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...New Horizons...

As a new year begins, setting new goals and starting the implementation of new plans is
mandatory. We are lucky to experience an evolutionary leap in the field of neurology all over
the world, in research as well as in management and treatment of neurological diseases.
Our country already started following trend by introducing the first Stroke Units in public
hospitals, and new horizons open, presenting with bright possibilities for the future.

This is the first issue of 2024, and contains five articles, all of them in English, further support-
ing our attempt to broaden the readers’ appeal of our journal and to integrate the Archives
of Clinical Neurology in the PUBMED inventory.

In the first review by Chatzistefanidis et al., an outline of the evolution of neurocritical care
in the past decades in presented. The palpable results in the ameliorated clinical outcome of
the patients are highlighted and the significant role of neurointensivists as a part of inter-
disciplinary teams is stressed.

Mysiris et al. present a case report with respiratory failure as the initial clinical manifesta-
tion of myasthenia gravis in the intensive care unit. Myasthenia gravis and more specifically
myasthenic crisis is a dreaded comorbidity in medical practice, and a high index of suspicion
should exist in cases of otherwise unexplained respiratory failure of difficulty in weaning from
mechanical ventilation , especially in young adults.

Tsouris et al. showcased a female patient with myelin oligodendrocyte antibody associated
disease and her clinical and radiological disease progression which was unexpectedly combined
with disease progression between her disease relapses, supporting the fact that the myelin
oligodendrocyte antibody associated disease has a highly heterogeneous clinical profile and
should be kept in mind as a differential in central nervous system demyelinating diseases.

In the next article, Tsantzali et al. presented an interesting case series of four patients
phenotypically suggesting the diagnosis of Alzheimer’s disease, whose cerebrospinal fluid
biormarkers did not support the diagnosis, indicating that when disease specific treatments
are available, laboratory confirmation of this common disease should be pursued.

Finally, in the last review by Kyziridis, the existing literature regarding lamotrigine induced
hemophagotic lymphohistiocytosis is discussed, which is a significant side effect of lamotrigine
administration, presenting within the first three weeks independent of medication dose. Ap-
propriate management considerations are outlined in detail.

In the beginning of this year, | would like to thank you all for your continued support to our
journal and further motivate you to broaden your horizons, set new goals and collaborate
with each other, in order to achieve the best for our patients and for our journal.

GEORGIOS TSIVGOULIS
Professor of Neurology
National and Kapodistrian University of Athens
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ANAZKOIMHXZH THXZ TENIKHZ OPTANQZHZ,

TOY OAZIMATOZ NMAGHZEQN KAI TON AYNATOTHTQN
NMOAYIMNAPATONTIKHZ MAPAKOAOYOHIHX THL
NEYPOAOIIKHZ AEITOYPTIAZ £ E MONAAEZ
NEYPOENTATIKHZ ©EPATNEIAX

Anpntpios Xathotepavidns!", Znupibwv Kovitoiwtns'

1 Tunua Neupodoyias, Tunua latpikns XxoAns, IxoAn Emotnudv Yyeias, Maveriotiuio lwawivwy, lwdvwiva, ENAdda

MNepiAnyn

H voonieia aoBeviv o€ e€e1bikeupéves ovades veupoeviatkns Bepaneias éxel e€enixOei us teneutales de-
Kaeties kal anotefei nAéov Eexwplotd opyavwpévn €10IkOTNTA o€ NoANd cuothpata uyeias. H veupoeviaukn
Bepaneia xpnoiponolei opddes noAfanAwy €I8IKOTATWY, ViVETal Xphon CUyKeKPIPévwy NpwtokdANwy Bepa-
neias kal napakodouBnaons veuponoyikwy AeItoupyidv, kaBws enions S1e€dyel épeuva Kal avantiooel Nepal-
¥pw n i6la 10 nedio autd. To paopa s éxel eNektabel onpavukd Kal ol texvonoyikés eCeNiCels entpénouv
n duvatdtnta napdAAnAns napakoAoUubnaons twv veuponoyIk@Y AEToUpyYInY Pe SIApopous 1pdnous, av
Kal 1o tefiké anotéieopa otn Slaxeipion twv aoBev@v Kal tny AIToupyIKA ToUs Katdotaon anaitel nepaité-
pw €peuva. Av Kal Undpxouv oaph otoixeia &t n veupoesviaukh Bepaneia pnopel va Befuwoel tnv ékfaon
Kal tnv noidtnta {wns twv aoBevdv nou eival cofapd dppwatol, n katavdnon s dopns s, s KAIVIKNS
NS EQPAPHOYNS Kal TNV TautdXpovns napakonouBnons twv veupoAoyikwv AEIToupyIdy PEow O1aPOPETIKDV
peBddwv €ival oualaatikn yia v nepaitépw eEENIEN to Topéa. MNa tov Adyo autd, napouaidloupe 6w v
Iotopikn €E£AIEN Twv povadwy VEUPOEVTATKNS GpPovTidas Kal tns alyxpovns SopNs tous, Onws Kal 1o Aca
twv aoBeveimv nou voonievovial o auth, kaBs kal us diabéoipes Sduvatdintes napakoAoUBnaons s veu-
podnoyikns Agitoupyias.

Né€eis eupetnpiou: neurointensive care units, multimodal neuromonitoring, neurointensivist / veupogvtaukn Bepa-
nefa, noAunapayovukh napakoAouBnon veupoAoyikAs Agitoupyias, VEUPOEVTATKONSYOS

GENERAL ORGANIZATION, DISEASE SPECTRUM AND
MULTIMODAL MONITORING IN NEUROCRITICAL CARE
UNITS; A REVIEW

Dimitrios Chatzistefanidis!", Spyridon Konitsiotis!"!

0 Department of Neurology, Faculty of Medicine, School of Health Sciences, University of loannina, loannina, Greece.

Abstract

Neurocritical care has further evolved in the last decades and is currently part of many health systems as
separately organized specialty. Neurocritical care involves interdisciplinary teams, protocol implementation
and neuromonitoring as well as research and further development of the filed. Its spectrum has drastically
been expanded and technological developments have improved multimodal monitoring capacities,
although its impact on patients’ management and functional status requires further research. Although
there is clear evidence that neurocritical care can improve outcomes and quality of life of patients who
are severely ill, understanding its structure, clinical practice and multimodal neuromonitoring is essential
for further development of this field. We present herein the historical evolution of neurocritical care units
and their current organization, as well as the spectrum of neurocritical diseases and available modalities
for neuromonitoring.
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Introduction

Critical care medicine and the concept of inten-
sive care unit is fast 70 years old and was evolved
after mechanical ventilation with positive pressure
was shown to be a solution for polio victims with
respiratory insufficiency!. The rapid grow up of the
specialty in the following years resulted in the es-
tablishment of specialized intensive care units (ICU),
such as postoperative neurosurgical units and, later,
neuroscience ICUs, which was dedicated to the treat-
ment of critically ill neurological patientst?!.

As a continuously evolving subspecialty of inten-
sive care medicine, critical care and management of
neurosurgical and neurological patients is a develop-
ing concept involving many clinical entities and new
technological modalities. Recently, with the rapid
development of acute stroke care and endovascu-
lar therapy, neurological critical care units (NCCUs)
covered further clinical problems, expanding their
spectrum of critically ill patientstl.

As the clinical spectrum and therapeutic complex-
ity of critically ill neurological patients admitted to
NCCU is continuously evolving, dedicated special-
ized multidisciplinary teams are required to optimal
management of acutely ill patients with life threating
neurological problems. In this context, a new sub-
specialization in neurology has emerged, individuals
trained to deal with the complexity of these issues,
called neurointensivists. These experts are not only
involved in the treatment of primary or secondary
neurological problems, they are also dedicated to
the development of this field as well as they play a
key role in the function of the multidisciplinary team
of NCCUsHBL

In this review article, we present the spectrum of
neurological patients treated in NCCUs, the existing
modalities of neurointensive monitoring, as well as
proposed organization and infrastructure of a NCCU.

Historical Evolution of NCCU

Although care of highly complex critically ill pa-
tients was always challenging in medicine, progress
in this filed was intensified in the second part of 20®
century®?. Currently COVID-19 pandemic triggered
further advancement in vaccine development. Simi-
larly, it was poliomyelitis epidemic, which catalyzed
the evolution of critical care of patients. Although
units for intensive care of postoperative neurosurgical
patients were already existed, it was the pandemic,
which led to a further development of the concept
of intensive care unitst®l.

In the early 1950s, Lassen and lbsen, amid the
pandemic of a virulent strain of poliomyelitis, utilized
manual mechanical ventilation to improve clinical
outcome of patients with respiratory failure or bulbar
weakness. Emergency tracheostomy and respiratory
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support with manual bag ventilation (conducted by
medical students) simplified care of critically-ill pa-
tients and resulted to a mortality drop from 80% to
50%!""!. That led to a further sophistication and im-
provement of care, practice and technical equipment;
a multidisciplinary special ward called intensive care
unit was developed and expanded to the majority
of large hospitals®®!,

Improving technology with advances in mechanical
ventilation, monitoring of invasive hemodynamics
and incubators for newborns led to the development
of more specialized units, such as surgical ICUs, coro-
nary care units, trauma and neonatal ICUs. Evidence
was provided suggesting a significant decline in mor-
tality of patients treated with mechanical ventilation
in ICUs compared with those in general wards!'?,
leading to the acceptance and further expansion of
this concept. In this aspect, care of traumatic brain
injury in specialized ICUs was the initial step for the
evolution of neurocritical care®?. The close coopera-
tion of neurosurgeons and consulting neurologists
led to the first neuroscience ICUs, treating both
neurosurgical as well as neurological patients with
meningitis and status epilepticus!'.

The specialty of critical care and emergency neu-
rology was further developed in following decades
focused on stupor and coma as well joined training
of neurologists and intensivists and leading positions
of neurologists in NCCUs, while acute brain injury
and its complications along with recognition and
treatment of acute medical and surgical acute neu-
rology was recognized as important additional skill
of neurologistsi?'?. Societies for intensive or neuro-
critical care, such as the international Neurocritical
Care Society or the national Deutsche Gesellschaft
fur Neurointensiv- und Notfallmedizin were founded,
guidelines and special specialization programs were
development to sufficiently train and qualify neurolo-
gists for neurocritical care 311 Currently, NCCUs are
mostly units treating neurologic and neurosurgical
patients, so that patients could benefit from both
expertise in dealing with their complex problems.
Future perspectives may include a board certification
through neurologic societies. Neurocritical care is
expected to expand to other fields of expertise, such
as pediatrics with the recognition of a sub-specialized
field of pediatric neurocritical carel'®, while devel-
opment in multimodal monitoring requires further
research and standardization'”2'8! for the future.

General Organization and Infrastructure

Most modern NCCUs are mixed units treating
neurological and neurosurgical patients, function-
ing either inside a general ICU as dedicated beds or
in separate autonomous units. A survey in Germany
showed that only 20% of NCCUs functioned as in-
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dependent intensive care units of neurology or neu-
rosurgical departments. The majority of neurocritical
beds were part of interdisciplinary units, where only
25% of them had a neurologist in their team!'9420!,

The organization of NCCUs is not always clearly
defined. An ICU can be open, semi-open and closed.
By an open ICU any physician can admit and care
for ICU patients, while in a semi-open ICU involves
consulting intensivists, while patients are admitted
from other physicians. By the closed ICU, which is
typical for medical ICUs, intensivists admit and attend
all ICU patients?!. Team composition may vary and
can include a large variety of specialists.

Given this lack of organizational criteria for the
development of NCCUs, Neurocritical Care Society
tried to outline a recommend framework for the
structure, personnel and processes for a successful
neurocritical care program!?2.

Three levels of NCCUs can be defined. Level |
units are comprehensive centers of neurocritical care
equipped and able to provide expert and interdisci-
plinary care, featuring a wide spectrum of advanced
monitoring and surgical and medical treatment, while
offers advanced professional training. Level Il units are
able to stabilize acutely ill patients and treat stable
neurocritical diseases. A Level Il unit can evaluate and
stabilize neurological emergencies, while facilitates
transfer to Level | and Il unitsf2224],

A good coordinated, multidisciplinary team is criti-
cal prerequisite for the optimal function of the unit.
It has been shown that an interdisciplinary team with
expertise in neurocritical care can achieve better out-
comes regarding mortality, functional outcomes and
resource management 2°1271 Standards for continu-
ous training and physician staffing of the interdisci-
plinary team have been proposed in detaill?I?.

Similarly, adequate nurse training and competency
in neurocritical care is required to provide safe and
quality care in NCCUs. Skill and competency of the
nurses should be assessed periodically using qual-
ity indicators describing nursing carel?®. Staffing
ratios for an optimal nursing care have been also
proposed(??. Specialty certifications are also an in-
dicator of quality of care and should be encouraged
as it may be also associated to improved patients’
outcomes29M30,

Of interest is the important role of pharmacists
as essential members of the interdisciplinary team
of the NCCU. Studies suggest that intensive care
pharmacists may lead to improvement of care and
patients’ outcome, due to reduce of adverse drug
reactions®'M33], decrease ventilator days 34 and im-
provements in morbidity, mortality and length of
stayB?L3® while there are also evidence suggesting
an optimized resource management by reducing
medication costsi®’.

Furthermore, respiratory therapists applying proto-

cols and procedures regarding mechanical ventilation
and tracheostomy®®, as well as physical, occupational
and speech therapists and qualified dietitians® may
improve outcomes and cost-effectiveness as well as
successfully evaluate and dealing with the complexity
of problems regarding neurocritical care.

Of importance regarding processes and safety in
NCCU is the building and implementation of proto-
cols and guidelines combined with the evaluation
of outcomest?l. Safety of patients’ care is also an
essential part of ICU structure and the quality con-
trol of the unit’s function. Standardized processes,
guidelines, protocols and checklists can help reducing
errors and building a culture of safety, which affects
patient outcomes. Recurrent evaluation and improve-
ments in quality of neurocritical care as part of the
structure of a NCCU is essential for the maintenance
of a safe environment for patients and staffl4/+4%!,

Multimodal monitoring in NCCU

As most of the patients with severe neurologi-
cal and neurosurgical diseases in NCCU are sedated
and intubated, neurologic examination, although
essential for clinical evaluation of the patient, may be
extremely difficult and insufficient. Thus, neurocritical
monitoring parallel to the monitoring of systemic
parameters, such as cardiac rhythm, arterial blood
pressure, oxygen saturation, temperature etc. is of
essential importance for the implementation and
response of the patient to therapeutic interventions,
as well as detection of early signs of a neurological
decompensation. In addition, neurocritical monitor-
ing may help understanding the complexity of the
underlying disorders, detecting an early neurological
deterioration, guiding individualized care decisions
and implementing therapeutic protocols and eventu-
ally improving neurological outcome and quality of
life of patients with severe neurological illnesses®“®l.

Global neurologic status remains a tool to evaluate
patients’ clinical status and is recommended to be
routinely performed. However, a change in neuro-
logical status may often present too late to inform
therapeutic management. Therefore, various neu-
romonitoring tools have been development for dif-
ferent physiologic parameters, which can adequately
reflect patients’ pathology®’.

The concept of multimodal monitoring aims to
detect a secondary brain injury and guide therapeutic
decisions. Monitor of intracranial pressure (ICP) is a
wide spread technique used mainly to detect elevated
intracranial pressure and imminent brain herniation
in high-risk patients with acute brain trauma and
imaging or clinical features suggestive of increased
intracranial pressurel®l,

Monitor of ICP can be done either through a ven-
triculostomy or using intraparenchymal monitoring,
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as these are the gold standards for measuring ICP.
Other invasive methods of ICP monitor exist, however
their measurements are less accuratel*. Alternatively,
a noninvasive method to monitor ICP can be used,
although there are not very accurate too. Transcranial
Doppler can be used to predict ICP, by evaluating
various parameters, however accuracy of this method
is low%. Tympanic membrane displacement is an-
other method based on the transmission of the CNS
pressure to the perilymph of cochlea, however this
technique is characterized from several limitations>I'l.

Electroencephalography is frequently implemented
in NCCUs not only in the context of status epilepti-
cus and for the detection of epileptiform activity in
general, but also after cardiac arrest and prediction of
cerebral vasospasm after subarachnoidal hemorrhage.
As a monitor of cortical function, EEG reactivity
and burst suppression musters are markers predict-
ing recovery after a cardiac arrest, while changes in
EEG pattern may predict changes in cerebral blood
flow in the context of vasospasm after subarachnoid
hemorrhagel?.

Transcranial Doppler sonography in neurointensive
care can have many applications as an inexpensive
and non-invasive method. Monitoring of vasospasm
following a subarachnoid hemorrhage can predict
the onset of ischemia, as increased systolic flow ve-
locities are related to delayed cerebral ischemia and
poor outcomes. Although TCD has been shown to
be highly sensitive and offering a negative predic-
tive value for delayed ischemial®>4, lack of studies
regarding the impact of TCD on clinically relevant
outcomes has limited its use. Furthermore, indications
for TCD in NCCUs are the detection of microembolic
signals due to carotid stenosis, helping estimating
the stroke risk, the evaluation of cerebrovascular
reserve and the assessment of cerebral autoregula-
tionP?l. Although not typically part of a multimodal
neuromonitoring, these TCD applications may inform
clinical decision making in NCCUs and lea to improve-
ments in patients’ outcomes.

Cerebral microdialysis is a technique involving a
catheter inserted in brain parenchyma and allow-
ing frequent sampling and analysis of various mark-
ers of interest, such as glucose, glutamate, lactate
and pyruvate. Although relative safe, this method
has many limitations such as episodic collection of
samples and right placement of the probe in the
parenchyma. In addition, lack of evidence and tri-
als regarding cerebral microdialysis limits practical
interpretation of findings and development of rec-
ommended practices?®.

Sensors for brain tissue oxygenation can be im-
planted to evaluate brain tissue oxygen tension. There
is evidence of a correlation between reduced brain
tissue oxygenation tension and worse outcomel’l.
Monitoring of ICP in combination with measure-
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ments of brain tissue oxygenation compared to ICP
monitoring alone resulted in a significant decrease of
average duration and depth of tissue brain hypoxia
and a trend toward lower mortality and favorable
outcomesP®. Further, near-infrared sprectroscopy
measures the attenuation of reflected light, which
depends on the level of oxygen saturation in blood.
Noninvasive sensors can measure brain parenchyma
oxygenation, although their use can be limited from
factors such as skin tone or scull thickness. Addition-
ally, although there is still a lack of evidence in litera-
ture regarding the impact of this modality in patients’
outcome, its combined use with other modalities can
be implemented in monitoring cerebral autoregula-
tionP?!. Alternatively, jugular venous bulb oximetry
is an invasive method less frequently used and is
subject to many limitations, such as low accuracy
and secondary complications, such as infection and
jugular venous thrombosis and should be used only
as part of a multimodal monitoring®2.

Finally, regional cerebral flowmetry is a method
used to monitor cerebral blood flow. Using a thermal
diffusor flowmeter, blood flow can be estimated from
thermal loss along two elements. This method has
its limitations, as it is highly sensitive to positioning
and its accuracy depends on patient temperatures.
There is also a lack of evidence regarding its predic-
tive role. Alternatively, a laser doppler flowmeter
measures erythrocyte flux directly, however its use
is still experimentally®el.

Neurological Diseases and Outcomes

Although initially neurocritical care involved brain
injury and neurosurgical patients, it currently involves
a broad spectrum of neurological diseases and condi-
tions related to disorders of consciousness, circulatory
or respiratory functions as a result of a neurological
disease or complications of a neurological disease
such as infections, sepsis, aspiration etc. Next to
traumatic brain or spine injury, neurologic diseases
associated with neurocritical care are acute cerebro-
vascular disorders, infectious disorders, such as en-
cephalitis or abscesses, or inflammatory disorders,
such as NMDAR-encephalitis or severe Guillain-Barre
syndrome, refractory status epilepticus or brain tu-
mors. More rarely, disorders associated with neuro-
degenerative diseases, such as a Parkinson crisis or
respiratory insufficiency by ALS, as well as hypoxic or
metabolic encephalopathies, tetanus, intoxications or
a malignant neuroleptic syndrome may necessitate
treatment in NCCUs(®,

There is robust evidence that neurocritical care im-
proves outcomes, especially when specialized neuro-
intensivists are involved®®2. A reduction of length of
stay, without increase in complications and increased
chances of discharge to home have been related to
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more clinician experience due to patient volume,
adherence to protocols, earlier catheter removal and
mobilization and use of improved technology and
neuromonitoring datal®'he3Heel,

Outcomes of patients with acute cerebrovascular
disorders have been improved due to the develop-
ment of stroke unitst®’.. Neurocritical care has also
been associated to better outcomes of stroke pa-
tients. A benefit for patients with ischemic stroke,
as well as intracerebral hemorrhage, has been found
regarding length of stay, decreased mortality and
increased rate of return to pre-stroke function when
neurointensivists were involved in patients’ treat-
ment. Similarly, improved outcomes have been shown
for patients with intracerebral hemorrhage treated in
NCCUs 8711 Regarding subarachnoidal hemorrhage,
there is evidence of decreased length of stay in hospi-
tal, decreased rate of ventriculoperitoneal shunting,
decreased mortality and increased rate of favorable
disposition with increased rate of good functional
outcome for patients treated in specialized neuro-
critical units with presence of neurointensivistst’2H741,

Apart from acute cerebrovascular disorders and
traumatic brain injury, data regarding other diseases
are scarce in literature and not always consistent due
to heterogeneity. In one study patients with status
epilepticus admitted to NCCU were more likely to
become continuous electroencephalograms and less
likely to be intubated compared to patients treated in
a medical ICA, however the overall mortality, length
of stay and outcome was not different between these
two groups”®.. Outcome of cerebral venous sinus
thrombosis was improved after institution of NCCU,
however data for other diseases are in general rare®".

In addition, there are evidence of a financial ben-
efit of a NCCU. Although neurocritical illnesses are
costly and resource demanding ¢, NCCUs staffed
with neurointensivists can lead to lower costs due
to decrease in length of stay and lower total costs of
carel’7/78 While in another study a dedicated NCCU
was related to higher costs, lower mortality and bet-
ter quality of life outweighed the extra NCCU costs
resulting eventually to improved cost-effectivenesst”®.

Conclusions

Neurocritical care has been evolved in the last dec-
ades and is now an essential part of critical care in
many health systems worldwide. The spectrum of
neurological illnesses treated in an NCCU has simi-
larly been evolved. There is convincing evidence of
improved outcomes of neurocritically ill patients,
however functional outcomes remain oft poor. Be-
side improvements in protocols and training of neu-
rointensivists, technological advances have improved
neurocritical monitoring. However, multimodal moni-
toring needs further research to elucidate its role in

informing therapeutic decisions. Patients’ outcomes
depend on the interpretation of data from multimod-
al monitoring, implementation of informed protocols
regarding patients’ management and developing and
implementation of therapy according to changes
detecting in multimodal monitoring. Neurointensiv-
ists and NCCUs with their interdisciplinary teams are
expecting to have a leading role not only in treating
neurocritically ill patients, but also in research and
further scientific advancement of this field.
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RESPIRATORY FAILURE AS THE INITIAL CLINICAL
MANIFESTATION OF MYASTHENIA GRAVIS IN THE
INTENSIVE CARE UNIT: A CASE REPORT

Dimitrios Mysiris, Polyxeni Stamati, Zisis Tsouris, Antonia Tsika, Antonios Provatas, Styliani Ralli, Vasileios Siokas, Efthimios Dardiotis

Department of Neurology, University Hospital of Larissa, School of Medicine, University of Thessaly, Larissa, Greece;

Abstract

Introduction: Myasthenia gravis is an autoimmune disorder affecting the neuromuscular junction. Regarding
pathophysiology, autoantibodies target postsynaptic muscle membrane antigens, causing endplate
depletion leading to muscle weakness. The clinical spectrum varies from a purely ocular form to severe
general weakness affecting limb, bulbar and respiratory muscles. Myasthenic crisis, a medical emergency
resulting from involvement of respiratory muscles, may manifest as the initial clinical presentation of
myasthenia gravis.

Case report: Herein, we report a case of a 23-year-old male, who presented to the Emergency Department
of the University Hospital of Larissa after a car accident. The patient had mild lung injury, without any
neurological symptomatology. During hospitalization the patient manifested acute respiratory failure with
hypercapnia leading to cardiac arrest, requiring cardiopulmonary resuscitation. The patient was intubated
and admitted to the Intensive Care Unit. Despite clinical and laboratory improvement, patient had elevated
carbon dioxide levels, disallowing his weaning from ventilation and oxygen supply. Patient's history
revealed episodes of blepharoptosis and muscle fatiguability in the form of difficulty performing physical
tasks, while neurological examination showed bulbar symptoms, facial, neck and upper extremities muscle
weakness, unraveling a potential Myasthenia Gravis phenotype. Serum immunology study disclosed positive
antibodies against muscle specific kinase. The patient was treated with intravenous immunoglobulin (IVIg)
and then plasma exchange sessions, leading to clinical improvement.

Conclusion: Myasthenia Gravis should be suspected in case of respiratory failure and inability to wean off
mechanical ventilation, especially in young adults. When treating a respiratory failure due to a potential
myasthenic crisis, plasma exchange or IVig should be carefully evaluated as an aggressive and rapid
treatment option with good prognosis.

Keywords: Myasthenia Gravis, Myasthenic crisis, plasmapheresis, IVIg, intensive care unit;

ANATNEYZTIKH ANENAPKEIA QX MNMPQTH EKAHAQZH
MYAZOENEIAL GRAVIS XTH MONAAA ENTATIKHZ ©E-
PATMEIAZ: MAPOYZIAZH MEPIZTATIKOY

Anuntpios Muaipns, MoAu&évn Xtaudtn, Znons Tooupns, Aviwvia Toika, Aviavios lpoBatds, Xtudiavii PaAAn, Baoifgios Ziwkas, EVOULI-
os Aapdins

Neuporoyiki Kivikri, Maveniotnuiaké Noookopegio Adpioas, Tunua latpikns, MNaveriotiuio ©sooanias, Adpioa, EAddda

MNepifinyn

Eicaywyn: H puacBéveia Gravis anotedsl yia xpovia autodvoon diatapaxh nou ennpeddel tn VEUPOPUIKA
oUvayn. MaBoguaoiofoyikd, aUTOaVTIOWUATA OTOXEUOUV aviydva NS PETAoUVANTKNAS PUIKAS PeUPpavns,
obnywvtas oe BAGPN tns teAikAs kKivnukhs NAdkas kal guikh aduvapia. To kAIVIKG GACHA Twv CUPNTWUATWY
Kupaivetar and pia gegovwpévn npooBonn twv opBafuik@y puwv €ws coBaph yevikeupévn puikn aduva-
dia nou ennpeddel Tous PUES Twv AKPWY, TOUS NPOPNKIKOUS Kal avanveuotkous pues. H puaoBevikn kpion,
gia eneiyouca 10TpIkA Katdotaon otnv onoia npooPAanAovial ol avanveuouKkoi PJUES, Ynopei va anotenéaoel
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apxIkG oUPNtwPa s yuacBéveias Gravis.

Mepiypa@n nepiotaukoU: To nepiotatikd nou neplypdeetal apopd dvdpa niikias 23 €y, NoU NAPoOUsId-
OTNKE OTO VOOOKOWEIO PETE and tpoxaio atuxnua. O acBevihs eppavios onugia nnias BAdons nveupovikou
napeyxupatos, xwpis veuponoyikh onpeiodoyia. Katd tn didpkela tns voonieias tou o aoBevhs napou-
olaog avanveuotikh avendpkela Pe ungpkanvia nou odhynoe oe kapdloavanveuoukn avakonn, dnou Kal
anaithBnke kapdioavanveuoukh avalwoyodvnon. O acBevhs Slacwnv@Bnke kar €ilonxBn otnv Movada
Evtaukns Bepaneias. Mapd tnv kAIvIKA Kal epyaotnpiakn BeAtiwon, ta auénpéva enineda CO2 tou aoBevous
gunodicav tov anoyanaktuopod tou and tov enepPatkd agpiopd kal tnv napoxn ofuyévou. To I0TopIKd Tou
acBevous anokdAuye eneicddia BAEpapONTWOoNS Kal KOMWOIPOTNTA TwV UWV JE T Jop®h DUOXEPEIas otny
enténeon kaBnpepIviov 6pactnNPIoTNTWY, eV N veuponoyikn eCétaon avédeIte NPOUNKIKA CUUNTMUATA,
pUikA abuvapia NpoowniK®Y JUWY , UGV TOU auxéva Kal Twv avw dkpwy, anokanuntovias évav nbavéd
paivétuno Myasthenia Gravis. Ané tov epyactnplakd €leyxo avixvelBnkav avuompata katd tns €161KNS PJul-
ks Kivaons. O aoBevhs énafe Bepaneia pe evbopnéPia y-opaipivn kal éneita ouvebpies nAacuagaipeons ,
odnywvtas og kAvikh BeAtiwon.

Yupnépaopa: To nepiotatkd autd avaduel tnv avanveuotkn avendpkela kal tnv abuvapia anoyadaktopou
and 1o pnxavikd agpioud, €16IkA o€ veapous evanikes, ws pia apxikh ekdndwon ts MuaoBéveias Gravis,
€161k@ s unoopddas pe avuowpata évavu s yuikns €16IkAs Kivaons. Katd tn Bepaneia avanveuotkhs
avendpkelas mBavév ota nAaiola puacBevikhs kpions, n xophynon evboenéfias y-opaipivns A n nAacua-
@aipeon Ba npénel va aglonoyeital Npooekukd ws pia eNBeUKN Kal taxeia Bepaneutkn emioyn pe kann
npdéyvwon.

Né€eis eupetnpiou: Muaobéveia Gravis; puacBevikn kpion; nilacpagaipeon; povada eviatkns Bepaneias;

Introduction

Myasthenia gravis (MG) is the most common dis-
order impacting the neuromuscular junction (NMJ)
of the skeletal muscles. The cardinal symptoms of
MG are muscle weakness and fatigue, predomi-
nantly impacting face, neck, eyes, lower and up-
per limbs muscles ['l. Autoantibodies attack against
specific postsynaptic membrane proteins, resulting
to electrical impulse transmission reduction across
the NMJ, which subsequently generates MG clini-
cal phenomenology 2. Nicotinic acetylcholine re-
ceptors (n-AChRs), muscle-specific kinase (MuSK),
lipoprotein-related protein 4 (LRP4), are the main
NMJ-related proteins involved as autoantibodies
targets in the realm of MG. Myasthenic crisis is a
life-threatening and potentially fatal MG exacer-
bation, characterized by weakness worsening, ne-
cessitating intubation or noninvasive ventilation B,
Although respiratory muscle involvement resulting to
respiratory failure, signs of bulbar muscle weakness
frequently coexist or may even be the main clinical
symptoms in myasthenic crisis course . Here we
report a case of respiratory failure due to MuSK-MG,
newly diagnosed in intensive care unit, as a result of
patient’s hypercapnia and inability to wean off venti-
lation. Written informed consent for the publication
of the case report was given by the patient. Detailed
information is available on reasonable request from
the corresponding author.

Case report
A 23 years old male adult, without any notable

medical or family history presented to the hospital
after a car accident. Patient’s vital signs were stable,
the level of consciousness was excellent (Glascow
Coma Scale (GCS)=15/15), while laboratory findings
revealed a low elevation of carbon dioxide levels
(pCO,=47 mmHg and pH=7.34). A full body com-
puter tomography (CT) was performed revealing
a mild lung injury. Consequently, the patient was
admitted to cardiothoracic unit. After a couple of
hours, the patient was unconsciousness (GCS=7)
and manifested cardiac arrest, necessitating car-
diopulmonary resuscitation and intensive care unit
(ICU) admission for further evaluation and monitor-
ing. Her vital signs revealed hypoxia (pO,=55 mmHg
and Sp0,=82%) and high levels of Carbon dioxide
(pCO,=78 mmHg). As such, mechanical ventilation
was applied. A second urgent full body CT was con-
ducted without revealing any further radiological de-
terioration and after 3 days the patient was awake,
but oxygen supply and noninvasive ventilation were
still required because of hypercapnia episodes. A
neurological examination revealed diminished gag re-
flex, mild bilateral facial muscle weakness, drop head
and proximal muscular weakness in upper extremi-
ties, with preserved tendon reflexes and without
pyramidal signs, spasticity, and sensory impairment.
A brain MRI was performed with unremarkable find-
ings (figure 1). Serum antibodies against AChR, LRP4,
Titin and P/Q VGCC were negative, while serum im-
munology analysis showing positive IgG antibodies
against MusSK. The patient was initially treated with
intravenous immunoglobulin (2g/kg) and then due
to minor clinical improvement, 7 plasma exchange
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Figure 1: Brain MRI with unremarkable findings in T2 (left) and FLAIR T2 (right) sequences.

sessions were performed. Gradually the patient’s
muscle strength was increased, and he was able to
wean off noninvasive mechanical ventilation and
oxygen supply. Prednisolone (50mg) was added in
treatment in order to maintain the clinical outcome
and the patient discharged at home after 30 days of
hospitalization with minimal neurological deficit (mild
facial muscle weakness). During the 2-month follow-
up the neurological examination was unremarkable
without clinical signs indicative MG.

DISCUSSION

Muscle specific kinase is a membrane protein,
which orchestrates AChR clustering in NMJ. Spe-
cifically, Agrin-LRP4 unit triggers MuSK phosphoryla-
tion and in turn a downstream signaling pathway is
activated, resulting to the clustering of AChR and
signal transduction in muscle endplate level. MuSK-
MG accounts for about 5-8% of all MG cases, while
antibodies against MuSK presented to approximately
40% of patients with generalized MG who are se-
ronegative for AChR antibodies (Abs) . Compared
to AChR-positive MG, MuSK-MG has a different
clinical, serological, and therapeutical pattern. Im-
munologically, MuSK Abs are not potent activators
of complement and cell-mediated cytotoxicity, pri-
marily belonging to IgG4 subclass, explaining the
long-lasting efficacy of B-cell depletion treatment
61 Moreover, MuSK Abs titers have been associated
with disease severity and less favorable outcome
in myasthenic crisis . AChR and MuSK antibodies
seropositivity has seldom been observed, reinforcing

Archives of Clinical Neurology 33:1-2024, 27-30

that these MG-subtypes considered to be distinct
entities 271,

Regarding of clinical status, MuSK-MG pre-
dominantly affects young adults and craniobulbar
muscular weakness appears to be more prominent
neurological sequelae than AChR- MG. Moreover,
acute onset and aggressive disease progression , an
increased tendency for myasthenic crisis develop-
ment, the rare participation of thymus gland with
either thymoma or hyperplasia, limited response
to cholinesterase inhibitors and worse long-term
outcome are all strong indicators of MuSK-MG ®:&21,
More than 40% of patients experienced bulbar weak-
ness, typically combined with neck and respiratory
muscles dysfunction "% In MuSK-MG cases drop
head due to neck extensor weakness constitutes a
crucial neurological symptom, whereas AChR-MG in-
dividuals exhibit neck flexor involvement. Compared
to AChR-MG, limb weakness is typically milder and
less common ', Furthermore, despite high doses
of immunosuppression, MuSK-MG associated spon-
taneous exacerbations and myasthenic crises are
common 2. Approximately 10-15% of MuSK- MG
patients have a refractory disease or experience dis-
ease relapses when their immunosuppressive treat-
ment being tapered, highlighting the importance of
aggressive treatment.

Myasthenic crisis constitutes a detrimental condi-
tion affecting 15% to 20% of MG patients at least
once in their lives. The median period from clinical
MG onset to the first myasthenic crisis appearance
varies between 8 to 12 months, and myasthenic
crisis may be the initial manifestation of MG in 20%
of patients "3, Patients requiring endotracheal in-
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tubation during myasthenic crises, hospitalized for
an average of 17 days, with 18% necessitating re-

cal Features and Management. Front Neurol.
2020;11:660. doi:10.3389/fneur.2020.00660

habilitation center. The most common trigger fac- [6] Guptill JT, Sanders DB, Evoli A. Anti-MuSK
tors of a myasthenic crisis are mainly infections and antibody myasthenia gravis: clinical findings
subsequently exposure to temperature extremes, and response to treatment in two large co-
trauma, several medications, surgeries, sleep depriva- horts. Muscle Nerve. Jul 2011;44(1):36-40.
tion, biological stress and roughly one-third to one- doi:10.1002/mus.22006

half of MG cases have no clear precipitating factor ~ [7] Huijbers MG, Zhang W, Klooster R, et al.
suspected to myasthenic crisis '4. The goal standard MuSK IgG4 autoantibodies cause myas-
treatment of myasthenic crisis is to secure the air- thenia gravis by inhibiting binding between
way, quickly initiation of rapid immunomodulatory MuSK and Lrp4. Proc Natl Acad Sci U S A.
and immunosuppressive therapy, and to treat as Dec 17 2013;110(51):20783-8. doi:10.1073/
soon as possible identified trigger factors '3 Man- pnas.1313944110

agement of myasthenic crisis includes acute causal ~ [8] Evoli A, Alboini PE, Damato V, et al. Myasthenia
treatment by immunoadsorption/plasmapheresis gravis with antibodies to MuSK: an update.
or alternatively with intravenous immunoglobulins. Ann N Y Acad Sci. Jan 2018;1412(1):82-89.
Although both treatment options seem to have equal doi:10.1111/nyas. 13518

impact on myasthenic crisis management, progres-  [9] Lauriola L, Ranelletti F, Maggiano N, et al.

sion and long-term effect, a recent systematic review
and meta-analysis demonstrated, statistically not
significant, that plasmapheresis may have a faster
beneficial effect on myasthenia crisis prevention,
when compared to IVIG therapy 1'e.

Conclusion

This case-report proposes respiratory failure as a
primary manifestation of MuSK-MG in a young male
adult. The involvement of respiratory muscles may
combine with cranial and bulbar muscle weakness. In
conclusion, given the great heterogeneity of clinical
manifestations of MuSK-MG, this case highlights the
need for MuSK-Abs testing in patients with unex-
plained hypercapnia or respiratory failure, especially
in cases without an underlying pulmonary disease.
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A YOUNG FEMALE PATIENT WITH MOG ANTIBODY-
ASSOCIATED DISEASE AND CLINICAL AND
RADIOLOGICAL DISEASE PROGRESSION: A CASE REPORT

Zisis Tsouris, Polyxeni Stamati, Antonios Provatas, Evagelos Sakalakis, Antonia Tsika, Vana Tsimourtou, Vasileios Siokas,
Efthimios Dardiotis
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Abstract

Introduction: Myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease (MOGAD) is an
immune-mediated demyelinating disease of the central nervous system. The development of newer cell-
based assays for the detection of MOG antibodies further elucidates the highly heterogenous MOGAD
phenotype. Furthermore, disease progression independent of relapses is uncommon among MOGAD
patients compared to multiple sclerosis (MS) patients.

Case report: Here we present a case of a female patient with MOGAD manifesting recurrent episodes
of seizures, neurological deficits, and evidence of clinical and imaging deterioration regardless of disease
relapses.

Conclusion: Our case comes to add to the growing clinical phenotype of the disease as well as to highlight
the need to further investigate the incidence of relapse-free progression of the disease.

Key words: MOGAD, progression, demyelinating diseases, multiple sclerosis

NYNAIKA ME NOZO XETIZOMENH ME ANTIZQMATA
ENANTI THZ MOG KAI KAINIKH KAI ANEIKONIZTIKH
NMPOOAO THX NOZOY: MAPOYZIAZH MNEPIZTATIKOY

Znons Tooupns, MNoAu&évn Ltaudtn, Aviavios lMpoBatds, Eudyyedos Yakandkns, Aviwvia Toika, Bdva ToipoUptou, Baoifgios Liwkas,
EuBuuios Aapbiwtns

Department of Neurology, University Hospital of Larissa, School of Medicine, University of Thessaly, Larissa, Greece;

MNepifinyn

Eicaywyn: H oxeuldpevn pe 1a avuompata évavu s yAukonpweivns s puedivns twv odlyodevdpokutid-
pwv (MOG) véoos (MOGAD) €ival pia avooo-peconafoupevn anopuefivitikh vOoOs TOU KEVTPIKOU VEUPI-
KoU cuothpatos. H avéntuén vedtepwy Kuttapikdv SOKIJACIOV yia Ty avixveuon aviuowpdtwy évavu s
MOG kdvel nio katavontd tov gtepoyevh gavétuno s MOGAD. EninAéov, n npdodos ths vooou avegdp-
NTA TV UNoTPOoNMYV tns gival pdinov acuvhBiotn otous aoBeveis ye MOGAD o€ oUykplion e tous aoBeveis
ue noAdanAn okAnpuvon.

Meprypagn nepiotaukou: To nepiotatkd nou neplypdeetal agopd yuvaika 49 etwv ye MOGAD nou eugao-
viCel enel06d1a enIANNUKOV Kpiogwv Kal veuponoyikdv efdsipdtwy kaBws kal evoeitels kAIVIKAS Kal aneiko-
vIouKkns enideivwaons avecdptnta and unotponEs tns vooou.

Yupnépaopa: H nepintwon pas épxetal va npooBéaoel otov kaBopiopd tou etepoyevous KAIvIkoU ¢paivotinou
s vooou Kabms kail va avadei€el tnv avaykn nepaitépw diEpeUvNons tNs CUXVOTNTAS EPPAVIONS TS NPood-
bou s vOoOU PETALU TwV UNOTPONMV.

Né€eis eupetnpiou: MOGAD, npoodesutkdinta, anopuedivwtkd voohpata, MoAdanAh ZkAnpuvon, eykepadiuda
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Introduction

Myelin oligodendrocyte glycoprotein (MOG) an-
tibody-associated disease (MOGAD) is an immune-
mediated demyelinating disease of the central nerv-
ous system (CNS). MOG protein forms only a small
part of the outer surface of CNS myelin [, It took
approximately 40 years from the discovery of MOG
antibodies to further understand their role in the
pathogenesis of MOGAD 2. In 2007, antibodies
against MOG were first associated with a distinct
demyelinating syndrome B! Recently, the develop-
ment of newer cell-based assays for the detection
of antibodies against MOG further elucidate the
phenotype of MOGAD which includes episodes of
optic neuritis, acute disseminated encephalomyelitis
(ADEM), transverse myelitis, as well as a combina-
tion of neurological deficits due to single or multiple
lesions of the brain, brainstem and cerebellum -1,

As a demyelinating disease of the CNS, MOGAD
has some features that distinguish it from multiple
sclerosis (MS) and aquaporin-4 (AQP4)-positive neu-
romyelitis optica spectrum disease (NMOSD)"”. Epide-
miologically, disease affects people of all ages with
a preference in children and with equal preference
to both sexes, and an overall prevalence of 20 cases
per million ®. ADEM is most frequent in childhood,
while in adulthood the most frequent manifestation
is that of optic neuritis 9. Unlike relapsing MS
and relapsing episodes of AQP4-positive NMOSD,
MOGAD can be either monophasic or relapsing [,
The ever-increasing availability of MOG antibody
testing and its better clinical documentation leads
to new disease phenotypes with manifestations such
as seizures, headache, fever, aphasia, and stroke-like
episodes, even manifestations from the peripheral
nervous system 314 In addition, histopathological
and radiological features can further differentiate
MOGAD from MS and AQP4-positive NMOSD ¥,

Disease progression independent of relapses (PIRA)
is @ new clinical outcome measure in patients with
MS, and it represents the continuous worsening
of disability between disease relapses '. While in
MS, progression is subject of extensive research, in
MOGAD there are limited data on its progression
between relapses 1"®l. According to recent data, PIRA
is not common among MOGAD patients !'"). Here
we present a case of a female patient with MOGAD
manifesting recurrent episodes of seizures and neu-
rological deficits and evidence of clinical and imaging
deterioration regardless of disease relapses. Written
informed consent was obtained by the patient. De-
tailed information is available upon request.

Case report

A 49-year-old female with a history of peripheral
facial nerve palsy, meningitis, iron deficiency anemia,

hypothyroidism in early adulthood, and a diagnosis
of multiple sclerosis since the age of 36, was referred
to the Neurological Department of the University
Hospital of Larissa, from a secondary district hospital,
where she was admitted, twice in a four-month pe-
riod, due to acute onset aphasia and right pyramidal
weakness after focal to bilateral tonic-clonic seizures.
The patient has been receiving disease-modifying
treatment with glatiramer acetate since the age of
45. From the family history, a sister with multiple
sclerosis is reported. In each of the episodes, throm-
bolysis with intravenous alteplase, was performed,
with resolution of symptoms, followed by system-
atic treatment with levetiracetam, clopidogrel, and
atorvastatin. In our department, magnetic resonance
imaging (MRI) of the brain revealed high signal in T2
and diffusion weighted imaging (DWI) sequences in
the left hippocampal cortex, extensive leukoencepha-
lopathy, and few contrast-enhanced lesions in the
left frontoparietal white matter (Figure 1A-C). Dur-
ing her stay, the patient remained free of symptoms
and underwent extensive blood and cerebrovascular
risk factor examination with no abnormal findings,
and she was discharged with treatment.

Figure 1. Brain MRI at first admission revealing high
signal in axial T2 FLAIR (A) and DWI (B) sequencies
in the left hippocampal cortex, and few contrast-en-
hanced lesions in the left frontoparietal white matter
in axial T1 with contrast sequence (C). Second admis-
sion brain MRI revealing an increase in the enhanc-
ing lesions of the frontoparietal white matter in T1
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sequencies without (D) and with (E) contrast. Two
months after the last relapse brain MRI on remission
with T1 sequence showing no enhancing lesions (F)
and 4 months later brain MRI revealing new enhanc-
ing lesions in T1 sequence with contrast (G).

After an asymptomatic two-month period, the
patient was re-admitted to our department due to
subacute onset of aphasia and right limb weakness.
The new brain MRI scan revealed increase of the
enhancing lesions of the frontoparietal white mat-
ter (Figure 1D-E).Routine blood tests showed no
remarkable abnormalities, while serological studies
with autoimmune markers, were not suggestive of
autoimmune diseases or recent infections. Cerebro-
spinal fluid (CSF) analysis showed 2 cells/mmt!, el-
evated protein (66 mg/dL) and normal glucose (50
mg/dL) levels. In addition, CSF analysis with PCR
for several viral, including John Cunningham virus
(JCV), and bacterial infections was negative. CSF
and serum testing for neuronal antibodies did not
yield any positive result. Screening with computed
tomography scan of chest and abdomen, whole-
body positron emission tomography, and CSF flow
cytometric immunophenotyping did not reveal signs
of either neoplasia or inflammatory disease. How-
ever, further analysis revealed identical oligoclonal
bands in CSF and serum, and the absence of serum
aquaporin-4 antibodies, while there was a clear posi-
tive result (1/1000) by fixed cell-based assay (CBA)
of antibodies against MOG. Thus, the diagnosis of

MOGAD was set.

Figure 2. Consecutive brain MRI scans of the patient
during relapses and remission periods revealing the
accumulation of elevated T2 signal lesions and brain
atrophy in T2 FLAIR (A and B) and T1 without contrast
(C) sequences, respectively. Sequential brain MRIs
highlighting various enhancing lesions on T1 contrast-
enhanced sequence (D) during relapses consistent

Archives of Clinical Neurology 33:1-2024, 31-35

with increase of brain atrophy.

Based on the above diagnosis, the patient was
treated with 1000 mg of intravenous (IV) methyl-
prednisolone for 5 days followed by treatment with
oral prednisolone (40mg/day). The patient subse-
quently showed a gradual improvement in symp-
toms, while immunosuppressive treatment with
rituximab was initiated. Six months later and while
the patient remained in a clinical and radiological
remission (Figure 1F), she experienced a recurrence
of symptoms, as well as of the enhancing lesions in
brain MRI (Figure 1G), and the immunosuppressive
treatment was switched to mycophenolate mofetil
(MMF). During the next 8-month follow-up period,
the patient showed recurrence of epileptic episodes,
thus lamotrigine was added to her treatment. Further
evaluation revealed a decline in cognitive functions,
with an Addenbrooke’s cognitive examination-re-
vised (ACE-R) scale score of 30/100, and brain atro-
phy with no enhancing lesions on the consecutive
MRIs (Figure 2A-D), despite her otherwise stable
neurological condition.

Discussion

Clinical phenotypes of MOGAD are highly het-
erogenous. The development of new methods for
detecting MOG antibodies has made it possible to
better identify the phenotypes of the disease, with
a spectrum of clinical manifestations being con-
stantly added . Overall, optic neuritis is the most
common clinical manifestation of the disease, while
the disease is more common among children ©. In
children, ADEM is more frequent followed by optic
neuritis, while optic neuritis and transverse myeli-
tis are more common among adults ', In addition
to the well-documented phenotypes, several other
clinical manifestations have been reported, such as
neurological deficits due to brain, brainstem, and
cerebellar lesions, as well as more severe manifes-
tations such as seizures, headache, fever, aphasia
and stroke-like episodes as well as encephalopa-
thy 31, A recently recognized phenotype is cerebral
cortical encephalitis which in a recent retrospective
study appears to be a disease phenotype in up to
6.7% of MOGAD patients, while its most prominent
clinical manifestations include headache, seizures,
and encephalopathy '3 Additionally, data from a
prospective MRI study show the predominance of
cortical lesions and the presence of leptomeningeal
contrast enhancement in patients with MOGAD 18],
these findings are consistent with the increased his-
topathological prevalence of intracortical lesions in
patients’ brain biopsies ', Finally, despite the fact
that MOGAD is traditionally a CNS disease, cases
of cranial nerve involvement with or without CNS
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involvement have been reported '42%, while there
is also a report of combined central and peripheral
demyelination 2",

The clinical course of the disease can be either
monophasic or relapsing. There is usually a suba-
cute onset of symptoms over a period of days with
varying degrees of recovery of deficits over the fol-
lowing weeks or months 2. Episodes may be pre-
ceded by an infection or vaccination. Approximately
40-50% of MOGAD patients, will have a single epi-
sode without any new relapse, while others will have
long intervals between relapses 2. PIRA is a new
clinical outcome measure in MS patients, however
the accumulation of disability in both MOGAD and
AQP4-positive NMOSD patients is widely accepted
to be primarily due to relapses of the disease !'*.. In
a recent retrospective study, only a small percentage
of MOGAD patients, with a median(IQR) follow-
up of 25.5 (22-36) months, experienced disease
progression during relapse-free periods, while the
annual PIRA rate was significantly lower than in MS
patients 71 Only 5.5% of MOGAD patients had new
T2 or contrast-enhanced lesions revealed on brain
MRI during remission period compared to MS pa-
tients " Regarding brain atrophy, there are even
fewer studies in patients with MOGAD. A cohort
study revealed significant volumetric changes among
MOGAD patients as early as in the first year from
the disease onset, while deep gray matter atrophy
was observed in all patients, and especially in those
with relapsing phenotype 231,

We report a MOGAD patient with a rather rare
clinical phenotype, and signs of disease progression
between relapses. From patient’s medical history,
she has been previously diagnosed with MS in the
context of relapsing sensory deficits and T2 lesions of
deep white matter on brain MRI, however no serum
testing for MOG antibodies had been performed
due to lack of availability. Although the frequency
of MOG antibodies among MS patients is approxi-
mately 0.3-2.5% 4, they are usually detected in
low titres 2%, in contrast to the high titres (1/1000)
that our patient had. Our case further contributes
to the study of relapse-free progression in MOGAD,
as our patient exhibited cognitive decline between
the attacks and radiological deterioration with ac-
cumulation of deep white matter T2 lesions and
brain atrophy on consecutive brain MRIs on relapses
and in-between.

Conclusions

Our case comes to add to the growing phenotypes
of the disease and to highlight the need to further
elucidate the incidence of progression of the dis-
ease between episodes. The better understanding
of the MOGAD clinical phenotype as well as further

research of prognostic markers of the disease could
guide clinical decision making in long-term immu-
nosuppressive treatment initiation when necessary.
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TOWARDS PERSONALIZED AND PRECISION MEDICINE

IN COGNITIVE DISORDERS: RULING OUT ALZHEIMER'S
PATHOLOGY IN PATIENTS WITH CLINICAL SUSPICION OF
ALZHEIMER'’S DISEASE.
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Abstract

Clinical diagnosis of Alzheimer’s disease (AD) may not be easy in everyday practice, either due to atypical
presentations of AD, or due to amnestic-like presentations of non-AD cognitive disorders. We present
4 patients with clinical suspicion of AD presence, 2 of them with amnestic mild cognitive impairment,
one with amnestic dementia and one with primary progressive aphasia of the logopenic type. The first
three patients had significant atrophy of medial temporal lobe. However, classical cerebrospinal fluid (CSF)
biomarkers, revealed a non-AD profile in all four. Classical CSF biomarkers may serve as a significant
tool, helpful not only for confirming the presence of AD, but also for excluding AD in cases with such a
clinical suspicion. This may be significant when new, disease—modifying treatments are considered for the
treatment of such patients.

Keywords: Alzheimer’s disease; cognitive disorders; dementia; vascular cognitive disorder; cerebrospinal fluid.

OAEYONTAZ NMPOZ THN MPOZQIMOMOIHMENH IATPIKH
KAI THN IATPIKH AKPIBEIAZ XTI TNQZIAKEZ AIATAPAXEZ:
ATMNMOKAEIZMOZ THZ MAGOAOIAL NOzOY ALZHEIMER ZE
AXOENEIX ME KAINIKH YIMOWIA THZ NOzOY.

lwdvva ToavilaAn!", Baoifeios Kwvotavuvidns?, ABavaoia ABavaodkn', Ltédda @avoupdkn', dwreivh Mnougibou?, Zwiripios lNapa-
okeuds', Xpriotos Kpournins®, Avaotdoios Mnovdkns!", lewpyios ToiByodAns!™ 4, EAioodBet Kandkn®? kai lewpyios MNapakeuds! 2!

[ B’ Neuporoyikn KAvikry EKMA, [N «Attkov»

1 Turua Neupoxnueias kai BioAoyikawv Agiktwv, A’ Neupodoyikn KAvikii EKIA, Alyivriteio Noookouegio
Bl Tunua Knvikns Bioxnpeias, EKMA, NN «ATtkov»,
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MNepiAnyn:

H kAivikh didyvwon ts véoou Alzheimer unopei va anotedsi npdkAnon otnv kab' npépa npdén, eite Adyw
drunwv ekdnAmaoewy s idlas tns vooou, eite Ndyw ekdnAwaons andwy, pn-Alzheimer yvwolakwv diata-
paxwv, P apvnoikd npotuno. Mapouoidloupe €ooepls aobeveis pe KAIVIKA unowia véoou Alzheimer, 2 €k
TwV onofwv Pe apvnolkh Anid yvwaolakn diatapaxn, évas Ye apvnaolkoU tinou dvold Kal évas e npwtonadn
npoioUoa agpaacia AoyonevikoU wWnou. O1 NpwTol Ipels aobeveis napoucialav oNPAvVUKA atpodia Tou Jéoou
KpotagikoU AoPou. Evioutols, ol kAaooikoi Biobeiktes ENY avédeiEav pun Alzheimer naBonoyia kal otous
téooeplis aoBeveis. O1 kAaooikoi Blodeiktes ENY pnopouv va Asitoupyhoouy oav éva onuavuko BonBnua, oxi
povo yia tnv enikUpwon ts napoucias nabonoyias vooou Alzheimer adAd akopn kal yia tov anokAeiopd
auths o€ NEPINTWOEIS aoBevav pe KAvIKA unoyia ts vooou, Aappdavovtas 181aitepa undyiv Kai tnv Npoont-
KA XpAoNS VEwV, VOOOTPOMOMNoINTKWY Napayoviwy yia tn Bepansia autiv twv aobevav.

Né€eis eupetnpiou: Ndoos ARTtoxdiyep,vonTukés S1atapaxés, Avold, avoooayyelakn vontki diatapaxn,eykepanovwtiaio
uypo
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1. Introduction

Alzheimer’s disease (AD) is the most common
cause of cognitive decline and it can be diagnosed
either in the mild cognitive impairment (MCI) or in
the dementia stage by the use of clinically based cri-
teria 2. However, atypical presentations of AD may
occur Blincluding, among others, frontal or posterior
presentations and primary progressive aphasia (PPA)
of the logopenic type ¥. In the presence of such
atypical presentations, in early disease, in the com-
munity and in the presence of comorbidities, it is long
known that clinical diagnostic accuracy may drop
substantially ™ and, up to 39% of patients in which a
non-AD diagnosis was given during life, will prove to
have AD at autopsy . The opposite is also true and,
up to 30% of patients diagnosed with AD, will prove
to have a non-AD pathology at neuropathological
examination . Thus, in vivo clinical diagnosis of AD
is probabilistic and postmortem verification (or ruling
out) remains the gold standard for final diagnosis.
Primary age-related tauopathy (PART) ¥ and limbic-
predominant age-related TDP-43 encephalopathy
(LATE) ™ are two pathologies which may present in
the elderly as cognitive decline of the hippocampal
amnestic type or “AD-type” dementia.

During the last decade, the 3 “established” or
“classical” cerebrospinal fluid (CSF) biomarkers for AD
have been incorporated in diagnostic criteria/guide-
lines '3 and classification systems '%: (a) Amyloid-3
peptide with 42 amino acids (AB,,) which is decreased
in AD, is considered as a marker of amyloid plaque
pathology 'Y, (b) tau protein phosphorylated to a
threonine residue at position 181 (t, ,,,) which is in-
creased in AD, is considered as a marker of tangle
formation ['? and (c) total tau protein (t,) which is
increased in AD is a nonspecific marker of neuronal
and/or axonal degeneration 13 The AB, /AB,, ratio
may be preferred to AB,, alone since it seems to
perform diagnostically better than the latter . With
a sensitivity and specificity at the level of 2 90% &,
they are useful in identifying the “AD neurochemi-
cal fingerprint” in atypical '>"® or mixed ['8-2% cases.

The aim of the present study is to describe a series
of patients with a clinical presentation suggestive of
AD, in which, however, CSF biomarkers ruled out
the “AD neurochemical fingerprint”, indicating a
non-AD pathology.

2. Patients and Methods

2.1. Patients

Patients presented here were examined at the 2nd
Department of Neurology (“Attikon” Hospital). They
had cognitive impairment with presentation typi-
cal for, or highly suggestive of AD. Initially, history,
neurological and complete physical examination
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were recorded routinely. Secondary causes includ-
ing thyroid disease, B12 deficiency, neurosyphilis,
brain tumor, subdural hematoma or normal pressure
hydrocephalus were excluded. Initial clinical diagnosis
was performed according to widely accepted criteria
for MCl or dementia due to AD "2, for PPA 2", for
Vascular cognitive impairment (VCI) 22 and for the
behavioral variant of Frontotemporal Dementia (FT-
Dbv) 231, A written informed consent was obtained for
all cases. The study had the approval of the Bioeth-
ics Committee (157/16-03-2021) and the Scientific
Board (A13/07-04-2021) of " Attikon” Hospital and
was conducted according to the ethical guidelines
of the 1964 Declaration of Helsinki.

2.2. Neuropsychological testing

Following history and clinical examination a bat-
tery of neuropsychological tests was used, as rou-
tinely performed in our department. Global tests
for assessment of cognition and activities of daily
living included the Addenbrooke's Cognitive Exam-
ination-Revised version (ACE-R), the Mini Mental
State Examination (MMSE), the Clinical Dementia
Rating (CDR, both sum of boxes and overall score)
and the Instrumental Activities of Daily Living (IADL)
(24271 Brief tests for memory (free and cued recall),
frontal function, visuospatial skills and depression
included the 5-words memory test 128, the Frontal
Assessment Battery (FAB) 2%, the CLOX (1 and 2) B%
and the short version of the Geriatric Depression
Scale (GDS) B", respectively.

2.3. Neuroimaging

A routine 1.5 or 3T brain magnetic resonance
imaging (MRI) scan was available for all patients,
including 3D T1W sequences, suitable for assessing
cortical and central atrophy. Medial Temporal lobe
Atrophy (MTA) was assessed according to the Me-
dial Temporal Atrophyvisual scale B2, The recently
introduced Entorhinal Cortex Atrophy Score (ERICA)
was also determined at the level of the mammillary
bodies 13334,

2.4. Lumbar puncture and CSF biomarker
measurements

According to widely accepted recommendations
on standardized operative procedures for CSF bio-
markers 3, lumbar puncture was performed using a
standard, 21-22G, Quincke type needle, at the L4-L5
interspace, at 9-12 a.m. In brief, CSF was collected
in 6 polypropylene tubes, as described elsewhere
7] The 1st and 2nd tubes (1 ml each) were used for
routine CSF cytology and biochemistry, respectively.
The 3rd tube (2 ml) was used for oligoclonal bands
and IgG index determinations. The following 2 tubes
(5 ml each) were used for biomarker determinations.
The last tube (~2 ml) was used for syphilis serology
or other tests according to clinical indications. All
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CSF samples had < 500 red blood cells/uL. The 2
tubes intended for CSF biomarker analysis, were im-
mediately centrifuged (2000gx 15 min), aliquoted in
polypropylene tubes (1 ml each) and finally stored at
—80°C. Aliquots were thawed only once, just before
analysis, which was performed within 3 months of
storage.

Classical CSF biomarkers (AB,,, AB,,, T, 5, and 1)
were measured in a Euroimmun Analyzer | (Euro-
immun, Libeck, Germany), in duplicate, with dou-
ble sandwich enzyme-linked immunosorbent assay
(ELISA) by commercially available kits [EUROIMMUN
Beta-Amyloid (1- 42) ELISA, EUROIMMUN Beta-Amy-
loid (1- 40) ELISA, EUROIMMUN pTau(181) ELISA and
EUROIMMUN Total-Tau ELISA respectively, Euroim-
mun, Libeck, Germany], according to manufacturer’s
instructions and by the use of 4-parameter logistic
curves as described elsewherel'®!. All procedures were
performed under a stable temperature (21 + 2 °C)
and quality control samples (both in-house and pro-
vided by the manufacturer) were used in each run.
The inter- and intra-assay coefficients of variation
were both < 7% for all biomarkers. All assays were
performed at the Unit of Neurochemistry and Bio-
logical Markers of the 1st Department of Neurology
("Eginition” Hospital) and, according to the cut-off
values of our laboratory, biomarker concentrations
were considered abnormal when AB, <480 pg/ml,
AB,,/AB,,< 0.094, 1, .. >60 pg/ml and 1,>400 pg/ml,
T,.,q/AB,,> 0.205 and t/AB,,> 0.710 ["&17,

Based on CSF biomarker concentrations and the
presence or absence of atrophy on structural neuro-
imaging, the profile of each patient was determined
according to the AT(N) classification system 1'%, as
already described and diagrammatically illustrated
elsewhere "1, The CSF AD profile (“neurochemi-
cal fingerprint”) was defined as decreased AB,, or
decreased AB,,/AB,, and increased t, ,, and thus,
compatible with the A*T+*(N)* or A*T*(N)- profiles ['%,
On the contrary, the AT(N)*or AT*(N)* profiles were
considered compatible with non-AD pathology 1'%

Genotyping of APOE was performed at the Depart-
ment of Clinical Biochemistry of “Attikon” Hospital.
Genomic DNA was extracted from 200 pl of blood
using the “High Pure PCR Template Kit"” (Roche,
Mannheim, Germany). For the amplification of the
APOE gene, 30 ng of genomic DNA was amplified
using a “real-time gPCR kit” (TIB MolBiol, Berlin,
Germany) in the “Light Cycler PCR” platform (Roche,
Mannheim, Germany).

3. Results

All 4 reported patients had normal routine CSF
cytology and biochemistry, normal IgG index and
absence of oligoclonal bands, or any indication of
neurosyphilis. Their demographic, clinical, neuropsy-

chological and CSF neurochemical data are sum-
marized in Table 1.

3.1. Patient 1

A 69 years-old male reported difficulty with re-
cent memory during the last 3 years. He frequently
repeated the same questions and needed to keep
memos, but otherwise led an independent life, with
no difficulty in every-day living. No family history of
cognitive disorder was reported. The clinical picture
was attributed to “depression” by a psychiatrist
and mirtazapine 30 mg every night at bedtime was
prescribed with no effect. Clinical and neurological
examination was essentially normal. Neuropsycho-
logical examination revealed a hippocampal amnestic
pattern, while a frontal component was also present.
Neuroimaging (Figure 1a) revealed parietal cortical
atrophy and involvement of the medial temporal
lobe with an Medial Temporal Atrophygrade of at
least 2 and an ERICA score of 2, indicating significant
entorhinal cortex atrophy, which has been suggested
to be compatible with AD 3334 A few, mild white
matter lesions were observed, which were consid-
ered insignificant. The clinical picture was considered
compatible with MCI due to AD . However, CSF
biomarkers revealed abnormal levels of only t, .,
with no amyloid positivity. Thus, his AT(N) profile
was AT*(N)* (neurodegeneration was positive due
to atrophy), indicating non-AD pathological change
[0 He was heterozygote for the €2 allele of APOE.

3.2. Patient 2

This is an 83 years-old male with a history of hy-
pertension under losartan and hydrochlorothiazide.
He reported difficulty with recent memory during the
last 1.5 year. He keeps memos and frequently repeats
the same questions, but otherwise he can perform
relatively complex tasks such as handling money and
banking and there was no difficulty with activities
of everyday living. No family history of cognitive dis-
order was reported. Clinical examination revealed
indifferent plantar responses but was otherwise
normal. Neuropsychological examination revealed
a hippocampal amnestic pattern, while a frontal
component was also present. Neuroimaging (Figure
1b) revealed significant load of white mater lesions.
Frontal and parietal cortical atrophy was also present
together with involvement of the medial temporal
lobe, with an Medial Temporal Atrophygrade of at
least 2 and an ERICA score of 2, indicating significant
entorhinal cortex atrophy, which has been suggested
to be compatible with AD [33,34]. The clinical picture
was considered compatible with MCl due to AD [},
with subcortical small vessel disease (SSVD). However,
CSF analysis revealed normal levels of all 3 classi-
cal biomarkers. Thus, his AT(N) profile was AT(N)*
(neurodegeneration was positive due to atrophy),
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Table 1. Demographic, clinical, imaging and neurochemical data of the 4 patients.

Patient 1 Patient 2 Patient 3 Patient 4
Gender male male male female
Age (years) 69 83 53 63
Education (years) 6 6 16 15
Disease duration (years) 3 1.5 5 2
ACE-R 24 73/100 65/100 71/100 76/100
MMSE 25! 26/30 25/30 22/30 26/30
CDR sum of boxes [2¢! 3 1.5 6 0.5
CDR overall 2! 0.5 0.5 1 0.5
IADL 127! 8/8 8/8 3/8 8/8
5-words delayed recall 8 2+0/5 3+0/5 0+0/5 4+1/5
FAB 129 1118 12/18 16/18 11/18
CLOX1 B 9/15 10/15 10/15 9/15
CLOX2 Bo 15/15 13/15 14/15 13/15
GDS B 8/15 1/15 8/15 2/15
MTA grade B2 2-3 3 4 0
ERICA score B3 2 2 3 1
Vascular component (MRI) Minimal Significant No No
Initial clinical diagnosis MCI due to AD Fl\)/lltj:sl gsu\%co AD ?OQQSntIa due E)Fr)céblstgl;)%eunelg

to AD
APOE €2/€3 €2 /€2 Not available €3/€3
AB,, (pg/ml) (abnormal < 480) 830 1310 612 1102
A[340 (pg/ml) 6657 7169 2892 7118
AB,,/AB,, (abnormal < 0.094) 0.125 0.183 0.211 0.155
T,..5, (P9/ml) (abnormal > 60) 62.91 54.7 19.6 75.7 1
T, (pg/ml) (abnormal > 400) 332 388 203 582 1
T ../AB,, 0.076 0.042 0.032 0.069
w/AB,, 0.400 0.296 0.332 0.528
AT(N) profile [1° ATHN)* AT(N)* AT(N)* AT+HN)*
VCl alone or

Final diagnosis Non-AD mixed with Non-AD Non-AD (FTLD-

(tauopathy?) non-AD pathol- | (FTLD?) tau?)

ogy

ACE-R: Addenbrooke’s Cognitive Examination-Revised, MMSE: Mini Mental State Examination, CDR: Clinical
Dementia Rating, IADL: Instrumental Activities of Daily Living, FAB: Frontal Assessment Battery, GDS: Geriatric
Depression Scale, MRI: Magnetic Resonance Imaging, MCl: Mild Cognitive Impairment, SSVD subcortical small
vessel disease, PPA: Primary Progressive Aphasia, FTLD: Frontotemporal Lobar Degeneration. 1 Increased (abnor-

mal) levels.

indicating non-AD pathological change '%. He was
homozygote for the €2 allele of APOE.

3.3. Patient 3

A 53 years-old male with no family history, de-
veloped difficulty with recent memory 5 years ago.
Difficulty with complex tasks and orientation in place
and time was gradually added, together with apa-
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thy. No inappropriate, perseverative or compulsive
behavior, disinhibition, loss of empathy and sym-
pathy or language disorder were reported. Some
increase in appetite with weight gain (5 kg) was
noted. At the time of examination, he was depend-
ent to a significant degree and needed the care of
his mother, at least partially. Neurological examina-
tion revealed brisk tendon reflexes symmetrically and
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Figure 1. Magnetic resonance imaging of the 4 pa-
tients presented. (a) patient 1, (b) patient 2, (c) pa-
tient 3 and (d) patient 4. In (a) and (b): arrows indicate
widening of the collateral sulcus and arrowheads in-
dicate the “tentorial cleft sign”, compatible with sig-
nificant entorhinal cortex atrophy 3334

bilateral extensor plantar response, but no primitive
reflexes. Neuropsychological examination showed a
significant hippocampal amnestic disorder, while a
frontal component was also present. Visuoconstruc-
tive abilities were preserved. Neuroimaging (Figure
1¢) revealed significant atrophy of the hippocampal
formation with an Medial Temporal Atrophygrade
of 4 and an ERICA score of 3, indicating significant
entorhinal cortex atrophy, which has been suggested
to be compatible with AD 12334, Left anterior temporal
atrophy was also observed. The clinical picture was
considered compatible with dementia due to AD 1.
However, CSF analysis revealed normal levels of all 3
classical biomarkers. Thus, his AT(N) profile was AT
(N)* (neurodegeneration was positive due to atrophy),
indicating non-AD pathological change "%

3.4. Patient 4

A 63 years-old right-handed female reported a
language impairment during the last 2 years. She had
a relatively decreased fluency due to word-finding
difficulty. No significant impairment in other cognitive
domains was reported by her or her relatives. She was
completely independent and she could still work as
a fashion designer. The only difficulty in everyday life
was due to the language difficulty. Clinical examina-
tion was essentially normal. On neuropsychological
testing frequent stops in spontaneous speech were
noted in an effort to find the appropriate words.
Phonological errors were not infrequent and repeti-
tion was definitely impaired. Motor and grammatical/
structural aspects of speech, single word comprehen-
sion and object knowledge were preserved. Some
degree of difficulty in frontal tests was observed

and, additionally, there was an impression of possi-
ble apraxia in mimicking hand or finger movements,
but none of these was reflected in visuospatial ability,
everyday life and professional aspects. Graphesthesia
and stereognosis were normal. Neuroimaging (Figure
1d) revealed parietal cortical atrophy with preserva-
tion of medial temporal lobe. Some degree of medial
frontal atrophy was also observed. The clinical diag-
nosis was that of logopenic variant PPA 2", with the
notable imaging finding of predominantly right (and
not left) parietal atrophy. Although AD is the most
common underlying pathology in logopenic PPA ],
CSF biomarkers revealed abnormal levels of t, ., and
t, with no amyloid positivity. Thus, her AT(N) profile
was AT*N)*, indicating non-AD pathological change
[0 She was homozygote for the €3 allele of APOE.

4. Discussion

In the present study we present a series of 4 cog-
nitively impaired patients with a clinical presentation
typical for or suggestive of AD as the underlying
pathology. However, CSF biomarkers showed normal
amyloid levels in the form of both AB,, alone and the
AB,,/AB,, ratio, which is considered to better reflect
brain amyloid status '4. Thus, according to the AT(N)
classification system, AD or Alzheimer’s continuum
was excluded in all four and a diagnosis of non-AD
pathological change was supported "%

The 1st patient was considered to suffer of MCl
due to AD, since the neuropsychological impairment
was compatible mainly with the hippocampal am-
nestic type and there was medial temporal atrophy
especially involving the entorhinal cortex in a signifi-
cant degree (ERICA score 2). This clinical and imaging
presentation would be considered rather typical for
AD. However, CSF biomarkers, revealed the A T+(N)*
profile which, despite of various controversies and
possible overlapping pathologies 3%37), it could be
suggestive of a tauopathy. The patient was in the
senile age (onset of symptoms > 65 years), but not
at an age > 80 years. However, PART ¥, which is a
3- and 4-repeat tauopathy ¥ is a tempting diagnosis,
since it has been observed not only in the oldest old
B9 but also in “younger” old patients “°,

A debate exists as to whether PART is a completely
different entity or, somehow, it belongs to the Alz-
heimer’s spectrum B71. Indeed, patients with the AT*
profile may share some clinical, neuropsychological
and imaging similarities with those with the typical
AD profile (A*T*) ¥ However, some studies identify
significant differences between PART and AD, espe-
cially slower rates of cognitive decline 341, lower
APOE¢e4 frequency B°-*? and higher APOEe2 frequen-
cy B%42lin PART, suggesting that at least a subgroup
of PART patients does not belong to the Alzheimer's
spectrum. Our patient had the APOE€2 and no €4
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allele, which could offer some resistance to AR for-
mation and thus to AD, as previously suggested 42,
The (co)existence in our patient of argyrophilic grain
disease 3843 or ageing-related tau astrogliopathy
44 (both 4-repeat tauopathies) could be alternative
diagnostic possibilities, as well as coexistence of PART
with LATE ¥,

But, is really the AT+ profile (using t, _,, for T) in-
dicative of PART? It has been suggested that abnor-
mal levels of t, .., may provide different information
in cognitively impaired as compared to cognitively
unimpaired subjects and in different clinical settings
431 n a recent study, subjects with either the AT+ or
the AT profile had similar rates of cognitive decline
and showed similar findings in the temporal lobes
in Positron Emission Tomography for tau (tau-PET),
suggesting that an elevated t, _,, in the absence of
AR abnormality may not necessarily reflect tangle
formation, but may be related to altered CSF turno-
ver/kinetics ¢l However, data on this field are few
and conflicting.

The 2nd patient had significant subcortical small
vessel disease (evident in neuroimaging). However,
since (a) frontal dysfunction was not the prominent
one, (b) he did not have significant apathy or depres-
sion, (c) he did not have any urinary symptoms such
as frequency and/or urgency and (d) he did not suf-
fer of any type of gait disorder, he did not fulfill the
VASCOG criteria for predominant vascular etiology
of cognitive impairment 2. The hippocampal amnes-
tic pattern in neuropsychological testing, combined
with cortical and medial temporal/entorhinal cortex
atrophy, lead to the impression of AD with concur-
rent SSVD. Biomarker levels in the CSF did not sup-
port this diagnosis and, the AT-(N)* profile could be
suggestive of VCl alone . However, atrophy in the
medial temporal lobe structures, raises the possibil-
ity of a concurrent neurodegenerative pathology.
It seems that LATE may be the more plausible for
this 83-year-old patient . LATE is a distinct type
of TDP-43 proteinopathy affecting the amygdala,
the hippocampal formation including the entorhi-
nal cortex and spreading to the temporal cortex,
insula, orbitofrontal cortex and middle frontal gyrus
B1 It typically results in an amnestic syndrome which
may gradually affect many cognitive domains. He did
not show imaging characteristics of hippocampal
sclerosis, but this is not required ¥!. On the other
hand, PART cannot be totally excluded, since not all
cases of tauopathy are necessarily accompanied by
increased CSF levels of t, .. “/. Our patient had a t,.
1e:/T; ratio of 0.141; in our laboratory, values < 0.163
have been suggested as indicative of TDP-43 (and not
tau) pathology in non-AD patients, but this is only
speculative ">, Both PART and LATE may coexist in
the same patient “&. Our patient was homozygote for
the APOEe2 allele, but results on the APOE status in
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LATE are conflicting and the exact role of €4 in cases
of LATE without concomitant AD pathology remains
to be elucidated . Recent findings suggest that
APOEg2 may have a protective role against multiple
concurrent neurodegenerative pathologies %, while
it may exacerbate TDP-43 toxicity in the absence of
concurrent AD pathology 9.

The 3rd patient developed an amnestic dementia
at the presenium. Significant apathy was present,
but this is observed in roughly 50% of patients with
AD P11 Mild hyperphagia with weight gain could
be a red flag, but he did not fulfill even the criteria
for possible FTDbv 23, Thus, based on the amnestic
neuropsychological profile and the significant atrophy
of the hippocampal formation, he was initially con-
sidered as a presenile case of AD. Biomarker analysis
revealed the AT(N)* profile. Frontotemporal lobar
degeneration would be the most suitable diagnosis,
given the asymmetric (left) anterior temporal lobe
atrophy. Episodic memory disorder, despite being
the hallmark of AD, it can be observed in FTDby,
sometimes causing diagnostic difficulties, especially
in early cases ®?. Hippocampal atrophy can also be
seen in some patients with FTD 31, This patient's t, ../
T, ratio was 0.097, which is very low for the cut-offs
of our™ and other laboratories ¥, suggesting a pos-
sible TDP-43 pathology, but is insecure to theorize
based solely on this ratio.

The 4th patient was different. She developed a
rather typical logopenic-type language disorder,
which was the only cause of difficulty in everyday
life and, with a duration of 2 years fulfills the clini-
cal criteria of logopenic PPA 2", The mild apraxic
signs were observed only during examination, they
were not accompanied by any apraxic symptoms
in everyday life and such signs have been reported
in logopenic PPA patients, especially those due to
AD B3 At least 50%-56% and probably 76% of
logopenic PPA patients have AD pathology, based in
pathological data**5>"., Studies based on biomarkers
show a percentage of about 75%-79% ['>°>81. She
was APOE €3 homozygote, but it has been observed
that the percentage of APOE €4 carriers in PPA due
to AD is not increased as compared to controls and
is lower as compared to the amnestic phenotypes of
AD B9 Thus, for our patient, AD seemed to be the
most probable diagnosis. However, CSF biomarker
analysis revealed the AT*(N)* profile, which may be
suggestive of tauopathy. Pathological data suggest
that, following AD, neurodegenerative disorders with
decreasing order of frequency are FTLDTDP-43, FTLD-
tau and a combination of the two 8. Indeed, non-AD
logopenic patients have been reported to suffer of
tau [6%, TDP-43 ©©", or even Lewy body 1 pathology.

In all four patients the use of CSF biomarkers (to-
gether with atrophy in neuroimaging) as suggested
by the AT(N) classification system excluded AD or
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Alzheimer’s spectrum as the cause of their disorder.
However, the exact cause was only partially suspect-
ed in the presence of the AT+(N)* profile, possibly
pointing to tauopathy, but not clarifying which one.
In the case of the AT(N)* profile no diagnosis of
inclusion can be made. Other biomarkers may be
useful in this context. Imaging biomarkers include
both amyloid- and tau-PET may be of help as they
may not only differentiate between AD and non-AD
cases in hippocampal amnestic patients, but may
detect tauopathy restricted to medial temporal lobes,
which corresponds to PART 3. A combination of MRI
and PET may prove helpful in the identification of
LATE®. Assessment of CSF TDP-43, either alone or in
combination with t, and t, , ., ®, may also be useful
in identifying TDP-43 pathology in FTLD patients!®®
and increased TDP-43 levels in astrocyte-derived ex-
tracellular vesicles in plasma may prove useful tool
in identifying patients with LATE 7). Plasma pro-
granulin concentration may help in identifying FTLD
patients with possible mutations in the GRN gene
68 Neurofilament light protein (NfL, a nonspecific
marker of neuronal/axonal injury) and neurogranin (a
marker of synaptic dysfunction) may offer additional
information in some patients ¢%. Concentration of
CSF a-synouclein, although traditionally thought as
marker of synucleinopathy V% is an emerging rather
than an established biomarker, since data are con-
flicting, the various forms of a-synouclein may show
differences among various neurodegenerative dis-
orders " and methodological issues remain to be
addressed 21, Furthermore, recent evidence suggests
that a-synuclein may be a biomarker of AD and it is
involved in the pathogenesis of this disorder 73741,

5. Conclusions

Classical CSF biomarkers may serve as a significant
tool, helpful not only for confirming the presence of
AD, but also for excluding AD in cases with such a
clinical suspicion. Sometimes they may provide a clue
for the underlying non-AD pathology and sometimes
not. However, even the exclusion of AD presence in
otherwise typical AD-like patients may be significant
if and when new, disease—modifying treatments
are considered for the treatment of such patients.
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BPAXEIA Y THMATIKH ANAZKOIHZH THZ AIMOO®A-
TOKYTTAPIKHZ AEM®OIZTIOKYTTAPQIHE ANO AAMO-
TPITINH

©coxdpns Kudipibns

Wuxiarpikn Kavikn AMS, NING «AXEMNA»

MNepifinyn

Ikonds: And 1o 2018, n Apgpikavikh Enitponh Tpogipwy kal ®apudkwy €xel Npogidonoinael yid Tov Kiv-
buvo algopayokuttapikns Aep@oiotokuttdpwons (AA) and Aapotplyivn. Ikonds tns epyacias gival va ana-
VINCEl, Yéoa and tn PeN€mn Tétolwv NEPINTMOEWY, oto Katd ndéoo n Ahyn Aapotplyivns oxetidetal pe tnv
eupavion AA.

YAiIk6-MéEBobos: AkonoubnBnkav ol odnyies PRISMA yia tv ekndévnon cuotnuatkns avaokonnons. Ol
gpyaoies tautonominkav e avalhtnon otus Paoeis dedopévwv PubMed kai Science Direct pe cupninpwpa-
ukh avadhtnon oto Google Scholar. XpnaoiponoinBnkav or épol («Lamotrigine» OR «Lamotrigine-induced»)
AND («Hemophagocytic Lymphohistiocytosis» OR «Hemophagocytic Syndrome») kai avalnthBnkav ava-
POPES NEPINTWOEWY Kal npaktkd ouvedpiwv. EAéyxBnkav titdol kal nepinnyels OAwv Twv EPYacidV Kal
Bpebnkav ta nAnpn keipeva 6owv teikd cupnepiAn@Bnkav oto apBpo.

Anotedéopata: AveupéBnkav 81 gpyacies and us onoies 49 htav dinAdtunes. And us unoénoines 32 €p-
yaoies ol pioés apaipédnkav yetd and avayvwon ttiou kal nepidnyns (o 10) h tou NANPOUS KeIpévou (ol
6). Anod us 16 penétes ous onoies neplypdgovial IodpIBEs NepINmoels aoBevay, ol 4 apopolcav dtoua
naidikns-epnPikns nAikias kal ol unénoines 12 evinikous acBeveis. And tnv NP opdda n d6Gon s Aapo-
plyivns avapépBnke og 2 and us 4 nepintoels kal BewpnBnke uynin yia naidid. To xpovikd didotnua nou
pecondpnoe and v évaptn tou papudkou péxpl tnv ekdnAwon twv cupntwpdtwy AA ntav 18,25 nuépss.
Ano tous evanikous aoBeveis, n 6don s Aapotplyivns nou odhynoe otnv eppdvion AA avagépbnke o€ 3
and us 12 nepInt@oels kal ntav xapnin (25-50 mg). To xpovikd diIdotnpa nou pecondPnaoe péxpl tnv eRea-
vion AN ava@épBnke og 10 and s 12 NepINTWOEls Kal Atav katd péoo 6po 11,3 nuépes.

Iupnepdopata: H AA and Aapotplyivn eivar ondvia adid anaitei éykaipn Sidyvwon Kal katdAAnAn avu-
petwnion anfiws ynopei va odnynaoel akéun kal otov Bdvato. H 66on tou gapudkou dev qaivetarl va dia-
bpapatiel kanolo pdAo kal n egeavion s dlatapaxns yivetar cuvnBws péoa ous NPpwies 3 epdopudades and
v évapn tou.

Né€eis eupetnpiou: Aipopayokuttapikn Aepgoiotiokuttdpwaon, Aipogayokuttapikd ouvdpopo, Aapotplyivn, dappa-
KOEMayOUEVES avenIBUUNTES EVEPYEIES

BRIEF SYSTEMATIC REVIEW OF LAMOTRIGINE-INDUCED
HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS

Theocharis Chr. Kyziridis

3rd University Department of Psychiatry, «<AHEPA» University Hospital of Thessaloniki

Abstract

Aim: Since 2018 FDA has issued a warning concerning the risk of hemophagocytic lymphohistiocytosis
(HL) induced by lamotrigine. The aim of this article is to answer, through the study of such cases, whether
lamotrigine administration is related to HL.

Material-Method: We followed the PRISMA guidelines and we conducted a systematic search of
PubMed and Science Direct, with complementary search of Google Scholar, including case reports and
congress abstracts, using the terms («Lamotrigine» OR «Lamotrigine-induced») AND («Hemophagocytic
Lymphobhistiocytosis» OR «Hemophagocytic Syndrome»). All titles and abstracts were screened, and the
full texts of relevant studies were obtained.

Results: We found 81 papers of which 49 were duplicate. Among the 32 papers, half were removed based
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on title and abstract (10) or full text reading (6). From the 16 papers which describe 16 case reports, 4
concerned children and adolescents and the remaining 12 concerned adult patients. Among children and
adolescents, the dose of lamotrigine was mentioned in 2 cases and was considered to be high. The time
interval between lamotrigine initiation and LH manifestation was 18.25 days. Among the adult patients,
the lamotrigine dose that induced HL was low (25-50 mg) and mentioned in only 3 cases. The time interval
between lamotrigine initiation and LH manifestation was on average 11.3 days.

Conclusions: Lamotrigine-induced HL is rare but timely diagnosis and proper treatment is essential,
otherwise it may even lead to death. The dose of the drug does not seem to play a role and the manifestation

of HL usually takes place within the first 3 weeks.

Key words: Drug-induced side-effects, Hemophagocytic lymphohistiocytosis, Hemophagocytic syndrome, Lamotrigine

EIXATQrH

H aipogpayokuttapikh Agp@oictuokuttdpwon (AN)
A algo@ayokuttapikd clvdpopo sival ondvia, ofgia,
taxéws e€eniooduevn cuctnpatkn eAgypovwons Oi-
atapaxn s onoias diakpivovial U0 Pop@ES: Wia
npwtonabns, pe yeveukd undéBabpo, kal pia deutepo-
nabns, pe ekAutkous Nnapdyovies kakonBels veonna-
ofes, NolpweEels, autodvooes diepyaoies N, Niyotepo
ouxva, eappaka. Xapakwnpiletal and NayKUTapone-
via, au€npévn napaywyn KUTIAPOKIVADV Kal au§npéva
enineda eepprtivns (Mivakas 1).1-? MaBogpuaoiodoyikd
NPOKEITal yiIa un eAgyxdPEVN EVEQPYONOINGN TOU aVO-
oonoinukoU cucthpatos. O ekAutikol Napdyovies
otn deuteponabn popen s diatapaxhs nictevetal
OU evepyonolouv ta HaKkpoPAya ta onoia payokut-
TapvouV KUTIOPA Tou afpatos kal aneAsuBepdvouy
peydnes noodINTES NPOPAEYHOVWOMY KUTIAPOKIVDV
Ue anoténeopa katalyiba Kuttapokiviv nou npokanef
nonnés BAdRes kal pnopei va odnynoel akdun Kai
otov Bavato.B!

Mpodkertar yia 6uokonn, otn diaxeipion s, diatapa-
xh agevéds Ndyw tns afdnAenikdAuyns Nou Napouacia-
(el pe noNnés annes KAIVIKES KATAOTACEIS KAl aPETEPOU
Adyw tns avaykaidtntas yia gykaipn didyvwon. H
ékPaon s véoou atous eviikous noikidnelr dpws
n npdiyn S1dyvwon kal N katdAANAn avupewwnion
biabpapartifouv onpavukoé péno otov kaBopiopod ns.
W MNapd i Bepaneutkn avupetonion, eKupdtal Nws,
otous evhAikous, Ta Nocootd Bvntétntas ayyilouv
otV NpWIPN eaon nepinou 1 20% kar ynopouyv
ouvonikd va Bdoouv 10 40-50%.M

Mpoogata, otn BiBAiIoypaia éxouv NapoUsIaoTe
NEPINTWOEIS Papuakoenayopevns AA and eappaka
6nws n Aapotplyivn, evw, and 1 2018, n Apepika-
vikh Enitponh Tpogipwv kar ®appudkwy (FDA) éxel
nposidbonoincer yia AA ané Aapotplyivn {ntdvias va
npootebei npogibonoinon ous cuvtayoypagIkes nan-
POPOpIes TOU Ppappdkou Kal kaAwvtas Tous enayyen-
paties uyeias va enaypunvouv pge okond v Eykaipn
bidyvwon kal npMIPN AVUPETDNIoN Tou cuvdpouou
wote va BeAuwbei n ékBaocnh tou kal va enattwdei n
Bvntétnta B!

H Aauotpiyivn gival éppako nou xpnolyomnolegital

1600 otn veuponoyia 6oo kal otnv Yuxiatpikh. Eivai
napdywyo gaivuatpiadivns nou apxikd NepIypapnke
ws avueniAnnukd edppako. Eivar eykekpipyévn ws
Bepaneia og diatapaxés Gnws n ecuakh emAnyia, ol
npwtonaBeis yevikeuuévol TovIKo-KAOVIKOI Gnacpoi,
Ol YEVIKEUPEVOI TOVIKO-KAoviKoi onacpof tou ouvdpd-
pou Lennox-Gastaut, kal ws Bepaneia ocuvtnpnons
otn dinoAikh diatapaxh I. O pnxaviouds 6pdons s
bev eival nAnpws katavontés anid niBavas ol KUpIes
dpdoels tns oxeti(ovial Pe MPOCUVANTIKG AVIaywVIoHO
Twv Wnou 2 taceosaptwpévwy Siaunwy vatpiou.®

YAIKO KAl ME©OAOZ

YKonos ns epyacias €ival n diepelivnon twv nepl-
ntoewy pappakoenaydpevns AA and Aapotplyivn.
AkodouBnBnkav o1 0dnyies PRISMA yia thv eknévnon
s ouotnpatukns avaokénnons (Mpdenua 1).71 Ol
gpyaoies tautonoinBnkav e avadhtnon ous PAcels
bedopévwv PubMed kai Science Direct pe oupnanpw-
patukn avadhtnon oto Google Scholar. H avalhtnon
npaypatonoinBnke tov Mapto 2022 pe tn xphon twv
opwv («Lamotrigine» OR «Lamotrigine-induced»)
AND («Hemophagocytic Lymphohistiocytosis» OR
«Hemophagocytic Syndrome»). TéBnke nepiopiopds
600V apopd 10 €i60s Twv PEAETWOV (aVAPOPES NEPINTWD-
O£WV Kal Npakukd cuvedpiwv) anid oxi ws npos v
npepopnvia h t yAwooa dnpooieuons. Zupnepinn-
@ONKav NEPINTMCEIS yIa TS Onoies unnpxe aruoAoyIikA
oxéon peta&u Aapotplyivns kal ekdnAwaons AA. Me-
pINtwoels ouvdpdpou DRESS h pappakosnayouevns
avtidpaons unepeuaiobnoias dev oupnepIAneONkav
otn pengn.

Ta 6edopéva nou cunAéxBnkav nepieAdupavav
@UNo kal nAikia, atopiké Puxiatpikd kal Aoind ava-
HVNOUKO, PAPUAKEUTIKA aywyh, ektds anoé t Aapo-
tplyivn, 660N s Aapotplyivns Kal xpovikd Sidotnpa
pEXpl TNV ep@avion AA, kAvika Kal pyactnpiaké
guphpata and v ekdNAwon tou cuvdpduou.

AMOTEAEZMATA

Aveupébnkav 81 epyaoies and us onoies 49 Atav
odinAdtunes. Ano tus unénoines 32 epyacies ol YIoés
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agpaipédnkav petd and avayvwon titdou kal nepiAn-
yns (o1 10) A tou nAnpous Kelyévou (o1 6) Adyw un
OUVAQEIQS PE TO NEPIEXOUEVO auths tns gpyacias. Ol
unoéAoines 16 ocupnepiNh@Bnkav otnv epyacia kai 1o
nANpPEs Keipevo aveupébnke and énes (Mivakas 2).523)

Ano us 16 penétes ous onoies neplypdgovial 106-
pIBuEs nepintoels aoBevay, ol 4 apopouoav Atoud
naibikns-epnPikns nAikias® " kal ol unénoines 12
evhiikous aoBeveis.l'>23 Ta gtopa s NPWINS oud-
6as nepieddpPavav 3 dppeves kal 1 BAAU pe péon
nAikia 9 ety (4-16 €1wv). Ta 2 dropa énaoxav and
enmAnyia kal ta adda 2 and Yuxiatpikés dIaTapaxés.
H 66on tns Aapotplyivns avapepdtav povo os 2 and
us 4 nepintoels kal BewpnBnke uynAn yia naidid. To
xpoviké didotnua nou pecondpnoe and tnv évapén
TOU QPUPHAKOU UEXp! TNV EKONAWON Twv CUUNTWUATWY
AN fAtav 18,25 nuépes (14-24 npépes).

O1 Yang et al.® nepiéypayav éu xopnynBnke Aa-
potplyivn Adyw pn Kadou eNéyxou Onaopmy e T
unonoina avueniAnnukd. H 66on tou eapudkou
eAattwBnke apxikd ota 50 mg evw, apydteEpa Katd
n voonAeia, diakénnkav teneiws oo n Aapotplyivn
600 kai 1o Bannpoikd. Or Gumus et al.®! avépepav
enfons 6t npootéBnke Aapotplyivn, Adyw un kadou
eféyxou enNINNNTKWOY ONAcudyv Pe ta unénoina avu-
eniAnnukd, n onoia efatt@Onke otadlakd Péxpl ta
50 mg.Ztnv nepintwon tou 16xpovou €pnBou twv
Kita et al.,['® eixe 1eBei apxikd n didyvwon gapua-
Koenayodpevns avtidpaons unepeuaiobnoias evw ot
auth twv Bechtel & Joycel'! t¢Bnke 10 diayvwotikd
€pWINPa s ouvunapéns vooou Kawasaki. £e autn
v tefeutaia nepintwon, n Nopeia s 8xpovns aobe-
voUs napouciace eninAokA Pe aptnplakh unéptaon
KOl avanveuotKn KAtaotodn yia Ty onoia Xpeldotnke
pNXavikos agpiopos.

Anod tous 12 evhnikous aoBeveis, 7 htav AvOpEs Kal
5 yuvaikes kal n yéon nAikia tous htav nepinou 35 én
(26-47 €wn). And autous, 4 énaoxav and emiAnyia kai
8 and yuxiatpikés diatapaxés. Le évav aoBevn unnpxe
ouvvéonon eniAnyias-yuxiatpikwy diatapaxwv. H
d6on s Aapotplyivns nou 0dhynce otnv eppavion
AN ava@épBnke pévo o 3 and us 12 nNepIntoEls
kal htav xapndh (25-50 mg). To xpoviké didotnua
nou pecondpnoe péxpl tnv eppdvion AN ava@épbn-
ke og 10 and us 12 nepinoels Kal htav Katd Jeco
6po 11,3 nuépes (6-17 npépes). Le 1 nepintwon dev
avapépBnke kaBoénou kal og 4Ann 1 avapepdtav ou
Atav Aiyes NpEPES.

O1 Grenouillet et al.l" nepiéypayav nepintwaon nou
apxikd épolale pe avtidpaon unepeualcBnaoias evid
Tautdxpova SIayvmoTNKE KAl CUCTNUATKGS pudn-
patddns Aukos (ZEA). H Aapotpryivn diakénnke tn
17n nuépa voonneias. Tautdxpovn cuvunapén ZEA
Aukou diayvmotnke Kal oty nepintwon twv Felzer
et al.?% katd v onoia ol cuyypageis ékavav Ndyo
yla oUvdpopo evepyonoinons Jakpo@aywy, éva 6eu-
teponabés ouvbpopo AA, eneidn anouciale and ta

Apxeia Kivikns Neuporoyias 33:1-2024, 47-54

€pyaotnplakd euphpata N KAACIKA NayKuTttaponevia.
Ta oupntuata tou acBevous enépevav napd n dia-
Konn tns AapotpIlyivns kal n nopeia tou napouaciace
enindokés pe onioBonepitovaikn aipoppayia, epponn,
oteia naykpeatiuda kal viediplo evid xpeIGOTNKE yia
K@noles NUEPES Kal algokaBapaon.

Mapatetapévn voonieia eixav ol aoBeveis twv Ig-
naszewski et al.l'3! kal Organti et al.l" £tov npdro,
acBevn e xpdvia Ypuxwon, n Aapotplyivn diakdnnke
Katd tn voonneia ev n deltepn, aoBevhs Pe Kata-
BAipn, tn SiEkoye autoPoUnws NPO NS EI0AYwWYNS
Aoyw kepananyias. Emnniéov, xpelidotnke voonneia
o€ povada evtaukns Bepaneias (MEB) Adyw niBavns
unviyyiudas kar unooykaipikou shock.

Xe MES voonneutnke kal n aoBevhs twv Aggarwal
et al."! Adyw coPapns undtaons. Ltov aoBevh Twv
Hancock & Galvez!'®! éyive avukatdotaon s Aayotpi-
yivns pe Aakooauidn evd os authy twv Tora et al.l"! n
Aapotplyivn diakénnke. H teAeutaia dlacwAnvdBnke
kaBds napouciace didxutn evdayyelakh nAgn.

H aoBevns twv Zhou et al.,['® oty onoia n Aapotpi-
yivn &iakénnke katd v eicaywyn, 10hx0n yia ohyn
kal ofeia unoaiyikn avanveuoukn avendpkela. Katd
v nopeia s vdoou, napouciace puokapdiondbeia
Takotsubo kal o&gia ve@pikh avendpkeia yia tnv onoia
xpeldotnke aipokdBapon. O acBevns twv Boustani
et al.l'¥ Eexivnoe Siadikaoia yia petapdoxeuon AdYw
ooPapns nnatkhs BAaRns. Xtov acBbevn twv Sule-
man et al.?? n Aapotplyivn Glakénnke katd tnv 1n
nuépa voondeias, otov aoBevn twv Koning et al.?"
Siakénnke katd i voondeia kal twv Velu et al.l??
KATa v €l0aywyn.

YYZHTHZH

Onws npokuntel ané ta napandvw, NEakukd énol
ol aoBeveis gixav nodunpepes voonieies, pe noAfa-
nnés eCETATEIS Kal, OE APKETES NEPINTWOEIS, coPapés
emnokés. H AA eival coBaph vooos kal gival ana-
paitntn N cuvexns enaypunvnon WOTE VA AvIXVEUTOUV
€yKaIpa Kal va avupetwniotolv anotedeopatkd ne-
PINTMOEIS TOU oUVOPOUOU.

H Aapotpiyivn oxetiCetal pe avemBuUpNTEs evEPYEIES
avooonoyikns puons, 6nws efval 1o cuvdpopo Stevens
Johnson, 1o auvépopo DRESS, aipatonoyikés dSuokpa-
ofes kar aonnn pnviyyuda.?* O akpiBhs pnxaviopos
gival pandov ayvwotos anid to eappako eaivetal
Ou pnopei va ekAUel avoconoyIkés anoKPIoEls JEow
evepyonoinons twv T kuttdpwv.?>'Etal, og nepINoes
ONws autés nNou neplypdenkav napandvw, n ARy
Aapotplyivns Ba npénel va AauPdvetar cofapd undyn
Kal 10, av kal onavio, olvdpopo AA Ba npénel va
nepiAapPavetal otn dlaopikh idyvwaon MoTe va
avupetwniotel 6oo to duvatdy nio éykaipd. Mdaniota,
andé us 16 ava@opés Nepintwons Nou aveupédnkav,
ol 11 énpooieutnkav ané 1o 2018 kal éneita, K4t nou
unopei va deixvel nws n npogibonoinon tou FDA yia
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n ouvdeon Aapotplyivns kal AA pnopei va Bonbnoe
otnv augnon s eNaypunvnons Twv Yiatey.

H 66on tou pappdkou Gev paivetal va diadpapa-
TiCel kanolo poAo av kal ol NANPo@opies Nou Napa-
oxéBnkav oxetukd pe autd htav eAnineis. To Xpovikd
didotnua ekdniwons tns AA petd v évapén Aapo-
1plyivns €ival to apxikd didotnpa Kal, nio CUYKEKPI-
Héva, ol npwres 3 efoouddes.
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Mivakas 1. Aidyvwaon aio@ayokuttapikis ALPoioToKUTIdpwons2

5 anoé us 8 akéAouBes ekdnAwoels

Mupetds

Kuttaponevia og dUo oelpés

YnAnvopeyadia

YneptplyAukepidaipia

EAattwpévo ivwdoyovo

Augnpévn @eppitivn

XapnAn A anovoa §pactnpIdTNTa KUTIIPWY PUOIKWDV POVEWY

Au€npévn 6laduth CD25

EninAéov eupnpata

Tpavoapivacaiyia

Algtapaxn nnKukoU pnxaviopoy

Oiénpa

E€avBnua

Neuponoyiké cupntouata

Mivakas 2. Avapopés nepinoewy aiioPayokuTIapIkns AU@OIoTIOKUTIApwans and Aauotplyivn

Epyaoia Anpoypa@ik@ | ATOpIKO QapPaAKeUTIKN Adon Kupia kAvikd kal
avapvnotkod aywyn (nAnv Aapotplyivns €pyactnpiakd
Aapotplyivns) Kal XpOVIKO guphpata
diaotnpa péxpl
mv ePeavion
OUPNTWPATWY
Naidia-épnpol
Yang et al. |Ayopi 8 etov | EmiAnyia Tonipapdn 100 mg Mupetds, kKvnopmOES
20042 Mopeykepania BaAnpoikd oy e€avOnpa, AnBapyos,
(AE) iKtepos, KoIniakod
anyos, aipgoppayia
OTOATKNS KOINGTNTAs
2 eBoopades Maykuttaponevia,
pavoapivacaiyia,
nNAgUPITKA Kal aoKITIKA
ouAdnoyh
Gumus et [Ayopi 4 etov | EmAnyia Mpipidoévn 250 mg Mupetds, eCavOnpa,
al. 2007° Eykepanikn Bannpoikd ofu NUIKWPATWoNSs Katd-
napdduon otaon, YEVIKEUPEVOI T0-
VIKO-KAOVIKOI onaguof,
iktepos, nnatoonAnvo-
yeyania
3 efoopades Maykuttaponevia,
diatapaxn veppikns Kal
nNatkns Aeitoupyias
Kitaetal. |Epnfos 16 AinoAikn Bannpoikd Aev avaépetal | EpuBnua npoownou,
20140 €TV biatapaxn vAaTpIo bdon NUPETOS, AQUXEVIKN
AepadevondBeia
2 eBdopudabdes Hwaoivoeidia, nnaukn
duoneitoupyia
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Bechtel
& Joyce
2018

Kopitol 8 etwv

Aiotapaxn
EAfeippauxns
MNpoooxnhs-
Yhepkivnukomna
Mn annws
kaBopildpevn
ouvaIoBNPICTKA
Siatapaxn

Agv avagépetal

Agev avagépetal

Mupetds, Neppade-
vondéBeia, vepikn
duoneitoupyia, yevikeu-
HEvOI ToVIKO-KAOVIKOf
onacpoi kal eykepano-
nabeia

24 npépes

Au€npévo PT,
Ivwdoyovo, Pndevikn
bpaotnpidtnta NK
Kuttdpwy, nibavo
otepaviaio avelupuoua

Evhfikol

Grenouil-
let et al.
2003

Avdpas 29
£V

EmAnyia

Agv avagépetal

Agev avagépetal

Mupetods, pnviyyikod
ouvdpopo, eEavonua,
oTopaTKA €Akn,
@AeyPovmoNs
nonuapBpiuda

10 npépes

Xonootaon -
Tpavoapivaoaipia

Ignasze-
wski et al.
2017

Avbpas 26
£V

Ayxos,
napavoikomta

Pionepidovn
Bevlotponivn

Agv avapépetal

Kakouxia, nupetos,
pOAwNEs

2 €Bdouddes

MNMaykuttaponevia,
Tpavoapivaoaipia

Organti et
al. 2018

[uvaika 39
ETOV

KatéBaiyn
[aotpooicopayikh
nafivdpounon

Aev avapépetal

Agv avaépetal

Kepananyies,
YeVIKEUpEvN aduvapia,
nupetds, oopuanyia

Aev avagépetal

Maykuttaponevia,
au€npévn
xonepuBpivn, LFTs

Aggar-
wal et al.
2019%

[uvaika 39
ETOV

KatéBniyn

Aev avaépetal

Agv avapépetal

MNMupetds, ppikia,
undétaon, vautia,
€uetos, pwrtoopia,
kepanadyia,
auxevanyia

1 eBdopada

©popPonevia,
au€énpéva nnaukd
évQupa, eAaTtwpéva
enineda NK kuttdpwv

Hancock
& Galvez
2019'®

Avdpas 47
€V

AvBekTKNA
ennnyia

Agv avagépetal

Aev avagépetal

Mupetds, eEavOnua,
onfnvopeyania

Niyes npépes

Tpavoauivaoaiyia,
Aeukonevia

Tora et al.
2019"

fuvaika 27
ETOV

AinoAikn
katédOniyn
Ayxos

Agv avagépetal

25 mg

E€avBnua, AhBapyos,
kepadanyia, Suonvola,
taxukapdia, Nupetds,
Bnhxas

6 NuEPES

Augnpéves
TPAVOaUIVACES Kal
xonepuBpivn
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Zhou et al.
20198

[uvaika 45
€TV

[evikeupevo Ayxos
Ynotponidlouoa
KatdBAiyn

Apnodinivn
Xonnkanoipepdin
KAovadendaun
Ntounogetivn
Mpadooivn

Agv avagépetal

pINnwoes ocuvdbpopo
HE NUPETO Kal
auxevikh duokapyia,
taxukapdia, eEavonua

Mepinou 10-17
NUEPES

Avaipia, BpopPonevia,
pavoapivacaipia,
nnatoonAnvopeyania,
nieupitkés ounnoyes

Boustani et
al. 2020

Avdpas 31
WV

EnmiAnyia

Agv avagépetal

Agv avagépetal

Mupetds, kénwon,
e€avOnpa,
eykepanondabeia

14 npépes

‘Ekntwon veppikns

Aertoupyias,
Tpavoapivaoalia,
edattwpévn
dpaoctnpidtnta
NK kuttdpwy,
nnatopeyania,
BpopPonevia

Felzer et al.
202120

Avbdpas 34
€TV

YUvbpopo Rayn-
aud

AinoAikn
katdBniyn

Agv avoQépetal

Agv avagépetal

Auocnvola, vautia,
NUPETOS, Taxukapdia,
unogia, e€avnpa,
aigoppayikés BAdpes
OtoPaTos

10 npépes

Tpavoapivaoaiyia,
veppikh BAdpn-
npwrteivoupia

Koning et
al. 20212

Avbpas 43
€TV

Aiotapaxn
anonpocwnoinons-
anornpaypatonoinons

BevAapativn

50 mg

Kepananyia, puadyies,
vautia, EUETOS,
nupetds, duonvola

16 nuépes

Tpavoapivacaiyia,
BpopPonevia,
npwreivoupia,
nnatoonAnvopeyania

Suleman et
al. 20212

Avbpas 31
€TV

Alatapaxn
EAAeiypaukns
MNpoooxns-
Ynepkivnukdnta
EmAnyia

A/Xn xphons
ankodn

Augetapivn
AeErpoappetapivn
NeBeupaketdun

50 mg

Mupetds, epikia,
vautia, EUETOS,
kepanadyia, e§&avBnua

11 npépes

Avaipia, 6popfonevia,
Tpavoapivaoalyia,
edattwpévn
dpaotnpidtnta NK
KUTIapwv

Velu et al.
20222

luvaika, Aiyo
npiv ta 30

Peupatoeibns
apBpiuda
Meilwv katdBniyn

Agv avaQEpeTal

Agv avagEpetal

Mupetds, puadyies,
Aeppadevondbeia,
gtavbnua

12 nuépes

/\eukonevia,
Aepponevia,
BpopPonevia,
augnpéva nnatukd
évCupa, onnnvopeyania

Apxeia Kivikns Neuporoyias 33:1-2024, 47-54

7| EAAHNIKH
NEYPOAOTIKH
ETAIPEIA



54

Beoxdpns Kuipidns

TAY

MNoIH
2H

MeAéTeg aTro:
PubMed (n = 21)
Science Direct (n = 42)
Google Scholar (n = 18)

MeAéTeg TTOU aTTOPAKPUVONKAV

TTPIV TOV éAEYXO:
Atropdkpuvaon SITTAGTUTTWV
MEAETWV (n = 49)

A 4

EAElr
X0z

—_—

)
ZYMME
PIAHOOH
KAN

MeAéTeg TTOU eAEyxBnKav
(n=32)

\4

MeAéTeg TTou avalnTidnkav
(n=32)

\4

MeAéTeg TToU Bev Bpédnkav
(n=0)

MeAéTeg TTou agloAoyRBnkav av
TTANPOUV Ta KPITAPIC
(n=32)

A4

MeAéTeg TTOU aTTOPPIPONKAV:
Bdoel TitAou ka1 TrepiAnyng
(n=10)

Bdoel TAfpoug kelpévou
(n=6)

R EAAHNIKH
NEYPOAQTIKH
2=J ETAIPEIA

MeAéTteg TTOU CUPTTEPIARPONKaV
oTnv gpyaacia
(n=16)

lpdonua 1. Aidypaupa pons
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