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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, I 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

eE d i t o r i a l
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7. Γ. Ρούντολφ (Γενικό Νοσοκομείο Παπαγεωργίου, Θεσσαλονίκη)

Εκπαίδευση στη Νευρολογία
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9. Κ. Κυλιντηρέας (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα)
10. Π. Μήτσιας (Πανεπιστήμιο Κρήτης, Ηράκλειο & Henry Ford Hospital - Wayne State University, 
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9. Α. Παπαδημητρίου (Πανεπιστήμιο Θεσσαλίας, Λάρισα)
10. ∆. Παρίσης (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
11. Ε. Σταμπουλής (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα)
12. Ν. Τάσκος (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη) 

Νευρο-ογκολογία
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Νευροψυχολογία – Νευροψυχιατρική
1. Γ. ∆ελατόλας (Universite Paris Descartes, Paris, France)
2. Ε. Καπάκη (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα)
3. Α. Καράβατος (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
4. Χ. Μπακιρτζής (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
5. Χ. Μπούρας (University of Geneva, Geneva, Switzerland)
6. Ν. Ρομπάκης (Mounti Sinai, New York, USA)
7. Μ. Συγγελάκης (Γενικό Νοσοκομείο Παπαγεωργίου, Θεσσαλονίκη)

Νευροακτινολογία και Νευρουπερηχογραφία
1. M. Rubiera (Hospital Universitari Vall d’Hebron, Barcelona, Spain)
2. M. Rubin (University of Tennessee Health Sciences Center, Memphis, USA)
3. Ν. Αρτέμης (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
4. Κ. Βαδικόλιας (∆ημοκρίτειο Πανεπιστήμιο Θράκης, Αλεξανδρούπολη)
5. Ν. Βλαϊκίδης (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
6. Σ. Γιαννόπουλος (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα)
7. Ι. Ηλιόπουλος (∆ημοκρίτειο Πανεπιστήμιο Θράκης, Αλεξανδρούπολη)
8. Θ. Καραπαναγιωτίδης (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
9. Α. Κατσάνος (McMaster University, Hamilton, Canada)
10. Σ. Κόλλιας (University of Zurich, Zurich, Switzerland)
11. Χ. Κρόγιας (Ruhr University of Bochum, Bochum Germany)
12. Β. Λιούτας (Harvard University, Boston, USA)
13. Π. Μήτσιας (Πανεπιστήμιο Κρήτης, Ηράκλειο & Henry Ford Hospital - Wayne State University, 

Detroit, USA)
14. Μ. Πολίτης (University of Exeter, UK)
15. Θ. Τέγος (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη)
16. Γ. Τσιβγούλης (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών & University of Tennessee Health 

Sciences Center, Memphis, USA) 
17. Α.Χαριτάντη-Κουρίδου (Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης, Θεσσαλονίκη) 

Πόνος
1. A. Paladini (L’Aquila University, Italy)
2. G. Varrassi (Paolo Procacci Foundation, Italy)
3. Π. Ζης (Πανεπιστήμιο Κύπρου, Λευκωσία, Κύπρος)

Ιατρική του Ύπνου
1. Α. Βγόντζας (Πανεπιστήμιο Κύπρου, Λευκωσία, Κύπρος)
2. Π. Μπαργιώτας (Πανεπιστήμιο Κύπρου, Λευκωσία, Κύπρος)
3. Α. Μπονάκης (Εθνικό και Καποδιστριακό Πανεπιστήμιο Αθηνών, Αθήνα)
4. Αικ. Τερζούδη (∆ημοκρίτειο Πανεπιστήμιο Θράκης, Αλεξανδρούπολη)

Διεθνής Εκπροσώπηση
1. Π. Ζης (Πανεπιστήμιο Κύπρου, Λευκωσία, Κύπρος)
2. Α. Κατσάνος (McMaster University, Hamilton, Canada)
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REVIEW ΑΝΑΣΚΟΠΗΣΗ

ΑΝΑΣΚΟΠΗΣΗ ΤΗΣ ΓΕΝΙΚΗΣ ΟΡΓΑΝΩΣΗΣ,  
ΤΟΥ ΦΑΣΜΑΤΟΣ ΠΑΘΗΣΕΩΝ ΚΑΙ ΤΩΝ ΔΥΝΑΤΟΤΗΤΩΝ 
ΠΟΛΥΠΑΡΑΓΟΝΤΙΚΗΣ ΠΑΡΑΚΟΛΟΥΘΗΣΗΣ ΤΗΣ  
ΝΕΥΡΟΛΟΓΙΚΗΣ ΛΕΙΤΟΥΡΓΙΑΣ ΣΕ ΜΟΝΑΔΕΣ  
ΝΕΥΡΟΕΝΤΑΤΙΚΗΣ ΘΕΡΑΠΕΙΑΣ
Δημήτριος Χατζηστεφανίδης[1], Σπυρίδων Κονιτσιώτης[1]

[1] Τμήμα Νευρολογίας, Τμήμα Ιατρικής Σχολής, Σχολή Επιστημών Υγείας, Πανεπιστήμιο Ιωαννίνων, Ιωάννινα, Ελλάδα

Περίληψη
Η νοσηλεία ασθενών σε εξειδικευμένες μονάδες νευροεντατικής θεραπείας έχει εξελιχθεί τις τελευταίες δε-
καετίες και αποτελεί πλέον ξεχωριστά οργανωμένη ειδικότητα σε πολλά συστήματα υγείας. Η νευροεντατική 
θεραπεία χρησιμοποιεί ομάδες πολλαπλών ειδικοτήτων, γίνεται χρήση συγκεκριμένων πρωτοκόλλων θερα-
πείας και παρακολούθησης νευρολογικών λειτουργιών, καθώς επίσης διεξάγει έρευνα και αναπτύσσει περαι-
τέρω η ίδια το πεδίο αυτό. Το φάσμα της έχει επεκταθεί σημαντικά και οι τεχνολογικές εξελίξεις επιτρέπουν 
τη δυνατότητα παράλληλης παρακολούθησης των νευρολογικών λειτουργιών με διάφορους τρόπους, αν 
και το τελικό αποτέλεσμα στη διαχείριση των ασθενών και την λειτουργική τους κατάσταση απαιτεί περαιτέ-
ρω έρευνα. Αν και υπάρχουν σαφή στοιχεία ότι η νευροεντατική θεραπεία μπορεί να βελτιώσει την έκβαση 
και την ποιότητα ζωής των ασθενών που είναι σοβαρά άρρωστοι, η κατανόηση της δομής της, της κλινικής 
της εφαρμογής και την ταυτόχρονης παρακολούθησης των νευρολογικών λειτουργιών μέσω διαφορετικών 
μεθόδων είναι ουσιαστική για την περαιτέρω εξέλιξη το τομέα. Για τον λόγο αυτό, παρουσιάζουμε εδώ την 
ιστορική εξέλιξη των μονάδων νευροεντατικής φροντίδας και της σύγχρονης δομής τους, όπως και το φάσμα 
των ασθενειών που νοσηλεύονται σε αυτή, καθώς και τις διαθέσιμες δυνατότητες παρακολούθησης της νευ-
ρολογικής λειτουργίας. 

Λέξεις ευρετηρίου: neurointensive care units, multimodal neuromonitoring, neurointensivist / νευροεντατική θερα-
πεία, πολυπαραγοντική παρακολούθηση νευρολογικής λειτουργίας, νευροεντατικολόγος 

GENERAL ORGANIZATION, DISEASE SPECTRUM AND 
MULTIMODAL MONITORING IN NEUROCRITICAL CARE 
UNITS; A REVIEW 
Dimitrios Chatzistefanidis[[1]], Spyridon Konitsiotis[[1]]

[[1]] Department of Neurology, Faculty of Medicine, School of Health Sciences, University of Ioannina, Ioannina, 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[1]. 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 patients[2].  

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 patients[3].

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 NCCUs[4],[5].    

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 20th 
century[2]. 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 units[6].

In the early 1950s, Lassen and Ibsen, 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 

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%[1],[7]. 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[8],[9]. 

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[10], 
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[2]. 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[11]. 

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 neurologists[2],[12]. Societies for intensive or neuro-
critical care, such as the international Neurocritical 
Care Society or the national Deutsche Gesellschaft 
für Neurointensiv- und Notfallmedizin were founded, 
guidelines and special specialization programs were 
development to sufficiently train and qualify neurolo-
gists for neurocritical care [13]-[15]. 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 care[16], while devel-
opment in multimodal monitoring requires further 
research and standardization[17],[18] 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[19],[20]. 

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[21]. 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[22].  

Three levels of NCCUs can be defined. Level I 
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 II units are 
able to stabilize acutely ill patients and treat stable 
neurocritical diseases. A Level IΙΙ unit can evaluate and 
stabilize neurological emergencies, while facilitates 
transfer to Level I and II units[22]-[24]. 

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 [25]-[27]. Standards for continu-
ous training and physician staffing of the interdisci-
plinary team have been proposed in detail[2][2].

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 care[28]. Staffing 
ratios for an optimal nursing care have been also 
proposed[22].  Specialty certifications are also an in-
dicator of quality of care and should be encouraged 
as it may be also associated to improved patients’ 
outcomes[29],[30].

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[31]-[33], decrease ventilator days [34] and im-
provements in morbidity, mortality and length of 
stay[35],[36], while there are also evidence suggesting 
an optimized resource management by reducing 
medication costs[37].

Furthermore, respiratory therapists applying proto-

cols and procedures regarding mechanical ventilation 
and tracheostomy[38], as well as physical, occupational 
and speech therapists and qualified dietitians[39]  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 outcomes[40]. 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 staff[41]-[45].    

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[46].

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[47].  

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 pressure[48].    

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 accurate[49]. 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[50]. 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[5][1].

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 
hemorrhage[52].

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 ischemia[53],[54], 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-
tion[55]. 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[56]. 

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 outcome[57]. 
Monitoring of ICP in combination with measure-

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 
outcomes[58].  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-
tion[59]. 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[52].

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[56].    

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[60]. 

There is robust evidence that neurocritical care im-
proves outcomes, especially when specialized neuro-
intensivists are involved[61],[62]. 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 data[61],[63]-[66].     

Outcomes of patients with acute cerebrovascular 
disorders have been improved due to the develop-
ment of stroke units[67]. 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 [68]-[71]. 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 neurointensivists[72]-[74]. 

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[75]. Outcome of cerebral venous sinus 
thrombosis was improved after institution of NCCU, 
however data for other diseases are in general rare[21].      

In addition, there are evidence of a financial ben-
efit of a NCCU. Although neurocritical illnesses are 
costly and resource demanding [76], NCCUs staffed 
with neurointensivists can lead to lower costs due 
to decrease in length of stay and lower total costs of 
care[77],[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-effectiveness[79]. 

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;

 

AΝΑΠΝΕΥΣΤΙΚΗ ΑΝΕΠΑΡΚΕΙΑ ΩΣ ΠΡΩΤΗ ΕΚΔΗΛΩΣΗ 
ΜΥΑΣΘΕΝΕΙΑΣ GRAVIS ΣΤΗ ΜΟΝΑΔΑ ΕΝΤΑΤΙΚΗΣ ΘΕ-
ΡΑΠΕΙΑΣ: ΠΑΡΟΥΣΙΑΣΗ ΠΕΡΙΣΤΑΤΙΚΟΥ
Δήμητριος Μυσίρης, Πολυξένη Σταμάτη, Ζήσης Τσούρης, Αντωνία Τσίκα, Αντώνιος Προβατάς, Στυλιανή Ράλλη, Βασίλειος Σιώκας, Ευθύμι-
ος Δαρδιώτης

Νευρολογική Κλινική, Πανεπιστημιακό Νοσοκομείο Λάρισας, Τμήμα Ιατρικής, Πανεπιστήμιο Θεσσαλίας, Λάρισα, Ελλάδα

Περίληψη
Εισαγωγή: Η μυασθένεια Gravis αποτελεί μια χρόνια αυτοάνοση διαταραχή που επηρεάζει τη νευρομυϊκή 
σύναψη. Παθοφυσιολογικά, αυτοαντισώματα στοχεύουν αντιγόνα της μετασυναπτικής μυικής μεμβράνης, 
οδηγώντας σε βλάβη της τελικής κινητικής πλάκας και μυική αδυναμία. Το κλινικό φάσμα των συμπτωμάτων 
κυμαίνεται από μια μεμονωμένη προσβολή των οφθαλμικών μυών έως σοβαρή γενικευμένη μυϊκή αδυνα-
μία που επηρεάζει τους μύες των άκρων, τους προμηκικούς και αναπνευστικούς μύες. Η μυασθενική κρίση, 
μια επείγουσα ιατρική κατάσταση στην οποία προσβάλλονται οι αναπνευστικοί μύες, μπορεί να αποτελέσει 
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αρχικό σύμπτωμα της μυασθένειας Gravis.
Περιγραφή περιστατικού: Tο περιστατικό που περιγράφεται αφορά  άνδρα ηλικίας 23 ετών, που παρουσιά-
στηκε στο νοσοκομείο μετά από τροχαίο ατύχημα. Ο ασθενής εμφάνισε σημεία ήπιας θλάσης πνευμονικού 
παρεγχύματος, χωρίς νευρολογική σημειολογία. Κατά τη διάρκεια της νοσηλείας του ο ασθενής παρου-
σίασε αναπνευστική ανεπάρκεια με υπερκαπνία που οδήγησε σε καρδιοαναπνευστική ανακοπή, όπου και 
απαιτήθηκε καρδιοαναπνευστική αναζωογόνηση. Ο ασθενής  διασωληνώθηκε και εισήχθη στην Μονάδα 
Εντατικής Θεραπείας. Παρά την κλινική και εργαστηριακή βελτίωση, τα αυξημένα επίπεδα CO2 του ασθενούς 
εμπόδισαν τον απογαλακτισμό του από τον επεμβατικό αερισμό και την παροχή οξυγόνου. Το ιστορικό του 
ασθενούς αποκάλυψε επεισόδια βλεφαρόπτωσης και κοπωσιμότητα των μυών με τη μορφή δυσχέρειας στην 
επιτέλεση καθημερινών δραστηριοτήτων, ενώ η νευρολογική εξέταση ανέδειξε προμηκικά συμπτώματα, 
μυϊκή αδυναμία προσωπικών μυών , μυών του αυχένα και των άνω άκρων, αποκαλύπτοντας έναν πιθανό 
φαινότυπο Myasthenia Gravis. Από τον εργαστηριακό έλεγχο ανιχνεύθηκαν αντισώματα κατά της ειδικής μυι-
κής κινάσης. Ο ασθενής έλαβε θεραπεία με ενδοφλέβια γ-σφαιρίνη και έπειτα συνεδρίες πλασμαφαίρεσης , 
οδηγώντας σε κλινική βελτίωση.
Συμπέρασμα: Το περιστατικό αυτό αναδύει  την αναπνευστική ανεπάρκεια και την αδυναμία απογαλακτισμού 
από το μηχανικό αερισμό, ειδικά σε νεαρούς ενήλικες, ως μια αρχική εκδήλωση της Mυασθένειας Gravis, 
ειδικά της υποομάδας με αντισώματα έναντι της μυικής ειδικής κινάσης. Κατά τη θεραπεία αναπνευστικής 
ανεπάρκειας πιθανόν στα πλαίσια μυασθενικής κρίσης, η χορήγηση ενδοφλέβιας γ-σφαιρίνης ή η πλασμα-
φαίρεση θα πρέπει να αξιολογείται προσεκτικά ως μια επιθετική και ταχεία θεραπευτική επιλογή με καλή 
πρόγνωση.

Λέξεις ευρετηρίου: Μυασθένεια Gravis; μυασθενική κρίση; πλασμαφαίρεση; μονάδα εντατικής θεραπείας;

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 [1]. 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 [3]. 
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 [4]. 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 
(pCO2=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 (pO2=55 mmHg 
and SpO2=82%) and high levels of Carbon dioxide 
(pCO2=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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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) [5]. 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 
[6]. Moreover, MuSK Abs titers have been associated 
with disease severity and less favorable outcome 
in myasthenic crisis [4]. AChR and MuSK antibodies 
seropositivity has seldom been observed, reinforcing 

that these MG-subtypes considered to be distinct 
entities [2,7].

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 [5,8,9]. 
More than 40% of patients experienced bulbar weak-
ness, typically combined with neck and respiratory 
muscles dysfunction [10]. 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 [11]. Furthermore, despite high doses 
of immunosuppression, MuSK-MG associated spon-
taneous exacerbations and myasthenic crises are 
common [12]. 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 [13]. Patients requiring endotracheal in-

Figure 1: Brain MRI with unremarkable findings in T2 (left) and FLAIR T2 (right) sequences.
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tubation during myasthenic crises, hospitalized for 
an average of 17 days, with 18% necessitating re-
habilitation center. The most common trigger fac-
tors of a myasthenic crisis are mainly infections and 
subsequently exposure to temperature extremes, 
trauma, several medications, surgeries, sleep depriva-
tion, biological stress and roughly one-third to one-
half of MG cases have no clear precipitating factor 
suspected to myasthenic crisis [14]. The goal standard 
treatment of myasthenic crisis is to secure the air-
way, quickly initiation of rapid immunomodulatory 
and immunosuppressive therapy, and to treat as 
soon as possible identified trigger factors [14,15]. Man-
agement of myasthenic crisis includes acute causal 
treatment by immunoadsorption/plasmapheresis 
or alternatively with intravenous immunoglobulins. 
Although both treatment options seem to have equal 
impact on myasthenic crisis management, progres-
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 [16].

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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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 

ΓΥΝΑΙΚΑ ΜΕ ΝΟΣΟ ΣΧΕΤΙΖΟΜΕΝΗ ΜΕ ΑΝΤΙΣΩΜΑΤΑ 
ΕΝΑΝΤΙ ΤΗΣ MOG ΚΑΙ ΚΛΙΝΙΚΗ ΚΑΙ ΑΠΕΙΚΟΝΙΣΤΙΚΗ 
ΠΡΟΟΔΟ ΤΗΣ ΝΟΣΟΥ: ΠΑΡΟΥΣΙΑΣΗ ΠΕΡΙΣΤΑΤΙΚΟΥ
Ζήσης Τσούρης, Πολυξένη Σταμάτη, Αντώνιος Προβατάς, Ευάγγελος Σακαλάκης, Αντωνία Τσίκα, Βάνα Τσιμούρτου, Βασίλειος Σιώκας,
Ευθύμιος Δαρδιώτης

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

Περίληψη
Εισαγωγή: Η σχετιζόμενη με τα αντισώματα έναντι της γλυκοπρωτεΐνης της μυελίνης των ολιγοδενδροκυττά-
ρων (MOG) νόσος (MOGAD) είναι μια ανοσο-μεσολαβούμενη απομυελινωτική νόσος του κεντρικού νευρι-
κού συστήματος. Η ανάπτυξη νεότερων κυτταρικών δοκιμασιών για την ανίχνευση αντισωμάτων έναντι της 
MOG κάνει πιο κατανοητό τον ετερογενή φαινότυπο της MOGAD. Επιπλέον, η πρόοδος της νόσου ανεξάρ-
τητα των υποτροπών της είναι μάλλον ασυνήθιστη στους ασθενείς με MOGAD σε σύγκριση με τους ασθενείς 
με πολλαπλή σκλήρυνση.
Περιγραφή περιστατικού: Το περιστατικό που περιγράφεται αφορά γυναίκα 49 ετών με MOGAD που εμφα-
νίζει επεισόδια επιληπτικών κρίσεων και νευρολογικών ελλειμάτων καθώς και ενδείξεις κλινικής και απεικο-
νιστικής επιδείνωσης ανεξάρτητα από υποτροπές της νόσου.
Συμπέρασμα: Η περίπτωσή μας έρχεται να προσθέσει στον καθορισμό του ετερογενούς κλινικού φαινοτύπου 
της νόσου καθώς και να αναδείξει την ανάγκη περαιτέρω διερεύνησης της συχνότητας εμφάνισης της προό-
δου της νόσου μεταξύ των υποτροπών.

Λέξεις ευρετηρίου: MOGAD, προοδευτικότητα, απομυελινωτικά νοσήματα, Πολλαπλή Σκλήρυνση, εγκεφαλίτιδα
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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 [1]. 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 [3]. 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 [4-6].

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)[7]. 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 [8]. ADEM is most frequent in childhood, 
while in adulthood the most frequent manifestation 
is that of optic neuritis [9,10]. Unlike relapsing MS 
and relapsing episodes of AQP4-positive NMOSD, 
MOGAD can be either monophasic or relapsing [11,1[2]. 
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 [13,14]. In addition, histopathological 
and radiological features can further differentiate 
MOGAD from MS and AQP4-positive NMOSD [9].

Disease progression independent of relapses (PIRA) 
is a new clinical outcome measure in patients with 
MS, and it represents the continuous worsening 
of disability between disease relapses [15]. While in 
MS, progression is subject of extensive research, in 
MOGAD there are limited data on its progression 
between relapses [16]. According to recent data, PIRA 
is not common among MOGAD patients [17]. 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/mm[3], 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 

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 [8]. Overall, optic neuritis is the most 
common clinical manifestation of the disease, while 
the disease is more common among children [8]. In 
children, ADEM is more frequent followed by optic 
neuritis, while optic neuritis and transverse myeli-
tis are more common among adults [11]. 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 [13]. 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 [13]. 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 [19]. 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 [14],[20], while there 
is also a report of combined central and peripheral 
demyelination [21].

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 [12]. 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 [22]. 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 [15]. 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 [17]. 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 [1][7]. 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 [23].

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% [24], they are usually detected in 
low titres [25], 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.

ΟΔΕΥΟΝΤΑΣ ΠΡΟΣ ΤΗΝ ΠΡΟΣΩΠΟΠΟΙΗΜΕΝΗ  ΙΑΤΡΙΚΗ 
ΚΑΙ ΤΗΝ ΙΑΤΡΙΚΗ ΑΚΡΙΒΕΙΑΣ ΣΤΙΣ ΓΝΩΣΙΑΚΕΣ ΔΙΑΤΑΡΑΧΕΣ: 
ΑΠΟΚΛΕΙΣΜΟΣ ΤΗΣ ΠΑΘΟΛΟΓΙΑΣ  ΝΟΣΟΥ ALZHEIMER ΣΕ 
ΑΣΘΕΝΕΙΣ ΜΕ ΚΛΙΝΙΚΗ ΥΠΟΨΙΑ ΤΗΣ ΝΟΣΟΥ. 
Ιωάννα Τσαντζαλή[1], Βασίλειος Κωνσταντινίδης[2], Αθανασία Αθανασάκη[1], Στέλλα Φανουράκη[1], Φωτεινή Μπουφίδου[2], Σωτήριος Παρα-
σκευάς[1], Χρήστος Κρούπης[3], Αναστάσιος Μπονάκης[1], Γεώργιος Τσιβγούλης[1],[4], Ελισσάβετ Καπάκη[2] και Γεώργιος Παρακευάς[1],[2]
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Περίληψη: 
Η κλινική διάγνωση της νόσου Alzheimer μπορεί να αποτελεί πρόκληση στην καθ’ ημέρα πράξη, είτε λόγω 
άτυπων εκδηλώσεων της ίδιας της νόσου, είτε λόγω εκδήλωσης άλλων, μη-Alzheimer γνωσιακών διατα-
ραχών, με αμνησικό πρότυπο. Παρουσιάζουμε τέσσερις ασθενείς με κλινική υποψία νόσου Alzheimer, 2 εκ 
των οποίων με αμνησική ήπια γνωσιακή διαταραχή, ένας με αμνησικού τύπου άνοια και ένας με πρωτοπαθή 
προϊούσα αφασία λογοπενικού τύπου. Οι πρώτοι τρεις ασθενείς παρουσίαζαν σημαντική ατροφία του μέσου 
κροταφικού λοβού. Εντούτοις, οι κλασσικοί βιοδείκτες ΕΝΥ ανέδειξαν μη Alzheimer παθολογία και στους 
τέσσερις ασθενείς. Οι κλασσικοί βιοδείκτες ΕΝΥ μπορούν να λειτουργήσουν σαν ένα σημαντικό βοήθημα, όχι 
μόνο για την επικύρωση της παρουσίας παθολογίας νόσου Alzheimer αλλά ακόμη και για τον αποκλεισμό 
αυτής σε περιπτώσεις ασθενών με κλινική υποψία της νόσου, λαμβάνοντας ιδιαίτερα υπόψιν και την προοπτι-
κή χρήσης νέων, νοσοτροποποιητικών παραγόντων για τη θεραπεία αυτών των ασθενών.

Λέξεις ευρετηρίου: Νόσος Αλτσχάιμερ,νοητικές διαταραχές, άνοια, ανοσοαγγειακή νοητική διαταραχή,εγκεφαλονωτιαίο 
υγρό

CASE REPORTS ΠΑΡΟΥΣΙΑΣΕΙΣ  ΠΕΡΙΣΤΑΤΙΚΩΝ
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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 [1,2]. However, atypical presentations of AD may 
occur [3] including, among others, frontal or posterior 
presentations and primary progressive aphasia (PPA) 
of the logopenic type [4]. 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 [5] and, up to 39% of patients in which a 
non-AD diagnosis was given during life, will prove to 
have AD at autopsy [6]. 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 [7]. 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) [8] and limbic-
predominant age-related TDP-43 encephalopathy 
(LATE) [9] 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 [1,3] and classification systems [10]: (a) Amyloid-β 
peptide with 42 amino acids (Aβ42) which is decreased 
in AD, is considered as a marker of amyloid plaque 
pathology [11], (b) tau protein phosphorylated to a 
threonine residue at position 181 (τP-181) which is in-
creased in AD, is considered as a marker of tangle 
formation [12] and (c) total tau protein (τT) which is 
increased in AD is a nonspecific marker of neuronal 
and/or axonal degeneration [13]. The Aβ42/Aβ40 ratio 
may be preferred to Aβ42 alone since it seems to 
perform diagnostically better than the latter [14]. With 
a sensitivity and specificity at the level of ≥ 90% [3], 
they are useful in identifying the “AD neurochemi-
cal fingerprint” in atypical [15–18] or mixed [18–20] 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 

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 MCI or dementia due to AD [1,2], for PPA [21], for 
Vascular cognitive impairment (VCI) [22] and for the 
behavioral variant of Frontotemporal Dementia (FT-
Dbv) [23]. 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) 
[24-27]. Brief tests for memory (free and cued recall), 
frontal function, visuospatial skills and depression 
included the 5-words memory test [28], the Frontal 
Assessment Battery (FAB) [29], the CLOX (1 and 2) [30] 
and the short version of the Geriatric Depression 
Scale (GDS) [31], 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 [32]. The recently 
introduced Entorhinal Cortex Atrophy Score (ERICA) 
was also determined at the level of the mammillary 
bodies [33,34].

2.4. Lumbar puncture and CSF biomarker 
measurements  

According to widely accepted recommendations 
on standardized operative procedures for CSF bio-
markers [35], 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 
[17]. 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/μL. The 2 
tubes intended for CSF biomarker analysis, were im-
mediately centrifuged (2000g×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 (Aβ42, Aβ40, τP-181 and τT) 
were measured in a Euroimmun Analyzer I (Euro-
immun, Lübeck, 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, Lübeck, Germany], according to manufacturer’s 
instructions and by the use of 4-parameter logistic 
curves as described elsewhere[16]. 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 Aβ42<480 pg/ml, 
Aβ42/Aβ40< 0.094, τP-181>60 pg/ml and τT>400 pg/ml, 
τP-181/Αβ42> 0.205 and τT/Αβ42> 0.710 [16,17]. 

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 [10], as 
already described and diagrammatically illustrated 
elsewhere [17]. The CSF AD profile (“neurochemi-
cal fingerprint”) was defined as decreased Aβ42 or 
decreased Aβ42/Aβ40 and increased τP-181 and thus, 
compatible with the A+T+(N)+ or A+T+(N)- profiles [10]. 
On the contrary, the A-T-(N)+ or A-T+(N)+ profiles were 
considered compatible with non-AD pathology [10].

Genotyping of APOE was performed at the Depart-
ment of Clinical Biochemistry of “Attikon” Hospital. 
Genomic DNA was extracted from 200 μl 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 qPCR 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 [33,34]. A few, mild white 
matter lesions were observed, which were consid-
ered insignificant. The clinical picture was considered 
compatible with MCI due to AD [1]. However, CSF 
biomarkers revealed abnormal levels of only τP-181 
with no amyloid positivity. Thus, his AT(N) profile 
was A-T+(N)+ (neurodegeneration was positive due 
to atrophy), indicating non-AD pathological change 
[10]. He was heterozygote for the ε2 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 MCI due to AD [1], 
with subcortical small vessel disease (SSVD). However, 
CSF analysis revealed normal levels of all 3 classi-
cal biomarkers. Thus, his AT(N) profile was A-T-(N)+ 

(neurodegeneration was positive due to atrophy), 
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indicating non-AD pathological change [10]. He was 
homozygote for the ε2 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-

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 

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 [26] 3 1.5 6 0.5

CDR overall  [26] 0.5 0.5 1 0.5

IADL [27] 8/8 8/8 3/8 8/8

5-words delayed recall [28] 2+0/5 3+0/5 0+0/5 4+1/5

FAB [29] 11/18 12/18 16/18 11/18

CLOX1 [30] 9/15 10/15 10/15 9/15

CLOX2 [30] 15/15 13/15 14/15 13/15

GDS [31] 8/15 1/15 8/15 2/15

MTA grade [32] 2-3 3 4 0

ERICA score [33] 2 2 3 1

Vascular component (MRI) Minimal Significant No No

Initial clinical diagnosis MCI due to AD
MCI due to AD 
plus SSVD

Dementia due 
to AD

PPA logopenic, 
probably due 
to AD

APOE ε2 / ε3 ε2 / ε2 Not available ε3 / ε3

Αβ42 (pg/ml) (abnormal < 480) 830 1310 612 1102

Αβ40 (pg/ml) 6657 7169 2892 7118

Αβ42/Αβ40 (abnormal < 0.094) 0.125 0.183 0.211 0.155

τP-181 (pg/ml) (abnormal > 60) 62.9 ↑ 54.7 19.6 75.7 ↑
τT (pg/ml) (abnormal > 400) 332 388 203 582 ↑
τP-181/Αβ42 0.076 0.042 0.032 0.069

τT/Αβ42 0.400 0.296 0.332 0.528

AT(N) profile [10] A-T+(N)+ A-T-(N)+ A-T-(N)+ A-T+(N)+

Final diagnosis
Non-AD 
(tauopathy?)

VCI alone or 
mixed with 
non-AD pathol-
ogy

Non-AD
(FTLD?)

Non-AD (FTLD-
tau?)

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, MCI: Mild Cognitive Impairment, SSVD subcortical small 
vessel disease, PPA: Primary Progressive Aphasia, FTLD: Frontotemporal Lobar Degeneration. ↑ Increased (abnor-
mal) levels.



Ioanna Tsantzali  et al.40

Archives of Clinical Neurology 33:1-2024,36-46

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 
1c) 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 [33,34]. Left anterior temporal 
atrophy was also observed. The clinical picture was 
considered compatible with dementia due to AD [2]. 
However, CSF analysis revealed normal levels of all 3 
classical biomarkers. Thus, his AT(N) profile was A-T-

(N)+ (neurodegeneration was positive due to atrophy), 
indicating non-AD pathological change [10].

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 [21], with the 
notable imaging finding of predominantly right (and 
not left) parietal atrophy. Although AD is the most 
common underlying pathology in logopenic PPA [4], 
CSF biomarkers revealed abnormal levels of τP-181 and 
τT with no amyloid positivity. Thus, her AT(N) profile 
was A-T+(N)+, indicating non-AD pathological change 
[10]. She was homozygote for the ε3 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 Αβ42 alone and the 
Αβ42/Αβ40 ratio, which is considered to better reflect 
brain amyloid status [14]. 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 [10].  

The 1st patient was considered to suffer of MCI 
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 [36,37], 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 [8], which is a 
3- and 4-repeat tauopathy [38] is a tempting diagnosis, 
since it has been observed not only in the oldest old 
[39], but also in “younger” old patients [40].

A debate exists as to whether PART is a completely 
different entity or, somehow, it belongs to the Alz-
heimer’s spectrum [37]. Indeed, patients with the A‒T+ 
profile may share some clinical, neuropsychological 
and imaging similarities with those with the typical 
AD profile (A+T+) [40]. However, some studies identify 
significant differences between PART and AD, espe-
cially slower rates of cognitive decline [39,41], lower 
APOEε4 frequency [39 –42] and higher APOEε2 frequen-
cy [39,42] in PART, suggesting that at least a subgroup 
of PART patients does not belong to the Alzheimer’s 
spectrum. Our patient had the APOEε2 and no ε4 

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 [33,34] 
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allele, which could offer some resistance to Aβ for-
mation and thus to AD, as previously suggested [42]. 
The (co)existence in our patient of argyrophilic grain 
disease [38,43] or ageing-related tau astrogliopathy 
[44], (both 4-repeat tauopathies) could be alternative 
diagnostic possibilities, as well as coexistence of PART 
with LATE [9].

But, is really the A-T+ profile (using τP-181 for T) in-
dicative of PART? It has been suggested that abnor-
mal levels of τP-181 may provide different information 
in cognitively impaired as compared to cognitively 
unimpaired subjects and in different clinical settings 
[45]. In a recent study, subjects with either the A-T+ or 
the A-T- 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 τP-181 in the absence of 
Aβ abnormality may not necessarily reflect tangle 
formation, but may be related to altered CSF turno-
ver/kinetics [46]. 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 [22]. 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 A-T-(N)+ profile could be 
suggestive of VCI alone [1]. 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 [9]. 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 
[9]. 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 [9]. On the other 
hand, PART cannot be totally excluded, since not all 
cases of tauopathy are necessarily accompanied by 
increased CSF levels of τP-181 

[47]. Our patient had a τP-

181/τT 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 [15]. Both PART and LATE may coexist in 
the same patient [48]. Our patient was homozygote for 
the APOEε2 allele, but results on the APOE status in 

LATE are conflicting and the exact role of ε4 in cases 
of LATE without concomitant AD pathology remains 
to be elucidated [9]. Recent findings suggest that 
APOEε2 may have a protective role against multiple 
concurrent neurodegenerative pathologies [49], while 
it may exacerbate TDP-43 toxicity in the absence of 
concurrent AD pathology [50]. 

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 [51]. 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 A-T-(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 FTDbv, 
sometimes causing diagnostic difficulties, especially 
in early cases [52]. Hippocampal atrophy can also be 
seen in some patients with FTD [53]. This patient’s τP-181/
τT ratio was 0.097, which is very low for the cut-offs 
of our[15] and other laboratories [54], 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 [21]. 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 [55]. At least 50%–56% and probably 76% of 
logopenic PPA patients have AD pathology, based in 
pathological data [4,56,57]. Studies based on biomarkers 
show a percentage of about 75%–79% [15,55,58]. She 
was APOE ε3 homozygote, but it has been observed 
that the percentage of APOE ε4 carriers in PPA due 
to AD is not increased as compared to controls and 
is lower as compared to the amnestic phenotypes of 
AD [59]. Thus, for our patient, AD seemed to be the 
most probable diagnosis. However, CSF biomarker 
analysis revealed the A-T+(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 [56]. Indeed, non-AD 
logopenic patients have been reported to suffer of 
tau [60], TDP-43 [61], or even Lewy body [62] 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 A-T+(N)+ profile, possibly 
pointing to tauopathy, but not clarifying which one. 
In the case of the A-T-(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 [63]. A combination of MRI 
and PET may prove helpful in the identification of 
LATE[64]. Assessment of CSF TDP-43, either alone or in 
combination with τT and τP-181 

[65], may also be useful 
in identifying TDP-43 pathology in FTLD patients[66] 
and increased TDP-43 levels in astrocyte-derived ex-
tracellular vesicles in plasma may prove useful tool 
in identifying patients with LATE [67]. 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 [69]. Concentration of 
CSF α-synouclein, although traditionally thought as 
marker of synucleinopathy [70] is an emerging rather 
than an established biomarker, since data are con-
flicting, the various forms of α-synouclein may show 
differences among various neurodegenerative dis-
orders [71] and methodological issues remain to be 
addressed [72]. Furthermore, recent evidence suggests 
that a-synuclein may be a biomarker of AD and it is 
involved in the pathogenesis of this disorder [73,74].     

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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ΒΡΑΧΕΙΑ ΣΥΣΤΗΜΑΤΙΚΗ ΑΝΑΣΚΟΠΗΣΗ ΤΗΣ ΑΙΜΟΦΑ-
ΓΟΚΥΤΤΑΡΙΚΗΣ ΛΕΜΦΟΪΣΤΙΟΚΥΤΤΑΡΩΣΗΣ ΑΠΟ ΛΑΜΟ-
ΤΡΙΓΙΝΗ
Θεοχάρης Κυζιρίδης

 Γ΄Ψυχιατρική Κλινική ΑΠΘ, ΠΓΝΘ «ΑΧΕΠΑ»

Περίληψη
Σκοπός: Aπό το 2018, η Αμερικανική Επιτροπή Τροφίμων και Φαρμάκων έχει προειδοποιήσει για τον κίν-
δυνο αιμοφαγοκυτταρικής λεμφοϊστιοκυττάρωσης (ΑΛ) από λαμοτριγίνη. Σκοπός της εργασίας είναι να απα-
ντήσει, μέσα από τη μελέτη τέτοιων περιπτώσεων, στο κατά πόσο η λήψη λαμοτριγίνης σχετίζεται με την 
εμφάνιση ΑΛ.
Υλικό-Μέθοδος: Ακολουθήθηκαν οι οδηγίες PRISMA για την εκπόνηση συστηματικής ανασκόπησης. Οι 
εργασίες ταυτοποιήθηκαν με αναζήτηση στις βάσεις δεδομένων PubΜed και Science Direct με συμπληρωμα-
τική αναζήτηση στο Google Scholar. Χρησιμοποιήθηκαν οι όροι («Lamotrigine» OR «Lamotrigine-induced») 
AND («Hemophagocytic Lymphohistiocytosis» OR «Hemophagocytic Syndrome») και αναζητήθηκαν ανα-
φορές περιπτώσεων και πρακτικά συνεδρίων. Ελέγχθηκαν τίτλοι και περιλήψεις όλων των εργασιών και 
βρέθηκαν τα πλήρη κείμενα όσων τελικά συμπεριλήφθηκαν στο άρθρο.      
Αποτελέσματα: Ανευρέθηκαν 81 εργασίες από τις οποίες 49 ήταν διπλότυπες. Από τις υπόλοιπες 32 ερ-
γασίες οι μισές αφαιρέθηκαν μετά από ανάγνωση τίτλου και περίληψης (οι 10) ή του πλήρους κειμένου (οι 
6). Από τις 16 μελέτες στις οποίες περιγράφονται ισάριθμες περιπτώσεις ασθενών, οι 4 αφορούσαν άτομα 
παιδικής-εφηβικής ηλικίας και οι υπόλοιπες 12 ενήλικους ασθενείς. Από την πρώτη ομάδα η δόση της λαμο-
τριγίνης αναφέρθηκε σε 2 από τις 4 περιπτώσεις και θεωρήθηκε υψηλή για παιδιά. Το χρονικό διάστημα που 
μεσολάβησε από την έναρξη του φαρμάκου μέχρι την εκδήλωση των συμπτωμάτων ΑΛ ήταν 18,25 ημέρες. 
Από τους ενήλικους ασθενείς, η δόση της λαμοτριγίνης που οδήγησε στην εμφάνιση ΑΛ αναφέρθηκε σε 3 
από τις 12 περιπτώσεις και ήταν χαμηλή (25-50 mg). Το χρονικό διάστημα που μεσολάβησε μέχρι την εμφά-
νιση ΑΛ αναφέρθηκε σε 10 από τις 12 περιπτώσεις και ήταν κατά μέσο όρο 11,3 ημέρες.  
Συμπεράσματα: Η ΑΛ από λαμοτριγίνη είναι σπάνια αλλά απαιτεί έγκαιρη διάγνωση και κατάλληλη αντι-
μετώπιση αλλιώς μπορεί να οδηγήσει ακόμη και στον θάνατο. Η δόση του φαρμάκου δεν φαίνεται να δια-
δραματίζει κάποιο ρόλο και η εμφάνιση της διαταραχής γίνεται συνήθως μέσα στις πρώτες 3 εβδομάδες από 
την έναρξή του.  

Λέξεις ευρετηρίου: Αιμοφαγοκυτταρική λεμφοϊστιοκυττάρωση, Αιμοφαγοκυτταρικό σύνδρομο, Λαμοτριγίνη, Φαρμα-
κοεπαγόμενες ανεπιθύμητες ενέργειες

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 
Lymphohistiocytosis» 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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ΕΙΣΑΓΩΓΗ 

Η αιμοφαγοκυτταρική λεμφοϊστιοκυττάρωση (ΑΛ) 
ή αιμοφαγοκυτταρικό σύνδρομο είναι σπάνια, οξεία, 
ταχέως εξελισσόμενη συστηματική φλεγμονώδης δι-
αταραχή της οποίας διακρίνονται δύο μορφές: μια 
πρωτοπαθής, με γενετικό υπόβαθρο, και μια δευτερο-
παθής, με εκλυτικούς παράγοντες κακοήθεις νεοπλα-
σίες, λοιμώξεις, αυτοάνοσες διεργασίες ή, λιγότερο 
συχνά, φάρμακα. Χαρακτηρίζεται από παγκυτταροπε-
νία, αυξημένη παραγωγή κυτταροκινών και αυξημένα 
επίπεδα φερριτίνης (Πίνακας 1).[1,2] Παθοφυσιολογικά 
πρόκειται για μη ελεγχόμενη ενεργοποίηση του ανο-
σοποιητικού συστήματος. Οι εκλυτικοί παράγοντες 
στη δευτεροπαθή μορφή της διαταραχής πιστεύεται 
ότι ενεργοποιούν τα μακροφάγα τα οποία φαγοκυτ-
ταρώνουν κύτταρα του αίματος και απελευθερώνουν 
μεγάλες ποσότητες προφλεγμονωδών κυτταροκινών 
με αποτέλεσμα καταιγίδα κυτταροκινών που προκαλεί 
πολλές βλάβες και μπορεί να οδηγήσει ακόμη και 
στον θάνατο.[3] 

Πρόκειται για δύσκολη, στη διαχείρισή της, διαταρα-
χή αφενός λόγω της αλληλεπικάλυψης που παρουσιά-
ζει με πολλές άλλες κλινικές καταστάσεις και αφετέρου 
λόγω της αναγκαιότητας για έγκαιρη διάγνωση. Η 
έκβαση της νόσου στους ενήλικους ποικίλλει όμως 
η πρώιμη διάγνωση και η κατάλληλη αντιμετώπιση 
διαδραματίζουν σημαντικό ρόλο στον καθορισμό της.
[4] Παρά τη θεραπευτική αντιμετώπιση, εκτιμάται πως, 
στους ενήλικους, τα ποσοστά θνητότητας αγγίζουν 
στην πρώιμη φάση περίπου το 20% και μπορούν 
συνολικά να φθάσουν το 40-50%.[1] 

Πρόσφατα, στη βιβλιογραφία έχουν παρουσιαστεί 
περιπτώσεις φαρμακοεπαγόμενης ΑΛ από φάρμακα 
όπως η λαμοτριγίνη, ενώ, από το 2018, η Αμερικα-
νική Επιτροπή Τροφίμων και Φαρμάκων (FDA) έχει 
προειδοποιήσει για ΑΛ από λαμοτριγίνη ζητώντας να 
προστεθεί προειδοποίηση στις συνταγογραφικές πλη-
ροφορίες του φαρμάκου και καλώντας τους επαγγελ-
ματίες υγείας να επαγρυπνούν με σκοπό την έγκαιρη 
διάγνωση και πρώιμη αντιμετώπιση του συνδρόμου 
ώστε να βελτιωθεί η έκβασή του και να ελαττωθεί η 
θνητότητα.[5]       
Η λαμοτριγίνη είναι φάρμακο που χρησιμοποιείται 

τόσο στη νευρολογία όσο και στην ψυχιατρική. Είναι 
παράγωγο φαινυλτριαζίνης που αρχικά περιγράφηκε 
ως αντιεπιληπτικό φάρμακο. Είναι εγκεκριμένη ως 
θεραπεία σε διαταραχές όπως η εστιακή επιληψία, οι 
πρωτοπαθείς γενικευμένοι τονικο-κλονικοί σπασμοί, 
οι γενικευμένοι τονικο-κλονικοί σπασμοί του συνδρό-
μου Lennox-Gastaut, και ως θεραπεία συντήρησης 
στη διπολική διαταραχή Ι. Ο μηχανισμός δράσης της 
δεν είναι πλήρως κατανοητός αλλά πιθανώς οι κύριες 
δράσεις της σχετίζονται με προσυναπτικό ανταγωνισμό 
των τύπου 2 τασεοεξαρτωμένων διαύλων νατρίου.[6] 

ΥΛΙΚΟ ΚΑΙ ΜΕΘΟΔΟΣ 

Σκοπός της εργασίας είναι η διερεύνηση των περι-
πτώσεων φαρμακοεπαγόμενης ΑΛ από λαμοτριγίνη. 
Ακολουθήθηκαν οι οδηγίες PRISMA για την εκπόνηση 
της συστηματικής ανασκόπησης (Γράφημα 1).[7] Οι 
εργασίες ταυτοποιήθηκαν με αναζήτηση στις βάσεις 
δεδομένων PubΜed και Science Direct με συμπληρω-
ματική αναζήτηση στο Google Scholar. Η αναζήτηση 
πραγματοποιήθηκε τον Μάρτιο 2022 με τη χρήση των 
όρων («Lamotrigine» OR «Lamotrigine-induced») 
AND («Hemophagocytic Lymphohistiocytosis» OR 
«Hemophagocytic Syndrome»). Τέθηκε περιορισμός 
όσον αφορά το είδος των μελετών (αναφορές περιπτώ-
σεων και πρακτικά συνεδρίων) αλλά όχι ως προς την 
ημερομηνία ή τη γλώσσα δημοσίευσης. Συμπεριλή-
φθηκαν περιπτώσεις για τις οποίες υπήρχε αιτιολογική 
σχέση μεταξύ λαμοτριγίνης και εκδήλωσης ΑΛ. Πε-
ριπτώσεις συνδρόμου DRESS ή φαρμακοεπαγόμενης 
αντίδρασης υπερευαισθησίας δεν συμπεριλήφθηκαν 
στη μελέτη.

Τα δεδομένα που συλλέχθηκαν περιελάμβαναν 
φύλο και ηλικία, ατομικό ψυχιατρικό και λοιπό ανα-
μνηστικό, φαρμακευτική αγωγή, εκτός από τη λαμο-
τριγίνη, δόση της λαμοτριγίνης και χρονικό διάστημα 
μέχρι την εμφάνιση ΑΛ, κλινικά και εργαστηριακά 
ευρήματα από την εκδήλωση του συνδρόμου.

ΑΠΟΤΕΛΕΣΜΑΤΑ 

Ανευρέθηκαν 81 εργασίες από τις οποίες 49 ήταν 
διπλότυπες. Από τις υπόλοιπες 32 εργασίες οι μισές 

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
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αφαιρέθηκαν μετά από ανάγνωση τίτλου και περίλη-
ψης (οι 10) ή του πλήρους κειμένου (οι 6) λόγω μη 
συνάφειας με το περιεχόμενο αυτής της εργασίας. Οι 
υπόλοιπες 16 συμπεριλήφθηκαν στην εργασία και το 
πλήρες κείμενο ανευρέθηκε από όλες (Πίνακας 2).[8-23]

Από τις 16 μελέτες στις οποίες περιγράφονται ισά-
ριθμες περιπτώσεις ασθενών, οι 4 αφορούσαν άτομα 
παιδικής-εφηβικής ηλικίας[8-11] και οι υπόλοιπες 12 
ενήλικους ασθενείς.[12-23] Τα άτομα της πρώτης ομά-
δας περιελάμβαναν 3 άρρενες και 1 θήλυ με μέση 
ηλικία 9 ετών (4-16 ετών). Τα 2 άτομα έπασχαν από 
επιληψία και τα άλλα 2 από ψυχιατρικές διαταραχές. 
Η δόση της λαμοτριγίνης αναφερόταν μόνο σε 2 από 
τις 4 περιπτώσεις και θεωρήθηκε υψηλή για παιδιά. Το 
χρονικό διάστημα που μεσολάβησε από την έναρξη 
του φαρμάκου μέχρι την εκδήλωση των συμπτωμάτων 
ΑΛ ήταν 18,25 ημέρες (14-24 ημέρες). 

Οι Yang et al.[8] περιέγραψαν ότι χορηγήθηκε λα-
μοτριγίνη λόγω μη καλού ελέγχου σπασμών με τα 
υπόλοιπα αντιεπιληπτικά. Η δόση του φαρμάκου 
ελαττώθηκε αρχικά στα 50 mg ενώ, αργότερα κατά 
τη νοσηλεία, διακόπηκαν τελείως τόσο η λαμοτριγίνη 
όσο και το βαλπροϊκό. Οι Gumus et al.[9] ανέφεραν 
επίσης ότι προστέθηκε λαμοτριγίνη, λόγω μη καλού 
ελέγχου επιληπτικών σπασμών με τα υπόλοιπα αντι-
επιληπτικά, η οποία ελαττώθηκε σταδιακά μέχρι τα 
50 mg.Στην περίπτωση του 16χρονου έφηβου των 
Kita et al.,[10] είχε τεθεί αρχικά η διάγνωση φαρμα-
κοεπαγόμενης αντίδρασης υπερευαισθησίας ενώ σε 
αυτή των Bechtel & Joyce[11] τέθηκε το διαγνωστικό 
ερώτημα της συνύπαρξης νόσου Kawasaki. Σε αυτή 
την τελευταία περίπτωση, η πορεία της 8χρονης ασθε-
νούς παρουσίασε επιπλοκή με αρτηριακή υπέρταση 
και αναπνευστική καταστολή για την οποία χρειάστηκε 
μηχανικός αερισμός.

Από τους 12 ενήλικους ασθενείς, 7 ήταν άνδρες και 
5 γυναίκες και η μέση ηλικία τους ήταν περίπου 35 έτη 
(26-47 έτη). Από αυτούς, 4 έπασχαν από επιληψία και 
8 από ψυχιατρικές διαταραχές. Σε έναν ασθενή υπήρχε 
συννόσηση επιληψίας-ψυχιατρικών διαταραχών. Η 
δόση της λαμοτριγίνης που οδήγησε στην εμφάνιση 
ΑΛ αναφέρθηκε μόνο σε 3 από τις 12 περιπτώσεις 
και ήταν χαμηλή (25-50 mg). Το χρονικό διάστημα 
που μεσολάβησε μέχρι την εμφάνιση ΑΛ αναφέρθη-
κε σε 10 από τις 12 περιπτώσεις και ήταν κατά μέσο 
όρο 11,3 ημέρες (6-17 ημέρες). Σε 1 περίπτωση δεν 
αναφέρθηκε καθόλου και σε άλλη 1 αναφερόταν ότι 
ήταν λίγες ημέρες.    

Οι Grenouillet et al.[12] περιέγραψαν περίπτωση που 
αρχικά έμοιαζε με αντίδραση υπερευαισθησίας ενώ 
ταυτόχρονα διαγνώστηκε και συστηματικός ερυθη-
ματώδης λύκος (ΣΕΛ). Η λαμοτριγίνη διακόπηκε τη 
17η ημέρα νοσηλείας. Ταυτόχρονη συνύπαρξη ΣΕΛ 
λύκου διαγνώστηκε και στην περίπτωση των Felzer 
et al.[20] κατά την οποία οι συγγραφείς έκαναν λόγο 
για σύνδρομο ενεργοποίησης μακροφάγων, ένα δευ-
τεροπαθές σύνδρομο ΑΛ, επειδή απουσίαζε από τα 

εργαστηριακά ευρήματα η κλασική παγκυτταροπενία. 
Τα συμπτώματα του ασθενούς επέμεναν παρά τη δια-
κοπή της λαμοτριγίνης και η πορεία του παρουσίασε 
επιπλοκές με οπισθοπεριτοναϊκή αιμορραγία, εμβολή, 
οξεία παγκρεατίτιδα και ντελίριο ενώ χρειάστηκε για 
κάποιες ημέρες και αιμοκάθαρση.

Παρατεταμένη νοσηλεία είχαν οι ασθενείς των Ig-
naszewski et al.[13] και Organti et al.[14] Στον πρώτο, 
ασθενή με χρόνια ψύχωση, η λαμοτριγίνη διακόπηκε 
κατά τη νοσηλεία ενώ η δεύτερη, ασθενής με κατά-
θλιψη, τη διέκοψε αυτοβούλως προ της εισαγωγής 
λόγω κεφαλαλγίας. Επιπλέον, χρειάστηκε νοσηλεία 
σε μονάδα εντατικής θεραπείας (ΜΕΘ) λόγω πιθανής 
μηνιγγίτιδας και υποογκαιμικού shock.

Σε ΜΕΘ νοσηλεύτηκε και η ασθενής των Aggarwal 
et al.[15] λόγω σοβαρής υπότασης. Στον ασθενή των 
Hancock & Galvez[16] έγινε αντικατάσταση της λαμοτρι-
γίνης με λακοσαμίδη ενώ σε αυτήν των Tora et al.[17] η 
λαμοτριγίνη διακόπηκε. Η τελευταία διασωληνώθηκε 
καθώς παρουσίασε διάχυτη ενδαγγειακή πήξη.

Η ασθενής των Zhou et al.,[18] στην οποία η λαμοτρι-
γίνη διακόπηκε κατά την εισαγωγή, εισήχθη για σήψη 
και οξεία υποξαιμική αναπνευστική ανεπάρκεια. Κατά 
την πορεία της νόσου, παρουσίασε μυοκαρδιοπάθεια 
Takotsubo και οξεία νεφρική ανεπάρκεια για την οποία 
χρειάστηκε αιμοκάθαρση. Ο ασθενής των Boustani 
et al.[19] ξεκίνησε διαδικασία για μεταμόσχευση λόγω 
σοβαρής ηπατικής βλάβης. Στον ασθενή των Sule-
man et al.[22] η λαμοτριγίνη διακόπηκε κατά την 1η 
ημέρα νοσηλείας, στον ασθενή των Koning et al.[21] 
διακόπηκε κατά τη νοσηλεία και των Velu et al.[23] 
κατά την εισαγωγή. 

ΣΥΖΗΤΗΣΗ 

Όπως προκύπτει από τα παραπάνω, πρακτικά όλοι 
οι ασθενείς είχαν πολυήμερες νοσηλείες, με πολλα-
πλές εξετάσεις και, σε αρκετές περιπτώσεις, σοβαρές 
επιπλοκές. Η ΑΛ είναι σοβαρή νόσος και είναι απα-
ραίτητη η συνεχής επαγρύπνηση ώστε να ανιχνευτούν 
έγκαιρα και να αντιμετωπιστούν αποτελεσματικά πε-
ριπτώσεις του συνδρόμου. 

Η λαμοτριγίνη σχετίζεται με ανεπιθύμητες ενέργειες 
ανοσολογικής φύσης, όπως είναι το σύνδρομο Stevens 
Johnson, το σύνδρομο DRESS, αιματολογικές δυσκρα-
σίες και άσηπτη μηνιγγίτιδα.[24] Ο ακριβής μηχανισμός 
είναι μάλλον άγνωστος αλλά το φάρμακο φαίνεται 
ότι μπορεί να εκλύει ανοσολογικές αποκρίσεις μέσω 
ενεργοποίησης των Τ κυττάρων.[25]  Έτσι, σε περιπτώσεις 
όπως αυτές που περιγράφηκαν παραπάνω, η λήψη 
λαμοτριγίνης θα πρέπει να λαμβάνεται σοβαρά υπόψη 
και το, αν και σπάνιο, σύνδρομο ΑΛ θα πρέπει να 
περιλαμβάνεται στη διαφορική διάγνωση ώστε να 
αντιμετωπιστεί όσο το δυνατόν πιο έγκαιρα. Μάλιστα, 
από τις 16 αναφορές περίπτωσης που ανευρέθηκαν, 
οι 11 δημοσιεύτηκαν από το 2018 και έπειτα, κάτι που 
μπορεί να δείχνει πως η προειδοποίηση του FDA για 
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τη σύνδεση λαμοτριγίνης και ΑΛ μπορεί να βοήθησε 
στην αύξηση της επαγρύπνησης των γιατρών.

Η δόση του φαρμάκου δεν φαίνεται να διαδραμα-
τίζει κάποιο ρόλο αν και οι πληροφορίες που παρα-
σχέθηκαν σχετικά με αυτό ήταν ελλιπείς. Το χρονικό 
διάστημα εκδήλωσης της ΑΛ μετά την έναρξη λαμο-
τριγίνης είναι το αρχικό διάστημα και, πιο συγκεκρι-
μένα, οι πρώτες 3 εβδομάδες. 
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Πίνακας 1. Διάγνωση αιμοφαγοκυτταρικής λεμφοϊστιοκυττάρωσης2

5 από τις 8 ακόλουθες εκδηλώσεις

Πυρετός

Κυτταροπενία σε δύο σειρές

Σπληνομεγαλία

Υπερτριγλυκεριδαιμία

Ελαττωμένο ινωδογόνο

Αυξημένη φερριτίνη

Χαμηλή ή απούσα δραστηριότητα κυττάρων φυσικών φονέων

Αυξημένη διαλυτή CD25

Επιπλέον ευρήματα

Τρανσαμινασαιμία

Διαταραχή πηκτικού μηχανισμού

Οίδημα

Εξάνθημα

Νευρολογικά συμπτώματα

Πίνακας 2. Αναφορές περιπτώσεων αιμοφαγοκυτταρικής λεμφοϊστιοκυττάρωσης από λαμοτριγίνη

Εργασία Δημογραφικά Ατομικό 
αναμνηστικό

Φαρμακευτική 
αγωγή (πλην 
λαμοτριγίνης)

Δόση 
λαμοτριγίνης 
και χρονικό 
διάστημα μέχρι 
την εμφάνιση 
συμπτωμάτων

Κύρια κλινικά και 
εργαστηριακά 
ευρήματα

Παιδιά-έφηβοι

Yang et al. 
20048

Αγόρι 8 ετών Επιληψία
Πορεγκεφαλία 
(ΔΕ)

Τοπιραμάτη
Βαλπροϊκό οξύ

100 mg Πυρετός, κνησμώδες 
εξάνθημα, λήθαργος, 
ίκτερος, κοιλιακό 
άλγος, αιμορραγία 
στοματικής κοιλότητας

2 εβδομάδες Παγκυτταροπενία, 
τρανσαμινασαιμία, 
πλευριτική και ασκιτική 
συλλογή

Gumus et 
al. 20079

Αγόρι 4 ετών Επιληψία
Εγκεφαλική 
παράλυση

Πριμιδόνη
Βαλπροϊκό οξύ

250 mg Πυρετός, εξάνθημα, 
ημικωματώδης κατά-
σταση, γενικευμένοι το-
νικο-κλονικοί σπασμοί, 
ίκτερος, ηπατοσπληνο-
μεγαλία

3 εβδομάδες Παγκυτταροπενία, 
διαταραχή νεφρικής και 
ηπατικής λειτουργίας

Kita et al. 
201410

Έφηβος 16 
ετών

Διπολική 
διαταραχή

Βαλπροϊκό 
νάτριο

Δεν αναφέρεται 
δόση

Ερύθημα προσώπου, 
πυρετός, αυχενική 
λεμφαδενοπάθεια

2 εβδομάδες Ηωσινοφιλία, ηπατική 
δυσλειτουργία
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Bechtel 
& Joyce 
201811

Κορίτσι 8 ετών Διαταραχή 
Ελλειμματικής 
Προσοχής-
Υπερκινητικότητα 
Μη άλλως 
καθοριζόμενη 
συναισθηματική 
διαταραχή

Δεν αναφέρεται Δεν αναφέρεται Πυρετός, λεμφαδε-
νοπάθεια, νεφρική 
δυσλειτουργία, γενικευ-
μένοι τονικο-κλονικοί 
σπασμοί και εγκεφαλο-
πάθεια

24 ημέρες Αυξημένο PT, 
ινωδογόνο, μηδενική 
δραστηριότητα ΝΚ 
κυττάρων, πιθανό 
στεφανιαίο ανεύρυσμα

Ενήλικοι

Grenouil-
let et al. 
200312

Άνδρας 29 
ετών

Επιληψία Δεν αναφέρεται Δεν αναφέρεται Πυρετός, μηνιγγικό 
σύνδρομο, εξάνθημα, 
στοματικά έλκη, 
φλεγμονώδης 
πολυαρθρίτιδα

10 ημέρες Χολόσταση – 
τρανσαμινασαιμία

Ignasze-
wski et al. 
201713

Άνδρας 26 
ετών

Άγχος, 
παρανοϊκότητα

Ρισπεριδόνη
Βενζοτροπίνη

Δεν αναφέρεται Κακουχία, πυρετός, 
μώλωπες

2 εβδομάδες Παγκυτταροπενία, 
τρανσαμινασαιμία

Organti et 
al. 201814

Γυναίκα 39 
ετών

Κατάθλιψη
Γαστροοισοφαγική 
παλινδρόμηση

Δεν αναφέρεται Δεν αναφέρεται Κεφαλαλγίες, 
γενικευμένη αδυναμία, 
πυρετός, οσφυαλγία

Δεν αναφέρεται Παγκυτταροπενία, 
αυξημένη 
χολερυθρίνη, LFTs

Aggar-
wal et al. 
201915

Γυναίκα 39 
ετών

Κατάθλιψη Δεν αναφέρεται Δεν αναφέρεται Πυρετός, φρίκια, 
υπόταση, ναυτία, 
έμετος, φωτοφοβία, 
κεφαλαλγία, 
αυχεναλγία

1 εβδομάδα Θρομβοπενία, 
αυξημένα ηπατικά 
ένζυμα, ελαττωμένα 
επίπεδα NK κυττάρων

Hancock 
& Galvez 
201916

Άνδρας 47 
ετών

Ανθεκτική 
επιληψία

Δεν αναφέρεται Δεν αναφέρεται Πυρετός, εξάνθημα, 
σπληνομεγαλία

Λίγες ημέρες Τρανσαμινασαιμία, 
λευκοπενία

Tora et al. 
201917

Γυναίκα 27 
ετών

Διπολική 
κατάθλιψη
Άγχος

Δεν αναφέρεται 25 mg Εξάνθημα, λήθαργος, 
κεφαλαλγία, δύσπνοια, 
ταχυκαρδία, πυρετός, 
βήχας

6 ημέρες Αυξημένες 
τρανσαμινάσες και 
χολερυθρίνη
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Zhou et al. 
201918

Γυναίκα 45 
ετών

Γενικευμένο άγχος
Υποτροπιάζουσα 
κατάθλιψη

Αμλοδιπίνη
Χοληκαλσιφερόλη
Κλοναζεπάμη
Ντουλοξετίνη
Πραζοσίνη

Δεν αναφέρεται Γριππώδες σύνδρομο 
με πυρετό και 
αυχενική δυσκαμψία, 
ταχυκαρδία, εξάνθημα

Περίπου 10-17 
ημέρες

Αναιμία, θρομβοπενία, 
τρανσαμινασαιμία, 
ηπατοσπληνομεγαλία, 
πλευριτικές συλλογές

Boustani et 
al. 202019

Άνδρας 31 
ετών

Επιληψία Δεν αναφέρεται Δεν αναφέρεται Πυρετός, κόπωση, 
εξάνθημα, 
εγκεφαλοπάθεια

14 ημέρες Έκπτωση νεφρικής 
λειτουργίας, 
τρανσαμινασαιμία, 
ελαττωμένη 
δραστηριότητα 
ΝΚ κυττάρων, 
ηπατομεγαλία, 
θρομβοπενία

Felzer et al. 
202120

Άνδρας 34 
ετών

Σύνδρομο Rayn-
aud
Διπολική 
κατάθλιψη

Δεν αναφέρεται Δεν αναφέρεται Δύσπνοια, ναυτία, 
πυρετός, ταχυκαρδία, 
υποξία, εξάνθημα, 
αιμορραγικές βλάβες 
στόματος

10 ημέρες Τρανσαμινασαιμία, 
νεφρική βλάβη-
πρωτεϊνουρία

Koning et 
al. 202121

Άνδρας 43 
ετών

Διαταραχή 
αποπροσωποίησης- 
αποπραγματοποίησης

Βενλαφαξίνη 50 mg Κεφαλαλγία, μυαλγίες, 
ναυτία, έμετος, 
πυρετός, δύσπνοια

16 ημέρες Τρανσαμινασαιμία, 
θρομβοπενία, 
πρωτεϊνουρία, 
ηπατοσπληνομεγαλία

Suleman et 
al. 202122

Άνδρας 31 
ετών

Διαταραχή 
Ελλειμματικής 
Προσοχής-
Υπερκινητικότητα 
Επιληψία
Δ/χη χρήσης 
αλκοόλ

Αμφεταμίνη
Δεξτροαμφεταμίνη
Λεβετιρακετάμη

50 mg Πυρετός, φρίκια, 
ναυτία, έμετος, 
κεφαλαλγία, εξάνθημα

11 ημέρες Αναιμία, θρομβοπενία, 
τρανσαμινασαιμία, 
ελαττωμένη 
δραστηριότητα NK 
κυττάρων

Velu et al. 
202223

Γυναίκα, λίγο 
πριν τα 30

Ρευματοειδής 
αρθρίτιδα
Μείζων κατάθλιψη

Δεν αναφέρεται Δεν αναφέρεται Πυρετός, μυαλγίες, 
λεμφαδενοπάθεια, 
εξάνθημα

12 ημέρες Λευκοπενία, 
λεμφοπενία, 
θρομβοπενία, 
αυξημένα ηπατικά 
ένζυμα, σπληνομεγαλία
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Λ. Κηφισίας 274, 15232 Χαλάνδρι, Αθήνα
Τηλ.: 210 8771500, Fax: 210 6891918
e-mail: info@genesispharma.com
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Ένδειξη 
Το Galafold® ενδείκνυται για τη μακροχρόνια 
θεραπεία ενηλίκων και εφήβων ηλικίας 12 ετών και 
άνω με επιβεβαιωμένη διάγνωση της νόσου Fabry 
(ανεπάρκεια α-γαλακτοσιδάσης Α) με μετάλλαξη 
επιδεκτική θεραπείας1

Βοηθήστε να γίνουν τα φάρμακα πιο ασφαλή και
Αναφέρετε ΟΛΕΣ τις ανεπιθύμητες ενέργειες

για ΟΛΑ τα φάρμακα
Συμπληρώνοντας την “ΚΙΤΡΙΝΗ ΚΑΡΤΑ”

Για την ΠΧΠ σκανάρετε 
τον κωδικό QR:

ΤΙΜΗ Ενδεικτική (Ν.Τ.): GALAFOLD CAPS 123MG/CAP BTx14 
(PVC/PCTFE/PVC/Al Blister): 12.530,70€

TΡΟΠΟΣ ΔΙΑΘΕΣΗΣ: Περιορισμένη ιατρική συνταγή από ειδικό ιατρό 
και παρακολούθηση κατά τη διάρκεια της αγωγής.

Περαιτέρω πληροφορίες διατίθενται από τη Γένεσις Φάρμα Α.Ε.

Από του στόµατος χορήγηση, πολυσυστηµατική επίδραση1-5

1. Περίληψη Χαρακτηριστικών Προϊόντος Galafold®, 2. Hughes DA, et al. J Med Genet. 2017;54(4):288-296 3. Feldt-Rasmussen U, et al. Molecular Genetics 
and Metabolism, 2020;131:219-228 4. Germain DP, et al. N Engl J Med. 2016;375(6):545- 555, 5. Riccio E, et al. Eur J Hum Genet 2020;28 (12):1662-1668.


