groups. Total doses ranged from 30 U to 200 U (mean ± SD 

of 71.80 ± 33.14 U) and from 45 U to 150 U (91.30 ± 25.64 U) 
in the < 60 y.o. and the ≥ 80 y.o. patients, respectively. One 
month after treatment, median VAS scores in older (4.5) and 
younger (4.0) were significantly lower than the corresponding 
baseline values. The authors proved that BoNT-A injections 
are an effective and safe therapy for idiopathic TN in elderly 
patients at doses similar to those used in younger patients.

The use of BoNT-a in the treatment of TN is confirmed not 
only by the abovementioned studies, but also by many other 
publications that were not included in our review.

Discussion

TN is characterised by episodes of spontaneous pain or 
a triggered intense facial pain that lasts for a short duration 
[23]. According to the current guidelines of the American 
Academy of Neurology and the European Federation of Neu-
rological Societies (AAN-EFNS), carbamazepine (CBZ) and 
oxcarbazepine are recommended as first-line drugs for treating 
patients with trigeminal neuralgia. Drugs such as baclofen, 
lamotrigine, phenytoin, topiramate and pimozide may also be 
considered [24]. However, high dosages and the long-term use 
of CBZ are not free from complications. These mainly take the 
form of eliciting drowsiness, dizziness, diplopia, leukopenia, 
hyponatremia and disturbances of the vitamin D metabolism 
[25]. The most common adverse effects of oxcarbazepine are 
usually related to the central nervous system and digestive sy-
stem, including fatigue, drowsiness, diplopia, dizziness, nausea, 
vomiting and rashes [26]. If the pharmacological treatment 
fails, there are surgical options that can alleviate the pain in 
TN, e.g. microvascular decompression, percutaneous radiofre-
quency rhizotomy, percutaneous glycerol rhizotomy, balloon 
compression and gamma knife radiosurgery. Microvascular 
decompression is the most effective treatment for classical 
TN: it may provide initial pain control in the range of 80.3% 
to 96.0%. However, this procedure is not as safe as it might 
seem to be. The most common postoperative complications 
are an up to 22% rate of trigeminal nerve deficit, less than 11% 
of facial weakness, about 7% of hearing loss, and sometimes 
aseptic meningitis, cerebrospinal fluid leakage and anaesthesia 
dolorosa [27]. Based on the this knowledge, it is safe to say that 
there is a need to find a new treatment for TN patients. 

The use of BTX-A in trigeminal neuralgia was first repor-
ted in 2002 by Michaeli et al. who successfully treated a patient 
with a hemifacial spasm associated with TN [28]. The main 
action of BoNT-A is to inhibit the release of acetylcholine 
at the neuromuscular junction. The mechanism of potential 
analgesic effect of BoNT-A is still unclear. It can inhibit the 
peripheral sensitisation of nociceptive fibres, hence reducing 
central sensitisation by inhibiting the release of glutamate 
and substance P. Moreover, BTX-A significantly reduces the 
high expression of TRPA1, TRPV1 and TRPV2 in the spi-
nal trigeminal nucleus, what can directly modulate central 
sensitisation and exerts an antinociceptive function [29, 30]. 
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A new study performed by Yang et al. revealed that the antino-
ciceptive effects of BoNT-A are connected with the inhibition 
of upregulated Nav isoform 1.7 in Gasserian ganglion [31]. 
More research needs to be done to thoroughly understand 
how BoNT-A relieves the pain in TN.

The studies included in our review promote the use of 
BoNT-A. This topic enjoys great interest in China, and there-
fore most of the articles chosen for this review are publications 
from that particular country. However, it should be noted 
that attempts to treat trigeminal neuralgia with BoNT-A have 
also been undertaken in other countries, e.g. Norway, USA, 
Germany, Iran and Malaysia [32–37].

The percentage of patients who have responded to tre-
atment has ranged from 68% to as much as 100%. Attack 
frequency and pain severity were predominantly reduced one 
week and two weeks after injections, respectively. Treatment 
was effective for about 3-6 months. The most commonly used 
injection method was multiple intradermal and/or subcuta-
neous injections in the painful area. However, other methods, 
such as injections into the masseter muscle or injections above 
and below the zygomatic arch, should also be considered 
[38–40]. Doses of BoNT-A have been determined empirically 
and ranged from 25U to 200 U. In addition, this therapy is not 
free from complications. All of the reported adverse reactions 
(e.g. facial asymmetry, oedema, pain, haematoma) were mild 
and transient.

Despite the above-mentioned information, which 
highlights the positive effect of BoNT-A  treatment, a  few 
points need to be discussed. 

The first question is the duration of patient follow-up. Wu 
et al., Zúñiga et al. and Zhang et al. performed studies with 
follow-ups of eight or 12 weeks or three months. Such periods 
are too short to assess the long-term effects of BoNT-A in TN, 
especially in those studies that set out to compare the effects 
of different doses. Long-term trials are needed to correctly 
evaluate whether a high dose of BoNT-A has any advantages 
over lower doses.

Secondly, was the baseline therapy kept unchanged after 
BoNT-A  treatment? There was no information about the 
anticonvulsants that patients received after injections. In ad-
dition, each patient took different doses or medications before 
and during BoNT-A therapy, what may have played a role in 
reducing the primary endpoints, such as pain severity and 
attack frequency. What is more, Li et al. did not provide any 
information about the medicines their patients were taking. 
In Wu et al.’s trial, one patient changed his medications during 
the BoNT-A therapy. We suggest that doses and medications 
should be uniform so as to clearly assess the efficacy of a new 
treatment strategy.

Another problem is that follow-up visits have been carried 
out by some authors for much longer than one week. Liu et 
al. and Zuniga et al. estimated patient response to treatment 
every one or three months after BoNT-A administration, 
respectively. Such a long period of time made it impossible to 

detect the early disappearance of pain and any reduction in 
the number of paroxysms per day.

In the study performed by Shehata et al., the blind phase 
was not maintained after the first follow-up visit. Despite 
the correct method of randomisation and blinding, facial 
asymmetry occurred in some patients and led to failure in the 
blinded phase. For these reasons, the investigator’s impressions 
could be biased.

Liu et al. included only 14 patients aged 80 or older. For 
comparison, a group with patients younger than 60 years old 
compared 29 cases. This number of patients is not sufficient 
to evaluate whether older patients can receive the same doses 
as younger ones. A study with more elderly patients is needed.

Finally, Zakrzewska JM [41] reported that Wu et al.’s study 
is not a high-quality evidence of BoNT-A’s effectiveness in 
trigeminal neuralgia therapy. This is mainly because of too 
little information being provided about the blinding phase and 
insufficient measures regarding selection, which can capture 
all aspects of pain experience.

Conclusions

To conclude, this review suggested that Botulinum toxin 
Type A injections are a safe and effective treatment option for 
patients with trigeminal neuralgia, and may be offered before 
surgery or for those unwilling to undergo surgery or where 
drug treatment has failed. Despite the possibility of occurrence 
of transient and mild adverse reactions, it represents a propi-
tious risk-to-benefit ratio. However, future studies are necessa-
ry to determine the optimal dosages and injection schemes for 
BoNT-A treatment, the duration of therapeutic efficacy, and 
indications as to when repeated injections are needed.

Ethical approval was not necessary for the preparation of this 
article.
Funding: none.
Competing interests: none declared.
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ABSTRACT

Clinical rationale for the study. Gilles de la Tourette syndrome (GTS) is a childhood onset disorder characterised by motor and 
vocal tics. Different types of motor tics may occur in GTS, including dystonic tics (DTs). Although DTs have been recognised as 
part of GTS symptomatology, little is known about their risk factors or about how often and at what age they appear in affected 
individuals. 

Aim of the study. The aim of our study was to investigate lifetime prevalence and clinical correlations of DTs in a Polish cohort 
of GTS patients.

Material and methods. We performed a prospective, one-registration study in a cohort of 207 consecutive ambulatory patients 
(mean age: 16.5 ± 9.4 years, 131 children, 162 males) with GTS. Duration of GTS was 9.0 ± 8.0 years (range: 1–39 years). DTs were 
diagnosed during the interview. DTs were defined as slower and lasting longer than typical clonic tics, abnormal dystonia-like 
movements that led to a sustained, but not fixed, posture. 

Results. DTs occurred at some point in the lifetime of 73.9% (n = 153) of patients. The prevalence of DTs in adults and children 
was almost the same (p = 0.963). Age at onset of DTs was 9.9 ± 5.2 years with the most frequent onset in children (7–11 years, 
74.4%, n = 64), followed by adolescence (12–18 years; 17.4%, n = 15) and adulthood (≥ 18 years, 8.1%, n = 7). DTs occurred 3.7 ± 
4.2 years after tic onset. On average, patients suffered from 1.8 ± 1.7 types of DTs. The most frequent manifestations of DTs were: 
eyes (tightening resembling blepharospasm 84.3%, n = 129 and oculogyric crisis 45.8%, n = 70), trunk (dystonic postures 59.5%, 
n = 91), jaw (bruxism 34.6%, n = 53), neck (30.7%, n = 47), upper limb (26.1%, n = 40), and foot (20.9%, n = 32). Multivariate logistic 
regression analysis showed significant associations of DTs with the total number of simple, and the total number of complex, tics.

Conclusions and clinical implications. DTs are early and frequent symptoms of GTS. They tend to localise in the facial area. DTs 
occur more frequently in individuals with a higher number of tics and probably add to the global impairment caused by tics.

Key words: Gilles de la Tourette syndrome, dystonic tics, simple tics, complex tics, dystonia

(Neurol Neurochir Pol 2019; 53 (5): 335–340)

Introduction

Gilles de la Tourette syndrome (GTS) is a childhood onset 
disorder characterised by motor and vocal tics. In up to 90% of 
patients, psychiatric comorbidities also occur. Different types 
of motor tics have been recognised as part of GTS symptomato-
logy. Tics are generally brief. They can be categorised as clonic 
(less than 100 ms) or dystonic and tonic (more than 300 ms). 
Dystonic tics (DTs) are less common than clonic tics and are 

characterised by a repetitively abnormal posture similar to 
dystonia (e.g. torticollis). In tonic tics, there is a relatively long 
duration of contraction (in e.g. tension of abdominal muscles) 
but without exhibiting any abnormal postures.

DTs are known as a part of GTS symptomatology [1], 
but studies dedicated exclusively to DTs in GTS are scarce. 
Two reports describing this phenomenon were published by 
Jankovic and Stone in 1991 [2] and 1994 [3]. In the first study, 
156 GTS patients were included and 57% of them had DTs. 
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The authors examined the patients not only clinically but in 
some cases, when DTs were present at the time of examination, 
they also used surface electromyography (EMG). The group 
was divided into two subgroups i.e. only clonic tics, and both 
clonic and dystonic tics. The patients with DTs had more head 
trauma, were suffering more frequently from attention deficit 
hyperactivity disorder (ADHD), and had more relatives who 
had tics. The next study dedicated to DTs was published by 
Jankovic in 1994 and focused on the treatment of DTs with 
botulin toxin. However, this study included just 10 patients, 
five with DTs that involved the eyes and five involving the 
neck muscles. This study focused merely on the effectiveness 
of botulin toxin. 

A slightly different entity was described recently by Erro 
et al. [4]. They presented 11 patients with adult-onset primary 
DTs, which seems to be an intermediate disorder between tics 
and dystonia because it bears some characteristics of tics (loca-
lisation) and some of dystonia (sensory gestures, progression 
to dystonia in one case). 

Finally, there have been two publications regarding co-
-existing tics and dystonia [5, 6]. Stone and Jankovic [5] de-
scribed nine patients who developed dystonia additionally to 
their vocal and motor tics. Importantly, these patients were not 
treated with neuroleptics to exclude possible tardive dystonia. 
However, the authors underlined that the co-existence of both 
diseases could be mere chance due to the very small sample. 
Twenty years later, in 2011, Damásio et al. [6] analysed a group 
of 224 patients with tics; 20 of them developed dystonia. The 
group with dystonia was clearly distinguished from the patients 
without it, and the authors characterised the syndrome of 
a primary condition of tics associated with persistent focal/
segmental dystonia. The subjects with dystonia had later age of 
onset, lesser severity of tics, and lower frequency of associated 
features such as depression, obsessive compulsive symptoms 
(OCS) and ADHD.

Clinical rationale for the study

Although DTs have been recognised as part of GTS 
symptomatology, nonetheless little is still known about how 
often and at what age they appear in affected individuals, or 
if their occurrence is related to any clinical factors. Moreover, 
previous reports were only based on very small samples. Our 
study aimed to answer all of the above questions and confirm 
previous findings in a larger group of patients.

Material and methods

Study participants
Our cohort of GTS cases comprised 207 consecutive am-

bulatory patients aged 5–50 years (mean age: 16.5 ± 9.4 years; 
162 males). The subjects were evaluated from 2013 to 2018. 
131 children (62.6%, mean age: 10.4 ± 3.1 years), and 76 adults 
(mean age: 27.2 ± 7.4 years) were enrolled. The mean age at tic 

onset was 6.4 ± 2.7 years. Duration of GTS was 4.9 ± 3.0 years 
(range: 0–13) in children and 18.3 ± 7.3 years (range: 6–39) 
in adults. 167 (80.7 %) patients had at least one psychiatric 
co-morbidity. To assess current tic severity, we used the Yale 
Global Tic Severity Scale (YGTSS) [7, 8]. The worst lifetime 
tic severity was investigated and each patient was asked to 
determine whether their peak tic severity was mild, moderate, 
or severe. The total number of tics was measured using the 
YGTSS: for each simple or complex vocal and motor tic, the 
patient received one point. The patients were evaluated for 
the clinical diagnosis of GTS and co-morbid mental disorders 
according to the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-IV-TR). We questioned in order to deter-
mine different types of tics experienced by patients. OCS was 
diagnosed if obsessions and compulsions were egosyntonic, 
as opposed to egodystonic symptoms which characterise 
obssesive-compulsive disorder (OCD). The diagnosis of co-
-morbid mental disorders was also established on the basis 
of earlier psychiatric examinations that had been performed 
before the patient had been evaluated. This allowed us to 
address psychiatric disorders that are usually diagnosed in 
childhood (e.g. ADHD or oppositional defiant disorder) and 
also those for which symptoms were not yet present in adult 
patients at the time of examination. However, this applied only 
to a few subjects. We counted the total number of psychiatric 
disorders for each patient (defined according to DSM-IV-TR, 
the following disorders: ADHD, OCD, depression, anxiety 
disorder, conduct disorder, oppositional defiant disorder, per-
vasive developmental disorder, and learning disorder). Only 
the mental diseases classified in DSM were added to the total 
number of psychiatric disorders. All the patients were referred 
to neurologists experienced in movement disorders and were 
personally interviewed by the author of the study (PJ). The 
study was designed as a one-time registration study, and no 
new clinical data obtained on follow-up visits was included 
in the analysis. 

The collection of clinical data from patients with GTS was 
approved by the Ethics Committee of the Medical University 
of Warsaw (KB/2/2007).  

Definition and differentiation of DTs
DTs were defined as sustained contractions of muscles that 

led to abnormal, short-lasting, unfixed postures. We explained 
to the patients the differences between jerk-like movements 
(clonic tics) and slower and sustained DTs to facilitate the 
differentiation between those two movements. DTs were 
mainly differentiated into clonic tics, dystonia and tonic tics. 
As described by Jankovic [9], clonic tics are brief and jerk-
-like, involve only a single muscle or a group of muscles, and 
last less than 100 ms. Tonic tics consist of isometric muscle 
tension, which is typically brief tension of abdominal or limb 
muscles that lasts more than 300 ms. Finally, dystonia is ab-
normal posturing that ends in fixation, cannot be controlled 
voluntarily, and sometimes resolves after some gestures (gestes 
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antagonistes). Patients and/or their caregivers were asked by 
the interviewer whether they had experienced such symptoms 
in the past or were experiencing them currently. We defined 
DTs as a current symptom when it had been present during 
the previous seven days, analogically to tic evaluation accor-
ding to the YGTSS. In some cases, DTs were also witnessed 
at the time of examination or the diagnosis was supported by 
a video recording that had been provided by the subject or 
her/his family, or was recorded during the clinical evaluation. 
We additionally collected information about the anatomical 
region affected by DTs, and showed the patients examples of 
characteristic movements localised in each region (e.g. strong 
contraction of eyelid muscles resembling blepharospasm, 
slow head turning toward the arm similar to torticollis). As 
indicated by Ella et al. [10] and following Jankovic and Stone 
[2], we used the term ‘bruxism’ to describe DTs involving the 
mandibular region. 

Statistical analysis
The statistical analyses were performed using STATISTICA 

ver 13.1 and SPSS ver 25 software. Normality of distribution 
was assessed using the Shapiro-Wilk test. For parametric va-
riables, data was presented as arithmetic means and standard 
deviations (mean ± SD). For non-parametric variables, data 
was presented as median and quartiles (25; 75). Categorical 
variables were presented as frequencies (percentages). The 
parametric data was compared by an independent t-test and 
the nonparametric data by the Mann-Whitney U-test, as 
appropriate, and the categorical data was compared by the 
Fisher’s exact test (two-sided).

In both analyses, comparisons between groups were con-
sidered significantly different when a two-tailed test was p < 
0.05. All variables that were significant in the primary analyses 
were entered into a logistic regression analysis in order to 
determine risk factors for DTs in GTS patients. In addition, 
gender and age were entered into the multivariate model as 
control variables.

Results

DTs occurred at some point in the lifetime of 73.9% (n 
= 153) of patients, in 57 adults and 96 children. In 41.2% of 
patients (n = 63), DTs had only been present in the past and 
not at the time of evaluation. The prevalence of DTs in adults 
and children was almost the same (p = 0.963, 75%, n = 57 vs. 
73.2%, n = 96, respectively). Age at onset of DTs was known 
only in 57% (n = 86) of patients, with the most frequent onset 
in children (7–11 years, 74.4%, n = 64), followed by adolescen-
ce (12–18 years; 17.4%, n = 15) and adulthood (≥ 18 years, 
8.1%, n = 7). The age of onset was known in 23 adults (23/57, 
40.4%) and in 63 children (63/96, 65.6%). Mean age of DTs 
onset was 9.9 ± 5.2 years compared to 6.4 ± 2.8 years for GTS 
onset. On average, patients suffered from 1.8 ± 1.7 types of DTs. 
The most frequent localisations of DTs were: eyes (tightening 

resembling blepharospasm 84.3%, n = 129 and oculogyric 
crisis 45.8%, n = 70), trunk (dystonic postures 59.5%, n = 91), 
jaw (bruxism 34.6%, n = 53), neck (30.7%, n = 47), upper limb 
(26.1%, n = 40), and foot (20.9%, n = 32). 

In univariate analyses, patients with DTs suffered from 
more severe tics, had more simple and complex tics, and 
more psychiatric comorbidities (ADHD, OCD, depression, 
anxiety disorder, conduct disorder, pervasive developmental 
disorder, oppositional defiant disorder, and learning disor-
der). Multivariate logistic regression analysis showed only 
significant associations of DTs with total number of simple 
and total number of complex tics. The results of univariate 
und multivariate analysis are shown in Table 1. 

Discussion

Our study is one of the very few to have reported about DTs 
in GTS. Previous reports date back to the 1990s and include 
smaller study samples. In our sample, DTs were found in the 
majority of patients (73.9%), they started mainly in childhood 
and adolescence, were located in the face, and correlated with 
the total number of tics. 

In the publication by Jankovic and Stone from 1991 [2], 
the prevalence of DTs was lower than in our group. This could 
be related to a different methodology. Jankovic and Stone used 
additionally EMG in some cases to determine the exact dura-
tion of the tic. Clonic tics last less than 100 ms while dystonic 
last more than 300 ms. However, they used this measurement 
only in some patients and did not report whether the amount 
of patients with DTs had changed after using surface EMG. 
We can only suspect that the amount of patients categorised 
as DTs+ in our sample could be liable to change if one were to 
apply surface EMG. Moreover, Jankovic and Stone used DSM 
III criteria to diagnose GTS and their sample was smaller 
than ours (156 vs. 207). In the study by Jankovic and Stone 
the patients with DTs had more ADHD and head trauma. In 
our sample, univariate analysis showed that patients with DTs 
were more affected by tics as well as having more psychiatric 
comorbidities, but multivariate regression confirmed only 
a relationship with the number of motor and vocal tics. 

The age at onset was known in only 57% of patients. 
Unsurprisingly, it was better known in children (65.6%) than 
in adults (40.4%). This could be related to the fact that usually 
DTs start in childhood or adolescence and that therefore some 
adults could not recall when DTs had started due to the long 
interval between the onset of DTs and the clinical evaluation. 
Additionally, in children with DTs, the medical history was 
always supported by information given by at least one parent. 

Although we did not use objective measurements to assess 
impairment due to tics, we believe that DTs may add to global 
impairment, which was confirmed by correlating with the 
YGTSS. We speculate that also a correlation between the total 
number of tics and lifetime peak tic severity indicates that 
such patients have more tics and, in consequence, this can also 
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Table 1. Characteristics and associations of DTs

General comparison between DTs+ and DTs- groups

Variable

                        GTS patients 
                           (n = 203)

Patients with DTs 
(n = 153)

Patients without DTs 
(n = 54)

p

Age at evaluation [years] 
[median] (IQR)

14 (9–22) 11 (9–23) 0.60

Gender (male/female) 124/29 38/16 0.102

YGTSS [median] (IQR) 50 (31–65) 35 (21–49) 0.0004

Total number of simple tics [mean ± SD] 13.73 ± 4.76 9.36 ± 3.92 0.000

Total number of complex tics [median] (IQR) 8 (5–13) 3 (1–6) 0.000

Number of mental disorders [median] (IQR) 2 (1–3) 1 (0–2) 0.002

Medication for tics [at evaluation] n = 67 (43.8%) n = 21 (38.9%) 0.531

Peak tic severity [median] (IQR) 2 (2–3) 2 (1–2) 0.000

Family history of tics or GTS n = 35 (22.9%) n = 13 (24.1%) 0.934

Family history of OCD or OCS n = 52 (34.0%) n = 15 (27.8%) 0.276

Logistic regression model

                                                      Multivariate 
                                                         Analysis

Variable OR (95% CI) p

Age 1.019 (0.972–1.068) 0.429

Gender 0.755 (0.315–1.813) 0.529

Peak tic severity 1.509 (0.716–3.180) 0.279

YGTSS 0.974 (0.907–1.046) 0.472

Total number of simple tics 1.174 (1.042–1.323) 0.008

Total number of complex tics 1.248 (1.082–1.440) 0.002

Number of mental disorders 0.854 (0.629–1.160) 0.312

n — number of patients; IQR — interquartile range; SD — standard deviation; OR — odds ratio; CI — confidence interval; DTs — dystonic tics; GTS — Gilles de la Tourette Syndrome; YGTSS — Yale Global Tic 
Severity Scale; OCD — obsessive-compulsive disorder; OCS — obsessive-compulsive symptoms; p — DTs+ vs. DTs-; p value < 0.05 are shown in bold. For non-parametric variables, data is presented as median 
and interquartile range. Categorical variables are presented as frequencies (percentages)

Table 2. Distinguishing features between dystonic tics and dystonia

Parameter DTs Dystonia 

Male predominance + -

Co-occurrence of phonic and clonic tics + -

Suppressibility + -

Growing inner tension during suppression + -

Premonitory urge + -

Waxing and waning course	 + -

Amelioration in adulthood + -

Geste antagoniste - +

Fixed posture - +

Unchanged pattern - +

DTs — dystonic tics

aggravate global impairment in some patients. Nevertheless, 
patients with DTs did not receive more frequently medication 
for tics. 

Similarly to other studies, also in our group, DTs tended 
to localise in the head and neck area. This localisation is also 
typical for clonic tics. Interestingly, in a group of patients with 
co-existing dystonia and tics described by Damásio et al., the 
most frequent was cervical dystonia [6]. 

DTs must be differentiated from primary dystonia. The main 
difference is that while DTs are characterised by a temporarily 
sustained posture, in dystonia the abnormal posturing is fixed. 
Also, the dystonia is constant, with a fixed pattern of movement, 
while DTs wax and wane in intensity and localisation, as do all tics 
in GTS. Helpful clues based on clinical observations that could 
help to differentiate DTs from dystonia are summarised in Table 2. 
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None of the patients in our sample had a history of 
dystonia. Nevertheless, Damásio et al. [6] detected 20 cases 
of dystonia (8.9%) in his sample of 224 patients with tics. The 
group of patients included in this study was very heterogeno-
us, some of the patients had tic onset in childhood, some in 
adulthood, plus patients with GTS but also chronic tic disorder 
were enrolled. This could possibly bias the results. Previously, 
Stone and Jankovic [5] presented nine cases (5%) of GTS and 
dystonia. It seems to be, therefore, a quite rare phenomenon, 
but one that should be taken into consideration. Nevertheless, 
the authors mention that those numbers could be biased as 
only severely affected patients are treated in Movement Disor-
ders Centers, where their study was conducted. 

The second disorder that can resemble DTs is tardive 
dyskinesia, especially tardive dystonia. Tardive dyskinesia is 
a disorder characterised by involuntary movements, typically 
of the orofacial muscles and also of the extremities and other 
muscle groups. The condition is associated with exposure to 
dopamine receptor blocking agents, including antipsychotics 
that are commonly used in the treatment of tics. Among 
psychiatric patients, the risk of developing tardive dyskinesia 
is quite high, especially when treated with first generation 
antipsychotics and when this treatment is long-lasting. Correll 
et al. reported the annual prevalence of tardive dyskinesia as 
being as high as 3.9% for first generation antipsychotics and 
5.5% for second generation antipsychotics [11]. Müller-Vahl 
and Krüger [12] analysed records of 521 GTS patients treated 
with neuroleptics. None of them developed tardive dyskinesia, 
but most patients were treated with neuroleptics for less than 
a year. Although tardive dyskinesia seems to be a quite rare 
side effect in GTS, it should be considered. To distinguish 
tardive dystonia from DTs we should consider the exposure to 
neuroleptics. Tardive dystonia usually persists for longer, even 
after discontinuation of the offending drug. DTs are tics, so 
their intensity changes, and they can even disappear suddenly. 
DTs are not permanent, but there are periods of remission and 
relapse. Furthermore, slow tapering should improve, while 
sudden dose reduction may aggravate, drug-induced dystonia. 

The next type of tics that should be taken into considera-
tion in a differential diagnosis of DTs are tonic tics. Similarly 
to DTs, tonic tics are slow, but they do not lead to sustained 
posturing. Typical tonic tics are located in the abdominal or 
limb muscles. It is often unclear whether the subject is suffering 
from DTs or tonic tics, and it is crucial to explain the diffe-
rence to the patient. However, we did not find any correlation 
between DTs and tonic tics (p = 0.103). 

Finally, Erro et al. [4] suggested that patients who deve-
lop DTs during adulthood represent a totally different group 
which they named adult-onset primary dystonic tics. From 
their database of 253, they found 21 with DTs and 10 of them 
developed DTs after the age of 18 as the first manifestation of 
an unspecified tic disorder. Some of those movements were 
evaluated posteriorly to dystonia, so the authors suggested that 

adult onset primary dystonic tics represent a transient entity 
between tics and dystonia. In our sample, only seven patients 
had DTs onset in adulthood (7/153, 4.6%). To the best of our 
knowledge, none of them developed dystonia or had other 
features that resembled dystonia such as geste antagoniste. 

Clinical implications/future directions 

DTs are frequent and early symptoms in GTS and should be 
considered by clinicians. Therefore, we believe that our study 
has an important clinical value. DTs normally appear in the 
facial region. DTs occur in patients who have more tics and 
they probably aggravate the impairment caused by tics. They 
should be differentiated from primary focal/segmental dysto-
nia, tonic tics and tardive dystonia. We should therefore take 
into account that patients with DTs may require more clinical 
attention due to greater impairment. As indicated by Jankovic 
[3], botulin toxin could also be used in the treatment of DTs. 

Limitations

The biggest limitation of our study is the recall bias. Many 
adult patients did not remember the presence or the age of 
onset of DTs in their childhood, and only in some cases was 
it possible to obtain this additional information from a family 
member. We also did not use superficial EMG to make the 
assessment more objective. Another objective method, video 
recording, was available only in some cases in our study. 
The design of our one-time registration study may have also 
influenced the prevalence of DTs. Moreover, we used different 
methods of data collection from children as opposed to adults. 
Most clinical information regarding children was provided by 
their parents, whereas adults reported themselves. 
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Abstract

Introduction. To date, there has been no clear evidence regarding the evaluation of saccades as a monitoring tool of motor 
impairment in Parkinson’s disease (PD) Subthalamic Nucleus Deep Brain Stimulation (STN-DBS) patients. The aim of this study 
was to evaluate the long-term impact of STN-DBS and pharmacological treatment on reflexive saccades’ (RS) parameters and 
UPDRS alterations.

Material and methods. The DBS group consisted of 20 PD patients who underwent bilateral STN-DBS. The Postoperative (POP) 
group consisted of 14 post-DBS patients. The Best Medical Therapy (BMT) group consisted of 20 patients on pharmacotherapy 
only. RS parameters and the UPDRS scale were measured during three visits in four phases of treatment (i.e. BMT-ON/OFF, DBS-
-ON/OFF). 

Results. The significant UPDRS III and UPDRS. Total improvements were observed in all three study groups (p < 0.05), but RS 
latency improvement was stated only in the DBS group in the DBS-ON phase (p < 0.05). A significant correlation between RS 
latency increase and UPDRS III score worsening was found in all study groups, with the most evident effect in the UPDRS III ON 
phase (p < 0.05). 

Conclusion. RS parameters correlated with UPDRS III outcomes during the postoperative period in DBS-STN patients. Therefore, 
saccadic evaluation may be a good biomarker of the patient’s response to surgical and/or pharmacological treatment. 

Key words: Parkinson’s disease, BMT, DBS, reflexive saccades, marker

(Neurol Neurochir Pol 2019; 53 (5): 341–347)

Introduction

Deep brain stimulation (DBS) has become the standard 
surgical procedure in Parkinson’s disease (PD) patients, 
particularly in advanced stages of the disease and with com-
plications after levodopa therapy. The subthalamic nucleus 
(STN) is the most often chosen localisation because of the 
impact on most of the motor symptoms, particularly tremor, 

bradykinesia and rigidity [1–3] as well as because of the po-
ssibility of decreasing the daily levodopa dose [4]. 

STN is a part of the saccadic system, the impairment of 
which influences other structures implicated in the generation 
of saccades, provoking alterations of saccadic movements 
[5–7]. PD patients present abnormalities in random saccades, 
reflexive saccades as well as antisaccades or smooth pursuit 
movements [8–10]. STN-DBS has also been shown to have 
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an observable impact on saccades’ parameters such as latency, 
velocity, amplitude, gain or accuracy [11–17]. Levodopa or 
dopamine agonist treatment has also been shown to have 
a possible influence on saccadic movements, but changes in 
ON-Levodopa state are not clear [18–23], which makes the 
existing evidence more conflicting. Nevertheless, reflexive 
saccades’ (RS) evaluation is a simple method of assessing the 
possible influence of DBS or pharmacotherapy on the saccadic 
system, which can be due to alteration or alleviation of the ba-
lance between direct and indirect dopamine pathways [24, 25].

All randomised studies comparing the quality of life of 
PD patients after STN-DBS implantation to the group of PD 
patients treated with best medical therapy (BMT) in advanced 
[26–28] or early PD [29] have revealed clinically meaningful 
improvements of PDQ-39 score and UPDRS-II, UPDRS-III 
Stim ON evaluation in DBS patients as compared to the BMT-
group in a 6-month [26, 27], 12-month [28], or 24-month [29] 
re-assessment. None of the randomised trials [26–29] has 
compared the mean change in UPDRS-III score between the 
BMT-group and DBS patients in a full OFF phase (BMT-OFF/ 
/DBS-OFF) after DBS implantation — all of the studies have 
evaluated the BMT-OFF/DBS-ON phase only.

The aim of this study was to evaluate the impact of bila-
teral STN-DBS and pharmacological treatment on changes 
in reflexive saccades’ (RS) parameters and the UPDRS scale 
[30] in four phases of treatment (BMT-ON/OFF, DBS-ON/
OFF) and to estimate the possible usefulness of eye movement 
(EM) measurements as a biomarker of PD patients’ response 
to surgical and pharmacological treatment. 

Material and methods

Study concept
Patients enrolled to this study were clinically diagnosed as ha-

ving idiopathic Parkinson’s disease and fulfilled the UK Parkinson’s 
Disease Society (UKPDS) Brain Bank criteria [31]. All of the study 
patients also met the CAPSIT-PD criteria [32] in order to have 
the qualification criteria for bilateral STN DBS implantation. 

The patients were divided into three groups: 
1)	 The BMT (Best Medical Therapy) group: 20 patients (mean 

age 56.7 years, 11 females, nine males) treated only with 
pharmacotherapy through the whole time of observation. 

2)	 The DBS (Deep Brain Stimulation) group: 20 patients 
(mean age 51.1 years, eight females, 12 males) who unde-
rwent surgical procedure and pharmacotherapy. 

3)	 The POP (Postoperative) group: 15 patients (mean age 
51.4 years, seven females, eight males) who had been 
operated upon a median time of 30 months before the 
study began. This group was created in order to estimate 
any possible long-term motor effect of DBS. 
The patients were examined during three visits (V1, V2, 

V3) made at intervals of 7-11 months. The UPDRS scale and 
reflexive saccades were evaluated twice during each visit in the 
BMT-group and preoperative assessment in the DBS-group 
(BMT-ON and BMT-OFF phase), and four times (Total-ON, 
DBS-ON/BMT-OFF, DBS-OFF/BMT-ON, Total-OFF) during 
postoperative evaluations (V2, V3) in the DBS group, and 
during all visits (V1, V2, V3) in the POP group.

The characteristics of the patients are set out in Table 1. 
All of the patients signed informed consents. This study was 
approved by the Ethics Committee of the Medical University of 
Warsaw. The experiments were conducted in accordance with 
the ethical standards of the Declaration of Helsinki.

UPDRS examination and saccadic assessment
The motor evaluation of the patients was performed by 

a neurologist experienced in movement disorders, using the 
UPDRS scale and saccadometry. The assessment was conduc-
ted in different phases of treatment: BMT-ON/DBS-ON when 
patients were on/off antiparkinsonian drugs and (in posto-
perative evaluation) with both stimulators switched on/off. 

Saccadometry was evaluated using a head-mounted sacca-
dometer (Ober Consulting, Poznan, Poland), which analyses 
binocular infra-red reflections from each eye. The saccadic step 
task paradigm was used with 20 calibration saccades followed by 
50 random horizontal points projected in a random fore-period 
of 0.5–1.5s, which were always preceded by fixation central 
points. The parameters analysed were: saccadic latency [ms], sac-
cades’ amplitude [deg], and peak of velocity of saccades [deg/s]. 
The data was analysed using LatencyMeter software, version 6.9.

Surgical procedure
All of the patients who underwent surgery qualified 

for bilateral subthalamic nucleus deep brain stimulation 

Table 1. Study population characteristics 

BMT group DBS group POP group

Gender 11 F, 9 M 8 F, 12 M 7 F, 8 M

Mean age 56.7 ± 15.4 years 51.1 ± 15.3 years 51.4 ± 8.7 years

Mean age at onset 46.3 ± 15.1 years 39.7 ± 13.3 years 40.9 ± 8.3 years

Mean symptoms’ duration time 10.4 ± 4.9 years 11.3 ± 3.9 years 10.5 ± 3.5 years

Mean LEDD 1,254.0 ± 511.6 mg 1,379.5 ± 510.0 mg 1,273.2 ± 464.3 mg

Mean time of dyskinesia 1.8 ± 2.6 hours / day 4.9 ± 2.9 hours / day 5.9 ± 2.6 hours / day

Mean OFF time 2.7 ± 1.3 hours / day 4.6 ± 3.2 hours / day 4.4 ± 1.8 hours / day
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(STN-DBS). The procedure was performed using microre-
cording and macrostimulation (Leadpoint®, Medtronic) and 
permanent electrodes (3389-28, Medtronic, Minneapolis, 
MN, USA) which were connected to internal pulse generators 
(Activa SC, Medtronic).

Data analysis and statistical assessment
The linear mixed model analysis was implemented by the 

use of LME4 (version 1.1) with intercepts for subjects included 
as random effects. Pairwise interactions between each fixed 
factor were included in the model. Tukey contrasts (from 
lsmeans package, version 2.25) were used to compare results 
between timepoints and treatments [33]. All calculations were 
performed in statistical computing software R (version 3.3) 
[34]. P values < 0.05 were considered significant.

Results

The mixed model analysis of RS showed a significant inter-
phase latency difference (p < 0.05) with a visible relation in inter-
visit changes in BMT-ON and DBS-ON phases (p = 0.1). The 
pharmacotherapy (levodopa and other dopaminergic treatment) 
did not significantly influence the saccades latency (p > 0.05). On 
the other hand, bilateral STN-DBS ON significantly improved RS 
latency (regardless of pharmacotherapy phase) in both (short-term 
and long-term) postoperative groups (p < 0.05). There was also 
statistically significant amplitude reduction in the first postopera-
tive (ΔV2-V1) Total-OFF evaluation in DBS group (p < 0.05), 
not observed in other groups and other inter-visit assessments. 
The same results were also found in saccades’ peak velocity: no 
statistically significant inter-phase or inter-visit changes in RS 

peak velocity, other than a definite reduction in peak velocity of 
saccades in the first postoperative (ΔV2-V1) examination of the 
DBS group in Total-OFF phase (p < 0.05) (Fig.1C–E).

The mixed model analysis of inter-phase UPDRS III score 
alterations was statistically significant (p < 0.05), as was the 
analysis of UPDRS III score alterations among visits in all three 
groups of patients (p < 0.05). The inter-phase analysis showed 
a significant improvement in UPDRS III score in Total-ON 
phase (compared to Total-OFF phase) in all three study groups 
(p < 0.05) (Fig. 1A). The improvement was observed in consecu-
tive visits in all study groups (p < 0.05), with a more visible im-
pact of the STN-DBS procedure. The mean inter-phase change 
was more evident in both postoperative groups in phases with 
stimulators switched ON (DBS and POP group) (p < 0.05) 
than in BMT-ON only phase (with stimulators switched off). 

The analysis of inter-phase UPDRS TOTAL score was 
also statistically significant (p < 0.05) as were UPDRS TO-
TAL score changes among visits in the BMT, DBS and POP 
groups (p < 0.05). The improvement of UPDRS TOTAL 
score was observed in all three groups of patients, with the 
most evident effect of STN-DBS procedure in the short-term 
postoperative DBS group (p < 0.05), but was not observed in 
long-term postoperative assessment (POP-group, p > 0.05). 
The mean inter-phase alterations in the UPDRS TOTAL score 
were observed in phases with stimulators switched ON (DBS 
and POP group) rather than in phases with BMT-only ON  
(p < 0.05) ( Fig. 1B).

The mixed model analyses between inter-phase and inter-
visit UPDRS III and saccades’ latency, amplitude and peak 
velocity in the DBS, BMT and POP groups were performed to 
compare the possible usefulness of both methods of assessment 

 
 

 

50 

 45

 
 

40 

 35
 

39.5
 37

  

 
33.4
 

UPDRS III
 

42.9

 

34.1*  32.3  
 

30.1
 30 

 
25  21.7 20.8  20.3 

 
16.9

 

12.8
  

11.5
 

10.8
  

9.3

 

0

 

O N  

 

V1

 

V2

 

V3

 

V1

 

V2

 

V3

 

VI

 

V2

 

V3

 

BMT

 

DBS

 

POP

 
   

POP group

   

 

15

10

5

12.8

O F F 

47.2 *

36.9 *

43

30.5

20.6

10.2

45.1*

7.9

41.7*

32.3*

12.8

O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F 

11.4

20

BMT group DBSgroup

A

Figure 1. A. UPDRS III



344

Neurologia i Neurochirurgia Polska 2019, vol. 53, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

 
 

 

80 

 70
 

 

60 
 

50
 

61.2
 59.1

  

 

54 .8
 

 

62.9 
59.7*

 52.3  
 

51.6

 

40 
 

30

 

29.7
 

29.5
  32.6 

 
27.2

 
25.6

  
28 .3

 22.7  
18

 

0

 

O N  

 

V1

 

V2

 

V3

 

V1

 

V2

 

V3

 

VI

 

V2

 

V3

 

BMT

 

DBS

 

POP

 
 

BMT group

  

POP group

  

DBSgroup

 

 
10

25.4

O F F 

72.4*

62.1*
66.4

53.4

33.1

20.5

66.5*

15.9

64.8*

52.6*

25.7

O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F 

23.8

20

UPDRS TOTAL
UPDRS III

Figure 1. B. UPDRS TOTAL, C. mean RS latency

B

 
 

 

400 

 350
 

 

300  

250
 

306.9
 

226.3

  

  

 

287.2

 

247.5*
 

 
  

200

 

150

     
  

274.2

  

237.9

   

236.9

 

0

 

O N  

 

V1

 

V2

 

V3

 

V1

 

V2

 

V3

 

VI

 

V2

 

V3

 

BMT

 

DBS

 

POP

 
 

BMT group

  

POP group

  

DBSgroup

 

 
50

256.3

O F F 

342.1336

260.6*
294.5*

247.8235.6
522.2

262.7

O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F O N  O F F 

321.7*

100

270.2

C

in operative and non-operative PD patients. The analyses re-
vealed a statistically significant correlation between RS latency 
increase and UPDRS III score worsening in all study groups, 
with the most evident effect in the UPDRS III ON phase (p 
< 0.05). Such a clear correlation between UPDRS III and RS 
amplitude and / or RS peak velocity was not demonstrated 
(p > 0.05). 

Inter-visit PDQ-39 and AIMS evaluations in all study 
groups were also carried out to compare the influence of surgi-
cal procedure and pharmacotherapy on the patients’ quality of 
life and the level of dyskinesia intensity. The analyses showed 

a significant improvement of quality of life and a decrease of 
AIMS in the short-term postoperative DBS group (p < 0.05), 
which was not observed either in the BMT or the POP group 
ΔV3-V1 assessment (p > 0.05).

Discussion

The motor improvement of PD patients after STN-DBS 
has been previously proven in randomised trials [26–29], but 
to date there has been no clear evidence on UPDRS and RS 
application as biomarkers of STN-DBS treatment. 
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Figure 1. D. mean RS amplitude, E. mean RS peak velocity in BMT, DBS and POP group (V1, V2, V3). Consecutive phases: Total-ON, DBS-ON/
BMT-OFF, DBS-OFF/BMT-ON, Total-OFF * p < 0.05
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In all previous randomised studies, the authors proved 
a great improvement in UPDRS III DBS-ON BMT-OFF eva-
luation in patients after STN-DBS surgery, and a significant 
impact of STN-DBS procedure on quality of life in STN-DBS 
patients [26–29], but none of them compared total OFF phase 
in the DBS group in consecutive examinations. 

In contrast, our study completed this comparison in all 
four treatment phases in order to establish the full impact of 
STN-DBS on UPDRS-III and saccadic alterations in BMT/
STN-DBS PD patients.

Saccadometry was first described as a possibly useful 
clinical tool for the quantification of the motor effects of 
STN-DBS in PD in 2009 by Temel et al. [17], but there were 
also some other prior studies on monkeys and humans which 
showed a potential use of this method as a parametric tool in 
the assessment of motor changes in PD treatment [8, 11, 15, 
16, 18–23]. Because of the fact that STN is a part of the sacca-
dic system, various methods of treatment which influence its 
stimulation can result in alterations of saccadic movements. 
Therefore we assessed reflexive saccades’ parameters in DBS 

D

E
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ON/OFF and BMT ON/OFF in order to estimate the possible 
correlation between motor improvement in UPDRS III scale 
and reflexive saccades’ variations. Our results are consistent 
with previous studies, and show a greater improvement in RS 
latency in the DBS-ON phase (compared to the OFF-phase) 
rather than in the BMT-ON phase (compared to the BMT-
-OFF), which may also be an indicator of a more significant 
effect of STN-DBS, rather than pharmacotherapy, on saccadic 
system alterations. The other clinical problem of using saccadic 
movements’ assessment as a parametric evaluation of motor 
deficits in PD patients under various methods of treatment 
is a lack of information concerning the rate of progression 
of saccadic alterations in PD. The only assessment has been 
performed by Antoniades et al. [13] who examined nine PD 
patients during four visits in order to observe the variations 
of saccades, which were anomalous: first postoperative as-
sessment in OFF-phase revealed deterioration which was 
later improved in the following assessment [13], possibly 
due to astroglial neuroinflammatory reaction to stimulation 
confirmed in recent animal studies [35–37].

Conclusions

The definite improvement of RS latency with significant cor-
relations to UPDRS III and UPDRS TOTAL score improvement 
in DBS-ON phase in both DBS (short and long term postope-
rative) groups with a co-existent non-significant improvement 
in RS latency (but with preserved significant UPDRS III and 
UPDRS TOTAL improvement) in the BMT group in the ON 
phase may suggest that BMT interferes mostly with the dopami-
nergic system, while STN-DBS may affect other systems as well. 

Our results show that the application of RS measurement 
as a parametric tool (apart from UPDRS III assessment, which 
is a subjective scale) may be a good prognostic indicator of 
STN-DBS and pharmacological treatment effect on PD pa-
tients’ motor outcome and quality of life. The limitations of 
our study, i.e. the study group sizes and the restricted duration 
of the study, may necessitate a prolonged assessment on larger 
populations in order to confirm the quality of these results. 
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ABSTRACT
Aim of the study. To determine the prevalence of anti-interferon-β binding (BAb) and neutralising antibodies (NAb), and to 
investigate whether NAb measured by luciferase-based cell assay can predict treatment response in multiple sclerosis (MS) 
patients treated with interferon-β-1b (IFNβ-1b). 

Clinical rationale for the study. A subgroup of IFNβ-treated MS patients develop NAb directed against the drug. The clinical 
significance remains controversial, which could be explained to some extent by technical difficulties in NAb detection and 
quantification. A simple, specific and reproducible test for NAb might help elucidate these uncertainties. 

Materials and methods. Sera from 101 consecutive MS patients initiating treatment with IFNβ-1b were collected at baseline and 
during the first two years, and assessed for BAbNAb with a novel luciferase-based cell assay. Median clinical follow-up lasted 5.1 years. 

Results. BAb were present in 97% and NAb in 88% of the study cohort. Unexpectedly, 92% of patients tested positive for BAb 
and 12.5% for NAb at baseline, before drug exposure. Patients with baseline NAb positivity were more likely to remain free of 
disease activity in the first three years of treatment. When baseline-positive cases were grouped together with those who rema-
ined NAb-negative, and the resulting group was compared to those who became positive after drug exposure, NAb positivity 
was associated with a higher risk of disease activity during the entire follow-up. Direct comparison of BAb/Nab-positive and 
BAb/Nab-negative patients only revealed an association of BAb positivity with more active disease after four years of treatment, 
while NAb failed to predict the outcome. 

Conclusions and clinical implications. Antibodies developed after treatment initiation are associated with a worse outcome. Na-
turally-occurring antibodies appear to predict more benign disease. Their prevalence and specificity require further investigation.

Key words: multiple sclerosis, interferon-beta, neutralising antibodies, treatment outcome

(Neurol Neurochir Pol 2019; 53 (5): 348–357)

Introduction

Interferon beta (IFNβ) continues to be commonly used 
as a first-line disease modifying drug (DMD) in relapsing-
-remitting multiple sclerosis (RRMS) patients, but its efficacy 
varies among individual cases. 

In response to IFNβ treatment, a proportion of patients de-
velop either binding (BAb) or neutralising anti-IFN antibodies 

(NAb). IFNβ-1b is thought to be more immunogenic than 
IFNβ-1a, and a subcutaneous route of administration more 
immunogenic than an intramuscular route [1]. BAb appears 
in up to 97% of patients, usually between the third and twelfth 
months of treatment [1]. NAb appears later (6-24 months) and 
less commonly (28–42%) [1–3]. For pegylated IFNβ-1A, NAb 
prevalence has been shown to be below 1% after two years of 
treatment [4].
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The significance of these findings remains controversial. 
There is evidence from clinical trials and open-label obser-
vational studies that NAb in high titres are persistent [5] and 
associated with a  loss of IFN efficacy [2, 6–8]. In fact, NAb 
may be the most common cause for early treatment failure 
in IFNβ-1b-treated patients [9]. In many studies however, 
Nab’s  influence was most apparent in NAb-positive periods 
[3, 10, 11], and a considerable proportion of NAb-positive 
patients revert to a NAb-negative status over time [3, 10], 
with restoration of IFN activity [10]. On the other hand, some 
researchers [8, 12] have observed only sporadic conversion to 
NAb-negativity and worse outcomes in long term follow-ups.

At least in part, these uncertainties stem from the comple-
xity of NAb measurement. All currently used assays are based 
on NAb-mediated inhibition of IFN’s effects on IFN-responsive 
cells. The effect can be observed as protection from the cyto-
pathic effect in a viral challenge, as in cytopathic effect assay, 
a gold standard since 1985 [13], or confirmed via MxA mRNA 
detection [14]. Attempts to design a non-cellular assay have 
thus far been unsuccessful.

A new generation of tests uses growth-arrested cells trans-
fected with luciferase under a selective class-I IFN controlled 
promotor [15]. While this involves live cells, there is no need 
for continuous cell line culture. Currently, two luciferase-based 
tests have been validated and are commercially available [16, 
17], but no long-term follow-up is available with regards to 
their prognostic value.

Clinical rationale for the study

We sought to determine the influence of IFNβ NAb, 
measured by luciferase-based cell assay, on disease activity in 
RRMS patients treated with IFNβ-1b in a long-term prospec-
tive observation, in the hope that their detection could predict 
drug response and so guide treatment decisions.

Materials and methods

Patients
A total of 101 RRMS patients were recruited consecuti-

vely for this study while initiating treatment with IFNβ-1b in 
the setting of the national MS treatment programme at the 
outpatient clinic at Heliodor Swiecicki University Hospital in 
Poznan, Poland, from 2008 to 2013. The study protocol was 
approved by the Ethics Board of Poznan University of Medical 
Sciences. Inclusion criteria were: age ≥ 18 years; diagnosis 
of RRMS according to the 2005 revision of the McDonald 
criteria [18] (all patients also met the 2010 criteria [19]); no 
prior disease modifying treatment; fulfillment of the national 
treatment programme eligibility criteria (Tab. 1); and written 
informed consent for study participation. 

Treatment consisted of interferon beta-1b (Betaferon, n 
= 96, or Extavia, n = 5) 250μg (8 MIU) subcutaneously every 
other day.

Baseline clinical information was obtained: sex, age at 
first relapse, time to second relapse, time to treatment initia-
tion, number of relapses, and EDSS score prior to treatment 
initiation.

Follow up
The follow up spanned the period from 2008 to 2018 and 

consisted of monthly neurological assessments.
In addition, 1.5 Tesla head magnetic resonance imaging 

(MRI, Siemens Avanto, Erlangen, Germany) with a 12-chan-
nel head coil, including T1, T2, FLAIR (Fluid Attenuated 
Inversion Recovery) and PD (Proton Density) sequences, with 
gadolinium contrast administration, was obtained at baseline 
and was repeated each year. For individual indications, spinal 
MRI was performed.

Each year, we recorded the number of relapses, EDSS 
change, and the presence of new T2/FLAIR or enhancing 
lesions in MRI.

Definition of NEDA
Consistently with previous works [20], NEDA was defined 

as no relapses, no disability progression and no MRI activity in 
a given time period. A relapse was defined as the appearance 
or worsening of symptoms applicable to multiple sclerosis, 
with focal neurological abnormality, lasting 24 hours and 
preceded by ≥ 30 days of neurological stability, in the absence 
of infection or fever. Progression was recognised when an 
increase in EDSS occurred and was confirmed after three 
months. The minimal required increase depended on baseline 
EDSS: ≥ 1.5 for a baseline score of 0 ≥ 1.0 for scores ranging 
from 1.0 to 5.0 and ≥ 0.5 for baseline EDSS of ≥ 5.5. New or 
enlarging lesions in T2/FLAIR or contrast enhancing lesions 
were considered as MRI activity.

Sampling
Serum samples were collected prior to treatment initiation 

and again after one, three, six, 12, 24 and 36 months of treat-
ment, then stored at -70oC until further analysis.

The treating and sampling staff were unaware of the pa-
tients’ antibody status.

Laboratory
Binding antibody detection

We employed a customised indirect ELISA developed 
at the Department of Neurochemistry and Neuropathology, 
Poznan University of Medical Sciences, Poznan, Poland [21]. 

ELISA plates (Nunc, Roskilde, Denmark) were coated 
with Betaferon (Bayer Pharma AG, Germany) diluted in 
0.05M sodium bicarbonate (final concentration: 1 g/mL). The 
plates were incubated at room temperature for 12 hours, then 
washed with phosphate-buffered salt (PBS) with 0.05% (vol 
/ vol) Tween 20. Nonspecific binding sites were blocked with 
1% bovine albumin solution in PBS-0.05% Tween 20 and the 
plates were washed with PBS-0.05% Tween 20 again. Then, the 
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Table 1. National Multiple Sclerosis treatment programme eligibility criteria in Poland 2008–2013  

Criterion 2008 2012

Diagnosis 2005 McDonald criteria and contrast-enhanced head MRI consistent with MS

Disease activity At least two relapses within the past two years not specified

Required score 21 pt 15 pt

Scoring system Age:

16–40 years — 6 pt

40–60 years — 3 pt

over 60 years — 1 pt

Disease duration:

  0–3 years — 6 pt

3–6 years — 3 pt

6–10 years — 2 pt

over 10 years — 1 pt

RRMS with no neurological deficit — 5 pt.

Number of relapses in the last year:

3–4 — 5 pt

1–2 — 4 pt

6–7 — 2 pt

none (less than 1/year) — 1pt

over 7 — 0 pt

EDSS score:

0–2 — 6 pt

2.5–4 — 3 pt

4.5–5 — 2 pt

over 5 — 1 pt 

Disease duration:

  0–3 years — 6 pt

3–6 years — 4 pt

6–10 years — 2 pt

over 10 years — 1 pt

RRMS with no neurological deficit — 5 pt

Number of relapses in the last year:

3 and more — 5 pt

1–2 — 4 pt

none  — 1pt

EDSS score:

0–2 — 6 pt

2.5–4 — 5 pt

4.5–5 — 2 pt

over 5 — 1 pt 

Exclusion criteria 1. hypersensitivity to IFNβ

2. primarily or secondarily progressive MS

3. pregnancy

4. decompensated liver disease (aminotranferase levels ≥ 2x upper reference limit)

5. thyroid disease (no euthyreosis)

6. intractable depressive mood disorder or history of suicidal ideation

7. epilepsy

MRI — magnetic resonance imaging; MS — multiple sclerosis; RRMS —relapsing–remitting multiple sclerosis; pt — points; EDSS — Expanded Disability Status Score

standard and patient sera were added. As standard, we em-
ployed goat anti-human interferon antibodies (Sigma-Aldrich) 
in dilutions of 1:20, 1:50, 1:100, 1:200 and 1: 400. Patient sera 
were assessed at a dilution of 1:100. After incubation at room 
temperature, the plates were washed with PBS-0.05% Tween 
20. Then, secondary antibodies were added (goat anti-rabbit 
IgG and rabbit anti-human IgG conjugated with alkaline pho-
sphatase, Sigma-Aldrich). P-nitrophenyl phosphate was used 
as the alkaline phosphatase substrate (Sigma-Aldrich) and 1 M 
HCl as the inhibitor. Absorbance was measured at wavelength 
= 405 nm with ELx800 ELISA reader (Bio-TEK), as optical 
density, in arbitrary units (AU/ml), following the formula:

(10 × tested sample absorbance) / (cut-off values absorbance)

The cut-off was defined at the absorbance’s 95th percentile. 
A standard curve, based on log-log regression (R2 = 0.978), 

was prepared for the correlation between absorbance and 
reciprocal standard dilution. Reciprocal serum dilutions were 
then read from the standard curve. A standard curve was also 
drawn for correlation between concentration of standard and 
absorbance. 

A patient was considered BAb positive, BAb (+), if BAb 
were detected at any time, and BAb negative, BAb (-), if no 
sample tested positive and at least one was obtained after ≥ 
6 months of treatment. A patient was considered persistently 
BAb (+) if he or she did not revert to BAb (-) in further samples, 
and transient BAb (+) otherwise.

Neutralising antibody detection
To detect NAb, we used a luciferase reporter gene assay 

(iLite® Type I IFN Assay Ready Cells, Euro-Diagnostica, Swe-
den) which involves live cells transfected with luciferase under 
a selective IFN type I-controlled promotor. When exposed to 
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Table 2. Study cohort baseline characteristics; P values for gender difference

All Female Male p

Age at first relapse, years, mean ± SD 29.9 ± 8.7 31.3 ± 9.2 25.7 ± 5.2 < 0.001

Time to second relapse, months, median (IQR) 10.0 (4.0 to 24.25) 10.0 (4.0 to 24.0) 11.5 (4.5 to 31.5) 0.401

Time to treatment initiation, months, median (IQR) 18.0 (12.0 to 35.0) 23.0 (12.0 to 35.0) 16.5 (7.5 to 34.5) 0.294

Relapses before treatment, median (IQR) 2 (2 to 3) 2 (2 to 3) 2 (2 to 3) 0.568

EDSS at baseline, median (IQR) 1.0 (0 to 1.5) 1.0 (0 to 1.5) 1.0 (0 to 1.25) 0.445

OCB in CSF, % positive 94% 95% 93% 1.000

Follow-up duration, years, median (IQR)  5.1 (2.9 to 7.15)  4.7 (2.9 to 6.7) 5.75 (2.9 to 8.25) 0.446

SD — standard deviation; IQR — interquartile range

IFNβ, the cells synthesise luciferase which generates biolumi-
nescence. In the presence of IFN-neutralising antibodies, the 
intensity of luminescence decreases.

We used standard recombinant human IFNβ protein 
(Abcam) and standard positive and negative control sera 
(Euro-Diagnostica).

To inactivate native IFNβ, serum samples were incubated 
at 56°C for 30 minutes. The samples were then diluted with 
the diluent provided (Diluent D): 100 μL for a 60 μL sample. 
Pre-diluted samples and control sera were added to wells on 
a microplate, which were then closed with a  lid, mixed by 
swirling, and left for 30 minutes at 37°C with 5% CO2.

iLite Type I  IFN Assay Ready Cells were thawed in 
a 15-minute 37ºC water bath, then diluted according to the 
manufacturer’s instructions and 50 μL of the cell suspension 
was added to each well. The microplate was mixed and incu-
bated at 37°C with 5% CO2 for 18 hours. Thirty minutes before 
the incubation completion, Bright-Glo™ Luciferase Assay 
System was thawed. The substrate was prepared as instructed 
by the manufacturer and added to each well in 50 μL portions. 
The microplate was mixed and incubated for two minutes in 
darkness at room temperature, then placed in a luminometer 
(FLx800, Bio-TEK). Luminescence intensity was recorded. 

A calibration curve was prepared for the correlation be-
tween light intensity in relative light units (RLU) and standard 
concentration. A sample was considered NAb-positive if the ra-
tio of luminescence intensity of the sample and standard mean 
was ≤ 1.0. If the ratio was >1.0 the sample was labelled negative.

A patient was NAb positive, NAb (+), if NAb were detected 
at any time during follow-up, and NAb negative, NAb (-), if all 
samples, including at least one collected at ≥ 24 months, were 
negative. If a NAb (+) patient did not test negative later, the 
patient was considered to be persistently NAb (+). Otherwise, 
he or she would be labelled transient NAb (+).

Statistical methods
Variables are presented as either mean ± standard de-

viation (SD) for normally distributed variables, or median 
with interquartile range (IQR) for variables without normal 
distribution.

Baseline characteristics were assessed for mutual corre-
lations and compared in subgroups depending on BAb and 
NAb status.

Associations were considered between antibody status 
and the results of the follow-up (NEDA, relapse occurrence, 
disability progression, MRI activity) in each subsequent year, 
for each period up to a given year and after a given year, and 
for the entire follow-up. They were compared between the 
subgroups: BAb (+) and (-), persistent BAb (+) and (-), NAb 
(+) and (-), persistent NAb (+) and (-). 

We used Fisher’s  exact test for nominal variables and 
Mann-Whitney U  test for ordinal variables. For interval 
variables, normality of distribution and equality of variances 
was assessed with d’Agostino-Pearson and Levene’s tests. For 
normally distributed variables, comparisons were made with 
the use of t-test. For non-normal data distribution, Mann-
-Whitney U test was employed instead.

P values of ≤ 0.05 were considered statistically significant.
Statistical analyses were performed using StatSoft STATI-

STICA version 13 [22] and MedCalc, version 15.8 [23].

Results

Baseline
A total of 101 RRMS patients, 77 females and 24 males, 

were recruited for the study. In Table 2, the baseline charac-
teristics of the study cohort are presented. Women were older 
than men. There were no other significant gender-specific 
differences.

Of 101 patients included in the study, nine had com-
pensated thyroid disease, including six with subclinical 
hypothyroidism, one with Hashimoto disease, one with 
non-toxic goitre treated with levothyroxine, and one on 
levothyroxine following thyroidectomy due to toxic goitre. 
Two subjects had asthma, one had a history of uveitis, and 
another one of hepatitis of unknown aetiology (both wit-
hout treatment at the time of our study). Four patients had 
a history of anxiety and/or mood disorders, including one 
who was treated with mirtazapine. In two patients, arterial 
hypertension was present.



352

Neurologia i Neurochirurgia Polska 2019, vol. 53, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Antibody prevalence
200 samples were included in the final analysis. This allowed 

us to determine BAb status in 97 and NAb status in 77 patients.
Most patients developed both binding and neutralising 

antibodies. Overall, 95 (97%) had at least one BAb (+) sample. 
Of these, seven reverted to BAb (-), making 91% persistently 
BAb (+). Three cases (2%) remained negative throughout the 
entire study. For NAb, 68 (88%) tested positive, and among 
them, one reverted to NAb (-), leaving 87% persistently NAb 
(+). Nine patients (12%) were NAb (-).

The overwhelming majority of patients tested positive for 
BAb at baseline (66 out of 72 sampled = 92%). The patients 
who developed BAb later tested positive between one and 
24 months. Notably, many patients with baseline BAb had 
transient reversal to BAb (-) in the first two years, and became 
BAb (+) again at 24 months.

The prevalence of NAb positivity at baseline was lower: 
nine out of 72 (12.5%) tested positive. An additional three 
patients converted to NAb (+) within the first two years, the 
rest tested positive at 24 months. Of note, few samples were 
collected at baseline and 24 months. 

The summary of antibody prevalence is shown in Tables 3 and 4.

Follow-up
The patients were followed up for a median of 60 months 

(range 4 to 110).
Between 70% and 80% of patients maintained NEDA 

criteria of no disease activity in each year from year 1 to year 
6, 60% in year 7, 70% in year 8, and 60% in year 9 (Fig. 1). 
The cumulative count of patients who maintained NEDA-3 is 
shown in Figure 2.

Discontinuation statistics
A total of 66 patients stopped treatment during the study. 

Twenty-three patients (35%) had their treatment revoked after 

three years because the Polish MS treatment programme was 
limited to three years until 2012. Seven patients (11%) became 
pregnant or were considering doing so. Another seven patients 
resigned for personal reasons. Adverse effects were reasons for 
discontinuation in 14 patients (21%). In 15 cases (23%), the 
drug was switched due to lack of efficacy.

No associations between discontinuation for any reason 
and antibodies or baseline characteristics were found.

Correlations with baseline clinical  
characteristics

Patients with NEDA for the first seven years had fewer 
relapses prior to treatment (p = 0.038). Likewise, fewer pre-
-treatment relapses were reported in patients with no disease 
progression after the first and second years (p = 0.011 and 
0.014), within the first six years (p = 0.023), and at any time du-
ring the observation (p = 0.011). Patients with progression after 
the second year were older at the time of their first relapse (p = 
0.025). Most of the significant differences were in baseline EDSS 
score, which was higher in cases with progression within the 
first two, three, seven and eight years (p ranging from 0.017 to 
0.041), after the first and the second year (p = 0.017 and 0.020), 
and at any time during the follow-up (p = 0.017).

Patients with MRI activity in the first seven years apparen-
tly had fewer relapses prior to treatment (p = 0.041).

Correlations with BAb and NAb status
For BAb, a significant correlation with NEDA was found: 

patients with persistent BAb were more likely to experience 
disease activity after year 4 [p = 0.014, RR 7.333 (95% CI 
0.511 to 105.267), p for RR 0.143 and year 5 (p = 0.049, RR 
6.75 (95% CI 0.468 to 97.264), p for RR 0.161]. There were no 
other associations between BAb status and NEDA, relapses, 
progression, MRI activity, number of relapses, or EDSS score 
at any time period.

Table 3. Proportion of patients with positive and negative anti-IFNβ antibody status

All Female Male

BAb: All tested 97 74 23

BAb (+) at any time 95 (98%) 72 (97%) 23 (100%)

transient BAb (+) 7 (7%) 5 (7%) 2 (9%)

persistent BAb (+) 88 (91%) 67 (91%) 21 (91%)

BAb (-) 2 (2%) 2 (3%) 0 (0%)

baseline BAb (+) 66 of 72 (92%) 47 of 53 (89%) 19 of 19 (100%)

NAb: All tested 77 58 19

NAb (+) at any time 68 (87%) 50 (84%) 18 (95%)

transient NAb (+) 1 (1%) 1 (2%) 0 (0%)

persistent NAb (+) 67 (86%) 49 (84%) 18 (95%)

NAb (-) 9 (12%) 8 (14%) 1 (5%)

baseline NAb (+) 9 of 72 (12.5%) 8 of 53 (15%) 1 of 19 (5%)

BAb — binding antibodies; NAb — neutralising antibodies 
No difference in baseline characteristics was found between BAb (+) and BAb (-) or between NAb (+) and NAb (-) cases
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Table 4. Anti–IFNβ antibody prevalence: by samples and cumulative (with assumption of no change from last known result for missing data)

BAb

Samples Baseline 1 month 3 months 6 months 12 months 24 months 36 months

All 72 30 3 14 4 49 28

Positive 66 14 0 4 1 45 28

Negative 6 16 3 10 3 3 0

% positive 91.7% 46.7% 0.0% 28.6% 25.0% 91.8% 100.0%

% negative 8.3% 53.3% 100.0% 71.4% 75.0% 6.1% 0.0%

NAb

Samples Baseline 1 month 3 months 6 months 12 months 24 months 36 months

All 72 30 3 14 4 49 28

Positive 9 3 0 3 0 45 22

Negative 63 27 3 11 4 3 6

% positive 12.5% 10.0% 0.0% 21.4% 0.0% 91.8% 78.6%

% negative 87.5% 90.0% 100.0% 78.6% 100.0% 6.1% 21.4%

Cases BAb

Cumulative Baseline 1 month 3 months 6 months 12 months 24 months 36 months

Positive 66 67 65 65 64 73 87

Negative 31 30 32 32 33 24 10

% positive 68.0% 69.1% 67.0% 67.0% 66.0% 75.3% 89.7%

% negative 32.0% 30.9% 33.0% 33.0% 34.0% 24.7% 10.3%

Cases NAb

Cumulative Baseline 1 month 3 months 6 months 12 months 24 months 36 months

Positive 9 11 11 13 12 55 67

Negative 68 66 66 64 65 22 10

% positive 11.7% 14.3% 14.3% 16.9% 15.6% 71.4% 87.0%

% negative 88.3% 85.7% 85.7% 83.1% 84.4% 28.6% 13.0%

BAb — binding antibodies; NAb — neutralising antibodies
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Figure 1. Proportion of patients with no disease activity (according to NEDA-3 criteria) and patients with relapses, progression and MRI 
activity in subsequent years
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Figure 2. Proportion of patients with no disease activity (according to NEDA-3 criteria), relapses, progression and MRI activity over time

No association was found between NAb and any form of 
disease activity.

Excluding patients with baseline positivity and with unk-
nown baseline status, attempting to distinguish between the 
antibodies present at baseline and those developed after drug 
exposure was impossible due to the small sample size [i.e. 
no BAb (-) cases were left, three baseline NAb (-) patients]. 
Therefore, only patients with known baseline positivity were 
excluded. A trend for higher disease activity was found for NAb 
(+) in the first year (p = 0.098), and for the first two years (p = 
0.069). In addition, a trend for higher disease activity in BAb 
(+) cases after years 4 and 5 (both with p = 0.061) re-emerged.

After moving the baseline positive patients to antibody 
negative groups, NAb (+) was associated with a higher risk of 
disease activity in the first two [p = 0.019, RR 3.724 (95% CI 
0.990 to 14.017), p for RR 0.052] and three years [p = 0.041, 
RR 2.210 (95% CI 0.928 to 5,260), p for RR 0.073], as well as 
in the entire follow up [p = 0.044, RR 1.575 (95% CI 0.930 to 
2.668), p for RR 0.091]. It also correlated with MRI activity 
in the first three years [p = 0.043, RR 6.938 (95% CI 0.458 to 
105.035), p for RR 0.162].

In logistic regression analysis, this modified NAb (+) 
status was a significant independent variable in enter method 
and was retained as the only significant variable in forward 
method in models for disease activity within the first two 
years of treatment.

When considering baseline BAb (+) as BAb (-), BAb (+) 
was associated with a higher risk of treatment discontinuation, 
of NEDA-3 loss after the first and the second year, a lower risk 
of relapse in year 6 although higher in year 4, a higher risk 
of disease progression in year 6, but again a lower risk after 
the first and the second year and in the follow-up as a whole. 
BAb (+) also showed less MRI activity after the first year and 
in the entire observation.

Comparing patients with and without baseline BAb and 
NAb [BAb0 (+) and BAb0 (-), NAb0 (+) and NAb0 (-)], regar-
dless of subsequent antibody status, NAb0 (+) was associated 
with a lower risk of disease activity in the first three years (p 
= 0.017, RR = 0.2239, 95% CI: 0.03611 to 1.3890, p for RR = 
0.1080). For baseline BAb, no significant associations were 
found in direct comparisons, but they remained the only 
significant variable in a forward model for relapse activity in 
the first year of treatment, where the absence of baseline BAb 
increased the likelihood of relapses (Tab. 5). 

Logistic regression
For each time period and activity measure, logistic re-

gression models were computed with combinations of BAb 
and NAb, persistent BAb and Nab, and baseline clinical 
characteristics.

Neither BAb nor NAb status, persistent or not, was re-
tained as a significant independent contributor. Conversely, 
pre-treatment EDSS and relapses were abundantly included 
in models predicting progression, while several relapse and 
MRI activity models contained age, treatment delay, or time to 
second relapse. Only two models reached significant goodness 
of fit, one including NAb, the other persistent NAb (outcome: 
progression after third year, both with p = 0.015 and Hosmer-
-Lemeshow p < 0.001) (Tab. 6). For these variable sets, in 
forward, backward and stepwise method, only pre-treatment 
EDSS and relapses were retained.

Discussion

The abundance of NAb and BAb positivity before treatment 
is the most surprising finding of our study. Previous works have 
reported naturally occurring BAb and NAb in less than 1% of 
the healthy population and treatment-naive MS patients [1]. 
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Table 5. Logistic regression analysis: relapses in the first year of treatment

Variable Coefficient Standard error Wald’s c2 p

Baseline Bab (—) 1.974 0.977 4.084 0.043

Constant -1.569    

Table 6. Logistic regression analysis: progression after third year of treatment

Variable Coefficient Standard error Wald’s c2 p

NAb (+) / persistent  
NAb (+)*

17.226 2,881.824 < 0.001 0.995

Age at first relapse, years -0.001 0.056 < 0.001 0.983

Gender -0.743 1.182 0.395 0.530

Time to second relapse, months 0.041 0.063 0.424 0.515

Time to treatment start, months -0.063 0.053 1.437 0.230

Baseline EDSS score 2.481 1.146 4.691 0.030

Number of relapses prior to 
treatment

1.490 0.716 4.330 0.037

Constant -23.075    

*the models were otherwise identical

On the other hand, NAb developed in 11% of patients in the 
placebo group of a stage III clinical trial of IFNβ-1b [2]. It is 
understandable that positivity prevalence depends to a great 
extent on the assay’s sensitivity and cut-off thresholds [1, 24]. 
Therefore these pre-treatment antibodies probably represent 
naturally occurring, nonspecific antibodies of very low affinity 
and variable IFN neutralising activity. Alternatively, this could 
potentially be caused by a methodological issue (i.e. sample 
contamination) or, less likely, a cross-reactivity with an antigen 
commonly encountered in the Polish population.

It is plausible that a  different kind of anti-interferon 
antibodies develops in response to drug exposure and under-
goes gradual maturation, eventually gaining IFN neutralising 
properties.

Removal of the baseline NAb-positive cases from the 
analysis brought a  trend towards more disease activity in 
NAb (+) and, curiously, BAb (+) patients, supporting the 
hypothesis that the baseline and aquired antibodies represent 
two different phenomenons. An assignment switch involving 
moving baseline positive patients to the antibody negative 
groups revealed an association between early disease activity 
and NAb positivity, not unlike the previous evidence [2, 6–11]. 
An analogous grouping shift changed BAb correlations greatly, 
with contradictory associations with disease activity. 

These inconsistent results suggest that the co-occurrence 
of unspecific and specific binding antibodies is probably 
common, and renders this analysis invalid.

Interestingly, pre-treatment antibodies predicted a more 
indolent course in the first three years of treatment. This 
resembles the observations from pivotal trials of IFNβ in 
MS [2, 25, 26], where patients who were to develop NAb in 

later observations had lower relapse rates in the first six or 
12 months of treatment. This was thought to be caused by 
low-affinity anti-IFN antibodies that could initially prolong 
the drug’s half-life, but would eventually develop into harmful, 
detectable NAb due to affinity maturation [24]. 

We are aware of our study’s  limitations. Due to the 
strict eligibility criteria for the Polish MS treatment pro-
gramme, patients with low pre-treatment disease activity 
were preferentially included. This may explain why the 
study cohort experienced a relatively benign disease course. 
However, disease activity statistics were similar in other 
recently described populations [27]. Thirty-five percent 
of cases were lost after the third year of treatment due 
to the programme duration limit, regardless of response, 
while many continued treatment despite sustained disease 
activity (20–30% non-NEDA in each year), as second-line 
therapeutics were either not yet registered or out of reach 
due to programme criteria. 

Because of poor patient co-operation and technical limi-
tations, a significant number of scheduled samples were not 
collected. 

Conclusions and future directions

In our RRMS cohort, we observed a high prevalence of 
naturally occurring anti-IFNβ BAb and NAb.

Exclusion of the NAb0 (+) cases brought results remi-
niscent of previous ones, with a trend towards more disease 
activity in NAb (+) and, notably, BAb (+) patients. An assign-
ment switch (moving NAb0 (+) and BAb0 (+) patients to the 
NAb (-) and BAb (-) groups) revealed an association between 



356

Neurologia i Neurochirurgia Polska 2019, vol. 53, no. 5

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

early disease activity and NAb, consistent with previously 
published research.

Patients with baseline positivity in BAb or NAb expe-
rienced less disease activity in the first one or three years of 
treatment.

We propose that two types of anti-interferon antibodies 
were detected by our assays: specific, drug-induced antibodies 
and also low-affinity, naturally occurring antibodies. The 
naturally occurring antibodies are beneficial or reflect an 
advantageous immune state. Drug-induced antibodies, once 
they reach a certain neutralising activity, inhibit IFNβ activity 
and cause loss of drug efficacy.

Our findings require confirmation in further studies. The 
prevalence and specificity of low-affinity antibodies should 
be determined. Also, a titre or anti-IFN activity threshold of 
predictive significance should be established if possible.
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ABSTRACT

Objective. The aim of this study was to analyse the outcomes of single- and multi-level anterior cervical discectomy and fusion (ACDF) 
with standalone polyetheretherketone (PEEK) cages, with particular emphasis on the risk of secondary adjacent segment disease.

Materials and methods. This retrospective study included 30 patients with single- or multi-level cervical disc herniation. 
Before the ACDF, and one year thereafter, the patients underwent clinical and radiological evaluation including determination 
of cervical pain severity with a numerical rating scale (NRS), and a survey with a Polish adaptation of the neck disability index 
questionnaire (NDI-PL). Biomechanical parameters of the cervical spine were determined using the Cobb method.

Results. One year after ACDF, all patients had achieved complete fusions, and 97% showed a significant reduction of pain severity. 
Also, a significant decrease in all NDI-PL indices was observed. A significant decrease in overall cervical spine mobility coexisted 
with a significant increase in the mobility of the segment above the one operated upon and a non-significant decrease in the mo-
bility of the segment below. No statistically significant change was found in the intervertebral disc space height (IVH) above and be-
low the operated segment, and no evidence of degeneration within the segments adjacent to the operated one was documented.

Conclusion. One- and two-level ACDF with standalone PEEK cages provided high fusion rates. Surgical spondylosis contributed 
to a reduction of spinal mobility despite the hypermobility in adjacent spinal segments. No degeneration in adjacent spinal 
segments was documented within a year of ACDF, and the treatment seemed to improve patients’ quality of life.

Key words: adjacent segment degeneration, adjacent segment disease, anterior cervical discectomy with fusion, cervical  
myelopathy, cervical radiculopathy, PEEK cages 

(Neurol Neurochir Pol 2019; 53 (5): 358–362)

Introduction

Anterior cervical discectomy and fusion (ACDF) is a well-
-known form of surgical intervention in symptomatic cervical 
spondylosis. ACDF includes removal of the migrated disc 
(discectomy), decompression of neural structures within the 
spinal canal, and stabilisation of the interbody implant at the 
operated level. Adjacent segment disease (ASD) has become 
an important issue in patients with single- or multi-level 

cervical disc disease who undergo the ACDF procedure. ASD 
is defined as new degenerative changes in spinal segments 
adjacent to the previously operated one(s), associated with 
related symptoms [1].

Theoretically, the development of surgical techniques for 
interbody fusion with preservation of spinal mobility should 
contribute to a lower incidence of ASD. The ACDF-imposed 
alterations of spinal biomechanics may accelerate degenera-
tive changes within adjacent segments of the cervical spine; 
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however, the exact pathomechanism of this process is still 
not completely understood [2]. Patients after ACDF showed 
radiographic evidence of various degenerative changes wit-
hin adjacent spinal segments, which may pose a substantial 
diagnostic and therapeutic challenge. Although ACDF results 
in the attenuation of clinical symptoms, it is also associated 
with decreased spinal mobility, greater mechanical overload, 
and accelerated degeneration of adjacent segments, which 
may produce new clinical symptoms such as radiculopathy, 
myelopathy, stenosis and instability [3, 4].

In this paper, we present radiological and clinical outcomes 
of single- and multi-level ACDFs with polyetheretherketone 
(PEEK) implants, with particular emphasis on the risk of 
secondary ASD.

Materials and methods

The retrospective study included 30 consecutive patients 
with single- or multi-level cervical disc herniation who be-
tween January and December 2013 underwent ACDF using 
a standard Cloward procedure with standalone PEEK cages 
at the Department of Neurosurgery, Medical University of 
Bialystok, Poland. Three patients were excluded from the 
analysis because of a history of systemic diseases (rheumatoid 
arthritis - one patient, osteoporosis – two patients).

The protocol of the study was approved by the Local 
Bioethics Committee at the Medical University of Bialystok 
(decision no. R-I-002/40/2013).

The study patients presented with single- or multi-level 
cervical spine disease (C3 to C7). Only those patients with 
cervical radiculopathy, myelopathy with neurological deficits 
or without, and spondylosis diagnosed based on MRI, were 
included in the analysis. Patients with physical deformities, 
infections, metabolic bone diseases or tumours were excluded.

Before the ACDF, and 12 months post-procedure, all 
participants of the study were subjected to a comprehensive 
clinical and radiological evaluation. The clinical evaluation 
consisted of history taking, physical and neurological exami-
nation, assessment of pain severity with a numerical rating 
scale (NRS) and a survey with a Polish adaptation of the neck 
disability index questionnaire (NDI-PL).

Spinal radiographs (anterior-posterior, lateral and flexion-
-extension) were obtained preoperatively and one year after 
the ACDF. Functional parameters of the cervical spine were 
determined based on Cobb angle measurement, a method 
used routinely to calculate the spinal curvature angles. Ove-
rall mobility of cervical spine and segmental mobility in the 
operated and adjacent segments determined prior to the 
ACDF were compared with respective parameters obtained 
12 months post-procedure. The measurement methodology 
is set out in Figure 1.

Intervertebral disc space height (IVH) was measured 
for the operated segment and adjacent segments. Moreover, 
fusion (subsidence, antero-posterior implant displacement) 

and reconstruction of the intervertebral disc space height 
were evaluated. Fusion was defined as the lack of translucency 
around the PEEK cage, the presence of adhesion mass-fusion 
bone between the vertebral bodies, and the absence of motion 
between the spinous processes on flexion-extension radiograp-
hs. An interspinous distance ≥2 mm on functional radiographs 
was defined as non-fusion [5]. Cervical alignment was deter-
mined as the angle formed by the imaginary lines tangent to 
the posterior edges of C2 and C7. Subsidence was defined as 
the loss of height in the operated segment(s) on lateral radio-
graphs, >3 mm and >5 mm for one- and two-level procedures, 
respectively [6, 7]. Intervertebral disc space height (IVH) was 
defined as the mean value of the anterior and posterior height 
of the disc, expressed in millimetres. 

The follow-up radiographs were screened for ASD by two 
independent observers blinded to the clinical outcomes. ASD 
was defined by the presence of at least one of the following: 
calcification of the anterior longitudinal ligament; narrowing 
of the disc space with or without posterior osteophytes; and/
or formation of a new anterior osteocyte or enlargement of 
a preexisting osteophyte [8].

Statistical analysis
The results were analysed with a Statistica 10.0 package 

from StatSoft. Statistical characteristics of the study variables 
were presented as means, their standard deviations, medians, 
minimum and maximum values. NDI-PL scores were com-
pared using the Wilcoxon test, and mobility of the spinal 
segments with the non-parametric Kruskal-Wallis test. The 
significance of intragroup differences in overall and segmental 
spinal mobility was verified with the Wilcoxon test and the 
significance of intergroup differences in the spinal mobility 
with the non-parametric Mann-Whitney U-test. The threshold 
of statistical significance for all tests was set at p < 0.05.

Results

The study included 16 men (53.3%) and 14 women (46.7%) 
with a mean age of 56 years (range 27–67 years). All data was 
collected retrospectively. Mean duration of follow-up was 
12 months. Four patients achieved fusion at C3/C4, another 
four at C4/C5, 19 at C5/C6, and 14 at C6/C7. No patients 
required additional surgery for recurrent symptoms.

Up to 97% of the patients who underwent ACDF repor-
ted a significant decrease in pain severity expressed on NRS. 
Furthermore, a statistically significant decrease in all NDI-PL 
indices (i.e. pain intensity, personal care, lifting, reading, hea-
daches, concentration, work, driving, sleeping, and recreation) 
was documented, along with a significant improvement in daily 
functional activity. The first pre-op measurement amounted 
to c. 47% of disability, the last amounted to c. 15%, defining 
minimal disability.

Fusion rates for C2–C7 at three and 12 months post-
-procedure were 95.7% and 100%, respectively. No subsidence 
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of vertebral bodies on the PEEK implant was observed at the 
operated level. At the end of the follow-up period, a statisti-
cally significant decrease in overall cervical spine mobility 
(C2–C7) was observed, along with a significant increase in 
the mobility of the segment located above the operated one, 
and a non-significant decrease in the mobility of the segment 
located below. No statistically significant change was found in 
the IVH above and below the operated segment. No evidence 
of degeneration within the segments adjacent to the operated 
one was documented during the follow-up period, and none of 
the patients required repeated ACDF for the adjacent segments 
12 months after the primary procedure.

Discussion

Although ACDF is an effective method for the treatment 
of degenerative cervical disease, it can also result in overload 
and hypermobility of adjacent spinal segments [3]. Based on 
a systematic review of the literature, Sugawara [9] concluded 
that 2–36% of patients subjected to ACDF may develop symp-
tomatic degenerative changes in adjacent spinal segments 
within 10 years of the procedure, which in 6–19% of cases may 
require further surgical treatment. In two studies with a mini-
mum three-year follow-up [10], the incidence of radiological 
adjacent segment pathologies (RASP), such as heterotrophic 
calcification of the anterior longitudinal ligament and narro-
wing of the disc space with or without posterior osteophytes, 

exceeded 30%, and 10.5% of patients after cervical spine 
surgeries showed evidence of heterotrophic calcification. This 
can cause a secondary lack of flexibility within the previously 
operated segment of cervical spine. According to Mehren et al. 
and Heidecke et al., heterotrophic calcifications may be found 
in up to 29% of patients, whereas Tortolani et al. reported them 
as a rare and late complication of cervical surgeries [11–13]. 

In our present study, patients subjected to ACDF did not 
show any evidence of degenerative changes such as hetero-
trophic calcifications within one year of the procedure. The 
lack of symptomatic ASD in our series was probably associated 
with the fact that the patients were followed-up for a shorter 
period than the participants in previous, larger studies [14]. 
Our follow-up was short, limited to one year only. This repre-
sents a major limitation of our study. However, we continue 
to follow this cohort, and we hope that additional data will be 
available in the future.    

The aetiology of ASD is complex, and no single cause or 
risk factor for this pathology have been identified thus far. ASD 
may be a consequence of a preexisting disease, physiological 
age-related degenerative process, hypermobility in adjacent 
spinal segments, changes in intradiscal pressure, anatomi-
cal anomalies or sagittal misalignment [15]. According to 
Lawrence et al. [16], the risk factors for ASD after cervical 
fusion surgery included age < 60 years, fusion adjacent to C5-
C6 and/or C6-C7, preexisting disc herniation, and/or dural 
compression secondary to spinal stenosis. In turn, Katsuura et 

Figure 1. Measurement of spinal mobility: (A) ROM for C2–C7, (B) ROM for the segment located above the operated one, (C) ROM for the 
segment located below the operated one, (D) ROM for the operated segment. All ROM values determined based on Cobb angle measure-
ment, on archival radiographs from the Department of Neurosurgery, Medical University of Bialystok

A D
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al. [17] found a direct correlation between symptomatic ASD 
and the loss of lordotic curvature in the sagittal cervical spine. 
Published opinions vary about the contribution of surgical 
technique or operative management to the incidence of ASD. 
Song et al. [18] found no association between the incidence of 
clinical ASD and the number of fused segments. Hilibrand et 
al. [1] followed up 374 patients who underwent 409 cervical 
fusion procedures over a 20-year period. Approximately 25% 
of the patients developed symptomatic ASD within 10 years 
of the procedure, with an annual incidence rate of 2.9%. The 
incidence of ASD was shown to be higher after C5–C6 and 
C6–C7 fusions. According to some authors, the risk of ASD 
within an adjacent segment after a single-level fusion is higher 
in patients with CT-myelography or MRI evidence of preexis-
ting degenerative changes [19]. 

Other key factors implicated in ASD are altered biomecha-
nics and mobility of adjacent spinal segments, resulting from 
inappropriate cervical alignment. Biomechanical changes in 
adjacent segments after the fusion, such as altered range of 
motion or intradiscal pressure, have been reported by several 
authors [10, 18]. However, in our present study, the hypermo-
bility of the adjacent spinal segment above the operated one 
did not exert an effect on the incidence of ASD within one year 
of ACDF, and we did not find statistically significant changes 
in IVH above and below the operated segment.

Also, the effect of soft tissue disruption on the biome-
chanics of adjacent spinal segments should be considered as 
a  factor predisposing to ASD. Some previous studies found 
an association between the ossification of adjacent spinal 
segments in patients implanted with anterior cervical plates 
who eventually developed ASD. Park et al. [20] measured the 
distance between the intervertebral disc and the metal plate 
implanted during ACDF with plate fixation and found no 
association between this parameter and the risk of secondary 
ASD. We cannot comment on this observation as no plate 
fixation was used in our patients.

In previous studies, ACDF provided good or excellent 
outcomes in 70–90% of patients with cervical radiculopathy, 
primarily due to the decompression of the neural structures 
[21]. Bohlman et al. [22] found a correlation between the lack 
of fusion and the incidence of postoperative neck pain. In our 
present study, the lack of subsidence and the presence of stable 
intervertebral spondylosis observed in all patients during the 
final control visit turned out to be associated with a signifi-
cant attenuation of pain. No patients developed symptomatic 
pseudarthrosis that required a secondary surgery. 

These findings imply that the implantation of PEEK cages 
is a safe procedure resulting in high fusion rates and good 
clinical and radiological outcomes.

Published evidence suggests that the appropriate alig-
nment of sagittal cervical spine might be associated with 
better quality of life after ACDF. According to some authors, 
the reconstruction of IVH is of lesser importance. However, 
worse cervical alignment has been shown to correlate with 

poorer outcomes with regards to neck and arm pain, as well as 
with a higher likelihood of repeated surgical procedure. This 
implies that preservation of cervical lordosis is an important 
determinant of ACDF outcomes. Lordotic alignment contri-
butes to better mobility and functioning of cervical spine. In 
turn, sagittal misalignment has been demonstrated to be as-
sociated with cervical instability, pain, and even unfavourable 
functional outcomes [23]. Attenuation of pain is without doubt 
a key determinant of the quality of life. Similarly to previous 
studies, our experiment demonstrated that ACDF contributed 
to a considerable improvement in the quality of life determi-
ned with NRS scores and the NDI-PL questionnaire. Thus, 
the outcomes of the treatment were not impeded by either 
a decrease in spinal mobility or a hypermobility of the spinal 
segment located above the operated one.

In this study, we analysed spinal biomechanics with a fun-
ctional X-ray, using a  routine, albeit highly reliable, Cobb 
method. Dvorak et al. [24] analysed functional radiographs 
from 64 patients with disorders of cervical spine. The patients 
were divided into three groups, i.e. cervical degeneration, radi-
culopathy, and cervical trauma, which were then compared to 
healthy controls so as to identify pathological patterns of motion. 
Tęsiorowski et al. [25] compared cervical mobility at three, six 
and 12 months post-surgery with normal cervical mobility of 
people aged 40-50. The analysis of functional radiographs de-
monstrated an evident local kyphotic deformity on lateral views.

Conclusions

One- and two-level ACDF with standalone PEEK cages 
provided high fusion rates. Spondylosis at one or two levels 
contributed to a  reduction of spinal mobility despite the 
hypermobility in adjacent spinal segments. No degenerative 
changes in adjacent spinal segments were documented within 
a year of ACDF. Restoring IVH at the operated level seems to 
be less important from the perspective of functional outcome. 
ACDF improved the quality of life in patients with single- or 
multi-level cervical disc herniation.
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ABSTRACT

Objectives. This study aimed to evaluate the relationship between transmyocardial repolarisation parameters and the 
size of the diffusion limitation area measured using diffusion weighted magnetic resonance imaging (DWMRI) in patients 
diagnosed with ischaemic stroke without known cardiac diseases.

Material and methods. The study was a prospective, observational clinical study. Patients without cardiac disease with 
acute ischaemic stroke were included in the study. Electrocardiography (ECG) was received from the patients. P, QT, QTc 
and Tp-e dispersions were calculated. All the patients had computerised brain tomography (CT) and then DWMRI carried 
out so as to calculate infarct areas.

Results. Seventy ischaemic stroke patients and 30 control patients were included in the study. All parameters except for 
QTc dispersion (p = 0.88) were higher in the stroke group than in the control group (p < 0.05 for all values). The infarct area 
calculated with DWMRI was divided into four groups according to quartiles, and QT, QTc, P, and Tp-e dispersions of patients 
were evaluated. Patients were found to have a prolonged dispersion as the infarct area expanded, and this difference was 
statistically significant (p < 0.05 for all values).

Conclusions. When we compared the patients with ischaemic stroke who had no known cardiac disease to those in the 
control group we found an increase in transmyocardial repolarisation parameters. As diffusion limitation areas grew larger, 
QT, QTc, P, and Tp-e dispersions increased. Physicians should be aware of dysrhythmias and sudden cardiac death in acute 
stroke and should observe these patients, especially those with larger stroke lesions.

Key words: stroke, diffusion-limitation area, trans-myocardial repolarisation parameters, electrocardiography

(Neurol Neurochir Pol 2019; 53 (5): 363–368)

Introduction

Strokes are among the most frequent and most important 
of all neurological disorders encountered during adulthood 
[1]. In the acute phase of a stroke, repolarisation abnorma-
lities or ischaemic-like electrocardiographic changes can be 
observed [2]. Electrocardiographic abnormalities in patients 
with ischaemic and haemorrhagic strokes are a well-known 

problem which leads to diagnostic difficulties. In stroke 
patients, electrocardiographic changes have been observed 
without cardiac pathology [3]. The mechanism behind the 
electrocardiographic changes during an acute stroke has 
aroused great interest for years. It is thought that these changes 
could either be related to an underlying cardiac disorder, or 
indicate myocardial damage developing under acute stress. 
They might also result from neuro-hormonal interaction 
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between the central nervous system and the cardiovascular 
system, which has been understood better in recent years [4, 
5]. These abnormalities include ST segment changes (elevation 
or depression), changes in T waves, QT interval prolongation, 
and supraventricular or ventricular arrhythmias [2]. It has 
been reported that an increase in QT dispersion, which is 
regarded as an indicator of regional heterogeneity in myocar-
dial repolarisation, leads to severe ventricular arrhythmias 
and sudden cardiac death [6, 7].  Even so, an increase in the 
Tpeak–Tend (Tp-e) interval from the peak of the T wave to 
the end, considered a new arithmogenic marker in ECG in 
recent times, has been shown to be related to life-threatening 
ventricular arrhythmias [8–10].  It has been demonstrated in 
previous studies that the above mentioned transmyocardial 
repolarisation parameters were extended in patients with 
a history of stroke [11–13]. 

In this study, we have evaluated the relationship between 
transmyocardial repolarisation parameters and the size of the 
diffusion limitation area measured using diffusion weighted 
magnetic resonance imaging (DWMRI) in patients diagnosed 
with ischaemic stroke without known cardiac diseases.

Material and methods

This study was a prospective and observational clinical 
study whose protocol was approved by the local ethics com-
mittee.  The patients, who were aged over 18, were successively 
included in the study between 31 January and 1 June 2016 af-
ter they had received the diagnosis of an ischaemic stroke 
based on the clinical physical examination and the findings 
of imaging when they arrived at the emergency department 
within six hours of the first appearance of stroke symptoms. 
The exclusion criteria are set out in Table 1. The control group 
consisted of healthy subjects who were matched for age and 

sex, and had no malignancies, active infections, or coronary 
arterial disease. 

All the patients were given detailed physical and neu-
rological examinations, electrocardiography, imaging and 
echocardiographic imaging. Patients’ neurological examina-
tions were done according to the National Institutes of Health 
Stroke Scale (NIHSS).

The methods of imaging and their analyses
All the patients had computerised brain tomography (CT) 

and then DWMRI. Patients’ CTs were obtained with a Toshiba 
(Japan) Activion 16 Detector tomography device, and DWMRI 
with a General Electric (USA) 1.5 Tesla closed MRI.  All CTs 
and DWMRIs were evaluated by the same radiologist.

Measuring diffusion limitation area
Using a 1.5-T General Electric MR device, images with 

diffusion sensitivities of b 0 and b 1,000 s / mm2 and 20 slice 
diffusion weighted images with a cross-sectional thickness 
of 5 mm were obtained. In cases with multiple acute infarct 
areas, the largest lesion was measured. On the iMAC medical 
image-processing system, the volumetric volume in cm² was 
automatically calculated from the images created with 1,000 s 
/ mm2 using the region of interest (ROI) from the widest outer 
edge of the lesion. 

ECG
During the first hour, 12-channel ECGs were taken with 

a Nihon Kohden CardioFax GEN® (Japan) ECG device at 
10 mm / mV and 25 mm / sec. ECG images were enlarged to 
600-dpi resolution and read in Adobe Photoshop CS3 (USA). 
ECGs were assessed by two experts who were blinded to each 
other and the groups.

The QT interval was measured from the beginning of the 
QRS to the end of the T-wave in all derivations. QTc was cal-
culated using the Bazzett formula (QTc = QT / √RR).

The Tp-e interval was determined from the T wave peak to 
the junction of the T wave with the isoelectric line junction. 
Tp-e was measured using the tangent method. P wave duration 
was measured from all leads. All dispersions were defined as 
the difference between the maximum and minimum duration 
in the measurements.

Statistical analysis

Analysis of the data was performed using the SPSS 
package program (version 15, Chicago, USA). The Shapiro-
-Wilk test was used to determine whether the distribution of 
continuous variables was normal. Descriptive statistics were 
expressed as mean ± standard deviation or median (quartiles) 
for continuous variables, and the number of cases (n) and (%) 
as categorical variables. Categorical variables were assessed 
by Chi-square test. Two independent sample t-tests were 
used to determine whether there was a statistically significant 

Table 1. Exclusion criteria

Patients under 18 years of age

Patients with an accompanying acute coronary syndrome at admission

Those with a history of coronary arterial disease (stable / unstable 
angina, myocardial infarct)

Those undergoing a bypass operation

Those with transient ischaemic attack or lacunary infarct, and those 
who underwent haemorrhagic stroke

Pregnant women

Those with a history of cardiac medication (beta blocker, nitrate, 
calcium antagonist, digoxin)

Those who suffered cardiac embolism-related stroke

Patients with electrolyte disorders

Patients who had a branch block, pathological Q wave or atrial fibrilla-
tion, the criteria of left ventricle hypertrophy

Patients who refused to join in the study

Severe mitral or aortic valve disorder (stenosis or insufficiency)
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Table 2. Demographic data of the patients

Stroke patients Control subjects p value

Age, median (IQR 25–75%) 74 (68–82) 71 (68–80) 0.5

Gender, n (%)

Female

Male

25 (35.7)

45 (64.3)

13 (43.3)

17 (56.7)

0.5

Comorbidity, (%)

Diabetes mellitus

Hypertension

COPD

7 (23.3)

14 (46.7)

4 (13.3)

28 (40)

42 (60)

4 (5.7)

0.16

0.15

0.23

Prior stroke, n (%) 13 (18.6) —

NIHSS score at admission, median (IQR 25–75%) 5 (0–31) —

Localisation, n (%)

Right

Left

Bilateral

41 (58.6)

23 (32.9)

6 (8.6)

—

Area, (cm²) 1.5 (0.70–4.03) —

COPD — chronic obstructive lung disease; NHISS — national institutes of health stroke scale; IQR — inter-quartile range

Table 3. Characteristics of ECG parameters associated with trans-myocardial repolarisation in control subjects and stroke patients

Stroke patients  Control subjects p value

QT-min

QT-max

386 (370–402)

426 (398–458)

365 (348–381)

393 (370–409)

< 0.05

< 0.05

QT dispersion 39 (22–57) 25 (20–30) < 0.05

QTc-min

QTc-max

441 (408–473)

490 (445–529)

398 (378–398)

441 (424–456)

< 0.05

< 0.05

QTc dispersion 44 (25–67) 42 (34–49) 0.88

P-min

P-max

67 (60–76)

90 (80–104)

65 (55–65)

76 (72–80)

< 0.05

< 0.05

P dispersion 21 (12–36) 15 (12–20) 0.017

Tp-e min

Tp-e max

70 (62–76)

90 (80–103)

59 (52–69)

73 (68–80)

< 0.05

< 0.05

Tp-e dispersion 20 (14–29) 13 (10–18) < 0.05

ECG — electrocardiography

change in the mean values of the patient and control groups. 
Whether there was a  statistically significant change in the 
median values ​​and in the non-normal distribution data was 
examined using the Mann-Whitney U test. In the patient and 
control groups, Spearman correlation test was used to deter-
mine whether there was a statistically significant correlation 
between ECG measurements and infarct size. The Kruskal 
Wallis test was used to examine the significance of median 
values ​​among the groups.

For p < 0.05, the results were considered statistically 
significant. However, Bonferroni correction was performed 
to check for Type I error in all possible multiple comparisons.

Results 

Seventy ischaemic stroke patients, and 30 control patients with 
similar features, were included in the study. The mean age of stroke 
patients was 72 (68–80) years while that of the control group was 
74 (68–82) years. 18.6% of the stroke patients had a stroke history. 
Patients’ demographic data and characteristics are set out in Table 2.

When the transmyocardial parameters were evaluated 
in ECGs of patients and of the control group, all parameters 
except for QTc dispersion (p = 0.88) were higher in the stroke 
group than in the control group, and this difference was stati-
stically significant (p < 0.05 for all values) (Tab. 3).
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Table 4. Relationship between infarct areas and transmyocardial repolarisation parameters

Correlation coefficient p-value Number of patients (n)

QT-min

QT-max

0.543

0.710

< 0.05

< 0.05

70

70

QT dispersion 0.608 < 0.05 70

QTc-min

QTc-max

0.442

0.651

< 0.05

< 0.05

70

70

QTc dispersion 0.636 < 0.05 70

P-min

P-max

0.083

0.486

0.49

< 0.05

70

70

P dispersion 0.517 < 0.05 70

Tp-e min

Tp-e max

0.472

0.689

< 0.05

< 0.05

70

70

Tp-e dispersion 0.663 < 0.05 70

When the relationship between diffusion limitation areas 
and transmyocardial repolarisation parameters in the stroke pa-
tients was evaluated, a statistically significant similarity between 
the transmyocardial repolarisation parameters and diffusion 
limitation areas was found (correlation coefficients and p values ​​
are shown in Table 4) except for P-min (r = 0.083 and p = 0.49).

The diffusion limitation area calculated using DWMRI 
was divided into four groups according to quartiles and the 
QT, QTc, P, and Tp-e dispersions of patients were evaluated. 
Patients were found to have a prolonged dispersion as the 
diffusion limitation area expanded, and this difference was 
statistically significant (p < 0.05 for all values) (Tab. 5).

Discussion

According to the results of our study, transmyocardial 
repolarisation parameters were higher in patients with acute 
ischaemic stroke than in the control group. The transmyocar-
dial repolarisation parameters in ischaemic stroke patients 
and the diffusion limitation areas measured with DWMRI 
were positively related. QT, QTc, P, and Tp-e dispersions were 
prolonged as the infarct areas expanded.

Ischaemic stroke is the most common of all stroke types. 
Markers and tests that can be used to determine prognosis, 
especially arrhythmia and the possibility of sudden death, in 

patients with frequent and high mortality strokes are helpful 
in the management of patients. Many studies have shown that 
cardiovascular abnormalities are caused by cerebral infarction, 
depending on its localisation and size [2, 14, 15]. Prolongation 
of the QT interval and enlargement of the QRS complex are 
electrical instability of the ventricular myocardium; ST-T 
changes, which are ischaemia-like changes, are the abnorma-
lities most commonly observed on ECG [2]. Parameters such 
as QT, QTc, P, and Tp-e dispersions which can be used in the 
prediction of sudden death and arrhythmia and obtained only 
from a standard 12-lead ECG become increasingly attractive, 
due to their low cost and usefulness [6]. Measurements of 
these parameters in ECG reveal heterogeneity of cardiac re-
polarisation and useful parameters used in the definition of 
risky patients [6–8, 16, 17]. T wave peak-to-end point interval 
(Tp-e) measured in the ECG has recently been introduced into 
the literature, and is a parameter used to evaluate ventricular 
arrhythmogenity in many diseases [8, 9]. Studies comparing 
QT, QTc, and QTd for relatively long periods of time have 
shown that these studies yield reliable results at least as ac-
curate as these measurements without signifying ventricular 
repolarisation [9].

It is thought that a stroke leads to ECG changes especially 
due to its effect on the autonomic nervous system, its capacity 
to cause haemodynamic changes, and to trigger catecholamine 

Table 5. Parameters of transmyocardial repolarisation according to DWMRI-calculated infarct area quartiles

DWMRI calculated infarct area quartiles (cm²)

Parameters 

1 (< 0.70)

(n = 20)

2 (0.71–1.50)

(n = 19)

3 (1.51– 4.03)

(n = 14)

4 (> 4.04)

(n = 17)

p-value

QT dispersion 24 (20–38) 32 (20–40) 39 (24–47) 68 (52–76) < 0.001

QTc dispersion 25.7 (22–42) 34 (24–58) 45 (33–49) 79 (65–86) < 0.001

P dispersion 12 (10–20) 18 (12–28) 20 (7–27) 40 (36–44) < 0.001

Tp-e dispersion 14 (10–20) 16 (14–24) 24 (20–24) 38 (34–50) < 0.001

DWMRI — diffusion weighted magnetic resonance imaging
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release [18, 19]. For these reasons, cardiac involvement in 
cerebral lesions that have sustained certain areas of the brain 
for a long time has been the subject of studies. Since the hy-
pothalamus and insulin have effects on the autonomic nervous 
system, various cardiac effects have been observed with the 
stimulation of these [18, 19]. We have already carried out 
a study in our own department. This, and other studies in the 
literature, have shown a prolonged range of transmyocardial 
repolarisation parameters that have been proven to be asso-
ciated with ventricular arrhythmias and sudden cardiac death 
in stroke patients [13, 20, 21]. In addition, these parameters 
were evaluated not only for stroke, but also for stroke severity, 
type, localisation, and prognostic value. These parameters have 
been shown to be longer than stroke severity, ischaemic stroke 
in haemorrhagic stroke, and in patients with insula or brain-
stem involvement [13, 21-24]. The prognostic effect of QTc 
prolongation has been investigated in several studies. Most 
of these studies have shown that QTc prolongation adversely 
affects prognosis [11, 12].

There have been a  number of studies evaluating the 
relationship between infarct area and QT dispersion in the 
literature; Pd, Tp-e interval, and Tp-e dispersion have not 
been identified in studies [22, 24]. In the study conducted by 
Chugh on patients with ischaemic and haemorrhagic stroke 
but without a cardiovascular disease history, patients with 
a large lesion on DWMRI were shown to have longer QTds on 
ECGs taken in the first 24 hours [22]. Also Avsar found the 
same result in a similar group of patients [24]. In our study, 
we showed that as the diffusion limitation area of ​​the patients 
expanded, the myocardial repolarisation parameters were pro-
longed. Previous studies reported that Tp-e interval and Tp-e 
dispersion were longer in patients with long- and short-QT 
syndrome, Brugada syndrome, and myocardial infarction. [8, 
25, 26]. Tp-e and Tp-e dispersions were validated in various 
cardiac conditions that led to sudden cardiac death [10]. 

We showed that trans-myocardial repolarisation para-
meters, including Pd, Tp-e and Tp-e dispersion, are longer in 
stroke patients, and especially in patients with a large diffusion 
limitation area. 

We think that early attention should be paid to malignant 
ventricular arrhythmias and sudden cardiac death in these 
patients. 

Limitations

Our study has some limitations. Firstly, our study compri-
sed a relatively small sample size. Therefore, we believe that 
our results cannot be generalised to all populations. Secondly, 
none of the patients included in our study had arrhythmia 
during their entire hospital stay. This could have been due to 
the exclusion of patients with a known cardiac disease, cardiac 
drug use, and cardioembolic stroke in the aetiology.

Another limitation of our study was the absence of 
long-term follow-up of our patients. We have not evaluated 

the patients over a  long time in terms of mortality, neu-
rological status or cardiac intervention / implantation of 
pacemaker.

Finally, patients with other stroke types, including intra-
-cranial haemorrhages with fewer cases, were not included 
in the study. Patients were followed only during their hospi-
talisation period, and so could not be followed for long-term 
rhythm disturbances or mortality.

Conclusion 

No studies in the literature have investigated the rela-
tionship between the diffusion limitation volume and other 
transmyocardial repolarisation parameters, including Pd, Tp-e 
interval and Tp-e dispersion in patients with ischaemic stroke. 
When we compared the patients with ischaemic stroke who 
had no known cardiac disease to those in the control group, we 
found an increase in these parameters. As diffusion limitation 
areas grew larger, QT, QTc, P, and Tp-e dispersions increased. 
We think that physicians should be aware of dysrhythmias 
and sudden cardiac death in ischaemic stroke patients and 
should observe these patients, especially those with larger 
stroke lesions. 
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ABSTRACT 

Introduction and aim of the study. White matter disorders represent a spectrum of neurological diseases frequently associated 
with an unfavourable prognosis and a delay in diagnostics. We report the broad phenotypic spectrum of a rare hypomyelina-
ting leukodystrophy and three novel mutations. Further, we aim to explore the role of the combined clinical and neuroimaging 
diagnostic approach in the era of whole exome sequencing. 

Materials and methods. We present a clinical, neuroimaging and molecular-genetic characterisation of four patients from 
three families suffering from a rare genetic leukoencephalopathy. Two severely affected siblings (P1, P2) manifested a profound 
developmental delay, cerebellar symptomatology, microcephaly, failure to thrive, short stature and delayed teeth eruption with 
oligodontia. The other two patients (P3, P4), on the contrary, suffer from substantially less serious impairment with mild to mo-
derate developmental delay and cerebellar symptomatology, delayed teeth eruption, or well-manageable epilepsy. In all four 
patients, magnetic resonance revealed cerebellar atrophy and supratentorial hypomyelination with T2-weight hypointensities 
in the areas of the ventrolateral thalamic nuclei, corticospinal tract and the dentate nuclei. 

Results. Using whole-exome sequencing in P1, P2 and P3, and targeted sequencing in P4, pathogenic variants were disclosed 
in POLR3B, a gene encoding one of 17 subunits of DNA-dependent RNA polymerase III — all patients were compound heterozy-
gotes for point mutations. Three novel mutations c.727A>G (p.Met243Val) and c.2669G>A (p.Arg890His) (P1, P2), and c.1495G>A 
(p.Met499Val) (P3) were found. Magnetic resonance revealed the characteristic radiological pattern of POLR3-leukodystrophies in 
our patients. 

Conclusion and clinical implications. The diagnosis of POLR3-associated leukodystrophies can be significantly accelerated 
using the combined clinical and neuroradiological recognition pattern. Therefore, it is of crucial importance to raise the aware-
ness of this rare disorder among clinicians. Molecular-genetic analyses are indispensable for a swift diagnosis confirmation in 
cases of clear clinical suspicion, and for diagnostic search in patients with less pronounced symptomatology. They represent an 
invaluable tool for unravelling the complex genetic background of heritable white matter disorders. 

Key words: POLR3B, DNA-dependent RNA polymerase III, leukodystrophy, hypomyelination, hypodontia
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Introduction 

Leukodystrophies represent a heterogenous group of 
heritable neurological disorders affecting the white matter of 
the central nervous system (CNS) with or without peripheral 
nervous system involvement [1]. They can be differentiated 
into hypomyelinating and demyelinating leukodystrophies 
using CNS magnetic resonance imaging (MRI) recognition 
patterns. CNS MRI in demyelinating leukodystrophies shows 
prominent hyperintensity of the white matter in the T2-weig-
hted (T2-W) sequence and hypointensity in the T1-weighted 
(T1-W) sequence, as opposed to hypomyelinating leukodys-
trophies in which mild white matter hyperintensity on T2-W 
sequence and mild hypo-, iso- or hyperintensity on T1-W 
sequence can be observed [1, 2, 3]. The radiological criteria 
for hypomyelination further require an unchanged pattern of 
deficient myelination on two successive MRI scans at least six 
months apart, and at least one of them performed after the age 
of one year, separating thus delayed myelination and hypomy-
elination [2]. At least 91 heritable disorders affecting the white 
matter are known, 30 of which are the classic leukodystrop-
hies with primary myelin infliction, the rest being formed by 
genetic leukoencephalopathies in which myelin homeostasis 
disruption is part of a systemic metabolic disorder [1].

The DNA-dependent RNA polymerase III-associated 
(POLR3-associated) leukodystrophies comprise a set of clini-
cally, radiologically and genetically defined, yet heterogeneous, 
hypomyelinating leukodystrophies, for which a common 
aetiopathogenesis has been disclosed recently – mutations in 
the POLR3A, POLR3B, and POLR1C genes encoding subunits 
of the DNA-dependent RNA polymerase III. The prominent 
clinical symptoms of POLR3-associated leukodystrophies 
include progressive motor dysfunction or regression with 
hypotonia and marked cerebellar and pyramidal or extrapyra-
midal signs with a variable degree of intellectual impairment. 
Dental abnormalities constitute a distinct clinical sign. The 
severity of impairment may vary greatly among individual 
patients, and the disease may present in several distinct phe-
notypic forms. A specific radiological pattern exists offering 
a highly sensitive and specific diagnostic tool. Currently, only 
supportive symptomatic treatment exists [4–9].

Here, we present a thorough clinical, neuroimaging and 
molecular-genetic characterisation of four patients from three 
unrelated families. The sibling patients (P1, P2) presented 
severe both neurological and non-neurological phenotypes 
with early onset and rapid disease progression with profound 
developmental delay, various intriguing clinical features, and 
hypomyelination on CNS MRI. The other two patients (P3, 
P4) developed similar MRI findings, although they were much 
less dramatically affected with mild to moderate intellectual 
disability and other somatic symptoms that were fewer and 
less distinctly pronounced. Compound heterozygosity for 
mutations in POLR3B gene was found in all the patients, and 
three previously unreported mutations were revealed. 

Case reports 

Two affected siblings (P1, P2) and two other unrelated 
patients (P3, P4) born to healthy non-consanguineous parents 
are presented (Tab. 1). 

P1, P2: The older sister (P1) was born prematurely in the 
34th week of gestation with adequate birth weight of 2,300 g 
and length of 44 cm. The imminent postnatal adaptation was 
uneventful with an Apgar score of 9-10-10. Due to an early 
postnatal infection, the girl had had to be temporarily treated 
with antibiotics since her second day of life; however, reco-
very occurred within days, and discharge from hospital in 
a good clinical condition followed. Psychomotor milestones 
achievement was satisfactory until the age of six months, 
when a developmental deceleration and arrest were observed. 
Subsequently, the girl’s clinical state started to deteriorate mar-
kedly. During regular clinical evaluations, she began to present 
with profound psychomotor retardation, central hypotonic 
syndrome, and a progressive cerebellar symptomatology. The 
prominent evolving features were dysmetria, dyskinetic cho-
reatic movements, lower extremities spasticity, failure to thrive 
(17 kg, < 1st percentile at 10 years), short stature (114 cm, < 1st 
percentile at 10 years), microcephaly (45 cm, < 1st percentile 
at 10 years), convergent strabismus, central nystagmus, optic 
nerve atrophy, hypertelorism, inverted mammils and oligo-
dontia with atypical teeth shape, and delayed eruption of both 
deciduous and permanent teeth (Fig. 1). Her clinical state is 
now still slowly progressive, predominantly concerning the 
cerebellar symptomatology. At the age of 11, she is neither able 
to sit nor to walk, and her cognitive development corresponds 
to the 3rd trimenone. 

The second sister (P2) was born at term with a birth weight 
of 3,220 g and birth length of 49 cm. The clinical course and 
disease progression were very similar to her sister. At the age 
of seven months, developmental slowdown and practical arrest 
occurred. Progressively, substantial psychomotor retardation, 
hypotonic syndrome and cerebellar symptomatology evolved, 
with tremor, acral dyskinesias, failure to thrive (12.5 kg, < 1st 
percentile at six years), short stature (100 cm, < 1st percentile 
at 5.5 years), microcephaly (45 cm, < 1st percentile at six years), 
craniofacial dysmorphia (hypertelorism, enlarged auricles, 
mild macroglossia), strabismus, hypermetropia, inverted 
mammils and abnormal dental findings with oligodontia and 
delayed deciduous and permanent teeth eruption (Fig. 1). At 
the age of seven years, showing mild intrafamilial difference, 
she is able to sit unassisted and recently began to stand up and 
walk around the furniture, milestones her older sister never 
achieved . Her cognitive development is approximately at the 
level of eight months. Similarly to her sister, the cerebellar 
symptomatology is currently slowly progressive.

In both sisters, biochemical work-up did not reveal any ab-
normalities. Genetic analyses including micro-array hybridisa-
tion assays (aCGH) and targeted gene (MECP2, SMN1) analyses 
were negative. Thorough metabolic evaluation was also normal.
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Figure 1. Oligodontia of P2 at the age of 6 years due to delayed 
eruption of both the deciduous and permanent teeth with atypical-
ly shaped teeth and enamel hypoplasia 

Table 1. Clinical symptoms in two severely (P1, P2) and two moderately (P3, P4) impaired patients with three novel variants in POLR3B gene and their com-
parison to literature 

Clinical feature Patient 1 Patient 2 Patient 3 Patient 4 Wolf et al., 2014 
n = 103

Age of onset 6 months 7 months 3 years 2 years < 10 years (90%)

Age at referral 10 years 6 years n.d.

Developmental delay + + + + most patients

Hypotonia + + - + n.d.

Ataxia + + + + almost all patients

Tremor - + - + many patients

Dyskinesias - + + + a few patients

Acral spasticity + - + + +

Epilepsy - - + -  19%

Dental abnormalities + + - + 87%

Delayed dentition + + - +  71%

Hypo- /oligodontia + + - + 72%

Abnormal teeth shape + + - + +

Microcephaly + + - - n.d.

Short stature + + - n.d.  51 %

Failure to thrive + + - - n.d.

Facial dysmorphy + + - - n.d.

Inverted mammils + + - - n.d.

Strabismus + + - - n.d.

Nystagmus + + - - most patients

Optic atrophy + - + - +

Myopia - - + + 87%

Hypermetropia - + - - n.d.

n.d. — not determined

P3: The perinatal data of the currently 28 year-old male 
P3 document delayed imminent postnatal adaptation necessi-
tating resuscitation. Nevertheless, further development was 
unremarkable and appropriate until three years of age when 

slow retardation of psychomotor milestones achievement 
started to become apparent. Subsequently, apart from in the 
long term almost stationary mild psychomotor delay, clumsi-
ness and behavioural problems began to develop. The clinical 
state then remained for a long time without any substantial 
progress. The patient attended a regular elementary school 
initially. Later on, however, he had to be assigned to a special 
educational programme. At the age of 11 years, the first epi-
leptic seizure of a generalised tonic-clonic nature appeared. 
Antiepileptic therapy was initiated with a satisfactory effect, 
and epilepsy has since then been well-managed. In subsequent 
years, however, the patient’s communication skills deteriora-
ted mildly, and mood oscillations were noted. Furthermore, 
cerebellar and extrapyramidal symptomatology developed 
during the second decade of life and started to dominate the 
clinical picture, including ataxia, dyskinetic movements of 
the extremities and the neck, and hyperreflexia with hyp-/
paresthesias of the lower limbs. Also, the patient’s behavioural 
disorder then progressed with sexually inappropriate behavio-
ur being noted. Psychological examination objectified a be-
low average performance in the majority of the areas tested. 
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Marked myopia required ophthalmological correction. Due 
to the development of gynaecomastia, the patient underwent 
a thorough endocrinological examination, which yielded no 
abnormal findings. Neither dental abnormalities, nor growth 
impairment, failure to thrive, nor any other conspicuous 
symptoms were observed. 

For the time being, the patient’s clinical state seems to 
remain stationary, except for mild worsening of his cognitive 
functions. 

Complex biochemical and metabolic workup were incon-
clusive, as were genetic analyses including the common mic-
rodeletion syndromes and X-linked mental retardations panel. 

P4: Patient 4 is a 19 year-old woman born without any 
perinatal burden and with physiological birth anthropometric 
data. The early developmental milestones achievement rema-
ined within broader limits until two years of age, when mild 
psychomotor impairment started to become apparent. Teeth 
eruption was already delayed at that time. Simultaneously, 
growth velocity slowdown occurred and insufficient growth 
hormone production was confirmed. Substitution treatment 
was therefore initialised, with a satisfactory response. At aro-
und three years of age, apart from the developmental delay, 
intentional tremor with clumsiness and ataxia with frequent 
falls came to the forefront of the phenotypic picture and set 
off a broad diagnostic process. The patient’s clinical condition 
subsequently slowly progressed, dominantly in the cerebellar 
component; choreiform dyskinesias and hyperreflexia together 
with pyramidal signs were noted further on. The absence 
of any signs of puberty initiation provoked endocrinology 
examinations disclosing borderline levels of both central and 
peripheral sex-hormones. Thus, hormonal substitution therapy 
was commenced. However, psychiatric problems including 
depression, food refusal and pseudohallucinations occurred 
thereafter. These  were judged however to be a possible adverse 
consequence of the hormonal therapy. Another CNS MR at 
16 years of age revealed mild progression of the cerebellar 
atrophy; yet the neurological findings of the cerebellar symp-
tomatology seem to be long-term stationary. In summary, the 
current clinical state of P4 is non-progressive and dominated 
by mild intellectual disability, cerebellar symptomatology, op-
tic atrophy and markedly disrupted dental eruption resulting 
in oligodontia with abnormally shaped teeth. 

As with the other patients, biochemical and metabolic 
examinations remained unremarkable. Genetic testing, aiming 
at e.g. various spinocerebellar ataxias, yielded no results.

Material and methods

Exome sequencing of the trio (proband(s) and unaffec-
ted parents; P1, P2, P3) was performed using an Illumina 
HiSeq 2000 system (Illumina, USA) and SeqCap EZ Exome 
Enrichment kit v3.0 (Roche NimbleGen, USA) [10]. Sanger se-
quencing of all exons and exon–intron boundaries of POLR3B 
gene (NG_031837.1, NM_018082.5) was used in P4. POLR3B 

mutations identified by exome sequencing were confirmed by 
Sanger sequencing in probands and their parents. 

Ethics 

This study was approved by the ethics committee of the 
General University Hospital in Prague and was conducted in 
agreement with institutional guidelines. Written informed 
consent was obtained from parents for genetic analysis.

Results and Discussion

Mutations affecting POLR3 subunits, in particular the two 
largest subunits POLR3A (DNA-dependent RNA-polymerase 
III, subunit A) and POLR3B (DNA-dependent RNA-polymera-
se III, subunit B), are causative of a continuous spectrum of al-
lelic and clinically, radiologically and genetically defined group 
of hypomyelinating leukodystrophic disorders categorised as 
POLR3-associated leukodystrophies. This group includes five 
disorders initially described as individual entities: Hypomy-
elination with Oligodontia (HO), Tremor-Ataxia with Central 
Hypomyelination (TACH), Hypomyelination with Cerebellar 
Atrophy and Hypoplasia of the Corpus Callosum (HCAHCC), 
Ataxia, Delayed Dentition and Hypomyelination (ADDH) 
and Hypomyelination, Hypodontia, Hypogonadotropic Hy-
pogonadism (4H). With the expansion of molecular genetic 
testing, these disorders have been revealed to have a similar 
genetic basis: mutations in genes encoding for POLR3 subu-
nits. Therefore, rather than separate diseases, they represent 
a broad phenotypic spectrum with distinct phenotypes of the 
so-called POLR3-associated leukodystrophies [11, 12, 13]. 
They represent an extremely rare disorder with single case 
reports reported worldwide. However, as there is no database 
gathering these patients, neither the precise number of patients 
suffering from POLR3-associated leukodystrophies nor other 
epidemiological data are currently available. No more than 
a few hundred patients have been reported in the literature, 
the largest cohort amounting to 105 patients [11]. Genetic 
testing in our patient cohort revealed that all patients were 
compound heterozygotes for point mutations in POLR3B gene, 
a gene encoding one of the 17 subunits of the DNA-dependent 
RNA polymerase III. 

In P1 and P2, with the severe phenotype, two novel 
heterozygous mutations — maternally inherited c.727A>G 
(p.Met243Val) and paternally inherited c.2669G>A 
(p.Arg890His) — were found. Using exome sequencing, P3 was 
found to bear a novel variant c.1495G>A (p.Met499Val) inheri-
ted from his mother and a previously characterised pathogenic 
variant c.2084-6A>G leading to a frameshift and a premature 
stop codon (p.Gly695Valfs*5) [5]. The novel variants change 
evolutionally conserved amino acids. The impact of these three 
missense mutations on POLR3B was assessed with Mutation-
Taster [14], PolyPhen2 [15] and SIFT [16] programmes and 
mutations were predicted to be pathogenic. Sequence analysis 
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Table 2. MRI findings in two severely (P1, P2) and two moderately (P3, P4) impaired patients with three novel variants in POLR3B gene

MRI feature Patient 1 Patient 2 Patient 3 Patient 4

Age at MRI examination (years) 10 5 15 16

Diffuse supratentorial hypomyelination + + + +

T2-weight hypointensities

	 ventrolateral thalamus + + + +

	 globus pallidus - - + +

	 corticospinal tracts (internal capsule) + + + +

	 nucleus dentatus + + + +

	 optic radiation - - - -

Cerebellar atrophy + + + +

Cortical dysplasia + + - -

Arachnoideal cysts - + - -

of the POLR3B in P4 revealed compound heterozygosity for 
two reported mutations, a frameshift variant c.2570+1G>A 
leading to a premature truncated protein (p.Gly818fs), and 
a common missense mutation c.1568T>A (p.Val523Glu) found 
in patients from a European background, homozygosity of 
which causes a milder phenotype. Apart from this exception, 
patients with compound heterozygous mutations show no 
difference in disease progression from those bearing homo-
zygous mutations [17]. 

POLR3 is one of the three DNA-dependent RNA poly-
merases found in eukaryotic cell nuclei, each of them being 
responsible for the transcription of a specific set of ge-
nes [5, 18]. POLR3 transcribes a number of various non-
-coding RNAs involved in essential cellular processes such 
as translation, RNA processing or transcription regulation 
[19]. POLR3 is composed of 17 subunits, the two largest 
of which, POLR3A and POLR3B, form the catalytic centre 
of the enzyme and are responsible for the vast majority of 
POLR3-associated leukodystrophies [11, 18]. A mutation in 
POLR1C – a POLR1 (DNA-dependent RNA polymerase I) 
and POLR3 shared subunit previously associated with the 
autosomal recessive Treacher Collins syndrome, has recently 
been proved to also be causative of a minority of cases of 
POLR3-associated leukodystrophies [20].

The pathophysiological pathway underlying POLR3-leu-
kodystrophies remains elusive. However, it is presumed that 
either defective POLR3 assembly, stability or nuclear import 
or decreased enzymatic activity could affect the levels of va-
rious RNAs, which in turn are indispensable for embryonic 
CNS myelin formation and subsequent myelin homeostasis 
[5]. POLR3 function is cell-type and cell-cycle dependent. 
With certain transcripts being brain-specific, this might be 
the mechanism partially explanatory of the profound CNS 
impairment and the relative sparing of other tissues and organs 
[21]. However, the cause of the common dental impairment 

still remains unclear, as does the endocrine infliction frequ-
ently seen in POLR3 patients.

The CNS MRI findings of POLR3-associated leukodys-
trophies comprise a set of features forming together a highly 
sensitive (84.6%) and specific (92.9%) recognition pattern [9]. 
The characteristic POLR3-leukodystrophy CNS MRI features 
include diffuse supratentorial hypomyelination accompanied 
by relative T2-W hypointensities in the areas of the globus pal-
lidus, ventrolateral nuclei of the thalamus, corticospinal tract 
(at the level of the posterior limb of the internal capsule) and in 
the dentate nucleus and the optic radiation. Cerebellar atrophy 
and thinning of the corpus callosum complete the neurora-
diological pattern characteristic of POLR3-leukodystrophies 
(Tab. 2). Patients not bearing this MRI pattern are unlikely 
to suffer from POLR3-associated leukodystrophy [3, 9, 22]. 

Following standard procedures, CNS MRI was performed 
at the age of 32 months and at seven and 10 years in P1, at 
15 months, 28 months and five years in P2, at 15 years at P3, 
and at eight and 16 years in P4. All our patients meet the ma-
jority of the criteria of the POLR3-associated leukodystrophy 
recognition pattern, with diffuse non-progressive symmetrical 
supratentorial hypomyelination and cerebellar atrophy (Fig. 
2), affecting both vermis and the hemispheres. Cerebellar 
atrophy is slightly more common in POLR3B cases compared 
to POLR3A patients [11]. The degree of white matter hypo-
myelination reached approximately similar levels among all 
the patients. Cerebellar atrophy seems to be less prominent 
in P3 (Fig. 2F), arguably corresponding to a milder cerebellar 
symptomatology in this patient. The typical T2-W hypointens-
ities in the regions of the ventrolateral thalami (Fig. 2E, H), 
the dentate nuclei (Fig. 2I) and the corticospinal tract at the 
level of the posterior limb of the internal capsule (Fig. 2E, H, 
Fig. 3B) were observed in all our patients. Hypointensities in 
the globi pallidi (Fig. 2H, K) were only seen in P3 and P4 (Tab. 
2). Optic radiation involvement, also often accompanying 
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Figure 2. CNS MRI of P1, P2, P3 and P4. Diffuse hypomyelin-
ation (white arrows) visible as white matter T2-weight or FLAIR 
(A, C, D, G, E, H) hyperintensity and T1-weight hypointensity (B) 
is documented in P1 (B), P2 (A, C), P3 (D, E, F) and P4 (G, H, I). 
Mildly asymmetric gyrification compatible with the diagnosis of 
nonlissencephalic cortical dysplasia with polymicrogyria (A; white 
arrowheads) is depicted in P2. Cerebellar atrophy, affecting both 
vermis and the hemispheres, can be observed in FLAIR (C; white 
arrowheads) and T2-weight sequences (F, I; white arrowheads). 
T2-weight hypointensity in the area of nucleus dentatus (I; black 
arrow) can be observed in P4. T2-weight hypointensities in globi 
pallidi (E, H; black arrows), ventrolateral thalami (E, H; black ar-
rowheads) and the corticospinal tract at the level of the posterior 
limb of the internal capsule (E, H; black thin arrows) are demon-
strated in axial images of P3 and P4. Preserved myelination of 
gyrus praecentralis and of the corticospinal tract upstream of 
internal capsule (B; white thin arrow) corresponding to T1-weight 
hyperintensity is observed in P1 

POLR3-leukodystrophies, was not present in either of these 
patients [9]. Thin hypoplastic corpus callosum, described in 
approximately 50% of children younger than 10 years and 
more frequently associated with POLR3B mutations, was 
found in all four patients (Fig. 3A). Interestingly, both P1 and 
P2 expressed additional findings of dysmyelination of the 
white matter with asymmetric gyrification compatible with 
a diagnosis of nonlissencephalic cortical dysplasia in both 
sisters - cortical dysplasia with pachygyria in P1, and cortical 
dysplasia and polymicrogyria in P2 (Fig. 2B). The aetiology of 
these findings was not clarified; nevertheless, cortical dysplasia 
has never been described in any POLR3 patient before. Given 

its simultaneous occurrence in both siblings, the presence of 
another underlying genetic cause cannot be excluded, despite 
negative findings in the whole exome sequencing. P2 was also 
noted to possess a temporobasal enlargement of the external 
cerebrospinal fluid spaces due to an arachnoid cyst (30 x 25 x 
22 mm). However, as arachnoid cysts are not an especially rare 
finding even in healthy asymptomatic populations, they cannot 
be related to POLR3-leukodystrophies. In a subset of patients, 
a small cyst within the splenium has been observed [11].

The onset of POLR3-associated leukodystrophies ranges 
from early childhood to adolescence, with only a minority 
(10%) of patients presenting after 10 years of age. The 
prominent clinical features include progressive motor 
dysfunction or regression with hypotonia and marked ce-
rebellar and pyramidal or extrapyramidal signs, presenting 
as gait abnormalities, ataxia, tremor, dysmetria, abnormal 
eye smooth pursuit, nystagmus or other gaze limitations, 
dystonia, diskinetic movements, spasticity or hyperreflexia 
and others [11] (Tab. 1). 

In spite of the few exceptions documented, POLR3A-as-
sociated disease has been found to be associated with a more 
rapid disease progression, more severe disease course, and 
shorter life expectancy, despite having a slightly later disease 
onset compared to patients bearing mutations in POLR3B. 
Patients from a European background are more likely to have 
mutations in POLR3B [11, 23].

The clinical presentation in both our severely (P1, P2) 
and moderately (P3, P4) impaired patients is in accordance 
with the hitherto described broad phenotypic spectrum of 
POLR3-associated leukodystrophies. 

As with the majority of patients, both siblings manife-
sted early and similarly with developmental delay, cerebellar 
and pyramidal symptomatology and a corresponding dental 
abnormality pattern, which to a lesser extent was also the 
clinical presentation of P4. On the other hand, P3 manifested 
with unprogressive mild to moderate intellectual disability 
with behavioural problems and unspecified clumsiness in 
early childhood, with a subsequent onset of epilepsy at the 
beginning of his second decade and further deterioration of 
cognitive skills and the slow progression of other symptoms. 
No dental abnormalities have been detected in P3 so far, 
although they manifest in around three quarters of patients 
[11] (Tab. 1). Seizures occurred neither in the sibling patients 
(P1, P2), nor in P4. Because epilepsy is present in only appro-
ximately 20% of patients, these patients may remain without 
seizures. However, if epilepsy eventually evolves, it is usually 
well-controllable by pharmacotherapy [11]. Cognitive im-
pairment of POLR3 patients can be of variable severity. Our 
sibling patients manifested a profound intellectual disability, 
while most described patients have developed only a mild 
to moderate impairment, just like P3 and P4. Some patients 
may even have normal cognitive abilities, or only variably ex-
pressed learning difficulties [11]. Intercurrent infections have 
been noted to worsen the disease course, with not all patients 
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Figure 3. CNS MRI in P1, T1-weight sequence. Atrophy of the 
corpus callosum (A; white arrow) and of the cerebellum (A; white 
arrowhead) is demonstrated, together with preserved myelinisa-
tion of the corticospinal tract and its proximity upstream of the 
internal capsule (B; black arrow). Similar findings have been found 
in P2, the sister of P1  

regaining their previous level [11], although this phenomenon 
has not so far been observed in our patients. 

The non-neurological symptoms are dominated by dental 
abnormalities, with an abnormal or delayed deciduous and defi-
nitive teeth eruption, and hypo- /oligodontia and dysmorphic te-
eth, as seen in P1, P2 and P4. Other non-neurological symptoms, 
as observed in P4, may include endocrine dysfunctions such as 
prolactin or growth hormone deficiencies or hypogonadotropic 
hypogonadism, which leads to delayed puberty in three quarters 
of POLR3B patients [11, 24, 25]. Short stature, affecting about 
50% of patients, was a dominant feature in our siblings, as well 
as microcephaly and failure to thrive. Worthy of note concer-
ning the POLR3-leukodystrophies is the substantial diversity in 
disease onset and clinical course severity and progression, inclu-
ding even intrafamilial heterogeneity [11]. Progressive myopia 
seems to be a frequent part of the syndrome, as observed in our 
moderately affected P3 and P4; cataracts can sometimes develop. 
Interestingly, convergent strabismus has not been mentioned yet, 
while optic atrophy, as seen in P1 and P3, has only been described 
occasionally and mostly in older patients [23].

The precise pathophysiological mechanism leading to 
the substantial difference in the clinical phenotype severity 
between P1, P2 with two novel mutations and the other two 
patients, P3 and P4, remains currently elusive and cannot be 
correlated purely to CNS MRI findings, which are of appro-
ximately similar severity. Additional analyses need to be per-
formed. Since POLR3B possesses a high degree of mutational 
heterogeneity with mutational sites distributed throughout the 
whole gene, further studies on more patients are necessary in 
order to determine a precise genotype-phenotype correlation, 
something which cannot be drawn for the time being [5].

Clinical implications and conclusion 

Leukodystrophies are a growing group of heritable white 
matter disorders, for which comprehensive diagnostic al-
gorithms have been created to assist in reaching the proper 
diagnosis as early as possible [1].

In certain cases, the clinical and neuroimaging signs and 
symptoms may assist in narrowing the differential diagnosis 
and focusing the diagnostic process, including the molecular-
-genetic analyses, as witnessed by POLR3-associated leuko-
dystrophies [3, 9]. 

Therefore, awareness of POLR3-associated leukodys-
trophies ought to be increased among clinicians, as this 
particular entity offers highly specific and sensitive clinical 
and neuroimaging recognition patterns, making thereby 
targeted sequencing a method of choice, rather than whole 
exome sequencing. This may be of substantial significance 
not only for clinicians, but also for patients and the general 
healthcare system. 

However, there still are a number of mono-/oligosymp-
tomatic phenotypes, some of them especially with the non-
-neurological presenting symptoms, which may pose a more 
challenging diagnostic task and thus require broader mole-
cular-genetic analyses, such as whole exome sequencing [26]. 

Such sequencing, whether genome, exome or targeted 
panel sequencing, offers a valuable diagnostic tool if properly 
used. Concomitantly, it offers an opportunity to further unra-
vel the underlying genetic and pathophysiological background 
of these disorders, and shift today’s mostly symptomatic care 
towards a search for disease-specific targeted therapies and 
novel therapeutic modalities (for an overview of novel thera-
pies see Helman et al. [27]). 
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ABSTRACT

Aim of the study. The occurrence of migraine is linked with some common lifestyle activities and conditions preceding the 
attack. Our study presents known and presumptive lifestyle factors and activities related to migraine, and compares them to 
the frequency of headache attacks.

Material and methods. 40 female patients of the Headache Outpatient Clinic in Warsaw, Poland, diagnosed with migraine, 
mean age 44.6 years, and 40 female participants from the control group, mean age 39.5 years, were included in the study. The 
study employed questionnaires reporting the presence of lifestyle factors and socioeconomic predispositions as well as the 
Migraine Disability Assessment Test (MIDAS) as data collection methods.

Results. Correlations between some of the lifestyle factors and the frequency of migraines occurred statistically significantly.

Conclusions. Some factors and lifestyle activities such as stress, relaxation, specific dietary products, fasting, fatigue, bright 
light, noise, weather changes or menstruation may have an influence on migraine frequency and severity in female patients, 
which can have an impact on migraine prevention.

Key words: migraine, trigger factors, lifestyle, headaches

(Neurol Neurochir Pol 2019; 53 (5): 377–383)

Introduction

Migraine is a common health problem occurring in up to 
12% of the Caucasian population.  According to epidemiologi-
cal studies in Poland, the cause of about 49% of chronic daily 
headaches (CDH) is chronic migraine [1]. The prevalence of 
migraine is up to three times more frequent among women 
depending on populations, and varies by age, with its peak 
between the ages of 35 and 45, regardless of sex [2, 3]. Stępień 
et al. determined the prevalence of migraine in the Polish po-
pulation to be about 10%. Based on their study, 75% of Polish 
migraineurs were female and migraine was more common in 
patients over 40 years old (72%) [4]. Low household income 
and lower educational level can further increase migraine 
prevalence, significantly among women [5, 6]. Migraine can 

have a major impact on the patient’s quality of life, affecting it 
directly and causing complications such as functional disability 
or depression [2, 7, 8]. 

Peroutka tried to identify the top ten migraine factors 
based on an analysis of 25 publications, of which stress was 
predominant [9]. Between 50% and 80% of migraine patients 
associated stress with headaches [9, 10]. Other frequently men-
tioned factors include sleep disturbance and dietary factors 
like hunger, skipping meals, alcohol intake (especially red wine 
and beer), caffeine, chocolate and cheese, fatigue and weather 
changes [9, 11, 12, 13]. Physical activity can further worsen 
the severity of headaches induced by alcohol intake [14]. 
Sleep and stress can play a greater role for patients suffering 
from migraine with aura, as opposed to environmental factors 
which may be more crucial to migraine patients without aura 
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[10]. Another Polish study focused on the potential impact of 
body mass index (BMI) and serum lipid levels on increasing 
the risk of migraine [15].

Determining headache trigger factors among migraine 
patients could possibly help improve prevention in this group. 
Due to insufficient data in the Polish population, our present 
study was conducted to analyse the association between migra-
ine and factors which are known to trigger, or are presumed to 
trigger, migraine headaches such as marital status, educational 
level, alcohol intake, sleep deprivation, dietary problems, 
stress, weather changes, exposure to flashing lights or a high 
noise level, staying at a high altitude, drug administration, 
menstruation, or working out.

Material and methods

We retrospectively evaluated the clinical data of 40 ran-
domly selected female patients with a mean age (± SD) of 
44.62 ± 10.64 years (range 21 to 66) diagnosed with episodic 
or chronic migraine with or without aura, based on the criteria 
of the International Headache Society [14]. Our control group 
consisted of 40 women with chronic tension type headaches 
(TTH) diagnosed according to the International Classification 
of Headache Disorders 3rd edition (ICHD-3) [14], with a mean 
age (± SD) of 39.5 ± 15.59 years (range 23 to 76 years). This 
group was adjusted to the age and gender of the study group. 
All individuals in our study groups (the control-TTH group 
and the migraine group) were Caucasians. The mean age for the 
study groups was not significantly different (Wald-Wolfowitz 
runs test – Z = -1.350; p = 0.177). The consecutively incoming 
migraine patients were examined in the Headache Outpatient 
Clinic from November 2015 to February 2017. A basic neuro-
logical and general examination was performed during planned 
appointments in the Clinic. Depending on individual needs, the 
patients were receiving either prophylactic or acute treatment. 
During our study, there were only a few male patients, so we 
excluded them from the study to avoid selection bias,deciding 
to pay attention only to the unified female patients group and 
the control group. Our study group did not omit individuals 
in migraine preventive treatment or those receiving medica-
tion for chronic migraine. We also did not select patients for 
the study on the basis of the onset of migraine or its duration. 

All the patients completed a questionnaire that was created 
for the researchers’ own use. Each set of questions was asked 
directly by the researchers, not over the telephone, after the 
confirmation of the migraine diagnosis and the examination 
of physical condition. All the patients agreed to their data 
included in the questionnaire being used for our study. 

The questionnaire was divided into three parts. In the 
first, socioeconomic, part we assessed educational level, type 
of work (physical or mental), marital status and number of 
children. In the second part, each patient was asked about the 
concomitance of headaches and the following aspects of life: 
a stressful situation (e.g. exams, work interviews), relaxation 

after stress, the intake of dietary products such as chocolate, 
dairy, cocoa, seasonings, citrus, as well as alcohol intake, 
fasting, sleep deficiency or excess, workout/fatigue, exposure 
to bright or pulsing light, high levels of noise, staying at high 
altitude (e.g. in the mountains), sudden weather changes, 
medicine intake, and menstruation. We also asked patients if 
there were any other factors that they had linked with their he-
adaches. In the final part, the Migraine Disability Assessment 
Test (MIDAS) [16] was used as a means to estimate patients’ 
migraine severity and daily activity impairment. We compared 
triggers of headache in the migraine and in the TTH group. 
The complete questionnaire is set out in Table 1.

Statistical analysis

Non-parametric Wald-Wolfowitz runs test was perfor-
med for the group comparison. Null hypothesis was that the 
groups were independent and identically distributed, which 
was proved correct (p-value 0.177).

The presumptive headache trigger factors were presented 
as numerical variables and were analysed with chi-square tests 
such as Pearson’s Chi-square test, Yates Chi-square test, and 
V-square test. The null hypothesis in this case, and for all the 
subsequent tests, was that a statistical correlation between the 
headache occurrence in the patients’ group and the trigger fac-
tors existed, while the alternative hypothesis was that there was 
no correlation. Pearson correlation coefficients were calculated 
to determine if a correlation existed between the frequency of 
headaches and the trigger factors we had taken into account in 
our study, in both the migraine and the control group. 

The level of statistical significance was set at a p-va-
lue < 0.05.

Results

According to the MIDAS, we categorised patients due to 
their migraine severity as Grade I, II, III or IV, which amounted 
respectively to 10%, 10%, 22.5% and 57.5% of the patients. 
34 patients (85%) were diagnosed as patients with migraine 
without aura, and only two patients (5%) had attacks of migra-
ine with aura. Four patients (10%) had chronic migraine. The 
demographic and clinical data of patients is set out in Table 
2 and Table 3 respectively. 

There were non-uniform sample sizes in terms of educatio-
nal level, type of work, number of children, aura and no-aura 
migraine, marital status and the MIDAS test groups, which 
made it impossible to obtain reliable data.

Some of the patients from both groups were post-meno-
pausal and so could not associate menstruation with heada-
ches. For this reason, we excluded such patients from the study 
and the control group, and for this specific factor the number 
of females in the compared groups has changed.  

The results of the tests revealed a weak connection between 
the occurrence of headaches and trigger factors such as alcohol 
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Table 1. Patients’ questionnaire

Please answer the following questions:

First name: ……………………………………………..

Last name: ……………………………………………..

Age: ……………………………………………..

Education: Primary / Secondary / Higher 

Type of work: Physical / Mental

Marital status: ……………………………………………..

Number of children: ……………………………………………..

Do you associate the occurrence of headaches with the following situations? Please circle the correct answer (YES or NO).

After a stressful situation? YES NO

After relaxation, holidays or other forms of rest? YES NO

After eating products like chocolate, dairy, cocoa, seasonings or citruses?  
If yes, please state which products exactly ……

YES NO

After alcohol consumption? YES NO

After fasting? YES NO

After sleep deficiency? YES NO

After excessive sleeping? YES NO

After workout/fatigue? YES NO

After exposure to bright or pulsing light? YES NO

After exposure to noise? YES NO

After staying at a high altitude (e.g. in the mountains)? YES NO

After sudden weather changes? YES NO

After medicine intake? If yes, please state which medicines exactly ……. YES NO

After menstruation? YES NO

Do you find any other situations that trigger headaches? If yes, please describe them. …………………….. YES NO

Please answer the following questions:

On how many days in the last 3 months did you miss work or school because of your headaches? ………..

How many days in the last 3 months was your productivity at work or school reduced by half or more because of your headaches? ………..

On how many days in the last 3 months did you not do household work because of your headaches? ………..

How many days in the last 3 months was your productivity in household work reduced by half of more because of your headaches? ………..

On how many days in the last 3 months did you miss family, social or leisure activities because of your headaches? ………..

On how many days in the last 3 months did you have a headache? ………..

On a scale of 0–10, on average how painful were these headaches? (where 0 = no pain at all, and 10 = pain as bad as it can be) ………..

intake, sleep deficiency, excessive sleeping, staying at high 
altitudes, or medicine intake.

On the other hand, in the following situations: stress 
exposure, relaxation after stress, intake of dietary products, 
fasting, workout/fatigue, exposure to bright or pulsing light, 
high noise level, sudden weather changes and menstruation, 
the results of the chi-square tests showed statistically signifi-
cant differences, and the null hypothesis cannot be rejected.

The results are set out in Table 4.

Discussion

Our study shows that we can identify headache-triggering 
factors in migraineurs which have been many times reported 

as acknowledged migraine trigger factors in previous research 
studies [9–13, 17]. Kelman retrospectively evaluated 1,750 pa-
tients and showed that acute migraine attacks were triggered 
in around 75% of patients, with different frequencies, and no 
triggers were seen in around 25%. The most common triggers 
included stress (79.7%), hormones in women (65.1%), fasting 
(57.3%), weather (53.2%), sleep disturbance (49.8%), perfume 
or odour (43.7%), neck pain (38.4%), light(s) (38.1%), alcohol 
(37.8%), smoking (35.7%), sleeping late (32.0%), heat (30.3%), 
food (26.9%), and exercise (22.1%) [17].

Stress (82.5%) was the most frequent migraine headache-
triggering factor in our study, which corresponds to the results 
of other researchers [9, 10, 12, 17, 18]. Stress is said to trigger 
headaches in 50-80% of migraineurs [9, 10, 17]. Moreover, 
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Table 2. Demographic data

    Migraine 
group  

(n = 40)

TTH group  
(n = 40)

Age range 21–66 23–76

Age (years) Mean 44.62 39.5

SD1 10.64 15.59

Gender Female n = 40 n = 40

Male n = 0 n = 0

Type of work Physical 5 0

Mental 35 40

Education Primary 0 0

Secondary 13 15

Higher 27 25

Marital status Single 12 21

Married 25 14

Divorced 1 2

Widowed 2 3

Number of 
children

0 12 22

1 9 10

2 17 7

3+ 2 1
1standard deviation

Table 3. Clinical data

  Number of migraine  
patients (n = 40)

    n %

MIDAS grade I 4 10

II 4 10

III 9 22.5

IV 22 57.5

Migraine without aura 34 85

Migraine with aura 2 5

Chronic migraine 4 10

Table 4. Patients with headaches triggered by the researched factors

  Migraine group  
n = 40 

Control group   
n = 40

P value2 Type of  
chi-square test

n % n % Pearson  
Chi-squareStress 33 82.5 15 37.5 0.00004

Relaxation after stress 17 42.5 5 12.5 0.003

Alcohol intake 20 50.0 16 40.0 0.369

Fasting 26 65.0 15 37.5 0.014

Sleep deficiency 25 62.5 25 62.5 1.000

Excessive sleeping 24 60.0 17 42.5 0.117

Workout/fatigue 21 52.5 6 15.0 0.0004

Exposure to bright or pulsing light 25 62.5 6 15.0 0.00001

High noise level 23 57.5 12 30.0 0.013

Sudden weather changes 30 75.0 20 50.0 0.021

Medicine intake 3 7.5 4 10.0 1.000

Menstruation1 26 (n = 39) 66.67 5 (n = 26) 19.2 0.0002

Dietary products intake 15 37.5 3 7.5 0.001 V-square

Staying at high altitudes 11 27.5 5 12.5 0.096

Medicine intake 3 7.5 4 10.0 1.000 Yates Chi-square
1numbers in brackets state the total number of patients in groups due to excluding females after the menopause 
2p-values in bold are statistically significant < 0.05

chronic migraine can increase perceived stress and further 
lower patients’ quality of life [12]. Comparing this trigger 
in other populations, the frequency of stress as a trigger was 
similar in Spanish and Pakistani populations (46.3% and 44%), 
and slightly higher in Brazilian migraineurs (73%) [19]. Similar 
results have been noted in Caucasians (87% recognised stress 
as a trigger) and African-Americans (84%) in a questionnaire 
study focused on identifying ethnic disparities, involving 
131 migraine patients [20].

Sudden weather changes (75%) — our next most frequent 
trigger, consist of many variables, such as barometric pressure 
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Figure 1. Percentage frequency distribution of dietary products associated with headaches in migraine patients
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fluctuations, humidity, temperature, or weather pattern. Prince 
et al., in a study of 77 patients with migraine, found 39 (50.6%) 
to be sensitive to weather changes [21]. Regional weather 
conditions, like the presence of Chinook winds in Canada, 
may affect migraine occurrence. Prince et al. wrote: “For the 
patient group (75) as a whole, headache probability was sig-
nificantly increased on pre-chinook days, and also on chinook 
days with high-velocity wind (top quartile of chinook days)” 
[22]. Other researchers have observed that different air mass 
types in central North Carolina have an influence on migraine 
attacks as well: “We found statistically significant differences 
in ED migraine visits between air mass types. Tropical (i.e. 
warmer) air masses generally resulted in the highest frequency 
of ED visits, while polar (i.e. colder) air masses resulted in the 
lowest frequency” [23].

Fasting (65%) is among the best studied and the most re-
liable natural migraine triggers. Out of all the dietary triggers 
of migraine attack, fasting is very frequently reported, with 
percentages ranging from 39% to 66% depending on the study 
[24]. Our questionnaire did not define the duration of fasting 
nor did it include questions about how much food a patient ate 
before or during fasting or what kind of food it was. Objective 
research studies tend to concentrate on specifically defined 
periods of fasting such as that encouraged by religions. In one 
study focused on the month of Ramadan, patients identified 
9.4 ± 4.3 migraine days on average (range 3–20) as compared 
to 3.7 ± 2.1 migraine days on average (range 1-10) during 
the control month (p < 0.001) [25]. Researchers investigating 
the phenomenon of Yom Kippur headache reported that in 
a population including 211 who fasted, 39% of the fasters 
developed headaches, compared to only 7% of non-fasters (p 

< 0.000001). Also, the number of headache sufferers increased 
in direct correlation to the duration of the fast [26].

Chocolate was the most common dietary product asso-
ciated with headaches. Food triggers frequency is similar to 
many others studies [27, 28]. Tai et al. in their study involving 
319 (46.6%) Malaysian migraine patients, pointed out that the 
most common dietary trigger factors were coffee (136 patients, 
19.9%), followed by chocolate (51 patients, 7.5%) [29]. The 
comparison of the migraine and the TTH group in Tai’s study 
showed a statistical significance of their findings — chocolate 
(OR 2.16, 95% CI 1.06–4.41, p = 0.035) and coffee (OR 1.73, 
95% CI 1.12–2.68, p = 0.014). Peatfield et al. found that 19.2% 
of 490 migraine patients reported sensitivity to chocolate, 18.2% 
to cheese, and 11.1% to citrus fruit [30]. The percentage frequ-
ency distribution of different dietary products associated with 
migraine headaches of our patients is presented in Figure 1. 

Our study has some limitations. The study group was 
relatively small, and all the patients came from a single hea-
dache clinic. This study was conducted according to patients’ 
perceived headache triggering factors and observations. The 
questionnaire did not implement objective scales for said 
trigger factors. We did not measure noise level, altitudes, 
or weather parameters such as air pressure or temperature. 
Furthermore, some patients were on preventive medication, 
which could have affected the analysed data.  All these factors 
could have an impact on the study’s results. 

Conclusion

Although our study presented statistical significance and 
stated specific trigger factors, which are consistent with studies 
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from other countries such as Canada, USA, Turkey, Spain and 
Korea, we cannot generalise the results to the whole Polish 
population, due to the study group being too small [10, 13, 
17, 29, 31].  In our opinion, this study could prove useful for 
clinical practice in non-pharmacological preventive treatment 
in migraine patients, although it should be verified by other 
studies evaluating the Polish population. Future studies should 
include larger study groups that would allow the gathering of 
cross-sectional population data, possibly including additional 
factors.
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ABSTRACT

Aim of the study. Oral anticoagulants, preferentially vitamin K antagonists (VKA), are recommended for 3–12 months in 
patients with cerebral venous sinus thrombosis (CVST). We present a series of patients with CVST treated with direct oral anti-
coagulants (DOAC).

Materials and methods. We prospectively recruited 36 patients with CVST (aged 40.3 ± 9.2 years, 58.3% female) treated with DOAC 
based on the physician’s or patient’s preferences. Functional outcome was assessed with modified Rankin Scale. Recanalisation was 
assessed on imaging at 3–6 months post the event. Patients were followed for a median of 30 [interquartile range (IQR) 25–37] months.

Results. After use of heparin (median: 6 days; IQR 5–8.75), patients received dabigatran (150 mg bid, n = 16 or 110 mg bid, n = 
2), rivaroxaban (20 mg qd, n = 10) or apixaban (5 mg bid, n = 8) for a median of 8.5 months (IQR 6.25–12). Complete or partial 
recanalisation was observed in 34 cases (94.4%). Three patients (8.3%) experienced major bleeding: menorrhagia on rivaroxa-
ban (n = 2) and gastrointestinal bleeding on dabigatran (n = 1). A favourable functional outcome was observed in 24 (66.7%) 
patients, without any fatality. CSVT recurred in two patients (5.6%) and two venous thromboses developed in two other patients 
with inherited thrombophilia after anticoagulation withdrawal.

Conclusions and clinical implications. DOACs could be an alternative to VKA in CVST patients.

Key words: anticoagulation, cerebral venous sinus thrombosis, direct oral anticoagulants, bleeding, venous thromboembolism

(Neurol Neurochir Pol 2019; 53 (5): 384–387)

Introduction

Cerebral venous sinus thrombosis (CVST) is rare, with 
an annual incidence estimated at 3 to 4 cases per million [1] 

and with a female to male ratio of 3:1 [2]. CVST is associated 
with genetic or acquired thrombophilias, malignancy, infec-
tion or head trauma, pregnancy, and oral contraceptives [3]. 
Prothrombotic risk factors are identifiable among 85% of 
CVST patients [3].

European Stroke Organisation guidelines recommend 
using low-molecular-weight heparin (LMWH) in the treat-
ment of the acute phase [4], followed by vitamin K antagonists 
(VKAs) for 3–12 months. The guidelines of the American 
Heart Association/American Stroke Association are similar [5].

Direct oral anticoagulants (DOACs) are at least as effective 
as VKAs in the treatment and prevention of the recurrence 
of venous thromboembolism (VTE) [6]. DOACs might be 
a promising alternative to VKAs in the long-term treatment of 
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CVST, especially among patients for whom VKAs are contra-
indicated or unsuitable [7].There have been few observational 
studies on DOAC in CVST. Mendonça et al. [8] reported full 
recanalisation in 27% of 15 dabigatran-treated CVST patients 
(mostly 150 mg bid) and excellent long-term functional 
outcomes in 87% of patients, without any CVST recurrence or 
major bleeding during follow-ups for a median of 19 months. 
Geisbüsch et al. [9] reported on seven patients with CVST on 
rivaroxaban 20 mg qd. During follow-up (median: 7 months), 
no thrombotic events and two minor bleeds occurred. Com-
plete recanalisation was observed in four patients.

Several experts have advised using DOAC in this disease 
[6]. To the best of our knowledge, there have been no reports 
on Polish patients with CVST treated with DOACs. This single-
-centre case series study was aimed to assess the efficacy and 
safety of DOACs in CVST.

Materials and methods

We enrolled 36 consecutive patients with a documented 
episode of CVST referred for further diagnostic work-up to an 
outpatient clinic at John Paul II Hospital in Krakow, Poland, 
between December 2013 and March 2018. On the first visit, all 
eligible subjects were on dabigatran, rivaroxaban or apixaban 
and provided medical records including imaging data. They 
were enrolled 3–6 months since a diagnosis of CVST. The 
exclusion criteria were as follows: indications for long-term 
anticoagulant therapy other than VTE, diagnosed malignancy, 
pregnancy, breastfeeding, and advanced kidney disease (sta-
ge 4–5). Written consent was obtained to participate in this 
observational study.

Clinical diagnosis of CVST was made according to the 
international criteria [5] by brain imaging — computed to-
mography (CT) with CT venography. Following the use of 
LMWH at therapeutic doses or unfractionated heparin, the 
DOAC therapy was initiated. To assess the vessel recanalisation 
status, CT angiography was performed 3–6 months after CVST.

We collected demographic characteristics, clinical data on 
CVST, VTE risk factors, comorbidities and current treatment 
using a standardised questionnaire. Unprovoked CVST was 
established if there was no history of malignancy, major sur-
gery, trauma, immobilisation, pregnancy or childbirth at least 
three months before CVST diagnosis and no use of oestrogen. 
Family history of VTE was defined as VTE in first-degree 
relatives. Obesity was recognised when Body Mass Index was 
≥ 30 kg/m2. 

Follow-up included the time of DOAC use and the time 
since its withdrawal. Clinical data was collected every six 
months via a visit to the outpatient clinic or telephone contact. 
The decision to cease DOAC use was left to the discretion of 
the attending physician based on the patient’s preferences. 
Thrombophilia screening was performed (antiphospholipid 
syndrome [APS], Factor V Leiden [FVL] or prothrombin 
G20210A mutations and deficiencies in protein C, protein 

S or antithrombin, as described previously [10]). Functional 
outcome was assessed using modified Rankin Scale (mRS) 
before initiation of the DOAC therapy and after 6–12 months 
of follow-up. A favourable functional outcome was defined as 
0-1 point in mRS. The occurrence of VTE (including CVST) 
and major bleeding (according to the definition by Schulman 
et al. [11]) were recorded.

The local ethical committee issued approval for the study 
according to the Declaration of Helsinki.

Statistical analysis

Categorical variables were reported as numbers and 
percentages. Continuous variables were presented as means 
(standard deviation) or median (IQR, interquartile range). 
Normality was assessed by the Shapiro-Wilk test. The chi-
-squared test was used to compare categorical variables. The 
ANOVA or Kruskal-Wallis tests for continuous variables 
were conducted to assess differences between the groups 
using different DOACs. Analyses were performed using SPSS 
Software (IBM, USA). A P-value below 0.05 was considered 
statistically significant.

Results

A total of 36 patients with CVST (aged 40.3 ± 9.2 years, 
58.3% female) were analysed (Table 1). Unprovoked CVST was 
found in 26 (72.2%). Thrombophilia was observed in 18 (50%) 
patients, including eight patients (22.2%) with FVL.

The most common single location of CVST was the 
transverse sinus. Following the use of heparin (median, 
6 days; IQR 5–8.75), DOAC was initiated and continued 
for a median of 8.5 months (IQR 6.25–12). There were 
18 patients (50%) on dabigatran (n = 16, 150 mg bid and n 
= 2, 110 mg bid). Ten subjects (27.8%) received rivaroxaban 
(20 mg daily) and eight patients (22.2%) were on apixaban 
(5 mg bid). Apart from older age in the dabigatran users 
(44.3 ± 8.3 years vs. rivaroxaban 35.7 ± 9.1 and apixaban 
37.1 ± 8.4 years, p = 0.029), the patients on the three DO-
ACs were similar with regard to demographic and clinical 
characteristics (data not shown).

A repeat brain imaging after 3–6 months showed at least 
partial vessel recanalisation in 34 patients (94.4%). Complete 
recanalisation was observed in 20 individuals (55.6%), com-
prising 10 on dabigatran (55.6%), six on rivaroxaban (60.0%) 
and four on apixaban (50.0%).

 On anticoagulant therapy, three patients (8.3%), two on 
rivaroxaban (20 mg qd) and one on dabigatran (110 mg bid), 
experienced major bleeding, including two heavy menstrual 
bleedings (HMB) in a 25-year-old woman and a 46-year-old 
woman both with previously abundant menses (haemoglobin, 
8 g/dL and 9 g/dL, respectively) and an upper gastrointestinal 
bleeding in a 56-year-old woman who had reported dysphagia 
in previous weeks despite pantoprazole use.
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Table 1. Characteristics of the study participants

VARIABLE TOTAL (n = 36)

Age, years 40.3 ± 9.2

Sex female, n (%) 21 (58.3%)

BMI [kg/m2] 26.8 ± 4.2

Cigarette smoking, n (%) 8 (22.2%)

OC/HRT, n/females (%) 10/21 (47.6%)

Family history of VTE, n (%) 8 (22.2%)

Unprovoked CVST, n (%) 26 (72.2%)

Obesity, n (%) 10 (27.8%)

Site of CVST
Transverse sinus, n (%) 5 (13.9%)

Cavernous sinus, n (%) 3 (8.3%)

Straight sinus, n (%) 1 (2.8%)

Combined, n (%) 26 (72.2%)

Other locations, n (%) 1 (2.8%)

Concomitant VTE, n (%) 4 (11.1%)

Heparin regimen
LMWH, n (%) 33 (91.7%)

UFH, n (%) 3 (8.3%)

Duration of heparin use [days] 6 (5–8.75)

Aspirin use, n (%) 8 (22.2%)

Type of DOAC
Dabigatran, n (%) 18 (50.0%)

Rivaroxaban, n (%) 10 (27.8%)

Apixaban, n (%) 8 (22.2%)

Full dose of DOAC, n (%) 34 (94.4%)

Duration of DOAC use [months] 8.5 (6.25–12)

mRS score at the start of DOAC
Favourable outcome (mRS 0–1), n (%) 19 (52.8%)

Independent (mRS 2), n (%) 13 (36.1%)

Significant disability (mRS 3–5), n (%) 4 (11.1%)

Follow-up [months] 30 (25–37)

Recanalisation 3-6 months after CVST
Complete, n (%) 20 (55.6%)

Partial, n (%) 14 (38.9%)

No recanalisation, n (%) 2 (5.6%)

mRS score 6-12 months after CVST
Favourable outcome (mRS 0–1), n (%) 24 (66.7%)

Independent (mRS 2), n (%) 10 (27.8%)

Significant disability (mRS 3–5) , n (%) 2 (5.6%)

Recurrent CSVT, n (%) 2 (5.6%)

New DVT, n (%) 2 (5.6%)

Major bleeding, n (%) 3 (8.3%)

Thrombophilia testing 
Factor V Leiden, n (%) 8 (22.2%)

Prothrombin G20210A mutation, n (%) 3 (8.3%)

Protein C deficiency, n (%) 1 (2.8%)

Protein S deficiency, n (%) 2 (5.6%)

Antithrombin deficiency, n (%) 1 (2.8%)

Antiphospholipid syndrome, n (%) 4 (11.1%)

Data reported as median (interquartile range), mean ± standard deviation or number (percentage)
BMI — Body Mass Index; CVST — cerebral venous sinus thrombosis; DVT — deep vein thrombosis; 
LMWH — low-molecular-weight heparin; mRS — modified Rankin Scale; DOAC — direct oral anti-
coagulant; OC/HRT — oral contraceptives/hormonal replacement therapy; UFH — unfractionated 
heparin; VTE — venous thromboembolism

After withdrawal of anticoagulant therapy, we followed 
patients for a median of 30 months (IQR 25–37). Neuro-
logical evaluation at 6–12 months showed that 66.7% of 
CVST patients (n = 24) had a favourable functional outco-
me. During follow-up, two patients (5.6%) had recurrent 
CVST. One episode occurred in a 37-year-old man, free 
of thrombophilia but with a positive VTE family history, 
five months after rivaroxaban withdrawal. The other was 
diagnosed in a 52-year-old woman, diagnosed with single-
-positive APS, following hospitalisation for pneumonia, 
20 months after the first CSVT, while on aspirin. There 
were also two episodes of deep-vein thrombosis (DVT). 
The first DVT event, provoked by a leg injury and oral con-
traception, occurred in a 29-year-old woman heterozygous 
for prothrombin G20210A mutation with previous VTE, 
18 months after apixaban therapy was ended. The other 
unprovoked DVT was observed in a 46-year-old woman 
heterozygous for FVL.

Discussion

To the best of our knowledge, this is the first Polish case 
study and the largest worldwide report presenting treatment 
outcomes among DOAC-treated patients with CVST.

We noted complete cerebral vessel recanalisation in more 
than 55% of rivaroxaban users, which is similar to the previous 
study [9], in which such an outcome was observed in 57.1% 
of cases. Among dabigatran-treated patients, the complete 
recanalisation rate was 60% (n = 6), which is much higher 
than in a Portuguese study [8] where full recanalisation was 
noted in 26.7% of patients. The favourable functional outcomes 
during follow-up were similar to previous studies [8–9] while 
a favourable functional outcome was observed in 58–89% of 
CVST patients on warfarin [12–13].

Since among VKA-treated patients with CVST, the major 
bleeding rate is estimated at 0.21%/patient-month [14], the 
present rate with 8.3% of patients (n = 3) with major bleeding 
over a median of 8.5 months of DOAC therapy appears to 
be higher. However, there were no life-threatening episodes 
and the 50% lower risk of intracranial bleeds on DOAC is of 
vital importance. We confirmed an increased HMB risk 
on this drug [15–16], which supports the suggestion 
that in women of reproductive age and previously 
abundant menses, rivaroxaban should be avoided. 
Previous small studies [8–9] did not report any major hae-
morrhages, which disagrees with randomised VTE studies 
and registries [17–18].

Two recurrent episodes of CVST while off anticoagulation 
are consistent with the rates reported in previous studies, i.e. 
2–4.4% over a median 16–40 months of follow-up (0.5–1.5 per 
100 person-years) [3, 12]. Regarding non-cerebral VTE, the 
current two episodes among 36 CVST patients correspond to 
the rate for VKA-treated CVST patients (6.5% over a median 
follow-up of 40 months) [12].
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Clinical implications/future directions

While we await the results of a randomised trial with dabi-
gatran in CVST patients [19], based on growing evidence from 
observational studies, DOACs do appear to be an attractive 
alternative to VKA due to similar efficacy and safety without 
even taking into account advantages including no need for 
laboratory monitoring, no dietary interactions, and no inter-
ference with most medications [20]. Randomised trials with 
all DOACs should be performed to prove the benefits available 
from DOACs in this disease.
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We greatly appreciate, and are impressed by, the article 
written by Halina Bartosik-Psujek and Marek Psujek who 
reviewed the state of current knowledge regarding vita-
min D [25(0H)D] as an immune modulator in multiple 
sclerosis (MS), especially regarding 25(0H)D’s effect on 
immune cells subsets in relation to experimental and 
clinical studies [1]. 

25(0H)D maintains calcium-phosphate homeostasis 
and modulates an immune response. 25(0H)D inhibits the 
maturation of antigen-presenting dendritic cells (DCs), the 
proliferation  of T and B cells, the Th1 and Th17 response, 
the expression of MHC class II, CD40, CD80, CD86, and 
the production of IgG, IgM and pro-inflammatory IL-1, 
IL-6, IL-12, TNFα. 25(0H)D increases the differentiation of 
T regulatory cells (Treg), the proliferation of macrophages, 
and the Th2 response and production of anti-inflammatory 
IL-10 [1]. The main route for obtaining 25(0H)D is sunlight 
exposure, because dietary intake accounts only for 30% of the 
total amount of 25(0H)D [2].

MS is a chronic inflammatory and neurodegenerative 
disorder of the central nervous system (CNS) leading to 
demyelination, axonal loss and damage of oligodendrocytes. 
25(0H)D is one of the environmental factors which seem to 
play an important role in the aetiopathogenesis of MS and 
influences the course of the disease. 

However, the impact of 25(0H)D concentration on MS 
development and the clinical and radiological activity of the 
disease is still inconclusive [1]. In many studies, higher con-
centrations of 25(0H)D have been associated with a reduced 

risk for MS development and with reduced clinical activity of 
MS, in terms of a low rate of disease relapse, slow disability 
progression, and low disease activity measured on brain MRI 
[3, 4]. 25(0H)D supplementation alone, or as an add-on to 
a disease-modifying therapy (DMT) in patients with MS, has 
been shown to significantly reduce new T2-hyperintense and 
gadolinium-enhanced lesions on brain MRI [5], although 
other studies have found no influence on disease activity on 
brain MRI [6, 7]. 

Referring to the article, we would like to present the re-
sults of a study comparing the concentrations of 25(0H)D in 
serum, assessed using an ELISA Kit (ImmunDiagnostik AG, 
Bensheim, Austria) with a microplate reader μQuant (Biotek 
Instruments Inc.,Winooski, Vermont, USA) in patients with 
relapsing-remitting multiple sclerosis (RRMS) and in healthy 
subjects from a control group (CG) (Tab. 1). None of the 
individuals was taking a 25(0H)D supplement, and none had 
symptoms of acute inflammation (their C reactive protein con-
centration was within the normal range i.e. < 10 mg/L) (Tab. 1). 
The study protocol was approved by the Medical University of 
Bialystok Ethics Committee for Research on Humans and Ani-
mals (R-I-002/171/2018). The MS patients (mean time from 
diagnosis 8 ± 0.5 years) were treated with interferon-β 1b in 
the Department of Neurology, Medical University of Bialystok. 
All patients with MS within the last 12 months had had a brain 
MRI and none had been treated with corticosteroids within the 
past six months.  In patients with MS we assessed  correlations 
between 25(0H)D concentrations and the season of the year 
in which they were born, the number of disease relapses, and 
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Table 1. Clinical characteristics of patients with relapsing-remitting multiple sclerosis (RRMS) and the control group (CG)

Diagnosis Number of patients 
(women)

Age 
(years)

EDSS CRP 
(mg/L)

RRMS 57 (40) 43.7 ± 9.5 1.9 ± 1.2 1.0 ± 1.5

CG 19 (17) 41.7 ± 2.5 — 0.9 ± 0.5

CRP — C reactive protein; EDSS — Expanded Disability Status Scale 

 

0

5

10

15

20

25

30

35

40

45

CG RRMS

25
(O

H
)D

 n
g/

m
L

the new T2-hyperintense and gadolinium-enhanced lesions 
on brain MRI and the EDSS score.

We found no statistically significant differences between 
the concentrations of 25(0H)D in the serum of patients with 
RRMS (18.90 ± 6.96 ng/mL) and the control group (19.47 ± 
7.78 ng/mL) (p < 0,897) (Fig. 1). 25(0H)D concentrations 
were below laboratory standards (30–40 ng/mL) in 52 patients 
(91.2%) with RRMS and in 18 subjects in the control group 
(94.7%). In patients with RRMS we observed a statistically 
significant relationship between concentrations of 25(0H)D 
and the number of disease relapses (p < 0.032). There was no 
statistically significant relationship between concentrations 
of 25(0H)D and the number of new T2-hyperintense lesions 
and the new gadolinium-enhanced lesions on brain MRI, the 
season of the year of birth, or the EDSS score.

In relation to the article written by Halina Bartosik-Psujek 
and Marek Psujek, our results cast doubt as to whether low 
serum 25(0H)D concentration is a reliable risk factor for 
developing MS. This is because almost all patients suffering 
from MS, as well as healthy controls, had low serum levels, 
which may result from insufficient sun exposure, the use of sun 
block, limited time spent in outdoor activity, staying indoors, 
and / or low 25(0H)D dietary intake [8]. 

Therefore, 25(0H)D should be supplemented in the whole 
population, especially in MS patients, according to the proven 
relationship between its concentration and the number of 
disease relapses.
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A 70 year-old man with Parkinson’s disease (PD) of nearly 
20 years’ duration decided to see an acupuncturist for another 
opinion on the treatment of his PD. He was prescribed a series 
of herbal teas as well as 12 weeks of Chinese acupuncture. 
Following this treatment he felt better, not in terms of his 
motor symptoms, but because the teas relieved his chronic 
constipation. He was so delighted with the removal of this 
symptom that he questioned the need for PD medications, 
which amounted to total daily doses of 750 mg levodopa, 9 mg 
ropinirol, and 300 mg amantadine. Without consulting his 
neurologist, he abruptly decreased each of the prescribed doses 
by two-thirds. Shortly afterwards, he stumbled and fell on a tile 
floor, resulting in a sharp pain in the right groin radiating to the 
medial thigh. Radiographic evaluation of the right hip revealed 
an impacted right garden II femoral neck fracture, for which 
he underwent percutaneous pinning (Fig. 1). 

Multiple factors contribute to the risk of falls for persons 
with parkinsonism. Hallmark symptoms of bradykinesia, 
rigidity, and postural instability may apply to all forms of 
parkinsonism. Neurogenic orthostatic hypotension is a mani-
festation of autonomic dysfunction that may lead to falls and is 
more common with parkinsonism due to synuclein pathology, 
such as PD or multiple system atrophy [1, 2]. Some persons 
with parkinsonism may have extraocular eye movement ab-
normalities, further increasing their risk of falling. This occurs 
most often in progressive supranuclear palsy and is thought to 
play a role in the ‘early falls’ often reported by patients at the 
time of diagnosis. Our patient had no evidence of orthostatic 
intolerance or eye movement abnormalities surrounding the 
time of his fall. He did however suffer from frequent freezing of 
gait (FOG) in addition to his tremor, bradykinesia, and rigidity, 
which led to his high intensity dopamine supplementation. 

While persons with PD are at risk of falling, those with less 
mobility/core strength and declining bone density (which may 
follow reductions in dopaminergic therapy), are at increased 

risk for not only falls, but also significant injury and morta-
lity stemming from subsequent surgery and complications 
[3, 4]. Furthermore, there is an increased risk of fractures 
among patients with PD and dementia compared to those 
without dementia; however, this risk is not solely explained 
by the presence of dementia [5]. Vitamin D deficiency and 
perhaps bone loss may also contribute to this risk. It has even 
been proposed that low vitamin D levels may be related to 
the pathomechanism underlying PD [6]. Our patient had no 
cognitive impairment at the time of his fall, but was diagnosed 
with osteopenia shortly thereafter.

The cornerstone of treatment for PD is dopamine supple-
mentation via levodopa, which improves motor symptoms of 
resting tremor, bradykinesia, and rigidity. Other symptoms 
associated with more advanced disease states, such as postural 
instability and FOG, are recalcitrant to dopaminergic thera-
pies. However, there is secondary improvement in ambulation 
probably due to decreased bradykinesia and rigidity. 

In advanced stages of PD, patients may begin to think that 
their medication has lost its effectiveness due to an accumu-
lation of ‘dopa-resistant’ symptoms. It can be tempting for 
patients, with or without the guidance of their neurologist, to 
seek a simplified medication regimen and decrease dosage or 
frequency of dopaminergic drug therapy. In the case of our 
patient, this decision was catalyzed by the assumption that the 
improvement of non-motor symptoms indicated a concomi-
tant improvement of motor symptoms. Our patient’s expe-
rience vividly illustrates how abruptly altering dopaminergic 
medications can have disastrous consequences. 

In addition to emphasising the critical role of dopamine 
supplementation in PD, this case teaches us an important 
lesson that non-motor symptoms of PD deserve attention. 
Such symptoms, including constipation, affect up to 90% of 
PD patients [7]. In his Essay on the Shaking Palsy, James Par-
kinson wrote: “The bowels, which had been all along torpid, 
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now, in most cases, demand stimulating medicines of very 
considerable power” [8]. Treating such non-motor symptoms 
may not only improve quality of life, but avoid catastrophe.

Because PD is classically thought of as a disorder of mo-
vement, patients may be less likely to mention non-motor 
symptoms in the setting of a neurological follow up visit, unless 
explicitly questioned on the topic by their neurologist. Due to 
the complexity of PD, this can be a challenge to accomplish wit-
hin the confines of a short office visit. However, its importance 
cannot be overstated because many non-motor symptoms 
such as mood disorders, cognitive impairment, and autono-
mic dysfunction have a negative impact on quality of life [9]. 

This case underscores the importance of a strong thera-
peutic alliance in which patients are comfortable discussing 
these issues and therapy options they may be considering. 
Our patient pursued a non-traditional approach with Eastern 
medicine, which he credited with improving his constipation, 
and that led him to reduce his dopaminergic medications. 
Discussing the option of supplementing rather than replacing 
his medications might have prevented his injury.

Fortunately, our patient’s fall resulted in morbidity that 
was repairable. It is advisable to stress to patients and caregi-
vers not to decrease dopaminergic therapy, even in advanced 
PD, unless serious adverse effects develop. In such instances, 
considering alternative forms of treatment (i.e. medications 
and surgery) may be appropriate. 
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Abstract 

Burnout is an occupational phenomenon indicating that the work and the workplace are responsible. We here discuss how a su-
pportive resident-mentor relationship, and a positive working environment, could help to prevent resident burnout. A positive 
resident-mentor relationship can be achieved by understanding the mentor, the mentee, and the generational differences of 
each individual. A positive working environment depends on a healthy work-life balance and the atmosphere in the depart-
ment. The benefits of preventing burnout include not only happier physicians but also fewer medical errors and better medical 
care. The universal reminders and proven suggestions in our paper could help address the burnout problem among working 
physicians worldwide.
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Neurosurgery is regarded as one of the most prestigious 
specialities in the medical world, and so it is understandable 
that the profession requires the input of an enormous amount 
of time and effort. During the marathon that is a neurosur-
gery residency, one can become exhausted. Burnout is more 
common among physicians compared to the average United 
States (USA) population [1] and residents are particularly at 
an increased risk, with a lower quality of life than attending 
physicians [2]. Older age, female sex, and junior residents 
all independently carry an increased rate of attrition, parti-
cularly in neurosurgery [3]. Suicide is still one of the leading 
causes of death among residents [4]. Fortunately, despite the 
rigours of residency, neurosurgery residents actually have 
a lower prevalence of burnout than other medical speciali-
ties [5]. Burnout is a diagnosis included in Revision 11 of 
the International Classification of Diseases [6] as a strictly 
occupational phenomenon, indicating that the work and 
workplace are responsible. Given this sobering background, 
what preventative interventions can well-meaning residency 
programmes take? Is there a way to support residents within 
the bounds of an 80-hour working week? In our paper, we 
suggest how an encouraging resident-mentor relationship 
and a positive working environment can help eliminate 
resident burnout.

A meaningful mentorship

Having a mentor results in greater work satisfaction, 
higher academic scores, and more publications [7]. A study 
conducted among American neurosurgery residents proved 
that neurosurgery residents can handle a tremendous wor-
kload and still be satisfied in their work so long as they have 
a meaningful mentorship [8]. A positive resident-mentor 
relationship is especially necessary since surgeon-to-surgeon 
training is needed to acquire advanced neurosurgical skills. 
Moreover, a fruitful mentorship not only benefits the mentor 
and the mentee, but also the host institution which benefits 
from higher physician retention and higher productivity [9].

Suggestions for mentors

Some attending physicians might find themselves having 
to fulfill the role of a mentor by chance. This is challenging, 
as mentoring is a tremendous responsibility that requires not 
only the ability to teach neurosurgical skills but also the social 
intelligence to guide, counsel and orient mentees in a new 
environment. Despite its challenges, mentoring can offer some 
people a sense of personal fulfillment, development of leader-
ship skills, and even a renewed interest in neurosurgery [9]. 
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Active leadership has been proven to increase work sati-
sfaction and ameliorate against burnout [10]. Therefore, we 
propose that mentors encourage residents to seize leadership 
opportunities. These might include designing their own 
research projects, running for a local council or serving as 
a delegate for interim meetings. Moreover, it is the feeling of 
accomplishment that is most related to happiness — not the 
number of hours a week a physician works [11]. We propose 
that mentors advocate specific, measurable and attainable 
goals for residents, since unrealistic expectations will wear 
down a resident. Finally, we urge mentors to instill the core 
values of neurosurgery at career-entry so that the mentee 
can navigate academic culture and establish helpful contacts 
[12]. The end goal is to provide support and guidance so 
that a motivated resident can prosper, rather than become 
overwhelmed with additional responsibilities. Therefore, 
we suggest that a mentor engages in these activities jointly 
with the mentee.

Suggestions for residents

We advise residents to consider the resident-mentor re-
lationship as empowering and to be open to suggestions and 
feedback. With a mentor, the steep learning curve of neurosur-
gery can be curtailed, productivity may be advanced, and new 
networking opportunities may appear. Mentors can also impart 
informal knowledge that might not be found in a textbook. 

Junior residents must regularly deal with bureaucratic bur-
dens and copious documentation because they are necessary 
obligations involved in patient care. In consequence, they may 
spend less time in the operating theatre [13]. 

However, we ask residents to recognise that even the most 
menial tasks play a vital role in a hospital’s ecosystem, and 
that even the most renowned neurosurgeons of today faced 
the same paperwork in the past.

Generational obstacles

A resident-mentor relationship may be hindered by 
a generational gap; baby boomers perceive the independent-
-minded Millennial generation to be distrustful and reluctant 
to establish a resident-mentor relationship. Baby boomers 
generally take pride in the patience and discipline required 
for mundane work, while Millennials consider it a hindrance. 
You could say that in general baby boomers ‘live to work’ 
while Millennials ‘work to live’. [14]. Some authors feel that 
while duty hour regulations have improved the conditions of 
residency, they have also lessened empathy in the workpla-
ce [14]. We recommend that the mentorship style should 
maintain some flexibility to take account of generational 
differences. For example, the resident-mentor relationship 
can take place face to face, over an online chat (e.g. Skype), 
or even in a group setting. “Personal inadequacies and rela-
tionship problems” are quoted as the most common cause of 

dysfunctional mentoring. Therefore, we believe that effective 
communication — in whatever medium and capacity — is 
paramount [9, 15]. No matter what style is applied, shared 
values and effective communication have proven to be the 
pillars of an effective mentorship [16]. 

A positive working environment

While a mentorship is crucial to reducing physician 
burnout, studies show that facilitating the proper environ-
ment at an institution is necessary for such a relationship to 
prosper [15]. A positive and encouraging work environment 
results in more productive and happier residents. This has 
been proven true when considering the deleterious effects 
of rudeness among physicians on patient care and safety [17, 
18]. In the words of Juha Hernesniemi — a Finn who is one 
of the world’s leading neurosurgeons: “The atmosphere in the 
department should be open and supportive of good work, and 
the employees should be proud of their clinic... Express your 
appreciation of your hardworking colleagues” [19]. Further-
more, a resident under Hernesniemi’s department recalled that 
when serious complications are encountered, “the colleagues 
are very supportive, and from their own experience under-
stand that there is no room for accusations and cynicism, but 
constructive re-evaluation of the case and circumstances” [19]. 
We feel that by understanding the resident, and by establishing 
a sustainable work-life balance, a positive work environment 
can be brought about.

Understanding the resident

In the USA, neurosurgical residents have already proven 
their competency, work ethic and dedication when they match 
into one of the most selective medical residency programmes. 
They require some of the highest United States Medical Li-
censing Examination scores, and illustrate their dedication 
to neurosurgery with numerous scientific publications. On 
average, international medical graduates have more than 
47 research projects (including abstracts, presentations, 
and publications) [20]. Compare this to only 12 research 
projects for orthopaedic surgery [20]. With these rigorous 
entry standards, few individuals can match into residency. 
We maintain that it is important for students to recognise 
residents as being competent individuals even though they 
might not have a chance to exhibit it with their surgical skills 
during residency.

During residency a resident might question their spe-
cialisation and career choice. We encourage such a resident 
to discuss these issues with family, friends, mentors or even 
a psychiatrist to reflect on their achievements and establish 
reasonable expectations. Psychological support can also come 
in the form of yoga, mindfulness–based cognitive therapy, 
and cognitive behavioural therapy as they have all proved to 
increase health-related quality of life [21].
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Work-life balance

While neurosurgery offers exciting new opportunities for 
research, intellectual development, social prestige, and wealth, 
it consumes time otherwise spent on one’s family, friends, 
hobbies, spiritual and other goals. The work–life balance is 
perhaps complicated when a spouse is not a physician and 
does not always appreciate the long hours spent away from 
home. Research shows that a lack of work–life balance can 
be detrimental to a trainee’s learning and well-being; this has 
been seen especially in women with children [22]. Work-life 
balance can be understood as rungs on a ladder, where both 
aspects are dependent one on another i.e. a better attitude at 
home results in a better attitude at work [23]. Therefore, we 
assert that to maintain a positive work environment the aca-
demic institution and resident should work together to try to 
establish a sustainable work-life balance early.

A preliminary study in Europe showed that the 2003 Wor-
king Time Directive — which attempted to promote health 
and safety by cutting excessive working hours — resulted in 
a steep decline in surgical cases over time and less surgical 
exposure in residents graduating [24]. Thus, we emphasise 
that perhaps it is not long hours that are to blame for physician 
burnout, but rather the invalidating environment that needs 
to be addressed. So, even with the same quantity of hours, the 
quality of practice can improve to cultivate a resident to his or 
her most productive potential.

In summary, we encourage physicians to establish a po-
sitive and supportive environment in the department and 
strengthen the resident-mentor relationship despite genera-
tional obstacles. The problem of burnout is the responsibility 
of a department’s entire team. Its benefits include not only 
happier physicians but fewer medical errors [25] and better 
medical care at an institution. We invite neurosurgeons to serve 
as leaders and set an example for other medical specialities. 
The universal reminders and suggestions in our paper can 
help address the burnout problem among working physicians 
worldwide.
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