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“Our dream, our effort...” - Editorial

Is there a need for another neuroscience journal, given the continuously growing number of
options available in which to publish your research efforts? The announcement of the rename
to “Archives of Clinical Neurology” of the official journal of the Hellenic Neurological Society
last autumn, came at a time of great competition between neuroscience journals. Consider-
ingthe increasing numbers of journals offering different publishing options for authors, some
of which are of great quality, it is almost a dream for us to launch a serious, quality oriented
journal in this environment.

After severalmonths of preparatory work, taking into consideration the broad spectrum of
the article types that we want to publish, we have created a large Editorial Board represent-
ing all the areas of clinical and basic neurosciences, and we have appointed section editorial
teams for all the relevant subspecialties.

Currently, we are delighted to release the present issue containing five non-invited articles
written in English language that have been submitted to our journal by various Departments
of Neurology in Greece. Moreover, we are happy from the positive response and constructive
feedback from the Hellenic Neurological Scientific Community. The first article is a consensus
paper for the management of spasticity in patients with Multiple Sclerosis; the article was
written in collaboration by the Hellenic Neurological Society, the Hellenic Academy of Neu-
roimmunology and the Hellenic Society of Physical and Rehabilitation Medicine.The second
article is a guidance paper for the accreditation of the existing Hellenic Stroke Units according
to the European Stroke Organization requirements. The other three are three interesting
and clinical relevant case reports.

We sincerely hope that you find these articles interesting, and of high scientific quality. To
reach our goals for the journal, we need your support. Our readership is small but growing
and we continue to invite reviews on new developments and perspectives, and we welcome
submissions of research articles and interesting case reports.

Please continue to support us to make Archives of Clinical Neurology an influential voice
publishing content with international scientific impact.

Sotirios Giannopoulos, MD, PhD
National & Kapodistrian University of Athens
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WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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Abstract

Spasticity is a sensorimotor phenomenon characterized by velocity dependent hypertonia, involuntary mus-
cle spasms or contractions, and is a common cause of disability and quality of life (QoL) impairment in mul-
tiple sclerosis (MS). Epidemiological evidence points towards a very high prevalence of MS-related spasticity
(MSS) of up to 80% among MS patients. MSS is characterized by a wide spectrum of clinical manifestations
and related complications, that contribute to worsening of motor deficits and loss of independence of MS
patients, while if left without prompt treatment, MSS may lead to permanent joint deformities, muscle
contractions, pain, involuntary movements, and skin complications. The diagnosis and clinical follow-up of
MSS requires implementation of well-established clinical scales (Ashworth Scale, modified Ashworth scale,
Tardieu Scale), but also requires use of functional scales that incorporate patient-relevant outcomes. The
management of MSS should be initiated by multidisciplinary teams consisting of Neurologists and Physical
Medicine and Rehabilitation (PM&R) physicians. Therapeutic goals include the overall clinical and functional
improvement of the patient, the prevention of complications and contractures, as well as the facilitation of
nursing and patient care. MSS treatments include non-pharmacological approaches such as rehabilitation
sessions with specialized techniques, and pharmacotherapies, including administration of oral antispastics,
intrathecal muscle relaxants, and intramuscular injections of botulinum toxin. The present consensus paper
summarizes the current evidence on pharmacological and non-pharmacological MSS treatments, providing
recommendations of an expert panel on the diagnostic approach and therapeutic management of MSS.

Key words: spasticity, multiple sclerosis, muscle relaxants, intrathecal baclofen, Botulinum toxin
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1. Introduction

Multiple sclerosis (MS) comprises the most frequent
inflammatory and neurodegenerative demyelinating
disorder of the human central nervous system (CNS)
[1]. Spasticity is a common cause of disability and
quality of life (Qol) impairment in MS, with epide-
miological evidence pointing towards a very high
prevalence of MS-related spasticity (MSS) of up to
80% among MS patients [2-4]. MSS can be clinically
defined as a type of hypertonia (involuntary muscle
contraction), that presents with increased, speed-de-
pendent resistance to stretching of skeletal muscles
[5]. The underlying pathophysiological mechanisms of
MSS are related to demyelinating lesions in the brain
or spinal cord, that precipitate neuronal dysfunction
and secondary axonal degeneration of descending
corticospinal and/or rubro-/reticulospinal tracts,
which result into disturbed inhibitory interneuronal
spinal pathways and velocity-dependent increase of
muscle tone [6, 7].

MSS is characterized by a wide spectrum of clini-
cal manifestations. In MS patients, MSS manifests
typically with concomitant “positive” upper motor
neuron (UMN) signs, including clonus, co-contraction
of antagonist muscles, and abnormal reflexes, and
also with “negative” signs, including loss of coordina-
tion, weakness and fatigability of affected muscles
(Table 1) [2, 8]. In the context of UMN syndrome,
MSS results in motor impairment, as well as gait
and balance impairment, limiting ambulation and
functional independence of MS patients [9]. MSS can
manifest clinically either in a tonic or a phasic form
(i.e., with continuously or intermittently increased
muscle tone, respectively), causing painful muscle
spasms, which in turn precipitate sleep disorders

and neuropsychiatric complications in MS patients
[6]. Additionally, MSS may cause bladder dysfunction
as a result of detrusor muscle and external urethral
sphincter (spastic muscle) dyssynergia, resulting in
detrusor overactivity with urinary incontinence, uri-
nary retention (with mixed symptoms being the most
predominant) and dysuria [10]. MSS may also result in
bowel dysfunction by adversely affecting the function
of muscles of the gastrointestinal tract/pelvic floor
[11]. Notably, MSS is also implicated in the manifes-
tation of dysphagia in MS patients [12]. Moreover,
chronic spasticity may result in muscle shortening and
limb deformities that contribute significantly to the
deterioration of patient functional status [2]. MSS is
thus, a complex phenomenon, and one of the major
causes of disability in MS with negative impact on
QoL and MS prognosis [8].

In fact, despite the tremendous advances in the
development of immunomodulatory therapies for
MS during the last years, a significant proportion
of MS patients still experience moderate to severe
MSS-related disability [2-4]. Early-implementation
of targeted pharmacological and non-pharmaco-
logical treatments for MSS is thus, of paramount
importance. Such interventions aim to improve QoL
through preservation of mobility and functional in-
dependence, pain alleviation, and facilitation of nurs-
ing [6, 13]. In addition, because of the rising global
incidence of MS as well as the increasing survival
rates of MS patients [14, 15], MSS has been linked to
increasing healthcare costs with detrimental implica-
tions for individual patients and healthcare systems
worldwide [16]. There is consequently, an urgent
need to raise awareness among clinicians regarding
the necessity of early recognition and management

Table 1. Positive and negative signs of upper motor neuron syndrome (UMN)

Positive signs

Negative signs

Flexor and extensor muscle spasms

Fatigability

Clonus

Incoordination

Automatisms

Atrophy

Increased deep tendon reflexes

Lack of strength

Rigidity Lack of motor control
Dystonia Impaired fine movements
Athetosis

Spasticity

Spastic dystonia

Babinski sign

Primitive reflexes

Muscle synergies
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Table 2. Clinical characteristics for the differential diagnosis of spasticity

e Lesions in the pyramidal tract or in vestibulo-/rubro-/ reticulospinal tracts
¢ Velocity - dependent, also length-dependent in MS

Spasticity e Mainly affects muscles resisting gravity, in MS mostly in lower extremities
* More resistance in one direction
¢ Clasp knife phenomenon (more tone in the initial phase of movement)
. e Involuntary, sustained or intermittent muscle contractions
Dystonia

¢ Twisting or repetitive movements/ abnormal postures

Intrinsic hypertonia
¢ Velocity independent

¢ Soft tissue changes and overactivation of spindle afferents
e Same resistance in all directions

Spastic dystonia

¢ Uncontrolled muscle contractions, abnormal postures
e Simultaneous activity of both agonist and antagonist muscle groups

of MSS, as well as a pressing need to establish inter-
disciplinary teams for optimal care of MS patients.

The present consensus paper of the Hellenic Neu-
rological Society, the Hellenic Academy of Neuroim-
munology and the Hellenic Society of Physical and
Rehabilitation Medicine summarizes the current evi-
dence on pharmacological and non-pharmacological
MSS treatments, providing recommendations of an
expert panel on the diagnostic approach and thera-
peutic management of MSS.

2. Definition and pathophysiology of MSS

Lance proposed in 1980 the more systematic defi-
nition of spasticity as “a motor disorder character-
ized by a velocity dependent increase in tonic stretch
reflexes (muscle tone) with exaggerated tendon
jerks, resulting from hyperexcitability of the stretch
reflex, as one component of the UMN syndrome”
[17]. Beyond the association of spasticity with UMN
syndrome, Young expanded the definition of “spas-
tic paresis” to include the presence of “extensor
plantar responses, velocity-dependent increase in
tonic stretch reflexes, exaggerated phasic stretch
reflexes, increased autonomic reflexes, and abnormal
postures” [18]. More recently, sensory aspects of
spasticity have been acknowledged [19], which have
contributed to our current understanding of spastic-
ity as a sensorimotor phenomenon, associated with
automatic movement responses to sensory inputs [8).
Spasticity is thus, defined as “a disorder of sensory-
motor control caused by UMN lesions that manifests
as intermittent or sustained activation of muscles”
[20]. Accordingly, MSS occurs as a consequence of
involuntary stimuli to muscle tissue to contract [21].

In patients diagnosed with MS [22, 23], CNS injury
results in loss of descending inhibitory pathways and
in increased excitability of dynamic gamma neurons
and alpha motor neurons, that cause aberrant muscle

Archives of Clinical Neurology 31:3-2022, 18-50

activation [24]. Additional spinal tracts, including ves-
tibulospinal and rubro-/reticulospinal pathways, may
be overtly activated contributing to the disinhibition
of stretch reflexes. MSS thus, arises as a consequence
of CNS lesions and secondary neuroplastic changes,
that induce an imbalance of supraspinal inhibitory
and excitatory inputs directed to the spinal cord [7].
Even though MSS manifests as a consequence of
neuroplastic adaptation to lesions of corticospinal
or vestibulo-/rubro-/reticulospinal tracts, these neu-
roplastic changes lead to secondary effects on the
neuromuscular system [7, 25]. Such effects include
soft tissue changes (i.e., in muscles, tendons, and
ligaments) and muscle contractures causing overac-
tivation of spindle afferents, which in turn aggravate
MSS. In contrast to the velocity-dependent MSS,
muscle hypertonia due to soft tissue changes mani-
fests clinically with increased resistance to passive
movement of skeletal muscles that is not velocity-
dependent, and is often referred to as non-reflex
hypertonia or intrinsic hypertonia (Table 2) [26-28].
Clinically, besides the distinction of MSS from in-
trinsic hypertonia, it is important to differentiate MSS
from dystonia, which refers to involuntary, sustained
or intermittent muscle contractions, that cause twist-
ing, repetitive movements, or abnormal postures
(Table 2) [5]. Additionally, in MS patients, overlapping
syndromes may occur, which include spastic dystonia
that refers to the inability of a muscle to relax leading
to spontaneous tonic contraction [29], and spastic
co-contraction that implies the simultaneous activity
of both agonist and antagonist muscle groups and
is particularly profound in spastic paresis [8, 30]. We
should also refer to the paroxysmal components of
spastic dystonia, as they are of particular relevance
for the treatment of spasticity in MS patients [31].
Concerning the evolution of spasticity over time,
the pathophysiological correlates and course of spas-
ticity are less well-characterized in MS compared
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to other neurological disorders associated with
spasticity, including stroke. In stroke, for example,
a time-dependent manifestation of spasticity is de-
scribed, with increasing prevalence of spasticity with
increasing time from stroke onset: affecting 4-27%
of patients in the early post-stroke period (1-4 weeks
poststroke), 19-27% in the post-acute phase (1-3
months poststroke), and 17% to 43% of those in
the chronic phase (>3 months poststroke) [32]. Due
to several variables contributing to the development
of MSS, its evolution over time is difficultly to as-
sess in observational studies. Nonetheless, MSS is
thought to follow a similar pattern of progression,
occurring with a latency of weeks to months after
a CNS insult, and typically reaching its clinical peak
between 3 and 6 months following a clinical event
[33]. Importantly, there is a significant correlation
between MSS and disease duration, as well a sig-
nificant association between MSS and progressive
courses of the disease [33].

3. Clinical characteristics of MSS

With regard to the clinical features of MSS, it
should be emphasized that MSS manifests not only as
a velocity-dependent, but also as a length-dependent
phenomenon [7]. For example, in the quadriceps
muscles, greater spasticity is noted when the muscle
is shorter (i.e., in the slightly flexed knee position)
compared to when the muscle is longer (i.e., when
the knee is fully flexed), a mechanism possibly under-
lying the so-called “clasp-knife” or “catch” phenom-
enon [34]. Conversely, in the upper limb flexors and
ankle extensors (triceps surae), spasticity is greater
when the muscle is longer [35, 36].

With respect to MSS distribution, it should be
noted that MSS most frequently affects the flexor
muscles in the upper limb and the ankle plantar flex-
ors in the lower limbs [7]. Interestingly, a phyloge-
netic advantage associated with the preservation of
human standing posture is thought to underlie this
distribution of spasticity, as indicated by the fact that
muscles resisting gravity are the ones most commonly
affected in patients with UMN syndrome [28].

Another important feature of MSS is that, al-
though MS can affect all levels of human CNS, the
probability of impairment of a functional pathway is
higher with increasing pathway length [27]. This ob-
servation has been confirmed by independent studies
demonstrating a higher prevalence of MSS in the
lower compared to the upper limbs of MS patients
[37, 38]. For example, in an electrophysiological study
including 59 MS patients, MSS was present in ankle
extensors in 85%, in knee extensors in 44%, in knee
flexors in 32%, in wrist flexors in 10%, in elbow
flexors in 8%, and in elbow extensors in 3% of the
patients [38]. In clinical practice, hip adductors are

also predominantly affected in MS patients, limit-
ing passive mobilization and affecting significantly
patient care and hygiene.

According to the anatomical distribution, MSS can
be classified as focal, multifocal, segmental, gener-
alized spasticity and hemispasticity [39]. Focal and
multifocal spasticity affect one and >2 non-contigu-
ous body regions, respectively. Segmental spasticity
affects >2 contiguous body regions. Generalized
spasticity affects the trunk and >2 additional sites.
In line with the previous definitions, a paraspasticity
should be classified as a segmental and a tetraspas-
ticity as a generalized spasticity form.

As indicated by the complex definitions, clinical
presentations and classification schemes that were
previously analyzed, it is difficult to approach spastic-
ity in clinical practice without the use of standardized
clinical assessment tools. Importantly, the implemen-
tation of clinical scales facilitates not only the clinical
diagnosis and early-recognition of MSS, but also the
conduction of epidemiological research in the MS
patient population.

4. Clinical scales for MSS assessment

MSS is assessed in clinical practice using semi-
guantitative scales, such as the Ashworth Scale (AS),
the modified Ashworth Scale (MAS) and the Tardieu
Scale (Table 3), which are based on the degree of
resistance to passive movement of different body
segments as perceived by the examiner, or by neu-
rophysiological investigations such as the H-reflex
and the Wartenberg pendulum tests, the latter being
mostly used in research [40-45]. The REsistance to
PAssive movement Scale (REPAS) has been developed
from AS, requiring standardization of the clinical
examination, and is thus, characterized by a higher
reliability regarding spasticity assessment in different
muscle groups [46]. Moreover, since MSS predomi-
nantly affects the hip adductors, standardized assess-
ment of passive hip abduction (i.e., using protractor
goniometer), measurement of the maximum distance
between the knees during passive abduction and
use of the Adductor Tone Rating Scale (ATRS) are
recommended [47].

In clinical practice, there are four stages of clinical
examination, including static and functional evalu-
ation [48). Stage 1: Clinical observation - The image
presented by the patient’s body as they enter the
examination room and when in a sitting and supine
position. Any muscular atrophies and/or muscular
spasms are also recorded. Stage 2: In a supine po-
sition the examination includes the range of joint
motion with passive slow movement; the spasticity
degree; the active movement; and the normal and
pathological reflexes. At this stage we use the motor
test, the MAS, the ATRS, and the Tardieu Scale. Stage
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Table 3. Clinical scales for spasticity assessment

SCALES
Ashworth Modified Ashworth Modified Tardieu
. ) ) . No resistance throughout
0 | No increase in muscle tone No increase in muscle tone .
the passive movement
G Modest increase in tone
o . . + catch and release or minimal resistance Modest resistance through
R 1 giving catch in flexion ; .
. at the end of the range of motion the passive movement
and extension
A + catch followed by minimal resistance
1+ - through the remainder of the range -
D of motion, easy motion
I I\/Ipre noticeable increase + through most of the range Clea_r catch ata speaﬂc_angle,
2 in tone, but the limb . interruption of passive
. . of movement, easy motion
N is easily flexed movement, followed by release
‘ S|gn|f|can.t NCTeases Significant increases in tone, Fatigable clonus (<10s with stable
G | 3 |intone, passive movement . o .
el passive movement difficult pressure), at a precise angle
difficult
Limb rigid in flexion . o . . Unfatigable clonus (>10s with stable
4 . Limb rigid in flexion or extension .
or extension pressure) at a precise angle
5 - - Fixed joint

Velocities' definition (according
to modified Tardieu scale)

Very slow (slower than

Vi the limb drop under gravity)

Same velocity as the limb

V2 falling under gravity

V3 | Faster than the natural drop

3: Examination with the patient in a sitting position.
Here the examination is supplemented by an upper
limb motor skill test. Stage 4: Examination of body
balance in upright position and walking for a short
and longer distance. Fatigue is considered as a major
factor of movement disturbance [48].

An overview of 24 clinically-used scales for mea-
suring spasticity can be found in Platz et al. [41].
This systematic review showed that the methods
most frequently used for the assessment of spastic
muscle tone are the AS and MAS scales. These scales
are easy to implement, but show varying degrees of
interrater reliability across studies [41]. Besides the
significant interrater variability, additional limitations
of these scales comprise the lack of assessment of
patients’ MSS experience and the fact that none of
these scales is designed to reflect how MSS affects
patients’ daily lives [49].

Patient-reported outcomes are thus, used both in
clinical practice and research, including the Numerical
Rating Scale (NRS), the Visual Analogue Scale (VAS)

Archives of Clinical Neurology 31:3-2022, 18-50

and the Multiple Sclerosis Spasticity Scale (MSSS-88)
(Table 4) [40, 49]. Further assessment methods and
QoL measuring instruments (“patient-related out-
come measures, PROMs” and “health-related quality
of life measures, HRQL") can also be implemented
[50, 51], including: active and passive range of mo-
tion in motion segments (aBROM, pROM), 10 m walk-
ing time, disability assessment scale (DAS), and Goal
Attainment Scale (GAS) [52-55]. The GAS in particu-
lar, utilizes six goal areas under two domains: (a) body
structure impairment: pain, involuntary movements,
and range of movement and (b) activities/function:
passive function (ease of caring), active function
—transfers or standing, and active function— mobility,
to evaluate achievement of treatment goals [56].
In clinical practice, it is advisable to monitor respon-
siveness to MSS therapies using both clinically stan-
dardized (AS scale, MAS, Tardieu, or REPAS scale) and
functional scales, that incorporate patient-relevant
symptoms and treatment-goals [51]. Nonetheless, it
should be mentioned, that there is lack of consensus
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Table 4. Overview of clinical scales and tools for patient-reported outcome assessment in MS patients with spasticity-

related symptoms

Parameter Tool Characteristics

Tonus REPAS, (modified) Ashworth Scale, (modified) |High inter-rater variability, low sensitivity
Tardieu Scale, Numerical Rating Scale (NRS) regarding moderate changes

Paresis BMRC-Grading of Muscle Strength Assess in supine or resting position

Spasms Spasms Frequency Rating Scale, Variation during day
Penn Spasm Frequency Scale

Pain Visual Analogue Scale (VAS) Useful to monitor treatment

Joint Mobility Neutral Zero Method, Useful for assessment of joint deformities

Range of Movement

or muscle contractures

Walking speed

10-meter walking test,
25-foot walking test

Easy to perform

Walking Distance

EDSS (ambulation)

Variation during day

Endurance

2-minute walking test (2MWT)
6-minute walking test (6MWT)

Easy to perform, highly reproducible

Daily walking distance

Pedometer or Accelerometer

Highly sensitive for clinical deterioration

Everyday Relevance

MSSS-88

Useful for evaluation of spasticity impact on
daily activities

Abbreviations: REPAS: Resistance to Passive Movement Scale, BMRC: British Medical Research Council scale for muscle strength,
EDSS: Expanded Disability Status Scale, MSSS-88: The 88-item Multiple Sclerosis Spasticity Scale.

on whether a particular combination of scales is su-
perior to others. The use of variable tools for evaluat-
ing MSS limits the comparability of results obtained
from different clinical trials and observational studies
(e.g., on the efficacy of antispastic agents on MSS).
Therefore, in clinical practice, the use of the same
combination of scales is advisable for the follow-up
of MS patients [57, 58].

5. Epidemiology of MSS

As noted in previous sections, the use of clinical
scales for the evaluation of MSS is a prerequisite for
the performance of epidemiological research in the
MS patient population. Evidence from large epide-
miological studies indicates that MSS is present in up
to 80% of MS patients, while nearly all patients with
progressive types of MS exhibit some degree of MSS
[3, 4, 59]. In addition, approximately one third of MS
patients suffer from moderate/severe MSS despite
antispastic treatments [4, 33, 60], eliminating, thus,
their daily activities [45, 59]. Several observational
studies have shown that daily life is mostly affected as
a consequence of motor impairment or MSS-related
limb stiffness [61, 62].

Epidemiological evidence points toward an increas-
ing incidence of MS in the Greek population during
the last decades. The mean annual incidence rate of
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MS increased from 2.71/100,000 recorded during the
period 1984-1989 to 10.73/100,000 in the 5-year
period of 2002-2006 [63, 64]. Accordingly, Greece
belongs to the high-risk geographical areas for MS
[64]. In addition, electrophysiological evidence sug-
gests a particularly high incidence of MSS among
patients with progressive types of MS [65]. Interest-
ingly, Greek observational studies indicate that MSS is
frequently complicated by vesicourethral dysfunction,
muscle spasms, pain and functional impairment in
MS patients [66, 67].

With respect to risk factors, the presence of se-
vere paralysis, sensory deficits, and pain have been
linked to increased risk of spasticity [32, 68]. Crucially,
MSS-aggravating factors (so-called spasticity triggers)
have been identified specifically in MS patients, in-
cluding immobility, pain, noxious stimuli, emotional
tension, infections, urge to stool/urinate, pressure
ulcers, thromboses and fractures [40, 69, 70].

While early-recognition of risk factors is pivotal for
MSS therapy, it should be stressed that in accordance
with the “NEDA" principle (No Evidence of Disease
Activity) [71-73], the early implementation of disease
modifying therapies (DMTs) for MS and the regular
re-evaluation of indications to escalate DMTs com-
prise the cornerstone of MS but also MSS treatment
[74]. Crucially, several studies corroborate the positive
effect of DMTs on MSS progression [58], while vice
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Figure 1. Diagnostic algorithm for multiple sclerosis spasticity

DIAGNOSTIC ALGORITHM FOR MS SPASTICITY

Patient history

A 4

e Localization, severity, fluctuation of MSS symptoms
e Spasticity-related pain and MSS impact on mobility
e Impairment of functional status and QoL due to MSS

MSS assessment

MSS triggers or

\ 4

appropriate scales

in other organ systems

e Standardized clinical scales to objectify clinical findings
e Record patient-reported outcomes/symptoms using

e Exclude muscle contractures or MSS complications

alternative/reversible
causes

\ 4

menstruation, nephrolithiasis
¢ Exclude alternative/reversible causes of MSS:

e |dentify MSS trigers: sphincter dysfunction, infections,
anxiety, physical trauma, posturing, medication, cold,

MS-relapses, stroke, spinal cord injury, myelopathy

Abbreviations: MS: multiple sclerosis, QoL: quality of life, MSS: multiple sclerosis-related spasticity

versa MSS progression and accumulation of disability
are linked to disease activity [75]. On the other hand,
interferons have been reported to aggravate MSS
[58, 76, 77], a fact that should be considered when
prescribing DMTs in MS patients [58].

Furthermore, the effect of some antidepressants
should be monitored closely in patients with MSS,
since previous studies indicate that selective serotonin
reuptake inhibitors may exacerbate MSS [78, 79],
presumably due to serotonin effects on the motor
neuron and reflex activity [78]. In addition, some
anecdotal reports suggest a possible link between
spasticity and antiepileptic drugs, such as lamotrigine
[80]. Although associations between concomitant
medication and MSS are poorly-characterized, regular
assessment for potential drug-induced triggers of
MSS is recommended, using patient-reported mea-
sures of MSS as described in previous sections [81].

6. Diagnostic and therapeutic approach to MSS

The initial approach of patients with MSS entails
thorough assessment of their medical history. Besides
the exclusion of potential triggers that may aggravate
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spasticity, concomitant disorders that may contrib-
ute to MSS should be explicitly evaluated (Figure 1).
For example, MS patients are known to harbor an
increased risk for cerebrovascular disease that may
contribute to MSS; thus, assessment of presence
of concomitant cerebral small vessel disease and
cardiovascular risk factors is pivotal [82-84]. More-
over, as bladder dysfunction in MS patients is very
frequently complicated by urinary tract infections,
prompt recognition and management of underly-
ing urinary tract infections that may aggravate MSS
is essential [10]. Besides history taking and clinical
evaluation, ancillary testing may be indicated, includ-
ing neuroimaging studies, neurophysiological stud-
ies, cerebrospinal fluid (CSF) analysis, laboratory or
genetic/molecular testing in order to exclude other
neurological diseases (e.g., progressive multifocal
leukoencephalography in patients under DMTs, my-
elopathy, and hereditary spastic paraplegia among
others) that could complicate or mimic MS, resulting
in MSS [85-88]. Moreover, as discussed in previous
sections, the diagnosis of MSS should include de-
tailed assessment of different functional domains,
including use of Multiple Sclerosis Functional Com-
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Table 5. Overview of non-pharmacological interventions for MS-related spasticity (MSS)

Non-pharmacological treatment

Level of evidence

Physical exercises (except sports climbing with no evidence):
muscle strengthening, stretches, balance exercises, gait train-
ing, endurance exercises, hydrotherapy, electronic bike training,
robotic-assisted rehabilitation and virtual reality programs

Low, expert consensus to recommend for MSS

Occupational therapy, logotherapy, nutrition monitoring to pre-
vent muscle wasting and osteoporosis, and psychological support

Low, expert consensus to recommend for MSS

Intermittent Theta Burst stimulation (iTBS),
Repetitive Transcranial magnetic stimulation (rTMS)

Low, expert consensus to recommend for MSS

Transcranial direct current stimulation (tDCS)

No evidence of efficacy, not recommended for MSS

Transcutaneous electrical nerve stimulation (TENS)

No evidence of efficacy, only in selected patients

Whole body vibration (WBV)

No evidence of efficacy, not recommended for MSS

posite (MSFC) and Expanded Disability Status Scale
(EDSS), and different organ systems, while taking into
account potential complications of MSS, including
bladder/bowel dysfunction, dysphagia, contractures
and limb deformities, as well as pressure sores [2,
11, 12, 89-91].

Crucially, the therapeutic management of MSS
should be individualized, while focusing on the es-
tablishment of treatment-goals collaboratively with
patients, their carers and rehabilitation teams, prior
to initiation of MSS treatment [92]. Clinically-relevant
goals of MSS treatments include: improvement of
motor performance, ambulation and functional dis-
ability; pain reduction; facilitation of nursing; and
prevention of complications, such as contractures and
pressure sores [6, 40, 48, 51]. Notably, MSS therapy
should be provided by multidisciplinary teams, includ-
ing neurologists, physical medicine and rehabilitation
physicians, nurses, physiotherapists, speech therapists
and other allied specialties, while typically, combina-
tion of different treatment modalities and rehabili-
tation techniques is warranted for optimal patient
care [93-95]. In brief, MSS therapies encompass non-
pharmacological therapies, including physical therapy,
magnetic and electrical stimulation and peripheral
nerve stimulation, and pharmacological therapies,
including oral antispastic drugs, muscle injections
with botulinum neurotoxins, and intrathecal adminis-
tration of anti-spastic drugs, which will be separately
presented in the following sections [6, 40].

7. Non-pharmacological therapies for MSS

Non-pharmacological interventions may be used
alone or in combination with pharmacological agents
to treat MSS [92]. To date, there is a striking gap
in the scientific literature concerning optimal non-
pharmacological treatments for MSS, as robust data
from large, well-designed randomized-controlled
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clinical trials (RCTs) are scarce [96]. A systematic Co-
chrane review, summarized the available evidence on
non-pharmacological treatments of MSS and com-
pared them with any type of control intervention in
adult MS patients [92]. The authors identified nine
RCTs comprising 341 patients, which investigated
various types and intensities of non-pharmacological
MSS interventions. Among the studied interventions
were: physical activity programs (including physio-
therapy, structured exercise program, sports climb-
ing); transcranial magnetic stimulation [intermittent
Theta Burst Stimulation (iTBS), repetitive Transcranial
Magnetic Stimulation (rTMS)]; transcranial direct cur-
rent stimulation (tDCS), Transcutaneous Electrical
Nerve Stimulation (TENS) and Whole-Body-Vibration
(WBV). Notably, due to the high heterogeneity of
included RCTs, a meta-analysis could not be per-
formed, whereas further limitations of RCTs included
small sample sizes, high risk of bias, short follow-up
periods, variable outcome measures, and inclusion
of diverse MS patient populations with diverse MSS
symptoms. In particular, the authors reported that
all studies scored ‘low’ on methodological quality
assessment [92].

This systematic review concluded that there was
‘low level” of evidence for physical activity programs
used in isolation or in combination with other in-
terventions for MSS (pharmacological or non-phar-
macological), as well as ‘low level’ of evidence for
intermittent/repetitive magnetic stimulation (iTBS/
rTMS) with or without adjuvant exercise therapy to
improve MSS in adults [92]. Conversely, no evidence
of benefit was detected to support the use of TDCS,
TENS, sports climbing and vibration therapy for MSS
treatment (Table 5).

7a. Physical activity programs
With respect to physical activity programs, the
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previous systematic Cochrane review [92] included
4 RCTs [97-100] that evaluated the impact of differ-
ent types of physical therapy (including structured
physiotherapy, exercise program and sports climb-
ing) on MSS. Among them, 3 RCTs evaluated these
therapies in conjunction with other interventions:
botulinum neurotoxin (BoNT) [97], iTBS [98], and vi-
bration therapy [99]. One RCT [97] with 38 secondary
progressive MS patients, examined whether the ad-
dition of physiotherapy may enhance BoNT's efficacy
in treating focal spasticity. The intervention group
received BoNT and add-on daily physiotherapy for
15 days, encompassing passive, active and stretch-
ing exercises, while the control group received only
BoNT. This RCT found a significant decrease in MSS
in the combination treatment group compared to the
group receiving only BoNT injections, as indicated by
the significant reduction in MAS scores noted for up
to 12 weeks following treatment. Another double-
blind, sham-controlled clinical trial [98] investigated
the effects of combined iTBS and exercise therapy
on motor disability in MS patients. Thirty patients
were randomized into 3 groups: iTBS plus exercise
therapy, sham stimulation plus exercise therapy, and
iTBS alone. There was a significant improvement in
MAS scores, MSSS-88, fatigue and QoL scores in the
iTBS plus exercise therapy group, but not in the sham
stimulation plus exercise therapy group. A significant
reduction in MAS score was also noted in the iTBS
group, while other measures of MS-related disability
remained unaffected in this treatment group. One
trial [99] evaluated the efficacy of WBV on muscle
tone, muscle force, sensation and functional ability
in MS. Sixteen participants were randomly allocated
into two groups: the first group underwent 4 weeks
of WBV plus exercise 3 times per week, 2 weeks of
no intervention and then 4 weeks of exercise alone 3
times per week; the second group underwent these
treatment interventions in the reverse order. The ex-
ercise program had positive effects on muscle force
and well-being, but there was insufficient evidence
that the addition of WBV provided any additional
benefit, while no significant differences in MAS scores
were detected from either intervention. Neverthe-
less, for each group, the combination of WBV with
exercises showed significant reductions on MSSS-88
sub-scales of muscle spasms and pain. Some non-
significant improvements in functional abilities were
also noted, including 10-meter walk and Timed Up
and Go Test. The fourth RCT [100] included in the
systematic Cochrane review [92], investigated the
effects on MSS, fatigue, cognitive impairment and
mood of two different aerobic physical activities:
sports climbing and yoga. This trial included 20 par-
ticipants with relapsing remitting or progressive MS,
which were randomly allocated to a 10-week inter-
vention period. No significant improvements in MSS
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were found from either intervention (measured using
MAS). It is however worth noting, that in the sports
climbing group, there was a significant reduction in
EDSS pyramidal functions score, while in the yoga
group there was a significant increase in selective
attention performance.

Despite the lack of robust evidence from RCTs
in MSS, there is a strong expert consensus that, in
clinical practice, rehabilitation programs aiming to
improve passive and active motor function should
be recommended [51, 96]. However, caution is war-
ranted to avoid unwanted increase in muscle tone.
Sustained passive muscle stretching with extended
positions of the extremities may improve the pas-
sive range of motion [51, 101]. In addition, there is
promising evidence that the damage-oriented train-
ing (“Impairment-Oriented Training”), which includes
the systematic repetitive training of a paretic limb,
as well as modified “Constraint-Induced Movement
Therapy” protocols, may have beneficial effects on
motor function while attenuating spasticity in paretic
extremities [51, 102, 103]. Similarly, device-assist-
ed physiotherapy should be considered in passive
and passive-active therapy protocols [51]. Finally,
it should be stressed that besides physical therapy,
occupational therapy, logotherapy (speech therapy),
nutrition monitoring to prevent muscle wasting and
osteoporosis, as well as psychological support should
all be included in multimodal programs tailored for
MSS patients (Table 5).

7b. Casting, splints and orthotic devices

Splints, casts and orthotic devices can be classi-
fied as aids used in extremities with spastic paraly-
sis for tone and posture regulation as well as for
contracture prophylaxis. They may be used alone
or in combination with other MSS therapies [51].
The term “casting” or “serial casting” refers to the
sequential use of several casts for the treatment of
a spastic contracture (with restricted passive range
of motion: pROM). A therapeutic improvement of
the pROM in the affected extremity is achieved by
means of individualized casts made serially in specific
joint angles. Previous studies have shown that splint/
casting treatment is ineffective for the prevention of
spasticity and contractures [104].

However, for cases with chronic spasticity, positive
effects have been described by the use of various
types of splints at the elbow, wrist [105, 106], ankle
and foot [107]. Interestingly, a positive effect has also
been reported with combined use of casting and
BoNT therapy in patients with spastic contractures
[108]. Moreover, with respect to orthotic devices,
ankle-foot orthoses (AFO) are frequently used in pa-
tients with MSS. AFO by covering the foot and ankle
area, can either be completely rigid to immobilize
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the ankle or may encourage movement in certain
directions. The dynamic AFO helps in controlling
foot drop, facilitating normal posture in an upright
position, improving the gait pattern, and preventing
falls. Although the criteria according to which cast-
ing, splints and orthotics should be used in clinical
practice are not sufficiently addressed or described in
clinical studies, there is expert consensus that these
aids may be considered especially for patients with
severe forms of MSS with concomitant contractures.
The serial application of plaster casts (closed casting)
may also be considered, for example in the ankle, to
facilitate posture correction [109].

Consequently, aided positioning in pain-free
stretching position is advisable for spastic muscles,
whereas for severe forms of MSS with incipient spas-
tic contractures (i.e., in the ankle or in the finger
flexors) the serial application of closed casts and
plaster casts can be recommended, alone or in con-
junction with pharmacological therapies (including
BoNT therapy) [51].

7¢. Repetitive magnetic stimulation
and transcranial direct current stimulation

Repetitive transcranial magnetic stimulation (rTMS)
comprises a non-invasive brain stimulation technique
that is painless and well-tolerated, and can induce
changes in cortical excitability both at the site of
stimulation and at remote sites, while resulting in
either facilitation or inhibition of neuronal networks
depending on the frequency and pattern of pulses
[110, 111]. The effects of rTMS are mediated by in-
duction of short-term and long-term synaptic plas-
ticity. Therapeutic protocols of rTMS are currently
implemented in several neurological disorders [111].
Intermittent theta burst stimulation (iTBS) is a recently
developed high-frequency and short-duration rTMS
protocol, which induces long-lasting effects while
being well-tolerated in clinical practice [112]. The use
of rTMS in MSS treatment has been systematically
reviewed in the literature by independent research
groups and expert panels [40, 113]. In a recent sys-
tematic review assessing MSS interventions using the
GRADE approach (Grades of Recommendation, As-
sessment, Development and Evaluation) [40, 114], 5
rTMS trials were evaluated [115-119], 3 of which were
double-blind sham-controlled randomized controlled
trials [116, 118, 119] and 2 were pseudo-randomized
sham-controlled trials [115, 117]. With respect to MSS
outcomes measured with MAS, a treatment effect
was observed with real but not sham stimulation
in 3 out of 4 trials [115, 117, 118], whilst one trial
[116] found improvement in MAS in both groups,
without significant between-group differences. In
the fifth trial [119], a significant benefit of real versus
sham stimulation was noted on MSS outcome mea-

sures, as well as on QoL outcomes. Due to inherent
methodological limitations of these trials, a weak
recommendation in favor of rTMS for the treatment
of MSS was formulated based on the previous data
[40]. Similar recommendations have been issued in the
recently published consensus paper of evidence-based
guidelines for the therapeutic use of rTMS in MSS,
suggesting a probable benefit of rTMS (iTBS protocols)
applied over the primary motor cortex (level B evi-
dence) [113]. Moreover, there are indications that in
patients with incomplete paraplegia, high-frequency
rTMS (or iTBS) of the parasagittal motor cortex (leg
representation area) may improve leg spasticity, espe-
cially when combined with gait training [120, 121].

Peripheral repetitive magnetic stimulation (prMS),
applied directly over the nerve roots (paraspinal stim-
ulation targeting the spastic muscles in the upper or
lower extremities), may also be used for spasticity
treatment. Whether a clinically-relevant treatment
effect can be achieved by prMS is still unclear from
the available observational studies [122]. A Cochrane
Review reported that there is currently inadequate
evidence to permit any conclusions regarding the
routine use of rPMS in patients with spasticity after
stroke [123], while the potential utility of prMS in
MSS treatment has not been systematically studied.
Nonetheless, expert recommendations suggest that
prMsS has an excellent safety profile and may be con-
sidered especially for patients with persistent MSS
despite the combined use of other pharmacological
and non-pharmacological interventions, provided
that the practitioner is competent in implementing
this technique [51].

With respect to transcranial direct current stimu-
lation (TDCS) there are currently insufficient data
to recommend its use in MSS treatment. A large
number of published TDCS studies suffer from major
methodological limitations, precluding any infer-
ences regarding the potential benefits of TDCS in
MSS treatment. In particular, 13 TDCS studies were
assessed in a recent systematic review using GRADE
analysis [40]; a total of 12 were excluded for a vari-
ety of methodological reasons, including outcomes
unrelated to MSS (n = 2), non-comparable drug/
interventions (n = 6), unspecified study type (n = 3),
review (n = 1). Only one study was finally included in
the GRADE analysis [124], a single-center, random-
ized, double-blind, sham-controlled trial with MAS
as the primary end-point. This trial failed to detect
any benefit of TDCS [124].

7d. Transcutaneous electrical nerve stimulation
(TENS)

Transcutaneous electrical nerve stimulation (TENS)
of the antagonists of spastic muscles has been sug-
gested to reduce spasticity and to enhance the pas-
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sively restricted range of motion (pROM) of affected
muscles [125]. In addition, application of TENS on
the muscle-tendon junction of spastic gastrocnemius
can improve functional gait parameters [126]. A sys-
tematic review of RCTs using TENS as spasticity treat-
ment, comprising 207 post-stroke patients, 84 MS
patients, and 39 patients with paraplegia, concluded
that, although TENS may be useful in clinical practice
because of its low cost, ease of use, and absence of
adverse reactions, the high variability of therapeutic
clinical study protocols precludes any robust conclu-
sions regarding TENS efficacy [127]. Similar results
were obtained from a systematic review using GRADE
assessment, which concluded that there is currently
insufficient evidence to support the use of TENS for
MSS treatment [40, 128]. Notably, in clinical prac-
tice, the effects of TENS on spasticity appear to be
stronger when TENS is combined with active therapy
(e.g., exercise and task-related training) [129].

Functional electrical stimulation (FES) is a technique
that combines electrical stimulation with intended or
partially self-performed activities (e.g. grasping and
manipulating or walking) and has been suggested to
improve spasticity, motor and walking ability [130].
Notably, FES devices generate low level electrical
impulses that stimulate nerves to generate muscle
contractions and have the ability to target specific
muscles at a specific time. Furthermore, electroacu-
puncture has been suggested to improve motor per-
formance, spasticity and activities of daily living [131].
Currently, there are no robust data from large RCTs
on FES or electroacupuncture to support their use
in MSS.Their potential utility should be individually
assessed in selected patients [51].

7e. Other non-pharmacological interventions

Currently, there is insufficient evidence to recom-
mend the use of thermal stimuli for MSS treatment
[51]. A study using alternating daily heating and
cooling in hemiplegic upper extremities failed to
document any lasting effects on muscle tone [132].
Similarly, as already mentioned in previous sections,
there is no evidence to support the use of whole
body vibration (WBV) for MSS treatment [133]. None-
theless, WBV may be associated with reductions of
muscle spasms and pain in MS patients [99], and
has been suggested that it may alleviate spasticity
for short periods of time in patients with paraplegia
[134]. Finally, there are insufficient data to date in
support of the use of extracorporeal shock wave
therapy (ESTW) in MSS [135]. Nonetheless, as ongo-
ing research on the aforementioned modalities will
expectedly facilitate the optimization of therapeutic
protocols, the utility of these therapeutic interven-
tions should be assessed in the future in the context
of well-designed RCTs in MSS patients.
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8. Pharmacological therapies for MSS

The selection of pharmacological therapies for MSS
should take into account the distribution of MSS
(focal, multifocal, segmental, generalized), the type
of MSS (continuous or paroxysmal), MSS complica-
tions and MSS-related symptoms. Individualized risk-
benefit assessment is recommended, as most phar-
macotherapies have distinct adverse-effect profiles
that should be evaluated when deciding to initiate
or modify MSS treatment. Particular caution is war-
ranted when choosing pharmacological therapies for
patients with MSS and predominantly brain-localized
MS lesions. In contrast to patients with spinal cord
lesions, MS patients with high brain lesion-load typi-
cally have reduced tolerance to central side effects of
oral antispastic treatments [51]. The most frequent
pharmacological therapies used for MSS include
centrally-acting oral antispastics, such as baclofen,
tizanidine, benzodiazepines, gabapentin and nabixi-
mols; the peripherally-acting oral antispastic dan-
trolene; intrathecally applied antispastics, including
baclofen; as well as intramuscular treatments with
various BoNT regimens. In the following sections, an
overview of the pharmacological therapies for MSS
will be presented, along with recommendations for
their use in clinical practice.

8a. Oral agents for MISS treatment

The oral agents most frequently used in clinical prac-
tice to treat MSS are baclofen (gamma-amino-butyric
acid [GABA]-B agonist), tizanidine (central alpha-2
agonist), benzodiazepines (GABA-A agonists), ga-
bapentin (GABA analogue), and dantrolene (muscle
relaxant inhibiting the release of calcium ions in the
muscle) [93, 136]. Of those, dantrolene is the only
antispasticity treatment acting primarily on muscles,
decreasing the excitation-coupling reaction involved in
muscle contraction through inhibition of the calcium
release from the sarcoplasmic reticulum [93]. In ad-
dition, an oromucosal spray (Sativex®) consisting of 2
cannabis derivatives (tetrahydrocannabinol [THC] and
cannabidiol [CBD] in a ratio of 50% THC to 50% CBD)
has been recently approved for the treatment of spas-
tically increased muscle tone in MS, and is particularly
effective against painful spasms [51, 137-140] (Table
6). This oromucosal spray, acts as a partial agonist
at cannabinoid receptors exerting both central and
peripheral effects, which are mediated by inhibitory
neurotransmitters that cause muscle relaxation [141].

Independent studies using MSS assessment scales
(e.g. AS, MAS), have provided preliminary evidence
supporting the beneficial effects of oral antispas-
tics on MSS; however, MSS reduction does not al-
ways translate into clear functional benefits or QoL
improvement (i.e., improvement in daily activities)
[4, 142]. In fact, discrepancies between spasticity
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Table 6. Overview of pharmacological agents used for MS-related spasticity (MSS)

Active ingredient Dosing Mechanism of action Side effects

Baclofen 10-100 mg/d GABA-B agonist Fatigue, dizziness, muscle weakness,
falls, dependency, epileptic seizures,
risk for misuse

Tizanidine 6-36 mg/d Alpha-2 adrenergic receptor | Fatigue, dizziness, hypotension
agonist and bradycardia, constipation,
xerostomia, liver dysfunction
Gabapentin 300-3600 mg/d | GABA- agonist, voltage- Fatigue, dizziness, headache,
gated calcium channels hypotension
Diazepam 5-30 mg/d GABA-A agonist Fatigue, dizziness, ataxia, hypotension,

muscle weakness with falls,
constipation, bladder dysfunction, de-
pendency especially in night spasticity

9-delta-THC / cannabidiol 32.4/30 mg/d & | CB1/2 receptor agonist Fatigue, dizziness, weakness, nausea,
10.8/10 mg/d depression, psychotropic properties
respectively
Intramuscular botulinum toxin | In Table 7 Inhibition the acetylcholine | Local irritation, bleeding, muscle
release weakness, incontinence
Intrathecal baclofen 25-1200 yg/d | GABA-B agonist Bladder and sexual dysfunction,

nausea, vomiting, hypotension,
respiratory failure, epileptic seizures

Abbreviations: GABA: Gamma aminobutyric acid, THC: Tetrahydrocannabinol, CB1/2 receptor: Cannabinoid receptors subtypes 1/2.

reduction and functional outcomes have been re- Sedation and neuropsychiatric side effects, includ-
ported in patients suffering from spasticity following  ing depression and cognitive disorders, represent
initiation of antispastic treatments. For example, a  additional side effects of oral antispastic drugs [146,
recent meta-analysis of 7 RCTs on systemically-acting ~ 147]. The clinical indications for MSS treatment, as
antispastic drugs versus placebo, comprising 403 pa-  well as the selection of antispastic agents should be
tients with spasticity, failed to detect between-group  critically assessed on an individual patient basis. A
differences in functional outcome measures [143).  gradual dose titration of antispastic medication is
Conversely, a significant risk of adverse events per  recommended. In order to optimize the tolerability
participant was observed in the treatment compared  and efficacy of oral antispastic drug treatments it is
to the placebo group (risk ratio (RR): 1.65, 95% Cl  important to develop individualized dosage regimens.
1.12 t0 2.42) [143). These data indicate that adverse  For instance, if a patient has difficulties in getting out
effects of systemically acting antispastic therapies  of bed, the drugs should be preferably administered
may hamper the potential benefits of these drugs  after arousal, whereas in patients with predominant
on functional improvement. nocturnal muscle spasms, increasing night-time doses
Centrally-acting oral pharmacotherapies exert their  can be useful [93]. Further aspects need to be consid-
antispastic effects by decreasing the excitability of  ered for a tailored antispastic treatment. For example,
spinal interneurons and motor neurons [51]. Conse-  as previously noted, MS patients with significant
quently, the limitations of oral MSS treatments are  brain lesion-load may exhibit more frequently ad-
associated with adverse effects on mobility, which  verse effects related to sedation compared to those
are typically dose-dependent, and most frequently  with spinal cord lesions [51]. Thus, these patients
involve a decrease in muscle strength [6, 57, 144,  should be closely monitored for adverse effects of
145]. In addition and especially in patients with sig-  centrally-acting antispastic drugs, while alternative
nificant motor impairments, antispastic drugs may  pharmacological therapies (such as BoNT) or the
significantly affect gait and reduce ambulation [51].  peripherally-acting antispastic dantrolene may be
Conversely, immobile patients (e.g., patients with  indicated in selected patients [51].
paraplegia or generalized spasticity) are most likely The most frequent side-effects and recommended
to benefit from oral antispastic therapies, which aim  dosages of oral antispastic drugs have been summa-
to reduce pain and muscle spasms, while facilitating  rized in Table 6. Briefly, among the centrally-acting
active-passive mobilization and nursing [6, 40, 51].  oral antispastics, baclofen has predominantly seda-
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tive and strength-reducing properties. Typical side
effects of tizanidine include xerostomia and drowsi-
ness, while combination of tizanidine with antihy-
pertensive drugs may cause significant decreases in
blood pressure [148, 149]. Moreover, tizanidine has
been linked to increased risk of hepatic dysfunction;
thus, it is recommended that liver function monitor-
ing is performed monthly for the first 6 months of
treatment and periodically thereafter. Furthermore,
predominant sedative effects are typically noted in
patients treated with benzodiazepines, gabapentin
and nabiximols, while dantrolene has been associated
with a substantial risk for hepatotoxicity (0.7-1%;
severe hepatitis or liver failure 0.1-0.2%) [150]; thus,
strict monitoring of patients undergoing dantrolene
treatment is advisable. It should be stressed that
adherence to recommendations concerning dosing
and monitoring is advisable in accordance with the
Summary of Product Characteristics (SPC) of each
approved pharmacotherapy. In the following sections,
the efficacy of different oral drugs used in MSS will
be briefly presented.

8a-1. Oral baclofen

Oral baclofen is a structural GABA-analogue, which
binds to pre- and postsynaptic GABA receptors, de-
creasing activity in motor neurons and interneurons
[136]. In clinical practice, symptom control is typically
achieved with doses up to 60 mg, with a maximum
daily dose of 100 mg. The effects of oral baclofen
have been systematically examined in a recent sys-
tematic review of RCTs and observational studies in
patients with MSS [136]. In this systematic review,
evidence on MSS treatments was assessed using pre-
specified levels of certainty (class I, II, Il and IV) [151].
The use of oral baclofen for MSS was examined in
9 randomized [152-160] and one non-randomized
[161] controlled clinical trials. Six out of 7 placebo-
controlled trials [152, 154, 156, 159-161] found a
significant improvement in MSS in patients treated
with oral baclofen compared to placebo, while one
identified study, with a lower sample size, found no
between-group differences [157] (class II/lll evidence).
In addition, baclofen was found to significantly im-
prove muscle spasms and clonus [154, 159] (class IlI
evidence). In 3 studies comparing baclofen with diaz-
epam, no significant between-group differences were
detected using the AS or other MSS scales [153, 155,
158]. Similarly, no differences were detected with
respect to the frequency of reported muscle spasms
between the two drugs [155, 158] (class Il evidence).
Additionally, high versus low doses of baclofen (30 or
60 mg) and diazepam (15 or 30 mg) were assessed in
one trial [153]. Even though both doses of both drugs
showed a significant change in the AS score pre- and
post-treatment, there was a marked improvement
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in patients who were able to tolerate higher doses
(class lll evidence). In the majority of analyzed tri-
als, baclofen showed an improvement in spasticity
compared to placebo, with no differences compared
to diazepam. However, side effects, including weak-
ness, drowsiness, paresthesia and xerostomia were
common (10%-75%) limiting the maximum tolerated
dose, but were fewer in patients treated with oral
baclofen compared to diazepam [162].

In line with the previous findings, another recently
published systematic review and consensus paper on
the use of pharmacological therapies for MSS [40],
included 4 double-blind, placebo-controlled studies,
analyzing the effects of oral baclofen therapy on AS
scores and spasticity NRS, in a GRADE analysis [152,
156, 157, 161]. The authors concluded that the qual-
ity of evidence was very low; there was however a
consensus for a weak recommendation for the use
of oral baclofen for MSS treatment [40].

8a-2. Tizanidine

Tizanidine is a short-acting muscle relaxant which
acts via stimulation of the central alpha-2-adrenergic
receptors, and leads to attenuated release of excit-
atory neurotransmitters at spinal and supraspinal
levels [136]. Tizanidine is typically started at a dose
of 2mg daily, and can be increased up to a maxi-
mum dose of 36 mg daily with an average effective
dose between 12 and 24 mg [107]. In a systematic
review of pharmacological therapies for MSS, 13
trials that examined tizanidine for MSS treatment
were identified: two assessing tizanidine in a single
dose compared to placebo [42, 163] and 11 assess-
ing the medium-term use of the drug (5-15weeks)
compared to placebo [164-167], diazepam [168] or
baclofen [169-174]. A detailed analysis of the re-
sults of these trials can be found in the systematic
review by Otero-Romero et al. [136]. In summary,
this systematic review showed that tizanidine was
superior in reducing MSS in the short and medium-
term compared to placebo, while being equally ef-
fective to diazepam or baclofen. Among the reported
side effects of tizanidine, which were mostly related
to its alpha-2-adrenergic activity, drowsiness and
xerostomia were the most prevalent, while a dose-
dependent effect was reported. Moreover, decreases
in heart rate and blood pressure were observed, and
tizanidine was also related to transient increases in
the levels of transaminases, which returned to nor-
mal levels after discontinuation of treatment [175].

In accordance with the previous findings, a re-
cent meta-analysis assessing the effects of tizanidine
on MSS compared to placebo, included 6 studies
in a GRADE analysis [40], 5 double-blind, placebo-
controlled trials [42, 167, 168, 176, 177], and one
double-blind, double-dummy, two-way crossover,
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placebo-controlled RCT [178]. The authors concluded
that there were various methodological limitations
in the identified studies. Therefore, this study group
concluded that there was consensus for a weak rec-
ommendation for the use of tizanidine in MSS [40].

8a-3. Benzodiazepines

Given the side-effect profile of benzodiazepines,
including their addiction potential and the associ-
ated increased risk for misuse and abuse, these drugs
should be considered as second-line treatments in
MSS [179]. Diazepam is known to enhance the effect
of the neurotransmitter GABA and contributes to
muscle relaxation via suppression of neuronal activity
in the reticular formation [136]. The maximum rec-
ommended dose is 30 mg/day, with an average dose
of 15mg. In a systematic review of clinical trials on
pharmacological treatments for MSS [114], diazepam
was shown to have a comparable efficacy to baclofen
with respect to MSS, although more sedation was
observed with diazepam (class Ill evidence) [153, 155,
158]. In comparison to dantrolene, tizanidine or ket-
azolam, a similar reduction of MSS was observed
with diazepam (class /Il evidence) [168, 180-182].

In another systematic review, 3 clinical studies were
included in a GRADE analysis [153, 155, 168], two of
which compared diazepam to baclofen [153, 155],
and the third was a RCT comparing diazepam to
tizanidine [168]. The authors reported that diazepam
was associated with significant reductions in muscle
tone; however, there were no significant differences
compared to the efficacy of tizanidine and oral ba-
clofen. Accordingly and based on the reported ef-
fects of oral diazepam, which were not superior to
the comparator (oral baclofen or tizanidine) and the
limited tolerability of the drug, the authors agreed
on a weak recommendation for the utilization of
benzodiazepines for MSS treatment [40].

8a-4.Gabapentin

Gabapentin represents a structural analogue of
GABA, which exerts GABAergic activity by binding
to receptors in the neocortex and hippocampus [136].
The normal starting dose is 300 mg/day, which can be
escalated up to a maximum daily dose of 3600mg. A
systematic review of studies assessing the effects of ga-
bapentin on MSS, included two randomized, placebo-
controlled short-duration crossover RCTs [183, 184].

The higher dose study [183] (up to 900 mg ga-
bapentin per os 3 times daily over a 6-day period)
found a significant reduction in all physician-assessed
measures and subject-reported MSS outcomes. The
lower dose study [184] (400 mg gabapentin per os
three times daily for 48 hours) reported also a re-
duction in the modified AS scores, but no effect on
clonus, reflexes or response to noxious stimuli (class I

evidence). The main adverse effects included drowsi-
ness, somnolence and dizziness, albeit treatment was
generally well tolerated, with no serious side effects
reported [183, 184].

The same RCTs were included in a systematic review
using GRADE analysis [40], prompting the authors to
agree on a weak recommendation for using gaba-
pentin to reduce spasticity in MS patients.

8a-5. Dantrolene

Dantrolene exerts its effects on the contractile
mechanism of skeletal muscle via reduction of calcium
release [136]. Treatment is usually started at 25mg
once daily and increased gradually to a maximum
of 400mg divided into four doses. In the previously
presented systematic review by Otero-Romero et
al. [136], 3 clinical studies assessing dantrolene for
MSS were identified: two small studies comparing
dantrolene with placebo [185, 186], starting at 50 or
25mag four times daily, respectively, and titrated to a
maximum of 100mg. A significant reduction in MSS
was noted using semi-quantitative scales in 42% of
patients on dantrolene and 27% on placebo [186]. In
addition, a third trial was included in this systematic
review, that compared dantrolene to diazepam [180].
Although both dantrolene and diazepam reduced
MSS at low and high doses, this reduction was sig-
nificantly greater in patients treated with dantrolene
at higher doses. The patients reported subjective
improvement for two symptom-categories (muscle
spasms or cramps and stiffness), while no statistical
differences were detected between drugs.

This review concluded that the use of dantrolene
is superior to placebo using objective and subjec-
tive measures, albeit this conclusion was based on
studies with low-quality of evidence [136]. It should
be noted that in clinical practice the use of dan-
trolene is restricted due to the high frequency of
side effects, including gastrointestinal symptoms,
weakness, fatigue, sedation and dizziness. More-
over, as already discussed in previous sections, the
risk of hepatotoxicity is a major limiting factor that
necessitates monitoring of liver function prior and
during therapy [51, 136, 150]. Taken together, the
previous results suggest that the use of dantrolene
should be restricted only to patients who show lack
of MSS improvement despite treatment with oral
pharmacotherapies, including baclofen, tizanidine
or gabapentin (Figure 2). Also, since weakness is a
frequent side effect of dantrolene, this drug may be
reserved for non-ambulatory patients [136].

8a-6. Nabiximols

Nabiximols (Sativex®) is an oromucosal spray of
cannabis extract containing THC and CBD and is cur-
rently the only approved cannabis-based drug for MSS
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Figure 2. Therapeutic algorithm for multiple sclerosis spasticity
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treatment [136, 187]. Therapy usually starts with a
2-week dose titration phase, up to a maximum daily
dose of 12 sprays. Nabiximols has been tested during
the past years against placebo in MS patients with a
variety of symptoms (spasticity, spasms, tremor, blad-
der problems, or pain). A systematic review and meta-
analysis including 3 randomized, placebo-controlled,
double-blind parallel group studies in 666 patients
with MSS, demonstrated that nabiximols is well tol-
erated and reduces MSS significantly compared to
placebo [138].

Many RCTs have corroborated to date the superior-
ity of nabiximols compared to placebo in reducing
MSS, while nabiximols has also been associated with
improved spasm frequency, reduced sleep disrup-
tion and improved functional outcomes [188]. In
the systematic review by Otero-Romero et al. [136],
nabiximols was found to have a positive effect on
MSS without serious adverse effects, when used as
an add-on therapy. Nevertheless, an increased in-
cidence of non-serious adverse events was noted,
with dizziness being the most frequently reported
symptom [189].

In another systematic review, 13 studies on nabixi-
mols for MSS treatment were included in a GRADE
analysis [40], in which different outcomes including
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AS, MAS, NRS, MSSS-99 and spasticity VAS were
evaluated. The expert panel of this consensus paper
agreed that evidence exists to recommend cannabi-
noids, and particularly oromucosal spray of nabixi-
mols, for the treatment of MSS and based on the
analyzed evidence, the strength of recommendation
was strong.

Taken together, the previous evidence supports
the use of nabiximols for MSS treatment, especially
in patients with a suboptimal therapeutic response
or poor tolerance of other pharmacotherapies [136].
It should be stressed, however, that close moni-
toring of the therapeutic response is warranted,
as approximately only half of treated patients re-
spond to nabixomols treatment, and discontinu-
ation should be considered in case of absence of
net clinical benefit or if significant side effects are
present [125]. It should be noted that a position
paper issued by the National Institute for Health and
Care Excellence (NICE) [190]supported the efficacy
and safety of nabiximols in MSS. Nevertheless, a
final recommendation against the use of nabixi-
mols in clinical practice was made due to unmet
cost-efficacy requirements. Thus, the possibility of
reimbursement should also be considered when
prescribing nabiximols in clinical practice.
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8a-7. Summary of recommendations on oral
pharmacotherapies

Taken together, the previous evidence on oral phar-
macotherapies for MSS indicates that there are lim-
ited data from RCTs to guide the choice of antispastic
treatments in MSS, while most oral antispastic drugs
have a narrow therapeutic range requiring cautious
titration and close patient monitoring [191]. In clini-
cal practice, there is consensus that in patients who
experience non-focal MSS, with significant impact on
daily life (i.e., interference with activities of daily living
or MSS-related pain), oral baclofen should be consid-
ered as one of the first treatment options [51, 136].
Given the potential risk for dose-dependent side ef-
fects, baclofen therapy should be initiated at low
dose (5-10mg daily) and gradually titrated upwards
to a maximum of 100 mg/day. We recommend the
use of tizanidine as an alternative to baclofen, given
the similarities in efficacy between the two drugs. To
minimize dose-dependent side effects of tizanidine,
initiation of treatment with 2 mg daily, with slow
titration to a maximum of 36 mg is recommended.
Crucially, monitoring of liver function should be per-
formed monthly for the first 6 months of treatment
and periodically thereafter. Gabapentin comprises
another alternative to baclofen and tizanidine, with
acceptable safety profile; however, there are scarce
data regarding its efficacy in MSS, while head to
head comparisons between gabapentin and other
pharmacological therapies for MSS are missing. Ga-
bapentin may be particularly considered for patients
with MSS and neuropathic pain, or fluctuating MSS
with paroxysmal components of spastic dystonia. Giv-
en the increased risk of side effects associated with
the use of benzodiazepines, including the increased
risk for addiction and misuse, diazepam should be
reserved for patients that experience severe MSS
and have failed alternative treatment options. Dan-
trolene and nabiximols may be indicated for selected
patients who experience MSS despite combined use
of other non-pharmacological and pharmacologi-
cal treatments. Finally, a stepwise approach to MSS
therapy is preferable, favoring monotherapy over
drug combinations, although combination of drugs
may be clinically useful, but requires careful titration
to establish a both effective and tolerable treatment
regimen. A summary of the presented recommenda-
tions is provided in Figure 2.

8b. Intrathecal therapies

8b-1. Intrathecal baclofen

Baclofen does not effectively cross the blood-brain
barrier when administered orally; thus, intrathecal
baclofen (ITB) achieves much higher concentrations
in the CSF [192]. A surgically implanted pump with
reservoir achieves a 4 times higher concentration of

the drug at the 1% of oral dosage [136]. In clinical
practice, pump implantation may be considered only
after testing responsiveness and determining optimal
individual doses. Typically, treatment is started at a
dose of 25 pg/day, increasing over the first 6 months
up to an average of 400 to 500 g daily.

A systematic review assessing RCTs on ITB for MSS,
identified 3 RCTs [193-195] that examined the effect
of ITB infused by programmable infusion pumps, af-
ter having asserted responsiveness to treatment. A
long-term multicenter placebo-controlled trial com-
prising 22 patients who underwent ITB [194], found
significant improvements in the AS scores in the active
treatment group, as well as significant improvements
in the spasms score and the self-reported pain score
(class | evidence). These results were corroborated in
a larger multicenter trial [193] (class lll evidence), and
in a short-term placebo-controlled crossover trial [195]
(class Il evidence). Similar results were also obtained
by an independent systematic review [40] that based
on the results of 2 RCTs assessing the effects of ITS
on AS scores [194, 195], concluded that, despite the
low quality of identified studies, there was strong
consensus for the use of ITS for MSS treatment.

ITB can be an effective treatment alternative to oral
medications in patients who have severe MSS and a
suboptimal response to oral medications, or poor tol-
erance due to side effects of oral pharmacotherapies.
Side effects caused by the drug itself are uncommon
[136], with the most common being drowsiness, diz-
ziness, blurred vision and slurred speech. Technical
complications are mainly related to the surgical proce-
dure, while pump and catheter dysfunction have also
been reported in clinical studies [193, 195]. ITB may
be considered especially in patients with lower limb
spasticity, while the effects of ITB should be assessed
prior to implantation, with an external pump that
infuses baclofen and allows assessment for respon-
siveness, including the effects on walking ability [2].
Recently, several studies have argued that ITB therapy
may be underutilized in the MS population due to to
underestimation of the impact of MSS on QoL and to
concerns about the cost and safety of [TB therapy [2].
Delivery of ITB therapy requires expertly trained staff
and proper facilities for pump management; there is
strong expert consensus that ITB should be considered
in patients with persisting MSS despite conventional
treatments [191], while a careful selection of patients
and establishment of realistic and mutually agreed
treatment goals are recommended [136]. The effi-
cacy of ITB in functional status improvement and pain
reduction in patients with severe MSS or spinal cord
injury has been also shown in a Greek cohort [67].

8b-2. Intrathecal phenol
In the systematic review of Otero-Romero et al.
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[136], no RCTs evaluating the effect of intrathecal
phenol on MSS were identified. Four identified obser-
vational studies were reviewed [196-199]. Of those,
two studies reported descriptive results in terms of
general relief of MSS (class IV evidence) [196, 197].
A cross-sectional observational study compared the
effects of initial phenol injection (initial group) versus
subsequent injections (serial group) in different mus-
cle groups, showing a significant reduction in the AS
scores in both groups (class IV evidence) [198]. Finally,
in a retrospective observational study comprising 34
MS patients, intrathecal phenol was associated with
MSS improvement assessed by a simple rating scale
and by attainment of rehabilitation goals (class IV
evidence) [199]. Thus, there is insufficient evidence
to support the use of phenol intrathecal injections
for MSS treatment, while the very low quality of the
aforementioned studies precludes any meaningful
inferences regarding the potential utility of intrathe-
cal phenol in the MS patient population.

8c. Botulinum neurotoxin therapy (BoNT)

BoNT acts by inhibiting acetylcholine release from
nerve endings, thereby causing presynaptic neuro-
muscular block and impeding muscle contraction
[200]. The neurotoxin is produced by anaerobic
Gram-positive bacteria of the Clostridium genus.
Local injection of BoNT in isolated muscles has effects
that typically last for several weeks to months, while
the blockage of neurotransmitter release by BoNT is
irreversible [201]. Neuromuscular function has been
shown to recover by sprouting of nerve terminals
and formation of new synaptic contacts [201]. So far,
BoNTs have been classified into 8 different serotypes
denoted with different alphabetical letters (A to H).
Among these, serotype A is almost exclusively used
for therapeutic purposes, as it provides the most
consistent efficacy [202]. In total, 3 type A and one
type B botulinum toxins have been approved by the
FDA (U.S. Food and Drug Administration) for clinical
use. Botulinum toxins type A include onabotulinum-
toxin A (Botox®), incobotulinumtoxin A (Xeomin®)
and abobotulinumtoxin A (Dysport®). The type B is
rimabotulinum toxin (Neurobloc®). The following
bioequivalent units between these toxins have been
suggested in RCTs: 1 unit of Onabotulinum toxin A
=1 unit of incobotulinum toxin A =3 abobotulinum
toxin A units = 40-50 units of rimabotulinum [203].
Nevertheless, there are substantial variations in bio-
equivalence among different BoNT across different
muscles [204].

Upper and lower limb spasticity, regardless of the
underlying cause of spasticity, are now FDA-approved
indications for BoNTs based on data provided by large
multicenter studies, which also included MS patients
[205]. Although current SPCs of BoNTs approved in
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Greece do not include MSS in the indications for
BoNT treatment, there is expert consensus that BoNT
can be safely and effectively utilized in the treatment
of upper and lower limb spasticity in MS, similar
with the provided recommendations for BoNT use
in the treatment of post-stroke spasticity [40, 51,
136, 206]. According to currently approved SPCs, the
BoNT regimens available in Greece for treatment of
post-stroke upper and lower limb spasticity include
onabotulinumtoxin A (Botox®) and abobotulinum-
toxin A (Dysport®) (Table 7). It is worth noting, that
recommendations regarding the therapeutic use of
BoNT for the management of post-stroke upper and
lower limb spasticity have been previously published
in a consensus document of the Hellenic Neurologi-
cal Society, the Hellenic Society of Cerebrovascular
Diseases, and Hellenic Society of Physical and Reha-
bilitation Medicine [207]. In the following sections,
the data regarding the therapeutic use of BoNT for
MSS treatment will be presented, along with rec-
ommendations of an expert panel regarding their
implementation in clinical practice for the treatment
of upper and lower limb spasticity in MS patients.
A recent systematic review including clinical stud-
ies on BoNT for MSS treatment [136], identified a
total of 5 studies, 3 of which were excluded from
subsequent analysis due to methodological reasons
[case-series design [208], MS patients representing
less than half of the sample [209], and open-label
uncontrolled design [210]. The two available placebo-
controlled RCTs studied the commercial preparations
Botox® or Dysport® [47, 211]. The first RCT [211],
published more than 30 years ago, demonstrated
the efficacy of onabotulinumtoxin A (Botox®) in MSS
of leg adductors by using a double-blind, placebo-
controlled crossover study design. Nine patients, who
were either chair-bound or bed-bound with chronical-
ly stable MS were included. Adductor brevis, longus,
and magnus muscles were injected with 100, 100,
and 200 mouse units (MU) of onabotulinumtoxin A,
respectively. The study demonstrated that BoNT was
associated with a significant reduction in spasticity
and a significant improvement in the ease of nursing
care, while no adverse effects were reported (class
Il evidence). In the second RCT [199], 74 patients
with definite or probable MS, and disabling MSS af-
fecting the hip adductor muscles of both legs, were
randomized to one of 4 groups, to receive abobotu-
linumtoxin A (Dysport®) (500, 1000 or 1500 Units), or
placebo by intramuscular injection in the hip adductor
muscles. The study found a significant improvement
in the measured distance between the knees during
passive movements for the 1500-Unit group com-
pared to placebo, and significant improvements in
hygiene for the 1000- and 1500-Unit groups. Pain
and spasm frequency improved to a similar extent in
all 4 groups, but significant changes in muscle tone
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Table 7. Recommendations regarding intramuscular injections of onabotulinumtoxinA and abobotulinumA for MS-relat-

ed spasticity (MSS)

Muscle group

Botulinum toxin agents

Onabotulinum toxin

Abobotulinum toxin

Clinical Pattern Muscles Range Max. No Range Max. No of
of dose of injection sites of dose injection sites
(Units) per muscle (Units) per muscle
Flexor Carpi Radialis 50-75 2 100-200
Flexed Wrist
Flexor Carpi Ulnaris 25-50 2 100-150
Flexor Digitorum Superficialis 40-50 2 100-150
Flexor Digitorum Profundus 25-60 2 100-200
Clenched Fist Flexor Pollicis Brevis 10-15 1
Flexor Pollicis Longus 25-30 2 100-200
Adductor Pollicis Longus 10-12.5 1 25-50
Flexor Digitorum Superficialis 25-60 2 100-200
Flexed fingers
Flexor Digitorum Profundus 25-75 2 100-200
Brachioradialis 25-50 2 100-200
Flexed elbow Biceps Brachii 10-50 4 200-300
Brachialis 50-100 2 100-200
Pronator Quadratus 10-25 1
Pronated forearm Pronator Teres 45-60 2 100-200
Flexor Pollicis Longus 40-50 2 50-100
Thumb in palm Adductor Pollicis 10-20 1
Flexor Pollicis Brevis 12.5-20 1
Pectoralis complex 75-100 4 100-200
Adducted Shoulder
Latissimus Dorsi 75 4
Adductor Magnus 75-150 2 100-150
Adductor Longus 75-80 2 100-150
Adductor Brevis 20-25 2
Adducted Thigh
Gracilis 25-40
lliopsoas 25-150
Medial Hamstrings 50
Medial Hamstrings 125 4
Lateral Hamstrings 75 4
Flexed knee Gastrocnemius 50-200 100-450 1-3
lliopsoas 40-150
Gracilis 50

7] EAAHNIKH
ﬂ NEYPOAOTIKH
ETAIPEIA

Archives of Clinical Neurology 31:3-2022, 18-50



Management of spasticity in multiple sclerosis

37

Table 7. Continuity

Rectus Femoris 80-125 4
Vastus Medialis 50 2
Extended knee Vastus Lateralis 50-70 2
Vastus Intermedius 35-75
Gluteus Maximus 40
Tibialis Posterior 100 100-250 1-3
Gastrocnemius 125 200-300
Soleus 75-100 150-200
Tibialis Anterior 75
Fquinovarus Foot Flexor Digitorum Longus 20-75 28:?88 1-2
Flexor Digitorum Brevis 13-38 50-200 1-2
Flexor Hallucis Longus 25-38 50-200 1-2
Extensor Hallucis Longus 13-50
Gastrocnemius 125 4 100-300 1-3
Plantar Flexed Foot Soleus 75 4 150-200 2-4
Ankle Tibialis Posterior 25-75 100-200
Long Toe Flexor 20
Extensor Hallucis Longus 50 50
Striatal Toe | EXensor Halludis Longus | 5 2
Extensor Digitorum Longus 25-30
Flexor Digitorum Longus 50-80 2 1500(;_210500 1-2
Flexed Toe Flexor Digitorum Brevis 25 1 50-200 1-2
Flexor Hallucis Longus 40-50 2 28588 1-2
Flexor Hallucis Brevis 13 50-100 1-2

were only observed in the botulinum toxin groups.
Time to re-treatment was significantly longer for
all treatment doses compared to placebo (class |
evidence). Concerning side effects, the frequency
of muscle weakness was found to be higher in the
1500-Unit treatment group (36%) compared to the
placebo group (6%). The authors concluded that the
optimal dose for hip adductor spasticity seems to be
500-1000 Units abobotulinumtoxin A (Dysport®),
divided between both legs [199].

Despite the small number of patients and the short
duration of the previous RCTs, the observed effects
on MSS and the safety profile of BoNT (similar to
placebo with the exception of muscle weakness) have
prompted independent research groups and expert
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panels to support the use of BoNT for the treatment
of MSS [40, 51, 136]. In another systematic review, 4
controlled trials were included in a GRADE analysis:
the two previously presented RCTs [47, 211], and two
single-blind randomized trials [97, 212]. Giovanelli
et al. [97] conducted a single-blind, pilot RCT over
a 12-week study period, including 38 patients with
progressive MS and focal spasticity of the upper and
lower limbs. The aim of this study was to assess
whether combined physiotherapy can improve the
response to BoNT. All patients included in this study
received onabotulinumtoxinA (Botox®), whereas the
treatment group received additional physiotherapy
with strengthening and stretch exercises. MSS out-
comes were evaluated at baseline, 2, 4, and 12 weeks
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post-treatment by the use of MAS and VAS scales.
Patients with focal MSS of the upper or lower limb
were treated with Botox® 100 U diluted (50 U/mL),
which was injected in upper limb muscles affected
by MSS as follows: in flexor digitorum superficialis
(two sites), flexor carpi radialis (two sites) and flexor
carpi ulnaris (two sites). Accordingly, in the lower
limb muscles, Botox® 100-300 U diluted (50 U/mL)
was injected in the tibialis posterior (one site), gas-
trocnemius medial and lateral (three sites) and soleus
(two sites). A significant decrease in MAS scores was
observed in the treatment group at all study time
points, while combined treatment was more effec-
tive as reflected by the significant decrease in VAS
measures. Crucially, this study underscored the role
of physiotherapy, which in combination with BoNT,
can significantly improve the overall response to BoNT
in MS patients. Another single-blind, RCT [212], in-
cluding 42 patients with secondary progressive MS
and knee/ankle MSS, suggested that, besides phys-
iotherapy, segmental muscle vibration may have ad-
ditive effects to BoNT [onabotulinumtoxinA, Botox®
100-300 U diluted (50 U/mL) in the rectus femoris,
gastrocnemius medial and lateral, and soleus muscles]
and can effectively reduce MSS while improving fa-
tigue in the medium-term follow-up. Importantly,
none of the previous studies reported any adverse
events from BoNT in MS patients [97, 212]. Taken
together, the previous findings have led the authors
of the systematic review to conclude [40] that despite
the small sample size from clinical studies - with a
total of 134 patients treated with BoNT - the quality
of evidence was moderate. Therefore, this panel of
experts reached a consensus to recommend the use
of BoNT for MSS treatment [40].

It should be noted, that despite the compelling
data on the efficacy of BoNT in MSS treatment, there
is an ongoing controversy in the literature with re-
spect to the magnitude of response to BoNT therapy
in MSS compared to stroke-related spasticity [205].
In a study of 99 patients with spasticity [33 MS, 33
stroke, 33 cerebral palsy (CP)], the investigators found
that MSS patients required substantially higher doses
of BoNT to achieve a significant clinical response
[213]. By contrast, a large prospective registry of
508 patients found no differences with respect to
dose and magnitude of response to BoNT between
different types of spasticity (stroke, traumatic brain
injury, MS, CP) [214]. Individualized titration of BONT
is recommended for MSS treatment, while physicians
that utilize BoNT should adhere to the approved/rec-
ommended dosages of local authorities’ guidelines.
Table 7 summarizes the recommended dosages per
muscle based on expert consensus and in accordance
with the recommendations for post-stroke spasticity
[207, 215].

Data from clinical studies indicate that even high

BoNT doses (e.g., onabotulinumtoxinA doses of
>600, abobotulinumtoxinA 500-1000 U) are generally
well tolerated, causing mostly transient side-effects
(most frequently muscle weakness) without any life-
threatening complications [216-218]. It should be
noted, however, that the maximum total botulinum
toxin dose per session should not exceed 400 Units
for onabotulinumtoxin A (with possibility to increase
to 600 Units per session depending on treatment
response) and 1500 Units for abobotulinumtoxin A.

Based on the results of RCTs and meta-analyses,
the American Academy of Neurology has recently
updated their guidelines on the use of botulinum
toxin for the treatment of patients with spasticity
[219]. Accordingly, abobotulinumtoxin A, onabotu-
linumtoxin A and incobotulinumtoxin A are recom-
mended as first line treatment options for upper-limb
spasticity (Level of Evidence A), whereas rimabotuli-
num B should be considered as an alternative treat-
ment (Level of Evidence B) [219]. With respect to
lower-limb spasticity, these guidelines suggest that
abobotulinumtoxin A and onabotulinumtoxin A are
established as effective and should be offered for
spasticity treatment (Level of Evidence A). Notably,
there is evidence from a randomised, double-blind,
placebo-controlled trial comparing BoNT (onabotu-
linumtoxinA, Botox®) injected into spastic upper limb
muscles with oral tizanidine or placebo, showing
that BoNT was superior to tizanidine for improv-
ing wrist and finger flexor tone, whereas tizanidine
showed no benefit over placebo [220]. Moreover, a
high incidence of adverse effects with tizanidine in
this RCT limited its dose titration [220]. Based on
these findings, the American Academy of Neurology
recommends that BoNT (with onabotulinumtoxinA)
should be considered as a treatment option before
tizanidine for treating adult upper extremity spas-
ticity (Level B) [219]. It should be noted, however,
that these guidelines do not differentiate between
underlying causes of spasticity, and do not provide
specific guidelines for MSS treatment.

Perhaps the most robust evidence so far for the
use of BONT has been provided by a consensus pa-
per of the IAB (Interdisziplindrer Arbeitskreis Bewe-
gungsstorungen) - Interdisciplinary Working Group
for Movement Disorders task force [206]. In this
position paper, the authors performed a systematic
literature search, identifying a total of 55 publications
(3 RCTs as cited above, 3 interventional studies, 11
observational studies, 2 case studies, 35 reviews, 1
guideline), all of which unanimously favored the use
of BoNT for MSS treatment. The committee con-
cluded that based on the reviewed data, there is no
reason to assume that BT is less effective or safe in
MSS than in post-stroke spasticity; thus, MS spe-
cialists should consider BoNT for MSS treatment. In
addition, the committee advocated for expansion of
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BoNT indications to include all types of spasticity re-
gardless of its etiology, and stressed that SPCs should
be promptly updated and approved by national and
international regulatory authorities.

Finally, it should be stressed that BoNT for MSS
treatment should be applied by physicians trained in
its use. The number of injection sites per muscle de-
pendents on their size, the severity of hypertonia, the
degree of muscle weakness, and the response to pre-
vious injections. Administration of multiple injections
may allow for a more uniform contact with the sites
of muscle innervation, particularly in larger muscles.
Additionally, in extremities that preserve a certain
degree of voluntary movement, BoNT injections in
selected muscles may contribute to the development
of the appropriate conditions for the upper and lower
limb that will enable a patient to participate in spe-
cialized rehabilitation programs, using for example
guided plasticity techniques. In case of insufficient
treatment responses, expert panels recommend: 1)
increasing dose at a subsequent session, 2) increasing
the number of injected muscles, 3) modifying dilu-
tion of the product [221]. In addition, ultrasound,
electromyography, and electrical stimulation may all
be used for guided and more accurate delivery of
BoNT, since guided BoNT clearly outweighs the non-
guided delivery in various patient groups, including
MS patients [222, 223]. Moreover, adherence to a
minimum of 12 weeks intervals between injection
sessions is recommended to reduce tolerance and
prevent formation of neutralizing antibodies (NAbs)
against botulinum toxin [224, 225].

Recommendations regarding the use of BoNT in
anticoagulated patients have been previously pub-
lished in the consensus document of the Hellenic
Neurological Society, the Hellenic Society of Cerebro-
vascular Diseases, and the Hellenic Society of Physical
and Rehabilitation Medicine on post-stroke spasticity
[207]. Briefly, intramuscular BoNT injections for the
treatment of spasticity in anticoagulated patients
should not be withheld regardless of the localization
of targeted muscles [207, 215, 226, 227]. Moreover,
it is suggested using 25G sized or smaller needles
when injecting into deep compartment muscles of
the lower limbs, and the International Normalized
Ratio (INR) value should be <3.5. In cases of fluctuat-
ing INR values or suspected coagulopathy, a recent
INR value should be available (last 2-3 days). For cases
on direct oral anticoagulants (DOACs), the same pre-
cautions as for patients on warfarin and normal INR
range should be taken. No dosage modification of
DOACs before treatment is recommended [227].

Besides the utility of BoNT in MSS treatment, an-
other indication of BoNT that merits mention involves
the treatment of neurogenic bladder dysfunction
in MS patients. Although the treatment of overac-
tive bladder requires endoscopic BoNT injections and
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should be performed strictly by trained urologists
or gynecologists, it is important in the context of
the present consensus paper to stress that there is
level A of evidence (effectiveness in two or more
class | studies) supporting that the injection of ona-
botulinumtoxin A into the bladder’s detrusor muscle
improves MS-related neurogenic detrusor overactiv-
ity (NDO) and MS-related overactive (OA) bladder
symptoms [205]. The FDA has approved the use of
onabotulinumtoxinA for the treatment of NDO based
on the results of two large multicenter studies [228,
229], which included a total of 691 patients, and
demonstrated that BoNT can significantly reduce the
frequency of urge urinary incontinence and improve
urodynamic parameters in patients with NDO. These
results have been recently confirmed by independent
meta-analyses, indicating that onabotulinumtoxin A
is both effective and safe for treating patients with
NDO compared to placebo [230-232]. Thus, neurolo-
gists, urologists and physical medicine and rehabilita-
tion physicians should be aware of the safety and
efficacy of BoNT in the treatment of OA, and refer
accordingly MS patients suffering from OA symptoms
to allied medical specialties for clinical assessment.
Finally, there are emerging data mostly, based
on retrospective class IV studies, demonstrating a
potential efficacy of BoNTs in other MS symptoms,
including focal myokymia, spastic dysphagia, and
double vision due to internuclear ophthalmoplegia
[205, 233]. Safarpour et al. have recently reviewed
the literature, presenting single observational studies
with promising results for the previous conditions
[179], whilst they concluded that there is no data to
support the use of BoNT for MS-related trigeminal
neuralgia and sialorrhea. Even though some small
observational studies have provided encouraging
results, there is no evidence to date to support the
utility of BoNT from large, well-designed RCTs for any
of the previous indications. Therefore, no evidence-
based recommendations can be formulated for the
use of BONT in MS patients with such symptoms.

9. Conclusions

The present consensus paper of the Hellenic Neu-
rological Society, the Hellenic Academy of Neuro-
immunology and the Hellenic Society of Physical
and Rehabilitation Medicine provided a summary of
the current evidence on pharmacological and non-
pharmacological MSS treatments. This document
underscores the importance of engaging interdisci-
plinary groups in MSS management and aims to raise
awareness among clinicians for the early recognition
and treatment of MSS. Proposed practical algorithms
for the diagnostic approach and therapeutic man-
agement of MSS have been provided in Figure 1 and
Figure 2, respectively.
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The main steps of these algorithms are summa-
rized below:

* With respect to pharmacological therapies, due to
the narrow therapeutic range of oral antispastics,

« All MS patients with upper or lower limb paresis/ a careful titration of dosing is recommended. First-

paralysis should be clinically evaluated for the pos-
sible presence of MSS using both clinically standard-
ized (AS scale, MAS, Tardieu, or REPAS scale) and
functional scales that incorporate patient-relevant
symptoms and QoL measures. In addition, the im-
plementation of combined scales is advisable for
patient follow-up and monitoring of responsiveness
to MSS therapies.

The initial assessment of MSS should entail thor-
ough assessment of different functional domains
(including use of MSFC and EDSS scales), but also
of different organ systems to identify possible com-
plications of MSS, including bladder/bowel dysfunc-
tion, dysphagia, contractures and limb deformities,
as well as pressure sores.

Before initiation of MSS treatments it is important
to assess potential risk factors, including immobility,
pain, noxious stimuli, emotional tension, infections,
thromboses and fractures, along with potential
adverse effects of concomitant treatments; more-
over, regular assessment of DMTs is warranted to
ensure that disease activity does not contribute to
MSS aggravation.

Establishment of treatment goals should be decided
jointly with the patients and their caregivers, con-
sidering the patient’s daily activities and functional
impairment due to MSS.

In patients with motor deficits and MSS, rehabilita-
tion sessions (including, physical and occupational
therapy) are of fundamental importance for the pres-
ervation of mobility and functional independence.
With respect to non-pharmacological approaches,
physical activity programs can be used in combina-
tion with other interventions against MSS (phar-
macological or non-pharmacological). Among
non-pharmacological interventions, the use of in-
termittent/repetitive magnetic stimulation (iTBS/
rTMS) with or without adjuvant exercise therapy
has the highest level of evidence for improving
MSS. Conversely, the use of TDCS, TENS, sports
climbing and vibration therapy is not sufficiently
supported by evidence from RCTs; however, their
implementation in clinical practice, given their good
safety profile, may be considered on an individual
patient basis.

Similarly, other non-pharmacological therapies, in-
cluding hydrotherapy, cryotherapy, thermotherapy,
neurodevelopmental inhibitory techniques ortho-
ses/splints and robotic rehabilitation should be per-
formed only in experienced therapeutic centers,
as appropriate, and ideally within the settings of
clinical trials and as adjunctive to other first-line
spasticity treatments.

line treatments include oral baclofen and tizani-
dine, while gabapentin, diazepam, nabiximols and
dantrolene may be considered in selected patients
under close monitoring for potential side-effects.
In addition, intrathecal baclofen pumps may be
indicated especially for patients with serious side-
effects from oral pharmacotherapies and general-
ized MSS, whereas phenol pumps have no indica-
tion for MSS treatment.

Intramuscular BoNT injections should be consid-
ered in MS patients with upper and/or lower limb
spasticity, on the condition that BoNT treatment is
delivered by appropriately trained and experienced
physicians. The recommendation of BoNT injections
appears to have higher level of evidence compared
to oral pharmacotherapies for the treatment of
focal, multifocal and segmental spasticity.
Importantly, BONT treatment should be combined
with rehabilitation sessions, as well as with ortho-
ses/splints/casts, electrical nerve stimulation or vi-
bration therapy, as appropriate. The simultaneous
use of other techniques, like robotic technology,
depends on the experience of each therapeutic
center, and is recommended as appropriate, ideally
within the settings of clinical trials.

We recommend adherence to the approved BoNTs
dosages according to the respective SPCs. Since
MSS has not been included into currently approved
BoNT indications, we recommend that muscles/
BoNT dosing schemes should be aligned with those
approved for post-stroke spasticity. Currently, the
approved botulinumtoxin A regimens for both
upper and lower limp post-stroke spasticity man-
agement in Greece are onabotulinumtoxin A and
abobotulinumtoxin A.

The maximum total botulinum toxin dose per ses-
sion should not exceed 400 Units for onabotu-
linumtoxin A (with possibility to increase to 600
Units per session depending on treatment response)
and 1500 Units for abobotulinumtoxin A. Ultra-
sound-guided or electromyography-guided injec-
tions are recommended; the needle size should be
preferably >27G. Anticoagulant treatment is not a
contraindication for BoNT injections.

Finally, BONT may be indicated for patients with
neurogenic bladder dysfunction, and treating physi-
cians should refer early MS patients to allied spe-
cialties for consultation and treatment assessment.
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ApOpa...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»

«TO MEPIEXSIEVO TWV KATaxwpnoewy gival EUBUVN TV ETAIPEIDY MOU avapepovial
Kai oQeiel va akoNouBer tis npoBAendueves vOuILES MPoUnoBEoeis»

«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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Abstract

Recent advances in acute ischemic stroke treatment have ended, in theory, the therapeutic nihilism towards
stroke. In practice, implementation of approved treatments still lags in many European countries. European
Stroke Organization (ESO) Stroke Unit accreditation process is the first step for improving the quality of
stroke services. The process is simple and straightforward but users unaccustomed with quality procedures
may be intimidated by the requested documentation. Moreover, high variation of health systems among
European countries may further complicate the presentation of an acute stroke-ready center in a way to
fit the definition of an ESO-accredited stroke unit. The present narrative review may help the interested
stroke physicians formulate a comprehensive presentation of their center in order to facilitate accredita-
tion of those acute stroke-ready centers that have established high standards of stroke care. Several free
online resources concerning stroke education and accreditation will be provided. This document will also
address specific characteristics of the stroke health services in Greece, highlighting suboptimal practices in
the hope to initiate actions to promote adherence to ESO standards. Translating recent scientific advances
into current stroke care in Greece is a major challenge for Greek stroke physicians and collaboration with
public health agencies is necessary to achieve high quality care for stroke patients in Greece.

Key words: stroke, stroke units, accreditation, quality of care, European Stroke Organization, Greece
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MNepifinyn

O1 oUyxpoves e€eni€els tns BepaneuTKAS ToU 0EE0S I0XalpIkoU ayyelakou eykepanikoU eneicodiou (AEE) €0e-
oav éva €Aos otn pundeviotkn npoogyyion twv AEE, touddxiotov Bewpnukd. Xnv npdén, n epappoyn twv
anodebelypévwv anoteleopatikwy Bepaneiwv uotepel oe noAnés xwpes s Eupwnns. H diadikacia nicto-
noinons povédwv AEE ané tov Eupwnaikd Opyaviopd Eykepanikwv (European Stroke Organization, ESO)
duvartal va oupPdnel otn BeAtiwon s noldTNTas twv UNNPECIMV Uyeias yia tous aoBeveis pe AEE. H diadi-
kaofa eival anin anfd 1atpoi avetoikeiwtor pe diadikaacies niotonoinons iows 610TG00UV va NPOXWPNCOUV
o€ aftnon tou kévipou oto onoio epydlovial. EninAgov, diagopgs otnv kaBnpgpa KAVIKA Npakukh PEtaty
Eupwnaikdv kpatwv au&dvouv tnv avopoloyEvela kal duoxepaivouv tnv napouciacn pias KAIVIKAS Mou voon-
nevel aoBeveis pe AEE pe tpdno nou va Oeixvel Npooappoouévn otov oplopd pias povadas AEE cUpgwva pe
tov ESO. H napouoa nepiypaph otoxevel va Bonbnaoel tous 1atpoUs nou Slaxelpifovtal aoBeveis pe AEE oto
va dnploupynoouv pia cuvodikh napouaciacn s KAIVIKAS Tous, WOTE va eUodwBel n eupwnaikh niotonoin-
on ekeivwv twv eAANVIKOV povadwy nou napéxouv NdN uynAh NoidTNTa UNNPESIMV otous acBeveis ye AEE
anid napoucidlouv endoooves eNNeiyels, Nou dev eival dPWS anayopeuTKES TNs EUPWNAiKNS MioTonoinons.
Avagépovtal nAEKTpoVIKEs nnyés exknaideuons kal niotornoinons pe enelBepn npdoPaon. Mapouaidlovtal
ouvonukd kanola npofAnpata nou apopoulv tnv eneiyouca diaxeipion aoBevv ye AEE otn xmpad pas Pe tnv
eAnida va npowBnBei o didnoyos nou Ba odnynoel o€ Npwtofounies evapudvions Twv KAIVIKOV NPAKTKOV
HE TS eupwnaikés kateuBuvtnples odnyies. H Petdppaon twv €NICTNUOVIKWY ENITEVYUATWY Oty KaBnpépa
kAivikh npakukn diaxeipions v AEE otnv EAAGSa eivar n peydan npdkAnon yia tous 1atpous nou Siaxel-
pilovtal acBeveis pe AEE otn xwpa pas. Eivar abnpitn avaykn n epgBdbuvon tns cuvepyaaoias PE TS APXES
dnpéolas Uyeias NS xmpas NPOKeIPévou va eniteuxBel uynAn noldtNTa UNNPECIWV Uyeias otous EAAnves
acBeveis pe AEE.

NéEels eupetnpiou: ayyeiakd eykePaniko eneioddIo, Yovades eykeaniky, Motonoinon, noldtnta UNNPECIMV UYEias,
European Stroke Organization, EARGda
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Introduction

Randomized-controlled clinical trials have long so-
lidified the crucial role of multidisciplinary stroke units
for reducing post stroke mortality and disability [1].
Although organized services exist in most European
countries, there is wide variability in the translation
of treatment guidelines into clinical practice, and in
adherence to quality indicators [2]. The European
Stroke Organisation (ESO) in cooperation with the
Stroke Alliance for Europe (SAFE) prepared a Euro-
pean Stroke Action Plan (ESAP) that included four
overarching targets for 2030:

1. Reduce the absolute number of strokes in Europe
by 10%.

2. Treat >90% of stroke patients in Europe in a dedi-
cated stroke unit as the first level of care.

3. Create national plans for stroke encompassing the
entire chain of care.

4. Fully implement national strategies for multisector
public health interventions.

ESO has established certification processes for
stroke units and stroke centers to improve quality
and reduce discrepancies in stroke care, both within
and between European countries [3]. Two levels of
stroke care are certified:

Stroke units (SU): basic stroke care including IV
thrombolysis, neuro-intensive care, diagnostics, sec-
ondary prevention, early treatment of complications
and start of rehabilitation.

Stroke center (SC): a fully equipped institution,
additionally providing endovascular treatment, ad-
vanced neuroimaging and surgical interventions.

There are 7 categories of main criteria for both
SU and SC: (A) Lead, (B) Personnel, (C) General in-
frastructure, (D) Investigations, (E) Interventions and
monitoring, (F) Teaching, meetings and research,
(G) Numbers and quality indicators. Most decisive
criteria are defined as must criteria that are consid-
ered essential and should be fulfilled completely. At
least one of the leading physicians of the applying
SU or SC needs to be an active member of the ESO.
The application is provided in English but standard
operational procedures (SOP) already in use in clinical
practice are accepted in native language.

Greece has one of the highest incidences of first-
ever stroke in Europe (European Standard Population-
adjusted incidence: 534.1 per 100 000 person-years)
[4]. Although safety and efficacy of IVT and EVT have
been demonstrated, their use is very limited (mean
annual number of IVT in Europe: 142 per million
inhabitants vs Greece: 20.5 per million inhabitants;
3.7 per million inhabitants EVTs in Greece vs. 37.1
per million inhabitants in European countries) [5-8].
Furthermore, the number of SU in both the public
and private sector in Greece is limited, while only two
SU have received ESO certification to date.

In view of the former considerations, the present
manuscript aims to serve as a practical guide for
interested vascular neurologists to apply for accredi-
tation, a process that offers multifaceted advantages
for stroke clinics (Table 1). This document may serve
as a roadmap for Greek vascular neurologists, stroke
physicians and interventionists during the application
process of their Stroke Unit Certification by ESO. A
translation in Greek of main requirements is provided
in the Appendix.

Stroke Unit Certification Process

A. Stroke Unit definition and multidisciplinary
stroke teams

According to ESO, the definition of a stroke unit
comprises the following elements: 1. A geographically
dedicated clearly defined area or ward in a hospital:
stroke unit beds are exclusively used for stroke pa-
tients. As such, they cannot be provided by the ICU
on demand. This is a major point that troubles low-
volume centers that have difficulties acquiring stroke
beds. Even if an ICU bed (with the corresponding ICU
nurse) provides more advanced life support care, it
cannot provide the expertise needed, as shown later
in the definition. 2. Stroke patients are admitted and
cared for by a multi-professional team (medical, nurs-
ing, and therapy staff) who have specialist knowledge
of cerebral function, training and skills in stroke care
with well-defined individual tasks, regular interaction
with other disciplines, and stroke leadership.

In order to reach the ESO 2030 goal of admitting
90% of stroke patients in stroke units, currently avail-
able acute stroke-ready units need to be reinforced in
Greece. Centralization of stroke care in one and only
unit within each hospital will facilitate the creation
of medical and nursing stroke care expertise and
will allow the investment of resources for promoting
stroke care to permit ESO SU accreditation in Greece.
The recent governmental planning is to restructure
hospital networks by distinguishing “hubs” that will
offer advanced tertiary services and “spokes” that
will treat most admissions but rapidly transfer com-
plicated cases to hubs [11]. Stroke physicians should
build on this initiative a whole country coverage map
of stroke units and centers to diminish current re-
gional variabilities in modern stroke care availability.

B. Personnel

B1. A stroke physician (at least a junior) is present at
the institution around the clock 24/7. A stroke neurolo-
gist is available around the clock 24/7. The physical
presence of a doctor trained in acute stroke is indis-
pensable. Even though telestroke gained momentum
during the current pandemic [12], ESO does not allow
accreditation based on telestroke expertise. It is of
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Table 1. Why should you apply for ESO certification?[9].

1. Improve the quality of patient care by reducing variation in clinical processes. In the absence of national au-
dits, ESO provides a unique opportunity in thrombolysis-ready stroke clinics to standardize treatment path-
ways and harmonize care with European standards.

Provide a benchmark for quality of stroke management.

Acquire an objective assessment of clinical excellence - ESO auditors have significant experience in stroke
care, provide expert advice and follow well-defined criteria for evaluation based on the «European Stroke
Organization recommendations to establish a stroke unit and stroke centre» [10].

4, Creates a loyal, cohesive clinical team. The certification process provides an opportunity for staff to develop
their skills and knowledge. The accreditation process involves all medical, nursing and paramedical personnel,
all of which will contribute to the success of modern stroke care.

5. Promotes a culture of excellence across the organization.

Facilitates marketing, contracting and reimbursement. Promoting our work may strengthen our case for ob-
taining financial aid from non-profit organizations or resources from the public health system.

for stroke units in the periphery.

7. Strengthens community confidence in the quality and safety of care, treatment and services. This is important

note that stroke physician may be a junior doctor,
even a physician during his specialty training and that
even in non-neurology clinics, a stroke neurologist
must be available around the clock, since neurological
expertise may be needed in the differential diagnosis
of stroke mimics or non-vascular neurological com-
plications of acute stroke (eg seizures). The necessary
documentation for B1 requirement includes “official
and authorized Work plan and CV's of all stroke staff
including full time equivalents”. The work plan needs
approval by the hospital authorities with names, of-
ficial function, and signatures from two different per-
sons. Training schedules, description of stroke training
and integrations may be given in the local language.

B2. (Non-must criterion) A neurosonologist is avail-
able during regular working hours. Neurosonology
expertise varies considerably among European coun-
tries. The ESO accreditation process does not require
availability of a neurosonologist. Centers with avail-
ability of a neurosonologist should describe what
is exactly provided and when during the day. It is
possible that the widespread use of non-invasive
angiography will further limit the role of neurosonol-
ogy in the future.

B3. A radiology technician is present at the hospital
around the clock, 24/7. A radiologist is present during
official working hours and available 24/7. Neuroradio-
logical or neurointerventional assistance by immediate
dialogue (tele-stroke) is available 24/7 at the nearest
stroke centre. Radiology technician physically present,
radiologist during working hours and available 24/7
and neuroradiologist availability in a collaborating
center are prerequisites for stroke unit accreditation.
Despite allowing for the absence of a neuroradiolo-
gist, a signed agreement of collaboration by neuro-
radiologists / neuro-interventionalists at the stroke
centre must be submitted, since challenging cases
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may need specialist consultation at any given time.

B4. Cardiology expertise and internist expertise are
available 24/7 or assistance by immediate call is avail-
able 24/7 at the nearest stroke centre. Cardiology and
internal medicine specialists are needed in the work-
up of stroke and for managing possible complications
of stroke in the acute phase, but ESO allows for their
absence in the hospital harboring the applicant unit,
as long as a staff plan is submitted, with names of
available specialists of cardiology and internal medi-
cine available 24/7.

B5. (Non-must criterion) A specialist for neurore-
habilitation is collaborating with the team. External
collaborators may be accepted; physician’s CV should
be included in the application.

B6. Patients are cared by dedicated stroke trained
nursing staff. There cannot be a stroke unit without
stroke nurses. A series of documents need to be pro-
vided with every application: Training schedules for
nurses, CV of the head-nurse of the SU, number of
nursing personnel given in FTE (full time equivalent),
and calculated number of nurse per bed/24hrs. The
head nurse needs to show previous experience with
stroke patients and should train any newcomer nurse
to the basics of acute stroke nursing care. Recent
advances in acute stroke treatment increase the re-
sponsibilities of nurses in the acute phase of stroke,
as highlighted by the recent AHA guidelines [13].

Greece combines both the highest doctor-to-pop-
ulation ratio in the world and the lowest nurse-to-
population ratio in Europe [14]. Consequently, nurses
in Greece take charge of more patients but carry
fewer responsibilities. This iatrocentric model of care
means that treatment decisions are made by doctors,
leaving only a very small opportunity for nurses to
participate in the provision of multidisciplinary care
[15]. Both trends are unacceptable for stroke care.
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The role of stroke nurse cannot be overstated and
each application to the ESO should clearly indicate
the experience of the leading nurse and the accu-
mulated experience of the stroke nursing team that
needs to be adequate for the number of stroke beds.

There are several resources that may be available
for nursing education in stroke. Nurses willing to
deepen their knowledge in stroke care should be
actively supported by stroke organizations which
should invite trained nurses in their meetings. The
MSc Stroke Program of the Medical School of Dem-
ocritus University of Thrace accepts nurses with either
a university, or a Technological Educational Institutes
degree and it is currently the only way for a nurse
to acquire an official certification in stroke medicine
in Greece [16]. Online resources, albeit informal, are
excellent to transmit the theoretical background. The
ESO Angels’ Initiative provides a full online certifica-
tion comprising of 20 modules [17].

B7. Stroke trained physiotherapists (PTs) are part
of the stroke team. B8. (Non-must criterion) Stroke
trained occupational therapists (OTs) are part of the
stroke team. In case of missing OTs, specify who is do-
ing diagnostic testing of cognitive deficits. B9. Stroke
trained speech, language and swallowing therapists
(SLTs) are part of the stroke team. Rapid patient mo-
bilization has been widely accepted as a means to
hasten recovery in hospitalized stroke patients. Such
an important task needs to be initiated, directed,
and supervised by a trained physiotherapist that has
previous experience with stroke patients. Also, part
of the stroke nurse duties is to test all stroke patients
for dysphagia on admission and initiate patient po-
sitioning but patients with difficulties in swallowing
need assessment by a SLT that is also needed in the
care of aphasic patients with prolonged hospital-
ization. The applicant needs to submit a detailed
description of stroke training of PTs and SLTs as well
as their names, FTE for PTs and SLTs as well as their
numbers per stroke bed.

As described previously, the iatrocentric model
of healthcare in Greece means that all paramedical
specialties are underrepresented in Greek hospitals.
Practically all ICUs in Greece have PTs [18], so in cen-
ters harboring an ICU, PTs in adequate numbers can
also take care of stroke patients. Reported PT/ICU
beds ratios range widely from 1:12 to 1:50, mean-
ing that understaffed ICUs cannot possibly provide
adequate personnel and this issue must be resolved
before submitting the application. The situation is
still worse with SLTs, as there will be many acute
stroke-ready clinics in Greece that have no SLT cov-
erage, especially in regional hospitals. However, this
is a prerequisite for ESO accredited stroke care and
incorporating external associates into the stroke team
may be a solution to this problem, as long as a spe-
cialist with stroke background experience regularly

visits the stroke unit and is accessible for emergen-
cies during working hours. This must be thoroughly
documented on submission.

OTs availability is not considered a must criterion.
Whenever available, names of OTs, FTE for OTs and
number of OTs per bed should be provided. If located
outside the hospital, signed agreement and staff plan
of OT expertise should be provided.

B10. (Non-must criterion) Support by social worker
(SW) is available at the institution. When available,
describe how SWs are integrated in the stroke team,
provide names of SWs, FTE for patients, number of
SWs per stroke bed. If located outside the hospital,
provide a signed agreement and staff plan of SW
expertise.

B11. (Non-must criterion) Patients get access to
neuropsychologists. Specify who, when and where, is
doing testing of cognitive function for stroke victims
that are still active professionally / other similar chal-
lenges. Description of how neuropsychologists are
integrated, names of neuropsychologists, FTE for
patients, number of neuropsychological assessments
of stroke patients during the previous year. If located
outside the hospital, provide a signed agreement.

C. General Infrastructure

C1. Stroke patient care in a discrete area in the hos-
pital, staffed by a specialist stroke multi-professional
team with regular multi-professional meetings for plan-
ning care. For this purpose the Stroke Unit consists of
a geographically defined stroke ward admitting stroke
and TIA patients. This criterion is straightforward:
Stroke beds are not to be shared with ICU, neuro-
surgery or other hospitalized patients. In the only
systematic review comparing mobile stroke teams
to geographically defined stroke units, no significant
change in patient outcomes has been noticed [19].
However, the advantages of stroke wards have been
outlined: better financial management, development
of nursing expertise, facilitation of research, fund-
raising and volunteer support, as well as ease of
implementation of guidelines and treatment pro-
tocols in clinical practice [20]. The applicant needs
to submit a standard operating procedure (SOP):
a document approved by the hospital authorities
with names, official function and signatures from
two separate individuals. SOP must include a plan
of Stroke Unit facilities and a photograph of the
monitoring unit/beds.

C2. The stroke unit is located in an institution that
runs an emergency department (according to interna-
tional standards, such as trauma level | or higher). C3
The stroke unit is located in an institution that runs an
intensive care unit. Level 1 trauma centers are tertiary
centers that include 24-hour availability of critical
care coverage by all major medical specialties [21].
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Emergency departments (ED) and ICUs complement
the acute stroke care pathway and are indispensable
to ensure continuity of care and immediate support
of life-threatening stroke complications.

EDs have only recently been staffed with perma-
nent medical personnel specialized in Emergency
Medicine in Greece, while in most hospitals ED are
properly staffed with trained nurses. Most physicians
working in the ED are residents and attendees of dif-
ferent specialties that make rotating calls in the ED
evaluating patients with symptoms related to their
specialty. Another important consideration is the
rotation in tertiary care hospitals covering medical
emergencies in major urban areas in Greece. More
specifically, the largest tertiary care hospitals in the
capital of Greece, Athens, receive patients every four
days according to the rotation system, while a similar
rotation system has been implemented in Thessa-
loniki (second largest city in Greece) and other large
cities. This rotation system may represent a source
of concern regarding the continuity of stroke care
in Greece and should be explicitly explained to the
ESO certification committee examining the applica-
tion. In particular, it should be stated that no public
hospital provides continuous emergency department
availability in the regions of Attica and Thessaloniki.
On the other hand, it should be noted that the total
number of admitted stroke cases on an annual basis
exceeds ESO demands (see below) since during active
ED days the workload is exceedingly high.

C4. (Non-must criterion) The stroke unit runs an
outpatient clinic for stroke and TIA patients. In case
of absence of an outpatient clinic at your hospital,
specify the type of follow-up of stroke care.

D. Investigations

D1. Emergency Computed tomography or magnetic
resonance tomography are available 24/7 including
imaging of cervical/intracranial vessels, access within 30
minutes for candidates of acute interventional therapy,
Staff list, working plan, location plan in hospital - Ac-
cess within 30 Min. provided. Time metrics are of out-
most importance when presenting the information in
the application related to this specific requirement.
Reducing door to needle time to less than 20 min-
utes is feasible for standard, non-contrast CT-based
intravenous thrombolysis. Meretoja et al [22] have
summarized critical steps for bringing down door-to-
needle times (Table 2) and we suggest implementing
these steps using standard operating procedure (SOP)
documentation in SUs applying for ESO certification.
Furthermore, we suggest the implementation of a
practical approach regarding neuroimaging for acute
ischemic stroke patients with unknown time of stroke
onset that are potential candidates for both on-label
and off-label acute reperfusion therapies [24-25].
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D2. Digital subtraction angiography (DSA) is avail-
able either in the own Stroke unit or within a nearby
stroke centre SOP and in contact with a nearby stroke
centre. Despite having lost some of its diagnostic
indications to less invasive imaging modalities, in-
terest in DSA has exponentially increased after the
publication of the positive endovascular treatment
randomized-controlled clinical trials. DSA availability
is not prerequisite for SU application. However, col-
laboration with a nearby center that can proceed
with DSA 24/7 has to be proven through appropriate
documentation. This is an important point, since the
ESO certification process for stroke units allows for
the absence of endovascular treatment in place, but
demands an established pathway for transfer to a
thrombectomy-capable center. It should therefore
made clear that no application without provision of
endovascular treatment may be accepted, since the
stroke treatment paradigm using only thrombolysis
as recanalization therapy is harmful for large-vessel
occlusion stroke patients.

In case there is no possibility for endovascular
treatment in a center that is interested in applying
for ESO certification then potential collaboration
with the nearest stroke center with availability of
angiography lab and neurointerventionalist may be
explored in order to adopt a drip-and-ship paradigm.
The SOP that will be submitted after being signed by
all implicated parties, has to take into consideration
estimated arrival times, the necessity or not of repeat-
ing imaging and, most importantly, availability, since
many thrombectomy-ready centers lack resources to
provide continuous service.

D3. Swallowing assessment is warranted 24/7, fol-
lowing a written procedure SOP. Dysphagia is very
common in the acute stage of stroke and needs to
be screened for by a stroke nurse on admission. Each
center may develop its own protocol for dysphagia
assessment, which should be completed for each
patient. An example of a SOP in an ESO certified SU
is presented in Figure 1 and a Greek translation in
Supplementary Figure 1. The Angels Initiative pro-
vides free online course for oropharyngeal dysphagia
pathophysiology and management [27], while the
ESO recommendations for the diagnosis and treat-
ment of post-stroke dysphagia offer additional insight
on this critical issue of stroke management [28].

D4. Neurosonology assessment is available within 24
hours SOP. Neurosonology has been partially shad-
owed by the incorporation of vessel imaging in the
ED for acute ischemic stroke patients (mostly using
CT angiography) but it remains a valuable tool for
vascular neurologists, allowing for easily repeatable,
non-invasive, real-time brain hemodynamic assessment
at the bedside [29-31]. Ultrasound assessment does
not need to be available on admission, but availability
within 24 hours of admission needs to be shown.
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Table 2. Measures to reduce DNT, adapted from Meretoja et al. [22]

1. | Emergency medical services involvement to fast-track acute stroke patients

Hospital prenotification to alarm the stroke team and preorder imaging studies and laboratory tests

No-delay CT interpretation: Stroke physician interprets the CT scan, not waiting for formal radiology report. A
stroke physician has to exclude two major things: intracranial hemorrhage and massive (more than a third of
middle cerebral artery territory) brain hypodensity

Premixing of alteplase with highly suspect thrombolysis candidates.

5. |Delivery of alteplase on CT table: Bolus administered on CT table but also continue alteplase infusion with intra-
venous drip.

CT relocated to ED: Avoid elevators between ED and CT at all costs.

7. | CT priority: CT needs to be emptied prior to patient arrival so that the patient may be transferred directly onto
CT table, not ED bed. This critical step highlights the importance of involving in the discussion radiologists and
emergency department physicians.

8. | Rapid neurologic evaluation

9. |Preacquisition of history: a major hurdle that could be soon ameliorated with the planned introduction of elec-
tronic personal health records [23].

10. | Point-of-care international normalized ratio (INR): a low-cost solution that may deeply impact treatment and
prognosis of patients on Vitamin K antagonists, suffering either from intracranial bleeding (permitting rapid
reversal) or ischemic stroke with subtherapeutic (<1.7) INR (permitting thrombolysis).

11. | Reduced imaging for patients arriving <4.5h that can be thrombolysed on standard protocol.
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D5. Investigations for establishing the aetiopatho-
genic diagnosis are available at the institution (Holter-
monitoring at least for 24 hours, TTE, TEE, laboratory
analysis, EEG). Stroke medicine has evolved through
different clinical pathways and specialties in various
countries, but neurology and cardiology expertise
remain indispensable in every hospital harboring a SU.

E. Interventions and Monitoring (Native
language permitted - review by national
auditor only)

E1. (Non-must criterion) The stroke team establish-
es and follows written standard operating procedures
(stroke pathways or written protocols, which should
be revised regularly) for diagnosis, nursing, rehabilita-
tion, prevention, follow-up, management of critical
incidents. There is a concept for pediatric stroke,
which defines and enables treatment/ management
24/7 in collaboration with the nearest stroke center
or a pediatric competence center).

E2. (Non-must criterion) There are conceptual writ-
ten protocols in relation to the emergency medical
services, ED, and referring institutions. The concepts
are revised regularly.

E3. (Non-must criterion) There are conceptual writ-
ten protocols for all needs of rehabilitation.

E4. (Non-must criterion) The stroke team establishes
and works after a defined concept for swallowing dis-
orders.

ES. IV-thrombolysis is available 24/7. Time from
EMR arrival to thrombolysis (e.g. Door to needle time,
complication rate) is assessed and documented. SOP
Results of door to needle time and complication rate
for the last year before application.

Applicant units should clearly present competence
in thrombolysis through time metrics, to ensure
timely and efficient recanalization therapy. The im-
portance of documentation cannot be understated
for the process of certification. The applicant center
may opt for a retrospective analysis of time metrics,
but it is strongly recommended to run a prospec-
tive registry of patients treated with thrombolysis
for acute ischemic stroke. Even better, an electronic
registry may be used to keep track of treatment rates,
door to needle times and complication rates. The
SITS-ISTR (Safe Implementation of Thrombolysis in
Stroke -Thrombolysis Register) registry is a free online
registry, already in use by Greek centers. SITS-ISTR
was initially conceived for online documentation of
acute ischemic stroke patients treated with intrave-
nous thrombolysis in accordance with a study pro-
tocol, the SITS Monitoring Study (SITS-MOST) by the
European Medicines Evaluation Agency. Currently
SITS-ISTR has expanded to encompass data on ICH,
atrial fibrillation and other aspects of acute stroke
care [32]. SITS-ISTR registry has been endorsed by
the ESO. The SITS-ISTR registry also serves a valu-
able resource to validate the quality of stroke care
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Figure 1. An example of a nurse dysphagia screen-
ing SOP on admission of a stroke patient. Modified
Massey Bedside Swallowing Screen [26], Greek
translation. SOP or agreements or written proto-
cols may be submitted in native language

Adapted Massey Bedside Swallowing Screen
J.Neurosci Nurs 2002;34:252-254, 257-260

Patient Name:

Date of stroke: Stroke Unit

Date of screening:
Nurse's name:

Follow the algorithm and cirde YES or NO

................

| Can the patient remain into a sitting position

unassisted and awake for 15 minutes? 11 Nil per os. ,
NO E‘> 12, Maintain oral hygiene. |
1
YES @ 1 3. Inform speech therapist. 1
Is patient's mouth clean? if not, Immediate 14,V fluids. _,I
remove any foreign bodies.
ves <L
Is the patient able to: 1 1. Nil per os. !
L . 1
1. Cough twice? NO E‘> :2. Maintain oral hygiene. |
2. Swallow own secretions? 13. Inform speech therapist. 1
14,1V fluids. !
YES = fTTTTTTommmomoos
Help patient into a sitting position and give ONE teaspoon B ]
of water 3 times. Place your finger on patient's throat and feel 1 1. Nil per os. :
the movement durint swallowing. Assess for: YES |$ :2. Maintain oral hygiene. |
Absence of movement 1 3. Inform speech therapist. 1
Cough 14, IV fluids. !
Voice sounding gurgly (ask patient tosayaaah) | ~  tTTTTTTsssssoos
NO
Assess patient while drinking 1/3 of a glass of water P m = ——mmmmm—mm g
(without straw). Any of the following? 11. Nil per os. :
Absence of movement YES E> :2. Maintain oral hygiene. |
Cough 1 3. Inform speech therapist. 1
Voice sounding gurgly (ask patient to say aaah) 14,1V fluids. !
................
{ ; NO
Start a free diet, taking into consideration patient preferences and checking before
feeding the presence of dental implants.
Keep assessing for immediate or late coughing after feeding, any change in voice,
and fever suggesting aspiration pneumonia
Any of the above prompt oimmediate call to the speech therapist.

both in individual centers and in Greece as a whole
[6]. All European countries are registered, but re-
porting rates vary between countries; SITS registry
has expanded to include countries from Asia, Africa
and South America. In total, approximately 335,000
stroke patients from 1930 centers worldwide have
been registered to SITS. In Greece, there are cur-
rently 29 active centers that have enrolled 2371 acute
ischemic stroke patients treated with acute reperfu-
sion therapies (10% mechanical thrombectomy, 90%
intravenous thrombolysis).

Another important free online registry is the Res-
Q (Registry of Stroke Care Quality) [33], initiated by
the European Stroke Organisation- Enhancing and
Accelerating Stroke Treatment (ESO East) Project to
help both sites and countries improve their stroke
care system. It was launched in May 2016 and tar-
geted primarily the Eastern European countries [34].
It is designed to document the quality of stroke care
through organized measurements that have been
agreed by an international working group [35] and
include the availability of stroke units, brain imag-
ing, vascular imaging, cardiac arrhythmia detection,
thrombolytic therapy, and other factors. Currently,
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there are 20 active centers and 3590 acute stroke
patients registered from Greece in Res-Q.

In the absence of a national stroke registry, all in-
terested stroke physicians are strongly advised to take
advantage of available free-to-use online registries
as a tool for continuous monitoring, evaluation and
improvement of health care quality in their center.
Collaborative contribution will help identify gaps in
health care delivery at a national, regional and hos-
pital level. Participation in registries is not requisite
for ESO accreditation. However, it facilitates any cen-
ter's application by easily providing multiple metrics
that are needed for accreditation and highlights the
center’s commitment in monitoring and improving
quality of care. In view of these considerations, we
strongly recommend joining either SITS-ISTR, RES-Q
or both international registries before preparing the
application for ESO SU certification.

E6. Neurosurgical and neurointerventional procedures
are available 24/7 in collaboration with the nearest
stroke center. Neurosurgical and neurointerventional
expertise may not be available in the hospital harbor-
ing the stroke unit. However, a SOP must be in place
to rapidly transfer acute stroke patients in need of
neurointerventions (eg acute aneurysmal subarachnoid
hemorrhage) to a collaborating stroke center.

E7. (Non-must criterion) Revascularization of the
carotid artery with thrombendarterectomy or stent-
ing is available in collaboration with a nearby stroke
center 24/7. Similarly to neurosurgical and neuroin-
terventional procedures, treatment of symptomatic
carotid disease may not be available in place but
must be promptly performed in eligible patients, in
collaboration with a stroke center.

E8. The infrastructure of the stroke unit allows con-
tinuous monitoring of ECG, breathing, blood pres-
sure, pulsoxymetry, and monitoring of glucose and
temperature. Continuous monitoring allows for early
detection and treatment of complications in the un-
stable subacute stroke patient: stroke in progression,
cerebral oedema, epileptic seizures and non-cerebral
complications [10].

F. Teaching, Meetings, and Research

F1. (Non-must criterion) Runs multidisciplinary group
meetings at least once a week and documents in the
chart proving that the case was discussed by the mul-
tiprofessional team.

F2. (Non-must criterion) Organization of ongoing
teaching courses and professional education for all
groups represented in the stroke team (not only the
doctors) is warranted and documented.

F3. (Non-must criterion) Patients and their fami-
lies should be regularly updated about treatment and
prognosis.

The three aforementioned non-must criteria add
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Figure 2. An example of Res-Q registry annual overview of a stroke unit. The registry’s dashboard can be used to moni-
tor performance and reports in excel can be downloaded. Adapted from “How to use RES-Q tool” [36].
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value to any stroke unit and would be highly appreci-
ated in any application.

G. Numbers and quality indicators

G1. (Non-must criterion) The stroke unit has a stroke
data base for quality control. Applicants should pro-
vide an annual report or online link or screen shot.

G2. Minimal overall number of dedicated beds for
stroke patients. Minimal number: 6. This number re-
fers to both monitored and non-monitored beds.

G3. (Non-must criterion) Minimal number of beds
with automated monitoring. Minimal number: 4.

G4. Minimal number of patients with TIA and acute
stroke treated per year. Official and organized hospital
statistics with percentages of different stroke types
by annual report or database or online link; Mini-
mum: 200. This number refers to both ischemic and
hemorrhagic strokes.

G5. (Non-must criterion) Numbers on acute treat-
ment (IV-thrombolysis, door to needle time, type and
rate of complications and number of referrals to acute
intra-arterial interventions per year). Provide official
and authorized hospital statistics by annual report or
database with online link. Minimum IV-thrombolysis:
20. Also provide number of referrals for endovascular
treatment.

G6. (Non-must criterion) Documentation of age,
sex, admission stroke severity case fatality, of discharge

National Institutes of Health Stroke Scale, discharge
modified Rankin Scale. Provide official and authorized
hospital statistics by annual report or database with
online link.

G7. (Non-must criterion) Documentation of quality
of stroke care: % documented swallowing test, early
mobilization, and prevention of DVT. Provide relevant
statistical data.

G8. (Non-must criterion) Access to local stroke sup-
port organization.

G9. Numbers of the relevant diagnostics (Number
of TTE/TOE., Numbers of Neurovascular Ultrasound,
Number of brain CT/MRI and CTA/MRA); Official and
organized hospital statistics by annual report or data-
base with online link.

All these metrics can be easily extracted by the RES-
Q platform in case centers are actively participating in
Res-Q (Figure 2). To the best of our knowledge there
is currently no Greek hospital using an online local
database dedicated to stroke patients. As a result,
a retrospective review of patient files is needed to
record all diagnostic examinations that have been
performed by centers not yet participating in Res-
Q. Finally, it should be mentioned that all applicants
are strongly advised to start using online registries,
since accreditation is a process to be repeated every
5 years and re-certification would be greatly facili-
tated when patient data is prospectively collected.
This process represents a major advantage for a SU
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applying for ESO accreditation: the process can be
used as a means to further improve quality markers
and advance quality of care.

Conclusions

The World Stroke Organization defines 3 levels of
stroke care [37].

1. Minimum Healthcare Services: Care provided
in local communities without coordination across
defined geographic regions. Despite widespread
availability of diagnostic studies and physicians,
great variability persists in access to other healthcare
workers (nurses, speech specialists) resulting in lack
of basic training in swallow screens and dysphagia
management in many Greek centers. The information
in this manuscript does not refer to these centers
since basic infrastructure is lacking to proceed to
ESO SU accreditation.

2. Essential Stroke Services: Limited coordinated
stroke care provided across geographically discrete
regions. These clinics offer stroke expertise in medical
and nursing personnel, a variety of diagnostic studies
and acute intravenous thrombolysis. Many Greek
clinics fulfill these criteria, and the current manuscript
aims to help them proceed to the next level.

3. Advanced Stroke Services: Fully coordinated
stroke care provided across geographically discrete
regions. An ESO accredited stroke unit would fall in
this category. There are currently only two low-vol-
ume private SU that have been accredited by ESO in
Greece. Further inclusion of SU from public hospitals
in ESO certification process is being incentivized and
fully supported by National Scientific Societies includ-
ing the Hellenic Society of Cerebrovascular Diseases
and the Hellenic Neurological Society.

In conclusion, application for ESO SU certification
process of Greek SUs will provide a benchmark that
may assist the implementation of interventions that
have been proven to advance the quality and ef-
ficiency of stroke care. It is also quite clear that in
order to offer advanced stroke services to the entire
Greek population and to align stroke care in Greece
with European and international standards, it is not
enough to create some low-volume centers of excel-
lence, but Health Authorities need to address several
long-standing fundamental issues concerning stroke
care. The current iatrocentric model with rotational
ED activation in major cities needs urgent update to
accommodate modern stroke treatment paradigms.
Communicating the need to restructure the current
Health System is a task that exceeds our clinical work
but deeply impacts it. Advocacy for stroke involves
supporting stroke patients, building organizations,
raising awareness and campaigning, but also working
with, and influencing, decision makers.
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tion, training and skills in stroke care with well-defined
individual tasks, regular interaction with other disci-
plines, and stroke leadership.

O1 aoBeveis pe Ayyelakd Eykepanikd Engioddia
(AEE) eicayovtal kal napakoAouBouvtal and pia dieni-
omnpovikh opdda (1atpoi, voonieutés Kal Bepaneutés)
e eEEIBIKEUPEVES YWDOEIS TV EYKEPANIKWDV AEITOUp-
ylv, eknaideuon kal katgpuon otn gpoviida tou
AEE, pe ca@s kaboplopéves appodIOTNTES, TAKUKN
adnnAeniépaon pe ANNes €10IKOTNTES, KAl PE NYEUKO
poio otnv avupetdnion twv AEE.

B1. A stroke physician (at least a junior) is present
at the institution around the clock 24/7. A stroke neu-
rologist is available around the clock 24/7.

Na €ival cuvexws Napwv €vas 1atpos Pe epneipia
ota AEE (¢oww dpu eknaideupévos). Na gival ouvexws
b106€o1p0s évas ayyelakos veuponoyos.

B2. (Non-must criterion) A neurosonologist is avail-
able during regular working hours. (Mpoaipgukd) Na
undapxel d1aB€o1uos veupoUnepnXoypaPIotns KAtd TS
€PYAOIUES NUEPES KAl DPES.

B3. A radiology technician is present at the hospital
around the clock, 24/7. A radiologist is present during
official working hours and available 24/7. Neuroradio-
logical or neurointerventional assistance by immediate
dialogue (tele-stroke) is available 24/7 at the nearest
stroke centre.

Na eival ouvexws napwv €vas texvondyos akuvo-
Aoyikou oto voookopeio. Na gival napdv €vas akuvo-
Adyos katd us epyAoIUES MWPES, KAl Va ival GUVEXDS
b1aBéaipos. Na SiatiBetal ouvexns veupoakuvoAoyikA
N veupoenspBaukn BonBeia Pe dueon enikoivwvia
(tele-stroke) oto nAnoiéotepo Kévipo AEE.

B4. Cardiology expertise and internist expertise are
available 24/7 or assistance by immediate dialogue is
available 24/7 at the nearest stroke centre.

Na undpxel S1aBéoiun ouvexns eEeibikeupévn Kap-
diodoyikn kal naBonoyikh unootnpiEn h avtiotoixn
BonBeia pe dueon enikoivwvia oto nAnciéotepo Ké-
vipo AEE.

B5. (Non-must criterion) A specialist for neuroreha-
bilitation is collaborating with the team.

(Mpoalpeukd) H opdda va ouvepyadletal e €101k
OtnV VeEUpOoanokatdotaon.

B6. Patients are cared by dedicated stroke trained
nursing staff.

Na napéxetal voonneutkn gpovtida atous aoBbeveis
anéd anokAeIotkd voonneuTkKd NPocwnikd, eknal-
beupévo ota AEE.

B7. Stroke trained physiotherapists (PTs) are part of
the stroke team.

Na anoteAouv pépos ts ouddas AEE puoioBepa-
neutes eknaideupévol ota AEE.

B8. (Non-must criterion) Stroke trained occupational
therapists (OTs) are part of the stroke team. In case
of missing OTs, specify who is when doing diagnostic
testing of cognitive deficits.
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(Mpoaipetkd) Na anotenolv pépos tns opddas AEE
epyoBepaneutés eknaideupévol ota AEE. Ye nepintwon
anouoias pyoBepaneutiy, va npoadioplotel MoIos
diayiyvokel ta vonukd efdsippara.

B9. Stroke trained speech, language and swallowing
therapists (SLTs) are part of the stroke team.

Na anotefolv pépos s opddas AEE AoyoBepa-
neutés eknaideupévor ota AEE.

B10. (Non-must criterion) Support by social worker
(SW) is available at the institution.

(Mpoaipetkd) Na undpxel unootipiEn anod Kovw-
vikoUs Agitoupyous oto idpupa.

B11. (Non-must criterion) Patients get access to
neuropsychologists. Specify who is, when and where,
doing testing of cognitive function for stroke victims
that are still following their professional careers / other
similar challenges.

(Mpoaipeukd) O1 acBeveis va €xouv npdoPacn oe
veupoyuxondyous. Na npoobdiopiletal nolos, nou,
kal note die€dyel veupowuxonoyikés OKIPATIES OTOUS
aoBeveis pe AEE nou e€akonouBoUv va éxouv enay-
yenpaukn dpaoctnpidtnta h dides napopoles npo-
kANoEls.

C1. Stroke patient care in a discrete area in the hos-
pital, staffed by a specialist stroke multi-professional
team with regular multi-professional meetings for plan-
ning care. For this purpose the Stroke Unit dispose of
an geographically defined stroke ward admitting stroke
and TIA patients.

H ppovtiba wwv aoBevv pe AEE va AapBavel xdpa
o€ BIaKPITh MEPIOXN TOU VOOOKOUEIOU, OTteNExwPévn
and eteibikeupévn diemotnpovikn oudda AEE pe ta-
KuKés SIEMNIOTNUOVIKES CUVAVTATEIS YIA TOV NPOYPau-
patuopo s epovtidas. Na autd 1o Adyo n Movéda
AEE va nepifapPdvel pia yewypa@ikd kabopiopévn
kAvikin AEE nou &éxetal aoBeveis pe AEE kal napodikod
IoXaldikd eneiodoIo.

C2. The stroke unit Is located in an institution that
runs an emergency department (according to inter-
national standards, such as trauma level | or higher).

H Movada AEE avhkel ot idpupa nou diabstel Tun-
pa Eneryéviwy Meplotatkav (avanoyo povadas tpau-
patos eninédou 1 oUupwva pe ta diebvn npdtuna)

C3. The stroke unit is located in an institution that
runs an intensive care unit.

H Movabda AEE avihkel og idpupa nou diabétel Mo-
vada Evtaukns Bepaneias.

C4. (Non-must criterion) The stroke unit runs an
outpatient clinic for stroke and TIA patients.

(Mpoaipetkd) H Movaba AEE Aeitoupyei Tunpua
E€wrtepikv latpeiwv yia aoBeveis pe AEE h napodikd
IoXaldIKd eneiodoIo.

D1. Emergency Computed tomography or magnetic
resonance tomography are available 24/7 including
imaging of cervical/intracranial vessels, access within 30
minutes for candidates of acute interventional therapy .

Na undpxel cuvexws duvatdtnta ensfyoucas ato-
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VIKNS N payvnukhs topoypagias, ocupnepinaupavopé-
VWV AnEIKOVIOEWY TpaxniKmv/evOoKpAviwy ayyeiwy,
pe npoofaocn evids 30 Aentv yia aoBeveis nou eival
unowne@Iol yia ensiyouces napepPatkés Bepaneies.

D2. Digital subtraction angiography (DSA) is avail-
able either in the own Stroke unit or within a nearby
stroke centre.

Na undpxel diaBeoipdtnTa yia YnPIakn ayyeioypapia
otv ibia Movada AEE 1 oe napakeipevo Kévipo AEE.

D3. Swallowing assessment is warranted 24/7, fol-
lowing a written procedure.

E€aopanicetal ouvexhs duvatdtnta dokiyacias Ka-
tdnoons, Bdocel ypantoU npwtokéAAou.

D4. Neurosonology assessment is available within
24 hours.

Yndpxel 61a6€010s veupoUnepnxoypaikos ney-
X0S €V10s 24 wpwVv.

D5. Investigations for establishing the aetiopatho-
genic diagnosis are available at the institution (Holter-
monitoring at least for 24 hours, TTE, TEE, laboratory
analysis, EEG).

Yndapxel oto idpupa duvatdtnta dievépyeias dia-
YVWOTK®V Cetdoswy yia aruonaboyevetkn didyvwaon
(Holter puBuou toundxiotov 24 wpv, diIaBwpakikd
unepnxoypdenua kapdids, S10I00PAYEIO UNEPNXO-
ypdenua kapdids, epyactnpiakds €Agyxos, NAEKTPO-
eykepanoypdenua).

E1. (Non-must criterion) The stroke team establishes
and follows written standard operating procedures
(stroke pathways or written protocols, which should
be revised regularly) for diagnosis, nursing, rehabilita-
tion, prevention, follow-up, management of critical
incidents. There is a concept for pediatric stroke, which
defines and enables treatment/ management 24/7 in
collaboration with a at the nearest stroke center or a
pediatric competence center).

(Mpoaipetkd) H opdda AEE kaBopilel kal va
akofouBsi ypantds SIATUNWUEVES TUMOMOINUEVES
biadikaofes Asitoupyias (alyopiBuos AEE 1 ypantd
npwtékoAna, Nou enikalioponololvial TaKuKdE) yid
i didyvwon, tn voondgia, tnv anokatdotaon, v
npedAnyn, tnv napakonoudnaon, Kal TNV avupetmnion
otéwv oupPapdtwy. Yndapxel oxédio Bepaneias nal-
diatpikoU AEE, nou enitpénel kar kaBopiel tnv adid-
KOMN QVUUETWNION OE CUVEPYAOia PE TO NANCIECTEPO
Kévtpo AEE 1 1o apuéddio naidiatpikd VOOOKOEID.

E2. (Non-must criterion) There are conceptual writ-
ten protocols in relation to the emergency medical
services, ED, and referring institutions. The concepts
are revised regularly.

(Mpoaipgukd) Yndpxouv ypantd npwtékonda ou-
VEQYQOias PE TS ENEflyoUTEs Iatpikés unnpeoies (EKAB),
10 Tuhpa Enelyéviwy Mepiotaukdv (TEM) kar ta na-
panéunovta 16pUpata. Ta npwtékoAd eNiKAIPOMnol-
oUlvtal TaKuKa.

E3. (Non-must criterion) There are conceptual writ-
ten protocols for all needs of rehabilitation.

(Mpoaipetikd) Na undpxouv ypantws diatunwéva
npwtokonna yia éAes us avaykes anokatdotaons.

E4. (Non-must criterion) The stroke team establishes
and works after a defined concept for swallowing dis-
orders.

(Mpoaipeukd). H Opdda AEE epappoddlel éva npo-
kaBopiopévo ox€010 yia s SIaTapaxés KAtanoons.

E5. IV-thrombolysis is available 24/7. Time from
EMR arrival to thrombolysis (e.g. Door to needle time,
complication rate) is assessed and documented.

Yndapxel adidkonn duvatdtnta evbopnépias Bpop-
BoAuons. Metpdrtal Kal kataypdgetal o Xpovos and
v aeiEn péxpl tn BpopPodiuon (xpdvos door-to-
needle) kaBws kal ta Nocootd eMnAOKMV.

E6. Neurosurgical and neurointerventional proce-
dures are available 24/7 in collaboration with nearest
stroke center.

Na undpxel adidkonn duvatdtnta VEUPOXEIPOUPYI-
KV KAl VEUPOENEUPRATIKDY NAPEPPRACEWY OE CUVEP-
yaoia pe 1o nAnoiéotepo Kévipo AEE.

E7. (Non-must criterion) Revascularisation of the
carotid artery with thrombendarterectomy or stent-
ing is available in collaboration with a nearby stroke
center 24/7.

(Mpoaipeukd) Yndapxel adidkonn duvatdtnta yid
enavayyeiwon éow kapwtidas e evbaptnpektophn h
tonoBénon evbonpdBeons, os ouvepyaoia pe napa-
kefpevo Kévtpo AEE.

E8. The infrastructure of the stroke unit allows con-
tinuous monitoring of ECG, breathing, blood pres-
sure, pulsoxymetry, and monitoring of glucose and
temperature.

O1 unobopés tns Movddas AEE enitpénouv ouvexn
napakonouBnon HKT, avanvody, aptnpiakns nieons,
nanpikhs ofupetpias, kar andn napakonouBnaon Bep-
pokpaoias kal yAukddns aipatos.

F1. (Non-must criterion) Runs multidisciplinary group
meetings at least once a week and documents in the
chart that the case was discussed by the multiprofes-
sional team.

(Mpoaipgukd) Na dievepyolvtal SIENICTNPOVIKES OU-
vavthoels toundxiotov pia eopd tnv Bdopdda dnou
va oudntouvtal Ta NEPICTATKA, Kal Va Kataypagetal
auto otov pakeno k&Be aoBevous.

F2. (Non-must criterion) Organizes ongoing teach-
ing courses and professional education for all groups
represented in the stroke team (not only the doctors)
is warranted and documented

(Mpoaipeukd) Opyavavovial ouvexildueva pabnua-
10, e€aopanicetal kal kataypd@etal N enayyeNuatkn
eknaideuon yia 6Aa ta péAn Nou cuykpotouv tnv
Opdda AEE (&x1 povo twv 1aTpMV).

F3. (Non-must criterion) Patients and their fami-
lies should be regularly updated about treatment and
prognosis.

(Mpoaipeukd) O1 acBevels kal ol 0IKOYEVEIES TOUS evn-
pEPVOVTal TAKUKA yia tn Bepaneia kal tnv npdyvwon.
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G1. (Non-must criterion) The stroke unit has a stroke  Supplementary Figure 1
data base for quality control. o S
(Mpoaipetkd) H Movaba AEE SI0TPEl BAON BEB0-  froamirmso o oo s atdnoons
UéV(DV AEE Yia éﬁEYXO NS NoIdTNTas. Huepounvia epgdvions AEE:
G2. Minimal overall number of dedicated beds for  Huesounvia ekéwoons: Qpa: Eukéta aoBevols
stroke patients. Minimum: 6. ] ) ) )
EAdxiotos cuvonikds aplBuods kAvav anokAeioukd AxoflouBiate tov aflyopiduo kai kukdoore NAI 7 OX
h . Mnopei o aoBeviis va kaBioe! xwpis Bonbeia kar va
yia acBeveis ye AEE: 6. RapaEivel ge &priyopon Yo uABNaT0 15 Aemd;
G3. (Non-must criterion) Minimal number of beds nal 4L oxi 'j>
with automated monitoring. Minimum: 4. s Kooapt A 06 |
(Mpoaipeukd) EAdxiotos apiBuéds KAV Pe autd- ar Lb
patn ouvexh kataypaoeph: 4. Eivar 0 aoBevis Kaves 11, 00BR an tou tbpatos.}
G4. Minimal number of patients with TIA and acute |} oo eecifs 2 gt oxi > - oy
stroke treated per year. Minimum: 200. b na 53-ij)';"ﬂ‘g;"o‘g:punzm
EAdx10105 apiBpos aoBevidv pe NOPOBIKG I0XQIMI- [Tt o1 oier oo o g S o0
K& €neicddlo Kal O&U AEE nou GVIIUEI(,OHI’ZOVIO I ava ;ﬁ;\pﬂtﬂﬁg{;ﬁéi?]%zvkvguiglﬂ ‘v(w]u;vv‘seutgva az{n‘gv s katanoons
€10s: 200. Aoudio karanors Kfinons
G5. (Non-must criterion) Numbers of acute treat- ko vttt an v oo v 1 )
ment (IV-thrombolysis, door to needle time, type and 1y ox
rate of complications and number of referrals to acute | o o e L o
intra-arterial interventions per year). e ooetanon
(Mpoaipetkod) Kataypapetal o apiBuods o&éwv Bepa- 1P i (ot an6 oy oo vo fetoao)
neiwv nou dievepyouvtal (evboPiéRia BpouPdauon, oxi
xp6vos door-to-needle, £i50s kal MOGOOTO eninflokGv, 522:2‘3;3::izi?:ss‘f;i;3'[2‘;&?2:;:’;;2;5tg;”nzsgsc;m“;;%:s:;zzz;:nz
KaI GpIBLOS NOPAMOHNGY NPOS OFEEs EVBAPTNPIGKES  (ieioe o e e oo vy s o e
I'IOpEUBdOEIS avd éIOS). ‘”Ziua%%&‘;ﬂ? ;U\?:pomon Av BIanIoTwBE] OUBANOTE AN6 10 AVWTEPW, ENIKONWVATTE LE
G6. (Non-must criterion) Documentation of age,
sex, admission stroke severity case fatality, of discharge
National Institutes of Health Stroke Scale, discharge MONANA A€E e o s poons
modified Rankin Scale. e cno
(Mpoaipeukod) Kataypdgovtal nAikia, puio, Ba-
putnta AEE katd tnv sicaywyn, Bvntétnta, NIHSS
€66ou, MRS €€660u.
G7. (Non-must criterion) Documentation of quality
of stroke care: % documented swallowing test, early
mobilization, and prevention of DVT.
(Mpoaipgukd) Kataypdeetar n noidétnta s nape-
xOpevNs Ppovtidas yia 1o AEE: % katayeypappévwy
dokipacoidy Katdnoons, NPWIUN Kivntonoinon, Kai
npoAnyn s ev tw B&Bel pAePikns BpdpPwons.
G8. (Non-must criterion) Access to local stroke sup-
port organization.
(Mpoaipeukd) Na undpxel npéoPacn o€ TOMNIKES
OPYAVMOEIS UNootnpiEns acBevv pe AEE.
G9. Number of the relevant diagnostics (Number
of TTE/TOE., Numbers of Neurovascular Ultrasound,
Number of brain CT/MRI and CTA/MRA).
Kataypdgetal o apiBuds twv oxeukbv diayvw-
OUKWV e€etdoswv nou dievepyouvtal (S1aBwpakikd/
blolcoQayela unepNXoypaPNPATa, VEUPOAYYEIaKA
unepnxoypagnuata, CT/MRI eykepdnou kar CTA/
MRA).
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SAFETY OF INTRAVENOUS THROMBOLYSIS IN AN ACUTE
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DUE TO UNDERLYING BRONCHIECTASIS

Aikaterini Theodorou MD', Vasiliki Kotsali-Peteinelli MD', Marianna Bregianni MD', Lina Palaiodimou MD’, Marianna Papadopoulou MD'
Maria Maili MD', Anastasios Bonakis MD', Konstantinos Voumvourakis MD, PhD', Georgios Tsivgoulis, MD, PhD, MSc, FESO, FEAN, FAAN'?

' 2n Department of Neurology, National and Kapodistrian University of Athens, School of Medicine, “Attikon” University Hospital, Athens
2 Department of Neurology, The University of Tennessee Health Science Center, Memphis, TN, USA

Abstract

Introduction: Despite that bronchiectasis has been mentioned in patients with even fatal complications
of intravenous thrombolysis (IVT) for myocardial infarction, the safety of IVT administration in patients with
known bronchiectasis and acute ischemic stroke (AIS) is not established.

Methods: We present the case of a 74-year-old woman who received intravenous thrombolysis for AIS
despite recent hemoptysis due to underlying bronchiectasis.

Results: A 74-year-old patient with recent (8 hours) hemoptysis due to extensive underlying bronchiec-
tasis presented with acute left hemiplegia, dysarthria, gaze deviation and decreased level of consciousness
(NIHSS-Score on admission: 22) within 75 min from symptom onset. She was treated successfully with VT,
resulting in substantial neurological improvement. (Discharge-NIHSS: 2). Neuroimaging studies disclosed
infarctions in different arterial territories, without hemorrhagic complications, while cardiac monitoring
revealed paroxysmal atrial fibrillation (AF) as the underlying stroke etiology.

Discussion: The present case highlights that systemic thrombolysis for AIS despite recent hemoptysis
due to underlying bronchiectasis appears to be safe.

Key words: hemoptysis, bronchiectasis, brain MRI, acute ischemic stroke, intravenous thrombolysis
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MNepiAnyn

Eicaywyn: e undpxouoes BIBNIoYpapikés avapopés, ol BPOYXEKTACIES TOU MVEUUOVIKOU NAPeyXUPATOs
éxouv ouvdeBei pe Bavatngodpes enndokés oe aoBeveis nou énaBav evbopiéPia BpopuPdnuon Adyw eu-
PpAypatos 1ou puokapdiou. H acpdneia dpws tns evbopiéfias BpopuPdnucns oe aobeveis pe 0&U 10XaIUIKO
ayyelaké eykepanikd eneioddio (AEE) kal npolndpxouca Bpoyxektacia pével va diepeuvndei.

MéBobol: Ltnv napoload penétn napouacidloupE €va NEPICTATKO, NMou apopd yuvaika 74 xpovay, n onoia
¢naPe evooPéRia BpopPoiuon Adyw o&fos 1oxaiuikoU AEE napd v ava@epdpevn Npdo@atn aigdnuon
O€ €0a(P0Ss YVWOTMY PPOYXEKTATIWDV.

Anoteféopata: AcBevhs 74 €1V e ava@epOPeVn AIPONTUON Npo 8WPOoU COE €6aPOS YVWOTWY EKTE-
Tapévay Bpoyxektaoiwy, NpoohiBe oto TAPC ENElYOVIWY NEPICTATIKWY petd and ofeia eykatdotaon apl-
otephs nuinAnyias, ducapBbpias, otpoens BAEupatos Npos ta Oe€ld kal Yeiwpévou eninédoU nIKOIVWVIas
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(NIHSS-Score-ei0660u:22), evids 75 Aentwv and tnv évapén twv cupntwpdtwy. H acBevihs éAae enituxws
evbopnéfia BpouPodnuon, odbnywvtas oe caph Bedtiwon ts veuponoyikhs ths cupntwpatonoyias (NIHSS-
Score-g€itnpiou:2). Ta aneikovioukd euphpata anokdduyav noAnanid éuepakta os dIaPoPETKES aptnpla-
KES KATavopEs, xwpis aipoppayikn petatponn. O kapdiodoyikds €feyxos pe 24mpo monitoring tou kapdia-
KoU puBuou avédeiEe napo&uauikn KOAMIKA Happapuyn, ws UMOKEIUEVN aITia TWV I0XAIMIKDV EYKEPANIKWDV.
Tulhtnon: H suneipia pas and to napandvw nepiotatkéd Seikvuel tnv acpdneia s evbopiéPias Bpop-
BoéAUoNs akdUA Kal OE NEPINTMOEIS A0BEVWV PE NPOOPATN aludntuon AdYw UNOKEIUEVWY BPOYXEKTACIDV.

Né€els eupetnpiou: aipdnuon, BPOyXeKTaaies, payvntkh Topoypa®ia eykepanou, ogU 10XaIUIKG ayYEIaKO eyKePaAnikd

eneloodio, evbopéPRia BpopPdiucn

Manuscript
Introduction

Bronchiectasis, consisting an independent risk fac-
tor for ischemic stroke and coronary heart disease has
been associated with severe complications of IVT in
patients with acute myocardial infarction. However,
there are scarce data regarding the safety of IVT in
acute ischemic stroke.

Methods

We present the case of a 74-year-old woman who
received intravenous thrombolysis for AIS despite
recent hemoptysis due to underlying bronchiectasis.

Case Report

We describe the interesting case of a 74-year-old
woman with medical history of extensive bronchiec-
tasis due to multiple pulmonary infections in younger
age and frequent episodes of hemoptysis (about 3
per month). The patient presented with acute onset
of left hemiplegia and hemihypesthesia, dysarthria,
gaze deviation and decreased level of consciousness
(NIHSS-Score on admission: 22) within 75 min from
symptom onset and a recent hemoptysis, about 8
hours ago, was also mentioned. Baseline axial brain
CT scan on hospital admission (Figure; Panel A) dis-
closed right hyperdense middle cerebral artery (MCA)
sign due to an underlying proximal MCA occlusion
and values of hematologic/ coagulation testing was
normal.

The patient was treated with systemic thromboly-
sis using alteplase standard dose (0.9 mg/kg over
60 minutes with initial 10% of dose given as bolus
over 1 minute) with an onset-to-treatment-time of
110 minutes. During the first 30 min of alteplase
infusion, substantial neurological improvement was
documented (NIHSS-score 7), while Transcranial Color-
coded Duplex disclosed complete recanalization of
right M1-MCA (Thrombolysis in Brain Infarction grade
5). However, during administration and after having
received about 70% of the total dose, alteplase-in-
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fusion had been interrupted due to recurrent tran-
sient hemoptysis. Contrast-enhanced chest-CT scan
(Figure; Panel B) revealed the extensive cystic bron-
chiectasis, without any signs of active hemorrhage.

The patient experienced substantial clinical im-
provement and symptom resolution and her NIHSS-
score at discharge was 2. During hospitalization par-
oxysmal atrial fibrillation (AF) was detected as the
underlying cause of stroke, using cardiac monitoring.

Brain-MRI disclosed acute cardioembolic infarctions
in different arterial territories including right MCA
(Figure; Panels D-F) without hemorrhagic compli-
cations. The patient was treated with antiplatelet
therapy for the first 8 days of symptom onset and
was then switched to weight-adjusted therapeutic
dose of enoxaparin-sodium under regular control of
the Anti-Factor-Xa level. The modified-Rankin-Scale
Score was 1 at three months.

Discussion

Recent studies indicate, that bronchiectasis con-
sists an independent risk factor for AIS and coronary
heart diseases [1-2]. Chen et.al reported through a
population-based cohort study from Asian popula-
tion an incidence rate of 9.18 per 1000 person-years
of ischemic stroke in patients with bronchiectasis
compared to an incidence rate of 4.66 per 1000
person-years in patients without bronchiectasis [3].
Furthermore bronchiectasis coexisting with diabetes,
AF, or hypertension represents a multiplicative risk
of ischemic stroke.

However there are only rare case-reports, which
describe severe complications in patients with bron-
chiectasis after administration of systemic thromboly-
sis for acute myocardial infarction, while international
recommendations for the early acute ischemic stroke
management of those patients are unavailable [4-6].
Additional, severe hemoptysis is not listed as a con-
traindication in the current SPC of Actilyse, despite
this could be considered as a recent “severe” bleed-
ing. Consequently, the decision to deliver IVT in a
patient with acute ischemic stroke and a history of
bronchiectasis with recent hemoptysis is an extremely

3§ EAAHNIKH
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Figure. Neuroimaging-Findings in an acute ischemic stroke patient due to right middle cerebral artery occlusion with
extensive bronchiectasis and recent hemoptysis

Axial brain CT scan on hospital admission disclosing right hyperdense MCA-sign (red arrow-A). Axial chest-CT scan of chest
revealing extensive cystic bronchiectasis (B). Axial brain CT scan following r-tPA administration revealing resolution of hy-
perdense MCA-sign (red arrow-C). Diffusion-weighted imaging (DWI) reveals multiple acute cerebral infarctions in different

arterial territories: right middle cerebral artery, left middle cerebral artery and left posterior inferior cerebellar artery (D-F)

/] EAAHNIKH
V| NEYPOAOTIKH
== ETAIPEIA

demanding task for the treating neurologist, requir-
ing a very quick analysis of the benefit/risk ratio of
alteplase treatment for the individual patient.

To the best of our knowledge this is the first report,
describing the IVT-administration despite the recent
hemoptysis in an AlS patient with extensive known
bronchiectasis. Our patient, despite our concerns,
achieved significant clinical improvement and was dis-
charged with minimal neurological deficits. Based on
our experience this management appears to be not
only effective, but also safe. However it is meaning-
ful that these patients or their legal representatives
should be informed about the higher risk of hemor-
rhagic complications following IVT-administration
and signed informed consent should be obtained.

Concluding, additional publications are needed
to clarify the safety of IVT in AIS with bronchiectasis
with or without recent hemoptysis, given the high
risk of pulmonary hemorrhage with possible fatal
outcomes.
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NMAPOAIKH AIMOAYNAMIKH AXTAGEIA
KATA TH AIAPKEIA ENAOOAEBIAXZ OPOMBOAYZHZ
2E OZY IZXAIMIKO AEE- NAPOYZIAZH MNEPIZTATIKOY
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MNepiAnyn

AaBevhs 59 etv e 1I0TOPIKG aPTNPIAKNS UMEPTAONS UNG aywyh Pe avactonsa petatpenukol ev{Upou tns
ayyelotevoivns (a-MEA) epgpdvioe aipvidiws duoapBpia kar apioteph nuindpeon ota nAaiola 0&€os 1oxalpikoU
EPPPAKTOU Kal avupetwniotnke pe xophynon evbo@iéPias Bpouponuons pe aftenAdon. Aiyo npiv tv odo-
kAnpwon s éyxuons tns BpopBoAutkhs aywyns n aoBevins epupdvioe napodikh aipoduvapikh aotdBeia pe
Bpadukapdia kal ekoecNUacpévn UNGTAoN NoU avUPETWNIOTNKAY ENITUXMS e evOopnERIa xopnynons atpo-
nivns, uyp@v Kal ayysiloocuonacukmv. O éneyxos yia otopatoylwooikd ayyelooidbnua Atav apvnukés. H napo-
bikn alpoduvapikh actdBeia katd i Sidpkeia h apéows Petd tn Bepaneia pe aftenAdon oe aobeveis pe oU
loxalpiké AEE nou AapBdévouv a-MEA unodnidvel ayyeiodiaotoin Adyw tns cucompeuons s Bpadukivivns,
teAIKoU NPOoidVTos evds Katappdktn npwteoNUoswy nupodotoUpevou and v altenAdon nou Pnopei enions
va NPokanéoel og KAMOIES NEPINTWOEIS otopatoyAwaalkd ayyelooidnpa. H napoloa nepiypaphn nepiotatkoy
avadeikvUel auth v ondvia enindokn Kal avanUel UNOKEIPEVOUS JNXaVIoPOUs Kal TPOMouUs AvVUPETDIOoNS.

NéEels eupetnpiou: Ioxaipikd eykepanikd, aftenidon, aipoduvapikh actdbela, Bpadukivivn, ayyeliooibnua

TRANSIENT CARDIOVASCULAR INSTABILITY DURING
INTRAVENOUS THROMBOLYTIC THERAPY IN ACUTE
ISCHEMIC STROKE - CASE REPORT

Eleni Krasnikova MD'-?, Aikaterini Theodorou MD?, Vassiliki Peteinelli-Kotsali MD?, Georgia Kaloudi MD?, Maria Maili MD?,
Maria Chondrogianni MD?, Chryssa Arvaniti MD?, Konstantinos Melanis MD?, loanna Tsantzali MD?, Georgia Papagiannopoulou MD?,
GeorgiosTsivgoulis MD? 3, Eleni Bakola, MD?
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2 Second Department of Neurology, National and Kapodistrian University of Athens, School of Medicine, “Attikon” Hospital, Athens
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Abstract

A 59-year-old woman on antihypertensive treatment with Angiotensin-Converting-Enzyme (ACE) inhibi-
tor was transferred to our hospital with acute onset dysarthria and left hemiparesis due to acute ischemic
stroke. Before the end of treatment with intravenous alteplase infusion, she developed transient bradycar-
dia with subsequent severe hypotension without orolingual angioedema and was treated successfully with
fluids and vasopressors without any neurological deterioration. Transient hemodynamic instability during
or right after alteplase treatment in acute ischemic stroke patients pretreated with ACE inhibitors may be
caused by vasodilatation due to bradykinin accumulation induced by tissue plasminogen activator. This very
uncommon complication may also be accompanied by orolingual angioedema. The present case report
highlights potential underlying mechanisms and suggested approaches.

Key words: cerebral infarction, alteplase, bradykinin, hemodynamic instability
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Eicaywynh

H evbopnéPia (ED) BpoufdAucn pe adtenndon
(loukd evepyonolinth tou nAacpivoyévou- rtPA) ano-
tefel tnv evbederypévn, acpann kal anoteNeoPAtKA
Bepaneutkh avupednion Tou 0&£0s IoXallikou Ayyel-
akou Eykepanikou Eneicobiou (AEE) evids 4,5 wpv
and v évapén cupntwpdtwy [1]. H xopnynon tns
Bpopponutkns aywyns Ba npénel va yivetar tauto-
XpOvws Pe napakofouBnon twv {WUKOV onUEiwy
(apwtnpiakn nieon, kapdiakh cuxvotnta, o&uuETpia)
NPOKeIPévou va diayvwaotolv Kal va avUPETwNIoTtouy
éyKalpa evoexdpeves eNNNOKES tns Bepaneias.

Ztnv napouaod epyacia napouacidloupe pia aoBevin
e o€U 1oxaipiké AEE nou éAaBe E® BpopPoniuon kai
napouciace Npo tns oNokANPwWaoNs £yxuons ToU Qpap-
Hakou napodikn aipoduvapikh aotdBeia e onpavukn
aptnplakn undtaon kal Bpadukapdia.

Mapouciaon nepictatikoy

l'uvaika 59 v e atopikd avapvnotukd aptnpl-
aKAs UNEPTacns Unod aywyh Pe avaotonéa Tou PETa-
1penuKoU ev(Upou s ayyelotevaivns (nepivoonpiin)
biakopioBnke oto Tunua Enelyéviwy Mepiotatikmy
de aipvidias évapéns apioteph nuindpeon, nuidnai-
obnoia kal duoapBpia (NIHSS 10) ané 90 Aentwv. H
atovikh topoypagia eykepdanou dev avédeie oEeia
naBonoyia. AlevepynBnke evdopiéfia Bpoppodiuon
(E®O) 120 Aentd and v évapén twv CUUNTWPATWY.
Tautoxpovws pe n kAviKA BeAtiwon tns veupondoyi-
Khs ths onpelonoyias N acBevins epeavios otadlakn
NWoNn s aptnplakns nieons katd tn SIAPKEIA NS
Bepaneias. Aéka Aentd npo onNokAnpwaons tns ECO
KI evdd Ntav NA€ov aoUpPNTWPATKA, NOpoUciace on-
pavukn Bpadukapdia (32 opugeis/nentd) kar undtaon
(54/32mmHg) nou avupetwniotnkav ENITUXMS |E €v-
6opnéRia xoprynon atponivns, puoionoyikol opou
Kal ayyelooucnaoukwy (vopadpevadivns). H aoBevhs
enéyxBnke dpeoa yia otopatoyAwoalkd ayyelooidnua,
10 onoio kar anokneiotnke. To diaBwpakikéd unepn-
xoypdenua kapdias nou dievepynBnke enions dueoa
bev avébei€e nabonoyia kal o aovikés TopoypaPiEs
Kal ayyeloypagies nou akonouBnaoav (a&ovikh Bw-
pakos, koldias, ayysloypagia aoptis) anékigiocav to
evbexduevo alpoppayias n diaxwpiopou.

H payvnukh topoypagia tns aoBevous nou dlevep-
yNBnke tn eltepn pépa tns voonAeias tns Atav apvn-
UKN yia o€ 1oXaIpIKG EUPEAKTO WS €M anoPeUXBEvios
loxaipikoU AEE (averted stroke) petd ané enituxi EQ
Bpoppoiuon. Metd and nevbnpepn voonneia n aobe-
vhs €€NABe oe dpiotn kAivikn katdotaon (NIHSS 0).

TulhAtnon

Yus eninfokés tns evbopnéPias Bpopfdiuons
oto o&U 1oxaipikd AEE nepinapfdavovtal avubpdoeis
unepeuaicBnaoias Kal aipoppayikés ekbnAwoels. H
gPeavion avapuiakukns avtidpaons e aloSUVapIKA
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aotéBeia n/kar otopatoyAwooikd ayyeiooidbnua ival
apketd onavia (2%), anid anotedsi Suvnukd Bava-
nedpa emniokn [1] kal eival ouxvotepn oe aoBeveis
nou AapBavouv avulneptacikh aywyn Ye avaotonels
petatpentkoU ev{UPoU ayyeIOTEVOIvNS Kal aviaywvi-
otés unodoxéwv ayyelotevaivns Il [2].

H napodikn aipoduvapikh aotdBeia kal to ay-
yelooidnpa eivar enakéAouba ayyeiodiactonns kal
autnpévns ayyelakns dianepatdtntas Ndyw dpdons
evos ayyelodiaotanukou nenudiou, s Bpadukivivns.
H Bpadukivivn gival 1o tefiké anotéfeopa evos Ka-
apPAKIN NpwteoNUoEwY Nou pnopei va AdPel xwpa
katd wn didpkela s evbopnépias BpopPdiuons pe
adtenAdon [3] (eikéva 1). O katappdKINs Twv NPWTE-
onUoewv EekIvé Pe T YeTatponn Tou nAaouivoydvou
oe niaopivn and v aftenidon, n onoia pe t ogipd
s dilaond v npokadnikpeivn oe kaAnikpeivn [4]. H
kanAikpeivn tenikd ubpoAUel o Kivivoydvo upniou
poplakou Bapous oto nidopa o Bpadukivivn [5], n
onoia ouvdedpevn pe tous unodoxeis Ppadukivivns
wnou B2 ota toixdpata v ayyeiwv npokanei tn
biaotonn tous. YneuBbuvo yia v anoddunon s
Bpadukivivns gival to petatpenukd éviupo. Le aobeveis
nou Aaupdavouv avactoneis YetatpentkoU evqUuou Kal
otous onoious xopnyeital adtenidon n anodéunon
s Bpadukivivns eival apyn pe anotéleopa v na-
patetapévn dpdon ns kaBws auth cucowpeletal [6].

Ye yeydnn oeipd 923 aoBevv nou énapav ev-
bopnéPia BpopPdnuon pe aftenndon to ayyelooi-
dnpa ws anotéieopa tns 6pdons s Bpadukivivns
eu@aviotnke 15 éws 105 Aentd petd tnv évapén s
BpopPoiutikns aywyns ue évav péoo xpodvo ta 70
Aentd [7]. Kai otnv nepintwon s aoBevous nou na-
pouoialoupe n napodikn aipoduvapikn aoctdbeia ws
anoténfeopa s ayyelodiaotonns Nou NPokAanece n
ouUcoWpPEUON NS Bpadukivivns eypaviotnke 50 Aentd
PETa v évapén ts BpouBoAutikns aywyns.

Enions otnv i61a peAétn gavnke n cucxguon tou
otopatoyAwaooikoU ayyeiooIdNPATos PE EUPPAKTO OTn
vhoo tou Reil. Auto gixe hdn Slagpavei kal og nafaid-
tepn pengn [2] pe uwnid oxetkd kivbuvo eppavions
otopatoyAWwooIKoU ayyelooidAPatos og o&U I0XAIUIKO
€U@PPAaKTo s vhoou tou Reil kal tou petwniaiou Ao-
Bou npoaoBiws s oxiopns tou Sylvius.

Eivar yvwotd 6u n vhoos tou Reil oxetiCetal pe
AeItoupyia Tou autdvopou VEUPIKOU CUCTAPATOS.
Aopikés BAGRes dnws 1oxaluikad n aipoppayikd AEE
N nAektpopuaolonoyikés aniayes otnv NepIoxh ota
nAaiola eNIANNTUKOV KPIoEwv Pnopei va npokanéoouv
onpavukes kapdiakés duanetoupyies éws kal Eap-
viké Bdvato [8]. Ztnv acBevn pas, KaBws eNPOKEITo
yIa ano@euxBév éuppakto, dev avedeixbn 1oxaipikh
BA&PNn otnv ev Adyw nepioxn.

H didpkeia tns dpdons tns Bpadukivivns katd
xopnynon ts aftenidons e€aptdtal and 1o pubuod
napaywyns s kabws o xpdvos npioegias {wns tns
eival ponis 17 deutepdenta [6]. Zuvenws kail n aipo-
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EAévn KpaovikoPa kal ouv.

Eikéva 1. Katappdkins npwteoAUoewy nupodotolpevos anod IoTtikd evepyonoint tou nAacuivoyovou (rtPA)
(tpononoinuévo and Gauberti, M.et al., 2018)

Factor X1  Factor XI
HMWK Factor IX F“’i‘“ X" Factor I
Prekallikrein e—
. Factor Xlla 4(:&“ Xla~" A‘“D" Xa /Fa/ctlnr I3
Factor IXa
»
-— l(alllklrein Plasminogen
Fibri < Fibri
tPA 1orin IDriNogen
Plasmin
Y
|Bra§7§n!n FDPs Fibrinolytic system
C5a C3a
cs c3
Complement system
Coagulation system Complement system : Direct Pathway
Bradykinin . o Indirect Pathway
generation

Contact system

Fibrinolytic system

= Common pathway

HMWE : oipniod popakad Bapous kvivayowvo, Bradykinin : Bpabukwivn, Prekallikrein: mpoxaddikpeivn, Kallikrein: kaddupeivn, Flasminogen:
mhoopweydve, Plasmin: mhaopivr, tPA: loTwAC EvepyomoLnTic Twy mAaouvoydvou, fibrinawinbee, fibrinogen: wwdoydva, FDPs: mpoldvia
anobounonc aboug

buvapikn aotdBela nou npokaneital eival Nnapodikh
Onws otV NePINTWon Nou Napoucid{oupE Kal eviote
autoneplopilduevn [9].

Zupnépacpa

Katd n didpkeia ns E® BpopoAucns ol aobevels
Ba npénel va napakodouBouvtal otevd Kal va Kata-
ypagovial AENTOPEPMS KAl OUVEXMS Td (wTKE Tous on-
ueia, dote otnv nepintwon aipoduvapikhs actdBeias
va yivetal dueon napéupaon. H npdn evépyeia otnv
eP@avion aipoduvapikhs actdBeias Ba npénel gival
navia o éneyxos Patdtntas 1ou agpaywyou, o ano-
kAeiopds dnAadh ctopatoyAwooikoU ayyeiooldNpatos

ws anoténeopa ekoeonuaopévns ayyeiodlactonns
npokanouuevns and tn cUCOWPEEUCN PPadukivivns.
H &eltepn evépyeia ival n Apecn xophynon uypwv
Kal ayyeloouonaaotky. Ténos, n Bepaneutkh avt-
getwnion ctopatoyAwaoikoU ayyelooldnpatos Katd
s didpkeia evdopéRias BpopRdnucns cuvoyiletal
otov nivaka 1 [10-13]. Eibikn avagopd Ba npénel va
yivel o€ pappaka nou otoxevouv €101kG otn nabo-
Quolonoyia tou ayyeloolbnpatos ONws €ival n IKa-
upavin (icatibant) ws ekAekukOs aviaywviotns Tou
unodoxéa Ppadukivivns tUnou 2 kal o avaotoneds
s C1-eotepdons.
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MNivakas 1. Avupetdnion otopatoyNwaooikoU ayyelooidhpatos katd tn xophynon ED rtPA

FENIKA METPA

e Alathpnon agpaywyou

e Evdotpaxelakh diacwAhvwon Ynopei va pnv gival anapaitntn av to oidnua nepiopicetal oto npdobio tuhua yimhooas
Kal ota xeinn

¢ Av 10 0oidnpa gival og Adpuyya, ungpwa, £6apos otopatkns koINGTNTAs A GTOV PIVOPAPUYYA Kal ENISEIVAVETAI TAXEWS
(uéoa og 30min) = uyniou kivbuvou — niBavs avaykaia n diacwAhvwon

e Alakonn ED® antenddons

e Anayopeusgtal n xopriynon ACEIs, ARBs

OAPMAKEYTIKH ANTIMETQMIZH

¢ Xophynon Solucortef 100mg iv (udpokopudldvn), evadiakukd Solumedrol 125mg iv (ueBunnpedviCoAdvn)

¢ Xopnhynon Fenistil 4mg iv (1 amp oe 100mI N/S 0,9%)

¢ Av enibeivwon ayyelooidhpatos = adpevanivn (1mg/ml) im oto pnpod oe 6éon 0,3-0,6ml [Evandakukd vepeAonoinon
0,5ml (1/2 amp) adpevanivns]

e |catibant (Fyrazyr)* 3ml (30mg) og npoyepiopévn oUplyya sc. otnv KoINiakn xwpa
Av xpelaotel: 2" xophynon petd and 6h (mpoooxn: éxi ndvw and 3 evéoels /24wpo)

* Avaotonéas C1-eotepdons (Berinert) (201U/kg) ED, apyn éyxuon 4ml/min

* EkAexukds aviaywvioths tou unodoxéa Bpadukivivns winou B2.
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INTRAVASCULAR LARGE B-CELL LYMPHOMA:
A RARE CAUSE OF STROKE-LIKE EPISODES, COMBINED
WITH COGNITIVE DECLINE AND MYELOPATHY
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°> Department of Neurology, The University of Tennessee Health Science Center, Memphis, Tennessee, United States of America

Abstract

Intravascular large B-cell lymphoma (IVBCL) is an extremely rare, frequently fatal, extranodal, non-Hodgkin
lymphoma. Diagnostic delay is common, mainly due to the variety of atypical clinical symptoms and signs.
Early intervention improves outcome, although response to chemotherapeutic agents remains poor. We
present a case of IVBCL with rapidly progressive dementia, myelopathy and stroke-like episodes. MRI
showed typical findings of subcortical white matter lesions with restricted diffusion and gadolinium en-
hancement and a thoracic spine lesion. Awareness should be raised among clinicians for this extremely
rare, life-threatening clinical entity, because of the potentially treatable clinical outcome in the grounds of
timely diagnosis.

Key words: stroke-like episodes, intravascular lymphoma, brain biopsy, immunohistochemistry

ENAAITEIAKO AEMOQMA AINMO MEIFAAA B-KYTTAPA:
MIA ZIMANIA NOzOz, MIMOYMENH ETKE®AAIKA
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MNepiAnyn

To evbayyeiakd Aépewpa and peydna B-kUuttapa eivarl éva e€aipetukd ondvio kal ouxvd Bavamn@opo, eEw-
Aep@adevikd, non-Hodgin Aéupwpa. Xapaktnpidetal and v avelpeon AEPPWUATWOmY KUTIEPWY OToV TPI-
x0€elbIk6 auno, xwpis v napoucia AeppadevondBeias h oupnayous dykou. H péon nilikia eppdvions eival
10 67 éin. H npoofonn eival noAucuctNUatkA, Pe GTuna CUPNTOUATA Onws ERNUPETO, KAKouxid, avopetia,
anwnela Bapous, evid n dINBnon tou KevipikoU Neupikol Yuothpatos (KNI) gival ouxvd n npwn ekdniwon
s vooou. EpgaviCetal pe olyxuon, Slatapaxés pvapns kal Badions, emAnnukés kpioels, Kal eyKepanikd
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enelcddia. Ta aneikovioukd suphuata eival pn €1dikd, evoeikukd vooou PIKpwv ayyeiwv, epponikav AEE,
ayyeliudas KNZ, pynviyyiudas h pyueiondBeias. To napov dpBpo apopd o nepiotatkd evdayyeiakns Aeppw-
pdtwons, pe taxéws etenloocdpevn avola, puedondBeia kar eykepanikd eneicddia, pe ektevh avagpopd ota
KUpIa Xapakinpioukd ths vooou, otn diagopikh Sidyvwaon Kal ota euphpata s Iotofoyikns e&€taons tou
eyke@Anou. Xkonds autou €ival n euaioBntonoinon oxeukd Pe auth tn ondvia, anid duvnukd Bepanedoiun,

noAuouctNUaTKA KakoNBela.

Né€els eupetnpiou: evbayyelakd NEUPwa, eykepanikd ensiocddia, Broyia eykepanou, avoooiotoxnyeia

Introduction

Intravascular large B-cell lymphoma (IVLBCL) is a
rare, usually fatal, high-grade, extranodal non-Hodg-
kin lymphoma. It is characterized by the selective
growth of neoplastic lymphoid B-cells within the lu-
men of small vessels [1]. Clinical presentation is char-
acterized by atypical signs and symptoms, making
diagnostic approach challenging. Not uncommonly,
diagnosis is only made postmortem. Here, we present
a case of IVBCL in which stroke-like episodes, rap-
idly progressive dementia and myelopathy prevailed
throughout the disease course.

Case description

A 73-year-old man presented with a 3-month his-
tory of gait disturbance, numbness of lower limbs
and trunk, incontinence and constipation. Family
reported of anorexia, memory deficits and person-
ality change over the last 8 months. No fever or
skin alterations were reported. The medical history
included hypertension and hypercholesterolemia,
treated with amlodipine, valsartan, simvastatin and
clopidogrel for stroke prevention. The patient was
a former smoker (37 pack-years) and denied alcohol
consumption.

The neurological examination revealed emotional
lability, disinhibition and cognitive deficits (MMSE
14/30). Spastic right hemiparesis with spastic paresis
of the left leg, T7 level of hypoesthesia, incontinence
and constipation were present. During his hospitaliza-
tion, the patient exhibited an acute left hemiparesis
with complete paralysis of left lower limb, confusion,
irritability and hallucinations. Brain MRI revealed le-
sions of high T2 signal with restricted diffusion and
gadolinium enhancement in centra semiovale bilater-
ally and right temporal lobe (Figure 1). Thoracic spine
MRI revealed a small, non-enhancing intramedullary
lesion (<1cm in diameter) at T7 level, on the right of
the midline, close to the dorsal column (Figure 1).

Differential diagnosis included embolic strokes,
primary CNS angiitis, demyelinating and autoimmune
diseases, infectious and neoplastic CNS invasion and
paraneoplastic encephalomyelitis.

Complete autoantibody panel (ANA, anti- dsDNA,
anti-Scl, ACA, ENA, anti-SM, anti-RNP, anti- SSA/Ro,

Archives of Clinical Neurology 31:3-2022, 74-77

anti-SSB/La, anti-cardiolipin IgM & IgG, anti-p2GP1,
anti-MPO, anti-PR3, anti-M2 and lupus anticoagu-
lants) were negative. Antibodies against HIV, RPR
test for syphilis and IGRA for tuberculosis were also
negative. Mild anemia and ESR elevation (32mm/
hr) were the only abnormal blood values. LDH was
within normal levels at presentation. CSF analysis
showed mild pleocytosis (7 WBC/mm3) and elevated
total protein (654mg/l). Nested Multiplex PCR in the
CSF was negative for Escherichia Coli, Heamophilus
Influenza, Listeria Monocytogenes, Neisseria Men-
ingitidis, Streptococcus Agalactiae, Streptococcus
Pneumoniae, Cytomegalovirus, Enterovirus, Herpes
Simplex 1 and 2, Human Herpesvirus 6 (HHV-6) Hu-
man Parechovirus, Varicella Zoster virus and Crypto-
coccus Neoformans/gattii. CSF cultures for bacteria,
fungi and mycobacteria were also sterile. A thorough
search for cancer was performed, with no patho-
logical findings; whole-body CT scan and PET-CT
scan, scrotal ultrasound, Gl endoscopy and serum
antineuronal antibodies (anti- Ri, Yo, Hu, Ma2, CV2,
amphiphysin) were negative. Digital substraction
angiography of the brain, 24-hour cardiac rhythm
monitoring, transthoracic, transesophageal echocar-
diography and transcranial doppler bubble study did
not reveal any pathology. Considering the inconclu-
sive work up and the patient’s severe disability and
rapid deterioration, a trial of pulse dose intravenous
methylprednisolone (1gr/day x3 days) was adminis-
tered, with no clinical response.

Further diagnostic approach included stereotac-
tic brain biopsy. Sample tissue was obtained from
the right temporal lobe lesion. Photomicroscopy re-
vealed infiltration of the lumen of brain capillaries
with large atypical lymphoid cells and CD 20. Pax5
immunohistochemistry demonstrated the B-cell im-
munophenotype of the intravascular lymphoid cells.
The Ki-67 proliferation index was almost 100% (Fig-
ure 2). At this point, diagnosis of intravascular B cell
lymphoma was made. The patient underwent 1 cycle
of treatment with rituximab 375mg/m?, high dose
intravevous methotrexate 2500mg/m? and cytarabine
3gr/m?/d. His poor medical condition did not allow
him to receive any further cycles of chemotherapy,
as he became septic from hospital acquired infec-
tions and died.
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Figure 1. MRl lesions with typical findings
of IVBCL

T2, FLAIR hyperintense lesions (A, B) with contrast
enhancement (C) and restricted dif-fusion (D, E).
Thoracic spine MRI with small, non-enhancing,
lesion of less than 1cm, located right

and posteriorly at T7 level (F)

I - i}

Figure 2. Brain biopsy with typical
histopathology findings of IVBCL

Photomicrography of brain biopsy (x40), stain H&E,
shows the presence of large atypical lymphoid cells
in the lumen of a brain capillary (A). CD20 and
Pax5 immunohistochemistry, demonstrates the
B-cell immunophenotype of the intravascular
atypical lymphoid cells, (B, C respectively). The
Ki67 proliferation index is almost 100% (D)

Discussion

Intravascular large B-cell lymphoma is a rare sub-
type of non-Hodgkin lymphoma, characterized by
intracapillary proliferation, without capillary infiltra-
tion, of malignant B-cells. Mean age of onset is 67
years old (41-85 years). IVLBCL is a multisystemic dis-
ease, mainly involving the skin and the CNS. Random
skin and muscle biopsy, from unaffected regions are

diagnostically valuable, with sensitivity ranging from
67% to 100% in different studies [3, 4].

Systemic symptoms, such as low-grade fever, gen-
eral malaise, anorexia, weight loss and respiratory
symptoms may be present. Characteristically, there
is absence of lymphadenopathy and extranodal mass
lesions, although infiltration of bone marrow may
occur. Involvement of the CNS is evident in 60%
of patients, presenting as encephalopathy, rapidly
progressive dementia, gait disturbance, seizures and
stroke-like episodes. Myelitis of conus medullaris
and infiltration of cauda equina are typical, but spi-
nal cord lesions may also present as a longitudinally
extensive spinal lesion. Brain MRI findings are non-
specific, resembling small vessel disease, embolic
strokes or CNS angiitis. Multifocal T2/FLAIR hyperin-
tense lesions with restricted diffusion in subcortical
white matter and cortex are mainly encountered.
Gadolinium enhancement lacks typical pattern and
is both parenchymal and meningeal. Enhancement
may reverse with treatment initiation, although it is
not considered as a prognostic marker of treatment
response [5].

In most cases, CSF shows pleocytosis with elevated
protein. An elevated B2- microglobulin® in the CSFis a
marker of intrathecal invasion. In our case, diagnosis
could only be made with brain biopsy. Differential
diagnosis of IVBCL includes other types of lymphomas
(lymphomatoid granulomatosis, CD5+ diffuse large
B-cell lymphoma, primary CNS lymphoma, reactive
lymphoid hyperplasia), and leukemias. Therapeutic
strategies are rituximab-combined chemotherapeutic
agents and autologous stem cell transplantation [2].

Conclusion

The absence of typical features and the rarity of
the disease leads to diagnostic and therapeutic de-
lay. However, early intervention improves morbidity
and mortality rates. Thus, intravascular large B-cell
lymphoma, although rare, should be suspected in
cases with watershed strokes in MRI, especially when
associated with other, unexplained, neurological and
systemic symptoms.
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Abbreviations

IVBCL intravascular B-cell lymphoma
MMSE  mini-mental state examination
MRI magnetic resonance imaging

CNS central nervous system

ESR estimated sedimentation rate

CSF cerebrospinal fluid

PCR polymerase chain reaction

FLAIR  fluid attenuated inversion recovery
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w8 ZentepPpiou 2022: Neuponoyikés naBnoeis otnv NMAY Sieniotnpovikés Npooeyyioels,
E.KO.TENL.IA., MNopto XéAi

% 24-25 XentepBpiou 2022: To ta&idl tou acgBevous, EAAA.NA., ABhva
<% 26-28 Oktwfpiou 2022: ECTRIMS 2022, Amsterdam

< 10-13 NospufBpiou 2022: 10° NaveAdnvio uvédpio Ayyeiakwv Eykepanikwv Néowv,
Beooanovikn

< 8-11 Askepfpiou 2022: EAA.A.NA., ©sccandovikn

7] EAAHNIKH
NEYPOAOTIKH
ETAIPEIA



