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Open imaging protocols, amyotrophic lateral sclerosis
and other neurodegenerative disorders
Mikolaj A. Pawlak1, 2
1
2
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The pros and cons of using standardised
protocols

Automatic vs. manual extraction of regions
of interest (ROI)

The evaluation of imaging biomarker efficiency is a complicated task when it is based on real-world data derived
from a single centre [1]. Over the last decade, there have
been more than 125 registered trials investigating treatment
effects and monitoring disease progression in amyotrophic
lateral sclerosis [2]. Despite that, fixed protocols aimed at
measuring imaging biomarkers’ effect size, sensitivity, and
specificity remain out of reach. The problem with imaging
biomarker discovery and validation is the tremendous variability in the clinical course of this disease [3]. Since clinical
course variability is primarily due to multiple mechanisms
and progression-driving factors, it may be more productive to look at a syndrome affecting a pathway rather than
a more specific gene-protein interaction [4]. The disease
severity and duration variability mean that the imaging
biomarkers might contribute to the diagnosis. However,
image-derived measures alone will not be sufficient to
detect the disease. Nonetheless, an abnormal finding in
an imaging study is not necessarily associated with clinical
progression, and might not be present in some patients at
the beginning of the disease course. The main problems
are the small sample size, the low power to detect the difference, and restricted funding for the reference dataset.
The small sample size is a particular challenge because
amyotrophic lateral sclerosis is rare. However, open reference datasets are available [5] and enable the comparison
of clinical patient populations to extensive standardised,
high-quality imaging data [6].

Manual identification of critical landmarks is feasible in
small clinical datasets, but is more difficult when encompassing extensive population studies. Research presented to date
has manually extracted anatomical landmarks and average
values [1]. Achieving reproducibility of these measurements
using automatic registration-based methods would represent
a significant advance [7]. Software solutions for extracting
quantitative markers and landmarks of the motor system are
progressing at pace.
The clinical community needs to be aware of the methods,
already widely available, for analysing large datasets of brain
images for research purposes and the achievement of tangible
improvements using high-performance computing platforms
(HPC) and federated machine learning [8].
A recent achievement in brain tumour research highlights
the potential. It is critical to use quantitative parameters that
include cortical thickness, cortico-spinal tract coherence
measures, and brain and lateral ventricle volumes obtained
from reference populations of healthy controls matched for
age and gender. Such measures enable clinicians to track
the evolution of the brain injury in question well before the
damage becomes apparent and irreversible [7, 9]. Efforts to
harness the global community of researchers interested in
neurodegenerative diseases to share protocols, image processing pipelines, and DNA-based biomarkers, are already
underway in what is known as the ‘United Consortium’ [10].
Aggregating imaging resources from multiple sites using
centralised high-performance computing (HPC) enables the
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discovery of new structural features and validation of existing
structural biomarkers on large datasets [11]. A Canadian project has already started to combine and aggregate data from
patients diagnosed with amyotrophic lateral sclerosis and other
neurodegenerative diseases and controls. MRI datasets have
been collected and analysed using a distributed database [12].

3.

4.

Biological precision vs. technical feasibility
The source of the abnormal signal captured in the recent
study by Maj et al. came from an altered white matter tract
signal, and possibly myelination [1]. Identifying and measuring demyelination of the cortico-spinal pathway has been
attempted using various magnetic resonance imaging methods.
Currently, a precise imaging-histological correlation is hard to
reach within a reasonable timeframe applicable to patient-focused clinical protocols. However, hope lies in synthetic
MRI methods based on multi-dynamic multi-echo (MDME)
sequences. It is important to determine how various pathologies will affect the measurements based on T2-relaxation
before comprehensive clinical implementation begins [13].
Diffusion-weighted imaging remains the most commonly
available sequence that measures radial diffusivity and apparent diffusion coefficient feasible on most modern clinical
MRI scanners with an acceptable acquisition duration time.
In summary, it is essential to understand that the goal of
standardising MRI data acquisition in this field should unite
all neurologists and all clinicians. Ontario Neurodegenerative
Disease Research Initiative (ONDRI), a Canadian research
community, has identified all neurodegenerative diseases
as a global challenge and is using all available technology
to facilitate the search for a solution in the form of a unified
platform for the acquisition and analysis of structural brain
biomarkers [14].
MRI acquisitions using widely available standardised
protocols will enable analysis using validated software processing pipelines [15, 16]. The results will allow the evaluation
of single-subject results against a large and growing database
of morphological biomarkers for tracking the course of the
clinical disease. This will lead to a better prognosis and improve
the detection of progression in every patient, leading to the
faster discovery of therapeutic agents.
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— an overview
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ABSTRACT
Bruxism, a common medical condition characterised by clenching or grinding of the teeth and/or by bracing or thrusting of the mandible, can occur during sleep, when it is known as sleep bruxism (SB), or during wakefulness, when it is known as awake bruxism (AB).
Although bruxism often causes headaches, temporomandibular joint pain, masticatory muscle pain, mechanical tooth wear,
prosthodontic complications and cracked teeth, there is still not enough data to define and support a standardised approach
to its treatment.
The aim of this review was to present the pathophysiology, consequences, types and treatment methods of bruxism in order
to increase readers’ knowledge of this topic. Differences between awake and nocturnal bruxism are included, as well as risk
factors and indicators visible during the clinical examination of affected patients. Among the causes we consider are genetics,
stress, oral parafunctions and changes in the Central Nervous System (CNS). Potential and common methods of treatment are
presented, along with suggested guidelines that should be followed when determining an appropriate treatment method. We
draw attention to the notably dynamic development of bruxism in today’s society and the importance of informational and
preventive projects, especially those targeted at high-risk patients as well as those targeted at specialists, in order to better
tackle the bruxism ‘epidemic’.
Key words: bruxism, temporomandibular disorder (TMD), chewing muscle pain, tension headaches
(Neurol Neurochir Pol 2022; 56 (6): 455–463)

Introduction
For years, bruxism has been considered to be a synonym for teeth grinding and it was unclear whether it was
a pathological behaviour or a disorder. In 2018, a consensus
was reached, defining bruxism as a repetitive activity in the
masticatory muscles characterised by clenching or grinding of
the teeth and/or stiffening or thrusting of the mandible causing
forceful contact between the biting surfaces of maxillary and
mandibular teeth [1].
It can occur during sleep (SB, sleep bruxism, nocturnal bruxism) or while awake (AB, awake bruxism, diurnal

bruxism) [2]. SB is the masticatory muscles activity happening during sleep, especially in the N1 sleep phase [3],
including brief daytime naps, and can be rhythmic (phased)
or non-rhythmic (tonic). This is neither a motor disorder nor
a sleep disorder encountered in the healthy population. SB
is associated with headache upon awakening [4], and some
studies have pointed to its slight effect on insomnia [5]. AB
is described as an activity of the masticatory muscles during
wakefulness characterised by repeated or prolonged contact
of the opposing teeth and/or stiffening or thrusting of the
mandible, and is not a motor disorder seen in otherwise
healthy populations [1].
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Although it has never been proven that bruxism affects
quality of life [6, 7], there are patients seeking medical help
daily from dentists around the world. It is a behaviour affecting 8–31.4% [2, 8] of the population, and is more usually
encountered in people under the age of 40 and in females [9].

Aetiology

Researchers have suggested that there may be some degree
of inherited susceptibility towards SB symptoms progression.
It has been reported that 21–50% of people with SB have
a close family member who had SB in childhood, suggesting
the involvement of genetic factors [10, 11].
With that in mind, Rintakoski et al. [12] tried looking for
any genetic or environmental factors that may play a role in
the phenotypic variance of bruxism. They demonstrated that
there is a sex-independent genetic component that occurs
more frequently in phenotypic SB variations than in other
TMD. Based on that, they reported the heredity of bruxism,
although they emphasised that the emancipation is dependent
on age and environment, and so for example the older a pair
of twins, the greater the differences that are observed between
them. Thus, although the genetic factor has been found, the
entire mechanism behind it remains unknown. Similarly,
Maciejewska-Szaniec et al. have reported that polymorphic
variants in genes related to stress coping are associated with
AB, although they cautioned that their research should serve
only as a spur to conduct further analyses on a bigger sample
group, in order to draw truly objective conclusions [13].
On the other hand, one of the most commonly used
explanations of causes of bruxism is stress [5, 14, 15]. We
can clearly observe an increasing tendency of patients in the
COVID-19 pandemic period to look at articles on the topic
“teeth grinding at night” on the internet [16, 17]. Increased
stress during the pandemic resulted in an elevated number of
bruxism episodes in society. That, combined with more difficult access to doctors in the same period resulted in people
looking for explanations for their symptoms on the internet,
leading to growing public awareness [18, 19]. Recently, researchers have focused more on younger people such as college
students, noting a significant increase in the occurrence of
bruxism in this studied group [20].
This serves to highlight the presence of a correlation
between age and incidents of bruxism as epidemiologically
variable, which indicates the need for local research to isolate
vulnerable groups and implement appropriate preventive
measures.

Pathophysiology

Bodily functions disturbed by bruxism can include, among
other things, increased activity of the masticatory muscles,
masticatory muscle hypertrophy (especially of the masseter),
scalloped or burning tongue, linea alba on the cheeks along
the bite line, tooth tissue damage (enamel cracks, abfractions,
excessive tooth wear beyond what is expected with age) [9, 21,
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22], repeated damage to prosthetic restorations, disturbances
of the amount and composition of secreted saliva, an often
severe manifestation of craniofacial pain, stiffness of the TMJ
[23, 24], gingival fluid secretion increase [25], bone exostoses,
and periodontal leases (increased tooth mobility, gingival
recessions) [21–23, 26, 27].
Yet, in most cases, the origin of symptoms is unknown.
The vast majority of researchers agree that the direct trigger
of bruxism symptoms comes from the central nervous system
(CNS) [28]. It has been proved in metanalysis that bruxism
seems to be associated with distinct differences in the neural
pathways related to the control of the jaw-closing muscles
[29]. Disturbances in the concentration of catecholamines,
especially dopamine, which affect the mandibular motor
dysfunctions, are thought to be of great importance in the
mechanism of bruxism [30].
The first evidence of such a correlation came from a case
report in which a patient suffering from Parkinson’s syndrome
was treated for grinding his teeth with L-3,4-dihydroxyphenylalanine (L-DOPA), a dopamine precursor. In a series of controlled studies in young, healthy SB patients, L-DOPA has been
shown to cause a slight but noticeable reduction in episodes of
SB compared to a placebo group, while bromocriptine, a dopamine antagonist, has been shown not to affect expected rhythmic activity in the masticatory muscles [31, 32]. Given the presumed role of norepinephrine in bruxism, experimental trials
have been conducted with propranolol and clonidine [33, 34].
Propranolol, a non-selective beta-blocker, has not caused
a significant reduction in SB, but clonidine, an alpha-agonist
acting on the CNS, has significantly reduced SB score when
compared to a placebo. This effect was partially related to
the concomitant reduction in cardiovascular sympathetic
dominance preceding the rhythmic activity of the masticatory
muscles. Simultaneously, fluctuations in the level of dopamine
and disorders of its receptors in the brain are often associated
with chronic stress [14, 15, 35]. The pathophysiological mechanism in which stress affects the occurrence of bruxism has
been explained by evidence that individuals with increased
levels of neuroticism and anxiety disorders tend to release
their emotional tension by engaging in activities related to
bruxism [36]. Increased concentration of stress hormones can
also be noted in many chronic diseases. Psychosocial factors
such as state anxiety and trait anxiety as well as alexithymia
are also among the reported causes of the occurrence and
maintenance of AB [14].
Bruxism-related TMD can be explained by the craniofacial
anatomy. As there is a fixed relationship between the maxillary
teeth and the base of the skull, and at the same time the mandibular teeth have a set position in relation to the TMJ, this
means that misaligned contact of the upper and lower occlusal
surfaces may have a direct impact on the position and motor
function of the mandible head in the TMJ [26]. In acute and
subacute TMD, significantly greater weakening and thinning of
the mandibular neck ultrastructure have been observed, along
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with more disorders than in an asymptomatic control group. It
has been shown that mandibular neck weakness and craniofacial symptoms are more common in women with bruxism than
in a control group [8]. Clear indications of bruxism have also
been observed in children with asthma and sleep apnoea [37,
38]. Moreover, there are scientific reports indicating the possibility of diagnosing psychological abuse at an early age, based
on the severity of bruxism in children. This subject certainly
requires further research, as alternative methods of diagnosing
various types of violence are exceptionally important for the
mental health of the very young [39, 40]. It is also possible
that drugs such as dopamine antagonists, dopamine agonists,
tricyclic antidepressants, and selective serotonin inhibitors, as
well as alcohol, cocaine and amphetamines, can contribute to
the progression of bruxism symptoms. Studies have shown that
reducing the dose clearly reduces the symptoms [20, 22, 41].
Dystonias and other muscular problems, as well as developmental disorders including various types of autism and
neurological diseases that may have environmental and traumatic causes, can further be exemplified as bruxism-related
conditions [22].

Diagnosis

Due to the variety of symptoms and the overlaps with other
conditions, a bruxism diagnosis requires careful evaluation
that includes questionnaires, records of past bruxism episodes, and thorough examination. To confirm the diagnosis of
bruxism, there are two different methods: a non-instrumental
method based on the patient’s description of symptoms, questionnaires, medical history, and clinical examinations [21, 25,
42–44]; and an instrumental method using electromyography
(EMG) and polysomnography, showing muscle activity during
sleep and the lack of associated epileptic activity [1].
EMG recording of masticatory muscle activity is considered to be an objective criterion and together with polysomnography should be considered the gold standard in
SB diagnosis [1, 2, 9, 45]. Interestingly, in 3.75% of patients
with bruxism, EMG has shown epilepsy activity, and in
a polysomnography study, a higher percentage of patients
woke up after falling asleep than in the control group [46].
Standardised diagnostic criteria for temporomandibular joint
dysfunction (DC/TMD) are also helpful in setting a diagnosis
[1, 2, 47]. The minimum diagnostic criteria for SB, according
to the International Classification of Sleep Disorders, Revised
(ICSD-R), include symptoms of clenching and grinding of
the teeth while sleeping, and at least one additional symptom
such as excessive tooth wear, tooth grinding heard by other
household members, or excessive tension in the facial and
neck muscles [26].
Every dentist should be able to distinguish between the
tooth wear caused by bruxism and that caused by malocclusion, especially because evaluation scales helpful in reliable
assessment are widely available [21]. There are three different
levels of probability that a patient suffers from bruxism,

depending on the following diagnostic media. The diagnosis
basing on the symptoms reported by the patient as “positive
self-report” indicates “possible bruxism”, while “probable
bruxism” is based on clinical examinations with/without a positive patient interview, and “certain bruxism” is determined
by instrumental tests with/without a positive history and/or
a positive clinical examination [1, 47].
— In relation to the TMD diagnostic criteria, bruxism is
determined using Axis II and the Oral Behaviour Checklist (OBC). Axis II is related to an assessment of the
psychological and physical dimension of pain, including
pain intensity, pain-related disability, and the presence
of depression and non-specific symptoms, based on the
patient’s opinion [47]. An awake bruxism diagnosis lacks
objective tests, as it is mostly based on medical interview
consisting of a detailed history of tics and parafunction
and visual observation of the patient’s behaviour [48].
— An easy way to initially differentiate between sleep and
awake bruxism symptoms is to observe the severity of them
during the day: symptoms gradually decrease as the day
progresses in SB, in contrast to awake bruxism symptoms,
which gradually increase throughout the day [49].

Therapy for bruxism
The treatment of bruxism may include various therapy
options, e.g.:
— educational therapy for a patient about harmful habits;
— biofeedback;
— muscle relaxation exercises;
— occlusal splint therapy;
— short-term medications;
— botulinum toxin injections;
— psychotherapy (stress reduction, lifestyle change, hypnosis);
— electric method;
— correction of short-circuit disturbances.

Educational therapy

The purpose of this is to make the patient aware of the
existence of parafunction and its harmfulness, as well as to
interrupt pathological reactions. The patient is recommended
to conduct regular physical activity, maintain muscle and joint
balance (correct posture), to avoid gum chewing, to not clench
their teeth, and to maintain correct nasal breathing with the
correct position of the tongue.
He/she is also advised to use physical self-regulatory techniques. The goal of this method is to produce physiological
changes that will reduce pain, fatigue and physical overload
[50]. However, only a small number of well-designed studies
into the effectiveness of Cognitive Behavioural Therapy (CBT)
are available at the moment, meaning that further exploration
is needed in order to unequivocally state that CBT has a positive effect in SB management [51].
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Biofeedback therapy

This technique is based on the premise that patients with
bruxism can consciously ‘unlearn’ their pathological behaviour
[52]. It uses positive feedback as a teaching strategy focused
on lowering patients’ stress levers, potentially ensuing in
long-term behavioural changes aiming at the reduction or
elimination of symptoms.
This is, however, a controversial method of remedying
bruxism, as studies have shown that significant results have
been achieved with AB but not yet with SB [1, 45, 53]. Furthermore, proper sleep hygiene (i.e. relaxation before bedtime,
caffeine reduction, etc.) is recommended for SB control, although the therapeutic effect has not been proven [54]. Mobile
phone applications such as BruxApp are available to download
and may be helpful in tracking occurrences of AB as well as
control attempts. They should make patients aware of the scale
of the problem along with helping to cut down the number of
episodes of AB [55–57]. The effectiveness of biofeedback therapy in studies is in general highly rated, but the patient often
needs to carry a portable device that’s either continuously
monitoring muscle tension or frequently reminds the carrier
to consciously relax their masseters throughout the day [51].

Muscle relaxation and posture exercises

The proper mandibular resting position is as follows: lips
together, teeth having contact only when swallowing. To balance the overactivity of the masticatory muscles and stretch
them, muscle relaxation exercises are recommended. These exercises are also aimed at teaching the patient the correct resting
position of the tongue, the correct path of nasal breathing, and
how to avoid parafunction. For example, myorelaxation exercises have been used with good results in our clinic. A single
cycle of relaxation exercises includes five steps:
I. Setting the mandible in a relaxed position
II. Protrusive movement to reach ‘tete-a-tete’ teeth contact
III. Opening mouth
IV. Closing mouth until tete-a-tete contact
V. Returning jaw to starting position.
Exercises are recommended three times a day, with 20 repetitions each time in a half-sitting position with supported
head, straight and uncrossed legs. Patients should exercise
daily for a month, freely but without force, roughly at the
speed of their heartbeat [52].

Occlusal splint therapy

To prevent negative consequences of SB, stabilising and
repositioning splints can be used [58–60]. These splints eliminate occlusal obstacles, relax the chewing and neck muscles
by passive stretching, improve the occlusive and neuromuscular stabilisation, and reposition the mandibular heads and
articular discs.
Gomes at el. [61] showed that the use of splint therapy
in the treatment of SB improves quality of life. They showed
that the use of occlusal splints creates a biomechanical balance
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between the physiological load and that generated by stress.
Occlusal splints can lead to the stabilisation of bruxism by reducing deformities and deviations in the temporomandibular
joint, reducing the load on the joint [62]. Different types of
splints vary slightly in their effectiveness, but due to the low
level of commitment needed from the patient, the relatively
low price, and noticeable pain reduction, they are often the
chosen option. We must underline nevertheless that most
splints only mechanically minimise tooth destruction, and
so do not affect bruxism itself. Additionally, in the case of
SB, they have to be worn at night, which for some patients is
a significant inconvenience [51].

Short-term medications

Analgesics, sedatives, anxiolytics, antidepressants, and
muscle relaxants can be used in the pharmacotherapy of bruxism [63], whereby the NSAIDs are recommended to use for
pain relief [64]. In order to reduce the increased skeletal muscle
tone, patients are administered tolperisone (e.g. mydocalm
50 mg 3 x 1). For anxiolytic and sedative treatment, most often
25 mg of hydroxyzine 1 hour before bedtime is prescribed [26].
However, recent studies have shown that there is insufficient
evidence-based data to draw definite conclusions concerning
medications attenuating SB and/or AB [65].

Botulinum toxin

Botulinum toxin (BTX) has been widely used both in
the treatment of various diseases and in aesthetic medicine.
It is a strong neurotoxin — an exotoxin produced by strictly
anaerobic bacteria (bacilli called Clostridium botulinum, and
a few other representatives of the genus Clostridium). Type
A botulinum toxin (BTX-A) is the most potent toxin known
[66]. It binds permanently to the neuromuscular plate, and
paralyses neuromuscular conduction by fragmenting the
SNAP-25 protein (synaptosomal protein) necessary in the
process of acetylcholine release from presynaptic terminals.
After intramuscular injection, there is initially rapid binding
to specific, high affinity cell surface receptors for the toxin,
followed by the toxin being transported across the cell membrane by receptor-mediated endocytosis, and eventually the
toxin is released into the cytosol. This process is accompanied by a progressive inhibition of acetylcholine release. The
results begin to be noticeable after 2–3 days; the maximum
effect occurs around 2–6 weeks after the injection and lasts
2-4 months. BTX-A indirectly reduces the bite force (i.e. the
force generated by the masticatory muscles measured at the
contact point of antagonist teeth during biting) by 20–40% in
the masseter muscle [67–70]. Therapeutically, very low doses
are used, resulting in the effect of botulinum toxin being
limited to the area of administration.
Recently, there has been an increase in the number of cases
treated with botulinum toxin type A [71–74]. Alonso-Navarro
et al. [75] found BTX-A to be a safe and effective treatment for
patients with severe bruxism. They administered BTX-A into
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both the masseter and temporal muscles, using a final dose
of 25–40 IU per muscle. The treatment effect lasted between
13 and 26 weeks. Fernandez-Nunez et al. [76] reported that
an injection of BTX-A can reduce the frequency of bruxism
episodes, lower the level of pain, and weaken the bite strength.
Kwon et al. [69,70] have recommended the administration of BTX-A at a dose of 25–30 BU in the masseter per
side, at three injection sites, and in the temporalis muscle
recommended a dose of 15–20 BU per side at 2–3 sites. It is
advised to aspirate each time in order to avoid intravenous
administration. Jost [77] recommended in his book a dose of
50–100 U in the masseter per side at three injection sites, and in
the temporalis muscle a dose of 50–100 U per side at 3–4 sites
as well. Monroy et al. [78] have stated that treatment of bruxism with botulinum toxin can cause dysphagia, slight pain at
the injection site, and temporary excessive salivation, but that
these symptoms appeared only in patients who received a dose
above 100 IU or who had other systemic diseases present. It is
believed that doses of below 100 IU of BTX-A administered to
the masseter and temporalis muscles are safe, and that their use
is practicable in day-to-day clinical practice. Although BTX-A
is a very good agent in the therapy of bruxism, whether the
events of bruxism would recur or rebound after botulinum
toxin injection needs more follow-up clinical evidence [79].
Furthermore, Yurttutan et al. have reported that relaxation
splints may not be needed in patients treated with BTX-A [73].

Psychological care

Psychological factors vastly influence the aetiology and
treatment of bruxism [14, 36, 39, 80–82]. Zhang et al. [26]
showed that the maximum bite force decreased in an experimental group (administered with BTX-A) and in control and
placebo groups as well. The lack of differences between the
control group and the placebo group may indicate a substantial
role of psychological intervention in the treatment of bruxism.
Psychological counselling, self-suggestion, hippotherapy or
psychotherapy, relaxation techniques and stress management
are all endorsed in the treatment of bruxism.
The most recent reports have emphasised the importance
of proper sleep hygiene, additionally recommending meditating or listening to relaxing music while falling asleep [83].

Biostimulation

Electro-galvanic stimulation relaxing the muscles is currently used as a therapy for bruxism. Despite its simplicity,
this is not a widespread method, and there are still only a few
publications regarding its efficiency [84]. Another inexpensive
new method is photobiomodulation with light-emitting diode
(LED) [85], which has been used, with very promising results,
in the treatment of fibromyalgia [86]. Despite little research,
we can already find optimistic results reporting biostimulation
to have a magnifying effect on other forms of treatment, for
example in patients with splints having their trigger points
irradiated [87].

Correction of short-circuit disturbances

In some cases, correction of malocclusion is sufficient. Improvements are achieved by integrated dental work including
orthodontic, prosthetic and conservative treatment. This might
be explained by the fact that all occlusal obstacles recognised
by the stomatognathic system will result in pulp inflammation
and, in the longer term, remodelling of first the alveolus, and
later the entire temporomandibular joint, which will burden
the masticatory muscles. Obtaining evenly distributed occlusal
forces on the surfaces of the teeth will allow harmonious work
of the muscles and, as the outcome, their relaxation [57, 88, 89].
However, opinions remain divided. Some scientists consider
the above claims to be true, while others highlight the fact that
in order to properly remodel patients’ occlusion, a dentist has
to interfere, even minimally, with already worn teeth. Both
parties agree though that the problem does not start with the
teeth, but rather with the nerves and muscles [49].
Future bruxism research should focus on a better understanding of the pathophysiology of the condition and the impact of its negative and positive clinical factors. Nevertheless,
establishing reliable guidelines for a correct diagnosis will be
challenging. A ‘4A’ principle has been suggested: accurate,
applicable, affordable and accessible [1]. Additionally, an irrefutable relationship between bruxism, TMD and neck pain
is still poorly understood, and calls for further analysis [1, 90].
And beyond that, the current definition of SB seems to
ignore the fact that the evidence is insufficient and inconclusive
in determining how the condition alters sleep quality and how
it is related to other sleep disorders. Therefore, changing the
definition status without further exploration of these aspects
is simply wrong [91].

Clinical implications/bruxism as potential
manifestation of neurological disorder
TMD caused by bruxism may manifest as otalgia [92]. Based
on self-reports, bruxism may also be accompanied by sleep
problems and their awake consequences such as: difficulties
initiating sleep (DIS), disrupted sleep (DS), early morning awakenings (EMA), non-restorative sleep (NRS), tiredness, and sleep
deprivation (SLD) [93]. An association between self-reported
bruxism and increased nightmares has also been found [94].
All of the above points to the conclusion that bruxism
might be a symptom of some neurological disorders. Among
these, we can mention obstructive sleep apnoea (OSA)
(33.3–53.7%); somnologists have been encouraged to consider
SB as a comorbid condition with OSA [95]. Lavigne et al. [96]
have pointed to the frequent coexistence of SB and Restless
Leg Syndrome (RLS); they report, based on a questionnaire,
a prevalence of SB of 17.3% of adults with RLS, and of 14.5%
of those reporting unpleasant leg sensations at night. 73.7%
of patients with sleep-related gastroesophageal reflux disease
have been diagnosed with probable SB (by self-report and
clinical inspection) [97].
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There are also reports showing a correlation between SB,
REM behavioural disorder and Parkinson’s Disease, although
a full explanation is lacking [95]. In medical interview analysis of patients with epilepsy, 23.7% of them reported SB,
compared to 5.4% of individuals from the control group
[95]. In one article [97] a report of the occurrence of possible
SB in patients with nightmares was stated, and furthermore
in another questionnaire study [98] the prevalence of SB in
sleepwalkers and sleeptalkers was reported to be higher than
in the control group.
Symptoms such as headache, pain and stiffness in the
muscles and joints of the head and neck, difficulty in opening
and closing the mouth, and tinnitus, are thought to be associated with SB, while AB is associated with joint sounds and
depressive personality disorder [2, 8, 9, 22].
The above consequences of bruxism can be divided into
three groups:
— negative, e.g. chewing muscle pain, pathological tooth
wear, prosthetic complications [41, 50, 99, 100]
— positive, e.g. termination of an episode of sleep apnoea,
reducing risk of chemical clash by increased salivation
in patients with gastro-oesophageal reflux disease [1, 25]
— neutral, where bruxism is seen as a harmless habit that
does not affect masticatory system [1].

4.

5.

6.

7.

8.

9.

10.

Takeaway message

As bruxism is multi-factorial and complex, an interdisciplinary approach in diagnosis and treatment is highly
recommended. Although easier access to a wider range of
information has increased the awareness of patients suffering from bruxism [17], they often only start to seek medical
advice when the symptoms are already advanced. Thus, the
importance of awareness campaigns and the encouragement
of earlier check-ups must be underlined [80, 98].
An equally important aspect is broadening medical
professionals’ knowledge of bruxism, which will help earlier
diagnosis and earlier adoption of appropriate treatment. This
whole topic is a very complex one, and deserves further multidimensional research.
Conflicts of interest: None
Funding: None

2.

3.

Lobbezoo F, Ahlberg J, Raphael KG, et al. International consensus
on the assessment of bruxism: report of a work in progress. J Oral
Rehabil. 2018; 45(11): 837–844, doi: 10.1111/joor.12663, indexed
in Pubmed: 29926505.
Manfredini D, Winocur E, Guarda-Nardini L, et al. Epidemiology of
bruxism in adults: a systematic review of the literature. J Orofac Pain.
2013; 27(2): 99–110, doi: 10.11607/jop.921, indexed in Pubmed:
23630682.
Toyota R, Fukui KI, Kamimura M, et al. Sleep stage-dependent changes in tonic masseter and cortical activities in young subjects with

460

12.

13.

14.

References
1.

11.

15.

16.

17.

primary sleep bruxism. Sleep. 2022; 45(4): zsab207, doi: 10.1093/
sleep/zsab207, indexed in Pubmed: 34383078.
Vieira KRM, Folchini CM, Heyde MD, et al. Wake-up headache is associated with sleep bruxism. Headache. 2020; 60(5): 974–980, doi:
10.1111/head.13816, indexed in Pubmed: 32323305.
Chattrattrai T, Blanken TF, Lobbezoo F, et al. A network analysis of
self-reported sleep bruxism in the Netherlands sleep registry: its
associations with insomnia and several demographic, psychological,
and life-style factors. Sleep Med. 2022; 93: 63–70, doi: 10.1016/j.
sleep.2022.03.018, indexed in Pubmed: 35429746.
Castelo P, Barbosa T, Gavião M. Quality of life evaluation of children with sleep bruxism. BMC Oral Health. 2010; 10: 16, doi:
10.1186/1472-6831-10-16, indexed in Pubmed: 20546581.
Machado NA, Costa YM, Quevedo HM, et al. The association of self-reported awake bruxism with anxiety, depression, pain threshold at
pressure, pain vigilance, and quality of life in patients undergoing
orthodontic treatment. J Appl Oral Sci. 2020; 28: e20190407, doi:
10.1590/1678-2019-0407, indexed in Pubmed: 32236355.
Piekartz Hv, Rösner C, Batz A, et al. Bruxism, temporomandibular
dysfunction and cervical impairments in females - Results from an
observational study. Musculoskelet Sci Pract. 2020; 45: 102073,
doi: 10.1016/j.msksp.2019.102073, indexed in Pubmed: 31678819.
van Selms MKA, Visscher CM, Naeije M, et al. Bruxism and associated factors among Dutch adolescents. Community Dent Oral Epidemiol. 2013; 41(4): 353–363, doi: 10.1111/cdoe.12017, indexed in
Pubmed: 23121154.
Caivano T, Felipe-Spada N, Roldán-Cubero J, et al. Influence of genetics
and biopsychosocial aspects as etiologic factors of bruxism. Cranio.
2021; 39(3): 183–185, doi: 10.1080/08869634.2021.1904181,
indexed in Pubmed: 33853510.
Heyat MdB, Akhtar F, Khan MH, et al. Detection, treatment planning,
and genetic predisposition of bruxism: a systematic mapping process
and network visualization technique. CNS Neurol Disord Drug Targets.
2021; 20(8): 755–775, doi: 10.2174/18715273196662011101249
54, indexed in Pubmed: 33172381.
Rintakoski K, Hublin C, Lobbezoo F, et al. Genetic factors account for
half of the phenotypic variance in liability to sleep-related bruxism in
young adults: a nationwide Finnish twin cohort study. Twin Res Hum
Genet. 2012; 15(6): 714–719, doi: 10.1017/thg.2012.54, indexed in
Pubmed: 22953759.
Maciejewska-Szaniec Z, Kaczmarek-Ryś M, Hryhorowicz S, et al. Polymorphic variants in genes related to stress coping are associated
with the awake bruxism. BMC Oral Health. 2021; 21(1): 496, doi:
10.1186/s12903-021-01844-1, indexed in Pubmed: 34610834.
Przystańska A, Jasielska A, Ziarko M, et al. Psychosocial predictors of bruxism. Biomed Res Int. 2019; 2019: 2069716, doi:
10.1155/2019/2069716, indexed in Pubmed: 31737656.
Dahoun T, Nour MM, McCutcheon RA, et al. The relationship between
childhood trauma, dopamine release and dexamphetamine-induced
positive psychotic symptoms: a [C]-(+)-PHNO PET study. Transl Psychiatry. 2019; 9(1): 287, doi: 10.1038/s41398-019-0627-y, indexed
in Pubmed: 31712556.
Almeida-Leite CM, Stuginski-Barbosa J, Conti PC. How psychosocial and economic impacts of COVID-19 pandemic can interfere on
bruxism and temporomandibular disorders? J Appl Oral Sci. 2020;
28: e20200263, doi: 10.1590/1678-7757-2020-0263, indexed in
Pubmed: 32401942.
Kardeş E, Kardeş S. Google searches for bruxism, teeth grinding,
and teeth clenching during the COVID-19 pandemic. J Orofac Orthop.

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Krystian Matusz et al., Bruxism — an overview

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

2022; 83(6): 1–6, doi: 10.1007/s00056-021-00315-0, indexed in
Pubmed: 34185102.
Wetselaar P, Vermaire EJH, Lobbezoo F, et al. The prevalence of awake bruxism and sleep bruxism in the Dutch adult population. J Oral
Rehabil. 2019; 46(7): 617–623, doi: 10.1111/joor.12787, indexed
in Pubmed: 30830687.
Winocur-Arias O, Winocur E, Shalev-Antsel T, et al. Painful temporomandibular disorders, bruxism and oral parafunctions before and
during the COVID-19 pandemic era: a sex comparison among dental
patients. J Clin Med. 2022; 11(3), doi: 10.3390/jcm11030589, indexed in Pubmed: 35160041.
Quadri MF, Mahnashi A, Al Almutahhir A, et al. Association of
awake bruxism with khat, coffee, tobacco, and stress among jazan university students. Int J Dent. 2015; 2015: 842096, doi:
10.1155/2015/842096, indexed in Pubmed: 26491448.
Koyano K, Tsukiyama Y, Ichiki R, et al. Assessment of bruxism in the
clinic. J Oral Rehabil. 2008; 35(7): 495–508, doi: 10.1111/j.1365-2842.2008.01880.x, indexed in Pubmed: 18557916.
Goldstein RE, Auclair Clark W. The clinical management of awake
bruxism. J Am Dent Assoc. 2017; 148(6): 387–391, doi: 10.1016/j.
adaj.2017.03.005, indexed in Pubmed: 28550845.
Svensson P, Jadidi F, Arima T, et al. Relationships between craniofacial pain and bruxism. J Oral Rehabil. 2008; 35(7): 524–547,
doi: 10.1111/j.1365-2842.2008.01852.x, indexed in Pubmed:
18557918.
Carra MC, Huynh N, Lavigne G. Sleep bruxism: a comprehensive overview for the dental clinician interested in sleep medicine. Dent Clin
North Am. 2012; 56(2): 387–413, doi: 10.1016/j.cden.2012.01.003,
indexed in Pubmed: 22480810.
Nijakowski K, Ortarzewska M, Morawska A, et al. Bruxism influence
on volume and interleukin-1β concentration of gingival crevicular
fluid: a preliminary study. Appl Sci. 2022; 12(4): 2089, doi: 10.3390/
app12042089.
Murali RV, Rangarajan P, Mounissamy A. Bruxism: conceptual discussion and review. J Pharm Bioallied Sci. 2015; 7(Suppl 1): S265–S270,
doi: 10.4103/0975-7406.155948, indexed in Pubmed: 26015729.
Hoz-Aizpurua JLd, Diaz-Alonso E, LaTouche-Arbizu R, et al. Sleep bruxism. Conceptual review and update. Medicina Oral Patología Oral y
Cirugia Bucal. 2011; 16(2): e231–e238, doi: 10.4317/medoral.16.
e231, indexed in Pubmed: 21196839.
Klasser GD, Rei N, Lavigne GJ. Sleep bruxism etiology: the evolution
of a changing paradigm. J Can Dent Assoc. 2015; 81: f2, indexed in
Pubmed: 25633110.
Boscato N, Exposto F, Nascimento GG, et al. Is bruxism associated
with changes in neural pathways? A systematic review and meta-analysis of clinical studies using neurophysiological techniques. Brain
Imaging Behav. 2022; 16(5): 2268–2280, doi: 10.1007/s11682021-00601-w, indexed in Pubmed: 35088353.
Mascaro MB, Bittencourt JC, Casatti CA, et al. Alternative pathways
for catecholamine action in oral motor control. Neurosci Lett. 2005;
386(1): 34–39, doi: 10.1016/j.neulet.2005.05.062, indexed in
Pubmed: 15978723.
Lavigne GJ, Soucy JP, Lobbezoo F, et al. Double-blind, crossover, placebo-controlled trial of bromocriptine in patients with sleep bruxism. Clin
Neuropharmacol. 2001; 24(3): 145–149, doi: 10.1097/00002826200105000-00005, indexed in Pubmed: 11391125.
Lobbezoo F, Lavigne GJ, Tanguay R, et al. The effect of catecholamine
precursor L-dopa on sleep bruxism: a controlled clinical trial. Mov
Disord. 1997; 12(1): 73–78, doi: 10.1002/mds.870120113, indexed
in Pubmed: 8990057.

33. Huynh N, Kato T, Rompré PH, et al. Sleep bruxism is associated
to micro-arousals and an increase in cardiac sympathetic activity. J Sleep Res. 2006; 15(3): 339–346, doi: 10.1111/j.1365-2869.2006.00536.x, indexed in Pubmed: 16911037.
34. Huynh N, Lavigne GJ, Lanfranchi PA, et al. The effect of 2 sympatholytic medications - propranolol and clonidine - on sleep bruxism: experimental randomized controlled studies. Sleep. 2006; 29(3): 307–316,
doi: 10.1093/sleep/29.3.307, indexed in Pubmed: 16553016.
35. D’Ambrosio E, Dahoun T, Pardiñas AF, et al. The effect of a genetic variant at the schizophrenia associated AS3MT/BORCS7 locus on striatal dopamine function: A PET imaging study. Psychiatry Res Neuroimaging. 2019; 291: 34–41, doi: 10.1016/j.pscychresns.2019.07.005,
indexed in Pubmed: 31386983.
36. Serra-Negra JM, Lobbezoo F, Martins CC, et al. Prevalence of sleep
bruxism and awake bruxism in different chronotype profiles: Hypothesis of an association. Med Hypotheses. 2017; 101: 55–58, doi:
10.1016/j.mehy.2017.01.024, indexed in Pubmed: 28351492.
37. Amato JN, Tuon RA, Castelo PM, et al. Assessment of sleep bruxism,
orthodontic treatment need, orofacial dysfunctions and salivary biomarkers in asthmatic children. Arch Oral Biol. 2015; 60(5): 698–
–705, doi: 10.1016/j.archoralbio.2015.02.011, indexed in Pubmed:
25757147.
38. Buske-Kirschbaum A, von Auer K, Krieger S, et al. Blunted cortisol
responses to psychosocial stress in asthmatic children: a general
feature of atopic disease? Psychosom Med. 2003; 65(5): 806–810,
doi: 10.1097/01.psy.0000095916.25975.4f, indexed in Pubmed:
14508024.
39. Serra-Negra JM, Pordeus IA, Corrêa-Faria P, et al. Is there an association between verbal school bullying and possible sleep bruxism in
adolescents? J Oral Rehabil. 2017; 44(5): 347–353, doi: 10.1111/
joor.12496, indexed in Pubmed: 28214362.
40. Fulgencio LB, Corrêa-Faria P, Lage CF, et al. Diagnosis of sleep bruxism can assist in the detection of cases of verbal school bullying
and measure the life satisfaction of adolescents. Int J Paediatr Dent.
2017; 27(4): 293–301, doi: 10.1111/ipd.12264, indexed in Pubmed:
27598528.
41. Buescher JJ. Temporomandibular joint disorders. Am Fam Physician.
2007; 76(10): 1477–1482, indexed in Pubmed: 18052012.
42. Leal TR, de Lima LC, Neves ÉT, et al. Factors associated with awake bruxism according to perceptions of parents/guardians and self-reports of children. Int J Paediatr Dent. 2022; 32(1): 22–30, doi:
10.1111/ipd.12786, indexed in Pubmed: 33730404.
43. Botelho J, Machado V, Proença L, et al. Relationship between self-reported bruxism and periodontal status: Findings from a cross-sectional study. J Periodontol. 2019 [Epub ahead of print], doi: 10.1002/
JPER.19-0364, indexed in Pubmed: 31850520.
44. Mizutani S, Ekuni D, Tomofuji T, et al. Factors related to the formation
of buccal mucosa ridging in university students. Acta Odontol Scand.
2014; 72(1): 58–63, doi: 10.3109/00016357.2013.797102, indexed
in Pubmed: 23692316.
45. Ilovar S, Zolger D, Castrillon E, et al. Biofeedback for treatment of
awake and sleep bruxism in adults: systematic review protocol. Syst
Rev. 2014; 3: 42, doi: 10.1186/2046-4053-3-42, indexed in Pubmed:
24886985.
46. Shadimetova NM, Saidkhodzhayeva SN. Neurophysiological characteristics of sleep bruxism in children. World Bull Soc Sci. 2022; 9:
47–50.
47. Schiffman E, Ohrbach R, Truelove E, et al. International RDC/TMD
Consortium Network, International association for Dental Research,
Orofacial Pain Special Interest Group, International Association for

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

461

Neurologia i Neurochirurgia Polska 2022, vol. 56, no. 6

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

the Study of Pain. Diagnostic criteria for temporomandibular disorders
(DC/TMD) for clinical and research applications: recommendations of
the international RDC/TMD consortium network* and orofacial pain
special interest group†. J Oral Facial Pain Headache. 2014; 28(1):
6–27, doi: 10.11607/jop.1151, indexed in Pubmed: 24482784.
Lavigne GJ, Khoury S, Abe S, et al. Bruxism physiology and pathology:
an overview for clinicians. J Oral Rehabil. 2008; 35(7): 476–494,
doi: 10.1111/j.1365-2842.2008.01881.x, indexed in Pubmed:
18557915.
Shetty S, Pitti V, Satish Babu CL, et al. Bruxism: a literature review. J Indian Prosthodont Soc. 2010; 10(3): 141–148, doi: 10.1007/s13191011-0041-5, indexed in Pubmed: 21886404.
Carlson CR, Bertrand PM, Ehrlich AD, et al. Physical self-regulation training for the management of temporomandibular disorders. J Orofac
Pain. 2001; 15(1): 47–55, indexed in Pubmed: 11889647.
Minakuchi H, Fujisawa M, Abe Y, et al. Managements of sleep bruxism
in adult: a systematic review. Jpn Dent Sci Rev. 2022; 58: 124–136,
doi: 10.1016/j.jdsr.2022.02.004, indexed in Pubmed: 35356038.
Amorim CSM, Espirito Santo AS, Sommer M, et al. Effect of physical
therapy in bruxism treatment: a systematic review. J Manipulative Physiol Ther. 2018; 41(5): 389–404, doi: 10.1016/j.jmpt.2017.10.014,
indexed in Pubmed: 30041736.
Wang LF, Long Hu, Deng M, et al. Biofeedback treatment for sleep
bruxism: a systematic review. Sleep Breath. 2014; 18(2): 235–242,
doi: 10.1007/s11325-013-0871-y, indexed in Pubmed: 23756884.
Mesko ME, Hutton B, Skupien JA, et al. Therapies for bruxism: a systematic review and network meta-analysis (protocol). Syst Rev. 2017;
6(1): 4, doi: 10.1186/s13643-016-0397-z, indexed in Pubmed:
28086992.
Manfredini D, Bracci A, Djukic G. BruxApp: the ecological momentary assessment of awake bruxism. Minerva Stomatol. 2016; 65(4):
252–5, indexed in Pubmed: 27374364.
Osiewicz MA, Lobbezoo F, Bracci A, et al. Ecological momentary assessment and intervention principles for the study of awake bruxism
behaviors, part 2: development of a smartphone application for a multicenter investigation and chronological translation for the polish version. Front Neurol. 2019; 10: 170, doi: 10.3389/fneur.2019.00170,
indexed in Pubmed: 30890999.
Colonna A, Lombardo L, Siciliani G, et al. Smartphone-based application for EMA assessment of awake bruxism: compliance evaluation in a sample of healthy young adults. Clin Oral Investig. 2020;
24(4): 1395–1400, doi: 10.1007/s00784-019-03098-2, indexed in
Pubmed: 31646395.
Jokubauskas L, Baltrušaitytė A, Pileičikienė G. Oral appliances for
managing sleep bruxism in adults: a systematic review from 2007 to
2017. J Oral Rehabil. 2018; 45(1): 81–95, doi: 10.1111/joor.12558,
indexed in Pubmed: 28859236.
Hardy RS, Bonsor SJ. The efficacy of occlusal splints in the treatment
of bruxism: a systematic review. J Dent. 2021; 108: 103621, doi:
10.1016/j.jdent.2021.103621, indexed in Pubmed: 33652054.
van der Zaag J, Lobbezoo F, Wicks DJ, et al. Controlled assessment of
the efficacy of occlusal stabilization splints on sleep bruxism. J Orofac
Pain. 2005; 19(2): 151–158, indexed in Pubmed: 15895838.
Gomes CA, El-Hage Y, Amaral AP, et al. Effects of massage therapy and occlusal splint usage on quality of life and pain in individuals with sleep bruxism: a randomized controlled trial. J Jpn Phys Ther Assoc. 2015; 18(1):
1–6, doi: 10.1298/jjpta.Vol18_001, indexed in Pubmed: 26733760.
Gholampour S, Gholampour H, Khanmohammadi H. Finite element
analysis of occlusal splint therapy in patients with bruxism. BMC Oral

462

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Health. 2019; 19(1): 205, doi: 10.1186/s12903-019-0897-z, indexed
in Pubmed: 31484524.
Barth SW, Lehner MD, Dietz GPH, et al. Pharmacologic treatments
in preclinical tinnitus models with special focus on Ginkgo biloba
leaf extract EGb 761®. Mol Cell Neurosci. 2021; 116: 103669, doi:
10.1016/j.mcn.2021.103669, indexed in Pubmed: 34560255.
Kulkarni S, Thambar S, Arora H. Evaluating the effectiveness of nonsteroidal anti-inflammatory drug(s) for relief of pain associated with
temporomandibular joint disorders: A systematic review. Clin Exp
Dent Res. 2020; 6(1): 134–146, doi: 10.1002/cre2.241, indexed in
Pubmed: 32067407.
de Baat C, Verhoeff M, Ahlberg J, et al. i in. Medications and addictive
substances potentially inducing or attenuating sleep bruxism and/or
awake bruxism. J Oral Rehabil. 2021; 48(3): 343–354, doi: 10.1111/
joor.13061, indexed in Pubmed: 32716523.
Rasetti-Escargueil C, Popoff MR. Antibodies and vaccines against
botulinum toxins: available measures and novel approaches. Toxins
(Basel). 2019; 11(9): 528, doi: 10.3390/toxins11090528, indexed
in Pubmed: 31547338.
Botzenhart UU, Gerlach R, Gredes T, et al. Expression rate of myogenic regulatory factors and muscle growth factor after botulinum
toxin A injection in the right masseter muscle of dystrophin deficient
(mdx) mice. Adv Clin Exp Med. 2019; 28(1): 11–18, doi: 10.17219/
acem/76263, indexed in Pubmed: 30085421.
Shim YJ, Lee HJ, Park KJ, et al. Botulinum toxin therapy for managing
sleep bruxism: a randomized and placebo-controlled trial. Toxins (Basel). 2020; 12(3): 168, doi: 10.3390/toxins12030168, indexed in
Pubmed: 32182879.
Kwon KH, Shin KSu, Yeon SH, et al. Application of botulinum toxin in
maxillofacial field: part I. Bruxism and square jaw. Maxillofac Plast
Reconstr Surg. 2019; 41(1): 38, doi: 10.1186/s40902-019-0218-0,
indexed in Pubmed: 31649901.
Kwon KH, Shin KSu, Yeon SH, et al. Application of botulinum toxin in
maxillofacial field: part III. ancillary treatment for maxillofacial surgery
and summary. Maxillofac Plast Reconstr Surg. 2019; 41(1): 45, doi:
10.1186/s40902-019-0226-0, indexed in Pubmed: 31709199.
Pirazzini M, Rossetto O, Eleopra R, et al. Botulinum neurotoxins: biology, pharmacology, and toxicology. Pharmacol Rev. 2017; 69(2): 200–
–235, doi: 10.1124/pr.116.012658, indexed in Pubmed: 28356439.
Ågren M, Sahin C, Pettersson M. The effect of botulinum toxin
injections on bruxism: a systematic review. J Oral Rehabil. 2020; 47(3):
395–402, doi: 10.1111/joor.12914, indexed in Pubmed: 31769044.
Yurttutan ME, Tütüncüler Sancak K, Tüzüner AM. Which treatment is effective for bruxism: occlusal splints or botulinum toxin?
J Oral Maxillofac Surg. 2019; 77(12): 2431–2438, doi: 10.1016/j.
joms.2019.06.005, indexed in Pubmed: 31302066.
Fernández-Núñez T, Amghar-Maach S, Gay-Escoda C. Efficacy of botulinum toxin in the treatment of bruxism: systematic review. Med
Oral Patol Oral Cir Bucal. 2019; 24(4): e416–e424, doi: 10.4317/
medoral.22923, indexed in Pubmed: 31246937.
Alonso-Navarro H, Jiménez-Jiménez FJ, Plaza-Nieto JF, et al. Treatment
of severe bruxism with botulinum toxin type A. Rev Neurol. 2011;
53(2): 73–76, indexed in Pubmed: 21720976.
Fernández-Núñez T, Amghar-Maach S, Gay-Escoda C. Efficacy of botulinum toxin in the treatment of bruxism: systematic review. Med
Oral Patol Oral Cir Bucal. 2019; 24(4): e416–e424, doi: 10.4317/
medoral.22923, indexed in Pubmed: 31246937.
Jost W. Atlas of Botulinum Toxin Injection. Quintessence Publishing,
Batavia 2019.

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Krystian Matusz et al., Bruxism — an overview
78. Monroy PG, da Fonseca MA. The use of botulinum toxin-a in the treatment of severe bruxism in a patient with autism: a case report. Spec
Care Dentist. 2006; 26(1): 37–39, doi: 10.1111/j.1754-4505.2006.
tb01508.x, indexed in Pubmed: 16703933.
79. Cheng Y, Yuan L, Ma Li, et al. Efficacy of botulinum - a for nocturnal
bruxism pain and the occurrence of bruxism events: a meta-analysis and systematic review. Br J Oral Maxillofac Surg. 2022; 60(2):
174–182, doi: 10.1016/j.bjoms.2021.03.005, indexed in Pubmed:
34955330.
80. Flueraşu MI, Bocşan IC, Țig IA, et al. The epidemiology of bruxism in
relation to psychological factors. Int J Environ Res Public Health. 2022;
19(2): 691, doi: 10.3390/ijerph19020691, indexed in Pubmed:
35055514.
81. Manfredini D, Lobbezoo F. Role of psychosocial factors in the etiology
of bruxism. J Orofac Pain. 2009; 23(2): 153–166, indexed in Pubmed:
19492540.
82. Duarte J, Souza JF, Cavalcante-Leão B, et al. Association of possible sleep bruxism with daytime oral habits and sleep behavior in schoolchildren. Cranio. 2021; 39(5): 372–378, doi:
10.1080/08869634.2019.1661113, indexed in Pubmed: 31483213.
83. Imbriglio TV, Moayedi M, Freeman BV, et al. Music modulates awake
bruxism in chronic painful temporomandibular disorders. Headache.
2020; 60(10): 2389–2405, doi: 10.1111/head.13971, indexed in
Pubmed: 32997813.
84. Lal SJ, Weber, DDS KK. Bruxism Management. [Updated 2022 Oct
12]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 2022.
85. Kobayashi FY, Castelo PM, Gonçalves ML, et al. Evaluation of the
effectiveness of infrared light-emitting diode photobiomodulation in
children with sleep bruxism: Study protocol for randomized clinical
trial. Medicine (Baltimore). 2019; 98(38): e17193, doi: 10.1097/
MD.0000000000017193, indexed in Pubmed: 31567965.
86. da Silva MM, Albertini R, Leal-Junior EC, et al. Effects of exercise
training and photobiomodulation therapy (EXTRAPHOTO) on pain in
women with fibromyalgia and temporomandibular disorder: study protocol for a randomized controlled trial. Trials. 2015; 16: 252, doi:
10.1186/s13063-015-0765-3, indexed in Pubmed: 26040789.
87. Demirkol N, Sari F, Bulbul M, et al. Effectiveness of occlusal splints
and low-level laser therapy on myofascial pain. Lasers Med Sci. 2015;
30(3): 1007–1012, doi: 10.1007/s10103-014-1522-7, indexed in
Pubmed: 24504660.
88. Ribeiro-Lages MB, Martins ML, Magno MB, et al. Is there association between dental malocclusion and bruxism? A systematic review
and meta-analysis. J Oral Rehabil. 2020; 47(10): 1304–1318, doi:
10.1111/joor.12971, indexed in Pubmed: 32246486.

89. Ghafournia M, Hajenourozali Tehrani M. Relationship between bruxism and malocclusion among preschool children in isfahan. J Dent
Res Dent Clin Dent Prospects. 2012; 6(4): 138–142, doi: 10.5681/
joddd.2012.028, indexed in Pubmed: 23277860.
90. Lobbezoo F, van der Zaag J, van Selms MKA, et al. Principles for the
management of bruxism. J Oral Rehabil. 2008; 35(7): 509–523,
doi: 10.1111/j.1365-2842.2008.01853.x, indexed in Pubmed:
18557917.
91. Hublin C, Kaprio J, Partinen M, et al. Parasomnias: co-occurrence and genetics. Psychiatr Genet. 2001; 11(2): 65–70, doi:
10.1097/00041444-200106000-00002, indexed in Pubmed:
11525419.
92. Bashir A, Jawa D, Somani R, et al. All about bruxism - the teeth grinding.
J Adv Med Dent Sci Res. 2021; 9(5): 9–23, doi: 10.21276/jamdsr.
93. Ahlberg K, Jahkola A, Savolainen A, et al. Associations of reported
bruxism with insomnia and insufficient sleep symptoms among media
personnel with or without irregular shift work. Head Face Med. 2008;
4: 4, doi: 10.1186/1746-160X-4-4, indexed in Pubmed: 18307774.
94. Shokry SM, El Wakeel EE, Al-Maflehi N, et al. Association between
self-reported bruxism and sleeping patterns among dental students
in saudi arabia: a cross-sectional study. Int J Dent. 2016; 2016:
4327081, doi: 10.1155/2016/4327081, indexed in Pubmed:
27034672.
95. Kuang B, Li D, Lobbezoo F, et al. Associations between sleep bruxism
and other sleep-related disorders in adults: a systematic review. Sleep
Med. 2022; 89: 31–47, doi: 10.1016/j.sleep.2021.11.008, indexed
in Pubmed: 34879286.
96. Lavigne GJ, Montplaisir JY. Restless legs syndrome and sleep bruxism:
prevalence and association among Canadians. Sleep. 1994; 17(8):
739–743, indexed in Pubmed: 7701186.
97. Li Y, Yu F, Niu L, et al. Associations among bruxism, gastroesophageal
reflux disease, and tooth wear. J Clin Med. 2018; 7(11): 417, doi:
10.3390/jcm7110417, indexed in Pubmed: 30404150.
98. Serra-Negra JM, Lobbezoo F, Correa-Faria P, et al. Relationship of
self-reported sleep bruxism and awake bruxism with chronotype profiles in Italian dental students. Cranio. 2019; 37(3): 147–152, doi:
10.1080/08869634.2018.1431600, indexed in Pubmed: 29376478.
99. Erden S. Sleep-related bruxism response to melatonin treatment.
J Child Adolesc Psychopharmacol. 2020; 30(3): 201, doi: 10.1089/
cap.2019.0143, indexed in Pubmed: 31800301.
100. Câmara-Souza MB, Figueredo OMC, Rodrigues Garcia RCM. Tongue force, oral health-related quality of life, and sleep index after bruxism management with intraoral devices. J Prosthet Dent. 2020; 124(4): 454–460,
doi: 10.1016/j.prosdent.2019.07.017, indexed in Pubmed: 31831164.

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

463

RESEARCH PAPER

Neurologia i Neurochirurgia Polska
Polish Journal of Neurology and Neurosurgery
2022, Volume 56, no. 6, pages: 464–471
DOI: 10.5603/PJNNS.a2022.0054
Copyright © 2022 Polish Neurological Society
ISSN: 0028-3843, e-ISSN: 1897-4260

Transport strategy for ischaemic stroke patients
with large vessel occlusion
David Černík1 , Filip Cihlář2, Jiří Neumann3, Ľudmila Doláková4, Daniel Šaňák5, David Cihlář6,
Michal Orlický7,8
1

Comprehensive Stroke Centre, Department of Neurology, Masaryk Hospital Ústí nad Labem, KZ a.s., Ústí nad Labem, Czech Republic
2

Department of Radiology, Masaryk Hospital, KZ a.s., Faculty of Health Studies, J.E. Purkinje University, Ústí nad Labem,
Czech Republic
3
4

5

Department of Neurology, Hospital Chomutov, KZ a.s., Chomutov, Czech Republic

2nd Children’s Clinic, Slovak Medical University Children’s Faculty Hospital, Banská Bystrica, Slovakia

Comprehensive Stroke Centre, Department of Neurology, Palacký University Medical School and Hospital, Olomouc, Czech Republic
6

Department of Physical Education and Sport, Pedagogical Faculty, Jan Evangelista Purkyně University in Ústí nad Labem,
Czech Republic
7

8

Department of Neurosurgery, Faculty of Medicine, University of L. Pasteur, Košice, Slovakia

Department of Neurosurgery, Masaryk Hospital, KZ a.s., Faculty of Health Studies, J.E. Purkinje University, Ústí nad Labem,
Czech Republic

ABSTRACT
Introduction. There are today two models of transporting patients with acute ischaemic stroke because of large artery occlusion (AIS-LVO): mothership (MS) and drip-and-ship (DS). Our aim was to evaluate our ongoing transport strategy (OT), which is
an MS/DS hybrid. In our OT, the patient is transported directly to the CT of the Primary Stroke Centre (PSC), where intravenous
thrombolysis (IVT) is administered. The patient then continues without delay to a Comprehensive Stroke Centre (CSC) with the
same medical rescue team (MRT). The distance between our centres is 73 km.
Material and methods. We retrospectively analysed data of 100 consecutive AIS-LVO patients treated with mechanical thrombectomy (MT) between January 2017 and October 2019. OT, MS and DS groups were compared. 31 patients were transported
as MS, 32 as DS, and 37 as OT.
Results. DS had significantly longer time to groin puncture (185 min) compared to OT and MS (p < 0.0001). OT shortened time
almost to MS level (OT 124 min, MS 110 min, p = 0.002. Time to IVT administration (from MRT departure) differed statistically
significantly in favour of OT (OT 27 min, MS 63 min, p < 0.0001). Logistical change in PSC had a significant effect on decreasing
the door-to-needle time (DNT) median from 37 min to 11 min (p < 0.0001). DNT reduction also occurred in patients with AIS
and without an indication for MT.
Conclusions. OT is highly effective, significantly reducing the time to IVT administration, and combining all the benefits, while
eliminating all the disadvantages, of DS and MS. The OT concept gives all indicated patients a chance for MT to be performed,
and does not overload the performing centre.
Key words: ischaemic stroke, large vessel occlusion, intravenous thrombolysis, mechanical thrombectomy, transfer
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Introduction
In connection with the introduction of mechanical
thrombectomy (MT) as the standard treatment for acute
ischaemic stroke (AIS), there has been a need to change
pre-hospital care logistics so that patients — MT candidates
— are treated as soon as possible. This change mainly affects
areas where most patients are primarily directed to non-MT
centres. In the Czech Republic, there are primary stroke centres
(PSC), from which transport to a higher centre is required
(i.e. a CSC, Comprehensive Stroke Centre). An important
role is also played by the early onset of IVT, which should
be performed if it is indicated. Patients treated with IVT and
subsequently with MT clearly benefit from this approach [1].
The aim of our study was to evaluate selected key logistical
time intervals and clinical results in patients subject to various
transport options.

PSC

Material and methods

Figure 1. Stroke centres in Usti nad Labem region of Czech Republic. CSC — comprehensive stroke centre; PSC — primary stroke
centre

Currently, two main logistical approaches are most commonly discussed. The first is a concept called ‘drip-and-ship’
(DS). Here, the patient is transported from the field to the
nearest stroke centre, where they are examined and treated
with intravenous thrombolysis (IVT). If a large artery occlusion (LVO) is found, the patient is transported to a centre
where MT is performed. The advantage of this concept is the
selection of indicated patients in primary centres and the
prompt administration of IVT. The main disadvantage of
this concept is the significant time loss caused by secondary
transport to secondary centres to MT, including delays in
arranging transport.
The second approach is the direct transport of the patient
to the centre performing the MT — the so-called ‘mothership’
(MS) concept. The main advantage is the elimination of time
lost due to secondary transport from primary centres. The
main disadvantage is both a higher load on CSC patients who
do not eventually meet the criteria for MT, and a significant increase in time to IVT, which may be the only possible treatment
for some patients (in the absence of an LVO, endovascular
treatment is not technically feasible) [2].
For the centre, the advised candidate for MT can often
mean bringing an unnecessary halt to an elective interventional case. The challenge of dentifying patients with a cerebral
artery occlusion in the field based on an indicative clinical
emergency medical examination is also a significant limitation.
Currently, various concepts for identifying suitable candidates are being tested using simple clinical tests with different
sensitivities and specificities. In the Czech Republic, the FAST
PLUS test is used in a number of regions; it has a sensitivity
of 95% and a specificity of 52%. The positive predictive value
for LVO is 51% and negative up to 96% [3].
The current (ESO-ESMINT 2019) recommendation states
that if the arrival time to the nearest CSC is 30–45 min, patients

who are potential candidates for MT should be transferred
directly to the CSC. If the transport time is longer, the patient
should head to the nearest PSC [4].
In the Ústí nad Labem Region of the Czech Republic,
where 850,000 inhabitants live in an area of 5,400 km2, a third
approach is currently preferred, one which is a combination
of direct and secondary transport. We refer to this as ongoing
primary transport (OT). The stroke network of the Ústí nad
Labem Region (Fig. 1) consists of one CSC (MN UL) and
four PSCs (Chomutov — CV, Teplice — TPC, Děčín — DC,
and Litoměřice — LTM). From the place of stroke, the patient
is referred to the nearest available PSC (prenotification to
a dedicated stroke mobile phone) by the emergency services.
If the patient is evaluated as a positive triad after telephone
consultation with the centre’s physician — and he or she meets
the clinical (positive FAST test) and time criteria (< 24h) —
the emergency medical service (EMS) is directly at the CT
workplace. There will be both acute examination (NIHSS
determination, blood pressure measurement, bedside glucose
measurement with glucometer and INR on a Coagucheck device, blood serum, blood count and coagulation parameters,
brain CT, ASPECT score, CTA of cerebral arteries) and early
initiation of IVT if the indication criteria are met.
If symptomatic LVO is detected, a telephone consultation
with the interventional radiologist (CSC MN UL) is immediately begun and the radiologist has direct access to the
pictures via the archiving and communication system (PACS).
This approach presupposes functioning communication and
cooperation between EMS-PSC and PSC-CSC (interventional
radiologist) and also the optimisation of hospital logistics
within individual centres. We see advantages in the early
initiation of IVT in PSC, and in patient transport to CSC to
MT only in clearly indicated cases, in terms of the elimination
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of delay in providing secondary transport (i.e. the patient
is not hospitalised in the PSC and continues with the same
emergency group), in terms of the intervention team being
prepared when the patient arrives at the CSC, and also in
terms of the fact that at the CSC angio-line, the elective programme is stopped exclusively in the indicated situations. The
disadvantage is the higher demands on the above-mentioned
PSC-CSC-EMS cooperation [5].
Until April 2018, the PSC CV catchment area included
three regions with an area of 2,289 km2 (Chomutov district,
Louny district, and part of Most district) and a population of
about 268,000. In normal conditions, the distance between
the individual region of the PSC CV catchment area and CSC
MN UL ranges from 40–45 min (45–50 km) up to 90–100 min
(110–115 km). The Most district is alongside the road through
Chomutov, Teplice and Ústí nad Labem. Therefore, due to better accessibility and shorter travel distance to the CSC MN UL
(average 40 min), the logistics of patient transport with stroke
was re-evaluated in April 2018 and part of the Most district
was assigned into PSC TPC. Therefore, at present the PSC
CV catchment area consists of Louny district and Chomutov
district, including part of the mountains (area 2,056 km2,
population 211,000). Time distance between PSC CV and
CSC MN UL is 53 min in standard driving conditions (71 km).
In the period from January 2017 to April 2018, LVO
patients from the PSC CV catchment area were transported
to CSC MN UL to MT either according to the DS or the MS
approach. Within the drip-and-ship approach, a positive emergency medical service patient was first brought to the emergency clinic PSC CV after the trial. After the necessary supplementation of anamnesis and acute examinations (NIHSS,
measurement of blood pressure, determination of glycaemia
with glucometer and INR on a Coagucheck device, sampling
for blood serum, blood count and coagulation parameters), the
patient was transferred to the CT workplace for examination
of the brain and cerebral arteries. IVT was initiated at the CT
workplace, and in the case of AIS-LVO a secondary transport
to the CSC to MT was organised. MS was used especially in
cases where the distance from the place of stroke to CSC MN
UL was < 45 min, during full anticoagulant treatment, or when
hemiplegia was found in a younger patient instead of stroke.
Since April 2018, the standard approach has been OT (see the
description above) and only exceptionally MS transport (e.g.
in cases of a failure of the CT device in the PSC CV).
Our retrospective study included all patients the PSC CV
catchment area who were treated with MT in CSC Ústí nad
Labem from January 2017 to October 2019. All patients were
admitted to the PSC Chomutov or CSC after telephone advice
on the basis of positive triage. Symptomatic occlusion of cerebral artery to CTA was found in all patients. IVT was initiated
in all patients who met the indication criteria. Patients were
transported to the CSC in MS, DS or OT mode.
MT was performed with stent retrievers (Solitaire®, Catch
Device® and Trevo®). The achieved recanalisation status was
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evaluated according to modified Thrombolysis in Cerebral
Infarction Scale (mTICI) on the final angiogram [6].
In all patients, the incidence of intracerebral haemorrhage
(ICH) was assessed on control CT or MR after 24 hours. Symptomatic ICH (SICH) was defined as local distant parenchymal
haematoma (type 2) or subarachnoid haemorrhage associated
with at least a four-point increase in NIHSS scores or leading
to death [7].
Neurological deficit was assessed by NIHSS in 24 hours
and clinical outcome in three months using the modified
Rankin Scale (mRS). A score of 0–2 was considered a good
clinical outcome. The evaluation of mRS was performed by
experienced neurologists, mostly during planned outpatient
visits.
In order to evaluate time intervals, it was necessary to
select an independent reference point. This independence
(based on EMS work, estimated time of origin, weather and
traffic conditions) was met by the virtual time being set as the
time of arrival at the first centre, reduced by the time of arrival
from the hit point (i.e. the time set by the unified navigation
device under normal traffic conditions for each hit).
STATISTICA 12.0 was used for statistical data processing. Significance tests were also used in addition to the basic
descriptive characteristics. Due to a non-normal frequency
distribution, non-parametric statistical procedures (Mann
Whitney test, Kruskal Wallis test) and Chi square test of independence were used. Data normality was tested using the
Shapiro Wilcoxon test.
In all cases, the null hypothesis was rejected with a 5%
probability of mistake, i.e. when the value of p (the probability
of error in rejecting the null hypothesis) fell below 0.05.

Results
In the monitored period (January 2017 to October 2019),
a total of 100 patients were treated from the primary centre.
MS was used in 31 patients, DS in 32 patients, and OT in
37 patients.
The demographic and basic characteristics of these patients
are set out in Table 1. Analysed time intervals and treatment
results are set out in Table 2.
Time to groin puncture and recanalisation among the DS,
MS and OT patients showed statistically significant differences.
There was no statistically significant difference between MS
and OT in time to recanalisation, although there was a statistically significant difference in the time to groin puncture:
111 min for the MS, and 124 min for the OT.
There was a significant difference in door-to-groin time
(DGT) for MS, which was significantly longer. This time is
practically doubled during ambulance transports. In the case of
OT and DS, there was no influence of institutional emergency
service time on DGT. OT showed a halving of time to the start
of IVT (depending on the departure of rescuers): 27 min vs.
63 min for MS and 50 min for DS.
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Table 1. Patients’ demographic and baseline clinical characteristics
Transport

DS

MS

OT

P-value

N (male, %)

31 (13, 41.9%)

32 (17, 53.1%)

37 (10, 27%)

0.085

Age (years, mean ± SD)

75. 6 ± 10.6

70. 5 ± 10

73. 5 ± 11.3

0.229

Hypertension (n, %)

30 (96.8%)

27 (84.4%)

30 (81.1%)

0.138

Diabetes mellitus (n, %)

12 (38.7%)

11 (34.4%)

15 (40.5%)

0.867

Ischaemic cardiopathy (n, %)

15 (48.4%)

11 (34.4%)

6 (16.2%)

0.017

Atrial fibrillation (n, %)

11 (35.5%)

10 (31.3%)

12 (32.4%)

0.934

Anticoagulation (n, %)

2 (6.5%)

4 (12.5%)

2 (5.4%)

0.517

Hyperlipidemia (n, %)

22 (71.0%)

19 (59.4%)

24 (64.9%)

0.628

18 ± 7

20 ± 5.7

17 ± 6.9

0.313

Admission NIHSS (median ± SD)
ASPECTS (median)
Transport time (minutes, mean ± SD)
Distance to CSC (kilometer, mean)

10

10

10

0.945

73 ± 9.8

37.5 ± 14.1

71 ± 14

< 0.00001

68

58

71

0.004

IES time (n, %)

20 (64.5%)

15 (46.9%)

21 (56.8%)

0.367

Wake-up + unknown time of origin

6 (19.4%)

4 (12.5%)

10 (27%)

0.321

ASPECTS — Alberta Programme Early CT Score; CSC — comprehensive stroke centre; DS — drip-and-ship; IES time — institutional emergency service time; MS — mothership; NIHSS — National Institute of
Health Stroke Scale; OT — ongoing transport

The group of patients with MS showed significantly shorter
average distance from the ambulance departure point to CSC.
This was due to the inclusion of patients from one district who
previously (at the time of this study, until 2018) fell under
PSC Chomutov (Fig. 1). The district of Most was assigned
to another primary PSC during 2018 as part of a reorganisation to improve the management of stroke in the region.
This important aspect is reflected in Table 3, which shows
a comparison of MS and OT without including these primarily
transported patients in the CSC. These patients did not occur
in the OT group because the territorial assignment to another
PSC preceded the introduction of this type of transport for
the PSC Chomutov.
Our results show that the average distance to CSC was not
statistically significantly different, and that patients received
IVT statistically significantly earlier. Time to groin puncture
shows that the intervention initiated during MS working
hours was faster by a few minutes, but exactly the opposite
was true in terms of time of institutional emergency service.
Institutional emergency service time in the Czech Republic
consistently covers 77% of the year.

Discussion
Considering the time delay due to DS, MS is preferred
when comparing the MS and DS concepts. Some recent data
confirms a higher chance of a better clinical outcome in patients directly transported to MT [8]. Recently, Luchowski et
al. [9] from a geographically close area, demonstrated a better
clinical effect in MS compared to DS (when evaluating the
achievement of mRS in the range 0–1).
However, some studies have not found a difference in clinical outcome between the two concepts [10, 11]. The concept

of DS can be beneficial in areas where time availability is
significantly different in favour of PSC rather than CSC [12].
However, in the Czech Republic this does not apply because of the high density of PSC and CSC networks.
Compared to MS, the advantage of DS can be earlier IVT
administration only if logistically comparable care in PSC
and CSC, in the form of comparable median door-to-needle
time (DNT), is provided. In our case, the difference was not
statistically significant because the DNT in PSC at time of DS
preference was practically twofold that of the DNT in CSC.
The indisputable advantage of DS transport as opposed to MS
transport is that the CSC has information about the upcoming
intervention, which is confirmed by the significantly shorter
DGT, even at the time of institutional emergency service. At
this time the angio team is not present in the hospital, and
is activated from home after the diagnosis of LVO. For this
reason, DGT significantly increases in MS during institutional
emergency service. For DS, the team is activated while the
patient is in the primary centre. So this is a logistical advantage
for the centre, but not for the patient. The results of our study
confirm that DS transport is significantly disadvantageous for
the patient in respect of the total time required from ambulance departure to groin puncture, as well as in respect of the
total recanalisation time.
However, the shorter time from ambulance departure to
groin puncture is the only advantage of MS transport. The disadvantage of MS is a significant burden of CSC by unindicated
patients including the need to stop the elective programme in
the angio-room.
Our study shows that IVT was statistically significantly
earlier administered with using OT from the PSC Chomutov
area, both within the centre (DNT) and overall related to the
ambulance departure from the interventional point. Unlike
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50

Time to IVT (minutes)

14 (43.8%)

15 (48.4%)

12 (38.7%)

mRS ≤ 2 at 90 days (n, %)

Mortality at 90 days (n, %)
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0.535

1

0.278

< 0.00001

0.032

< 0.00001

< 0.00001

< 0.00001

0.001

0.008

< 0.00001

0.375

< 0.00001

0.021

0.982

0.707

P

12 (38.7%)

15 (48.4%)

25 (80.6%)

185

23

25

24

237 ± 60

303.5 ± 59.8

68

73 ± 9.8

50

37

18 (58.1%)

1 (3.2 %)

7 (22.6 %)

31

DS

8 (21.6%)

17 (48.6%)

36 (97.3%)

124

22

23

23

168 ± 43

255.5 ± 86.8

71

71 ± 14

27

11

30 (81.1%)

0

7 (18.9%)

37

OT

0.124

1

0.024

< 0.00001

0.348

0.127

0.340

< 0.00001

0.305

0.640

1

0.007

< 0.00001

0.038

0.271

0.710

P-value

10 (31.3%)

14 (43.8%)

22 (68.8%)

111

39.5

80

58.5

163 ± 42

221.5 ± 86.5

58

37.5 ± 14.1

63

13

27 (84.4%)

1 (3.1%)

6 (18.8%)

32

MS

8 (21.6%)

17 (48.6%)

36 (97.3%)

124

22

23

23

168 ± 43

255.5 ± 86.8

71

71 ± 14

27

11

30 (81.1%)

0

7 (18.9%)

37

OT

0.364

1

0.001

0.003

0.00001

< 0.00001

< 0.00001

0.692

0.144

0.003

< 0.00001

< 0.00001

0.568

0.719

0.279

0.986

p

CSC — comprehensive stroke centre; DGT — door-to-groin time; DNT — door-to-needle time; DS — drip-and-ship; ICH — intracerebral haemorrhage; IES time — institutional emergency service time; IVT — intravenous thrombolysis; mRS — modified Rankin Scale; MS — mothership; OT — ongoing
transport; RT — time to recanalisation; SICH — symptomatic intracerebral haemorrhage; TICI — Thrombolysis in Cerebral Infarction Scale; Time to IVT — time to IVT from ambulance departure at point of intervention; VGT — time to groin puncture from ambulance departure at point of intervention;
VRT — time to virtual recanalisation from ambulance departure at point of intervention

10 (31.3%)

22 (68.8%)

111

25 (80.6%)

Recanalisation (TICI 2b-3) (n, %)

185

VGT (min)

39.5

80

25

23

DGT in IES (min)

58.5

163 ± 42

221.5 ± 86.5

58

37.5 ± 14.1

63

24

DGT in working hours (min)

DGT (min)

237 ± 60

VRT (median ± SD)

68

303.5 ± 59.8

RT (median ± SD)

Distance to CSC (km, mean)

73 ± 9.8

37

Transport time (min, mean ± SD)

27 (84.4%)

18 (58.1 %)

IVT (n, %)

DNT (min)

13

1 (3.1%)

1 (3.2 %)

SICH (n, %)

6 (18.8%)

32

MS

7 (22.6 %)

31

DS

ICH (n, %)

N

Table 2. Results
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Table 3. Results without the district of Most
N
Distance to CSC (km, mean)
Transport time (min, mean ± SD)
Time to recanalisation (median ± SD)
Time to virtual recanalisation (median ± SD)
DGT (min)
DGT in IES (min)

MS

OT

15

37

P-value

74

71

0.777

67 ± 10.4

71 ± 14

0.026

220.5 ± 74.1

255.5 ± 86.8

0.161

165 ± 32

168 ± 43

0.597

49

23

< 0.00001

70

23

0.0002

DGT in working hours (min)

44.5

22

0.0002

VGT (min)

117

124

0.127

133

123

0.398

107.5

125

0.012

VGT in IES (min)
VGT in working hours (min)
Time to IVT (minute)

72.5

27

< 0.00001

Recanalisation (TICI 2b-3) (n, %)

11 (73.3%)

36 (97.3%)

0.034

mRS ≤ 2 at 90 days (n, %)

5 (33.3%)

17 (48.6%)

0.571

Mortality at 90 days (n, %)

5 (33.3%)

8 (21.6%)

0.696

CSC — comprehensive stroke centre; DGT — door-to-groin time; DNT — door-to-needle time; DS — drip-and-ship; IES time — institutional emergency service time; IVT — intravenous thrombolysis; mRS —
modified Rankin Scale; MS — mothership; OT — ongoing transport; TICI — Thrombolysis in Cerebral Infarction Scale; Time to IVT — time to IVT from ambulance departure at point of intervention; Time to
virtual recanalisation — time to recanalisation from ambulance departure at point of intervention, VGT — time to groin puncture from ambulance departure at point of intervention

the DS, having an emergency crew on hand is a very important motivating factor for shortening DNT within the PSC.
According to information from the PSC, a side effect of the
introduction of OT due to the necessary change in logistics
was a year-on-year decrease in DNT (from all IVTs filed at
the workplace) from 28.5 min (Q1 2018) to 15 min (Q1 2019).
After lowering the DNT, the Door In-Door Out (DiDo) time
in the PSC was 20 min, which is acceptable for the waiting
EMS crew (if endovascular performance is not indicated, the
EMS can leave after 10 min — which is acceptable in all cases
including stroke mimics).
In our study, we found a correlate of DNT in PSC only in
patients with LVO at the time of preference for DS (37 min)
vs. DNT for OT (11 min). Patients with OT had a statistically
significant earlier IVT (27 min relative to virtual departure
time) vs. MS (63 min). With the growing difference between
arrival time to the PSC and the CSC and ambulance departure
from the place of intervention, the difference in the starting
time of IVT also increased proportionately.
In the case of OT, the angio-team was informed in advance
and there was no statistically significant difference in the care
from arrival to the CSC vs. DS — correlate is represented
by comparable DGT in CSC independent of working hours
or hours during institutional emergency service. The total
recanalisation time did not differ significantly between MS
and OT, but it is influenced by more independent factors (the
necessity for general anaesthesia, duration of MT, recanalisation). Therefore, we focused on the time to groin puncture.
According to our results, time from ambulance departure in
the place of intervention (VGT) to groin puncture differed
statistically significantly, even in the absence of typical delay

for DS, but in absolute values the time difference was only
13 min — 111 min for MS vs. 124 min for OT.
A critical look at the data reveals a significant difference
in the distance between the place of ambulance departure
and CSC, namely 58 km for MS and 71 km for OT. As shown
in Figure 1, this is due to the inclusion of one district located
between the PSC and the CSC and this district logically benefits from a primary transport to the CSC (eventually after
reorganisation of care from OT via an alternative PSC). If we
omit this district, as shown in Table 3, the distance from the
CSC does not differ significantly (74 vs. 71 km). There was
an even less significant difference in terms of VGT: 117 min
for MS and 124 min for OT. During working hours, a greater
difference was seen (107.5 min vs. 124 min) in favour of MS,
but during institutional emergency service time the situation
was reversed: 125 min vs. 133 min in favour of OT. Working
hours in the Czech Republic have been stable over the long
term at the level of 23% of the year. In other words, purely
in terms of the groin puncture time, MS for 23% of the year
seems to be one minute more favourable, and OT for the other
77% of the time.
There are many independent factors which can affect a patient’s clinical outcome after MT, and the type of transport can
be one of them. The highest mortality, although statistically
insignificant, was seen in DS (38.7%), followed by MS (31.3%),
and the lowest mortality was in OT (21.6%). There was not
a statistically significant difference even in clinical outcome
between transport modes, which was not surprising. In our
study, we analysed patients who had undergone MT. However,
the chosen mode of transport generated additional groups of
patients who were initially indicated for MT, but this was not
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directly related to the mode of transport and these patients
were not included in the study. In DS, some patients indicated
for MT in PSC, after reaching CSC, MT was no longer indicated for MT because of the control CT image (the extent of
ischaemia) in CSC — the PSC’s patient failed to arrive on time.
Some patients are recanalised by IVT (the chance of recanalising a large artery by IVT is reported as being 16–30%
[13–15]) and the patient arrives ‘graphically cured’ from PSC.
In some patients, the embolism was dislocated beyond the
reach of endovascular intervention and these patients also did
not undergo MT. OT generates the same patient groups — the
chance of IVT recanalisation is the same, but the probability
that the indicated patient will not arrive on time is significantly
less due to the absence of a significant time delay. MS is unambiguous from this point of view — the patient is or is not
indicated to MT according to the initial examination in CSC.
How a particular case would unfold in the case of administration via PSC is purely speculative. In our case, from 2015 to
the launch of the OT programme in April 2018, 18 primarily
indicated patients did not manage to arrive on time (DS) from
PSC Chomutov to the CSC for the realisation of MT. Since the
launch of the programme until now (March 2020), there have
only been two patients — one was exceptionally transported
by DS for technical reasons and one case (OT) was already
borderline in PSC (ASPECT6).
OT, by its characteristics, eliminates the disadvantages of
DS and MS and brings together all the advantages of these
concepts. It gives a chance to all indicated patients for the
performance of MT, the CSC is not overloaded with patients,
and IVT can be administered significantly earlier. Individual
characteristics are differently accentuated by distance between
cooperating centres. When we assess the impact of the type of
transport, it is necessary to pay close attention to the geographical and transport characteristics of the region and to eliminate
as much interference as possible on time characteristics. As
shown in the example of one district, it is necessary to take
into account the distance between the PSC and CSC. These
aspects significantly limit the possibilities of a multicentre
study. The concept of OT is significantly more demanding in
terms of cooperation between centres and emergency crews,
which is not necessarily a disadvantage.

Conclusions
OT is a safe and convenient alternative to MS and DS of
a stroke patient when a large artery is occluded to MT. It combines all the advantages, and eliminates all the disadvantages,
of all known concepts.
Necessary logistical changes significantly reduce DNT
even in patients with AIS and even those without indication
for MT.
The OT concept gives all indicated patients a chance for
MT to be performed and there is no overload of the performing centre.
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According to the results of our study, patients received
IVT (related to ambulance departure from the place of intervention) significantly earlier.
At times of institutional emergency service (i.e. for 77%
of the year), OT is more advantageous than MS in terms of
time to groin puncture.
During working hours, the situation is more complicated
when patients receive IVT significantly earlier, but groin
puncture is delayed by several minutes (units of minutes).
With regard to this minimal difference, we still prefer OT even
during working hours, with an emphasis on the application of
further logistical steps to speed up transport by the necessary
units of minutes.
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ABSTRACT
Introduction. The relevance of diabetes mellitus (DM) to the efficacy of mechanical thrombectomy (MT) has been the subject
of few studies and with only inconclusive results.
Objectives. This study aimed to evaluate the effect of DM and admission hyperglycaemia on the efficacy and safety of MT in
stroke patients.
Material and methods. This retrospective study analysis focused on the relevance of admission hyperglyacemia and DM to the functional status of patients treated with MT at the Upper Silesian Medical Centre of the Silesian Medical University in Katowice, Poland.
Results. 417 stroke patients (median age 70 years) were qualified for the study. There were 103 patients (24.70%) with DM.
Admission hyperglycaemia ≥ 140 mg% was found in 91 patients (21.82%), of whom 69 were diagnosed with DM before or
during hospitalisation. The parameters with the strongest effect on the functional status on days 7, 90 and 365 were: age, and
neurological status according to the National Institutes of Health Stroke Scale (NIHSS) on the first day of ischaemic stroke before
MT. The angiographic effect indirect after MT and patient functional status on days 7, 90 and 365 were comparable between the
groups, regardless of the DM burden. The frequency of symptomatic intracranial bleeding 24 hours after MT was comparable
between patients with and patients without DM (p = 0.092).
Model based on parameters were age, NIHSS on the first day of ischaemic stroke, an when score in Thrombolysis In Cerebral
Infarct (TICI) showed good predictive attributes for the functional status of patients in the acute period (day 7). Age, a lack of
admission hyperglycaemia, and the neurological state on day 1 of ischaemic stroke (before MT) were the key parameters for
a favourable outcome (≤ 2 points on the modified Rankin Scale, mRS) on day 90. Admission hyperglycaemia ≥ 140 mg/dL, regardless of the presence or absence of DM, had a negative effect on achieving a good functional status one week after stroke onset.
Conclusions. Diabetes mellitus has a neutral effect on the angiographic and clinical outcomes of mechanical thrombectomy
in stroke patients. It does not increase the risk of intracranial haemorrhage after instrumental therapy. It is admission hyperglycaemia, rather than diabetes mellitus, that is a predictor of poor functional status in patients treated with thrombectomy.
According to our results, the patient’s neurological status, age, and the outcome of thrombectomy are relevant to the functional
status in the acute ischaemic stroke period.
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(Neurol Neurochir Pol 2022; 56 (6): 472–479)
Address for correspondence: Anetta Lasek-Bal, MD, PhD, Department of Neurology, School of Health Sciences, Medical University of Silesia in Katowice,
Ziołowa Str. 45/47, 40–735 Katowice, Poland; e-mail: abal@sum.edu.pl
Received: 27.03.2022

Accepted: 12.09.2022 Early publication date: 17.11.2022

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to
download articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

472

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Anetta Lasek-Bal et al., The relevance of DM to the effect of mechanical thrombectomy in stroke

Introduction

Material and methods

Over the last five years, the evidence for the efficacy
and safety of endovascular therapy in patients with stroke
related to large vessel occlusion (LVO) has been growing.
Recanalisation resulting from mechanical thrombectomy
has been observed in up to 92% of patients, although only
46% of those were fully independent three months later
[1, 2]. The main cause of failure is arterial reocclusion
despite a previous successful angiographic result directly
following an instrumental restoration of arterial patency.
This applies to 9% of patients in the first 24 hours after MT
[3–6]. DM increases the risk of stroke and of neurological
deterioration in the acute phase of stroke, and the risk of
stroke recurrence is also present [7–9]. It increases the risk
of bleeding complications post-thrombolysis [10]. DM causes
endothelial damage and impairment of cerebrovascular
reactivity [11–14]. Metabolic disorders associated with DM,
regardless of diabetic angiopathy, can adversely affect the
nervous tissue during acute ischaemia. Previous studies have
identified DM and hyperglycaemia on admission as important
predictors affecting the outcomes in stroke patients treated
with recanalisation therapies [15–17]. Hyperglycaemia in
acute ischaemic stroke increases the risks of haemorrhagic
transformation of an infarct focus, of haemorrhage following
thrombolysis, and of death in the short-term follow-up
after stroke [7, 10, 16, 18]. A probable mechanism for the
adverse effects of hyperglycaemia is associated with increased
blood-brain barrier permeability, impaired cerebrovascular
reactivity, and increased susceptibility to reperfusion injury
[18]. Negative effects concerning hyperglycaemia on metabolic
processes in the penumbra can also be significant. Therefore,
we should suspect that hyperglycaemia could impact upon
the effect of mechanical thrombectomy and be relevant to the
functional status of the patient, especially in the acute period.
Patients with admission hyperglycaemia and hyperglycaemia
on the first day of stroke significantly less frequently return
to a favourable functional status following MT than do those
with normal admission glycaemia [19].
In recent years, the effects of stress hyperglycaemia (SH)
due to stroke in patients burdened with DM, and in those
with no such burden, have been receiving some attention
[20–22]. The phenomenon of SH has not been investigated
in depth. The mechanisms of the effect of SH and DM-related
hyperglycaemia on neural tissue are different, and the clinical
sequelae in stroke patients may vary. Determining the impact
of hyperglycaemia and DM on MT outcomes might modify
the selection criteria for endovascular stroke therapy. It could
also allow us to optimise the management of hyperglycaemic
therapy in the acute stroke period.
The purpose of this study was to evaluate the effect of
DM and hyperglycaemia upon hospital admission, and on
the efficacy and safety of MT in patients with acute ischaemic
stroke associated with LVO.

This retrospective study included patients hospitalised
in the Upper Silesian Medical Centre of the Silesian Medical
University in Katowice between 2019 and 2021 because of
stroke. The patients met the main criterion — they suffered
from stroke in the course of large vessel occlusion and they
were treated with MT within six hours following stroke onset.
We did not qualify cases with incomplete medical data. In this
study, all patients were analysed based on age at the time of
their first stroke, the presence of comorbidities (DM, atrial
fibrillation (AF), arterial hypertension (AH), coronary heart
disease (CHD), lipid disorders (LD), > 70% atherosclerotic carotid artery stenosis (CAS, ipsilaterally to the acute ischaemic
brain lesion), peripheral artery disease (PAD) in lower extremities, blood glucose concentration when admitted to hospital,
the angiographic effect according to the score in TICI directly
after MT, and the rate of intracranial bleeding (ICB) after MT
including symptomatic ICB (sICB). Neurological status on
the first day of stroke was evaluated using the NIHSS and the
functional status according to the mRS was examined on days
7, 90 and 365 after stroke, in accordance with the mRS scale.
AF was diagnosed on the basis of previous patient records
or electrocardiogram (ECG), or 24-hour ECG monitoring
performed during stroke-related hospitalisation.
AH was diagnosed in accordance with the recommendations of the European Society of Cardiology [23]. The
diagnosis of DM was based on previous medical history or it
was made by a diabetologist during hospitalisation. Diagnostic
criteria for DM included the following: a fasting plasma glucose level ≥ 126 mg/dL (7.0 mmol/L), or 2-hour plasma glucose
level ≥ 200 mg/dL (11.1 mmol/L) during a 75-g oral glucose
tolerance test, or a random plasma glucose level ≥ 200 mg/dL
(11.1 mmol/L) in a patient with classic symptoms of hyperglycaemia, or a haemoglobin A1c (HbA1c) level ≥ 6.5%. Blood
glucose level ≥ 140 mg/dL on admission to hospital was defined
as admission hyperglycaemia. A diabetologist consulted each
patient with incorrect admission glycaemia (≥ 140 mg/dL).
LD were defined according to the ESC Guidelines for
the Management of Dyslipidemias. LD were diagnosed
when at least one of the following features was present:
hypercholesterolemia with total cholesterol concentration ≥ 5 mmol/ml (≥ 190 mg/dL) or LDL-C ≥ 3 mmol/l
(≥ 115 mg/dL) and/ or hypertriglyceridemia with triglyceride
concentration ≥ 1.7 mmol/l (≥ 150 mg/dL).
The NASCET (North American Symptomatic Carotid
Endarterectomy Trial) criteria were used to assess the degree
of stenosis of the common carotid artery and/or internal
carotid artery.
Haemorrhagic lesions were evaluated based on a head CT
performed 24 hours after MT and using the European Cooperative Acute Stroke Study (ECASS) scale. ICB was defined as
symptomatic when the neurological status deteriorated due to
ICB, with an increase of at least 4 points on the NIHSS during
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the 24 hours following MT (i.e. the difference between the
NIHSS evaluated before MT and 24 hours after the procedure).

Explanation of mechanical thrombectomy
method

The hospital’s Interventional Neuroradiology Department
performed the mechanical thrombectomy procedures using
a Siemens Axiom Artis Zee Bi-Plane machine, a state-oftheart device. Alternatively, if the angiosuite was unavailable,
a monoplane machine was available for the procedure to be
performed in the Vascular Surgery Cath-lab or the Interventional Cardiology Cath-lab. The patient underwent general
anaesthesia or conscious sedation in accordance with their
preference and/or clinical condition. MT was performed by
a single operator who was part of a multidisciplinary team
composed of two neuroradiologists, three vascular surgeons,
and four interventional cardiologists. Neurologists initially
qualified the patients, arranged the logistics, and provided
postoperative care.
MT was commonly performed with stent retrievers (Trevo, Catch, Soliter, Tiger) and an 8F Balloon Guide Catheter
(Flow Gate 2). In a few cases, distal aspiration (Penumbra,
Sofia, Cathalist) or a combination of stent retrievers and distal
aspiration was used.
After consulting a legal opinion, the approval of the
Bioethics Committee of the Medical University of Silesia in
Katowice was not required, since this study was not a medical
experiment.

Statistical analysis

The prevalence of comorbidities or specific conditions
listed above was assessed among all the patients, and after
dividing them into those with DM and those without it. The
results obtained in the mentioned groups were compared.
Multivariate analysis was then performed to identify the
factors which were important for obtaining a good angiographic effect (TICI = 2b-3) after MT, as well as those concerning
the functional status of all the patients and of those with DM
on days 7, 90 and 365.
We constructed multivariable models using ordinal logistic
regression for ordinal outcomes. Model variable selection
procedures covered automatic selection (stepwise, forward
and backward) as determined in accordance with the AIC
and BIC criteria. The accuracy of model predictions was
evaluated by implementing the multiclass AUC estimator and
the leave-one-out procedure. R 3.6.1 was used to perform all
statistical analyses.
Logistic regression was used to analyze the following
variables: age, sex, AF, AH, CHD, DM, LD, > 50% CAS, smoking, TICI, PAD, sICD after intervention, NIHSS before MT,
recombinant tissue plasminogen activator (rtPA), pre-stroke
anticoagulation, pre-stroke antiplatelet therapy, hemicraniectomy, and glycaemia ≥ 140 mg% upon admission. These same
parameters were analysed as being independent factors for
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a good functional state (mRS ≤ 2) of stroke patients on three
time points after MT (i.e. on days: 7, 90, and 365 after stroke
onset). An analysis of the potential impact of admission hyperglycaemia as well as of DM on the functional status at two
time points (days 7 and 90) was also performed.
The size of each subgroup was determined using Chi
squared power calculation, i.e. by assuming a significance
level of 0.05, we calculated that to achieve the test power of
0.8, each of the groups would have 54 patients. The condition
was met, but not for the group with hyperglycaemia, and we
recommend careful interpretation of the results.

Results
Our study eventually enrolled 417 patients treated with
mechanical thrombectomy for cerebral stroke. A total of
421 stroke patients, median age 70 years (range 20–92),
47.7% of them female, who were admitted and hospitalised in
2019–2021 and who were treated in the ultra-acute ischaemic
stroke period (≤ 6 hours) with mechanical thrombectomy,
were initially qualified for the retrospective study. We excluded
(because of incomplete medical records) four patients who
underwent MT. Of the 417 patients included, 254 (61.2%)
were treated with rtPA + MT.
The study group included 134 (32.13%) patients undergoing antithrombotic therapy. Because of AF, 55 (13.18%)
patients used anticoagulation therapy (for at least one month
before MT) — 24 patients were using warfarin, 16 were
using rivaroxaban, eight were using dabigatran, and seven
were using apixaban. The correct therapeutic results of INR
(2.5–3.2) were observed in 16 patients (66.6% of whom used
warfarin). The other 79 (18.94%) patients used antiplatelet
therapy including aspirin — 51 (12.23%) in monotherapy,
16 (3.83%) clopidogrel, and 12 (2.87%) a duotherapy of aspirin
with clopidogrel.
103 patients with DM were included in the study group
(24.70%). DM patients were not significantly different from
DM-free patients in terms of their mean age. The mean duration of DM (from the time of diagnosis) in the study group
was 12 years [0–21 years]. 23 patients with DM (21.35%)
had used insulin therapy before stroke onset. Mean blood
glucose upon hospital admission was 87 mg/dL [79–419 mg/
/dL], and in diabetic patients it was 129 mg/dL [81–419 mg/
/dL]. Hyperglycaemia ≥ 140 mg/dL was found in 91 patients
(21.82%), of whom 69 were diagnosed with DM before or
during hospitalisation, including two diagnosed with DM
associated with chronic steroid therapy. In seven individuals
(1.67%), hyperglycaemia was present upon admission but
disappeared completely in the three days following stroke
onset. In these cases, we identified probable stroke-associated
hyperglycaemia.
The patients with DM were burdened with AF, PAD,
AH and LD significantly more often than those without DM
(Tab. 1).
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Table 1. Characteristics of patients with and without diabetes mellitus
Parameters

All patients
n = 417

DM patients
n = 103

Patients without DM
n = 314

FDR-adjusted p-value
(DM patients vs. patients
without DM)

67.8 ± 13.2

70.70 ± 10.46

66.82 ± 13.92

0.138

70 [20–92]

70 [42–92]

69 [20–89]

F/M

199/218

53/50

146/168

AF

108 (26.0%)

36 (34.95%)

72 (22.92%)

0.015

AH

315 (75.5%)

90 (87.37%)

218 (69.42%)

< 0.001

Age [mean ± SD]
mean [med. range]

0.670

LD

168 (40.4%)

48 (46.6%)

104 (33.12%)

0.013

PAD in lower limbs

216 (51.79%)

67 (65.04%)

149 (47.45%)

< 0.001

CAS

51 (12.1%)

13 (12.62%)

29 (9.23%)

0.32

Previous TIA/stroke burden

89 (21.3%)

21 (20.38%)

68 (21.65%)

0.42

Smoking

126 (30.2%)

39 (37.86%)

87 (27.70%)

0.29

12.8 ± 5.6

13.50 ± 5.68

12.61 ± 5.52

0.385

12 [0–43]

[13; 3–30]

[12; 0–43]

254 (61.2%)

59 (57.28%)

196 (62.42%)

0.670

23 (5.5%)

3 (2.91%)

20 (6.36%)

0.548

Antithrombotic therapy before stroke

134 (32.1%)

44 (42.71%)

90 (28.66%)

0.099

Stroke in summer season

225 (53.95%)

56 (54.36%)

169 (53.82%)

1

TICI 2b-3

274

67 (65.04%)

207 (65.92%)

1

sICB

95

31 (30.09%)

64 (20.38%)

0.092

mRS_7d

3.93 ± 1.69

4.05 ± 1.69

3.82 ± 1.77

0.548

mRS_90d

3.77 ± 1.86

3.94 ± 1.87

3.62 ± 1.93

0.372

mRS_12m

3.82 ± 1.71

4 ± 1.82

3.65 ± 1.91

0.349

NIHSS
mean [med. range]
rtPA
Hemicraniectomy

AF — atrial fibrillation; AH — arterial hypertension; CAS — carotid artery stenosis; EF — ejection fraction; F — female; FDR — false discovery rate; LD — lipid disorders; M — male; NIHSS — National Institutes
of Health Stroke Scale at baseline; PAD — peripheral artery disease; rtPA — recombinant tissue plasminogen activator; sICB — symptomatic intracranial bleeding; mRS — modified Rankin Scale; mRS_7 —
modified Rankin Scale on 7th day after stroke; mRS_90 — modified Rankin Scale on 90th day after stroke; mRS_12m — modified Rankin Scale 12 months after stroke; TICI — thrombolysis in cerebral infarction

Patient functional status on days 7, 90 and 365 was comparable between groups regardless of the DM burden. The
burden of the sICB was comparable between patients with
and without DM (Tab. 1).
Age, lack of admission hyperglycaemia, and neurological
state according to NIHSS on the 1st day of stroke (before
MT) were the key parameters for a favourable outcome on
day 90 (Tab. 2).
We did not identify the important parameters for obtaining
the TICI 2b-3 by analysing the same parameters as listed in
the tables above (Suppl. Tab. 1).
In multivariate analysis related to all of the patients, the
parameters with the strongest effect on the functional status
on days 7, 90 and 365 were: age and NIHSS on the first day
of stroke before MT. The model based on attributes: age,
NIHSS on the first day of stroke, TICI showed good predictive
attributes for the functional status of patients in the acute
period (day 7) (Tab. 3).
DM burden was not a statistically significant independent
factor for the functional status at the three time-points under
study: on days 7, 90 and 365 after the onset (Tab. 3, Suppl. Fig. 1).
Hyperglycaemia ≥ 140 mg/dL upon hospital admission,
regardless of the presence or absence of DM, had a negative

effect on achieving a good functional status one week after
onset (Table 4). Admission hyperglycaemia had a neutral
impact on the functional state on day 90 (Tab. 4).
In univariate analysis related to diabetic patients with
admission hyperglycaemia, the following key factors were
identified for achieving a good functional state: NIHSS score
before MT for a good functional state on day 7 (FDR-adjusted
p-value = 0.018), and a lack of peripheral artery disease for
a good functional state on day 90 (FDR-adjusted p-value
= 0.033). In diabetic patients without admission hyperglycaemia,
we did not identify any independent parameter with a strong
effect on functional status on day 7, and we identified only one
factor for obtaining a good status on day 90 i.e. the NIHSS score
before MT (FDR-adjusted p-value = 0.013).

Discussion
The main finding of our study is that admission
hyperglycaemia in the ultra-acute period of stroke, and not
the presence of DM, is an a priori parameter relevant to the
clinical effect of MT as expressed by the functional status of
patients in the acute period of stroke.
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Table 2. Characteristics of patients with good and poor functional status according to mRS on 90th day after mechanical thrombectomy
Parameters

All patients
n = 417

Patients with 0-2 mRS
n = 120

Patients with 3-6 mRS
n = 297

FDR-adjusted
p-value

67.8 ± 13.2
70 [20–92]

64.83 ± 13.02
67 [23–89]

68.96 ± 13.17
72 [20–92]

0.009

Age [mean ± SD]
mean [med. range]
F/M

199/218

552/68

147/150

0.631

AF

108 (26.0%)

29 (24.16%)

79 (26.59%)

0.752

AH

308 (75.5%)

85 (79.83%)

223 (75.08%)

0.752

LD

152 (40.43%)

43 (35.83%)

109 (36.7%)

0.752

PAD in lower limbs

216 (52.94%)

67 (55.83%)

149 (50.16%)

0.603

CAS
Smoking

42 (12.1%)

10 (8.33%)

32 (10.77%)

0.631

115 (37.1%)

29 (24.16%)

86 (28.95%)

0.631

Hyperglycaemia
DM

31 (7.43%)

1 (0.83%)

30 (10.10%)

0.012

103 (25.31%)

24 (20%)

79 (26.59%)

0.557

12.8 ± 5.6
12 [0–43]

9.96 ± 4.96
[0–26]

13.99 ± 5.39
[3–43]

< 0.001

255 (61.45%)

76 (63.33%)

179 (60.26%)

0.752

23 (5.52%)

2 (1.66%)

21 (7.07%)

0.238

NIHSS
mean [med. range]
rtPA
Hemicraniectomy
Antithrombotic therapy before stroke

134 (32.13%)

36 (30%)

98 (32.99%)

0.752

Stroke in summer season

225 (53.96%)

69 (57.5%)

156 (52.52%)

0.646

Stroke onset to groin puncture time
mean [med. range]

255.3 ± 67.44

245.7 ± 73.30

259.1 ± 64.78

0.361

255 [5–405]

[5–395]

[72–405]

AF — atrial fibrillation; AH — arterial hypertension; CAS — carotid artery stenosis; EF — ejection fraction; F — female; FDR — false discovery rate; LD — lipid disorders, M — male; NIHSS — National Institutes of
Health Stroke Scale at baseline; PAD — peripheral artery disease; rtPA — recombinant tissue plasminogen activator

Table 3. Ordinal regression analysis of influence of clinical phenodata on
mRS (0–2 points) — 7th day, 90th day and 12th month after stroke onset
Coefficients

OR

CI 95%

p-value

Table 4. Admission hyperglycaemia and functional state in diabetic and
non-diabetic patients
Parameter

Groups

Chisq

Chisq FDR
corrected
p- value

mRS- 7th day (mcAUC = 0.769, AIC = 128.06)
Age

1.034

(1.009–1.06)

< 0.01

mRS 7th day

NIHSS 1d

1.103

(1.039–1.174)

< 0.01

(0.255–0.976)

0.04

mRS < 3 vs.
mRS ≥ 3

0.009

0.506

Admission
hyperglycaemia

0.013

TICI

DM/admission
hyperglycaemia

mRS< 3 vs.
mRS ≥ 3 in
DM+ vs. DM-

9.28E–05

0.046

Admission
hyperglycaemia

mRS < 3 vs.
mRS ≥ 3

6.18E–06

0.133

DM/admission
hyperglycaemia

mRS < 3 vs.
mRS ≥ 3 in
DM+ vs. DM-

5.36E–06

0.124

mRS 90th day (mcAUC = 0.707, AIC = 98.48)
Age

1.082

(1.032–1.143)

< 0.01

NIHSS 1d

1.269

(1.124–1.461)

< 0.0001

TICI

0.294

(0.08–1.002)

0.05

mRS 12th month (mcAUC = 0.704, AIC = 94.87)
Age

1.098

(1.038–1.171)

0.0002

NIHSS

1.269

(1.107–1.495)

0.002

mRS 90th day

DM — diabetes mellitus; LD — lipid disorders; mRS — modified Rankin Scale; NIHSS 1d — NIHSS
on the 1st day of stroke; TICI — thrombolysis in cerebral infarction

DM — diabetes mellitus; FDR — false discovery rate; mRS — modified Rankin Scale

In this respect, the results of our study have confirmed
previous observations made by other authors. But what is
new is the finding that the presence of DM is not a sufficient
parameter to influence the effect of MT, except when the
patient’s admission hyperglycaemia is above the threshold
value adopted in this study. Only in combination with the
neurological status, patient age, and angiographic outcome of

thrombectomy was DM significant for the functional status in
the acute ischaemic stroke period.
Until now, several independent factors for an unfavourable
prognosis of patient functional status have been identified at
three months following MT performed for cerebral stroke
These factors include an older patient’s age, a low Alberta
Stroke Program Early CT Score (ASPECTS), and a high NIHSS
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score [25, 26]. The data related to the significance of the other
clinical parameters, as well as logistic parameters and technical
aspects related with MT, are inconsistent or are still under
evaluation [24, 26, 27]. In the last three years, there has been
an increase in publications discussing the effect of DM on MT
outcomes. DM and hyperglycaemia at hospital admission have
been shown to have a negative effect; however, the results of
previous studies are inconsistent [16, 17, 25, 28–31]. DM was
identified via the GADIS score as being a significant factor for
those associated with poor functional status of stroke patients
treated with thrombectomy [32]. DM is not only a risk factor
for atherosclerosis and stroke, but also for stroke recurrence
and an early neurological deterioration in acute ischaemic
stroke patients [7–9].
It is believed that due to coagulation-fibrinolysis imbalance
and incorrect platelet activity, patients with DM are in a state of
chronic hypercoagulability [33, 34]. Hyperglycaemia correlates
with an increase in the volume of brain infarct in patients who
have been subjected to thrombolytic therapy [10]. DM also
increases the risk of haemorrhagic transformation of cerebral
infarction in patients who have undergone thrombolysis and
MT [35]. In diabetic patients, the hyperglycaemic environment
contributes to poor development of collaterals (and volume of
the infarct focus) [36]. Collateral failure is a result of diabetic
microangiopathy. Borggrefe et al. have shown that the condition of collaterals is associated with hyperglycaemia in stroke
patients [25]. The disease can impair revascularisation and
reperfusion and it can increase reperfusion injury to neural
tissue [36]. In our study, we did not determine an increase in
the incidence of intracerebral haemorrhage in diabetic patients
on the first day after MT.
According to data published previously, in stroke patients treated with MT the risk of intracranial haemorrhage
is associated with some admission parameters, including
hyperglycaemia, but not with a history of DM [37–39]. The
cumulative outcome of the effect of the chronic influence of
hyperglycaemia in DM and of the acute influence of MT on
the endothelium may account for poorer outcomes in this
patient group and for long-term follow-up results. The effect
of hyperglycaemia on the structure of a thrombus occluding
a large artery should also be taken into consideration. The
structure of a thrombus obtained during MT from patients
with DM and stroke has dominant fibrin, instead of the red
blood cells which are typical for thrombus in non-diabetic
patients [29]. Most probably, the composition of thrombus
in DM patients makes it harder to mechanically remove it or
aspirate it, which is important for the prognosis of post-stroke
condition in such patients.
According to an analysis of the SWIFT trial results, hyperglycaemia increases the risk of a worse outcome at three months
in post-stroke patients [40]. In the MR CLEAN study, admission
hyperglycaemia (141 mg/dL) and fasting glucose (99 mg/dL)
seriously increased the risk of symptomatic intracranial

haemorrhage and poor functional status [41]. According
to these reports, an admission glucose level > 110 mg/dL is
associated with a low rate of good clinical outcomes after MT,
and glucose levels > 170 mg/dL are associated with a high risk
of parenchymal haematoma [42].
Hyperglycaemia can be also caused by stress resulting
from stroke. In this case, hyperglycaemia is not associated
with the metabolic processes observed in DM, such as insulin
resistance increasing plasminogen activator inhibitor secretion
and modifying fibrinolytic activity. SH is mediated by the
hypothalamic–pituitary–adrenal axis, the sympatho-adrenal
system, and pro-inflammatory cytokines that cause a stress
response with excessive gluconeogenesis, glycogenolysis, and
insulin resistance [43].
While diabetes mellitus is a recognised risk factor for cerebrovascular diseases, the consequences of stress hyperglycaemia are not well-established. However, stress hyperglycaemia
has been shown to have a negative impact on the post-stroke
functional status of patients [20–22]. The mechanisms underlying the association between SH and poor clinical outcomes
in stroke patients are not completely understood. Hyperglycaemia might directly cause toxic damage to the ischaemic brain
due to the accumulation of lactate and intracellular acidosis;
the stress-induced inflammatory response may increase circulating free fatty acids in patients with acute illnesses, thus
impairing endothelium-dependent vasodilation, and SH may
lead to reperfusion injury due to increased oxidative stress
and inflammation [44–46]. Hyperglycaemia may augment
endothelial damage at the site of contact between the endothelium and the tools used during thrombectomy.
The phenomenon of hyperglycaemia, although not fully
understood as such, is both interesting and important from
a practical perspective. This supports a strategy of glycaemic
monitoring starting immediately after the stroke. The American Heart Association recommends close glucose monitoring
on the first day of stroke in patients with values higher than
140 mg/dL [47]. Regardless of all the supporting data, the
Cochrane review found that insulin therapy to keep glucose
levels within normal range has no long-term benefit for the
neurological status or mortality parameters, and that it increases the incidence of hypoglycaemic episodes [48].
This demonstrates that diabetic patients with acute ischaemic stroke face complex problems beyond, and independentof,
the other well-known modifiable and unmodifiable parameters
related to all stroke patients [49, 50].
Our study has some limitations, the most important
being as follows: this was a single-center study and a retrospective study; we made no comparison between MT
effects and thrombectomy types, and there was a lack of
information concerning the use of statins before stroke.
The majority of patients (274; 65.7%) were referred to us
from other hospitals (the so-called drip-and-ship model)
without complete data.
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Conclusions
Diabetes mellitus has a neutral effect on the angiographic and clinical outcomes of mechanical thrombectomy in
stroke patients. It does not increase the risk of intracranial
haemorrhage after instrumental therapy. It is admission hyperglycaemia, and not diabetes mellitus, that is a predictor of
poor functional status in patients treated with thrombectomy.
According to our results, the patient’s neurological status, age,
and the outcome of thrombectomy, are the factors relevant
to the functional status in the acute ischaemic stroke period.
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ABSTRACT
Introduction. This study was performed to compare probabilities of SDI on the Expanded Disability Status Scale (EDSS) in patients with relapsing-remitting multiple sclerosis (RRMS), treated with cladribine tablets (CT) or fingolimod (FTY), natalizumab
(NAT), alemtuzumab (ALE) and ocrelizumab (OCR).
Clinical rationale for the study. Progression of neurological disability as measured by the EDSS has been a common endpoint
in multiple sclerosis (MS) trials. Novel therapies can not only slow this process, but in some patients even reverse it. This effect
can be measured by the sustained disability improvement (SDI) — an endpoint that seems to continuously gain importance
in clinical practice. Despite that, SDI has rarely been explored as an outcome in MS clinical studies, mostly as post-hoc analyses
from randomised trials or as retrospective analyses based on patient registry records.
Material and methods. A systematic review was conducted in Medline, Embase and Cochrane to identify clinical trials (RCT or
non-RCT) evaluating 6-month SDI. An indirect comparison via network meta-analysis (NMA) was performed. Bayesian inference
with Markov chains Monte Carlo methods were applied.
Results. Eight trials presenting SDI results and applicable for NMA were included: six non-RCTs, with control groups selected
by propensity score matching, and two RCTs. NMA results revealed that probability of achieving 6-month SDI with CT was
significantly higher compared to all other high efficacy disease-modifying drugs with available data — HR (95% Crl - Bayesian
Credibility Interval) vs. FTY: 4.98 (2.11–11.79); vs. NAT: 3.12 (1.31–7.27); vs. ALE: 9.29 (3.40–25.21). The main results were confirmed in the sensitivity analyses.
Conclusions. Of all considered therapies, treatment with cladribine tablets was associated with a higher probability of sustained
disability improvement in RRMS patients. As this conclusion is based on available clinical data of limited quality, future studies, as
well as real-world data, would be valuable to provide further evidence regarding the comparative effectiveness of RRMS therapies.
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Introduction
Multiple sclerosis (MS) is an immune-mediated inflammatory demyelinating disease of the central nervous system [1].
MS affects mostly younger people (between 20 and 40 years
old), eventually resulting in disability and cognitive impairment, therefore early and precise diagnosis is of particular
importance with room for improving existing techniques and
implementing new ones [2]. Relapsing-remitting MS (RRMS)
is the most common type of MS, accounting for c. 85–90% of
cases at onset and affecting especially young people [3]. Its
course is characterised by fully or partially reversible episodes
(relapses) of neurological disability and differential involvement of motor, sensory, visual, and autonomic systems [4].
Typically, there is observed slight disease progression between
relapses, although they can leave residual or sometimes severe
disability [5]. However, as no medication fully prevents or
reverses progressive neurological deterioration [1], delaying
or stabilising disability progression is one of the most important goals in treating MS. While more effective therapies for
MS appear, it is reasonable to anticipate potential treatment
effects on sustained improvements in physical disability [6].
Progression of neurological disability as measured by the
Expanded Disability Status Scale (EDSS), has been a common
endpoint in MS clinical trials [7]. Sustained (confirmed in a defined time interval e.g. 3 or 6 months) improvements in disability (i.e. decreases in punctation in EDSS) have rarely been
explored as an outcome in MS clinical studies. Therapies with
SDI might lead to improved quality of life and provide a better
prognosis [6, 8]. Most of the evidence on this endpoint comes
from post hoc analyses of data from pivotal RCTs. However,
control arms in those trials have usually comprised first-line
disease-modifying drugs (e.g. interferon beta) or a placebo.
This is a factor limiting the possibility of comparison between
drugs aimed at high activity disease. Additional data comes
from analyses of MS patient registers with the methodology
of cohort matched studies.

Clinical rationale for study
This study aimed to compare cladribine tablets (CT) and
the other disease-modifying therapies (DMTs) indicated for
highly-active MS, such as fingolimod (FTY), alemtuzumab
(ALE), natalizumab (NAT) and ocrelizumab (OKR), in their
potential for achieving sustained disability improvement,
as measured by EDSS. Cladribine tablets are one of the new
therapeutic options for MS; this treatment produces selective
B and T lymphocyte reduction followed by reconstitution with
no known effect on innate immunity. CT are considered as an
immune reconstitution therapy (IRT) [9–11]. Concerning the
remaining analysed drugs, it should be noted that ocrelizumab
reduces the antigen presentation from B lymphocytes to T
lymphocytes and affects the secretion of pro-inflammatory
molecules from B lymphocytes and their reactivity, fingolimod

prevents infiltration of adaptive immune cells into the CNS,
natalizumab averts leukocyte infiltration into the CNS, and
alemtuzumab leads to long-term depletion of CD52-positive
B and T cells [12].

Material and methods
A systematic review was performed in Medline/Pub-
-Med-not-MEDLINE and EMBASE (via Elsevier) and CENTRAL (Cochrane Central Register of Controlled Trials); references of the included studies were also analysed. The search
was performed on 6 July 2021 by two independent analysts,
including a third person if consensus was required (for details,
see Fig. 1 and Table S.1 in Supplementary Materials).
The search was focused on studies evaluating cladribine
tablets or chosen comparators (alemtuzumab, fingolimod,
natalizumab, and ocrelizumab) in MS patients and reporting
the results of 6-month improvement in disability on the EDSS
scale. However, the exact definition of this endpoint and the
period of confirmation of the improvement in EDSS was required, and studies in which this period was anything other
than six months were excluded. Studies presenting results for
SDI in any way different than that in the Kalincik (2018) publication [13] (the only one evaluating cladribine tablets) were
also excluded. Specifically, this was the case if only percentages
of patients with improvement in EDSS score were given (not
as the time-to-event measure) and comparative assessment
against comparators was not possible or publications presented
results of comparisons that were not included in the indirect
comparison network.
The 2018 study by Kalincik [13] was the only one to
present direct comparisons of cladribine tablets with natalizumab, fingolimod and interferon β, and therefore to allow
an indirect comparison with alemtuzumab and to strengthen
the observed results, a network meta-analysis (NMA) was
performed. Calculated inter-study effect (HR) was adopted
in the indirect comparison computation assuming a normal
distribution of its logarithm. The logarithmic value of this
effect, with its standard error, was introduced into the model.
Results of the analysis were presented with 95% Bayesian
credibility intervals (CrI), i.e. considering the analysed data,
intervals in which the true (unknown) value of the analysed
parameter lies with 95% probability. A different approach is
applied to the calculation of 95% confidence intervals (CIs),
which are a measure of uncertainty around the estimated effect
and consist of lower and upper bounds indicating that, taking
into account hypothetically repeated measurements, 95% of
the confidence intervals calculated from random samples will
contain the true value. The results are considered significant
when 95% CrI doesn’t include the value ‘1’ [14].
The calculations were performed with R software (ver.
4.1.0; R 2021) with the gemtc package version 1.0–1 [15].
The model parameters, in line with Bayesian inference, were
treated as random variables, and their posterior distributions
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Figure 1. Flow diagram of literature review process

were estimated by the Markov Monte Carlo chain method
(MCMC). This iterative process involved 450,000 repetitions
(of which the first 200,000 were rejected from the final analysis
as uncertain) and was carried out in four parallel different
chains (so, in total, 1,000,000 samples were calculated).
A priori distributions for estimated parameters were chosen
to introduce as little information as possible into the model
(non-informative priors) — default values of these parameters,
determined automatically by the gemtc package were adopted.
The calculations were conducted with the use of two statistical
models — the fixed effects model (fixed) and the random-effects model (random). Herein, we report only those results that
were obtained by the model characterised by a lower value of
the DIC parameter; however in the case when DIC values for
both fixed and random models were very similar, the fixed
effects model was preferred.
In the indirect comparison analysis, the included treatments were ranked according to their comparative effectiveness
— for each drug, probability of being the best drug among the
all under assessment (rank No. 1), the second one (rank No.
482

2), etc. Additionally, the SUCRA parameter, i.e. the surface
under the cumulative ranking curve, was also determined. This
parameter is a numerical result of all ranks, rescaled for the
range from 0 to 100 (zero being 100% probability of obtaining the worst rank by a given treatment, and 100 being 100%
probability of obtaining rank No. 1). Therefore, the SUCRA
value indicates the belief that the drug will be the best or worst
in the network, and the higher its value, the more likely that
the drug will be the most effective. This parameter can also be
interpreted as the mean proportion of therapies worse than the
benchmark [16, 17]. To confirm the main results, two sensitivity
analyses were conducted. In the first, studies with a different
methodology were excluded, and in the second one, studies
with potentially overlapping subjects were not considered.

Results
The systematic review resulted in eight publications
included in the analysis: in two of them, the results of SDI
assessment coming from randomised controlled trials were
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presented: CAMMS223 [18] and CARE-MS II [19], while the
remaining six publications stated SDI results from cohort studies, where the propensity score matching method was applied
with matching the characteristics of the assessed cohorts [13,
20–24]. The results for cladribine tablets were presented only
in Kalincik 2018 [13], where the total cohort comprised only
37 patients. No studies were found to allow for the inclusion
of ocrelizumab in the indirect comparison network, while
interferon β (INFβ) needed to be included in the network
as a common comparator allowing for the comparison of
cladribine tablets with alemtuzumab.
In addition to the direct comparisons present in Kalincik
2018 [13] (CT vs. FTY or vs. IFNβ or vs. NAT), the remaining
studies incorporated into the NMA comprised the following
comparisons: NAT vs. FTY — Andersen 2021 [20], Baroncini
2016 [21], Guger 2018 [22] and Kalincik 2015 [24], ALE vs.
NAT and vs. IFNβ — CAMMS223 [18] and Kalincik 2017 [23],
and ALE vs. FTY — Kalincik 2017 [23] and CARE-MS II [19].
Kalincik 2018 [13] reported the sustained improvement in disability defined as: reduction in EDSS score ≥ 1 point (1.5 points
if the baseline value was 1.5 and 0.5 points if the baseline value
was > 6) confirmed in an interval of ≥ 6 months. A change
from 1 to 0 EDSS was not interpreted as an improvement in
disability. A similar definition was adopted in Andersen [20]
and Kalincik 2017 [23], except that it did not specify the criteria for patients with a baseline EDSS 1 score. The definition
of the sustained improvement in disability in other included
studies differed slightly in details - they are presented in Table
S.2 in the Supplement.
As part of the indirect comparison, there were three analyses performed. The main analysis included all eight studies
identified in the systematic review. The first sensitivity analysis
(1) excluded the CARE-MS II [19] and CAMMS223 [18] trials,
which differed from the other trials in terms of methodology
due to the random assignment of patients (RCTs). To avoid
multiple inclusion of the same patients, studies other than
Kalincik 2018 [13] were removed from the calculations in
the second sensitivity analysis, because those might in part
include the same patients from the MS Base registry — Kalincik 2015 [24] and Kalincik 2017 [23] — that were already
covered by Kalincik 2018 [13]. In the case of Andersen [20],
the main results obtained in the population comprising the
MS Base registry were excluded as well. However, the results of
additional analysis restricted to DMSTR and OFSEP registries
data were included in this NMA.
The network of relations between the interventions from
the studies that entered the main indirect comparison analysis
is presented graphically in Figure 2A. The networks of evidence
for the sensitivity analyses are presented in Figure S.1 and
S.2 in Supplementary Materials.
It should be noted that the study assessing cladribine
tablets [13] comprised a mixed population, with secondary
progressive MS course as well, although the vast majority were
patients with relapsing-remitting MS (75–90% depending on

the cohort). In the remaining studies, only patients with RRMS
were enrolled — the CARE-MS II study [19] specified that the
diagnosis was made according to the 2005 McDonald criteria,
and Kalincik 2017 [23] was also based on the McDonald criteria, but from 2010, while the CAMMS223 [18] trial adopted an
even older (2001) version of the criteria. Two of the included
studies defined also the number of previous relapses — in
CAMMS223 [18] and CARE-MS II [19] trials it was assumed
to be ≥ 2 relapses in the last two years — including ≥ 1 in
the last year in CARE-MS II [19]; the last criterion was also
in accordance with Kalincik 2017 [23]. Patients with disease
duration ≤ 10 years were included in both of these trials, and
the criteria for baseline EDSS performance were presented
— only patients who scored ≤ 5.0 points were included in
the CARE-MS II trial [19], and Kalincik 2017 [23] accepted
patients with EDSS ≤ 6.5. Slightly different inclusion criteria
were adopted in the CAMMS223 study [18], where patients
with disease duration ≤ 3 years and baseline EDSS score
≤ 3.0 were enrolled.
The average age of patients in different subgroups ranged
from 33 to almost 40 years in most of the analysed studies.
One exception was Kalincik 2018 [13], which enrolled older
patients; depending on the selection and matching of patients in individual groups of this study, their average age
was within the range 44–50 years. Populations of the studies
predominantly consisted of women (65–81%). As indicated
by the baseline characteristics of the included populations,
the mean baseline EDSS score was within the range 2.0–3.4,
which is characteristic of moderate performance impairment.
The exception, again, was Kalincik 2018 [13] that assessed
cladribine tablets, where a higher EDSS value compared to
other studies was observed — a median baseline EDSS score
was 3.5–4.5 depending on the cohort.
A detailed summary of the methodology, inclusion criteria,
patient baseline characteristics, and quality assessments of
the included studies is set out in Tables S.3 and S.4 in Supplementary Materials. The numbers of subjects in individual
cohorts under evaluation are presented in Figure 2B. In the
case of studies where propensity score matching methodology
was applied, those numbers may vary depending on the given
comparison.

Direct comparison

All of the comparisons that were carried out based on
matched cohorts of patients from the MS Base registry presented in Kalincik 2018 [13] showed a significant benefit
from the use of cladribine tablets in terms of increasing the
probability of obtaining a sustained (≥ 6 months) disability
improvement (Tab. 1).

Indirect comparison

The main result of the performed NMA shows that the
probability of obtaining a sustained (≥ 6 months) disability
improvement (SDI6) with CT compared to ALE is over nine
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Figure 2. Evidence network for network meta-analysis (NMA) of achieving sustained disability improvement (SDI) — main analysis
(A). Number of subjects included in main analysis (B). ALE — alemtuzumab; CT — cladribine tablets; FTY — fingolimod; INFβ — interferon β;
NAT — natalizumab
Table 1. Direct comparison of achieving sustained disability improvement
(SDI) [13]
Comparison

HR (95% CI)

CT vs. FTY

3.90 (1.60–9.60), p = 0.0025

CT vs. NAT

4.00 (1.80–9.20), p = 0.00099

CT vs. INFβ

15.00 (3.60–59.00), p = 0.00017

CI — confidence interval; CT — cladribine tablets; FTY — fingolimod; HR — hazard ratio;
INFβ — interferon β; NAT — natalizumab
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times higher: HR = 9.29 (95% CrI: 3.40; 25, 21). When compared to FTY, CT increased that probability over four times:
HR = 4.98 (95% CrI: 2.11; 11.79); and compared to NAT —
more than three times: HR = 3.12 (95% CrI: 1.31; 7.27). All
these results were statistically significant. The conclusions of
the main analysis were also confirmed in conducted sensitivity analyses (Fig. 3A). The results of the preferred model,
characterised by the lower value of the DIC parameter, were
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Figure 3. Forest plot of NMA results of achieving sustained disability improvement (SDI); main and sensitivity analyses (model with lower DIC
value is presented) (A). League table showing results of NMA comparing effects of all drugs including hazard ratios (HR) and 95% credible
intervals (95% CrI) (B). Rankogram for treatment efficacy of achieving sustained disability improvement (SDI) in NMA, main analysis (random
model) (C). HR — hazard ratio; CrI — credible intervals; CT — cladribine tablets; FTY — fingolimod; NAT — natalizumab; ALE — alemtuzumab;
INFβ — interferon β. Sensitivity analysis 1: excluded randomised trials CARE-MS II [19] and CAMMS223 [18], which differed in methodology
from others; Sensitivity analysis 2: excluded trials other than Kalincik 2018 [13], which assessed subjects’ data from MS Base registry to
avoid multiple subjects participation (in Andersen 2021 study [20], instead of presenting total results, which also included the MS Base
registry, only results from two other registries were used — DMSTR and OFSEP)
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presented — all results, as well as the input data used in the
intermediate comparison, are shown in Tables S5 and S6 in
Supplementary Materials.
Efficacy results of all treatments included in the indirect
comparison are also summarised in the form of a league
table. The results are to be interpreted as the comparison of
intervention in a given column versus interventions from
subsequent rows, and the order of the columns reflects the
ranking of those interventions, starting with the best from the
left. The effectiveness estimate is located at the intersection of
the treatment-defining column and the treatment-defining
row. Statistically significant results are shown in bold text
(Fig. 3B). League tables for sensitivity analyses are presented
in Supplementary Materials — Figure S.3 and S.4.
According to the performed ranking of individual drugs in
the main analysis (random model), CT was very likely (99.2%)
to be the most effective therapy in terms of the considered
endpoint (Fig. 3C, rankograms for both sensitivity analyses
are presented in Fig. S.5 and S.6 in Supplementary Materials).
This was confirmed by the SUCRA score (99.8%). Detailed
ranking probabilities of each treatment effect and SUCRA
value are presented in Table S.7 in Supplementary Materials.

Discussion
One of the main consequences of MS relapses is persistent disability presenting during the relapse period assessed
using the Expanded Disability Status Scale. The core goal of
treatment in MS is to reduce the accumulation of irreversible
disability, which may not be straightforward in elderly patients
where diagnostic delay is a common problem [25] or under
unusual conditions, as in the case of COVID-19 infection [26,
27]. Typically, studies assess the occurrence of a sustained deterioration on the EDSS, confirmed over a specific period (e.g.
3 or 6 months). However, disease-modifying therapies may
help restore function over time in MS patients. One measure
of restoration of function is sustained disability improvement, defined by a specific decrease in EDSS score confirmed
over a specific period (e.g. 3 or 6 months). This endpoint is
especially important, as it may lead to improvement in patient-reported QoL measures of physical and mental function,
as well as overall wellbeing [6]. Achieving sustained disability
improvement on the EDSS has rarely been explored as an
outcome in MS clinical studies, mostly as post-hoc analyses
from randomised trials or as retrospective analyses based on
patient registry records. The research question of the publication, therefore, focuses on the less frequently evaluated but
interesting outcome concerning confirmed in a defined time
interval improvement of disability and is based on systematically retrieved all available best evidence. However, of course,
one should bear in mind the general limitations associated
with the indirect comparison methodology.
To the best of our knowledge, this study is the first systematic review evaluating cladribine tablets compared to other
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DMTs for achieving sustained disability improvement on the
EDSS scale (SDI). There have been systematic reviews with
network meta-analyses comparing CT to other DMTs, but
most of them assessed classic MS endpoints such as relapses
or sustained disability progression. In general, based on RCT
studies, they showed that CT are similarly or significantly
more effective than the comparators analysed in this review
and have an acceptable safety profile [28-30]. There were
no significant differences between CT and FTY, ALE and
NAT in the assessment of ARR (RR = 0.91, RR = 1.30, and
RR =1.22; respectively), 3mCDP (HR = 0.78, HR = 2.25,
and HR = 1.10; respectively), 6mCDP (HR = 0.79, HR = 1.37, and
HR = 1.21; respectively) and any AEs (OR = 1.31, OR = 0.27,
and OR = 2.70; respectively) [30]. Significant differences in
favour of CT vs. FTY were shown in the MRI NEDA assessment (OR = 1.58) [28].
The results of our systematic review confirmed the limited
number of available published studies, which provided information on the SDI. Only two RCT trials were found [18, 19],
and for this reason, we decided to include non-randomised
controlled studies with lower reliability, according to the hierarchy of evidence. The six remaining included studies were
conducted based on registry data, and groups for comparison
were created under the propensity score matching method,
based on many potential confounding factors, including age,
sex, duration of illness, baseline EDSS, number of relapses in
the past, or previous DMTs used [13, 20–24]. This technique
minimises the differences between the groups in terms of
known confounders as much as possible and is intended to
bring the study as close as possible to an RCT trial [31, 32].
As a result, participants were chosen from the hundreds of
patients in the registry to create secondary matching groups,
which were less numerous than the total number of patients
in the registry.
The systematic search allowed for the identification of just
one study [13] presenting a direct comparison of cladribine
tablets with fingolimod, natalizumab, and interferon β, within
cohorts matched by the propensity score matching method,
although in this study, adequate methods were applied to
match the analysed groups in order to minimise the differences
resulting from the characteristics of patients.
The methodology of Kalincik 2018 [13] and the way of
presenting the results basically determined the possibility of
comparison with other comparators. In total, nearly 700 patients were included in the study, but the number of patients
receiving cladribine tablets was relatively low, amounting
to just 37, and similarly, the matched cohorts comprised no
more than 32 patients. The authors also pointed to this as
a limitation, but at the same time emphasised that while the
power of the study is thus limited, it demonstrated a number
of statistically significant differences between cladribine and
the three comparators [13]. These numbers for CT were very
low compared to other interventions already included in
the indirect comparison; after summing up the numbers of
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individual groups (ignoring the possible double counting of
patients from the same registry enrolled in several studies),
the total of analysed patients reached 6,436, of whom only
80 (1.2%) were those treated with cladribine tablets. It should
also be noted that in Kalincik 2018 [13], all the matched cohorts consisted of patients drawn from the same pool. These
cohorts in the indirect comparison are treated as separate,
independent groups, but the impact of double-counted patients on the possible correlation is not taken into account.
At the same time, this study cannot be treated as a multi-arm
comparison, where the correlation between comparators
is assumed in advance, and therefore the performed NMA
may be at risk of some overestimation of the cladribine tablets efficacy. The same applies to Kalincik 2017 [23], where
alemtuzumab was assessed.
Another limitation of Kalincik 2018 [13] was only a oneyear follow-up period, when in most other trials it was about
two years. However, taking into account the advanced stage
of the patients in this study (depending on the group, the
median duration of disease ranged from 10 to 14.1 years, the
median EDSS score ranged from 3.5 to 4.5, and the median
prior treatments ranged from 1 to 2), it was concluded as being
sufficient. Additionally, it should also be noted that cladribine
tablets are administered for only 20 days in total, during two
short courses at the beginning of the first and second year
of treatment, which provides treatment benefit up to four
years, as proven in the extension trial of the CLARITY study
[33]. Moreover, the latest results of the CLASSIC-MS study
indicate that the effect of CT therapy may last even longer
— over 60% of patients did not require further treatment for
8-14 years [34]. Thus it can be expected that the incidence of
SDI will increase in the following years, as it is noticeable in
other analysed trials — e.g. Baroncini 2016 [21] and Guger
2018 [22] — and then limiting the observation to one year for
CT is conservative.
Importantly, Kalincik 2018 [13] did not present the
percentage of patients who achieved SDI6 and it could not
be deduced from the Kaplan-Meier curves presented in the
publication, so only the results presented in the form of hazard
ratio values became the basic input for the indirect comparison
network, which consequently significantly reduced the number
of adequate studies. The systematic review identified many
more studies that evaluated chosen comparators (fingolimod,
natalizumab, alemtuzumab, ocrelizumab) in the context of
SDI6 measure. Most of them were single-arm trials, reporting
only percentages of patients achieving SDI6 or presenting the
results in a way that made it impossible to compare them to
cladribine tablets’ results. Finally, only eight clinical studies
comprised relevant comparisons of interventions that could be
used in forming a network with CT. However, no studies enabling the inclusion of ocrelizumab in the network were found.
The main considered endpoint itself is rarely presented in
clinical trials and appears mostly only in recently published
studies. Sustained disability improvement can be measured

over a 3-, 6-, or 12-month period, and the choice of a 6-month
period in this analysis was dictated by the methodology used
in the only study for CT. Possible limitations resulting from
slight differences in the very definition of the assessed endpoint
in individual studies should also be considered. In Kalincik
2018 [13], SDI6 was broadly defined as a reduction in EDSS
of ≥ 1 point sustained for at least six months. Additional criteria were applied to correlate this endpoint with the baseline
EDSS value: for patients with a low EDSS value — 1.5 points
at baseline (a change from 1 EDSS point to 0 was not considered an improvement in disability), the response criterion
was extended to the reduction of at least 1.5 EDSS points, yet
in patients with greater disability at baseline (EDSS > 6), the
criterion was relaxed - a reduction in EDSS of ≥ 0.5 point was
sufficient. The same definition was applied in the Andersen
[20] and Kalincik 2017 [23] studies, while in other studies the
definitions slightly differed (Table S2 in Supplementary Materials). The required reduction in the EDSS score in Kalincik
2018 [13] was increased to ≥ 1.5 points for patients who had
an EDSS of 1.5 points at baseline, while Guger [22] reported
that in patients with high (≥ 5.5 points) EDSS, the criterion
was decreased to ≥ 0.5 points. In the CARE-MS II [19] and
CAMMS223 [18] studies, disability improvement was defined
as a reduction in EDSS score of ≥ 1 point over six months
among patients with a baseline EDSS score of ≥ 2 points (in
the second trial, patients with a baseline EDSS of 0 were not
assessed). It’s not entirely clear to what extent these differences
may translate into the heterogeneity of studies included in the
NMA, as it was not specified what percentage of patients with
sustained disability improvement was enrolled by stricter or
relaxed criteria.
Taking into account the direct comparison of interventions
under assessment conducted in Kalincik 2018 [13], it has been
shown that cladribine significantly increases the probability of
achieving a sustained disability improvement over ≥ 6 months,
compared to interferon β, fingolimod, and also natalizumab.
In the case of the NMA, in every sub-analysis, parallels with
the direct comparison were observed — cladribine in tablets
significantly increased the probability of obtaining SDI6 when
compared to every considered comparator and interferon β as
well. The indirect comparison results were similar in value to
those observed in Kalincik 2018 [13] — cladribine increased
the likelihood of achieving SDI6 approximately by three-fold
compared to natalizumab and by approximately five-fold
compared to fingolimod. Therefore, the NMA supported the
results of the direct comparison and additionally allowed for
a comparative assessment with alemtuzumab.
The indirect comparison itself was difficult to perform
due to the necessity of simultaneous inclusion of studies that
differed methodologically, i.e. observational and randomised
trials. Another limitation is the fact that Andersen [20], Kalincik 2018 [13], Kalincik 2017 [23], and Kalincik 2015 [24]
enrolled patients from the same MS Base register, which carries
the risk of double-counting the same patient in the compared
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groups. However, the impact of both limitations on obtaining
the results was addressed in the sensitivity analyses, which
led to results not diverging far from the main variant of the
indirect analysis.
Nevertheless, the limitations of indirect comparison
should be kept in mind, and to confirm the publication conclusions, further analyses of data from MS patients registers
and preferably head-to-head RCTs are necessary.
Considering the capability of increasing the probability of
achieving sustained disability improvement, both the results of
the direct comparison and those resulting from the extensive
network of indirect comparisons consistently indicate that
cladribine tablets are more effective than other highly-active
MS drugs (alemtuzumab, natalizumab, fingolimod). This
endpoint reflects the extension of the primary goals of MS
treatment, being not just the control of the clinical (relapses)
and radiological (no new/active MRI lesions) activity or
claiming no proven EDSS progression by disease-modifying
therapy, but also leads to sustained disability improvement,
which can also affect the patient’s quality of life. The authors
tried to perform analysis in the best methodological approach
using the best available evidence to obtain the most reliable
results on comparing CT to other DMTs in the context of
outcome that seems to be of increasing importance in the
treatment of MS. However, the methodological limitations of
the conducted indirect comparison and the small size of the
population receiving cladribine in tablet form may weaken the
final conclusions from this work. Hence, further inferencing
will be possible if credible further analyses of observations
collected in registers of MS patients, or even head-to-head
trials, become available.

Future directions
Measuring sustained disability improvement allows for
a comprehensive assessment of multiple sclerosis therapies,
because it refers to not only disability progression but also its
reversion. Therefore, it’s likely that this endpoint in the near
future will gain importance in clinical trials conducted in
multiple sclerosis patients, as well as in clinical practice. This
may be of particular importance in Poland, where there is still
room for improvement in terms of patient access to effective
MS therapies [35].
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ABSTRACT
Introduction. Despite the rapid development of neuroimaging techniques, the diagnosis of amyotrophic lateral sclerosis (ALS)
remains a significant challenge. Magnetic resonance imaging (MRI) is important for ruling out ALS mimickers, while Diffusion
Tensor Imaging (DTI) is a useful tool for the identification of cortical tract damage. The aim of this study was to identify the
optimal set of DTI parameters to support the diagnosis of ALS that could be applied to everyday MRI and be used as a disease
biomarker in daily practice.
Material and methods. Forty-seven ALS patients and 55 age- and gender-matched healthy individuals underwent MRI using
a 1.5-Tesla scanner including a DTI sequence with 30 spatial directions and a b-value 0/1,000 s/mm2. Two independent researchers measured the DTI parameters: fractional anisotropy (FA), TRACE and apparent diffusion coefficient (ADC) using freehand
regions of interest (ROIs) placed along both corticospinal tracts (CSTs), starting at the level of the internal capsule and ending
at the medulla.
Results. Statistical significance was only achieved for fractional anisotropy (FA) (ALS vs controls, p < 0.001). The highest sensitivity was found in the brainstem (cerebral peduncles, pons and pyramids) where it ranged from 72.3% to 80.9%, whereas the
highest specificity was observed at the level of the internal capsule (94.6%). The combined highest sensitivity and specificity
was obtained in the pons (72.3% and 72.7%, respectively). Classifier based positive predictive values for Youden index cut-off
scores varied between 60.7% and 69.4%.
Conclusions. Fractional anisotropy (FA) measured at the level of the brainstem was shown to be the single most relevant parameter in differentiating patients with ALS from healthy subjects. This has the potential to become an ALS-specific biomarker
for patient identification in daily practice.
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Key points
1. Fractional anisotropy (FA) is the best diffusion tensor
imaging (DTI) parameter to differentiate between ALS
patients and healthy subjects.
2. The highest sensitivity of FA was found in the brainstem
(up to 80.9%), while the combined highest sensitivity and
specificity was obtained in the pons (72.3% and 72.7%,
respectively).
3. Fractional anisotropy (FA) measured at the level of the
pons has the potential to become an ALS-specific biomarker for the identification of patients with a clinical
suspicion of ALS in daily practice.

Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease affecting the upper (UMN) and lower motor
neurons (LMN). Lesions of the UMN are mainly located in
the precentral gyrus, corticospinal and corticobulbar tracts,
while those of the LMN are predominantly found in the
brainstem and anterior horns of the spinal cord. The disease
usually involves the extremities in 70% of patients (Limb Onset
ALS) or the face (Bulbar Onset ALS) in the remaining 30% of
patients [1, 2]. Primary manifestations involve benign hand
paresis, foot drop or slurred speech, which within 3-5 years
progresses into quadriplegia, anarthria, aphagia and death
due to respiratory failure [2, 3]. The diagnosis, according to
the revised El Escorial and Awaji criteria, is based on clinical
parameters supported by neurophysiological testing, while the
role of neuroimaging is restricted to ruling out other diseases
with similar clinical symptoms [4].
Hyperintensity in the corticospinal tracts (CSTs), initially
seen in the internal capsule on T2-weighted imaging, is usually
the first manifestation of ALS in MR [5]. Over time, the entire
tract from the motor strip to the spinal cord demonstrates
a T2 signal increase and progressive volume loss [6]. Iron
deposition in the cortex of the precentral gyrus, known as
the ‘motor band sign’ results in a loss of signal on gradient
echo (GRE) and susceptibility-weighted imaging (SWI),
but this specific sign is only seen in T2-weighted imaging
in approximately 50% of patients [7–9]. In the corticospinal
tracts, the specificity of the T2 hyperintensity is above 70%
while the sensitivity is below 40% [10] and the ‘motor band
sign’ is observed in 78% of patients in SWI [11]. Importantly,
these two features can also be present, to varying degrees, in
healthy controls [12].
As the microstructure, biochemistry and metabolism of
the central nervous system have been explored in great depth
in recent years, advanced neuroimaging techniques such
as volume-based morphometry (VBM), magnetic transfer
imaging (MTI), quantitative susceptibility mapping (QSM),
functional magnetic resonance imaging (fMRI), magnetic

resonance spectroscopy (MRS), and single-photon emission
computed tomography (SPECT) have become increasingly
important in the field of evaluating UMN damage in ALS. At
the same time, Diffusion Tensor Imaging (DTI) has become
another promising tool in the diagnosis of ALS.
DTI is an advanced MRI technique in which white matter
tract integrity can be assessed based on the phenomenon of
water molecules diffusion [13]. In physiological conditions,
grey matter (GM) and cerebrospinal fluid (CSF) isotropic
(identical in all directions) diffusion characteristics change
into anisotropic (varied, depending on the direction) diffusion
in the white matter (WM) as a result of the different orientation of nerve fibre tracts [14]. To date, DTI has been used to
assess WM integrity in physiological conditions, as well as in
a variety of WM disorders [15, 16].
In order to observe the progressive damage to the corticospinal and corticobulbar tracts in ALS, a number of studies
have attempted to use DTI in quantifying UMN involvement.
The first results, published as long ago as 1999 [17], supported
the use of diffusion tensor MRI in detecting corticospinal
tracts pathology in ALS. Several publications have since
demonstrated widespread degeneration of the brain [18–22],
while others have focused on the corticospinal tract alone
[23–26] using a spectrum of assessment parameters. Several
studies have concentrated on fractional anisotropy (FA) [27,
28], while others have explored other DTI parameters such
as axial diffusivity (AD), radial diffusivity (RD), and mean
diffusivity (MD) [29, 30]. The methodological incongruities
in these studies, involving varying MR scanner providers,
different field strengths, individual alterations in DTI sequence
parameters, and such differing WM diffusion data analysis
methods as voxel-based analysis (VBA) and tract-based spatial
statistics (TBSS) [31–33], have led to numerous discrepancies
in the obtained results.
Although several publications in recent years have showed
statistical differences in DTI scalars between ALS affected
patients and control subjects, data acquisition using technologically advanced MR units with sophisticated statistical
tools and requiring multidisciplinary teams for data analysis
is a time consuming process [34], making them tedious and
difficult to implement into daily practice.

Clinical rationale for the study
The aim of this study was to assess the differences in DTI
parameters along the pyramidal tracts in ALS patients versus
healthy controls with the intention of identifying and validating a set of optimal parameters for the diagnosis of ALS which
could then be used as disease biomarkers in daily practice.
This study focused on manually measured DTI parameters, obtained using commonly available MR equipment, with
standard imaging protocols and acceptable examination times,
all of which could be applicable in routine practice.
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Material and methods
Patients and controls

One hundred and twenty nine patients (n = 129) with clinically probable and definite ALS according to the El Escorial
criteria [3, 4] were diagnosed in our tertiary referral centre
between August 2009 and December 2019. After initial review
of the available imaging data, 82 patients were rejected from
further assessment. The remaining 47 patients with confirmed
ALS and adequate imaging quality DTI examinations were
included in the study and reviewed further. The control group
consisted of 55 age- and gender-matched healthy volunteers
with no clinical symptoms. The selected patient group consisted of 30 males and 17 females, mean age 53 years, range
23 to 81. The control group included 29 males and 26 females,
mean age 50 years, range 18 to 82. There were no significant
differences in gender distribution (p = 0.352) or age (p = 0.357)
between patients and controls.
More than 91% of ALS patients presented with Limb
Onset ALS, while 8.5% presented with Bulbar Onset ALS.
The mean disease duration (defined as the time from the
first symptom presentation to the time of MRI examination)
was 31 months (range 28 to 136), and mean diagnosis delay (i.e. from onset of first signs of weakness to the formal
diagnosis of ALS) was 22 months (range 22 to 26). The
median Revised Amyotrophic Lateral Sclerosis Functional
Rating Scale (ALSFRS-R) score was 34 (range 24 to 46). At
the time of the MR examination, all patients were in a stable
general condition and imaging was possible without the use
of anaesthesia.

DTI data analysis

Diffusion, in general, is characterised by four main parameters:
fractional anisotropy, mean diffusivity, TRACE, and the apparent
diffusion coefficient (ADC) [35]. Two of these (FA and ADC) are
routinely used. FA indicates anisotropy strength. It ranges from
0 to 1, where 0 denotes isotropic and 1 denotes the highest degree
of anisotropic diffusion. In practice, FA values closer to 1 prove
a well-organised, dense and integrated structure of the fibres,
whereas a decrease in the FA value towards zero indicates a reduction in the tracts’ integrity as a result of their damage. The total
diffusivity is summarised as TRACE, i.e. the sum of three eigenvalues, which, divided by three, gives mean diffusivity (MD). MD
denotes the average diffusion of all directions and is equal to ADC.
All diffusion-tensor imaging data was analysed at a commercially available workstation (Leonardo workstation for
MRI, Siemens, Erlangen, Germany). Axial fractional anisotropy (FA) maps were generated. Freehand regions of interest
(ROIs) were drawn along both corticospinal tracts: two in
the anterior two-thirds of the posterior limb of the internal
capsule (IC), one in the middle part of the cerebral peduncles
(CP), one in the pons (Pons), and one in the pyramids of the
medulla (Pyram). Altogether, 10 ROIs were drawn for each
patient and control subject, five on each side. The size of each
ROI was adapted to the size of the anatomical structure in
a given section; the largest ROI was at the level of the internal
capsule where the pyramidal tract has the largest representation, while the smallest ROI was at the level of pyramids, due
to the smaller cross-section of medulla oblongata (Fig. 1).
A

B

C

D

MRI examination

All MRI examinations were acquired using a 1.5-Tesla
scanner (Magnetom Avanto SQ Engine TIM 76 × 32, Siemens, Erlangen, Germany), using a 12-channel head coil.
The routine protocol consisted of an axial T2 turbo spin
echo (TSE) (TR/TE 4,650/85 ms; slice thickness 5 mm), an
axial T2 fluid attenuated inversion recovery (FLAIR) (TR/
/TE/TI 9,000/89/2,500 ms; slice thickness 5 mm), a coronal
T2 TSE (TR/TE 4,790/77 ms; slice thickness 5 mm), an axial
T1 spin echo (SE) (TR/TE 592/13 ms; slice thickness 5 mm),
an axial SWI (TR/TE 49/40 ms; slice thickness 3 mm), a sagittal T2 TSE (TR/TE 3,000/111 ms; slice thickness 5 mm),
an axial DWI (TR/TE 4,600/99 ms; slice thickness 5 mm;
b-value 0/1,000/2,000 s/mm2), and a sagittal T1 Magnetisation
Prepared Rapid Acquisition Gradient Echo (MPR) (TR/TE
1,720/2.92 ms; slice thickness 1 mm).
DTI was obtained with a spin echo echo-planar pulse sequence with diffusion gradients applied in 30 spatial directions
and with the following parameters: TR/TE 3,100/86 ms; slice
thickness 5 mm; b-value 0/1,000 s/mm2; FOV 230 × 230 mm,
matrix size 128 × 128 and four averages. The overall scanning
time for the DTI acquisition was 6:45 min.
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Figure 1. FA maps with ROIs placed on different levels of corticospinal tract: anterior and posterior measurements in anterior two-thirds of posterior limb of both internal capsules (A), both sides
of cerebral peduncles (B), pons (C), and pyramids (D)
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Table 1. Summary results of 2-way mixed design ANOVA. Comparison of mean parameter values taking into account effects of Group, Structure and their
interaction. Significant results shown in bold
Main effect of Group
(ALS vs control)
Parameter

Main effect
of Structure

Group x Structure
interaction

Significance of simple effects comparing ALS
and controls for each structure

F(1, 100)

p

F(4, 400)

p

F(4, 400)

p

IC_p

IC_a

CP

Pons

Pyram

FA

20.23

< 0.001

372.84

< 0.001

16.94

< 0.001

0.615

0.255

< 0.001

< 0.001

< 0.001

ADC

2.24

0.138

112.01

< 0.001

5.39

< 0.001

0.112

0.659

0.194

< 0.001

0.524

TRACE

2.65

0.107

46.92

< 0.001

6.26

< 0.001

0.113

0.243

0.006

0.071

0.067

FA, TRACE and ADC values were obtained for each ROI
in order to assess the distribution of DTI parameters along the
structures of the pyramidal tracts in patients and control subjects.
Two sets of measurements were performed for each patient
and healthy subject by two independent researchers (MJ and
MS, radiology trainees) with results expressed as the mean
values of the two readings. The standardised voxel size of the
ROI for each structure was reproducible and the same for both
readers in all patients. There was no time lag between the two
independent observer readings. Comparison of mean scores
across ‘Groups’ and ‘Structures’ was performed using a series
of 5 (‘Structure’: anterior and posterior part of the posterior
limb of internal capsule, cerebral peduncle, pons, pyramids)
× 2 (‘Group’: ALS vs control) mixed-design ANOVAs. The
‘Group’ was a between-subject factor while ‘Structure’ was
a within-subject factor, while the dependent variables consisted of three parameters derived from the obtained DTI
measurements: FA, TRACE and ADC (Tab. 1). Results obtained by both observers were averaged prior to analysis. The
initial ANOVA also included ‘Lateralisation’ (left vs. right) as
a third independent variable. This factor, however, as it did not
affect the other variables, was removed from further analysis.
Accordingly, the final ANOVAs were performed on estimates
averaged across both sides.
Inter-rater agreement was estimated using the Pearson
correlation coefficient. Additionally, for parameters selected
following ROC curve analyses, the final cutoff scores were validated. The cutoffs were applied separately to the measurements
obtained from each rater, and the quality of the classification
based on individual scores was assessed.

A

B

C

Statistical analysis

The R statistical package ver. 3.5.3 (R Core Team, 2019)
was used in all analyses.
This study was approved by Medical University of Warsaw
institutional review board (number KB 52/2012) and written
informed consent was obtained from all patients and controls
prior to inclusion in the study.

Results
DTI data

Detailed results obtained for all models are set out in
Table 1.

Figure 2. Mean FA (A), TRACE (B), and ADC (C) values at different
levels of CSTs — comparison of ALS and control groups. Error bars
depict 95% confidence intervals.

Only FA parameters for the ALS ‘Group’ showed statistically significant differences (p < 0.001) with average lower
results compared to healthy controls (Fig. 2).
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Table 2. ROC curves based on tractography indices for FA and TRACE. Cutoffs were estimated using Youden index. Results with AUC significantly above
chance level indicated in bold
Performance of classification based on ROC curve analysis
FA
IC_p

Cut-off

Se

Sp

PPV

NPV

AUC

ll

ul

633

55.3%

65.5%

57.8%

63.2%

55.0%

43.7%

66.4%

IC_a

544

6.4%

96.4%

60.0%

54.6%

40.0%

28.8%

51.1%

CP

714

78.7%

56.4%

60.7%

75.6%

70.1%

59.8%

80.3%

Pons

522

72.3%

72.7%

69.4%

75.5%

73.8%

63.9%

83.7%I

Pyram

543

80.9%

60.0%

63.3%

78.6%

75.2%

65.9%

84.5%

TRACE

Cut-off

Se

Sp

PPV

NPV

AUC

ll

ul

135

87.2%

43.6%

56.9%

80.0%

60.3%

49.2%

71.5%

IC_p
IC_a

137

68.1%

43.6%

50.8%

61.5%

46.0%

34.6%

57.3%

CP

134

72.3%

61.8%

61.8%

72.3%

65.5%

54.8%

76.1%

Pons

115

46.8%

78.2%

64.7%

63.2%

61.6%

50.6%

72.5%

Pyram

130

83.0%

49.1%

58.2%

77.1%

64.9%

54.1%

75.6%

IC_p — posterior measurement in anterior two-thirds of posterior limb of internal capsule; IC_a — anterior measurement in anterior two-thirds of posterior limb of internal capsule; CP — cerebral peduncles;
Pons — pons; Pyram — pyramids of medulla

For all DTI parameters, the main effects of ‘Structure’
showed a high statistical significance (all ps < 0.001). Each
of these effects was further qualified by an interaction with
the Group variable (again, all ps < 0.001), showing that the
difference between control subjects and the ALS group varied
markedly across structures. The interaction effects were further
interpreted using simple effects of Group, which were assessed
for each of the relevant structures. The significance of these
comparisons is set out in the last five columns of Table 1. In
all cases where simple effects were significant, the ALS group
means were always below the values observed in the control
subjects. For ADC, significant differences were observed in the
pons (p < 0.001) and for TRACE in the CP (p < 0.006). The
most pronounced differences were observed in FA values, with
highly significant effects detected at the level of the pyramids,
pons and the cerebral peduncles (all ps < 0.001).
Pearson’s r showed strong and very strong correlations between the two observers for TRACE in the brainstem (CP 0.61,
Pons 0.83, Pyram 0.69), moderate to strong correlations for FA
(CP 0.38, Pons 0.56, Pyram 0.44), and moderate to very weak
correlations for ADC (CP 0.26, Pons 0.50, Pyram 0.09). At the
level of the IC, satisfactory interrater agreement was observed
only for TRACE (ICp 0.59, Ica 0.39) while for the remaining
two parameters, correlations were weak (all rs below 0.3).
To summarise, the highest agreement for all three parameters between the two researchers was found in the pons, where
there were strong and very strong correlations.
Having considered the diversity of the tested samples in
terms of age, the robustness of the ALS effects described above
was further assessed by estimating a series of regression models. The obtained results showed that the pattern of results and
statistically significant differences between the control and ALS
groups remained unchanged after controlling for age effects (n.b.
results are not presented for the sake of manuscript brevity).
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ROC curve analysis

As the between-group effects were most pronounced for
FA scores, we estimated their diagnostic properties using receiver operating characteristics (ROC) analysis. The area under
the curve (AUC) values for averaged measurements obtained
at the level of the pyramids, pons, and cerebral peduncles were
75.2%, 73.8% and 70.1%, respectively. The positive predictive
values for the classifier based on the cut-off scores selected
using the Youden index varied between 60.7% and 69.4%.
The negative predictive values ranged from 75.5% to 78.6%.
The highest sensitivity in FA analysis was found to be in the
brainstem (CP, Pons, Pyram) and these ranged from 78.7% to
80.9%, whereas the highest specificity was observed at the level
of the internal capsule (94.6%). The results of other parameters
were less pronounced (all parameters are set out in Table 2).
To assess the generalisability of the proposed cutoff scores,
they were separately applied to the measurements provided by
each rater. The sensitivity and the specificity outcomes between
the two raters at the level of the CP were very similar (sensitivity 74% vs. 70%, specificity 54% vs. 56%), moderately differed
in the Pyram (78% vs. 68% and 60% vs. 41% respectively),
and were quite divergent in the Pons (72% vs. 53% and 58%
vs. 70% respectively). Not surprisingly, classification based on
average scores was superior to the predictions derived from
individual radiologists. Of note however, is that classification
ratings based on the first and the more experienced of the
observers revealed results much closer to the performance of
the classification based on averaged ratings.

Discussion
The diagnosis of ALS is mainly based on clinical and
electrophysiological assessment. While this is relatively easy
if symptoms of both UMN and LMN damage are present, the
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primary manifestations of the disease can be misleading [2,
3]. In cases of subtle clinical changes, the involvement of LMN
may be confirmed by electrophysiology studies. On the other
hand, the results of magnetic stimulation in the assessment
of UMN involvement are often inconclusive due to concomitant peripheral damage. According to the revised El Escorial
criteria [4], an isolated LMN syndrome is only qualified as
suspected ALS, so that patients with this phenotype do not
qualify for ALS-registered treatments, nor can they be recruited into clinical trials.
Therefore, there is a need for a quick, simple, readily available and non-invasive neuroimaging tool to support UMN
involvement in the diagnosis of ALS [36].
Our study has demonstrated that FA is the best DTI scalar
to discriminate between ALS patients and healthy subjects. We
have observed a statistically significant reduction in the FA
values along the CSTs in ALS individuals compared to the control group, which is in line with previous research [26, 27, 32].
Moreover, we have shown that the effect of Group was the
most evident in the brainstem (Fig. 2A), where neuronal fibres
are most concentrated, so that the DTI values are more susceptible to structural changes, inducing the most pronounced
anisotropy [28]. The highest sensitivity and specificity was
found at the level of pons, accounting for 72.3% and 72.7%,
respectively. A significant difference between ALS patients
and control groups was found in the pons using ADC, and at
the cerebral peduncles using TRACE. Using the same measurement method (the ROI approach), Cosottini et al. showed
FA decrease in ALS patients along the corticospinal tracts, but
those authors did not compare FA values at other CTs levels
in their study (Fig 3) [37].
In a systematic review and individual patient data meta-analysis, Foerster at al. estimated DTI diagnostic accuracy
measurements in the diagnosis of ALS using corticospinal tract
data. In order to minimise heterogeneity, the authors used only
average CST or internal capsule (IC) FA data even if studies interrogated other brain regions. The pooled AUC was 75% (95%
CI: 66–83), the pooled sensitivity was 68% (95% CI: 62–75), and
the pooled specificity was 73% (95% CI: 66–80) [38], which is
in line with the results presented in this study (Tab. 2).
In general, most authors have emphasised the role of
FA as the main parameter in the diagnosis of ALS patients,
agreeing that a decrease in FA indicates an alteration of WM
microarchitecture [30].
However, there are differences in results between studies in
terms of the areas where the parameter varies. Some authors
have identified these to be corticospinal tracts [20, 22, 29,
30, 32, 39], while others have pointed to the brainstem and
cerebellar peduncle [30], cerebellum [40, 41], corona radiata,
the frontal white matter [29, 42], corpus callosum [41, 43], or
even the thalamus [44, 46].
All fibres involved in the motor processes, the motor cortex
and commissural fibres are affected in ALS, which is probably

A

B

C

Figure 3. ROC curves illustrate FA values at different levels of brainstem: cerebral peduncles (A), pons (B), and pyramids (C)
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due to the white matter microstructure which affects functional connectivity. This was confirmed by Baek at al. when they
showed that patients with ALS had widespread changes in DTI
values, especially in the CST of the brainstem and cerebellar
peduncles, consistent with widespread degeneration of the
brain in ALS [30]. A meta-analysis by Zhang et al. proved
that neuronal degeneration, rather than being restricted to
the corticospinal tracts, also includes the extra-motor areas,
which supports the view that ALS is a multisystem degenerative disorder that involves the entire white matter [32]. Our
results have further identified the pons as the most sensitive
anatomical structure for the diagnosis of ALS.
In recent research, changes in the distribution of DTI-derived metrics have been assessed mainly using TBSS and VBA
[20, 29–31, 42, 43]. Sarica et al. suggested univariate tract
profile analysis with machine learning to differentiate between
ALS patients and healthy subjects [46].
All these publications have confirmed the role of DTI and
statistical variations in DTI scalars in ALS patients, but unfortunately, due to high hardware and software requirements, the
need for multidisciplinary team data analysis, and the overall
time-consuming nature of the process, none of these methods
is readily applicable in routine clinical practice.
In the presented study, using easily available tools (ROI
approach), we were able to replicate the results of previous
research and provide a simple diagnostic method enabling
insight into white matter integrity through diffusion tensor
scalar assessment, similar to how spectroscopy evaluates
metabolites in vivo. This could be compared to a non-invasive
biopsy – a neuroimaging test we had been looking for to support and accelerate the diagnosis of this rapidly progressing
and debilitating disease, especially as we have shown that FA
values for patients and healthy controls at the level of brainstem do not overlap.
Our study has several limitations. Firstly, the study group
was relatively small, including different patient age subgroup
distributions, different disease durations and different disease
subtypes, which can all result in varying degrees of pyramidal tracts damage. Any cut-off values presented in this study
should be treated with caution, even though no linear correlation between the mean age and disease duration and the FA
reductions was shown [29, 32]. There are also substantial discrepancies among authors regarding any correlation between
diffusivity measures and ALSFRS-R score: from none [29],
through slight [47], to complete correlation [30].
Secondly, even though according to our results, a standard
DTI examination and a simple method of DTI parameters
analysis could help to distinguish between individuals with
ALS and individuals without, there is a caveat that manually
drawn ROIs are operator-dependent and not fully reproducible. However, in regions where the pyramidal tract fibres were
more densely packed, the correlation between observers was
satisfactory which led to a more reliable estimation.
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As our results were based on two raters only, a more
comprehensive assessment of the cutoffs and generalisability
of the proposed algorithm should be warranted in future
studies. The comparison of the diagnostic validity of individual ratings showed that more experienced researchers
provided higher quality assessments, which suggests that
skills and training could further improve the performance
of the algorithm.
Finally, it was not possible to compare the defined thresholds to other similar and previously reported in literature
values, as, to the best of our knowledge, no data from similar
rating and acquisition protocols is available. This is due to
differences in patient populations, MRI equipment, and imaging protocols including different TE and b-values as well
as different analytical approaches. This highlights the fact
that consensus guidelines for ALS MRI studies, such as those
proposed by the Neuroimaging Symposium in ALS, are of
paramount importance [48]. Moreover, while our study was
conducted retrospectively, ideally a larger cohort of patients
would be enrolled prospectively to validate these results, using
the presented FA range.

Conclusions
Fractional anisotropy (FA) measured at the level of the
brainstem was shown to be the single most relevant parameter
in differentiating patients with ALS from healthy subjects.
In future, this parameter in this location may be a potential
ALS-specific biomarker in an ALS diagnostic algorithm for
patient identification in daily practice.
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ABSTRACT
Introduction. Haemostasis in brain surgery is mandatory to avoid postoperative re-bleeding and a poor outcome. Postoperative intra-cavity haemorrhage is a frequent complication, especially in surgery of malignant gliomas because of the fragility of
pathological vessels.
Material and methods. In this technical note, we describe our ‘compression’ technique used to achieve haemostasis in adult
patients who underwent surgery for supratentorial malignant gliomas (GBM) at our Institute from January 2019 to January 2022.
Peri-operative work-up included clinical status, laboratory data and contrast brain CT, performed at 24 hours after surgery, or
earlier for patients with neurological worsening.
Results. A total of 82 patients was included in this study, 46 males (57%) and 36 females (43%). A post-operative intra-cavity
haemorrhage was documented by postoperative CT-scan in 3/82 patients (3.65%), and the mean surgical time was 3.66 hours.
No late bleeding was observed 48 hours after surgery.
Conclusions. We have documented the good results of our technique to achieve haemostasis in patients operated for malignant glioma (GBM). The technique described in this study seems to be safe and useful to avoid post-operative bleeding in the
surgery of cerebral GBM.
Key words: glioblastoma, haemostasis, brain tumour, haemostatic agents, intra-axial haemostasis
(Neurol Neurochir Pol 2022; 56 (6): 499–502)

Introduction
Adequate haemostasis in cranial and spinal surgery is the
key to good results. Haemostasis can be challenging in many
surgical procedures, especially in transsphenoidal surgery or
in malignant brain tumours [1]. Although bipolar cautery
controls bleeding in large vessels, in malignant gliomas (GBM)
it can be very difficult to achieve haemostasis especially in cases
of subtotal tumour resection. When postoperative re-bleeding occurs, the neurological status of the patient gets worse,
requiring reoperation with poor results. Nowadays, to avoid
re-bleeding in brain tumours, many intraoperatively haemostatic agents, from peroxide, fibrin glue, oxidised regenerated
cellulose, and microfibrillar collagen down to traditional
washing with warm water, are used [2]. In this study, we detail

the steps of our surgical cavity haemostasis after resection of
malignant gliomas; this technique has provided encouraging
results in terms of postoperative re-bleeding prevention in
malignant glioma excision.

Material and methods
Between January 2019 and January 2022, a total of 82 supratentorial GBM operated with this technique by three neurosurgeons were enrolled in this study. The surgical indication
was given according to the MRI study, the neurological status
of the patient, his or her age, the tumour location, and the
necessity for histopathological examination.
All patients were operated upon under general anaesthesia
with the aid of neuronavigation and an operative microscope.
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All patients had stopped antiaggregant therapy five days before
surgery in cases of home therapy. A postoperative CT-scan of
the brain was performed immediately in cases of neurological
worsening, or 24 hours after surgery and on the day of the
patient’s discharge.
The neurological examination was performed daily and
the patient was mobilised after three days, or later in a case of
neurological deficit. The rehabilitation started three days after
surgery then continued at home. Patients with a recurrence of
GBM, infections, coagulopathy and other malignant tumours
were excluded from this study.
The haemostatic agents used in this study were Floseal®
(Baxter Healthcare, Deerfield, IL, USA) (thrombin component), Pahacel® (Altaylar Medical Tibbi Malz — Ankara,
Turkey) (oxidised regenerated cellulose) and Cutanplast®
(Mascia Burmel SPA Milan, Italy) (absorbable haemostatic
gelatin sponge).
To measure the intracranial pressure in the surgical
cavity, a Codmann® ICP Express® monitor with a Codmann
Microsensor® ICP Transducer were used.

Haemostatic technique

Under general anaesthesia, the patient was positioned
in a mayfield headrest and a skin incision was made above
the tumour site identified by the neuronavigation system.
The bone flap was removed, and after dural incision a proper
corticectomy under neuronavigation was performed to reach
the tumour mass. GBM was removed with the aid of bipolar
forceps, irrigation and dissector under microscope magnification. Finally, in the first step, haemostasis was obtained by
irrigation of the surgical cavity with a warm saline solution.
The bipolar forceps was used only to coagulate copious bleeding foci of major vessels in the surgical cavity (Figs. 1A and
1B). Then, in the second step, haemostasis was obtained with
the use of the ‘compression technique’. The surgical cavity was
filled with Floseal® and a wet cotton balloon was left in place
for one minute to reinforce haemostasis (Figs. 1C and 1D). In
the second step, the balloon was removed under gentle irrigation with a warm saline solution and the surgical walls were
covered with a small and thin amount of Floseal® reinforced
with Pahacel® (Figs. 2A and 2B). A cube of wet Cutanplast®
(absorbable haemostatic gelatin sponge) was introduced in
the residual cavity to fill it all (Fig. 2C). Finally, the minimal
residual space was filled with Pahacel® (Fig. 2D).
The dura mater was closed water-tight, the bone flap repositioned with titanium plaques, and a subcutaneous drain was
placed before the closure of the muscles and the skin.

Results
The described haemostatic technique was used in 82 patients. A post-operative intra-cavity haemorrhage was documented by a postoperative CT-scan in 3/82 patients (3.65%),
and the mean surgical time was 3.66 hours. The patients with
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Figure 1. A. Surgical cavity of tumour; B. Haemostasis of walls with
bipolar forceps; C and D. Surgical walls strewn with Floseal® and
then entire surgical cavity filled with cottonoid for almost 60 seconds

A

B

C

D

Figure 2. A and B. Surgical cavity strewn with Floseal® and Pahacel® (oxidised regenerated cellulose); C and D. Cavity filled with
a cube of Cutanplast® (absorbable haemostatic gelatine sponge),
then residual cavity sprinkled with Pahacel®

intra-cavity bleeding were re-operated after the clinical neurological worsening and postoperative CT-scan images. All
three intracavitary haemorrhages occurred within 24 hours
after surgery. In the revision surgery, haemostasis was obtained
with the same technique.

Discussion
In recent years, numerous substances have been introduced into surgical practice to obtain haemostasis in malignant
brain tumours [3–5]. Adequate haemostasis in cranial and
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Figure 4. A. Intracranial pressure monitoring (ICP) transducer in
surgical cavity filled with saline solution (mmHg = 0); B. ICP transducer in interface between cavity wall and haemostatic agents
filling surgical cavity (mmHg = 2)

Figure 3. A and B. Pre-operative MRI and CT-scan showing intraaxial tumour with calcific mass; C and D. Post-operative CT-scan
with surgical cavity and residual calcific portion (malignant glioma)
without clots

spinal surgery is paramount. In patients operated upon for
GBM, the literature reports a postoperative surgical haematoma in c.5% of them, with a high incidence in patients with
diabetes mellitus [6]. After brain tumour removal, bleeding
from the surgical wall cavity may occur and this is very
difficult to control due to the frail and dysplastic neoplastic
vessels infiltrating the surrounding brain parenchyma. For
this purpose, agents such as oxidised cellulose, gelatin foam,
fibrillary collagen, fibrin sealants, and antifibrinolitic agents
have been used in recent years.
We here describe a simple technique to achieve haemostasis in the brain surgical cavity after the excision of
malignant gliomas (GBM) either total or partial. In this
technique, haemostasis was obtained by means of a double mechanism: the use of Floseal ® and pressure on the
surgical cavity walls by the use of Cutanplast ® and Pahacel® (oxidised regenerated cellulose). Floseal ® is a gelatin
matrix-thrombin solution mixture that is hydrophilic, and
it adheres very well to wet brain tissues, forming a layer to
coat the surgical wall. After filling the entire surgical cavity
with Floseal®, a wet balloon of cottonoid was placed inside
to reinforce haemostasis (Figs. 2–3). The second step was
the washing out of the tumoural cavity while removing
the cottonoid and, when the water was clear enough, the
wall was coated with a small amount of first Floseal ® and
then Pahacel®. Finally, a balloon of Cutanplast ® was positioned inside to seal the whole surgical cavity. With this
technique, a moderate and constant pressure was obtained
on the vessels of the surgical walls (Fig. 4). The insertion

of a Codmann Microsensor ® ICP Transducer between the
balloon of Cutanplast® and the wall of the surgical cavity
(Fig. 4B) documented a pressure of about 2 mmHg, strong
enough to balance the pressure in the brain surrounding
the excised tumour with displastic vessels.
In our experience, this technique grants better results compared to the traditional choice of filling the surgical cavity with
a simple saline solution which achieves a pressure of 0 mmHg
according to our measurement (Fig 4A). It is understood that
the major arteries in the surgical cavity must be coagulated
with bipolar forceps. The constant pressure on the surgical
walls by the Pahacel® and the balloon of Cutanplast®, plus
the use of Floseal®, favour haemostasis, especially in frail and
dysplastic tumoural vessels. Thanks to this technique, we observed only three cases (3%) of postoperative bleeding in the
surgical cavity. Although in the literature some cases of venous
thrombosis have been documented caused by the accidental
entry of Floseal® into the dural venous system, in our patients
the very small size of the vessels of the surgical wall did not
allow the entry of the Floseal® with thrombosis [7].
This technique is useful especially in brain malignant gliomas (GBM) subtotally excised. In these patients, the presence
of the tumour residual mass predisposes to postoperative
re-bleeding in a high percentage of cases.
The limitations of this study were its retrospective design
and the limited number of patients.
Funding: None.
Conflicts of interest: None.
Ethical approval: All procedures performed in studies involving human participants were in accordance with the ethical
standards of the institutional committee and with the latest
amendment of the Helsinki Declaration.
Informed consent: Informed consent was obtained from all
individual participants included in the study.
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ABSTRACT
Introduction. The aim of this study was to present the indications for a combined endoscopic transnasal and sublabial transantral approach for the surgical treatment of orbital lesions.
Material and methods. This case study enrolled 10 patients scheduled for endoscopic transnasal surgery for treating orbital
lesions from 2009 to 2020. When the tumour was localised to the medial part of the orbit, patients underwent endoscopy with
a transnasal mononostril approach. Alternatively, when the tumour was localised to the mediocaudal part of the orbit, and when
instrument manoeuvreability was limited, the transnasal approach was combined with a sublabial transantral approach. Herein,
we evaluate the indications, complications, and advantages of monoportal and combined two-portal approaches.
Results. 8/10 patients (80%) underwent surgery with the transnasal mononostril approach, and 2/10 (20%) underwent surgery
with the combined transnasal mononostril and sublabial transantral approach. In the two latter cases, visualisation of the operation field was excellent, and there was adequate room for manipulating instruments.
Conclusions. The combined mononostril-transantral approach provided the space necessary to manoeuvre instruments and
to visualise the surgical field in treating mediocaudal orbital lesions.
Clinical implications. This two-portal approach enables extensive resections of intraconal lesions. It should be considered to
be a suitable and safer alternative to the binostril approach.
Key words: orbital tumours, endoscopy, transnasal approach, sublabial transantral approach, two-port surgery
(Neurol Neurochir Pol 2022; 56 (6): 503–507)

Introduction
The choice of surgical approach for orbital lesions —
notwithstanding that all approaches are extremely demanding — is dictated mainly by the location of the lesion [1, 2].
In addition, the anatomy of the orbit calls for microsurgical

preparation. That’s why three- or four-handed techniques are
often required; thus, the emphasis is placed on the width of
the access corridor [3, 4].
To achieve medial and mediocaudal intraorbital lesions, an
endoscopic transnasal approach is mostly used, that typically
provides sufficient space for manoeuvring the endoscope and
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two instruments with the three-handed technique [1, 2, 5].
But, in some cases, instrument manoeuvreability is limited
and the surgical field has to be enlarged [5].
The present study aimed to evaluate the combined transnasal and transantral approach for orbital tumours and to assess
the advantages and disadvantages of a purely mononostril
approach as opposed to a combined approach. Only a few
studies have previously described the combined transnasal
and sublabial transantral approach [6, 7].

Material and methods
This case study included patients who had undergone
transnasal endoscopic resections of orbital tumours (the medial part of orbit) at the University Hospital Ostrava, Czech
Republic, between 2009 and 2020. The endoscopic approach
was indicated for patients with medial or mediocaudal orbital
lesions, either intraconal or extraconal.
Patients were treated with the surgical mononostril approach, with either the 3- or 4-handed technique (involving
two surgeons). When instrument manoeuvreability was limited during tumour dissection, the transnasal approach was
combined with a sublabial transantral approach.
Computed tomography (CT) and magnetic resonance
(MR) investigations were conducted pre-operatively. Additionally, an endoscopy of the nasal cavity and an ophthalmological
examination were carried out.
1. After placing the patient under general anaesthesia and
navigational alignment (Medtronic StealthStation), the
ophthalmologist performed a dynamic retraction of the
medial and (when necessary) inferior rectus muscles.
A sphenoethmoidectomy was performed. The middle turbinate was resected to improve instrument manoeuvreability.
The lamina papyracea was removed with Kerrison rongeurs
or a Freer elevator. For inferomedial tumours, the inferior
orbital wall was thinned and partially removed, medially,
to the infraorbital nerve. The periorbita was opened with
a sickle knife or diamond knife to the extent necessary for
tumour resection. The tumour location was confirmed
with navigation.
2. When the surgical space in the transnasal corridor was
inadequate for performing a 4-handed technique, a small
anterior maxillary opening, approximately 2 × 2 cm, was
made for a sublabial approach. An endoscope and one other
instrument, typically suction, were introduced through
the opening. At the end of the procedure, suturing was
performed with absorbable sutures.
3. Extraconal lesions were accessed by making a posteroanterior incision in the periorbita. Intraconal lesions were
accessed through a surgical window between the inferior
and medial orbital rectus muscles, which were retracted as
needed into the frontal sinus with a ball probe. Identification of the rectus muscles was aided intra-operatively by
retracting a suture placed around the rectus at its insertion
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into the globe. No reconstruction of periorbital defects was
carried out.
4. An ophthalmological examination and endoscopy were
conducted postoperatively, at one day, one week, and three
weeks after surgery. Patients were strictly instructed not
to blow their nose due to the risk of orbital emphysema.
Patients were encouraged to perform nasal irrigation with
saline 10 times per day for two weeks. The extent of resection was determined with MR imaging. Postoperative
symptoms, results, and complications were observed.

Results
Between 2009 and 2020, 10 patients (four males and six
females, mean age: 61 years, range: 29 to 83) underwent surgery with the transnasal endoscopic approach (Tab. 1). The
intraorbital lesions were located extraconally in one case, and
intraconally in nine cases. A mononostril transnasal approach
was performed in 8/20 (80%) cases, and a combined mononostril and sublabial approach was performed in 2/10 (20%)
cases. The sublabial approach was indicated when the surgical
space was inadequate for manoeuvring instruments with
multi-handed techniques.
In the two patients who required the two-port approach,
the tumour was located in the inferomedial orbit; therefore,
the transantral approach provided the shortest direct route to
the lesion (Tab. 2, Fig. 1).
In one of these two cases, a total gross resection was
achieved. The lesion was identified histologically as a cavernous haemangioma (Fig. 2). The other patient had a metastatic
lesion from breast cancer, and a partial resection and orbital
decompression were performed (Fig. 3).
In the combined approaches, no emphysema, facial oedema, or dysesthesia were observed postoperatively in the region
of infraorbital nerve innervation.

Discussion
The present study describes the endoscopic transnasal
approach for orbital lesions medial and inferior to the optic
nerve. This approach had been shown to provide excellent
visualisation of the surgical field without having to resort to
globe retraction [1, 4, 8]. The downside of this approach is that
the width of the surgical corridor might be insufficient for the
multi-handed techniques required for surgery in the orbit.
In the mononostril approach, there is typically sufficient
space for the 2- and 3-handed techniques routinely employed
for extraconal lesions. For intraconal lesions that require
a 4-handed approach, instrument manoeuvreability may be
limited. Therefore, further expansion of the surgical corridor
may be required [5, 9]. Sufficient space can be gained by resecting the middle turbinate or by creating a corridor through
the nasal septum (binostril approach), either with a posterior
septectomy, for lesions in the orbital apex, or by creating
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Table 1. Patient demographics, tumour characteristics, approach, and outcome
Patient

Age
(y)

Sex

Symptoms

Intraconal/
/extraconal

Approach

Diagnosis

Resection
outcome

Complications

Postoperative
symptoms

1

72

M

Pain,
ophtalmoplegia,
vision loss

Intraconal

Transnasal

Metastatic
adenocarcinoma

Partial

–

Unchanged

2

59

M

Diplopia

Intraconal

Transnasal

Neurofibroma

Partial

Temporary
paresis; cranial
nerve III

Diplopia resolved

3

67

F

Diplopia

Extraconal

Transnasal

Angioleiomyoma

Total

–

Diplopia resolved

4

53

F

Proptosis

Intraconal

Transnasal+
Sublabial

Cavernous
haemangioma

Total

–

Proptosis
improved

5

29

F

Diplopia, pain

Intraconal

Transnasal

Cavernous
haemangioma

Total

Lower lid
haematoma

Diplopia resolved,
pain resolved

6

70

F

Proptosis,

Intraconal

Transnasal+

Metastatic breast
carcinoma

Partial

–

Diplopia improved

Sublabial

Diplopia
7

72

F

Diplopia

Intraconal

Transnasal

Lymphoma

Partial

–

Unchanged

8

83

M

Diplopia

Intraconal

Transnasal

Metastatic
neuroendocrine
carcinoma

Near total

–

Diplopia improved

9

39

M

Diplopia, pain

Intraconal

Transnasal

Inflammatory
pseudotumour

Partial

–

Diplopia
unchanged, pain
resolved

10

71

F

Proptosis,
diplopia,

Extraconal/
/intraconal

Transnasal

Squamous cell
carcinoma

Partial

–

Unchanged

Table 2. Patients who underwent two-port approach for resecting lesions in orbit
Case 1
• Patient: female, 53-years-old
• Symptom: proptosis
• Examinations: CT and MR demonstrated a well-defined extra- and intraconal lesion, with heterogeneous enhancement on post-contrast images,
and spatial displacement of optic nerve (Fig. 2)
• Diagnosis: histology identified a cavernous haemangioma
• Outcome: no residua on postoperative MR; minor haematoma of lower eyelid, no diplopia, vision normal.
Case 2
• Patient: female, 70-years-old
• Clinical history: breast carcinoma treated nine years prior to this study; treated with breast ablation, exenteration of axilla, and adjuvant
radiochemotherapy
• Symptoms: intermittent diplopia for 6 months pre-operatively, with increasing proptosis (2 mm) for 3 months; restricted globe movement in all
directions, particularly in moving upwards and in abduction
• Examinations: CT and MR demonstrated an intraconal tumour infiltrating inferior rectal muscle, with homogeneous post-contrast enhancement,
T1 and T2 hypointensities; it was softly defined, and inferior to optic nerve (Fig. 3)
• Diagnosis: histology identified it as a metastasis of breast cancer
• Outcome: diplopia with downward eye movements persisted.

a septal window, for intraorbital lesions [5]. The trans-septal
approach provides the surgeon with a good angle for dissection, but can increase nasal morbidity and may adversely
influence nasal function.
An alternative approach is to create an auxiliary sublabial
transantral corridor. Then, an endoscope and one other instrument can be introduced through the anterior wall of the maxillary sinus (Fig. 4). This approach provides the shortest direct

route to caudal orbital lesions. Few studies have investigated
the combined transnasal-sublabial approach to the orbit [6, 7].
Alimomahadi et al. [6] described their treatment experience
with the combined endonasal and sublabial transantral approach for four patients with orbital and pterygopalatine fossa
pathologies. Har-El et al. [7] described this combined approach
for two patients with orbital apex lesions. They highlighted the
advantages of this approach: it provided excellent visualisation
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Figure 1. Schematic diagram of two-port transnasal and transantral approach

Figure 3. Magnetic resonance image of metastasis from breast
cancer, coronal view

Figure 4. Perioperative view of combined transnasal-transantral
approach

Figure 2. Magnetic resonance image of orbital haemangioma,
coronal view

and averted the struggle between surgical instruments and
endoscope which is often encountered with the transnasal
approach alone.
In our study, the combined mononostril transnasal and
sublabial transantral endoscopic approach was employed in
two patients with tumours in a mediocaudal location (Fig.
1). In these cases, the single nostril approach alone did not
permit sufficient manoeuvreability for the instruments, even
after performing a middle turbinate resection. However, the
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sublabial approach allowed the introduction of an endoscope
and other instruments as necessary, and it provided excellent
visualisation of the anterior and lateral borders of the tumour.
The endoscope did not hinder the manipulation of the surgical
instruments, and the field of view was sufficiently wide without
resorting to an orbital bone resection.
Introducing an endoscope requires a fenestration greater
than 4 mm wide, and at least 7–8 mm, when irrigation is required. A more extensive resection (2 × 2 cm) of the anterior
maxillary bone allows other instruments (typically, suction)
to be introduced alongside the endoscope. We considered this
approach beneficial for several reasons: it provided excellent
visualisation of the surgical field without interference from
the instruments introduced transnasally; the procedure was
relatively simple and brief; and the technique is generally
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familiar to otolaryngologists. Moreover, this approach reduced
the risk of interfering with nasal function, compared to the
trans-septal approach, which requires a resection or incision
of the nasal septum.
The sublabial transantral approach can lead to postoperative complications, including dysesthesia in regions innervated
by the trigeminal nerve, emphysema, and facial oedema. These
complications occur mainly with the classic wide approach
(the Caldwell-Luc procedure), which involves a large resection of the anterior wall of the maxillary sinus. However, the
minimally invasive approach is typically associated with only
temporary complications, such as oedema or facial hypoesthesia [7]. No complications were observed in our study.
The dreaded complications of enophthalmos and diplopia, which may arise with infraorbital resections, can also
occur with the transantral approach. However, the extent
of resection is no greater with the combined approach than
with the transnasal approach. We observed only a small
1–2 mm enophthalmos after surgery. In the patient with
metastatic cancer, diplopia with downward eye movements
persisted.
The combined mononostril transnasal and sublabial transantral approach ensured sufficient space for multi-handed
techniques, allowed the shortest direct route to mediocaudal
lesions, and provided a suitably wide field of view. This approach could be considered an appropriate alternative to the
binostril approach.

Funding: This study was supported by the Ministry of Health,
Czech Republic, Conceptual Development of Research Organization, MH CZ – 17/DRO - FNOs/2021.
Ethics approval and consent to participate: This study has
been performed in accordance with the Declaration of Helsinki,
and was approved by the Ethics Committee of the University
Hospital Ostrava, Czech Republic. Informed consent to participate was obtained from the patients presented in the work.
Consent for publication: Consent to publish was obtained from
the patients described in this study.
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To the Editors
Migraine is a common neurological disorder, with a prevalence of 15-20% in the general population. Hemiplegic
migraine is a rare subtype of migraine with aura. The characteristic feature of hemiplegic migraine is the presence of
fully reversible unilateral motor weakness and fully reversible
visual, sensory and/or speech/language symptoms. Hemiplegic
migraine can occur as a sporadic or a familiar disorder [1–3].
The latter has an autosomal dominant mode of inheritance.
Weakness is a manifestation of motor aura, and is believed
to be caused by cortical spreading depression. Hemiplegic
migraine can mimic several other neurological disorders, i.e.
stroke/transient ischaemic attack, encephalitis/meningitis,
and seizures [4, 5].
Migraine and epilepsy are both frequent episodic neurological disorders that share many clinical features and underlying pathophysiological mechanisms. Hemiplegic migraine
is often misdiagnosed as epilepsy, especially in children or in
adults who have attacks without headaches.
Furthermore, somnolence, decreased consciousness, confusion, and even episodes of coma can occur during hemiplegic
migraine attacks, leading to an incorrect diagnosis of epilepsy
and consequently unsuccessful treatment [6]. Hemiplegic
migraine can be caused by a mutation in the CACNA1A, ATP1A2 and SCN1A genes. The SCN1A gene has frequently been
linked to epilepsy. What’s more, seizures can occur frequently
in patients with familial hemiplegic migraine [7].

Electroencephalography (EEG) is not a standard examination for the diagnosis of migraine. Nevertheless, it is useful
for making a differential diagnosis with seizures [5]. Different
types of EEG abnormalities, most commonly unilateral or
bilateral delta activity, have been reported during hemiplegic
migraine attacks with aura. However, only a few cases of EEG
performed during an episode have been published [7, 8].
Epileptiform discharges can be recorded in patients having
epilepsy independently of hemiplegic migraine attacks [5]. Of
course, in the case of plegic/paretic aura of migraine and/or
focal EEG recording, it is necessary to perform neuroimaging
i.e. magnetic resonance imaging of the brain [3].
We here present the case of a man with left- and right-sided hemiplegic migraine attacks along with EEG recordings
obtained during episodes.
A 24-year-old man was referred to the epilepsy clinic with
multiple episodes of impaired responsiveness and weakness of
the right arm since the age of 15. He had initially been diagnosed with epilepsy and had been treated with carbamazepine
800/d without improvement.
The medical history revealed episodes of numbness and
paresis that began in the right hand and gradually spread to the
arm and face, accompanied by aphasia and drowsiness. These
symptoms usually lasted 40-90 minutes and were followed by
a severe, throbbing left-sided headache with photophobia and
phonophobia, nausea, and vomiting. These symptoms resolved
completely between attacks. By the date of the first evaluation, the patient had experienced 11 stereotypical episodes.
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1A

1B

1C

1D

Figure 1. A. EEG during episode with right-sided paresis: delta waves dominating over left hemisphere; B. EEG one week after episode:
alpha rhythm 11 Hz; C. EEG during episode with left-sided paresis: delta waves dominating over right hemisphere; D. EEG four days after
episode: alpha rhythm 11 Hz.

Magnetic resonance imaging (MRI) and angio-MRI performed
between episodes were normal. An EEG taken on the day of
the first visit to our clinic revealed background activity consisting of alpha rhythm in the occipital regions and beta waves
in the frontal regions, with normal reactivity to eyes opening
and symmetric photic driving during photostimulation.
He had no family history of epilepsy or migraine.
Three months later, the patient came to the clinic 40 minutes after the onset of a stereotypical event. He was drowsy,
had a slight right arm paresis, and mixed aphasia, followed
by a severe pulsatile headache with nausea, photophobia, and
phonophobia. Scalp EEG obtained during this attack revealed
slowing over the left hemisphere (Figure 1A); a follow-up
EEG was normal (Fig. 1B). The total duration of aphasia and
right arm paresis was 80 minutes. Hemiplegic migraine was
diagnosed, and carbamazepine was withdrawn.
Four years later, he experienced an episode of paresis of the
left arm and hemiface followed by a right-sided headache. The
total duration of the paresis was 60 minutes. EEG performed
during that episode showed slowing over the right hemisphere
(Fig. 1C), which resolved within one week (Fig. 1D).
The diagnosis of migraine without aura is usually straightforward, although migraine with visual aura or hemiplegic
migraine can mimic a seizure disorder. The following points

help to distinguish a migraine attack from a focal seizure.
Most seizures last from a few seconds up to three minutes,
whereas migraine aura last more than five, and up to 60,
minutes. If three symptoms (i.e. visual disturbances, aphasia,
and paresis) occur during an aura, the acceptable maximal
duration is three times 60 minutes (i.e. 180 min) [1]. Black
and white, brilliant scotoma, or linear zig-zag patterns or
negative symptoms (visual field defect, blindness) suggest
migraine, while multicolour circular patterns or complex
hallucinations suggest epilepsy. Where alteration of consciousness, automatisms, or tonic clonic-seizures occur, these
suggest epilepsy [9].
EEG is not recommended for routine evaluation of patients with migraine, but it may be helpful in cases that raise
the suspicion of a seizure disorder. EEG abnormalities in
patients with migraine have been reported in several studies.
In most cases they have been nonspecific and included focal,
diffuse or hemispheric slowing of the background rhythm, plus
abnormalities during activation procedures such as hyperventilation or photostimulation. During attacks of migraine with
aura, hemiplegic migraine or migraine with brainstem aura,
unilateral or bilateral slowing has been reported. Epileptiform
discharges, such as spikes or sharp waves, have been less commonly reported [4,10]. In migraine aura-triggered seizure, also
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known as migralepsy, EEG abnormalities have included high
voltage, rhythmic 11–12 Hz activity with spikes, high voltage
theta activity with sharp waves, and bilateral continuous spikewave and slow-wave discharges [11].
No epileptiform patterns, including di- or tri-phasic waves
with sharp or spiky morphology or seizure patterns, such
as repetitive epileptiform EEG discharges at > 2 Hz and/or
characteristic pattern with quasi-rhythmic spatio-temporal
evolution, lasting ≥ 10 s, electrodecrement, and low voltage
fast activity have been recorded during our patient’s episodes
[12]. Transient and fully reversible lateralised slowing in the
delta range was seen in our patient.
These EEG abnormalities contradict the previous diagnosis
of epilepsy, and support our diagnosis of hemiplegic migraine.
The diagnosis of hemiplegic migraine in our patient was based
on the clinical picture, albeit this was supported by the capture
of two episodes on EEG.
To the best of our knowledge, this is the first case of EEG
recordings obtained in a patient during episodes of left-sided
and right-sided hemiplegic migraine. We had the opportunity to document that an EEG pattern of unilateral slowing,
contralateral to the affected body side, characterises the acute
episodes, with complete resolution of abnormalities in an
asymptomatic state. Slowing during the acute episode can
reflect depression of cortical reactivity or vasoconstriction
and normal follow-up EEG resolution of cortical changes.
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To the Editors
Road traffic accidents (RTAs) and their effects depend on
various factors including local road rules, road conditions,
driver attitudes and vehicle type. RTAs are estimated to cause
between 5 and 15% of facial injuries in developed countries.
Additionally, they are often combined with injuries to other
body systems and can have significant morbidity and mortality, such as in the case of head traumata which are frequently
associated with craniofacial injuries [1]. We herein present
the case of a 59 year-old male who suffered from complicated
management of nasal cavity bleeding.
The individual was admitted to the emergency department
(ED) following a polytrauma he had suffered as a result of being
a pedestrian hit by a car. At the scene, the patient was in grave
condition, unconscious, and estimated to be at 4 points on the
Glasgow Coma Scale (GCS). Massive bleeding from the mouth
and nasal cavity was visible. After sucking out approximately
1.5 L of blood, the trachea was intubated. Thereafter, anterior
nasal cavity and oral cavity packing was performed. A few
minutes later, a brief cardiac arrest in a nonshockable rhythm
took place, probably due to persistent massive bleeding from
the nose or mouth or to the bilateral pneumothorax that was
subsequently decompressed. Because of insufficient control of
the bleeding, two Foley catheters were introduced consecutively into the nasal cavities at 10-cm depth; the sealing balloons
were inflated, and bleeding was reduced. Subsequently, the
patient was transferred to the ED by the Helicopter Emergency
Medical Service (HEMS).

On admission, the patient was unconscious; his airway
was secured with an endotracheal tube, and he was mechanically ventilated and severely hypotensive with arterial
blood pressure of 60/40 mmHg. Circulation was supported
with a continuous infusion of catecholamines. On physical
examination, the patient was estimated to be at 3 points on
the GCS and there was massive injury to the soft and bony
parts of the head, predominantly on the left side. Anisocoria
was observed, with broadening of the left pupil, and blood
was present in both external auditory meatuses. The nasal
cavities were both secured in the prehospital phase with Foley
catheters. Moreover, the patient was diagnosed with flail chest
and deformation of the right knee.
Because of chest wall instability due to rib and sternum
fractures, the pleural cavities were punctured and drained. On
the traumatic whole body CT scan, a multifragment fracture
of the frontal and parietal bones, with penetration of some
bony pieces into the brain, and a subarachnoid haemorrhage
were revealed. Furthermore, various fractures of the skull
were identified, oedema of the brain’s left hemisphere with
herniation under the falx, and a fracture in the first cervical
vertebra. Apart from the aforementioned injuries, a Foley
catheter penetrating from the left nasal cavity through the
cranial base and right lateral ventricle into the lateral parts of
the right hemisphere was visualised (Fig. 1). The patient was
immediately transferred to the operating room (OR) where
both neurosurgical and laryngological interventions were
performed. The neurosurgeons evacuated the iuxtacerebral
haemorrhage, and the laryngologists removed the Foley
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Figure 1. Localization of Foley catheter inside the skull

catheter penetrating to the brain and placed another catheter
to execute correct posterior nasal cavity tamponade.
On admission to the intensive care unit (ICU), the patient
was severely unstable, hypotensive, areflexic and anaemic.
He required massive fluid therapy, intensive catecholamine
infusion of both epinephrine and norepinephrine, red blood
cells, platelets, clotting factors transfusions and active heating.
The initial treatment resulted in partial stabilisation of the
patient’s haemodynamics. On day one in the ICU, for a short
period of time, a cough reflex was present, with no reaction
of the pupils to light, and the infusion of sedatives was augmented. The patient’s injuries were so severe that he died on
day 9 after admission.
Management at the scene of an injury such as the one
described above is always a challenge. Some authors have
suggested that the management of any nasal bleeding should be
assessed by following the ABC (airway–breathing–circulation)
approach, which took place in this particular case. Bearing
in mind a potential source of blood loss, anterior packing
was performed. Forasmuch as the bleeding did not stop and
was a potential cause of cardiac arrest, a decision to perform
posterior packing was made. In such cases, Beck et al. [2]
have suggested transferring the patient immediately to
a hospital, where an invasive procedure to stop the bleeding
can be performed. But conflicting opinion was presented by
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Diamond et al. [3] who suggested performing posterior nasal
packing, preferably using a dedicated device, but an indwelling
urinary catheter, not licensed for such usage, was determined
to be sufficient as well. A review of the literature revealed that
dislocation of foreign bodies inserted into the nasal cavity in
patients with craniofacial injuries concerns nasogastric tubes.
This is why the authors recommend the placement of a nasogastric tube in patients with such traumata either under direct
visualisation or after confirming the integrity of the skull’s base.
Mortality consequent to unintended intracerebral malpositioning of a nasogastric tube is reported to be greater
than 50%, and complications can include hemiparesis or
intracranial bleeding. Foley catheters for posterior packing in
emergency situations are used commonly, albei out of label
although in accordance with current guidelines concerning
epistaxis management [3, 4].
They should be treated in a similar way to the nasogastric
tube and inserted under direct visualisation along the inferior
meatus or with radiographic confirmation of the tip’s position [5].
Neither of these methods was possible at the scene of the accident.
The patient’s initial prognosis was highly unfavourable, and
it will remain a matter of discussion as to whether inadvertent
insertion of the catheter into the brain’s parenchyma did or
did not aggravate this.
What is certain is that any intervention in the nasopharyngeal area in patients suffering from craniofacial trauma
should be performed very carefully, after considering the risks
and benefits of such an intervention, and being aware of the
possibility of such a rare but life-threatening complication.
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