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We would like to begin this Editorial by 
reminding our readers of the title of 
our last Editorial (RAD 50-51, 2020), 
which read: Pandemic and 2020 Zagreb 

Earthquake Didn’t Stop Us. It was indeed so, and one of 
the proofs thereof is this issue of our journal (RAD 52-
53, 2020), which is before you right now. Nevertheless, 
it needs mentioning that, although the pandemic did 
not stop us, it certainly did slow us down mentally and 
wear us out physically. We were rather optimistic in 
our last Editorial, when we proudly stressed the fact 
that in Croatia, we had managed to put the virus under 
control (quote: And now, after putting the virus under 
control…). Unfortunately, this period of control lasted 
relatively briefly, i.e. only during the summer months; 
at this moment, i.e. in early December 2020, the pan-
demic is nearly beyond any control. We are seriously 
worried whether our health care system will have the 
strength to cope with the pressure of the high number 
of new patients in need of hospitalization. We believe 
in our health care professionals and firmly hope that all 
our citizens will finally begin adhering to the prescribed 
epidemiological measures, which will then result in the 
relaxation of the enormous pressure on our hospital sys-
tem and our health care professionals. They are striving 
to take a breath of air metaphorically, the same that they 
are fighting to achieve in their patients literally.
Members of the Department of Medical Sciences – ei-
ther within the organizational units of the Croatian 
Academy or within their institutions of work – en-

deavour to contribute to the fight against the Covid-19 
pandemic. In the last issue of our journal RAD, we 
proudly stressed the fact that on 14 February 2020 
(one month before that, the WHO declared the global 
pandemic), the Croatian Academy of Sciences and Arts 
organized the symposium entitled New Corona virus 
from China: Biosecurity Threat and Challenge for Health 
Care Professionals. On 17 March 2020, the Croatian 
Academy of Sciences and Arts published the state-
ment related to the Covid-19 pandemic. Members of 
our Academy have continued to take active part in and 
render assistance to the fight against this evil virus. In 
this respect, we would like to draw our readers’ atten-
tion to the column NEWS and EDUCATION in our 
journal, where they may find descriptions of the sym-
posia dedicated to the Covid-19 pandemic. We would 
particularly like to emphasize major efforts of Professor 
Daniel Rukavina, full member of the Croatian Acad-
emy, and his team at the University of Rijeka, which 
have so far organized five symposia united under the 
title Covid-19 Messages. The titles of individual sympo-
sia are as follows: Advancement in Virology Research – an 
Opportunity to Improve International Impact of the Uni-
versity of Rijeka; Higher Education in Covid-19 Crisis: 
Challenges and Opportunities; Stem for Human Species 
Survival; Brave New World: Democracy, Rights and Jus-
tice in Covid-19 Era; Covid-19 from Student Perspective: 
Impact, Analysis and Recommendations. Furthermore, 
the 4th Rijeka Forum on Neurodegenerative Diseases, 
chaired by assist. professor Vladimira Vuletić, M.D., 
Ph.D. and Professor Daniel Rukavina, full member 
of the Croatian Academy, was organized and held in 
Rijeka. The Committee for Animal and Comparative 
Pathology of our Department held in late November 

2020 – ANNUS HORRIBILIS

Marko Pećina, Vida Demarin

DOI: https://dx.doi.org/10.21857/yq32oh2l29
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2020 the symposium entitled Sars-CoV-2 within the 
Concept One Health, which was chaired by Professor Jo-
sip Madić, full member of the Croatian Academy. The 
Department of Medical Sciences of the Croatian Acad-
emy of Sciences and Arts organized the symposium en-
titled COVID-19 Today and Tomorrow – Medical Aspects, 
which was held on 3rd December 2020 and chaired by 
Professors Davor Miličić and Slobodan Vukičević, full 
members of the Croatian Academy. In this issue, we 
would furthermore like to draw our readers’ attention 
to the paper entitled Hyperferritinemia and COVID-19? 
(1), with which we continue our recent tradition of pub-
lishing at least one original paper or review article dedi-
cated to the Covid-19 problem issues.
Apart from the Covid-19 topic, which is emphasized 
in our journal due to the current global situation, there 
are also papers covering other topics that need point-
ing out – e.g. the original paper entitled Post-traumatic 
stress disorder and ischaemic stroke severity (2). Particu-
larly worth mentioning is the review article entitled 
Bone morphogenetic proteins: From discovery to develop-
ment of a novel autologous bone graft substitute consist-
ing of recombinant human BMP6 delivered in autologous 
blood coagulum carrier (3). In addition to a survey of 
the existing knowledge on the topic listed in the world 
medical literature, this article offers a survey of the 
summarized new knowledge acquired by the authors 
and published in journals of world renown. The article 
furthermore states the latest discoveries made by Pro-
fessor Slobodan Vukičević, full member of the Croa-
tian Academy, Professor Lovorka Grgurević, associate 
member of the Croatian Academy and Dr. Hermann 
Oppermann the Head of BMP-6 manifacturing and 
scientific team – the so-called Zagreb BMP Group.

Figure 3. Assessment of the effectiveness of the compression resistant matrix (CRM) in 
the new bone formation (ref. 3)

We are introducing a novelty as from this issue of our 
journal: a new column entitled Interviews with Corre-
sponding Members of the Croatian Academy of Sciences 
and Arts, Department of Medical Sciences. Thanks to the 
effort of Dr. Ivan Damjanov, Emeritus Professor of Pa-
thology at the School of Medicine of the University of 
Kansas, Kansas City, USA, every issue will – in the form 
of interview – present globally acknowledged doctors of 
medicine who graduated from the Faculty of Medicine 
of the University of Zagreb, and have been elected mem-
bers of the Croatian Academy of Sciences and Arts. This 
column has been enabled thanks to the cooperation with 
the journal of the Faculty of Medicine of the Univer-
sity of Zagreb (mef.hr), which has introduced a column 
in Croatian entitled Illustrissimi alumni of the Faculty of 
Medicine of the University of Zagreb.
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The year nearing its end has been extremely difficult 
– it might even be called a horrible year. It has been es-
pecially horrible for the Covid-19 patients, but also for 
health care professionals, who care for the hospitalized 
patients and often find themselves in situations where 
it is impossible for them to save the patients’ lives. 
This year was furthermore difficult for the Croatian 
Academy and its employees, since many offices were 
destroyed in the earthquake-damaged Academy build-
ings. Nevertheless, we may proudly state that we have 
managed to swiftly reorganize and adjust ourselves so 
as to be able to continue operating. In this regard, it 
needs mentioning that in November 2020, for the first 
time in the history of the Croatian Academy, the Acad-
emy Assembly successfully held the elections for new 
members online.

The year 2020 has been a difficult one for the entire 
mankind. However, around the time of the publication 
of this issue, the Covid-19 vaccination will commence. 
Let this year never be repeated, and let us be neither 
impatient nor frustrated for not yet having in its entire-
ty comprehended the nature of the virus that has been 
causing us so many health-bound and economy-related 
inconveniences. In this context, we would like to con-
clude our Editorial by quoting Seneca:

Many discoveries are reserved for ages still to come, 
when memory of us will have been effaced … 
Nature does not reveal her mysteries once and for all.
(Seneca, Naturales questiones, 1st century AD)

Literature:
1. Čepelak I, Dodig S, Vučenik I.Hyperferritinemia and COVID-19?
RAD CASA – Medical Sciences. 544=52-53 (2020) DOI:
2. Rutović S, Kadojić D,Bašić S, Malojčić B. Post-traumatic stress 
disorder and ischaemic stroke severity. RAD CASA – Medical Sci-
ences. 544=52-53 (2020) DOI:
3. Vukicevic S, Peric M, Oppermann H, Stokovic N, Ivanjko N, 
Erjavec I, Kufner V, Vnuk D, Bubic-Spoljar J, Pecin M, et al. Bone 
morphogenetic proteins: From discovery to development of a novel 
autologous bone graft substitute consisting of recombinant human 
BMP6 delivered in autologous blood coagulum carrier. RAD CASA 
– Medical Sciences. 544=52-53 (2020) DOI:

*Editorial is translated by Gorka Radočaj





Original Article

RAD 544. Medical Sciences 52-53 (2020) : 12-16                       www.rad-med.com 12 December 2020   -   Vol 544 = 52-53

Abstract:
Introduction: Although most often considered a consequence of a traumatic event, post-traumatic 
stress disorder (PTSD) occurs after illness as well. The aim of this study was to establish incidence of 
PTSD in patients with ischaemic stroke (IS) and its correlation to the degree of disability.
Participants and Methods: The study included 161 patients with ischaemic stroke. PTSD was diag-
nosed using a modified version of the PTSD Checklist specific for a stressor (PCL-S). Stroke severity 
was measured using the modified Rankin Scale (mRS). Demographic information including age and 
gender were collected from medical histories.
Results: Of the 161 patients with IS, 21 (13.04%) fulfilled PCL-S criteria for PTSD. We found a posi-
tive correlation between PTSD and higher degree of disability (Mann Whitney U test, P<0.001). 
Conclusion: Our results show that a significant number of IS patients develop PTSD after the 
incident. Determining correlates of post-stroke PTSD can help to identify those at higher risk for its 
development. If proven by additional large sample studies, early detection and treatment of PTSD 
symptoms may improve outcomes in stroke patients.

Keywords: ischaemic stroke; posttraumatic stress disorder; disability

Sažetak:
Poveznost posttraumatskog stresnog poremećaja i težine posljedica ishemičkog moždanog udara
Uvod: Iako se najčešće smatra posljedicom traumatskih događaja, PTSP se može pojaviti i nakon 
bolesti. Cilj ovog istraživanja je bio utvrditi incidenciju PTSP-a kod bolesnika s ishemičkim moždanim 
udarom (MU) te njegovu povezanost s stupnjem onesposobljenosti.
Ispitanici i metode: U istraživanje je uključen 161 ispitanik s ishemičkim MU-om. PTSP je dijagnos-
ticiran primjenom modificirane verzije PTSP liste specifične za stresor (PTSD Checklist Specific for 
a stressor (PCL-S)). Stupanj onesposobljenosti procjenjivan je korištenjem modificirane Rankin skale 
(mRS). Demografski podatci o dobi i spolu bolesnika prikupljeni su u razgovoru s pacijentima.
Rezultati: Od 161 pacijenta s ishemičkim MU-om, njih 21 (13.04 %) je ispunilo PCL-S kriterije za 
PTSP. Našli smo pozitivnu povezanost između PTSP-a i većeg stupnja onesposobljenosti (Mann-Whit-
neyjev U-test, P <0,001). 
Zaključak: Naši rezultati pokazaju da se PTSP pojavljuje u značajnog broja bolesnika s ishemičkim 
MU-om. Određivanje korelata PTSP-a nakon MU-a može pomoći identificirati bolesnike s većim 
rizikom za razvoj PTSP-a. Kada bi se ovi rezultati dokazali u studijama s većim brojem ispitanika, rana 
detekcija i liječenje simptoma PTSP-a mogli bi poboljšati ishode pacijenata s MU-om.

Ključne riječi: ishemički moždani udar; posttraumatski stresni poremećaj; onesposobljenost

Post-traumatic stress disorder and 
ischaemic stroke severity

Stela Rutović¹, Dragutin Kadojić², Silvio Bašić³, Branko Malojčić4

1 Department of Neurology, University Hospital Dubrava, Zagreb, Croatia
2 Department of Neurology, University Hospital Centre Osijek, Osijek School of Medicine, Josip Juraj Strossmayer University 

of Osijek, Croatia
3 Department of Neurology, University Hospital Dubrava, Zagreb, Croatia, Faculty of Dental Medicine and Health, Josip Juraj 

Strossmayer University of Osijek, Croatia
4 Department of Neurology, University Hospital Centre Zagreb, Zagreb School of Medicine, University of Zagreb, Zagreb, 

Croatia

OPEN ACCESS

Correspondence: 
Stela Rutović

stela.rutovic@gmail.com
orcid.org/0000-0002-2468-0544 

This article was submitted to RAD 
CASA - Medical Sciences

as the original article

Conflict of Interest Statement: 
The authors declare that the research 
was conducted in the absence of any 
commercial or financial relationships 

that could be construed as a potential 
conflict of interest.

Received: 8 November 2020
Accepted: 4 December 2020

Published: 28 December 2020

Citation:
Rutović S, Kadojić D, Bašić S, Malojčić 
B. Post-traumatic stress disorder and 

ischaemic stroke severity.
RAD CASA - Medical Sciences. 

544=52-53 (2020): 12-16
DOI: https://dx.doi.org/10.21857/

y26kec4nd9

Copyright (C) 2020 Rutović S, Kadojić 
D, Bašić S, Malojčić B. This is an 

open-access article distributed under 
the terms of the Creative Commons 

Attribution License (CC BY). The use, 
distribution or reproduction in other 

forums is permitted, provided the 
original author(s) and the copyright 
owners(s) are credited and that the 
original publication in this journal is 
cited, in accordance whit accepted 

adacemic practice. No use, distribution 
or reproduction is permitted which 
does not comply with these terms. 



Original Article

RAD 544. Medical Sciences 52-53 (2020) : 12-16                       www.rad-med.com 13 December 2020   -   Vol 544 = 52-53

Introduction
Stroke is the leading cause of disability among adults in the Re-
public of Croatia and the second leading cause of death1. Stroke 
causes various degrees of neurological dysfunction. In patients 
over the age of 65, 6 months after stroke, 26% of them are 
dependent in activities of daily living, and 46% have cognitive 
impairment2. Post-traumatic PTSD is a set of mental disorders 
that can develop after a person is exposed to an unexpected 
traumatic stressor. Well-known traumatic events that can cause 
PTSD are wars, captivity, natural disasters, violent attacks, or 
severe traffic accidents. In the last few decades, there is growing 
evidence that PTSD occurs even after life-threatening medical 
conditions. PTSD has been proven in patients with acute coro-
nary syndrome, HIV (human immunodeficiency virus), breast 
cancer, multiple sclerosis3-6 and after cerebrovascular events such 
as stroke and transient ischemic attack (TIA)7. 
According to Diagnostic Statistical Manual (DSM-5) criteria 
PTSD is defined as a disorder associated with trauma or stressor, 
which consists of four basic groups of symptoms: intrusions, 
avoidance of reminders of trauma, negative changes in cognition 
and mood and hyperarousal. To be diagnosed with PTSD, these 
symptoms must be present for more than one month, lead to 
significant distress or functional impairment, and must not be 
the result of medication, drug abuse, or medical condition8.
Previous studies on the emotional consequences after stroke 
have mainly focused on depression. Despite the discrepancy in 
diagnostic criteria, PTSD is significantly different from depres-
sion. While both disorders contain elements of negative changes 
in cognition and mood, PTSD differs in features of intrusive 
thoughts and avoidance of reminders of trauma, in addition to 
increased irritability and increased fear9.
Patients with PTSD have higher mortality and a higher number 
of causes of mortality compared to the rest of the population10. 
This difference is particularly noticeable in the case of cardiovas-
cular disease11. Studies of cardiovascular events have shown that 
PTSD after coronary incidents is associated with worse cardio-
vascular prognosis. The factors linking PTSD to poor outcomes 
are not yet fully known, but may include increased sympathetic 
activity, adverse effects of inflammation and medication non-
adherence12.
Varying incidence rates of PTSD after stroke have been reported, 
and there is conflicting evidence about predictive factors for 
PTSD development, probably due to different research meth-
odologies9. The aim of this study was to determine the PTSD 
incidence in patients with ischemic stroke and its association 
with the severity of neurological deficit.

Patients and methods
This prospective study was conducted at the Department of Neu-
rology of the General Hospital Dr Josip Bencevic in Slavonski 
Brod in the period from March 2016 to August 2017. The study 

was approved by the Ethic Committee of General Hospital 
Slavonski Brod and performed in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki and 
its later amendments. All patients signed an informed consent 
form. 161 subjects over the age of 18 which were hospitalized at 
the Department of Neurology for acute IS were included. Symp-
toms of PTSD were assessed three months after discharge from 
the hospital. Patients under the age of 18, those with a previous 
stroke, aphasia or severe cognitive impairment, and pregnant 
were excluded from the study.
PTSD symptoms were detected using a modified version of the 
PTSD Checklist Specific (PCL-S) with the stressor “stroke”. The 
PCL-S is a validated 17-item scale that corresponds to DSM-IV 
of Mental Disorders criteria for PTSD. Participants rated the 
extent of their symptoms on a five-point scale. PCL-S score of 
50 or more was used as a cut-off value, indicating the presence of 
PTSD13. Stroke severity was measured by the modified Rankin 
scale (mRS), which is a simple six-point assessment, and a score 
of 3 or higher on this scale signifies at least moderate disability14. 
Demographic information from including age and gender were 
collected from medical history.
Statistical analysis was conducted using statistical software tool 
(version 14.12.0, MedCalc Software bvba). Numerical data are 
presented with median and interquartile range and Box-and-
Whisker plots. Numerical data comparison was tested with 
nonparametric Mann–Whitney U test. Categorical data are pre-
sented with absolute frequencies and proportions and were tested 
with Chi-square test. Statistical significance was set at 0.05, while 
all P values were two tailed.

Results
161 participants were included in the study. Median age of all 
participants was 65 years with interquartile range from 57 to 70 
(Figure 1). There were 85 (52.8%) male and 76 (47.2%) female 
patients (Chi-square test, P=0,09), with no statistical difference 
among groups. Of the 161 patients, 21 (13.04%) of them had 
symptoms of PTSD according to the PCL-S scale (Chi-square 
test, P < 0.001). The median of the score was 30, with inter-
quartile range from 20 to 39 (Figure 2). We found significant 
relationship between PTSD and the degree of disability (Mann–
Whitney test, P <0.001) where patients with PTSD had statisti-
cally higher mRS (Figure 3).

Discussion
The results of our study show an incidence of PTSD of 13.04% 
in patients with IS, which is significantly higher than reported 
rates in the general population ranging from 1.7% in South 
Korea to 9.2% in Canada15. Several other authors have also 
published studies showing increased prevalence rates of PTSD 
after cerebrovascular incidents. Sembi et al. detected PTSD in 
9.8% of patients with stroke or TIA16. The study had a small 
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Figure 1. Box-plot chart presenting age distribution in stroke patients Figure 2. Box-plot chart presenting distribution of PCL-S scores among stroke patients

Figure 3. Box- Plot chart presenting distribution of mRS scores in patients without PTSD (PCL-S<50) and with PTSD (PCL-S≥50)  
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and heterogeneous sample of only 61 patients with two different 
outcomes, one of which (TIA) does not leave permanent neu-
rological deficit. Comparison of the incidence rate of PTSD in 
a group that maintains a handicap and a group that develops it 
only for a short time, lasting from a few seconds to a few hours, 
could reveal how much initial fear of life- threatening event and 
how much permanent disability contributes to PTSD develop-
ment. Kronish et al. found PTSD symptoms in 18% of patients 
with stroke and TIA7. Their study included patients who had 
at least one stroke or TIA in the previous 5 years, meaning that 
some of the patients also had more than one episode of the inclu-
sion criterion. The authors state that patients with PTSD were 3 
times more likely to have reduced adherence to drugs prescribed 
in secondary prevention of stroke than patients with stroke or 
TIA who did not develop PTSD. 
Visser-Meily et al. studied the symptoms of PTSD after suba-
rachnoidal hemorrhage (SAH). They found symptoms of PTSD 
in 26% of patients17. As SAH is a type of stroke with the highest 
mortality rate and severe headaches in the acute phase are clearly 
associated with a life-threatening feeling, the high incidence of 
PTSD in this population is expected. On the other hand, abrupt 
clinical presentation, as well as invasive treatment methods used 
in patients with SAH (neurosurgical or endovascular) significantly 
complicate the direct comparison of research results in this group 
of patients with the results of a group of patients who survived IS.
Another specific aetiology of stroke, carotid artery dissection, ac-
cording to the results of a study by Speck et al., has a high PTSD 
prevalence of as much as 46%18. It seems that the most likely 
explanation for such a high rate of PTSD after stroke caused 
by carotid artery dissection could be the relatively young age 
of patients, but the results of this study suggest that age is not 
associated with PTSD as an outcome. Nevertheless, the average 
age of patients in the study by Speck et al. was slightly lower 
than the average age of stroke patients. In addition, the design 
of the study itself was retrospective, which means lower quality 
of evidence. We conclude that the wide range of prevalence rates 
can be explained by the heterogeneity of research methods and 
patient populations.
Different assessment methods are used to assess symptoms and 
detect PTSD. The most commonly used scales for detecting 
PTSD after stroke are: Clinician Administered PTSD Scale, 
Impact of Event Scale, Structured Clinical Interview for DSM-5, 
Post-traumatic Stress Diagnostic Scale, and PTSD Checklist Spe-
cific for Stroke, which we used in our research9. The prevalence 
of PTSD diagnosis varies depending on the assessment method 
used.
Some of the diagnostic tools are parts of comprehensive diag-
nostic manuals or instruments such as DSM or ICD. Clinical 
interview is considered the gold standard for diagnosing PTSD, 
but in clinical practice and research, self-assessment scales are 
often used as screening19.

In the aforementioned study by Sembi et al. the screening of 
patients was done with a questionnaire that the patients filled 
out themselves, and then patients with suspected PTSD were ad-
ditionally examined by a psychologist. Such screening may mean 
that the sample of subjects was representative, that is, that such 
a sequence of diagnostic procedures for detecting PTSD in the 
study reduced sensitivity in favour of specificity and simplifica-
tion of screening16. As a proof of the accuracy of this assumption 
about the different prevalence rates that depend on the applied 
diagnostic procedures, we can state that Favrole et al. found the 
prevalence of PTSD after stroke 25% when measured by the Im-
pact of Events Scale-Revised (IESC-R) and 10% when measured 
by a clinical interview20. 
It could be argued that incidence rate in our study would prob-
ably be lower if it would be measured by a clinical interview, 
but we believe that easy use of PCL-S is an element that allows 
neurologists to use it routinely, which is why our research results 
are more applicable in clinical practice. The same has been recog-
nized by other authors, which is the reason it is frequently used 
in studies, and the results obtained by its application are a better 
orientation to clinicians compared to the difficult and time-
consuming clinical interview21.
Our results clearly confirm the association between PTSD and a 
higher degree of disability of the measured mRS. A similar cor-
relation was found in some other studies7, 21, 22. Goldfinger found 
an association between handicap and PTSD in 535 subjects with 
stroke and TIA when he included patients with varying degrees 
of disability, including mRS range of 0 to 4, of whom nearly half 
of subjects had mRS 3 or 4, which means a significant handicap, 
ie the inability to independently perform activities of everyday 
life21. In the same studies, PTSD was associated with younger age 
and female gender.
Some studies have not found a correlation between disability and 
PTSD20,23, 24. However, these were studies with relatively small 
samples of subjects in which cases with severe, disabling deficits 
were excluded. It can be assumed that a persistent deficit serves 
as a recurrent reminder of a traumatic event, contributing to the 
development of PTSD.
The main limitations of our study include the small sample 
size and the use of screening questionnaire instead of a clinical 
interview.
In conclusion we can say that our results confirmed high inci-
dence of PTSD after stroke. Further, larger studies are required 
in order to determine predictive factors for its development as 
well its effect on outcomes in patients with stroke.

Figure 2. Box-plot chart presenting distribution of PCL-S scores among stroke patients
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Abstract:
It has been repeatedly described that increased serum ferritin concentration or hyperferritinemia is as-
sociated with COVID-19, especially with more severe forms of this disease.
Ferritin is a molecule whose concentration is determined as a marker of reflecting the body’s iron 
supply and less significantly as a marker of inflammation of infectious and non-infectious origin. The 
expression of this vital molecule for iron metabolism is therefore regulated, primarily by an iron-
dependent mechanism. However, in addition to this regulation, there appears to be feedback between 
ferritin and cytokines in the control of pro-inflammatory and anti-inflammatory mediators.
This review paper includes basic data on ferritin and the potential causes and consequences of hyper-
ferritinemia with implications for COVID-19.

Keywords: hyperferritinemia; COVID-19; inflammation; iron metabolism; ferritin

Sažetak
Hiperferitinemija i COVID-19 ?
Poznato je da je povećana koncentracija feritina u serumu ili hiperferitinemija povezana s COVID-19, 
posebno u težim oblicima ove bolesti.
Feritin je molekula čija se koncentracija određuje kao biljeg koji odražava opskrbu organizma sa 
željezom, te manje značajno kao biljeg upale infektivnog i neinfektivnog podrijetla. Ekspresija ove 
molekule neophodne za metabolizam željeza stoga je regulirana, prvenstveno mehanizmom koji ovisi 
o željezu. Međutim, pored ove regulacije, čini se da postoje i povratne informacije između feritina i 
citokina u kontroli proupalnih i protuupalnih medijatora.
Ovaj pregledni članak uključuje osnovne podatke o feritinu i potencijalnim uzrocima i posljedicama 
hiperferitinemije s implikacijama na COVID-19.

Ključne riječi: hiperferitinemija; COVID-19; upala; metabolizam željeza; feritin
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Introduction
A new coronavirus identified in December 2019 in Wuhan 
caused a pandemic known as coronavirus disease-2019 (COV-
ID-19), which is still ongoing. The vast efforts of the world 
scientific community have focused on studying both the new 
corona virus, i.e. severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) and the pathologies of the disease associated 
with this infection. The virus infects the respiratory organs, in 
severe cases the lung cells via the currently best-known recep-
tor angiotensin-converting enzyme 2 (ACE2), although some 
other possibilities for the virus to enter the cell are mentioned 1. 
Disease expression is associated with various risk factors eg. viral 
load, age, presence of comorbidities, innate and adaptive im-
mune capabilities of the host, etc. 2.
Common symptoms of the disease are different and include fe-
ver, dry cough, dyspnea, fatigue and myalgia, and less commonly 
headache, nausea, vomiting, rhinorrhea, loss of sense of smell 
and taste, depending on the stage of infection, age, comorbidities 
present, whereby not all must be involved at the same time 3. The 
clinical picture of the disease is dominated by significant inflam-
mation, respiratory problems, hypercoagulopathy, so the most 
common result of severe forms of the disease is the development 
of atypical form of acute distress respiratory syndrome (ARDS) 
with preserved lung gas volume 4, with significant cytokine 
release, progressive hypoxia, impaired coagulation, and in severe 
cases multiorgan failure 5.
COVID-19 is mostly expressed in asymptomatic or mild form 
(about 80% of cases) but also in more severe forms, which cause 
significant mortality and morbidity 6. It is still not entirely clear 
why a smaller proportion of patients develop a very severe form 
and for now an excessive adaptive immune response and virus-
induced pulmonary pathology are assumed 7. Timely identifi-
cation of individual disease phenotypes, reliable and specific 
indicators is therefore crucial for disease monitoring and for 
initiating targeted antiviral, anti-inflammatory, anticoagulant or 
even antifibrotic therapeutic approaches.
Primary respiratory problems, as well as other features of the 
disease, can, logically, based on already existing knowledge of 
respiratory pathophysiology, biochemistry and iron metabolism, 
be associated with potential disorders of iron homeostasis 8,9. As 
a consequence of dysregulation of iron homeostasis, a decrease 
in the amount of functional hemoglobin with accompany-
ing hypoxia, hypopheremia and thus hyperferritinemia can be 
mentioned 10. Iron is crucial for the host as it participates in 
a number of physiological processes, nonenzymatyc and en-
zymatic reactions. The amount of iron is strictly regulated, as 
the potential presence of free iron can result in the formation 
of free radicals through Fenton and Haber-Weiss reactions, as 
well as damage of cells and organs. On the other hand, viruses 
also need iron because they need a host metabolic apparatus for 
their replication 11. It has been described that some viruses can 

also alter the expression of proteins involved in iron homeostasis 
(e.g., hepcidin, hereditary hemochromatosis protein, etc.) 12. The 
significant role of changes in iron homeostasis in COVID-19 is 
supported by an increasing number of papers that include addi-
tional therapeutic approaches to these changes (eg. synthetic and 
naturaliron chelators, cellular iron depleting agents by regulating 
the expression of genes involved in iron metabolism, ferroptosis 
inhibitors, etc.) 13,14.
Among other things, certain phases of COVID-19 development 
are characterized by significant changes in laboratory parameters. 
For now, laboratory tests can be singled out, some of which are 
important for distinguishing mild to severe forms of the disease, 
i.e. the assessment of the prognosis of the disease. These are, for 
example, changes in some hematological parameters (lympho-
penia, neutrophilia, thrombocytopenia); coagulation parameters 
(D-dimers, prothrombin time (PT), activated partial throm-
boplastin time (APTT); indicators of systemic inflammation 
(ferritin, C-reactive protein (CRP), procalcitonin, neutrophil 
to lymphocyte ratio (NLR), cytokines); lactate dehydrogenase 
(LDH); bilirubin, etc.15.
The one of the most common and significant laboratory findings 
in patients with COVID-19 is hyperferritinemia, i.e. increased 
ferritin concentration in serum, one of the most important pro-
teins for iron homeostasis. The purpose of this review is to collect 
literature data relating to the possible causes and consequences 
of hyperferritinemia in inflammation with currently possible im-
plications for hypereferritinemia in COVID-19 patients. To this 
goal, databases (PubMed, WHO COVID-19 database, BioArx 
and MedArxiv preprint servers, Google Scholar, Embase, Web 
of Science, ScienceDirect) were reviewed. The search strategy 
was to use different search terms alone and in any combina-
tion, such as “COVID-19”, “SARS-CoV-2”, “iron”, „hepcidin“, 
„hemoglobin“, „ferritin“, hyperferritinemia“„virus infection“, 
“inflammation”, “immunity”, “cytokine”, “IL-6”, „tumor ne-
crosis factor-α, (“TNF-α”, “IL-1β.)” Only English articles with 
available data were included.

Basic characteristics of ferritin
Ferritin, primarily a cellular, non-glycosylated protein (Mr 450 
kDa), of all but especially cells of the reticuloendothelial system 
(RES; or synonym: monocyte-macrophage system - mononu-
clear-phagocyte system - MPS) and liver, is known as a molecule 
for storing iron ions, with a maximum capacity of 4500 Fe3+ per 
molecule of ferritin 16. In cells it can be localized in the cyto-
plasm, nucleus and mitochondria. Given the storage property 
of free, potentially toxic iron, this molecule is also considered a 
preventive antioxidant 17. Depending on the body’s continuous 
needs for iron, it serves as a dynamic “buffer” of iron, in main-
taining the steady-state availability of iron. According to this role 
in iron metabolism, cellular ferritin values are regulated at the 
translational level by the iron regulatory proteins/iron respon-
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sive elements (IRP/IRE) regulatory system, which is dependent 
on the amount of iron in the body 18. However, regulation by 
cytokines at the translational and transcriptional levels, especially 
in macrophages, has also been described, which could explain the 
increase in ferritin values   in inflammatory conditions 9,19,20.
Human, cellular ferritin consists of 24 light (L) chain subunits 
responsible for the stability of the molecule and storage of iron 
in the apoferritin shell, and heavy chains (H) responsible for the 
ferroxidase activity of ferritin. The result of this activity is the 
oxidation of Fe2+ to Fe3+ and thus the prevention of the potential 
formation of toxic hydroxyl radicals.
The L and H chains of ferritin are interchangeable and have 
different proportions in the ferritins of different tissues, which 
is presumably reflected in the function of this molecule 21,22. 
Thus, in the ferritin of liver tissue and spleen, the L-subunit 
predominates (basic isoferritins classified according to pI), while 
in the ferritin of the brain, kidneys and heart, the H-subunit 
predominates (acidic isoferritin classified according to pI) 17. The 
existence of ferritin in erythrocytes has also been proven, and it is 
also found in the systemic circulation, i.e. serum or plasma 23,24,25. 
The entry of Fe2+ into the ferritin molecule is enabled by the 
existence of an electrostatic gradient that attracts metal cations, 
the corresponding channels and with the help of chaperone Poly-
r(C)-Binding Protein-1 (PCBP1) 26. This is usually followed by 
its oxidation to the Fe3+ storage form via the ferroxidase activ-
ity of the H-chain of ferritin and its placement in the cavity of 
the molecule. There are different ways of mobilizing iron from 
cellular ferritin depending on the condition, and among others, 
a significant place in vivo is attributed to the decomposition of 
ferritin, the process of ferritinophagy (a subtype of autophagy). 
Serum ferritin contains less iron per molecule 27, is largely com-
posed of L-subunits in contrast to cellular ferritin. In contrast to 
the clinical potential of serum ferritin, the function or possible 
effects of serum ferritin are largely unknown at present. This 
form of ferritin is often posttranslational glycosylated (60-
80%)28, since the L-subunit contains a site for N-glycosylation 29 
and is thought to be of hepatic origin 17,29. Carbohydrate residues 
are acquired during the process of secretion from tissues into the 
systemic circulation, and the process is mediated by RES cells 
and hepatocytes 29. The degree of glycosylation can also affect 
the rate of removal of ferritin from plasma, so, as described, the 
half-life of glycosylated ferritin is significantly longer (50 hours) 
compared to non-glycosylated (5 hours) 30. Furthermore, the pro-
portions of glycosylated and non-glycosylated ferritin in serum 
appear to change during some diseases so that the proportion of 
glycosylated ferritin decreases to a level of 20% 31. In this sense, 
the saturation of known glycosylation mechanisms 32 but also cell 
damage and lysis, which is shown on liver cells 33, is considered 
as the cause of the decrease. Therefore, it is hypothesized that the 
degree of glycosylation of serum ferritin could help to differenti-
ate the underlying pathology of various diseases, more specifically 

the differential diagnosis of hyperferritinemia 34,35. These assump-
tions would be desirable to confirm and examine multiple times 
in patients with COVID-19. 
The origin of serum ferritin is still debated and is mentioned on 
the one hand by simple release from damaged cells and on the 
other by active secretion from cells via non-classical vesicular 
pathways and multivesicular body- exosome pathway 21,36,37. As 
the concentrations of ferritin in the cell are about 1000 times 
higher than those in the serum, Kell et al. present arguments 
to support the view that the occurrence of serum ferritin is 
the result of cellular stress and cell lysis („hyperferritinemia of 
cytolysis“) 21,38. In addition, they state that serum ferritin values 
correlate with markers of a) liver cell damage, b) markers of 
hydroxyl radical formation and oxidative stress, c) erythrocyte 
microparticles values and d) with the presence and/or severity of 
a number of diseases (e.g., ARDS, amyotrophic lateral sclerosis, 
atherosclerosis, cancer, cirrhosis of the liver, coronary artery 
disease, diabetes mellitus type 2, etc.). 
Active ferritin secretion is supported by some studies in mice, 
primary macrophage cultures, as well as on splenectomy in ani-
mals that resulted in a decrease in serum ferritin, also as evidence 
of macrophage contribution to serum ferritin values 36,39. 
Furthermore, the release of iron-loaded ferritin into the systemic 
circulation is mentioned, as a consequence of the inhibition of 
ferroportin (the only known exporter of iron from cells), due 
to the increased expression of hepcidin in conditions of severe 
inflammation 40. The mode of such release is unclear but putative 
mechanisms include, for example, exocytosis, secretion by secre-
tory lysosomes, and transcytosis 19,29,36. The biological significance 
of both the secretion and the utilization of the ferritin molecule 
in the systemic circulation is currently unknown. It is assumed 
that ferritin acts as an iron donor, i.e. it is introduced into e.g. 
erythroid precursors for hemoglobin synthesis 41.
Determination of serum ferritin concentration is used primarily 
to assess the body’s iron supply. Serum ferritin is also known as 
a marker of inflammation, although its role in the inflamma-
tory process is not yet clear 21. This reduces the diagnostic value 
of determining ferritin as an indicator of body iron status and a 
more accurate marker is considered to be the determination of 
the soluble transferrin receptor (sTfR): log ratio of ferritin (“sTfR 
index”) 42.

Hypereferritinemia with implications for CO-
VID-19
In addition to inflammation often called “cytokine storm”, a 
striking laboratory feature in COVID-19 is the increased serum 
ferritin concentration. Retrospective studies from several centers 
in Wuhan found that, for example, ferritin concentrations at ad-
mission were between 1.5 and 5.3 times higher in patients with 
more severe, compared to milder forms of the disease and 3-4 
times higher in non-survivors compared to surviving patients 43.
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Kappert K. et al. have tried in a review paper to find data and 
compare ferritin values in patients with COVID-19, with values   
in several other infectious diseases. For SARS-CoV, Middle East 
respiratory syndrome (MERS) and H1N1, such data were not 
even found; for influenza A, one paper described, for example, 
mean ferritin values of about 600 µg/L for patients with a poor 
outcome, compared to others with a value of about 217 µg/L. 
There are a number of studies involving ferritin values   in COV-
ID-19 patients that could be summarized as follows: in mild and 
moderate forms of the disease (as well as in surviving patients 
and patients without ARDS), serum ferritin values   were gener-
ally < 1000 µg/L, while in severe, extremely severe (non-survivors 
and non-survivors with ARDS) were > 1000 µg/L. The final con-
clusion was that there was a correlation of serum ferritin values   
with disease severity and poor final outcome for the patient 44. 
The organism, i.e. the cells, therefore react to the stress-inflam-
matory state and produce large amounts of ferritin, and whether 
ferritin is only a sign of disease progression or has a modulating 
role in the pathogenesis of the disease is still debated43,45.
Increased serum ferritin levels in the inflammatory state sup-
port the immune system, limiting the availability of iron to 
pathogens46,47. The final result of such changes, as described, is a 
decrease in the concentration of iron in the systemic circulation, 
and as a reflection of the increase in ferritin in cells, an increase 
in serum ferritin, which was also recorded in COVID-19 48,49. 
Such changes are usually a feature of changes in iron metabolism 
in the inflammatory state. Such laboratory findings are common 
in inflammation, reflecting increased concentrations of hepcidin, 
the major iron regulator, and indirectly ferritin. Additionally, 
in the literature, based on the similarity of part of the spike 
glycoprotein structure of SARS-CoV-2 virus and hepcidin, it is 
hypothesized that this protein could have a hepcidin-like effect 10. 
This would mean that this viral protein may further increase cel-
lular and serum concentrations ferritin regardless of the inflam-
matory effect, which should certainly be supported by further 
experimental research.
Reports of decreased ferritin and IL-6 levels in accordance with 
the recovery of patients with COVID-19 50 on the one hand con-
firmed the association of hyperferritinemia with inflammation 
and indicated a potential role as a parameter indicating disease 
severity and cytokine storm extent. On the other hand, they also 
stimulated considerations about the possible role of ferritin as a 
participant in the inflammatory process itself 51, considering both 
the immunosuppressive 52,53,54 and pro-inflammatory properties 
of ferritin 55.
There are reports of complex feedback mechanisms between 
ferritin and cytokines in the control of pro-inflammatory and 
anti-inflammatory mediators. The process of ferritin synthesis is 
stimulated by cytokines at both the transcriptional and trans-
lational levels in a variety of cells, including macrophages 51,56. 
Cytokines, including IL-6, IL-1β, and TNF-α can stimulate the 

expression and subsequent secretion of ferritin from, for example 
macrophages. The macrophages that make up most of the im-
mune cells in the lung parenchyma are the main “pool” of iron as 
they phagocytose obsolete erythrocytes 52,57. It has been described 
that the expression of relative ratios of ferritin subunits is affected 
by inflammation, i.e. that cytokines and paracrine signaling mol-
ecules such as nitrogen monoxide, increase the relative content of 
the H-subunit and directly affect the IRP/IRE control system58. 
In addition to modulating expression via mentioned system, 
there is also modulation in an IRP/IRE-independent manner, as 
shown in vitro on fibroblasts treated with TNF-α and IL-1α with 
an increase in the H-subunit of ferritin 59. According to current 
knowledge, the expression of the H-subunit of ferritin is most 
often increased by inflammatory stimuli.
It has been shown that ferritin as a signaling molecule can 
induce the expression of pro-(e.g. IL-1β) and anti-inflammatory 
cytokines (e.g. IL-10) 43,54. The immunomodulatory properties 
of ferritin are attributed to the increased expression of the H-
subunit of ferritin 9,17. According to Shoenfeld et al., the H-chain 
of ferritin could be important in macrophage activation in terms 
of increased secretion of inflammatory cytokines and in COV-
ID-19 60 whose clinical picture resembles macrophage activation 
syndrome. Based on some experimental research on activated 
rat hepatic stellate cells, the possibility of a direct causal role of 
ferritin in the inflammatory process, i.e. the action of ferritin as a 
local cytokine 61, cannot be ruled out, which should certainly be 
examined in the case of COVID-19.
Based on in vitro studies, it has been shown that T and B 
lymphocytes and other cell types bind directly to the H-subunit 
of ferritin during inflammation, by a hitherto unknown mecha-
nism52,62, although various potential receptors are also listed. 
The result is an immunosuppressive effect, more specifically a 
reduction in T-cell proliferation, B-cell maturation, and immu-
noglobulin production 61,62,63.
Significant hyperferritinemia accompanied by inflammation with 
a cytokine storm, called hyperferritinemic syndrome” (includes: 
Macrophage activation syndrome (MAS), Adult-onset Still’s dis-
ease (AOSD), Catastrophic antiphospholipid syndrome (CAPS), 
and Septic shock) is also characterized by COVID 19, so this 
disease currently considered as the fifth member within the 
definition of hyperferritinemic syndrome 64. Common features of 
this syndrome and COVID-19 in addition to hyperferritinemia 
are: lymphopenia, decreased number and activity of natural killer 
(NK) cells, abnormal liver function tests and coagulopathy 54.
Some authors associate certain morphological changes of 
erythrocytes such as deformability and shorter half-life with an 
increase in free, potentially toxic iron values derived from fer-
ritin released from damaged cells 21,65. It is also mentioned in the 
literature that the change of fibrin from the usual mesh layer to 
a turbid mass which can result in the formation of a rigid clot 
resistant to fibrinolysis 21,66 and contribute to vascular problems 
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in various diseases. Pharmacological (eg. deferoxamine) or nu-
tritional (polyphenolic antioxidants) iron chelators are therefore 
recommended as adjunctive therapy to counteract the effects of 
released iron 67.
Hyperferritinemia, with consequent ferritinophagia, is also 
crucial for the induction of a specific, relatively new form of 
regulated cell death of ferroptosis 68. Ferroptosis is an inherently 
more immunogenic form of death than for example, apopto-
sis, because the affected cells release inflammatory cytokines 
and damage-associated molecular patterns (DAMPs), which 
contribute to the proinflammatory state 69,70. In addition to 
DAMPs, some ferroptotic cells can release high mobility group-1 
(HMGB1) in a manner associated with autophagy, a molecule 
that is also involved in the pathogenesis of inflammation 71. The 
association of ferritinophagy and ferroptosis has been described 
and ferritinophagy is thought to be one of the key events in 
ferroptosis 72,73. The process of ferritinophagy involves the cargo 
receptor nuclear receptor coactivator-4 (NCOA4) which binds 
to ferritin, more precisely to the H-subunit of ferritin, transmits 
it from the cytosol to the lysosomes 74. The result is the release 
of free iron and the consequent formation of lysosomal reactive 
oxygen species 75. It can therefore be concluded that changes in 
ferritin expression affect ferroptosis by altering the intracellular 
pool of free and redox active iron 76.
Ferroptosis is a type of iron-dependent cell death that also causes 
an irreversible change in the morphology of mitochondria 77, 
organelles necessary to provide the energy needed for cellular func-
tions in accordance with bodily needs. Mitochondrial homeostasis 
disorders are therefore involved in the pathogenesis of various 

diseases 78. Hyperferritinemia can affect mitochondrial homeostasis 
and thereby redirect mitochondria from the aerobic to the anaero-
bic state. Such changes would be consistent with the increased 
LDH values observed in patients with COVID-19 5,79. According 
to Hirschhorn T. et al. hyperferritinemia leads to severe oxidative 
stress, lipoperoxidation, and mitochondrial-level ferroptosis, and 
increases mitophagy with accelerated cell death 80. The question 
can be asked whether, for example, hyperferritinemia and insuf-
ficient mitochondrial capacity of iron metabolism in COVID-19 
cause ferroptosis of the bronchial epithelium, but also other cells?
Opinions differ on the significance of hyperferritinemia. From 
being an “innocent passer-by”, a biological marker of uncon-
trolled inflammation, to ferritin having a protective role, to 
being a key mediator of immune dysregulation in conditions 
of extreme hyperferritinemia, through immunosuppressive and 
pro-inflammatory effects 9,81. Hyperferritinemia is also potentially 
associated with an increase in free redox active iron, which can 
further cause a number of direct and indirect organ disorders 
during COVID-19. It is possible that in COVID-19 there may 
be a vicious cycle of inflammation, associated with dysfunction of 
iron homeostasis and increased serum ferritin levels, which may 
lead to tissue damage (Figure 1.).

Concluding remarks
The knowledge about the SARS-CoV-2 and its associated disease 
is continuously successfully collected but still keeps the world 
in suspense. Given the relatively high proportion of hospitalized 
patients but also deaths, it is necessary to define and validate new 
existing clinically relevant and reliable diagnostic and prognos-

 
Figure 1. Potential role of hyperferritinemia during inflammation in COVID-19.

(1) Infection with SARS-CoV-2; (2) Activation of hepcidin expression by IL-6; (3a) The result of the increase in hepcidin is the 
enhanced storage of iron within ferritin in macrophages; (3b) The result of the increase in hepcidins the decreased serum iron as well 
as increased ferritin values, i.e. hyperferritinemia; (4) Enhanced synthesis and secretion of ferritin from macrophages due to cytokine 
action; (5) Immunomodulatory effect of hyperferritinemia; (6) Further stimulating inflammation by the immunoactivation effects of 
ferritin; (7a) and (7b). Further consequences of macrophage activation. (SARS-Cov-2) severe acute respiratory syndrome coronavirus-2; 
(IL) interleukine; (TNFα) tumor necrosis factor α; (↑) increased value; (↓) decreased value.
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tic clinical and laboratory markers of COVID-19. This would 
increase the understanding of the pathogenesis of the disease and 
facilitate a proper therapeutic approach.
Numerous reports to date have shown increased serum fer-
ritin to have clinical and discriminatory potential to define the 
severity of COVID-19. Due to the similarity of several labora-
tory features, this disease is increasingly mentioned as a possible 
fifth member of the so-called “hyperferritinemiy syndrome”. 
However, ferritin is not a specific laboratory marker, as increased 
concentrations have been reported in other inflammatory condi-
tions of infectious and non-infectious origin.
As hyperferritinemia appears to identify COVID-19 patients 
at high risk of mortality, and its reduction indicates improved 
survival, there is a need for further investigation the structure and 
role of ferritin in inflammatory conditions on the one hand as a 
biomarker, but on the other hand as a mediator of COVID-19.
In order to increase the diagnostic specificity of increased serum 
ferritin values in predicting disease progression and association 
with the inflammatory process, further targeted and well-planned 
multicenter studies on a larger number of samples need to be 
done. Accordingly, it is necessary to determine ferritin values in 
better defined groups of patients, including asymptomatic infected 
persons, persons in the very early stages of the disease, non-
hospitalized patients with mild COVID-19, subjects of different 
age groups. It should be also monitored ferritin values during the 
disease to establish the value of this analyte in terms of monitor-
ing current and future therapeutic approaches as well as the effects 
of developing vaccines; setting limit values   on the basis of which 
patients could be classified into groups in terms of an appropriate 
therapeutic approach; defining critical ferritin values. In order to 
assess the contribution of possible hypopheremia to concomitant 

hyperferritinaemia, in a condition such as severe inflammation 
and its association with hypoxia associated with poor outcomes in 
COVID-19, determine the values   of other coexisting participants 
in iron metabolism (eg. iron concentration, hemoglobin, hepcidin 
transferin saturation). In other words, it is important to establish 
the reliability of determining serum ferritin concentration in 
reflecting the severity of COVID-19 and its monitoring.
The mechanisms by which hyperferritinemia contributes to the 
pathogenesis of COVID-19 are currently unclear. We hope, 
therefore, that in this sense, this brief review will encourage further 
research, inter alia in the direction of: defining the immunomodu-
latory properties of ferritin by comparatively determining the val-
ues   of pro-inflammatory and anti-inflammatory cytokines; based 
on the definition of the ratio of L and H-chains to determine the 
origin of serum ferritin; determination of iron in serum ferritin; 
assess whether and to what extent macrophage activation contrib-
utes to hyperferritinemia in COVID-19 by determining the degree 
of serum glycosylation of ferritin, value of sCD163 and circulating 
microparticles (cMPs), also indicators the monocyte-macrophage 
activity; examining whether hyperferritinemia may be a target for 
therapeutic intervention; and, for example, testing the sensitivity 
of iron-enriched tissue macrophages to SARS-CoV-2 and its abil-
ity to generate de novo infectious viral particles. 
As in most systematic reviews, this one has some limitations 
that of course require further discussion and confirmation. 
COVID-19 is a new disease and although the focus of scientific 
research has been limited due to lack of reliable information - 
some published papers are theoretical in nature, some papers 
provide only partial information, some papers have not passed 
peer review, in some cases conclusions are based on limited 
amounts of data and should be confirmed by additional research. 
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Abstract:
Bone Morphogenetic Proteins (BMPs) are growth and differentiation factors within the TGFβ superfam-
ily of proteins. They induce ectopic and orthotopic endochondral bone formation and are involved in 
the regulation of cell proliferation, differentiation, apoptosis and mesenchymal-epithelial interactions in 
critical morphogenetic processes of tissues beyond bone. BMP2 and BMP7 osteogenic devices have been 
approved for enhancing healing in patients with long bone defects and anterior spinal fusion proce-
dures. However, due to a high price and various serious adverse events including heterotopic ossifica-
tion, retrograde ejaculation and pain their clinical use have been limited. In this review we discuss the 
BMP discovery, biology and their use in clinical studies with particular reference to the newly developed 
BMP6 based autologous bone graft substitute (ABGS). A novel ABGS consisting of an autologous bone 
coagulum (ABC) carrier with dispersed BMP6 to initiate the differentiation of mesenchymal cells into 
endochondral bone. The ABC met the conditions for an optimal delivery system for BMP6 due to han-
dling simplicity, without an immunogenic and inflammatory response at the implantation site. Addition 
of allograft or synthetic ceramics to ABGS demonstrated in animal models significantly increased volume 
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and better microarchitecture of the newly formed bone. The first clinical study was conducted in patients 
with distal radial fractures (Phase I study) and the second in patients undergoing high tibial osteotomy 
(Phase I/II study) and no serious adverse events have been observed. Finally, in the ongoing OSTEO-
proSPINE study ABGS enforced with allograft bone is evaluated in patients with chronic back pain due 
to degenerative disc diseases. The novel ABGS bone mimetic is a major breakthrough and contribution 
to bone biology and regenerative medicine of skeletal repair.

Keywords: BMP6, TGFβ superfamily, endochondral bone formation, bone mimetic, distal radial 
fracture, high tibial osteotomy, posterolateral lumbar spine fusion, allograft, chronic lumbar back pain, 
regenerative medicine

Sažetak:
Koštani morfogenetski proteini (BMP): Od otkrića do razvoja nove autologne koštane 
naprave koja se sastoji od rekombinantnog humanog BMP6 u autolognom krvnom ugrušku 
kao nosaču
Koštani morfogenetski proteini (BMP) čine grupu čimbenika rasta i diferencijacije unutar TGFβ nado-
bitelji. Oni induciraju stvaranje ektopične i ortotopične endohondralne kosti te su uključeni u regulaciju 
stanične proliferacije, diferencijacije, apoptoze i mezenhimalno-epitelne interakcije u važnim tkivnim 
morfogenetskim procesima izvan koštanog sustava. Koštane naprave koje sadrže BMP2 i BMP7 pro-
tein odobrene su za poboljšanje koštanog cijeljenja kod pacijenata s defektima dugih cjevastih kostiju i 
kod prednje spinalne fuzije kralježnice. Međutim, zbog visoke cijene i mnogobrojnih nuspojava koje su 
uključivale pojavu heterotopičnih osifikacija, retrogradnu ejakulaciju i bol, njihova je klinička prim-
jena ograničena. U ovom smo preglednom radu raspravili otkriće BMP molekula, njihovu biologiju i 
primjenu u kliničkim studijama s posebnim osvrtom na nedavno otkrivenu novu autolognu koštanu 
napravu (ABGS) koja sadrži BMP6. Novi ABGS sastoji se od nosača autolognog koaguluma (ABC) s 
otopljenim BMP6 koji je ključan za pokretanje diferencijacije mezenhimalnih stanica u smjeru stvaranja 
endohondralne kosti. ABC je ispunio sve potrebne uvjete za formulaciju optimalnog nosača za BMP6 
isključivo zbog jednostavnosti priprave i primjene te odsustva imunogenog i upalnog odgovora na mjestu 
implantacije. Uz dodatak alografta ili sintetičke keramike što je potvrđeno na životinjskim modelima 
došlo je do značajnog povećanja volumena te poboljšanja mikroarhitekture novonastale kosti. Prvo 
kliničko ispitivanje provedeno je na pacijentima s distalnim prijelomima radijusa (faza I studije), a drugo 
na pacijentima koji su podvrgnuti visokoj osteotomiji tibije (faza I/II studije) bez uočenih ozbiljnih 
nuspojava. Trenutno je u tijeku studija OSTEOproSPINE u kojoj se testira učinkovitost ABGS u kom-
binaciji s koštanim alograftom u bolesnika s kroničnim bolovima u leđima uzrokovanim degenerativnim 
promjenama intervertebralnog diska. Nova ABGS koštana naprava značajna je prekretnica i napredak u 
području koštane biologije te regenerativne medicine koštanog sustava.

Ključne riječi: BMP6, TGFβ nadobitelj, endohondralno stvaranje kosti, koštani mimetik, dis-
talni prijelom radijusa, visoka osteotomija tibije, posteorolateralna spinalna fuzija, alograft, kronična 
slabinska bol, regenerativna medicina

Introduction
The treatment of broken fractures alone uses almost half of the 
health care budget in the US and EU 1. In addition, more than 3 
million bone grafting surgeries are performed annually 2. Out of 
6 million fractures in the EU each year, 5-25% result in impaired 
healing 3. These numbers are increasing and might reach 12 mil-
lion bone fractures by 2050 in EU alone.
Bone morphogenetic proteins (BMPs) induce endochondral 
bone formation at ectopic and orthotopic sites and since the dis-
covery they represent the most important biological support in 

bone injuries treatment 4-7. However, currently used BMP-based 
bone devices demonstrate numerous safety issues limiting their 
broader use 8-10.
An autologous bone graft substitute (ABGS) composed of 
recombinant human BMP6 (rhBMP6) in autologous blood 
coagulum (ABC) was developed to support new bone formation 
and promote bone healing in various orthopedic and trauma 
indications. Thus, the animal-derived collagen has been replaced 
with ABC which reduces the inflammatory response and serves 
as a physiological carrier for rhBMP6 adjustable to the desired 
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shape 11,12. Based on the results from the preclinical studies, clini-
cal studies/trials in patients with a distal radial fracture, high tibal 
osteotomy and posterolateral spinal fusion were approved 13-15. 
This review covers BMP discovery, biology and their use in clini-
cal studies with particular reference to new BMP6 based ABGS.

Discovery of bone morphogenetic proteins
Urist discovered that demineralized bone matrix (DBM) is 
capable of inducing new bone when implanted ectopically in 
the skeletal muscle 16,17. He described this phenomenon as “bone 
formation by autoinduction” which was the first proof that acel-
lular DBM has a bone morphogenic activity that is capable of 
inducing new bone at ectopic sites. 
The progress in identifying BMPs from the DBM has been slow 
due to the difficulty in isolating proteins from the insoluble bone 
matrix without a defined bioassay for in vivo inducing bone 
formation. However, it was then found that proteins inducing 
bone could be solubilized from DBM by dissociative extraction 
using 4 M guanidium chloride or 8 M urea. The extracted proteins 
were then reconstituted with a residual collagenous matrix and 
implanted under the skin in a rat axillar region 18 (Fig. 1). In this 
dissociative extraction and reconstitution procedure, the solubi-
lized extract provided the signals on collagenous scaffold to recruit 
the mesenchymal stem cells to undergo proliferation and differen-
tiation into new/novel bone at an ectopic site 19 (Fig. 1). This was 
the first reproducible bioassay for testing BMPs which helped to 
discover that the bone forming activity was homologous across the 
mammals 20. The isolation, characterization and identification of 
several BMPs from bone matrix extract became therefore possible.
The amino acid sequences obtained from bone inductive pro-
tein fractions were isolated from bovine bone 21. Several genes 
encoding BMP1, -2, -3 and -4 were identified by molecular 
cloning. BMP2, -3 and -4 were classified as TGFβ superfamily 
protein members, while BMP1 was classified as a mammalian 
tolloid proteinase active in the processing of extracellular matrix 
proteins, like collagens and certain members of the TGFβ fam-
ily, including TGFβ, GDF8 and GDF11 22-28. After amino acid 
sequences conformation of highly purified bovine osteogenic 
proteins from DBM, an association to Drosophila DPP and 
Xenopus Vg-1 was established. A consensus gene construct was 
used to obtain the OP-1 (BMP7) gene for the first time 29-31. 
In addition, several BMP genes were cloned 32 from human 
cDNA and genomic libraries using oligonucleotide probes whose 
constructions were derived from known BMP gene sequences 
and named Growth and Differentiation Factors (GDFs). A set of 
morphogenetic proteins was identified, including cartilage-de-
rived morphogenetic proteins, CDMPs (also known as CDMP1/
GDF-5/BMP11; CDMP-2/GDF-6/BMP12; CDMP-3/GDF-7/
BMP13) expressed predominantly in cartilage and the prostate-
derived growth factor (PDF/GDF15/MIC-1) originally detected 
in the prostate tissue 33,34.

BMP Function
Almost all of the BMP molecules function through binding 
to a specific Ser/Thr kinase receptor heterodimeric complex 
composed of one type I receptor and one type II receptor 35-40. 
The binding of a BMP to its receptor may be facilitated by 
extracellular matrix proteins like type IV collagen and heparan 
sulfate proteoglycan, including co-receptors like Endoglin and 
Hemojuvelin 41,42. The ligand-receptor complex then induces the 
phosphorylation of intracellular SMAD1/5/8 proteins to medi-
ate downstream signaling. The binding of BMP to its receptor 
complex is tightly controlled in the specific microenvironment 
via endogenous antagonists, like Noggin 43,44.
BMPs form bone at ectopic and bony sites, but are also expressed 
in tissues other than bone 6,45-48. They serve as inductive signals 
in tissue organogenesis, like cardiac tissue 49, lung development 50 
and kidney morphogenesis 51,52. The loss of BMP6 causes hemo-
chromatosis 53 and gain of BMP6 function results in anemia 
through disturbance of the iron-hemojuvelin-hepcidin loop 53-56. 
The GDF8 loss results in enhanced skeletal myogenesis with high 
metabolic activity exhibiting a lean phenotype 57, whereas GDF-
11 has a positive role in ageing 58.

Role of BMPs in embryogenesis and development 
Noggin, Gremlins, Sclerostin and Chordin as BMP antagonists are 
important for the mesoderm development and endochondral bone 
formation 7,42,59. BMPs and BMP antagonists are simultaneously 
expressed by cells to form a concentration gradient 48,60, depending 
on the anatomical location of bones in the skeleton 61. To govern 
the skeletal morphogenesis, BMP-signaling collaborates with 
activin and TGF-β, as well as Wnt and Hedgehog signaling 60,62,63. 
The identification of BMPs, their receptors and antagonists 
17,18,21,31,33,34,38,64-66 led to important studies on BMP use in clinical 
indications 67-76. Individual BMPs were analyzed in genetically 
modified mice mutants and via standard gene targeting studies, 
as well as overexpression of BMPs, Bone Morphogenetic Protein 
Receptors (BMPRs) and their signaling molecules, Smads. BMPs 
collectively play an important part in the skeleton development, 
as well as the development of the nervous system, liver, kidney, 
heart, pancreas, eye and germ cells 4,45,46,51,77-86.

Commercial BMP-based bone implants 
BMPs alone cannot promote formation of bone, unless adminis-
tered together with an appropriate scaffold and osteoprogenitor 
cells in a permissive micro environment 66,87-91. So far animal-
derived collagens were used as a carrier for BMP2 and BMP7 in 
clinically approved bone devices, while bovine collagen, cellulose 
and synthetic ceramics were studied in animals 92-94. rhBMP2 
with bovine collagen was applied in mandibular bone surgery 95,96 
and diaphyseal fractures 97. In posterolateral lumbar fusion (PLF), 
rhBMP2 on a ceramic-collagen composite did not receive FDA ap-
proval since the high dose and the weak binding to collagen-ceram-
ics composite resulted in potentially serious adverse effects 98-101.
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Both available BMP implants use a bovine collagen as a scaffold 
and contain BMP2 (Infuse Bone Graft, lumbar tampered fusion 
device) or BMP7 (Osigraft) 102,103. Clinical trials led to the approval 
of BMP2 and BMP7 implants for the long bone acute fracture 
surgeries, tibial non-unions and anterior spinal fusion 9,10,104-113. The 
use of BMP2 based Infuse Bone Graft showed safety issues which 
restricted its use in patients 9,10. There is around 2 milligrams of 
BMPs in the human body. Clinicians used around 12-40 mil-
ligrams of BMP2 in patients undergoing spinal fusion surgery. 
However, when the surgery was performed on the cervical spine, a 
neck swelling was sometimes present, which led to serious life-
threatening complications 9,10. Surprisingly, out of milligrams added 
of BMP2, only about 75 micrograms bound to 1 gram of bovine 
collagen 114, while the rest aggregates on the collagen, becoming 
potentially available to migrate to distant sites to induce heterotopic 
ossification. Following BMP2 implant use in a posterolateral lum-
bar fusion indication, complications, such as a nerve injury, retro-
grade ejaculation and distant ossification were detected 9,10,107,109,111. 
Although orthopedic and trauma specialists might use a BMP 
based product in the majority of patients with osteoporotic bone 
injuries, safety issues and the price are limiting elements in the 
routine use of the BMP2 device. These problems with the use 
of BMP2 and BMP7 based bone implants originate from the 
limited knowledge about the role of BMPs in bone induction 
at both ectopic site, like in PLF, or enhanced orthotopic bone 
formation in long bone fractures and non-unions 115. 

Commercial BMP-based devices cause bone loss 
and inflammation
BMP2 and BMP7 may cause bone resorption, resulting in 
implant displacement, subsidence and alignment loss, particu-
larly after human spine surgeries 9,10. Inflammation and swelling 
were initially not observed when BMP2 or BMP7 were used in 
patients with long bone injuries, unless administered close under 
the skin. In patients undergoing reconstruction surgery of the 
distal radius, the use of a BMP7 commercial device resulted in 
bone resorption and skin redness 116. Similarly, in preclinical 
studies BMP7 used within the bone medullary canal caused ac-
celerated bone loss 117. 
However, in clinical trials BMP2 and BMP7 supported bone 
healing with an efficacy similar to autologous bone implants. 
It was initially shown that BMPs on bovine collagen carrier 
stimulate bone formation in animals, including rats, mice, rab-
bits, sheep, goats, dogs, and monkeys 64,82,118-122. In acute fracture 
clinical studies, bone loss was not demonstrated following 
administration of BMP2 and BMP7 104,106. Initial evidence of 
extended bone resorption was found in patients undergoing dis-
tal radial surgery reconstructing abnormal bone curvature using 
BMP7 116, and anterior spine approach to replace degenerative 
discs using BMP2 9,10,105,108-113. 
Similarly, the intracorporal use of BMP7 in thoracolumbar 
fractures led to pronounced bone loss and segmental instability 

123-126. However, the initial bone loss was not permanent and the 
bone formation with subsequent regeneration was observed 9,10.

Cellular compartments influencing the BMP-
induced bone formation
BMPs primarily stimulate differentiation of the cells comprising 
the periosteum cell layers and the adjacent muscles to support the 
fracture healing from outside of the medullary canal. BMPs can 
thus ossify muscles through downregulating the Id genes 83,127-129, 
and subsequently turn pericytes and myoblasts into osteogenic 
cells (Fig. 2) 130. Therefore, the bone callus originates primarily 
form the periosteal cells and the surrounding muscle based cells 
that initiate bone formation adjacent to the lateral long bone 
diaphyseal surfaces. The stimulation of osteoclasts inside the bone 
shaft is critical for resorption of bone fragments accumulated fol-
lowing a fracture inside the bone canal. Therefore, osteolysis hap-
pens endostealy 117, new bone is made outside the bone canal and 
mechanically supports both bone ends via the callus constructed 
of the periosteal stem cells and osteoprogenitors from the adjacent 
tissues (Fig. 2). The outcome of the use of BMP2 and BMP7 in 
initial clinical studies for acute fractures and non-unions of long 
bones was not successful due to the lack of soft tissues around the 
distal tibia, potential disruption of the periosteum, and a poten-
tial presence of an infection 78. The BMP2 and BMP7 amounts 
in available BMP devices represent a biological overdose of both 
proteins, resulting in increased bioavailability distantly and lead-
ing potentially to unexpected immunological reactions, antibody 
formation, ectopic bone appearance, etc. 9,10,115,131,132.

Autologous bone graft substitute: A new 
bone graft mimetic containing rhBMP6 and 
a patient’s own blood coagulum as a natural 
BMP carrier
The BMPs initiates a biological response depending on the sur-
rounding cells and the extracellular matrix present at the site of 
delivery. In injured bone osteoprogenitor cells come from various 
tissue compartments comprising the periosteum, bone marrow, 
vasculature and the adjacent musculature. All these cell popula-
tions contribute to bone healing, but how they respond to vari-
ous BMPs is yet to be explored (Fig. 3) 79,80,104,133,134.
Enhanced osteogenesis without bone resorption at the site of im-
plantation of osteogenic device is critical to advance use of BMPs 
in acceleration of bone healing with pronounced bone formation. 
Periosteal bone formation in the vicinity of bone and at ectopic 
site in an osteoclast free environment is a prerequisite for the full 
BMP action on bone repair or bone induction in an ectopic soft 
tissue environment, like PLF in spine surgery (Fig. 2). 
The novel ABGS osteogenic device accelerates bone repair and 
contains compatible blood coagulum carrier, thus limiting in-
flammatory reaction contrary to other BMP based bone devices. 
BMP6 is used in a small dose with the ABC carrier and enhanced 
bone formation in preclinical studies 14,135-138 (Figs. 1, 3, and 4).
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Figure 1. Histological and µCT analysis of new bone formation using ABGS and different compression resistant matrices. (A) Implant 
preparation scheme; 1 - blood was drawn in a volume of 500 µL per implant and was transferred to the tube with an aliquoted solution 
of rhBMP6 and gently mixed; blood with rhBMP6 was drawn into the syringe containing CRM; 2 – final product (ABGS contain-
ing CRM) left on room temperature to coagulate; 3 – subcutaneous implantation into the axillary region in rats. (B) Left column 
- reconstruction images of CT sections where green indicates newly formed bone and white areas indicates CRM - allograft (middle 
row) or synthetic ceramics (lower row). Right column - histology sections (Goldner trichrome and hematoxylin-eosin staining); red 
arrow - newly formed bone, black asterisk - bone marrow, yellow triangle – allograft, black triangle – synthetic ceramics. (Modified from 
Stokovic N, et al. Bone 141:115654, 2020)
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Figure 2. In vivo effect of rhBMP6. (A) Uncoupled bone formation; at the periosteum, rhBMP6 stimulates differentiation of multipo-
tent mesenchymal stem cells (MSC) into osteoblasts, chondrocytes, and adipocytes; in surrounding muscle cells (myoblasts, pericytes, 
and vascular satellite cells) rhBMP6 upregulates Id genes and form new osteoblasts and prechondrocytes to form cartilage and new bone 
around the cortical surface from which the new bone spreads into the medullar cavity. (B) Coupled bone formation; at the endosteal 
surface rhBMP6 affects osteoclasts and osteoblasts stimulating both bone formation and resorption. 
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Figure 3. Assessment of the effectiveness of the compression resistant matrix (CRM) in the new bone formation. (A) Implant prepara-
tion scheme; 1 - rhBMP6 solution was mixed with blood; 2 – blood with rhBMP6 was drawn into the syringe containing CRM; 3 - 
the implant was left at room temperature to coagulate; 4 - implantation between two lumbar transverse processes; a red arrow indicates 
a fusion of lumbar transverse processes. (B) Histological section (Von Kossa staining) of newly formed bone between two transverse 
processes (green arrows). (C) Histological presentation of newly formed bone integrated with ceramic particles (Von Kossa staining); 
the yellow triangle indicates ceramic particles, the red arrow indicates newly formed mineralized bone, while the yellow arrow indicates 
unmineralized bone. (D) Newly formed bone integrated with ceramic particles (Goldner Trichrome staining); the yellow triangle indi-
cates ceramic particles while the bone is turquoise (red arrows). (E) µCT section through newly formed bone between two transverse 
processes. (F) Macerated specimen of the lumbar spine showing fusion (red arrow) between two transverse processes (green arrows). 
(Modified from Sampath TK, Vukicevic S. Bone 115602, 2020; Stokovic N, et al. Bone 140:115544, 2020; and Vukicevic S, et al. J Tissue 
Eng Reg Med 14:147-159, 2020)
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Figure 4. Testing of novel ABGS in anterior lumbar interbody fusion in sheep. (A) Implant preparation scheme; 1.5 mL of blood was 
drawn from the sheep jugular vein and mixed with rhBMP6 solution. The cage was immersed into the blood/rhBMP6 mixture and 
left at room temperature to coagulate for 60 minutes after it was implanted in between body of L4-L5 vertebrae. (B) 3D reconstruc-
tion of two fused vertebrae. (C) Macroscopic image of two fused vertebrae where red arrow indicates the fusion line and white asterisks 
indicate the cage. (D) Histology section stained by Von Kossa and (E) hematoxylin-eosin. (Modified from Grgurevic L, et al. Bone 138: 
115448, 2020)
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Uniqueness of BMP6
We have designed and developed a novel bone osteogenic device 
based on BMP6 delivered in an autologous bone coagulum as a 
natural carrier and tested its safety and efficacy in a rat subcuta-
neous assay (Fig. 1), in rabbit PLF (Fig. 3), and in sheep anterior 
interbody fusion (ALIF) (Fig. 4) and PLF models.
BMP6 is specific in directing stem cells to cartilage and bone 
osteoprogenitors 85,139-141. BMP6 differs from BMP7 structure in 
the H3 pre-helix loop region (residues 65–73) 142. BMP6 and 
BMP7 also seem to use different BMP receptor type I, resulting 
in BMP6 expressing a 20-fold increased affinity to BMPR-IA, in 
comparison to BMP7. BMP6 shares, however, several binding 
and signaling receptor specificities with BMP7 69,143. A resist-
ance of BMP6 to Noggin explains why much larger amounts 
of BMP7 are required in the BMP7-containing bone device for 
successful bone regeneration in primates and patients 6,43,139. 
Importantly, the mice lacking Bmp6-/- gene are viable and fertile 
144, while mice lacking Bmp7-/- gene are eyeless and die of uremia 
due to failed development of kidney mesenchyme 145,146. This 
might suggest that potential development and presence of an 
anti BMP6 antibody following use of ABGS might result in less 
harm than an anti BMP7 antibody following use of Ossigraft in 
patients.
BMP6 effectively induces differentiation of mesenchymal stem 
cells (MSCs) towards osteoprogenitor cells in the in vitro bone 
formation, compared to BMP2 and BMP7 in bone marrow cells 
88,147. In parallel, BMP6 decreases the number of hematopoietic 
stem cells (HSC) derived osteoclasts, while an opposite effect of 
BMP2 and BMP7 has been observed 140. Using liquid chroma-
tography-mass spectrometry (LC-MS) and Western blotting 148 
we found that BMP6 was circulating in the blood of healthy 
mice and humans 23. In addition, osteoporotic rats treated with 
BMP6 had an increased bone volume, suggesting that BMP6 
is systemically influencing bone homeostasis 149. The genomic 
experiments revealed that treatment with BMP6 resulted in 
an enrichment of IGF1 and EGF related pathways, which was 
confirmed on primary human osteoblasts, indicating that the 
effect of BMP6 is at least partially dependent of IGF1 and EGF 
pathway 140. Alteration of the plasma membrane heparan-sulfate 
(HS) structure inhibited BMP6-mediated signaling in C2C12 
premyoblast mouse cell line, preventing differentiation into 
osteoblasts. Endogenous HS thus has an important role in the 
BMP6 biology. Exogenous heparin did not recover BMP6 signal-
ing in HS-altered C2C12 cells, suggesting that cell membrane HS 
is needed for the appropriate BMP6 signaling in normal 54,150 and 
in pathological conditions 151.
BMP6 bone repair in Bmp6-/- mice increased the differentiation 
of bone marrow accumulated stem cells towards chondrocytes 
and alkaline phosphatase positive bone forming cells 12,24,43,85,139. 
These specific structural and functional characteristics of BMP6 
supported its use in the novel ABGS device. 

BMP6 quantity needed for treatment of mice lacking Bmp6 gene
Pre-clinical studies showed that BMP6 can be used in a much 
lower quantity than BMP2 and BMP7. We demonstrated that 
50 µg BMP6 in the ABGS implant is more effective than 3.5 
mg of BMP7 in the Osigraft in studies on rabbit ulna segmen-
tal bone defect 131. When BMP2, BMP6 and BMP7 were used 
in similar amounts in a biocompatible ABGS in rabbits with a 
segmental bone defect, BMP6 showed the best healing properties 
without evident osteolysis. In rat, fibrosis and an inflammatory 
response were not present at a subcutaneous site 131,132 (Fig. 1) 
due to the higher BMP6 potency associated to a lesser sensitivity 
to Noggin 43. BMP6 dissociates from Noggin, following binding 
of the BMP-Noggin complex to the cell surface receptors type I 
43. BMP2, BMP7 and BMP6 have different capacity for binding 
to Noggin that is based on structural differences. In BMP6, at 
position 60 of the mature domain is a lysine aminoacid, essential 
for reversible binding to Noggin. Furthermore, if the proline 
at position 60 in BMP2 and BMP7 is replaced with lysine, the 
osteogenic activity of both BMPs significantly increased 43. This 
might also prolong the BMP6 half-life time activity resulting in 
an enhanced osteoblast differentiation beneficial for the fracture 
healing 152. 

Autologous blood coagulum as a BMP6 physiological carrier 
ABC from the patient’s own blood is a novel autologous carrier 
for BMPs 138. ABGS is non-immunogenic, non-inflammatory 
and without bovine collagen, opposite to commercially avail-
able devices. It is a flexible, compact, malleable, cohesive, and 
easy to inject material, not disassembling into parts for at least 
7 days after implantation 115,131. In preclinical animal models 
of bone regeneration ABGS successfully bridged the segmental 
bone defects 12,115,131. At low dose ABGS induces new bone when 
implanted under the skin (Fig. 1), promotes diaphyseal segmen-
tal defects healing and induces PLF in rabbits 131,132 (Fig. 3) and 
sheep 135 (Fig. 4). In the absence of rhBMP6, ABC implantation 
resulted in absence of new bone and instead formed a fibrous 
tissue which dissolved over time 131. 
BMP6 was selected for ABGS because it reversibly binds to 
Noggin 43 and thus helps to lower the BMP dose. For signaling 
BMP6 uses ALK2, ALK3 and ALK6 BMP type I receptors and 
it increases the expression of bone differentiation markers in cell 
cultures 131,140. ABC also decreases inflammation and foreign 
body cell accumulation when combined with allograft or calcium 
phosphate ceramics in PLF animal studies 132,135,136,153. BMP6 
in blood remains active for approximately 7 days and could 
not be detected in the remaining serum after the formation of 
the autologous blood coagulum 12,115,131. BMP6 is bound to the 
ABGS extracellular matrix as well as cell membranes included in 
the ABGS 12,131. These findings served as a basis for formulating 
ABGS. 
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Compression resistant matrix
To improve biomechanical properties of ABGS, compression 
resistant matrix (CRM) might be added to ABGS implants in 
selected indications which require larger implants including PLF 
and segmental defects of long bones 132. Allograft was the first 
CRM tested in combination with ABGS in rabbit and sheep 
PLF models 132,135. Following the successful outcome of these 
preclinical studies, ABGS formulation with allograft particles as 
a CRM is being currently tested in PLF clinical study in patients 
with degenerative disc disease. However, allograft possesses 
several disadvantages including viral transmission risk, im-
munogenicity and regulatory issues 154. Therefore, to overcome 
these shortcomings we evaluated calcium phosphate synthetic 
ceramics as a CRM in rat subcutaneous implant assay and rabbit 
PLF model. Calcium phosphate ceramics might be composed of 
tricalcium phosphate (TCP) or hydroxyapatite (HA) while the 
main difference between them is their resorption characteristics 
(TCP is significantly more resorbable than HA). TCP and HA 
might be combined in biphasic calcium phosphate with different 
TCP/HA ratios to obtain the desired CRM resorption character-
istics. Synthetic ceramics might be formulated into varioussize 
particles or blocks. We have demonstrated that addition of syn-
thetic ceramics to ABGS significantly increased the amount of 
newly formed bone and decreased the outcome variability 137,153. 
Moreover, we have demonstrated that size and shape of ceramic 
particles determines the quantity and microarchitecture of the 
newly formed bone 137. ABGS with synthetic ceramic particles 
was successfully used in a rabbit PLF model 136. Tested ABGS 
formulations induced formation of new bone and osteointegra-
tion with native transverse processes. 

Clinical studies using ABGS
In clinical trials we tested whether the low quantities of BMP6 
in an autologous carrier support trabecular bone healing of the 
compartment in which BMP2 and BMP7 were ineffective 14,15. 
ABGS has so far been tested in Phase I study in patients with 
distal radial fractures 14 and Phase I/II study in patients undergo-
ing high tibial osteotomy 15.

Distal radial fracture healing study
The novel ABGS composed of rhBMP6 within an ABC as a 
homologous carrier was tested for safety and efficacy in patients 
having a distal radial fracture (DRF). Thirty two patients were 
enrolled in a randomized, double-blinded Phase I First in Hu-
man (FiH) clinical trial with standard of care (SoC) and placebo 
(PBO) controlled therapeutic arms. ABGS was made from 
peripheral ABC with 250 µg rhBMP6/mL or PBO (1 mL ABC 
with excipients only) and was applied dorsally via injection into 
the fracture area following fixation with 3 Kirschner wires. The 
patient’s arm was immobilized for 5 weeks and the patient was 
followed for 26 weeks by clinical observations, radiographic im-

aging and CT. No serious adverse reactions were recorded at any 
observation time point. No detectable anti-rhBMP6 antibodies 
in the plasma of any of the 32 patients at 13- and 26-weeks fol-
lowing treatment were detected. Patients treated with rhBMP6/
ABC showed enhanced bone healing in comparison to PBO and 
SoC at 5 and 9 weeks. Finally, we showed that intraosseous use 
of ABGS in the distal radial fracture site accelerated the cancel-
lous bone repair without any serious adverse events 14.

High tibial osteotomy clinical study
BMP6 dispersed in ABC was administered into a surgically cre-
ated wedge defect of the proximal tibia to patients undergoing 
high tibial osteotomy (HTO) for varus deformity and medial 
compartment osteoarthritis of the knee. Twenty HTO patients 
received rhBMP6/ABC or placebo in a randomized, PBO-
controlled, double-blinded Phase I/II clinical study. Patients were 
then followed for 24 months by clinical observation, CT and 
radiographic imaging. It was demonstrated that there were no 
anti-rhBMP6 antibodies in the plasma of any of the 20 pa-
tients at 14 weeks after implantation. No serious adverse events 
were recorded during the 24 months of follow-up. Patients 
treated with rhBMP6/ABC showed an enhanced bone healing 
at 9 weeks and at 14 weeks follow-up. At weeks 6 and 24 and 
months 12 and 24 increased bone formation and advanced bone 
remodeling in rhBMP6/ABC-treated patients were observed on 
radiographic images. This is the first demonstration of a BMP-
based osteogenic implant tested against a placebo for bone repair 
in the cancellous bone, using a novel and objective bone mineral 
density measurement system 15.

Posterolateral spine fusion study in patients with degenerative disc 
disease
The ongoing study is evaluating the application of ABGS in 
patients with chronic back pain due to degenerative disc disease. 
In the OSTEOproSPINE study patients are treated with a novel 
bone regeneration therapy composed of rhBMP6 delivered in 
ABC reinforced with allograft (a compression resistant matrix). 
It is aimed to guide bone formation at an extraskeletal site and 
replace autograft harvested from patient’s iliac crest for lumbar 
vertebrae fusion. This Phase II, randomized, double-blinded 
clinical trial included three clinical centers to enroll 134 patients. 
A positive outcome of the study would confirm the potential of 
ABGS as a substitute for iliac crest graft to form a functional new 
bone in humans and restore the spine function to improve the 
quality of life in patients with a degenerative disc disease 13.

Conclusion
BMPs are growth and differentiation factors belonging to the 
TGFβ superfamily of proteins. They are synthetized, folded as 
dimeric proteins in the cell cytoplasm, further cleaved by pro-
teases during secretion. Their activity is elicited after binding to 
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heteromeric type I and II serine/threonine kinase receptors that 
activates the signal transduction via Smad 1, 5 and 8, forming 
a complex with Smad 4 to enter the nucleus. BMP molecules 
induce ectopic and orthotopic endochondral bone formation and 
have multiple roles in regulation of cell proliferation, differentia-
tion, apoptosis and mesenchymal-epithelial interactions during 
critical morphogenetic processes in tissues other than bone.
Bone formation induced by the novel ABGS serves as a proto-
type for tissue engineering, with the ABC acting as a substrate 
with dispersed BMP6 to initiate the differentiation of mesenchy-
mal cells into endochondral bone. The ABC met the conditions 
for an optimal delivery system for BMP6 with handling simplic-
ity, retaining the BMP device at the site of implantation without 
an immunogenic and inflammatory response. BMP6 reversibly 
binds to the BMP antagonist Noggin, which ensures the efficacy 
of a low dose of BMP contained in the ABC. Further optimiza-
tion of the ABGS focused on providing a product resistant to 
compression to maintain a uniform size and shape of the ABGS 
implants in patients treated for various bone disorders. Addition 
of allograft or synthetic ceramics to ABGS demonstrated in ani-
mal PLF models significantly increased volume and better micro-
architecture of the newly formed bone. The first demonstration 
of an ABGS effect on the repair of cancellous bone was tested 
in patients with DRF (Phase I study) and in patients undergo-
ing HTO (Phase I/II study) without any serious adverse events. 

Intraosseous use of ABGS in the cancellous bone repair resulted 
in an enhanced and accelerated bone healing. In the ongoing 
OSTEOproSPINE study ABGS enforced with allograft bone is 
evaluated in patients with chronic back pain due to the degen-
erative disc disease. The novel ABGS autologous bone mimetic 
represents a major breakthrough and contribution to regenerative 
medicine and bone biology.
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Abstract:
The disorder of intracerebral perivascular drainage of amyloid beta (Aβ), as well as the drainage of 
various waste products related to a number of permanent biochemical reactions and physiological 
processes, leads to brain homeostasis disorders, breakdown of essential vital functions and rapid course 
of genetically programmed Alzheimer’s disease. As the brain does not have its own standard glymphatic 
system, this important function is mostly taken over by the perivascular system located within the 
basement membranes of capillaries, arterioles and arteries. The crucial driving force of this drainage, 
according to recent investigations, is conditioned by the internal force of arterial and arteriolar walls, 
the so-called vasomotion. With the direction opposite from the direction of the blood stream and 
pulse wave, this pulsating force is based on rhythmic intracellular oscillations of Ca2+ ion concentration 
in vascular smooth muscle cells. These oscilations are the fundament of the vasomotion phenomenon, 
and their disorder leads to perivascular drainage alterations and severe complications. The aim of this 
review is to present a detailed analysis of crucial events that are important for perivascular drainage 
system alterations.

Keywords: Alzheimer’s disease, perivascular drainage alterations, glymphatic system, vasomotion 
phenomenon

Sažetak:
PatofiziološkI uzroci poremećaja moždane perivaskularne drenaže i progresije Alzheimerove 
bolesti
Poremećaj intracerebralne perivaskularne drenaže amyloida beta (Aβ), kao i drenaže različitih otpadnih 
produkata, nastalih tijekom brojnih permanentnih biokemijskih reakcija i fizioloških procesa, vodi do 
poremećaja moždane homeostaze, raspada osnovnih vitalnih funkcija, te ubrzanog tijeka genetski pro-
gramirane Alzheimerove bolesti. Obzirom na činjenicu kako mozak nema svoj standardni glimfatički 
sustav, ta je važna funkcija preuzeta sa strane perivaskularnog sustava lociranog unutar bazalnih 
membrana kapilara, arteriola i arterija. Presudna pokretačka snaga te drenaže, na osnovu najnovijih 
istraživanja, bazira se na urođenoj sili arterijalnih i arteriolarnih zidova, tzv. vazomociji. Smjerom 
suprotnim od smjera krvne struje i vala pulsa, ta pulzirajuća sila bazira se na ritmičkim intracelularnim 
oscilacijama koncentracije Ca2+ iona unutar vaskularnih glatkih mišićnih stanica. Te oscilacije su baza 
fenomena vazomocije, a njihov poremećaj vodi do alteracija perivaskularne drenaže i teških komp-
likacija. Namjera ove studije je da prikaže detaljnu analizu presudnih zbivanja koji su važni za alteracije 
perivaskularnog drenažnog sustava.

Ključne riječi: Alzheimerova bolest, perivaskularni drenažni poremećaji, glimfatički susta,
fenomen vazomocije 
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Introduction
Due to the increasing rise of AD incidence and prevalence, Alz-
heimer’s disease is becoming one of the crucial problems of mod-
ern society. The world population is increasingly older, absolutely 
and relatively, and AD is closely connected with age and aging. 
This neurodegenerative disease with a chronic and progressive 
course is marked with a progressive decline of memory, disorien-
tation, and general drop of cognitive functions.The costs for its 
prevention and therapy exponentially grow. By removing other 
nonconventional brain lymphatic drainage pathways (the glym-
phatic system) from the analytic process, which include drainage 
across the blood brain barrier (BBB), blood cerebrospinal fluid 
barrier (BCSFB), choroid plexus, arachnoid granulationes (AGs), 
paravascular drainage (connected with the cerebral vasculature 
surfaces), perineural drainage, lymphatic drainage through the 
orbits into the sinus sagitalis superior, and nasal cavity ( lymph 
inflow along the olfactory tract), this study is exclusively oriented 
to the perivascular drainage analysis1-6). Without entering the 
extensive and complex analysis of the complete cerebral drainage 
system, the aim of this review is to explain the crucial elements 
in events connected with the functioning of the perivascuar 
drainage pathway.

Alterations of the perivascular drainage 
pathway from the brain
Alzheimer’s disease, with its poligenetic but yet unknown ethiol-
ogy, is a severe, chronic, and lethal neurodegenerative phenom-
enon, in which the inadequate drainage of elevated concentra-
tions of Aβ, of iron ions and waste products out from the brain, 
leads to intracerebral accumulation of these ingredients, with 
evidently progressive deteriorative effects on brain homeostasis, 
and through time, to the occurence of a lethal end. This altered 
drainage is clearly connected with the aging process. Due to 
the permanent aging of the world population (senectual explo-
sion), AD is becoming increasingly a crucial problem of the 
present-day human society. The two forms of this disease, the 
early form or EOAD (early onset AD-before the age of 65; APP 
gene-chr. 21q21.3; PSEN-1 gene-chr.14q24.2; PSEN-2 gene-
chr.1q42.13; BACE-1 gene-chr.11q23.3), and LOAD (late onset 
of AD-65 and more; ADAM10 gene-chr.15q21.3; APOE gene-
chr.19q13.32) have practically the same clinical picture with the 
progressive loss of memory, loss of speech, and dramatic failure 
of cognitive functions2,7,8). 
It is important to analyze some crucial events in Aβ and iron 
metabolism, which are in the centre of the AD pathophysiology. 
Bound with transferin (Tf ), two ferric ions (Fe3+), in the form of 
TfR/Tf/Fe3+complex, enter from the blood into the endothelial 
cell membrane and into its embeded endosomes. In these struc-
tures, the transferin receptor (TfR) is detached from the com-
plex, and Fe3+ is reduced by ferric reductase located on the endo-
some membrane in Fe2+, and by the divalent metal transporter 1 

(DMT1) and ferroportin (FPN1) transported into the neuropil. 
The detached TfR recycles back to the luminal cell membrane. 
Fe2+ in the neuropil is partially captured by DMT1 belonging 
to the neurons and microglia and becomes incorporated in their 
metabolism or stored as ferritin. The great part of Fe2+ is oxidized 
(loss of the electron) in Fe3+ by the locally present amyloid pre-
cursor protein (APP) and ceruloplasmin (CP) derived from the 
cell membranes. One part of Fe3+ bound with Tf/TfR enters into 
the adjoining cells, where it is used for their metabolic neces-
sity or also stored as ferritin. A part of Fe3+ is attracted to the Aβ 
monomers and enters the oxido/reductive cycle with the result-
ing Fenton reaction and *OH generation. On the other hand, 
Aβ, by its intracellular (proteasome and ubiquitin-proteasome 
route, lysosomal cathepsin enzymes, metalloendopeptidases) 
and extracellular (neprilysin, matrix-metalloproteinases 2,3 
and 9) degradation, is exposed to its elimination and iron ions 
discharge. It is evident that in the case of Aβ overproduction 
typical for AD, in the neuropil occurs the rise of Aβ concentra-
tion and the accompanying rise of iron ions. Due to these events, 
the effective drainage of elevated concentration of both com-
pounds, Aβ and iron ions, is necessary. This drainage is primarily 
obtained by the perivascular drainage pathway (Fig.1)6,7).

Elementary characteristics of the 
perivascular drainage pathway
This study deals with the central parts of arterial, arteriolar and 
capillary walls, the basement membranes of vascular smooth 
muscle cells (VSMCs), the VSMCs, the ground substance of the 
interstitium, as well as with the local structures such as elastin 
and collagen fibers, cell receptors, and a lot of diverse stationary 
or moving dissolved molecules.
The perivascular drainage pathway, limited by the outer and 
inner basement membranes of vascular smooth muscle cells 
(VSMCs), comprised by central media location, actually is a 
tridimensional poroelastic net, along which pass collagen and 
elastic fibers. The average thickness of each VSMCs membrane 
which encircles every cell, is in the range of 20-200nm (1nm 
=1*10¯9m, nanometer). Its tridimensional net is predominantly 
composed of proteins i.e. laminins, collagen IV, nidogens, and 
heparan sulfate proteoglycans (HSPG). There are also expressed 
many other proteins like the insoluble fibronectin, fibulin 1 and 
2, collagen type XVIII, thrombospondins1, and secreted protein 
acidic and rich in cysteine (SPARC). The fundamental element 
of this drainage pathway, crucial for the transport of molecules 
and particles, is the ground substance, an amorphous gel-like 
substance primarily composed of water, in which are embed-
ded the mentioned fibrils and molecules. The starting point of 
this pathway is located in BBB capillaries, i.e. in their basement 
membranes (Fig. 2-4)2-4,9).
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Driving forces for perivascular drainage
The driving force for moving different particles and molecular 
complexes along this pathway in the direction opposite to the 
blood stream and pulse wave, is the recently in detail analyzed, 
but already previously discovered and not satisfactory explained, 
internal force of arterial and arteriolar walls, the so-called vaso-
motion. This pulsating force is based on rhythmic intracellular 
oscillations of Ca2+ ion concentrations in vascular smooth muscle 
cells. These oscillations cause the vasomotion phenomenon and 
their disturbance leads to perivascular drainage alterations and 
severe complications. 4,6,10,11).

The crucial failures in the driving forces 
mechanism
The crucial failures in the mechanisms responsible for regular 
perivascular drainage are primarily dependent on the elevated 
lipid peroxidation of VSMCs cell membranes, induced by free 
radicals. The regular contraction of these cells is important for 
the adequate generation of pressure gradient along the interior 
of arterial and arteriolar walls. The disruption of this adequate 
pressure gradient generation, primarily due to the VSMCs mem-
branes lipid peroxidation, leads to the drop of cell contraction 
strength and decline of the vasomotion and drainage velocity. 
Lipid peroxidation of VSMCs membranes is a permanent spon-
taneous process, but normally there are effective protective forces 
to combat with free radical effects and thus repair the alterations. 
In Alzheimer’s disease (AD), the oxidative stress is elevated. 
The generation of reactive oxygen species (ROS), especially free 
radicals with the crucial compound hydroxyl radical (*OH), is 
significantly elevated. The repair deffensive forces are now not 
capable to combat and repair the failures in cell membranes 
structure 4,6,10,11).

Lipid peroxidation
Cell membranes, especially their main structural elements, 
polyunsaturated fatty acids (PUFAs), are enormously lean 
towards the destructive action of hydroxyl radical (*OH), one of 
the strongest member of free radicals, i.e. ROS. *OH is primar-
ily generated during the Fenton reaction (Fe2+ + H2O2 = Fe3+ + 
¯OH + *OH, which includes ferrous iron, hydrogen peroxide, 
hydroxyl ion, and ferric iron), extensively expanded practi-
cally in all tissues of AD patients. However, on account of the 
extremely great oxygen consumption, and the great quantity of 
polyunsaturated fatty acids, the brain is especially prone to *OH 
and strong spontaneous lipid peroxidation. The initiation of this 
destructive process occurs by the random crash between the free 
*OH molecule and hydrogen atom (H) on polyunsaturated fatty 
acid (PUFA) methylene group (-CH2-), between two double 
bonds, i.e. bis allylic hydrogen atom. Carbon-hydrogen (C-H) 
bond energy, due to the presence of the adjacent double bonds 
is very low and allows the H atoms to be readily abstracted by 

*OH. The consequence is the formation of the carbon centred 
radical on the carbon 2py orbital, the bonding of the abstracted 
hydrogen (electron in the 1s orbital) with the unpaired electron 
in the 2py orbital of *OH, and the formation of neutral H2O 
molecule, water (Fig. 5) 12-16). 
The next step is the phospholipid carbon centred radical reaction 
with the molecular oxygen (O2) and the formation of peroxyl 
radical (LOO*). By reacting with the new PUFA, peroxyl radical 
generates the new lipid radical (L*) and lipid hydroperoxide 
(LOOH). L* reacts with molecular O2 with the formation of 
new lipid peroxide (LOO*). This spontaneous reaction continues 
till the end, induced by the interplay of free radical scavengers, 
or by the mutual reaction of two *OH to form non-radical 
products (Fig. 5)12).
It is also necessary to mention that a number of lipid peroxida-
tion products and by-products is very destructive by inducing 
oxidative stress, oxidative damage and apoptosis. This is espe-
cially related to hydroperoxides and their aldehyde derivatives. 
Among aldehydes, most important is the 4-hydroxinonenal 
(HNE), the most effective product of lipid peroxidation, which 
induces evident cellular damage. Malonyl aldehide (MDA) also 
produces protein damage13).

Lipidation of ApoEε4 lipoprotein
Apolipoprotein E (ApoE, 299 AA) encoded by the APOE gene 
(19q13.32) has a crucial role in Aβ drainage along the perivas-
cular pathway. This gene exists as three polymorphic alleles: 
ε2-112Cys, 145Arg, 156Cys; ε3-112 Cys, 145Arg, 156Arg; and 
ε4-112Arg, 145Arg, 156Arg; with the worldwide frequency of 
ε2-8.4%, ε3-77%, and ε4-13.7% (AD frequency: ε2-3.9%, ε3-
59.4%, ε4-36.7%). Produced in the brain neuropil by astrocytes, 
at the capillary level (BBB), ApoE enters into the capillary base-
ment membrane and continues its moving, induced by vasomo-
tion, along the cortical and leptomeningeal arteries perivascular 
drainage pathway. During this moving (ApoE particle) it con-
tacts high density lipoprotein (HDL) (primarily) and low density 
lipoprotein (LDL) particles and becomes lipidated by ABCA1 re-
ceptor expressed at the abluminal side of the blood brain barrier 
(BBB) endothelial cells. Lipidation (covalent binding of a lipid 
to a peptide chain) of ApoE induces evidently better solubility of 
lipid particle and much better drainage of the developed complex 
ApoE/lipid. Studies show that ε4 allele is the evident risk factor 
for Alzheimer’s disease (AD). Similar to the letter L, ApoE has 
two domains: N-terminal domain, res. 1-167 and C-terminal 
domain, res. 206-299. Between them lies the hinge region, res. 
165-205. It is also necessary to mention the receptor binding 
region, res. 136-150, and the lipid binding region, res. 244-272. 
It is important to emphasize that besides the astrocytes, the main 
producers of ApoE in the brain are also choroid plexus epithelial 
cells and microglia (Fig.4).
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Fig.1. Schematic presentation of events connected with Aβ and Fe3+ elevated
         intracranial values
          Oxidation, loss of electrons; reduction, gain of electrons; hydroxyl radical (*OH), neutral form
          of hydroxide ion (¯OH), highly reactive, aggressive and short lived; MsrA, peptode methionine
          sulfoxide reductase, repair enzyme for proteins inactivated by oxidation; MetS35, methionine
          one of nine essential amino acids; Fe3+, ferric iron; Fe2+, ferrous iron; H2O2, oxidizer, the simple
          peroxide; Aβ, amyloid beta peptide; Tf, transferin; for elevated iron ions concentration value,
          and its decrease, the crucial role has the perivascular drainage pathway; it is emphasized  
          the process of Aβ intracellular (proteasome and ubiquitin-proteasome route, lysosomal 
          cathepsin enzymes, thiolmetalloendopeptidases) and extracellular degradation (neprilysin,
         matrix-metalloproteinases 2,3 and 9); small  discrepancy in the production or clearance of Aβ

          unavoidably causes abnormal accumulation in AD. 
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               Anterograde flow (paravascular drainage)         AQP4 channel

Asttrocyte processes of glia limitans

                                                                                           Outer basement membrane of SMCs

                                                     

                vessel pia                                                                                                                               
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         ECS
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                                            ECS
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                RETROGRADE FLOW OF WASTE AND Aβ – perivascular drainage

Fig.2. Schematic presentation of the penetrate artery cross section

           Clearly presented is the cross section of the cerebral parenchymal penetrating artery. By different 

            colours are visible the essential artery layers including intra-mural peri-arterial drainage IPAD)

            pathway and paravascular drainage pathway. By dark green colour are designated the astrocytic

            endfeets, and between them by black arrows intercellular astrocytic endfeet clefts. By small black

            rectangles, covered with bidirectional arrows, are presented  the  AQP4 channels, important 

            for entrance in the artery wall and exit  from it, of a lot of solutions and Aβ peptide.  The  big black

            arrow  shows the most important layer in the artery wall, the media, and in its structures,  located

            between vascular smooth muscle cells, the perivascular drainage pathway (black points in layers

            between the mentioned cells). Black points in the extracellular space (ECS) represent Aβ and waste.

            Between cortical and vessel pia there is Virchow-Robin space. On the outer side of the cortical

            pia, coloured by light blue colour, there is visible the paravascular drainage pathway. Cross section

            presents the situation on the  middle level of the Virchow-Robin space. SMCs are in the relaxed

            phase of the vasomotion wave.
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Figure 2. Schematic presentation of the penetrate artery cross section (from ref. 6)
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Fig.3. Schematic presentation of the Aβ, iron, and waste products drainage from the 

brain   

 CSF, cerebrospinal fluid; ECS, extracellular space; Aβ, amyloid beta; VRS, Virchow-Robin space; O2, 

oxygen; C6H12O6 , glucose; CO2, carbon dioxide  ISF, interstitial fluid; SMC, smooth muscle cell; AQP4, 

aquaporin 4, channellocated on astrocytic endfeet, important for Aβ drainage; SAS, subarachnoid 

space; AG, arachnoid granulation; Tf-Fe3+, transferin-ferric ion complex; SSS, superior sagital sinus; 

BBB, blood brain barrier; this figure represents the additional survey of Fig.3. in the article GSR, 

2019; 6:007-020 publishe online: March 31.2019. On the left side of the figure there is visible a 

rectange limited by small red lines-it in  fact presents  Fig.5. The other rectangle including capillaries 

presents  Fig.4. BM at the capillary level is the result of the proximal integration of the outer and 

inner BM of VSMCs. HDL, high density lipoprote
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O2, glucose, nutrients                                                                          CO2, waste

                       BLOOD BRAIN BARIER (BBB)-Start of the perivascular drainage

                               Blood flow (cerebral capillary)  

 

  

 

Fig. 4. Structure of the cerebral capillary basement membrane
           (longitudinal cross-section)       (effects  of aging and AD)
On the upper part of the figure there are visible two endothelial cells connected by the  tight junction.   Above 
the luminal  side of  both  cells  by the red arrow is  denoted  the capillary  lumen,  anterograde blood flow 
direction, some receptors (TfR, RAGE) and Aβ peptide molecules. Below the cells is visible the basement 
membrane which is  composed of  two  layers,  basal  lamina  and lamina  reticularis;  Hp,  hephaestin.  TfR 
receptor is localized on both luminal and abluminal membranes of brain capillaries; A part of HDL which  

enters into the EC is wrecked and a part continues to the L. Ret.  ApoE can not be transported from the 
blood across the BBB into the neuropil. ApoE in the CNS is produced primarily by astrocytes. It is the 
principal lipid transporter in CSF.  The extra and intracellular ApoE proteolysis has been discovered.
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Fig. 5.  Schematic presentation of important biochemical processes related to 
               destructive free radical effects on essential molecular structures

 PUFA, polyunsaturated fatty acid ; RAGE, receptor for advanced   glycation end products;  PKC 
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The investigations show that the lipidation (covalent bind-
ing of lipid group to a peptide chain) of APOEε4 lipoprotein 
is significantly weaker as related to APOEε2 and APOEε3. 
APOEε4-HDL particles are markedly smaller than the other two 
alleles. Otherwise, by aging, the ABCA1 (ATPbinding cassette 
transporter ABCA1, colesterol efflux regulatory protein, CERP) 
expression and activity declines. APOE linked with the lipid 
(lipidated form, HDL, LDL) conditions and increases its interac-
tion with Aβ (Aβ, residues 12-28; APOE, N-terminal domain, 
residues 136-150) with the prompt transport of the whole 
complex by the effect of LRP1 (low density lipoprotein receptor-
related protein1) and ABCB1 (P-glycoprotein, ATP-dependent 
translocase ABCB1) receptor. ABCB1 is located on the luminal 
and abluminal side of the endothelial cells membranes. It is an 
active mediator for the Aβ peptide transport out from the brain. 
APOEε4 protein (lipidated by ABCA1, but significantly weaker 
than other two alleles), in relation to the other two alleles, has 
an evidently weaker linking with Aβ, and the generated complex 
(Aβ/ApoEε4/HDL or LDL) transport is also weaker. The con-
sequent result is stronger Aβ accumulation in the structures of 
the perivascular space (PVS, basement membranes of VSMCs), 
as well as its stronger accumulation (the result of the consequent 
decline of the perivascular drainage) in the brain parenchima. 
On both levels, its aggregation is stronger. The LRP1 expression 
drop in the aged has been emphasized earlier 17,18,19,-,22).
It is important to emphasize that ApoE cannot pass through the 
BBB. The central part of ApoE (CNS) is produced in the brain 
by astrocytes (mainly) and microglia. In the periphery, ApoE is 
produced primarilly by the liver. The pools of ApoE in the CNS 
and periphery practically exist independently from one another 
(Fig. 4) 23,24).
On Fig. 4, well visible is the LRP1 effect on the Aβ transcytosis 
from the basal compartment of the EC to the cell luminal mem-
brane, and its clearance into the blood. Internalization of the 
soluble Aβ from the lamina reticularis (capillary basement mem-
brane) into the endothelial cell cytosol occurs by the interaction 
between LRP1 and ApoE. The effect of the latter, especially ε4 
allele, in fact, blocks this interaction and diminishes the intra-
cellular entrance of LRP1/Aβ complex. Bound with LRP1, Aβ 
transcytoses passes across the BBB, and by the help of PICALM 
(Phosphatidylinositol binding clathrin assembly protein) and 
Ras-related protein Rab5 (Rab5) as well as Ras-related protein 
Rab11 (Rab11), the small GTPases, completes the mentioned 
clearance route (Fig. 4) 25,-27).
On figure 4 is shown that HDL particles, carried by apolipopro-
tein ApoEε4 (dominant allele in AD) incorporated molecules, 
arrive by blood in the BBB region where ApoEε4 recognizes 
the scavanger receptor class B type1 (SR-B1) and binds with it. 
Now occurs the endocytosis and internalization of the formed 
complex HDL/ApoEε4/SR-B1, and its transcytosis. During 
this event follows the dissociation of ApoEε4 and its proteolytic 

degradation into a number of fragments, among them some very 
toxic for the cells. The proteolysis is mediated by the multiple
intracellular proteolytic enzymes, among them especially the 
calpain proteolytic system (cp, calpain proteases). The obtained 
fragments are mainly toxic for a lot of cellular functions, for 
example the mitochondria oxidation (electron transport chain), 
cytoskeletal assembly, and stability. SR-B1 recycles and returns to 
the luminal membrane. Liberated HDL is partially wrecked and 
one part is used for the cell necessity. The other part continues 
its pathway to the abluminal membrane, and there is exocitosed 
into the capillary basement membrane. There it continues its 
binding with ApoEε4 (effect of ABCA1) produced by astrocytes, 
and exits from the basement membrane (BM) into the neuropil, 
or continues its movement along the perivascular pathway with 
the accepted Aβ. On Fig.4 there is also presented the extracel-
lular space with astrocytes which synthesise and secrete HDL 
and ApoE. There are also visible the Aβ monomers. A major part 
of generated HDL is served for the cells necessity, and the other 
part enters into the perivascular drainage pathway and leaves the 
brain (Fig.4) 28,-30).

Fenton reaction and *OH generation
Along with the strong extracellular intracerebral Aβ accumula-
tion and aggregation, in AD, in the brain region, occurs simulta-
neous accumulation of transition metals, among them especially
iron ions. It is considered that the main reason for this event lies 
in the decreased drainage of iron, especially along the perivascu-
lar pathway. Linked with one transferin (Tf ) molecule, two ferric 
iron ions (Fe3+) at the level of BBB enter from the neuropil into 
the capillary basement membrane (as well as Aβ and a number of 
other molecules and waste products), and continue their move-
ment along the perivascular drainage pathway. In the case when 
in this pathway occurs an elevated concentration of Aβ mono-
mers (AD), which readily bind Fe3+ ions on their MBD (metal 
binding domain-His 6,His13,His14) the monomers mutual 
contacts and binding become much easier and frequent with the 
elevated Fe3+ reduction (“electron hop”) in Fe2+ (MetS35 on one 
monomer by its oxidation dismisses an electron to Fe3+), with 
the consequent accelerated Fenton reaction with *OH radical 
spreading. *OH radical overproduction primarily leads to the 
dangerous oxidative attacks (electron stealing) on the VSMCs 
cell membranes with their deterioration and fatty acids peroxida-
tion. Earlier in the text, in the paragraph about lipid peroxida-
tion, these events were explained in detail (Fig.5) 7,12-16).

Main receptors included in the perivascular 
drainage
Basement membranes of cerebral capillaries are the starting 
points of the perivascular drainage pathway. Biological mem-
branes on the luminal side of endothelial cells of BBB are struc-
tures in which are embedded a number of vital receptors.
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Among them, it is necessary first to present the receptor for 
advanced glycation end products (RAGE) and explain its func-
tion. It is a transmembrane protein and belongs to the immuno-
globulin superfamily. It can interact with multiple ligands such 
as advanced glycation end products (AGEs), high-mobility group 
protein (B)1 (HMGB1), S-100 calcium-binding protein, Mac-1, 
phophatidylserine, and amyloid-β-protein. After binding Aβ, 
RAGE, located on the apical endothelial cell side, induces its in-
ternalization and transcytosis from apical to the basolateral side,
and its partial entrance into the brain. A portion of Aβ at the 
level of capillary basement membrane diverges from this route, 
and continues moving along this membrane and basement mem-
branes of the perivascular pathway. In the case of elevated Aβ 
concentration or the decline of the perivascular drainage, the Aβ 
local accumulation and aggregation can occur. This can also hap-
pen in the case of the decline of the ApoEε4 lipidation. RAGE 
expression levels are increased in cerebral vessels endothelium 
during aging and in AD 31).
LRP1 (low-density lipoprotein receptor-related protein-1) is a 
large endocytic receptor for many ligands located on the luminal 
and abluminal cell membrane of the BBB endothelial cells. It 
is involved in the lysosomal endocytosis and transcytosis of Aβ 
which enters into the cells from the capillary basement mem-
branes. In these membranes Aβ arrives from the blood by RAGE
activity. Bound with the angiopep 2, it can be transported from 
the blood into the brain, through the cell, as covalently conju-
gated drug. LRP1 expression levels decline in AD and in the 
course of aging. LRP1 is predominantly generated in the neurons 
and secreted into the interstitial fluid (ISF). It is abundantly ex-
pressed in neurons, glial cells and VSMCs. It has a great impor-
tance in maintaining brain homeostasis. After Aβ endocytosis, it 
efficiently recycles back to the cell surface 32,33).
LDLR ( low-density lipoprotein receptor) and SR-B1 (scavenger 
receptor class B type 1) are surface receptors, located on the lu-
minal side of the endothelial cell membrane. LDL and HDL par-
ticles are mainly synthesized in the liver and are carried through 
the body by circulating blood. However, they are also synthesized 
in the brain by astrocytes. The mentioned receptors internalize 
the LDL and HDL particles into the cells. After effective inter-
nalization, both receptors are recycled to the luminal membrane. 
Lipoprotein particles in the cytoplasm are subjected to the
effects of lysosomes which break them down and recycle their 
constituents for different functions. A portion of lipoproteins 
probably pass intact from the cytosol, across the abluminal part 
of the cell membrane, then enter the basement membrane, and 
bound with ApoE, serve for Aβ transport along the perivascular 
drainage pathway. It is also possible that lipoproteins, produced 
by astrocytes, cross the paravascular space and enter the capillary 
basement membrane 34,35).
ABCA1 (ATP-binding cassette transporter A1) receptor, ex-
pressed at the abluminal side of the endothelium, induces the 

lipidation of ApoE, i.e. the binding of ApoE (res. 244-272) with 
molecules on the lipoprotein surface. It is an important factor for 
the efficient binding of Aβ (res. 12-18) with ApoE (res.136-150). 
The developed complex Aβ/ApoE/HDL or LDL, dependent on 
allelic structure, transports Aβ along the perivascular drainage 
pathway. The transport which includes e4 allele is very weak, and 
consequently, Aβ accumulation and aggregation in the drain-
age system, and generally, is strong. The expression of ABCA1 
declines with aging and in AD36). 
The receptor solute carrier family 40 member ferroportin1 
(FPN1), is embedded in the abluminal side of the endothelial 
cell membrane. It transports Fe2+ out from the cell. Immediately 
after its exit, Fe2+ becomes oxidised by hephaestin (Hp) in Fe3+, 
and binds with transferin (Tf ), locally present in the basement 
membrane. Iron in the form of Fe3+ cannot be transported along 
the perivascular drainage pathway. In the case of the drainage 
drop, Fe3+ also accumulates, and connected with the elevated 
values of Aβ, is reduced in Fe2+ and enters the Fenton reac-
tion. The *OH generation is the normal subsequent event. It is 
the only known iron exporter. Hephaestin is a transmembrane 
copper-dependent ferroxidase, functionally closely bound with 
the FPN1 receptor, responsible for the oxidation (electron loss) 
and transport of ferrous iron (Fe2+) from the cell interior across 
its abluminal cell membrane. The obtained Fe3+ binds promptly 
with the locally present transferrin (Tf )37).
The receptor P-glycoprotein1, ATP-binding cassette sub-family B 
member1 (ABCB1) is located on both sides of the cell mem-
brane. Coordinated with LRP1, this receptor can transport
intracellular Aβ into the vascular lumen. Its role on the ablumi-
nal side is a questionable, but it is possible that here, it blocks the 
entry of Aβ into the cell. In AD and during aging its expression
declines38,39).
The transferin receptor (TfR) imports iron (Fe3+) into the cell 
by internalizing the Fe3+/transferin (Tf ) complex through the 
receptor-mediated endocytosis. It is a transmembrane glyco-
protein, located on the luminal and abluminal sides of capillary 
endohelial cells. According to some studies, it seems that during 
aging, there is a not exactly confirmed decrease in the sTfR con-
centration. (s, serum)40-42)
Events related to the scavenger receptor class B type 1(SR-B1) are 
explained in detail in the paragraph about the ApoEε4 apolipo-
protein lipidation (Fig.4).

The current prevention and therapy for AD
Unfortunately, it is evident that nowadays there still does not 
exist an effective prevention and therapy for AD and. The actual 
therapy for AD with cholinesteraze blockers (donepezil, rivastig-
mine, galantamine) is not satisfactory, and a number of other 
current therapeutics have a problematic effect. Currently, there 
are also attempts with immunotherapy, therapy with free radical 
scavengers and chelators (for example curcumin).The therapy 
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with crosslinker breakers is also widely used. The correction 
of the fasting glucose level (nonenzymatic glycosylation of Aβ 
retardation) has an important preventive role. Generally speak-
ing, presently the therapy of AD includes antioxidants, AGE 
breakers, RAGE blockers and antiglycation compounds.
Nowadays, there are actual investigations about the effects 
of alagebrium (ALT-711), aminoguanidine, DPTC, tiamine, 
benfotiamine, and piridoxamine. Related to the extracellular Aβ 
degradation, the effects of neprilysine (metalloendopeptidase) 
and matrix-metalloproteinases 2, 3 and 9 inhibitors, are inten-
sively investigated, as well as the functions of proteasomes and 
the ubiquitin-proteasome route. It is also necessary to mention 
vitamin C, vitamin E, superoxide dismutase (SOD), curcuma, 
Ginkgo biloba, and green tea (among the polyphenols found in 
green tea the most important is epigallocatechin-EGCG).5,6,43-46). 
In this paragraph regarding the current prevention and therapy 
it is necesary to emphasize the memantine as N-methyl-D-aspar-
tate receptor (NMDAR) blokader. By this action it protects the 
brain cells from the harmful effects of, in AD, elevated concen-
trations of released glutamate from damaged brain cells. It is also 
important to emphasize the cholinesterase blockaders: Aricept 

(donepezil hydrochloride), Axelon (rivastigmine), and Raminyl 
(galantamine hydrochloride). Apart from acetylcholine blockers 
and NMDA receptor antagonists, there are no other generally 
accepted medications or supplements. Previous researches on 
antioxidants, AGE breakers, RAGE blockers and antiglycation 
compounds haven’t reached scientific evidence to be accepted as 
standard therapy for AD 5).
It is justly to hope that the problem of the effective prevention 
and therapy of AD will be solved in the near future.

Conclusion
Due to the great importance of the Aβ accumulation and ag-
gregation in the AD brain, it is evident and logical that a number 
of recent investigators and their institutions increasingly take 
part in the research of the etiology, genetics, and patophysiology 
of this disease. These investigations are especially related to the 
failures of perivascular drainage and modes of its improvement.
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Abstract:
Alkaptonuria (AKU) is a rare autosomal recessive metabolic disease caused by a disorder of phenylala-
nine and tyrosine metabolism, resulting in accumulation and deposition of homogentisic acid (HGA) 
in the body. This deposition further causes progressive functional disorders in different organ systems, 
with the locomotor system being the most affected one. A specific triad of symptoms occurs in patients 
suffering from AKU: 1. at birth, a change of urine color is present when urine is exposed to air, 2. oc-
currence of dark pigmentations in connective tissues becomes visible over time, 3. complications of the 
locomotor, urogenital and cardiovascular systems present gradually. 
Arthropathia ochronotica occurs in patients suffering from AKU due to precipitation and deposition 
of HGA in the joint tissue (cartilage, tendons, ligaments, menisci, etc.). The accumulation can be seen 
as small foci of blue-black pigmentations. HGA deposits in collagen fibers, causing tendons and liga-
ments thickening. This causes them to be less resistant to mechanical forces, resulting in frequent rup-
tures caused by minimal trauma. Also, the deposition facilitates cartilage degeneration, often requiring 
an operative treatment. The knees are the most commonly affected joints, while changes can be seen in 
the spine and other large joints. 
As there is no specific treatment, alleviation of symptoms is the only treatment option. It has the goal 
of increasing individual functionality and quality of life. As an option for end-stage treatment, joint 
replacement surgery proved to be effective. In the future, an enzyme replacement therapy or gene 
therapy may be developed to treat AKU successfully. 

Keywords: alkaptonuria; ochronosis; joint diseases; diagnostic imaging; therapeutics; 

Sažetak:
Artropatija ohronotika
Alkaptonurija (AKU) je rijetka autosomno recesivna metabolička bolest uzrokovana poremećajem 
metabolizma fenilalanina i tirozina, što rezultira nakupljanjem i taloženjem homogentizinske kiseline 
(HGA) u tijelu. Ovo taloženje uzrokuje progresivne funkcionalne poremećaje u različitim organskim 
sustavima, pri čemu je najčešće zahvaćen lokomotorni sustav. Specifična trijada simptoma javlja se u 
bolesnika koji pate od AKU: 1. pri rođenju je vidljiva promjena boje urina kada je urin izložen zraku, 
2. pojava tamnih pigmentacija u vezivnom tkivu s vremenom postaje vidljiva, 3. postepeno se razvijaju 
komplikacije koje zahvaćaju lokomotorni, urogenitalni i kardiovaskularni sustav.
Artropatija ohronotica javlja se u bolesnika koji pate od AKU zbog taloženja HGA u zglobnom tkivu 
(hrskavica, tetive, ligamenti, meniskusi itd.). Akumulacija se može vidjeti kao mala žarišta plavo-crnih 
pigmentacija. HGA se taloži u kolagenskim vlaknima, uzrokujući zadebljanje tetiva i ligamenata. 
Zbog toga su ona manje otporna na mehaničke sile, što rezultira čestim puknućima uzrokovanim 
minimalnom traumom. Također, taloženje ubrzava degeneraciju hrskavice, što dovodi do češće potrebe 
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Introduction
Alkaptonuria (AKU) is a rare autosomal recessive metabolic 
disease caused by disorder of phenylalanine and tyrosine metabo-
lism, resulting in the accumulation of homogentisic acid (HGA). 
It is caused by mutations in the homogentisate 1,2-dioxyge-
nase gene (HGD) on chromosome 3q13.33 1–3. The HGD gene 
consists of 14 exons and spans 54.363 bp which code for HGD 
hexamer protein. Many different variants of the HGD have been 
reported, of which majority represent missense mutations 4. All 
variants are summarized in the HGD mutation database (http://
hgddatabase.cvtisr.sk/). The incidence of AKU is estimated 
at 1:250 000 to 1:1 000 000 5. However, the incidence varies 
greatly between countries, with an estimated incidence at 1:19 
000 in countries such as Slovakia and the Dominican Republic 
6–8. Signs of AKU were first described on Egyptian mummies 
(Harwa) dating from around 3500 years ago. In 1584, Scriboni-
us described a case of a young male patient whose urine became 
dark when it was exposed to air. In 1866, Virchow described that 
he found yellow and brown pigmentation of intervertebral discs, 
larynx cartilage, bronchi cartilage, menisci, articular cartilage, 
and atherosclerotic plaques in blood vessels while performing an 
autopsy of a 67-year-old male. He named the condition “ochro-
nosis” (“the yellow disease”) 9–11. The term „alkapton“ was first 
used by Boedeker in 1859, by which he described a lower level of 
HGA excretion from the body. In 1908, Garrod suggested that 
AKU is a hereditary metabolic disease, while Neubauer described 
the pathological disorder of tyrosine metabolism in 1909 12. 
In some cases, AKU may present as an arthropathy, called ar-
thropathia ochronotica. Arthropathy is defined as a pathological 
change of a joint that can be caused by many different etiologies. 
These changes are characterized by the destruction of cartilage 
and subchondral bone, which may result in deformation of the 
joint with subsequent instability, joint contracture, reactive hy-
pertrophy of the synovial tissue, precipitation and deposition of 
substances in the joint, as well as with the formation of intra-ar-
ticular loose bodies 13. They might be caused by impaired inner-
vation (central or peripheral nervous system injuries), inadequate 
vascularization, bleeding into the joint due to coagulopathies 
(hemophilia A and B), endocrine disorders, metabolic disorders, 

za operativnim liječenjem. Koljena su najčešće zahvaćena, dok se promjene također mogu vidjeti na 
kralježnici i drugim velikim zglobovima.
Kako ne postoji specifično liječenje, ublažavanje simptoma jedina je opcija liječenja. Cilj mu je 
povećati individualnu funkcionalnost i kvalitetu života. Kao opcija za završnu fazu liječenja, ugradnja 
umjetnih zglobova pokazala se sigurnom i učinkovitom. U budućnosti se očekuje razvoj enzimske ili 
genske terapije za uspješno ciljano liječenje AKU.

Ključne riječi: alkaptonurija; ohronoza; bolesti zglobova; dijagnostika; terapija;

connective tissue diseases etc. Arthropathies should be distinct 
from inflammatory and degenerative diseases of joints. However, 
it can often be found in the literature that inflammatory diseases 
are described as arthropathies, i.e. psoriatic arthropathy/psoriatic 
arthritis. The deposition of certain substances into the joint tis-
sue is a characteristic of metabolic arthropathies 14. Arthropathia 
ochronotica is a result of precipitation and deposition of HGA 
in the joint tissue (cartilage, tendons, ligaments, menisci, etc.). 
Ochronotic degenerative changes of the knee occur in 64% of 
patients between the age of 40 and 50 15. However, changes were 
also noticed in older patients 16. Changes of shoulders are present 
in 43% of patients, while hips and sacroiliac joints are affected 
in 35% of patients 15. A study of 58 patients suffering from AKU 
reports on 29 joint replacement surgeries performed in this pa-
tients, with 50% of them undergoing at least one joint replace-
ment surgery by the age of 55 years 17. 

Pathophysiology and pathology
Patients suffering from AKU lack an enzyme needed for HGA 
oxidation in the liver, which causes its insufficient renal excre-
tion and accumulation in the body 1,7. (Figure 1.) The excessive 
amount of HGA in the body is excreted into urine. A character-
istic sign of AKU is that the urine becomes dark due to oxidation 
when exposed to air. At a younger age, the deposition of HGA is 
slower because the excretion by kidneys is more efficient, so the 
usual onset of symptoms is in the third or fourth decade of life 18. 
As HGA accumulates in the body, it deposits in collagen fibers 

19. This deposition causes progressive functional disorders in 
different organ systems, with the locomotor system being the 
most affected one 20. The accumulation can be seen as small foci 
of blue-black pigmentations most commonly in hyaline cartilage, 
synovial tissue, and intervertebral discs. (Figure 2.) The deposi-
tion of HGA facilitates cartilage degeneration, often requiring an 
operative treatment such as joint replacement. (Figure 3.) Articu-
lar cartilage is mostly affected on the weight-bearing surface, in 
contrast to inflammatory arthritis, where the loss of joint space is 
symmetrical on all parts of the joint surfaces 21.



Review Article

RAD 544. Medical Sciences 52-53 (2020) : 56-62                       www.rad-med.com 58 December 2020   -   Vol 544 = 52-53

Clinical presentation
First clinical signs of AKU are noticed on the locomotor system. 
The knees are the most commonly affected joints, while changes 
can also be seen in the spine and other large joints such as hips 
and shoulders 22,23. The most commonly affected tissues are 
intervertebral discs and articular cartilage of joints, which are 
susceptible to fragmentation. The changes of the spine lead to 
kyphosis, loss of lumbar lordosis, and height loss 15. Patients typi-
cally have pain and a limited range of motion 24.
Symptoms may often be similar to those present in inflamma-
tory arthritis (i.e. rheumatoid arthritis, ankylosing spondylitis, 
gout) or degenerative diseases. When large joints are affected, 
symptoms are similar to those present in degenerative diseases 
or rheumatoid arthritis. Patients have joint swelling, synovitis, 
osteoporosis, and a reduced joint range of motion. Joint swelling 
is usually a consequence of a reactive hypertrophy of the synovial 
tissue caused by the ochronotic fragmentation of articular carti-
lage. If arthrocentesis is performed, small black fragments may be 
found in the synovial fluid, which is known as “ground pepper 
sign” 2. This finding may often be misinterpreted as gout, which 
is arthritis caused by urate crystal precipitation.
Due to the deposition of HGA in collagen fibers, tendons and 
ligaments might be thickened. This causes them to be less resist-
ant to mechanical forces, resulting in frequent ruptures caused by 
minimal trauma 2. Also, deposition of HGA into collagen fibers 
in bones causes osteoporosis, which results in an increased risk of 
fragility fractures. In such cases, a typical finding is a moth-eaten 
appearance of bones on radiographs 24. However, spinal fractures 
do not occur often 10.
Degenerative changes may affect other systems as well. In the 
cardiovascular system, changes occur on the mitral and aortal 
valve as fibrosis and calcification, which leads to their insuf-

ficiency. Also, calcification occurs in coronary arteries, causing 
ischemic changes of the heart. These changes may lead to a need 
for valve replacement surgery. If the urogenital system is affected, 
patients have calcinosis of the kidney, urinary bladder, or pros-
tate, which may be identified on radiographic and ultrasound 
imaging. Also, blue-black pigmentations may be present on the 
skin, base of the nails, in sclerae (Osler’s sign), as well as in carti-
lage of the nose and ears 25. 

Diagnosis
Diagnosis of arthropathia ochronotica can be made based on 
thorough symptoms and past medical history analysis. In child-
hood, a usual sign is that used diapers are colored black. Despite 
that fact, in the first year, diagnosis is usually made in only 21% 
of patients 7,17. Diagnosis is most commonly made in the third 
and fourth decades 25. The first symptom that patients notice is 
pain in the joints, although some of them may present with renal 
colic or cardiovascular symptoms. 
After suspecting of arthropathia ochronotica, a further diagnostic 
imaging is issued 21. When performing plain radiographs of joints, 
different stages of degeneration may be noted. Joint space is usu-
ally narrowed, and osteophytes, subchondral sclerosis, periarticular 
calcifications, and degenerative cysts may be present. A typical 
finding is that degenerative changes are far more advanced than 
expected for the patient’s age. One characteristic of arthropathia 
ochronotica is that it does not affect small joints of hands and feet, 
which is a characteristic of rheumatoid arthritis 26.
Spinal ochronosis may mimic symptoms of ankylosing spon-
dylitis. However, diagnostic imaging helps to distinguish these 
two entities. In patients suffering from arthropathia ochronotica, 
a characteristic findings are degeneration and calcification of 

Figure 1. Metabolic path of phenylalanine and tyrosine degradation in the body. Alkaptonuria is a genetic disease 
affecting the activity of homogentisate 1,2-dioxygenase, resulting in accumulation of homogentisic acid in the body. 
(Adapted from reference 8.)
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Figure 2. Intraoperative images during an arthroscopic toilette of the knee in a patient 
suffering from arthropathia ochronotica. Pigmentation of the hyaline cartilage, menis-
cus, synovial membrane and articular loose bodies are visible in the knee joint.

 

Figure 3. Resected parts during a total knee replacement surgery of a patient who was 
suffering from arthropathia ochronotica. A) Parts of the femoral condyles and trochlea 
with visible blue-black pigmentation. B) Parts of the patella with visible blue-black 
pigmentation. C) Part of the tibia with visible blue-black pigmentation. D) Part of 
the resected synovial tissue colored dark.

intervertebral discs (wafer-like disc) in the lumbar spine, narrow-
ing of the intervertebral space, and formation of spondylophytes, 
with no pathological change on facet joints 15,24. In some patients, 
a sclerosis of sacroiliac joints may be observed; however, these 
joints do not show signs of ankylosis. On the other hand, in 
patients suffering from ankylosing spondylitis, the intervertebral 
spaces show no signs of narrowing, calcifications are present in 
the annulus fibrosus, facet joints are ankylosed, and the sacroiliac 
joints are affected symmetrically 26. 
Moreover, in patients with arthropathia ochronotica, it is pos-
sible to observe calcinosis of the kidneys, urinary bladder, or 
prostate on plain radiographs. 
Further diagnostic imaging includes an ultrasound for analyzing 
calcinosis of the urogenital system, identification of calcification 
in the cardiovascular system, and for analyzing tendon and liga-
ment continuity. Furthermore, computerized tomography for the 
analysis of the pathology of the urogenital system and joints, and 
magnetic resonance imaging for the assessment of the cartilagi-
nous, bony and soft tissue pathology of joints 21. Moreover, in 
some cases even PET/CT was used 27.
AKU is diagnosed based on the increased levels of HGA in the 
urine (> 4 – 8 g/24 h) and in the blood (0.018–0.165 mM vs. 
0.014–0.071 µM in healthy patients) 8,28. In contrast to patients 
who have rheumatoid arthritis or ankylosing spondylitis, blood 
workup for rheumatoid factors and HLA-B27 are negative in 
patients suffering from AKU. A biopsy of the affected tissue can 
further confirm the diagnosis. Synovial biopsy may show typical 
findings such as inflammation, multiple pigmentation of the 
connective tissue, reactive osteoclasts and macrophages contain-

ing pigmentation 2,29. Moreover, a database of cartilage histol-
ogy slides of AKU patients is available online, together with an 
algorithm helping the researcher to determine whether the slide 
contains deposits characteristic for AKU 30.
Differential diagnosis of AKU includes melanoma, porphyria, 
porphyria cutanea tarda, paroxysmal nocturnal hemoglobinuria 
of poisoning with arsenic or silver. An interesting finding is that 
only 43% of patients are diagnosed and treated for AKU, while 
others are mistreated, mostly for melanoma or porphyria 10,31. 
Also, exogenic AKU (pseudo-ochronosis) was described 10, 32, 33. It 
is an acquired condition that only occurs as a cutaneous disorder 
without systemic manifestations 33. It may be caused by chronic 
use of medications containing hydroquinone, phenol, resorcinol, 
mercury, or by use of levodopa and antimalaria drugs 10, 32. The 
exact cause of pseudo-ochronosis is not known; however, the 
most accepted theory suggests medications cause competitive 
inhibition of homogentisate 1,2-dioxygenase in the skin 33.

Treatment
Currently, there is no causal treatment of arthropathia ochro-
notica. Symptomatic treatment has the goal of alleviating the 
patient’s pain and improve their functionality and quality of life. 
Patients are usually on a specific diet, weight regulation is recom-
mended, and they regularly undergo physical therapy. In the 
early phase of joint degeneration, a conservative approach is used 
in order to decelerate degeneration. Injections of hyaluronic acid 
may be applied to affected joints. In patients whose symptoms 
persist, an arthroscopic toilette of the joint may be performed 
(i.e. removal of articular loose bodies, synovectomy, meniscec-
tomy, etc.). (Figure 2.) In the late phase of joint degeneration, 
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joint replacement surgery may be performed, and it is consid-
ered to be a safe and valid treatment option 34–37. (Figure 3.) 
Nonsteroidal anti-inflammatory drugs and immunosuppressive 
therapy may be used, as well as antiresorptive medications for the 
prevention of osteoporosis and fragility fractures. Some authors 
recommend a diet with a low consumption of proteins (to avoid 
intake of phenylalanine and tyrosine) and with a high intake of 
antioxidants (which prevent oxidation of HGA) such as ascorbic 
acid 2. However, these recommendations haven’t been confirmed 
to be effective by a clinical study. 
As a treatment option, some authors suggest the use of a 
herbicide nitisinone (2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-
cyclohexanedione), a competitive inhibitor of the 4-hydroxy-
phenylpyruvate dioxygenase enzyme, which is essential for the 
creation of HGA. The hypothesis is that the use of nitisinone 
in childhood prevents the development of complications in 
adulthood in patients suffering from AKU. Also, if nitisinone 
is used in adult patients, it should decelerate the progression of 
the disease and the development of complications. The use of 
nitisinone reduces the level of HGA in the blood and lowers the 
urinary excretion up to 70% 10. The phase III of SONIA 2 clini-
cal trial testing nitisinone in the treatment of AKU was com-

pleted in 2019, and showed promising results in treatment of 
this rare disease 38,39. Furthermore, an interesting finding is that 
liver transplantation may reduce the level of HGA in the blood 8. 
Also, as the gene for alkaptonuria is identified, there is a possibil-
ity that gene therapy may be developed in the future 10,40.

Conclusion
In patients suffering from AKU, there is a lack of homogentisate 
1,2-dioxygenase enzyme responsible for the oxidation of HGA 
to maleylacetoacetic acid, consequentially increasing the level of 
HGA in the body. This accumulation results in a triad of symp-
toms: 1. at birth, a change of urine color is present when urine is 
exposed to air, 2. occurrence of dark pigmentations in connective 
tissues becomes visible over time, 3. complications of the loco-
motor, urogenital and cardiovascular systems present gradually. 
As there is no specific treatment, alleviation of symptoms is the 
only treatment option. It has the goal of increasing individual 
functionality and quality of life. As an option for end-stage 
treatment of arthropathia ochronotica, joint replacement surgery 
proved to be an effective treatment option. In the future, an 
enzyme replacement therapy or gene therapy may be developed 
to treat alkaptonuria successfully. 
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Abstract:
Rabies is an ancient disease, known worldwide for a thousand years. Nowadays, vast areas of Western 
and Central Europe have been freed from rabies. To mark the expectation that Croatia will be offi-
cially declared free of classical terrestrial rabies by 2020, this paper was written to present a historical 
overview of the epidemiological characteristics of rabies in Croatia, based on literature data. Rabies in 
humans and animals was described in the 19th century on the Croatian territory as a significant public 
health problem. It caused considerable human and animal death. One of the oldest report of rabies in 
Croatia is dated in 1783, when two people from the city of Šibenik were bitten by a rabid cat and a 
rabid dog. Epidemics of rabies that were spread by packs of stray dogs prompted the state authorities 
in the second half of the 19th century to control the movements of these dogs. The first announce-
ment of taxes on dogs in Croatia was recorded in 1857. However, it was introduced as early as January 
1st, 1867. The first campaign of preventive dog vaccination by a phenol vaccine prepared from virus 
fixé, was performed in 1933. Dog vaccination and strict control measures resulted in the reduction 
of dog-mediated rabies cases to zero in the whole of Croatia in 1967. Ten years later, the first cases 
of sylvatic rabies in Croatia were detected in three foxes. By the end of 1986 rabies was found in the 
whole territory of Croatia apart from Dubrovnik and the islands. Introduction of oral vaccination of 
foxes throughout the whole Croatian territory in 2011, resulted in the rapid decrease of rabies cases in 
animals to zero in 2014. Recent studies have been focused on rabies in bats. Neutralizing antibodies 
against the European bat lyssavirus-1 were detected in bats which proves that the bat population in 
Croatia was in contact with the virus.

Keywords: rabies, Croatia, animals, history

Sažetak:
Bjesnoća je od davnina poznata i proširena diljem svijeta. U novije doba zemlje zapadne i središnje 
Europe slobodne su od bjesnoće. Očekuje se da će 2020. godine i Hrvatska biti proglašena slobodnom 
od klasične (zemaljske) bjesnoće pa je taj događaj bio poticaj za pisanje ovog preglednog članka, koji 
je napisan sa svrhom da se pruži opširan prikaz zapisa, znanstvenih i stručnih članaka objavljenih o 
bjesnoći u Hrvatskoj. Bjesnoća je u 19. stoljeću predstavljala značajan javnozdravstveni problem. Bila 
je čest uzrok neizbježne smrti čovjeka i uginuća životinja. Jedan od najstarijih opisa bjesnoće u ljudi 
ugriženih od bijesnog psa i bijesne mačke na području grada Šibenika objavljen je 1783. Epizootije 
bjesnoće među psima lutalicama prinudile su državne vlasti u drugoj polovici 19. stoljeća da donesu 
kontrolne mjere o kretanju takvih pasa. Godine 1857. najavljeno je uvođenje poreza na pse. Uz 
odredbe o nošenju pasjih markica taj je porez uveden tek 1867. Prvo opširno cijepljenje pasa fenolnim 
cjepivom pripravljenim od “virusa fixe” provedeno je 1933. godine. Cijepljenje i stroge kontrolne 
mjere dovele su postupno da smanjenja broja bijesnih pasa i do iskorjenjivanja urbane bjesnoće 1967. 
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Introduction
Rabies (lyssa, hydrophobia) is a fatal viral zoonosis caused by 
viruses belonging to the genus Lyssavirus, family Rhabdoviridae 
infecting all warm-blooded mammals. The disease is a major 
public health threat. More than 99% of human rabies cases 
occur in developing countries. The World Health Organization 
(WHO) reported that around 59,000 human deaths occur an-
nually around the world due to dog-transmitted rabies. Human 
cases are prevented by prompt administration of post-exposure 
prophylaxes. However, control and elimination of rabies world-
wide is only feasible by vaccination of reservoir populations, 
dogs and foxes. A country can be declared free of dog rabies if 
indigenously acquired dog-mediated rabies cases have not been 
confirmed in humans, dogs or any other animal species for at 
least 2 years.1

WHO, the Food and Agriculture Organization of the United 
Nations (FAO), and the World Organization for Animal Health 
(OIE) launched a new United Against Rabies Forum, aimed at 
accelerating worldwide progress towards the elimination of hu-
man deaths from dog-mediated rabies by 2030. It is emphasized 
that rabies is still killing one person every nine minutes, and 
almost half of them are children.2

Three facts prompted us to present this short historical perspec-
tive of rabies in Croatia. (1) The European Union (EU) an-
nounced major vaccination programmes for rabies eradication in 
wildlife. The goal was to eliminate wildlife rabies from the EU 
by 2020. It was emphasized that a major effort is still needed, 
particularly in areas close to the eastern borders of the EU. All 
Member States have applied rabies surveillance systems, oral 
rabies vaccination of foxes (ORV) by aerial bait distribution, 
monitoring of bait distribution, and fox population immunity. 
The reduction of reported wildlife rabies cases is the most impor-
tant proof that rabies elimination from Europe is progressing.3 
(2) The Institute Pasteur (along with its local Department in 
Velika Gorica) was set up in Croatia in Zagreb 102 years ago, i.e. 
in 1918, after the collapse of the Austro-Hungarian Empire. As 
in other countries, its role is to administer vaccines for rabies and 
antirabies protection. Before its establishment, all people exposed 
to rabies virus had to travel to Budapest or Vienna for post-expo-
sure treatment (PET) rabies prophylaxis. The first post-exposure 

godine. Deset godina kasnije u Hrvatskoj su se u lisica pojavili prvi slučajevi silvatične bjesnoće. Do 
1986. silvatična bjesnoća zahvatila je sve krajeve Hrvatske osim dubrovačkog područja i otoka. Sus-
tavno oralno cijepljenje lisica protiv bjesnoće započelo je 2011. godine, a posljednji slučaj bjesnoće u 
lisica zabilježen je 2014. godine. Nova istraživanja usredotočena su na bjesnoću u šišmiša, a publikacija 
iz 2018. godine iznosi da su neutralizacijska protutijela dokazana u šišmiša iz hrvatskih špilja. 

Ključne riječi: bjesnoća, Hrvatska, životinje, povijest 

treatment of a patient bitten by a rabid dog in Croatia took place 
in Zagreb on 26th of December 1918.4,5,6 (3) The last positive 
animal case of rabies in Croatia was recorded in a fox in February 
2014, however, a comprehensive description of the efforts taken 
to eliminate rabies in Croatia by oral rabies vaccination of foxes 
was published in 2018, a 100 years after the first PET in Croa-
tia.7 Moreover, it was announced that the next step for Croatia is 
obtaining the official status of a rabies-free country.8

Lyssaviruses
Currently, 17 species are assigned to the genus Lyssavirus. Lys-
saviruses are distributed worldwide, except in Antarctica and 
some isolated islands.9 The classical rabies virus (RABV) is the 
archeotype of the genus Lyssavirus. Bats (order Chiroptera) have 
been recognized as the principal reservoir hosts for 15 species of 
lyssaviruses. Among them, the Mokola and Ikoma lyssaviruses 
have not been reported in bats.1 Mokola has often been isolated 
from rodent species, however Ikoma has only been isolated 
from a rabid African civet (Civettictis civetta).10 Bat transmitted 
human rabies is rare but not negligible. However, in countries 
where terrestrial rabies has been eliminated, bat rabies remains a 
constant threat, as shown by human cases of bat rabies in North 
America.11

All lyssaviruses cause acute progressive encephalitis in mam-
mals, being transmitted by infected saliva directly through bites, 
scratches or mucous membranes. As a neurotropic pathogen, 
delivered into a wound by a bite or wound contamination, the 
lyssavirus can replicate at the inoculation site in skeletal muscle 
cells.12 After reaching the motor or sensory neurons, the virus 
propagates up to the central nervous system (CNS) via neuronal 
connections and retrograde axonal transport. From the CNS, 
the virus disseminates rapidly. Soon all regions of the CNS may 
be affected. The asymptomatic incubation period varies (two 
months on average), however the symptomatic clinical period is 
rapid and severe (about one week).13

Canine rabies
In the past centuries, rabies occurred predominantly in dogs. 
Canine rabies is still widespread, occurring in over 100 countries 
and territories, predominantly in the developing world. More 
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than 95% of human rabies cases are transmitted by dogs. There-
fore the control and elimination of rabies in dogs is essential for 
the prevention of rabies in human beings. Dog-mediated rabies 
has been eliminated in North America, western and central 
Europe, Canada, Japan, and parts of Asia and South America. 
Turkey is the only country in Europe where urban dog-mediated 
rabies persists.
Effective intersectoral cooperation within a “one health” ap-
proach, including animal and public health and mass parenteral 
canine vaccination, are the key to dog-mediated rabies control.1 
Annual canine vaccination coverage of at least 70% is considered 
sufficient to maintain the required level of herd immunity in 
the susceptible population, and to ensure control and eventual 
elimination of rabies.14

Wildlife reservoirs of rabies
Species of the orders Carnivora and Chiroptera are recognized 
as wildlife reservoirs of rabies. The epizootic of rabies that broke 
out in eastern Europe in 1939 was maintained by red fox (Vulpes 
vulpes) and racoon dogs (Nyctereutes procyonoides). This sylvatic 
rabies epizootic spread from Poland to Germany in 1940 and 
further to France in 1968 and Italy in 1980. It spread to the 
South at approximately 25-60 km per year.15 This wave reached 
Hungary in 1972 and Croatia in 1977.16,17 To control sylvatic 
rabies, oral rabies vaccination (ORV) of foxes with bait delivery 
systems proved to be a successful tool, and a prime example of 
a new strategy to eliminate disease from wildlife reservoirs. 18,19 
The first ORV field trial was conducted in Switzerland20 and 
was followed by other European countries. It led to the elimina-
tion of fox-mediated rabies from northern, western and central 
European countries.1 Once brought under control, additional 
campaigns are needed to eliminate rabies, and vaccination should 
be maintained for a period to ensure freedom from the disease.19 
Thanks to oral rabies vaccination programmes over the past three 
decades, Western and Central European countries have been 
freed from rabies, and the disease is expected to be eliminated 
from animal sources in the near future.21 
In the African continent, the domestic dog is the primary host. 
However, some rare African canids, such as the Ethiopian wolf 
(C. simensis) and African wild dogs (Lycaon pictus) are suspected 
of transmission of the rabies virus. In Southern Africa, jackals 
(Canis adustus and C. mesomelas) transmit the virus. Bat-eared 
foxes (Otocyon megalotis) and the mongoose (Herpestidae) are also 
sustained sources of rabies virus in Africa. In Namibia, the kudu 
(Tragelaphus strepsiceros) is suspected of direct oral transmission.1

The red fox (V. vulpes) is a primary source of the virus in conti-
nental Asia. In Russia, northern China and Korea, raccoon dogs 
(Nyctereutes procyonoides), and in Southern China and Taiwan 
ferret badgers (Melogale moschata) are reservoirs of the rabies 
virus. The red fox (V. vulpes) has been shown to sustain rabies in 
Israel, the West Bank, the Gaza Strip. In the Islamic Republic 

of Iran, Oman, Saudi Arabia and Yemen, the red fox (V. vulpes) 
and the golden jackal (C. aureus) are reported to be hosts of the 
rabies virus. In other countries in the Middle East and Asia, the 
red fox (V. vulpes), in North America the red fox (V. vulpes), the 
grey fox (Urocyon cinereoargenteus) and coyote (Canis latrans), 
on the Eastern Canadian border and the USA the primary host 
is the raccoon (Procyon lotor). In polar regions, the Arctic fox 
(V. lagopus) is the primary host, in California the striped skunk 
(Mephitis mephitis), in Mexico the skunk (Spilogale spp.) and 
coati (Nasua nasua), in South America the marmoset (Callithrix 
jacchus), the crab-eating fox (Cerdocyon thous), Kinkajou (Potus 
flavus) and coati (Nasua nasua). Finally, on Caribbean islands, 
including Cuba, the Dominican Republic, Grenada, Haiti and 
Puerto Rico, the Indian mongoose (Herpestes auropunctatus) is 
the primary host.1

Dog-mediated rabies
The most detailed historical data and analyses of rabies in Croa-
tia, recorded in books, brochures, circulars, regulations, and the 
press from the 18th and 19th centuries, with particular reference 
to their notions of the etiology, diagnosis, prevention, and treat-
ment of rabies, have been published by Karlović and Sudnik. 
When comparing their data with contemporary knowledge 
about rabies, we find a great many false beliefs described. Most 
of them actually give the opinions existing at that time in the 
neighbouring countries.22

According to Karlović et al.23, the oldest description of rabies, 
in two people from the city of Šibenik, bitten by a rabid cat 
and a rabid dog, was reported in 1783.24 Rabies in humans and 
animals in Croatia within the Austro-Hungarian Empire was 
often described in the 19th century as a significant public health 
problem. In the middle of the 19th century, several doctoral the-
ses on human rabies were published.23 Karlović et al. also wrote 
about the first report of rabies cases in dogs in 1822. In addition 
to the clinical picture, measures for control and reduction of the 
number of rabid animals (killing and burying killed and dead 
dogs) were also recorded.25 In a document printed in the city of 
Osijek in 1823, which is actually a pronouncement describing 
the signs of dog rabies and the rules for handling the carcass of a 
rabid animal, a drawing of a dog with paralytic rabies is given.6 
As reported by Karlović et al.23 and Mutinelli et al.6, in 1837 
the teacher, inventor and medical practitioner, Josip Lalić, was 
given official permission by the military authorities in Vienna 
to administer a cure for rabies. He considered that saliva was 
responsible for the transmission of ‘the toxin’.26,27 In his doctoral 
thesis, Čač (2003)28 recorded that, in an early report in 1872, it 
was stated that dirty water, food shortages, summer heat or bitter 
cold, fear, excitement and sexual dissatisfaction are causative 
agents of rabies.29

In the past, dog rabies epizootics occurred in many parts of 
Croatia. An example is the Varaždin County in northern Croatia, 
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where ordinary annual epizootics and individual cases of rabies 
in dogs and humans were recorded in the period from 1895 to 
1999. Treatments were reported in tens of postexposure human 
cases, and the forceful implementation of prophylactic measures, 
mainly dog vaccination, and the capture and culling of stray dogs 
described.30

Wide-spread epizootics and epidemics of rabies caused by packs 
of stray dogs in the second half of the 19th century, prompted the 
state authorities to control the movements of these dogs. The first 
indication of taxes on dogs in Croatia was recorded in 1857. The 
tax on dogs and dog tagging were introduced as early as January 
1, 1867. After much discussion, two years later, on 1st January 
1869, the order was enforced and all dogs found in the street 
without a dog tag had to be caught and culled. In the collection 
of the Archaeological Museum in Zagreb there are 208 dog tags 
from various Croatian towns and some neighbouring countries.31,32 
These measures reduced the dog population, but failed to solve the 
problem. At the beginning of the 20th century legislative regula-
tions were adopted in 1906/07 with the purpose of preventing the 
risk to human health and pollution of the environment, by taking 
and delivering material for analysis for rabies to the Bacteriological 
Institute in Križevci. Examples are given describing inappropriate 
packing, and the delivery of infectious material. A law was passed 
during the time of the Kingdom of Croatia and Slavonia.33 The 
rule book on dog keeping in the territory of Savska Banovina, 
issued in 1938, is an example of how the rules governing dog cen-
sus, dog keeping, fee payment, tag wearing etc. were explained in 
detail for dog owners.34 From that time, there are more and more 
reports of animal rabies in Croatia. 
After the First World War the rabies situation in the new ‘King-
dom of Serbs, Croats and Slovenes’ was particularly disturbing 
because the dog rabies epizootic had spread extensively.6 From 
1921 to 1925, 37 persons were treated at the newly founded 
Institute Pasteur in Zagreb (36 bitten by dogs, one by a wolf ). 
At first, the Högyes dilution method and the Alivisatos ether 
vaccine were used, and from 1929 to 1979, the Hempt vaccine 
was used. Croatia has not had a case of human rabies since 1964, 
except two imported cases in 1993, both of which ended in 
death at the Clinic for Infectious Diseases in Zagreb.6

According to Kodrnja, from the Department of Microbiology of 
the Veterinary Faculty of the University of Zagreb, canine rabies 
was widespread in Yugoslavia, as well as in Croatia, between the 
two world wars. He stated that in the whole of Yugoslavia four 
new cases of rabies appeared in domestic animals per day and 
one fatal case in humans per week. He proposed a number of 
preventive measures. The main measure was the preventive vac-
cination of dogs.35,36,37

Since the dog rabies epizootic had spread extensively, the need 
for a dog vaccination arose. The first preventive dog vaccina-
tions with the phenol vaccine prepared from virus fixé started in 
1933. Over a period of three years, laboratory experiments were 
performed on 1,166 dogs, 3,381 rabbits, 145 sheep, 5 cattle, 
9 horses, 4 goats, 153 guinea pigs, 62 rats and mice, 38 cats, 
3 pigs and 6 hens. Field trials were performed in five regions: 
Jastrebarsko, Kostajnica, Donja Stubica, Samobor and Sara-
jevo. Altogether 3,958 dogs were vaccinated, and 4,550 remain 
unvaccinated in those regions. In a period of two years before 
vaccination, 79 rabid dogs were detected, and in a period of two 
years after the vaccination 24 rabies cases were detected.38 In the 
subsequent field vaccination of dogs in Slavonia in 1940, 22,192 
animals were vaccinated with the virus fixé phenol vaccine, type 
Berlin. In the period of 12 months before vaccination 240 rabid 
animals were detected. In the same period after vacciantion only 
34 rabid dogs were detected.39 Unfortunately, during the Second 
World War the vaccination campaign did not result in a signifi-
cant reduction of the dog rabies epizootic. The number of stray 
dogs, wolves and foxes increased during the war. However, after 
introduction of compulsory vaccination of dogs, the incidence 
of rabies decreased from 368 cases in animals and 14 humans in 
1946, to 3 cases in animals and none in humans in 1955. Thus, 
in 1957 the incidence of rabies was significantly reduced (Table 
1). The number of vaccinated dogs increased from 7,929 in 
1946 to 139,132 in 1957. Mostly a vaccine prepared by Hempt’s 
method was used. In 1957, the total number of dogs culled was 
20,792.40 It should be said that the data about rabies cases in 
humans presented in Table 2 are not congruent with the number 
of human cases published by Mutinelli et al.6, who reported one 
case in 1952, and none in 1954. 
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Table 1. Cases of rabies in animals and humans in Croatia from 1946 to 1957.40

Table 2. Cases of rabies in Croatia from 1958 to 1966.41

Year Horses Cattle Sheep Goats Pigs Dogs Cats Wolfs Foxes In 
total 

Humans

1946 11 24 9 - 56 235 23 3 7 368 14

1947 1 46 4 - 54 224 4 4 23 360 17

1948 4 15 12 - 21 100 15 1 19 187 7

1949 1 11 1 - 6 26 6 - 1 52 1

1950 - 5 3 - 7 30 5 1 3 54 -

1951 - 1 - - 5 27 1 1 3 38 -

1952 1 9 - 5 35 - 4 1 2 57 2

1953 2 8 1 1 5 23 7 - 2 49 -

1954 1 27 1 - 1 21 7 - - 58 1

1955 - 1 - - 2 13 3 - - 19 -

1956 - 5 - 1 - - - - 1 7 -

1957 - 1 - - - 1 1 - - 3 -

Year Horses Cattle Sheep Goats Pigs Dogs Cats Wolfs Foxes In 
total

Humans

1958 - 3 - - - 5 - - - 8 -

1959 - - - - 3 17 - - - 20 -

1960 - 2 - - 1 6 1 - - 10 -

1961 - - - - 1 17 - - - 18 1

1962 2 1 - - 1 20 1 - - 25 -

1963 - - 1 - 1 10 - - 1 13 -

1964 - - - - - 7 - - - 7 1

1965 - - - - - 1 - - - 1 -

1966 - - - - - 2 - - - 2 -
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About 90% of the dog population was vaccinated each year 
in Croatia. Mainly Hempt vaccine was used. This vaccine was 
prepared as a 10% emulsion of the brains and spinal cords of 
horses, donkeys, and sheep infected with virus fixé. The virus was 
inactivated by 1% phenol. In 1962, a field trial with a new live 
Flury LEP vaccine strain was initiated. By using this vaccine, the 
complete elimination of urban rabies was acchieved. Simultane-
ously, strict veterinary sanitary measures were applied, especially 
the extermination of stray dogs. The last two cases of urban 
rabies in dogs were detected in Croatia in 1966 (Table 2). The 
existing control measures resulted in a reduction of rabies cases 
to zero in the whole of Croatia in 1967.41,42 For the next ten 
years Croatia remained rabies-free until 1977 when an epizootic 
of sylvatic rabies in foxes occurred. 

Sylvatic rabies
Many aspects of dog-mediated, sylvatic rabies and rabies in 
humans worldwide, from a historical review, through their geo-
graphical distribution, etiology, epizootiology, pathogenesis, clin-
ical picture, pathological changes, diagnostic methods, differen-
tial diagnosis, economical impact, public health and treatment, 
to control and prophylaxis, with 497 quoted references, are de-
scribed in the monograph entitled “Rabies” published by Cvetnić 
in 1989.43 The rabies virus was only occasionally transferred from 
wildlife and domestic animals to humans. It was spread by the 
bite of an infected animal containing the virus in the saliva. In all 
cases of animal bite in an area where rabies had been confirmed 
or presumed, the wound had to be carefully washed in order to 
eliminate any potential virus from the wound. Laboratory proof 
of rabies virus in an animal bite provided indication for immedi-
ate post-exposure treatment. The human cases of rabies presented 
in Table 2 were imported from Bosnia and Herzegovina.43-48 
Recently, in 2009 a female grey wolf (Canis lupus) attacked a 
67- year old man in his backyard in Donji Žirovac in Sisačko-
Moslavačka County in Croatia. The man suffered from amputa-
tion of his left hand, nose, upper lip and a part of the maxilla. 
He was also severely bitten in his right arm and leg. The isolated 
virus was closely related to rabies viruses isolated from a dog and 
reed fox in Italy, a Slovenian isolate, and red fox isolates from the 
former Federal Republic of Yugoslavia.49

The epizootic of sylvatic rabies, which was spreading all over 
Europe, started before the beginning of the Second World War 
in the northern regions of Poland. Within the next few years 
it spread to Czechoslovakia, Austria and the USSR. In 1964 it 
spread from Germany to Denmark, and thereafter cases were 
reported in Luxemburg, Belgium and Hungary, and rabies 
emerged in France in 1968. In 1974 it was recorded in Holland 
and three years later in 22 out of 32 European countries. In those 
countries 82,000 animals died from rabies between 1972 and 
1976. In 1977 alone, rabies was detected in 13,119 wild animals, 
2,600 domestic animals and in 7 human beings.50

The first cases of sylvatic rabies were detected in Croatia in three 
foxes in 1977, in the municipalities of Koprivnica and Daruvar 
(Miokovićevo), in the central region of Croatia. The first rabid 
fox was detected in the vicinity of the village of Gola on the 
border with Hungary. Rabies spread to the east and west, and 
joined with the cases in Vojvodina and those which had spread 
from Slovenia. Two years later, in 1979, the first cases were 
detected in the municipality of Varaždin and in the suburbs of 
Zagreb. Already in 1981 the first case was detected in the region 
of Sisak. From 1977 to 1981, rabies was detected in 412 out of 
1834 tested foxes (22.46%).23 Rabies was confirmed in all mu-
nicipalities between the Rivers Sava and Drava. In 1982 rabies 
was detected in foxes in some regions south of the River Sava. It 
was believed that it had come from Slovenia to Istria and Gorski 
kotar.51-54 By the end of 1986 rabies was present in the whole 
territory of Croatia except Dubrovnik and the islands. Up to that 
time rabies had been confirmed in 3093 animals, prevalently 
in foxes. Altogether 2,875 (92.95%) rabid foxes were detected. 
However, dogs and cats were indicated as species with a great 
impact on rabies transmission to humans (Table 3).52,55,56 The red 
fox is a species very susceptible to the rabies virus. No more than 
five infective units are enough to infect a fox. On the other hand, 
the amount of virus excreted by saliva from a rabid fox is very 
high. One mililiter of the salivary gland can contain more than 
30,000 infective units.57
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Table 3. Confirmed cases of rabies in animals in Croatia from 1977 to 1986.52

Animal 
species

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 In 
total

Fox 4 26 116 147 186 439 453 726 475 303 2875

Horse - - - - - - - 2 - - 2

Donkey - - - - - - - 4 2 - 6

Cattle - - - - - - 5 21 10 2 38

Sheep - - - - 1 1 5 15 2 - 24

Goat - - - - - - 1 3 - 2 6

Pig - - - - - - - 1 1 - 2

Dog 3 1 6 2 3 2 6 7 4 3 37

Cat - 1 - 1 - 2 9 13 5 6 37

Deer - - - - - - - - - 1 1

Roe deer - - - - - - 6 10 2 1 19

Wild 
boar

- - - - - - - 1 6 - 7

Wolf - - - - - - - 1 - - 1

Weasel - - - - - - - 2 - - 2

Jackal - - - - - - - - - 1 1

Badger - - - - - 3 2 5 5 4 19

Wildcat 1 - - - - - 1 - - 1 3

Marten - - - - - - 2 3 2 - 7

Ferret - - - - - - 2 - 1 - 3

Rabbit - - - - - - - 3 - - 3

In total 8 28 122 150 190 447 492 817 515 324 3093
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A high number of rabid cattle and sheep were diagnosed from 
1977 to 1986. Recently, clinical rabies was detected in imported 
cattle. The clinical signs shown by the diseased animals were 
characteristic of rabies.58

Over the period from 1986 to 1990 in total 12,444 animals 
were tested for rabies by the immunofluorescence method. Of 
these, 10,245 were wild animals and 1,199 domestic animals. 
More than half of all the investigations were performed on 
foxes - 7,497 (60.2%). Rabies was diagnosed in 2,006 (26.8%) 
of the tested foxes. Among other wild animals, sylvatic rabies 
was detected in martens (13), badgers (10), does (6), wild cats 
(2), and one case in a stag, jackal, wild hog, polecat, weasel and 
hedgehog. In domestic animals, rabies was diagnosed in 37 dogs, 
36 cats, 12 sheep, 8 goats, 6 bovines, 6 horses, one donkey and 
one pig. Rabies spread all over the continental part of Croatia. 
The region of Dubrovnik was still negative. From 1986 to 1992, 
rabies was diagnosed in 2,581 foxes and 46 other wild animals. 
The number of foxes tested was continuously falling, from 1,709 
in 1989 to 617 in 1992. On the contrary, the number of rabid 
foxes increased. These findings were the consequences of the 
Homeland War.59-62 In the period from 1977 to 2001 at the Cro-
atian Veterinary Institute and regional departments in Križevci, 
Vinkovci, Rijeka and Split, in total 63,244 animals were tested. 
Rabies was diagnosed in 10,626 (16.8%) animals.28,63 
The first case of a rabid dog in the wave of sylvatic rabies took 
place in Batina (Beli Manastir) in Slavonia and Baranja in 1977. 
The dog had bitten his owner. In the next three years, six rabid 
dogs, two domestic cats and one wild cat were detected. From 
1983 onwards, rabies spread over the whole region. A total of 
2007 foxes were examined, of which 602 (29.99%) had rabies. 
Two persons were bitten by rabid foxes. In relation to domestic 
animals, most cases were detected in dogs and cats.64 During the 
war, in these territories, 654 animals were examined for rabies 
from 1991 to 1995. With 251 cases, rabies was again prevalent 
in foxes. Compared to the previous period from 1981 to 1990, 
there were 67% fewer foxes examined.65 
Soon after the emergence of sylvatic rabies in 1977, 4 cases of 
dog rabies were discovered in the following communities: Beli 
Manastir, Daruvar, Vinkovci and Županja. From the first cases 
of sylvatic rabies in 1977 to the end of 2002, in total 7,296 dogs 
were tested for rabies in Croatia. Rabies was detected in 240 dogs 
(3.3%) in 70 communities from all Croatian counties, except 
Dubrovnik-Neretva county. None of them had been vaccinated 
against rabies. Most cases were diagnosed in 1999, with 42 posi-
tive findings.28,66

A thorough and detailed description of an epizootic of rabies in 
sheep was given in 2010. That year, there was a marked increase 
in positive ovine cases compared to all previous years. In total, 
seven sheep were rabid in a herd. In addition, one asymptomatic 
cat was euthanized and proved to be positive for rabies. This 
epizootic was characterized by a high number of rabid sheep, a 

prolonged clinical course, strong signals on fluorescent antibody 
tests, and very pronounced histopathological findings. These 
unusual findings for rabid sheep raised the suspicion of the pos-
sibility of a virus strain with lower pathogenicity.67

Sylvatic rabies has been described in the Varaždin County. The 
available data on its occurence stress that the spread started 
in 1979.52 Out of 1665 foxes tested from 1985 to 1995, 72 
(4.32%) were positive for rabies. In the same period, rabies was 
detected in one cat, one wild cat and one goat. The need was 
emphasized to cull foxes to lower population density, below the 
threshold necessary to maintain the disease. Culling methods, 
such as fox hunting and trapping, were proposed. A systematic 
reduction in the fox population has proven a significant factor in 
the control and eradication of sylvatic rabies. It was assumed that 
oral vaccination of foxes would help to stop the spread of the 
virus. Calculations relating to the incidence of certain species of 
wild and domestic animals, the sex and age of animals affected, 
the season of the year when the illness was most frequent, the 
ratio of ill animals to the total animal population, the geo-mor-
phological characteristics of the area, all support an enzootic, or 
an abortive form of a rabies epizootic. Critical evaluation of the 
risk of contact of humans with animals of various risk statuses, 
as well as other facts are necessary to make a decision regarding 
the possible choice of antirabic prophylaxis in persons who are 
bitten.68-71

Over thirty years, in total 57,776 red foxes were tested for the 
presence of rabies virus and rabies was confirmed in 12,855 
specimens (22.2%). After the red fox, martens are recorded as 
the second reservoir of sylvatic rabies in Croatia.28,72 Since the 
epidemiology of rabies in foxes is closely related to their biology 
and behaviour, a spatially explicit environmental and epidemio-
logical computed model was used to examine the dynamic spread 
of rabies over the Croatian territory. For that purpose, juveniles, 
fall migrations, home ranges, population density, litter size, 
yearly accession, mortality rate, hunting pressure, bite frequency 
coefficient, and the dominant course of the spread of rabies had 
to be taken into account. That model showed that rabies spread 
from east to west at a rate of about 25 km per three months, and 
about 18 km per three months from north to south. Sylvatic ra-
bies covered the entire Croatian territory in the first ten years of 
its appearance, and then was reported regularly throughout the 
Croatian territory as epizootics.73,74 In certain periods it showed 
the characteristics of an enzootic.70,73

The phylogenetic analysis and genetic characterization of Croa-
tian rabies virus isolates (RABV) were performed on 32 selected 
rabies-positive brain samples from domestic and wild animals, 
collected from 2008 to 2010. The analysis revealed the low ge-
netic diversity of RABV strains currently circulating in Croatia. 
18 isolates, mainly originating from Eastern Croatia, clustered 
with the formerly established Eastern European lineage, and 14 
were identical to the West European group. Both groups seem 
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to coincide on both sides of the River Sava. A high sequence 
identity was found in the N gene of the RABV isolates from 
neighbouring countries.75

Diagnostics of rabies
According to literature data given in a review article, the first 
clinical signs may be nonspecific, and lethargy, fever, vomiting, 
and anorexia are described. In the next few days, signs progress 
to timidity, cerebral dysfunction, ataxia, weakness, paralysis, 
seizures, difficulty swallowing, excessive salivation, abnormal 
behavior, aggression etc. The first laboratory methods were bio-
logical trials on rabbits. Soon after that, dogs, mice, rats, guinea 
pigs and chickens were used. Long-lasting biological trials were 
replaced by a histological test. In 1903, most of the histopatho-
logical signs of rabies were recognized. Adelchi Negri reported 
the identification of what he believed to be the etiological agent 
of rabies, the Negri bodies. However, the presence of Negri bod-
ies is variable and not sufficiently sensitive. Different types of 
cytological test were also used. The rabies virus was cultivated for 
the first time on a mice kidney tissue culture in 1956.76 
Today, the fluorescent antibody technique is used, as a rapid and 
sensitive method for diagnosing rabies in animals and humans. 
Pathohistological detection of Negri bodies in brain tissue has 
only historical value. Virus growth in a cell culture from saliva, 
cerebrospinal fluid or brain tissue suspension of infected animals 
is used. An objective diagnosis may be obtained by the men-
tioned, and still the gold standard method - fluorescent anti-
body technique and the reverse transcription-polymerase chain 
reaction (RT-PCR) which has been currently recommended by 
the OIE. ELISA, fluorescent antibody virus neutralization test 
(FAVN), and rapid fluorescence focus inhibition test (RFFIT) 
serve for control of immune status after vaccination of humans 
and animals.77

The virus neutralization tests are used for the quantification of 
specific neutralizing antibodies against rabies virus in serum samples. 
Serum samples for the control of the immunity of the fox popula-
tion during ORV campaigns are impossible to obtain, so substances 
such as muscle extract or thoracic liquid as samples for detection of 
rabies virus neutralizing antibodies are used for this purpose.
However, the cytotoxic effect limits the use of those substances. 
A modified fluorescent antibody virus neutralization test 
(mFAVN) was developed and evaluated for elimination of the 
cytotoxic effect. In the mFAVN test, inocula were removed after 
1h and the cytotoxic effect prevented. In the test, no instance 
of cytotoxic effect was observed in the cells, and muscle extract 
and thoracic liquid can be used.78 Except the mFAVN test, the 
BioPro ELISA was also evaluated for testing haemolytic thoracic 
liquids and muscle extracts for the same purpose. The assay was 
a reliable tool for detection of rabies specific antibodies in the 
evaluation of oral vaccination of foxes from poor quality samples, 
as a substitute for virus neutralization tests.79

Oral vaccination of foxes 
Louis Pasteur developed the first vaccine against rabies. He 
conducted his experiments using rabbits, and transmitted the 
causative agent from rabbit to rabbit by intracerebral inocula-
tions until he obtained a stable preparation. In order to attenuate 
the infective agent, he desiccated the spinal cords of infected 
animals until the preparation became almost nonvirulent. With 
the weakened carrier, he successfully vaccinated dogs against 
rabies.80 During the 1950s and 1960s a virus strain, Flury LEP, 
was used for mass vaccination of dogs. The vaccine was shown 
to be safe when inoculated intramuscularly into dogs.42 Live at-
tenuated and inactivated vaccines against rabies were used in the 
preventive vaccination of animals. Flury LEP (Low Egg Passage), 
however, occasionally caused rabies in young pups, cats and cat-
tle. It was replaced with Flury HEP (High Egg Passage), which 
was safe. Vaccines prepared from the SAD (Street Alabama Duf-
ferin) strain were also used. In addition, inactivated and subunit 
vaccines were produced. A recombinant vaccine, carrying the 
glycoprotein (G) gene, was indicated as a safe and efficacious 
vaccine. Oral vaccination of foxes was indicated as a possible tool 
for elimination of sylvatic rabies.81,82,83

Despite the implementation of preventive dog vaccination, rabies 
has become endemic in Croatia. After test campaigns conducted 
in some districts of Istarska County, Primorsko-goranska County 
and Karlovac County, the first oral immunization of foxes against 
rabies was performed in the Zagreb County and the Zagreb 
Municipality in 1998. Baits with Fuchsoral vaccine were set out 
on hunting areas and Medvednica National Reserve. The bones 
of fox carcasses were tested for tetracycline content. It was proved 
that 58.9% of foxes ate the bait. Neutralizing antibodies to rabies 
virus were detected in 46.5% of tested foxes.28 Unfortunately, 
all activities regarding oral immunization of foxes stopped until 
2011.
In the spring of 2011, Croatia started a program of oral vac-
cination of foxes in the northern part of the country, with 
the support of the EU. In the next few years the program was 
extended to the entire country. Oral rabies vaccination (ORV) 
campaigns have been conducted twice a year. The Lysvulpen 
vaccine, containing the SAD Bern strain, was used. Twenty-five 
baits were distributed per square km, with circa 80 m between 
each bait. The baits were dropped automatically using an aircraft. 
The number of positive cases rapidly decreased, and in 2013, 
only 35 positive cases were detected, of which 33 involved foxes, 
one dog, and one horse. In a short period, after only 32 months, 
rabies was eliminated. The last case was recorded in February 
2014. The results showed that a thoroughly performed oral ra-
bies vaccination program is extremely useful and efficacious (Fig 
1).7 The analysis of the efficiency of the oral vaccination cam-
paign in the territory of Croatia in the period from 2010 to 2017 
showed that, prior to the commencement of the oral vaccination 
campaign, 15.8% positive specimens were revealed from all foxes 
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tested for rabies, and after just one oral immunization campaign, 
this percentage decreased to 9% positive individuals.84 

The trend of decreasing of the number of positive animals is 
clearly visible from the graph showing the period from three 
years before the start of the ORV, until today, when we are 
recording the sixth year without a single rabid animal in Croatia 
(Figure 1).

Figure 1. Number of tested and positive animals using the fluorescent antibody tech-
nique in the National Reference Laboratory for Rabies, Croatian Veterinary Institute 
in Zagreb, from 2007 to 2020.

Lyssaviruses in bats
Bats have been identified as the most common reservoir for all 
Lyssaviruses, except Mokola and Ikoma viruses. Many geneti-
cally and antigenically distinct variants of rabies viruses have 
been detected in insectivorous bats, in vampire bats, as well as in 
herbivorous bats. They are often transmitted to domestic animals 
and humans.1 As reported by Karlović, rabies is transmitted by 
bites, saliva, milk, prenatally, and by aerosol and droplets of in-
fected bats. Infected bats demostrate characteristic symptoms and 
die, or do not show any symptoms for a long period, but become 
carriers and excrete the virus. Rabies virus in bats is most wide-
spread in Central and South America, where it is transmitted to 
cattle, horses and people by vampire bats. It was first established 
in Brazil in 1916, and the first proven case in humans transmit-
ted by an insectivorous bat was found in the USA in 1953.85,86

A review of bat transmitted rabies was undertaken on the basis of 
literature data. The case of a woman in Australia who died after 
a bat bite was reported. A virus closely related to some members 
of the Lyssavirus genus was isolated from a bat (Pteropus alecto) 

in which encephalitis had been detected.87 Some epizootiological 
characteristics of rabies transmitted by vampire bats in Brazil, 
and insectivorous bats in Europe were briefly mentioned as an 
example of the spread of the rabies virus.57

In 1985, bat rabies surveillance programs started in some western 
European countries. Low seroprevalence was recorded (1-9.1%). 
More than 1000 bat species are known, and they represent the 
second largest group of mammals on the planet. Bats exist in 
abundance in Croatia, with 35 insectivorous species from three 
families. An initial investigation of zoonotic diseases in bats was 
performed for military purposes in 1968. At that time, in total 
470 bats from Croatian caves were tested in Prague, using im-
munofluorescence on inoculated mice brains. All tested samples 
were found negative for rabies virus.88

A limited study of bat rabies in Croatia undertaken in 1986 
showed that all 30 tested bats were found negative for rabies by a 
fluorescence antibody test. The study was stopped because of the 
Homeland War. However, the Croatian Veterinary Institute, in 
cooperation with the Croatian Natural History Museum, began 
analyzing the available bat samples and testing them for rabies 
in 2008.89 This passive surveillance was poor and negligible with 
only 124 bats submitted for rabies testing from 2010 to 2017. 
Since the data on bat rabies in Croatia were scarce, in 2016 a 
national project, financed by Croatian Science Foundation, was 
launched. The objective of the project was to establish the pres-
ence of rabies virus and other zoonotic viruses in bats in Croatia. 
During the active surveillance, between 2016 and 2017, 455 bats 
were caught. Results searching the rabies virus were obtained for 
350 bats. In total, 20 serum samples showed a detectable level of 
neutralizing antibodies against European bat lyssavirus-1, using a 
modified fluorescent antibody virus neutralization assay.90,91

Rabies in wildlife will never be completely eradicated. It is 
evident that the virus is constantly present in bats, so continuing 
education and awareness about the possibility of infection from 
this protected species is necessary. And this is not only due to ra-
bies, but also due to other infections that possibly threaten from 
bats because of the expanding urbanization that promote more 
frequent contact between human and wildlife habitats.

Conclusion
Rabies elimination and control is a strategic goal and top priority 
in the EU. Over the past two centuries, many scientific and pro-
fessional papers on the incidence of rabies in domestic and wild 
animals have been published in Croatia. Due to the implementa-
tion of the fox oral vaccination program, the last case of a rabid 
fox was recorded in Croatia in 2014, and Croatia is expected to 
be officially declared free of classical terrestrial rabies by 2020. 
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Abstract
Background
Recurrent strokes occur in 25% of the cases during the first 5 years after the initial event. Each recur-
rent stroke increases the risk for severe disability and mortality. Intravenous thrombolysis (IVT) with 
recombinant tissue plasminogen activator (rtPA) is one of the therapeutic options when secondary 
prevention is not efficient and recurrent stroke occurs.

Aim
Aim of this paper is to present the first ever case of repeated IVT with rtPA in a female patient with 
recurrent stroke, hospitalized at the Department for Urgent Neurology, University Clinic of Neurology 
in Skopje, North Macedonia with a review from the literature.

Case presentation
A 59 years old female patient was admitted due to acute onset of motor and sensory dysphasia and 
right-sided hemiplegia. The symptoms occurred 1,5 hours before admission. Urgent computed 
tomography (CT) of the brain showed chronic cerebral infarction in the left and parietal regions, 
which causing traction of the left lateral ventricle. The patient experienced her first ischemic stroke 2,5 
years ago and she was treated with IVT at the time. At the second hospital admission, the patient was 
conscious, with vital signs and urgent laboratory parameters within normal range. NIHSS score was 13 
and a decision for IVT treatment was made. During the application of rtPA, her vital parameters were 
stable and no side effects were observed. Neurological status of the patient also improved, with NIHSS 
of 7 at the end of the IVT treatment. Control CT scan performed 24 hours after was without any new 
lesions. The patient was discharged in a stable condition, with a NIHSS of 4 and mRS of 3. 

Conclusion
Repeated IVT in recurrent stroke is feasible and safe in carefully selected patients. Assessment of risk 
factors and neuroimaging are crucial when deciding on repeated IVT. 

Keywords: recurrent stroke, repeated intravenous thrombolysis, recombinant tissue plasminogen 
activator

Sažetak
Ponovljena intravenska tromboliza kod bolesnika s recidivom ishemijskog moždanog udara – 
prikaz slučaja i prikaz iz literature
Uvod
Recidivi moždanih udara javljaju se u 25% slučajeva tijekom prvih 5 godina nakon inicijalnog 
događaja. Svaki ponovljeni moždani udar povećava rizik za težu onesposobljenost i smrtnost. Intra-
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Introduction
Acute ischemic stroke (AIS) is caused by thrombotic or embolic 
occlusion of a cerebral artery, resulting in a corresponding loss/
deterioration of neurologic functions. According to the World 
Health Organization (WHO), 15 million people in the world 
suffer from stroke each year. Of them, 5 million have lethal 
outcome, and another 5 million are left permanently disabled 1. 
Men have higher risk for stroke than women, with an incidence 
of 62.8 per 100,000, and a mortality rate of 26.3%. Women 
have a stroke incidence of 59 per 100,000 and a mortality rate of 
39.2%. Risk of stroke increases with age, and 75% of all strokes 
occur in patients older than 64 years. 
According to the guidelines from the European Stroke Organi-
zation (ESO) and the American Heart and Stroke Association 
(AHA/ASA), intravenous thrombolysis (IVT) with recombinant 
tissue-type plasminogen activator (rtPA) is included therapy for 
acute ischemic stroke in selected patients, in a time window of 
3-4,5 hours after symptom onset is 2,3.
The treatment after IVT consists of optimal strategy for second-
ary stroke prevention. However, recurrent strokes occur in 25% 
of the cases during the first 5 years after the initial event. Each 
recurrent stroke increases the risk for severe disability and mor-
tality 4. IVT is one of the therapeutic options when secondary 
prevention is not efficient and recurrent stroke occurs. However, 
the application raises certain concerns regarding its short-term 

venska tromboliza (IVT) s rekombinantnim tkivnim aktivatorom plazminogena (rtPA) jedna je od 
terapijskih mogućnosti u slučajevima kada sekundarna prevencija moždanog udara nije učinkovita te 
nastupi recidiv moždanog udara.
Prikaz slučaja
Predstavljamo prvi slučaj na našoj klinici s recidivom moždanim udarom liječenim ponovljenim IVT. 
59-godišnja pacijentica primljena je zbog akutne pojave senzomotore disfazije i desne hemiplegije. 
Simptomi su se javili 1,5 sata prije prijema u bolnicu. Hitna kompjuterizirana tomografija (CT) mozga 
nije pokazala nove lezije, dok su se prikazale malacijske lezije u lijevoj frontalnoj i parijetalnoj regiji 
uzrokujući retraktilne promjene na  lijevu lateralnu moždanu klijetku. Pacijentica je prvi ishemijski 
moždani udar doživjela prije 2,5 godine i tada je liječena IVT-om. Pri ovom prijemu u bolnicu, paci-
jentica je bila pri svijesti, s vitalnim znakovima i hitnim laboratorijskim parametrima unutar normal-
nih granica. NIHSS rezultat je bio 13 i donesena je odluka o IVT liječenju. Tijekom primjene rtPA, 
vitalni su joj parametri bili stabilni i nisu primijećene nuspojave. Neurološki status pacijenta također se 
poboljšao na NIHSS od 7 na kraju IVT-a. Kontrolno CT snimnanje mozga nakon 24 sata nije poka-
zalo novih lezija. Pacijentica je otpušten u stabilnom stanju, s NIHSS 4 i mRS 3.
Zaključak
Ponovljeni IVT kod ponovljenog moždanog udara izvediv je i siguran kod pažljivo odabranih bole-
snika. Procjena čimbenika rizika i nalaz neuoslikovnih metoda prikaza mozga presudni su pri odluci o 
ponovljenoj primjeni IVT-a.

Ključne riječi: recidivirajući moždani udar; ponovljena tromboliza; rekombinantni tkivni aktiva-
tor plazminogena. 

and long-term side effects. Complications of intravenous rt-PA 
for acute ischemic stroke are commonly related to hemorrhage, 
arterial reocclusion, anaphylaxis, or reperfusion damage.
Aim of this paper is to present the first ever case of repeated IVT 
with rtPA in a female patient with recurrent stroke, hospitalized at 
the Department for Urgent Neurology, University Clinic of Neurol-
ogy in Skopje, North Macedonia with a review from the literature.

Case presentation
We present a case of a 59 years old female patient, who was 
admitted at the Department for Urgent Neurology, University 
Clinic of Neurology, due to acute onset of motor and sensory 
dysphasia and right-sided hemiplegia (facio-brachial type). The 
symptoms occurred 1,5 hours before admission. Beside well con-
trolled hypertension, the patient did not have any vascular risk 
factors. Urgent computed tomography (CT) of the brain showed 
chronic cerebral infarction in the left and parietal regions, which 
causing traction of the left lateral ventricle. (Figure 1). 
In fact, the patient experienced her first ischemic stroke 2,5 years 
ago and she was treated with IVT at the time. After the first 
hospitalization, the patient was dismissed with dual antiplatelet 
therapy (ASA and clopidogrel), statin (rosuvastatin) and antihy-
pertensive therapy. After 3 weeks, clopidogrel was stopped and 
the patient continued monotherapy with ASA. In the follow-
ing period after the first stroke, the patient recovered almost 
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completely, with residual right sided hemiparesis of mild degree 
(with National Institute of Health Stroke Scale (NIHSS) of 4 
and modified Rankin Score (mRS) of 2). 
At the second hospital admission, the patient was conscious, with 
vital signs (blood pressure 125/75 mmHg; heart rate- rhythmic, 
frequency 66/minute) and urgent laboratory parameters (glyce-
mia 5,7 mmol/L, platelets 283 10˄ 9/L) within normal range. 
NIHSS score was 13 and therefore, a decision for IVT treatment 
was made, taken into consideration that the patient fulfilled 
the inclusion criteria. With a door-to-needle (DTN) time of 60 
minutes, Actilyse was given according the protocol, in a thera-
peutical dose of 63 ml. During the application of Actilyse, her 
vital parameters were stable and no side effects were observed. 
Neurological status of the patient also improved, with NIHSS of 
7 at the end of the IVT treatment. 
Control CT scan performed 24 hours after was without any new 
lesions (Figure 2). Other laboratory results (blood and urine 

analysis, D-dimers and coagulation factors) obtained during the 
hospitalization were in normal range. Color duplex sonography 
of the extracranial carotid and vertebral arteries was normal. The 
next day after IVT treatment, antiplatelet (ASA), prophylactic 
anticoagulation (LMWH) and statin (atorvastatin) therapy was 
initiated, as well as antihypertensive (lisinopril), anxiolytic (diaz-
epam) and physical therapy. 
Her neurological status furtherly improved and after 13 days 
of hospitalization the patient was dismissed in a stable condi-
tion, with a NIHSS of 4 and mRS of 3. We recommended dual 
antiplatelet therapy (combination of clopidogrel and cilostazol 
for the duration of 3 weeks, and than only clopidogrel), statin 
(rosuvastatin) and antihypertensive therapy (ACE inhibitor). We 
did not recommend ASA because the patient experienced recur-
rent stroke despite regular previous treatment with this medica-
tion. On follow-up control examinations in the next 3 months, 
the patient was stable with only mild residual neurologic deficit. 

  

  
Figure 1. First CT scan with large postapoplectic sequela in the left frontal and parietal region 
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Discussion
This patient was the first ever case at our clinic with recurrent 
stroke treated with repeated IVT. In the period 2015-2020 there 
was a total of 170 patients treated with IVT at the clinic, an 
average of 9% out of the total number of stroke patients.
Data from the literature show limited experience regarding 
repeated thrombolytic treatments in stroke patients. This pro-
cedure can be considered in a stroke patient if the initial IVT 
attempt has been unsuccessful or if the recurrent stroke has oc-
curred 3 months after the first event 2,5. 
The following papers have described repeated IVT use in recur-
rent stroke occurring more than 3 months after the initial event.
Arsava and Topcioglu described de-novo thrombolysis for recur-
rent stroke in a patient with prior history of thrombolysis 6. A 
67-year-old male with prior history of atrial fibrillation was 
admitted with acute onset of aphasia and he was treated by IVT. 
Approximately 2 years later he presented with left-sided weak-

ness, and was again treated with intravenous rtPA. The patient 
responded favorably to thrombolytics on both occasions, without 
significant complications and with satisfactory recovery. Their 
study, although reflecting experience from a single case, high-
lights that repeated administration of intravenous rtPA is well 
tolerated in stroke patients with late recurrences and previous 
history of thrombolysis. 
Yoo et al. investigated patients with acute ischemic stroke who had 
received thrombolytic treatments for a period of 10 years 7. Of the 
437 patients who received thrombolytic treatments, only 7 under-
went repeated thrombolysis (1.6%). The median age at the time of 
repeated thrombolytic therapy was 71 years old; 4 of the patients 
were female. All patients had 1 or more potential sources of cardiac 
embolism. Recanalization was achieved in all patients, in both the 
first and the second thrombolysis. No symptomatic ICH occurred 
after repeated thrombolytic treatments. Five patients (71.4%) 
showed good outcomes at 3 months. The authors concluded that 

   

  
Figure 2. Control CT of the brain that did not show any new lesions, only large postapoplectic sequela in the left frontal and parietal region 
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among patients who experience recurrent acute ischemic stroke, 
thrombolytic therapy could be considered even if the patient has 
had previous thrombolytic treatments.
Cappellari et al. described 8 patients with repeated IVT after re-
current stroke among 615 consecutive stroke patients who received 
IVT at their Stroke Unit and 22 cases of IV re-thrombolysed 
patients extracted for the literature review of case reports and case 
series 8. After excluding the 6 patients treated with endovascular 
procedures, they included in the analyses 21 patients for which 
they had data on pre-stroke functional status and baseline neuro-
logical severity for each stroke event and post-treatment functional 
status for each IVT. They compared second (n = 21) and third 
(n = 3) IVT treatments with first IVT treatments (n = 21). Also, 
they compared IVT re-treatments ≤3 months from previous IVT 
thrombolysis (n = 10) with those N3 months (n = 14). No signifi-
cant differences in the rate of ICH with neurological deterioration, 
mortality and restitution of the pre-existing functional status were 
observed in the comparative analyses. The authors emphasized that 
repeated IVT may be safe and effective when recurrent stroke oc-
curs after a period of complete neurologic regression lasting at least 
24 h or minor disability (mRS score ≤2) lasting at least 3 months 
since the previous stroke.
Papers that described use of repeated IVT in patients with early 
recurrent stroke have also been published. 
Ashrafi et al. described a case report with a secondary stroke after 
thrombolytic administration 9. The patient was a 68-year-old 
man with the history of uncontrolled hypertension and diabetes 
mellitus presented with acute ischemic stroke in the territory of 
vertebrobasilar system to the emergency department. Atrial fibril-
lation (AF) rhythm, hyperglycemia and uncontrolled hyperten-
sion were recorded on admission. Echocardiography performed 
before thrombolysis, did not identify any embolic sources. Five 
hours after intravenous injection of rtPA, the patient became 
comatose and developed a recurrent infarction in the territory of 
right middle cerebral artery (MCA). The authors concluded that 
thrombolysis therapy in patients with the risk factors of recur-
rent stroke, must be done with more preparation and readiness 
for concurrent processing. Regardless of normal trans-thoracic 
echocardiography, in patients with AF rhythm, transesophageal 
echocardiography may be helpful. 
Wu et al. conducted a systemic literature review in PubMed up 
to December, 2015 10. A total of 15 studies involving 57 cases 
and 61 randomized trials (RTs) were collected. The median age 
of the patients was 73 at the first event, the median time interval 
was 225 days and 45.9% were female. High severity and worse 
functional outcome were observed in the RT group, but the 
difference of ICHs from 2 events did not reach statistical sig-
nificance. More ICHs occurred in RTs with prior stroke within 
last 30 days than those in chronic stroke phase in a subgroup 
analysis (25.0–4.9%, p = 0.018). Only NIHSS was significantly 
associated with a good functional outcome (OR 0.921, 95% 

CI 0.857–0.990) and ICH (OR 1.177, 95% CI 1.031–1.344) 
in the logistic regression analysis. Their literature review indi-
cated that baseline stroke severity was the main predictor of the 
functional outcome and ICH after RT, similar to the results of 
the first thrombolysis in AIS. The accumulation of disability 
(measured by NIHSS) in recurrent stroke could have contributed 
to the worse prognosis after RT. 
Kahles et al. reported the largest case series of repeated IVT 
in early recurrent stroke (ERS) 11. They identified 19 subjects 
with repeated IVT in ERS. Mean age was 68±12 years, and 
37% of them were female. Median interthrombolysis interval 
was 30 days (interquartile range, 13–50). Functional independ-
ence (modified Rankin scale score ≤2) was achieved in 79% of 
patients after the first and in 47.4% after repeated IV tissue-type 
plasminogen activator, respectively. There was no symptomatic 
ICH. Median final infarct volume after the first IVT was 1.5 
cm3 (interquartile range, 0.5–3.1). The authors concluded that 
patients with small infarct volumes and robust clinical improve-
ment might be considered for repeated IVT within 3 months. 
Caruso et al described a case report with early repeated throm-
bolysis 12. They presented a 59-year-old man with stroke and 
NIHSS of 16, 10 days after a previous stroke. Brain computed 
tomography (CT) showed a previous hypodensity with 4 cm3 
volume. Angio-CT highlighted the left middle cerebral artery 
and left internal carotid occlusion. Perfusion CT showed small 
deep core and large penumbra. The patient underwent intra-
venous rtPA. After 24 hours, the NIHSS was 7, and CT scan 
showed an acute ischemic lesion in the left basal ganglia area and 
frontal lobe without hemorrhagic transformation. The authors 
concluded that this case report suggests that further randomized 
studies may evaluate whether repeated intravenous rtPA may be 
safe and effective in ERS occurring shortly after a previous stroke 
when patients experience a period of complete neurological 
regression, minor disability, and a small infarct volume. 
Sarmiento et al. described the safety and efficacy of repeated 
thrombolysis with alteplase in early recurrent ischemic stroke in 
a systematic review 13. They included ten articles with 33 patients 
in total. One patient developed symptomatic ICH after the 
second reperfusion attempt and subsequently died from pneu-
monia. Another died from spontaneous rupture of previously 
unidentified infrarenal aortic aneurysm. Six of the 13 patients 
with available follow-up data had good clinical outcomes (mRS 
0-2). There were no allergic reactions and other drug-related 
adverse events noted. The authors concluded that repeated IV 
alteplase can be safe and efficacious in patients who have early 
recurrent ischemic stroke. 
Regarding the early post-IVT treatment of our patients, we 
recommended dual antiplatelet therapy which included clopi-
dogrel and cilostazol. The combination of cilostazol with ASA 
or clopidogrel showed a reduced incidence of ischaemic stroke 
recurrence and a similar risk of severe or life-threatening bleed-
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ing compared with treatment with ASA or clopidogrel alone in 
patients at high risk for recurrent ischaemic stroke 14. Although 
majority of the clinical trials have been performed in Asian 
population 15, we speculated that the patient had a clinical resist-
ance to ASA and recommended cilostazol instead. 
We also recommended anxiolytic therapy with diazepam, which 
has been shown to have benefit in cardioembolic infarct patients 
and is safe in acute ischemic stroke 16.
The strengths of our case report are: 
1. This is the first ever successful application of repeated IVT 

in a recurrent stroke at our clinic. The decision was not easy, 
taken into account the large chronic ischemic lesion on the 
CT scan. 

2. The combination of dual antiplatelet therapy with clopi-
dogrel and cilostazol, although unusual for Caucasian popu-
lation has shown efficacy and safety in our patient.

The limitation of our case report are:
1. We could not define the exact cause of the recurrent stroke, 

but speculated that it occurred due to clinical resistance to 
ASA.

Conclusion
Our case report case report satisfies current trends in treatment 
of recurrent stroke. Repeated IVT in recurrent stroke is feasible 
and safe in carefully selected patients. Assessment of risk factors 
and neuroimaging scans is crucial when deciding on repeated 
IVT. There is a need for larger studies, defined inclusion and 
exclusion criteria and updated protocol in order to minimize 
side-effects of the repeated IVT in recurrent stroke patients.
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Abstract
Leptomeningeal carcinomatosis is an uncommon complication of different types of cancer in which 
the disease spreads to meninges. It usually presents with clinical features of meningeal irritation, 
combined with cranial nerve involvement. This report aims to describe vestibular dysfunction as one 
of the possible and infrequent initial signs of leptomeningeal carcinomatosis. We present a case of a 
49-year-old female that has been previously diagnosed breast cancer who developed bilateral vestibular 
dysfunction due to leptomeningeal carcinomatosis. Leptomeningeal carcinomatosis can be variable in 
its presentation since any aspect of the nervous system can be affected. Multiple cranial nerve involve-
ment isn’t rare, with most commonly affected third, fifth and seventh cranial nerve (5). In our case, the 
patient presented with the symptoms of isolated vestibular dysfunction with preserved cochlear part 
of the nerve. This can be explained by the possible way of propagation of malignant cells via endolym-
phatic ductus into the inner ear with the obliterated connection between sacculus and cochlea.

Keywords: leptomeningeal carcinomatosis, isolated vestibular dysfunction, breast cancer

Sažetak
Izolirana vestibularna disfunkcija kao inicijalna manifestacija leptomeningealne karcinomatoze 
kod raka dojke – prikaz slučaja
Leptomeningealna karcinomatoza rijetka je komplikacija različitih oblika karcinoma, a podrazumijeva 
širenje bolesti na moždane ovojnice. Manifestira se kliničkim značajkama iritacije moždanih ovojnica 
u kombinaciji sa zahvaćenošću moždanih živaca. Cilj ovog prikaza slučaja je opisati vestibularnu 
disfunkciju kao jednu od rijetkih inicijalnih manifestacija leptomeningealne karcinomatoze. Predstavl-
jamo slučaj 49-godišnje pacijentice s prethodno dijagnosticiranim rakom dojke koja je razvila izoliranu 
bilateralnu vestibularnu disfunkciju u sklopu leptomeningealne karcinomatoze. Leptomeningealna 
karcinomatoza je varijabilna u svojoj prezentaciji jer može utjecati na bilo koji dio živčanog sustava. 
Višestruko zahvaćanje moždanih živaca nije rijetko, s najčešće zahvaćenim trećim, petim i sedmim 
moždanim živcem. U našem je slučaju pacijentica imala simptome vestibularne disfunkcije s očuvanim 
kohlearnim dijelom živca. Izolirano zahvaćanje vestibularnog dijela živca može se objasniti mogućim 
načinom širenja zloćudnih stanica putem endolimfatičnog duktusa u unutarnje uho uz obliteriranu 
vezu između sakulusa i kohleje.

Ključne riječi: leptomeningealna karcinomatoza, izolirana vestibularna disfunkcija, rak dojke
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Introduction
Leptomeningeal carcinomatosis is a relatively rare complication 
that occurs in about 5% of patients with cancer. In the last few 
decades, it has been more frequently recognized due to medical 
diagnostics and treatment advancements and, therefore, prolonged 
life expectancy in oncological patients 1. The most common prima-
ry sites to involve the meninges are breast cancer, lung cancer, and 
melanomas 1. It usually presents with clinical features of meningeal 
irritation, combined with cranial nerve involvement. 
This report aims to describe vestibular dysfunction as one of the 
initial signs of leptomeningeal carcinomatosis, which might be of 
value in a better understanding of this condition’s pathogenesis.

Case report

Patient information
A 49-year old female was admitted to the Department of 
Neurology due to vertigo accompanied by a headache and loss 
of balance. The symptoms have begun two months earlier with 
vertigo and continued to aggravate three weeks before admis-
sion with loss of balance, progressive gait unsteadiness, occipital 
headache and vomiting. Medical history revealed breast cancer 

metastatic to the lymph nodes, diagnosed nine months before 
admission, that was surgically removed and subsequently treated 
with twenty-eight radiotherapies and six chemotherapy cycles 
(docetaxel, doxorubicin).

Clinical findings
Neurological examination revealed slight bilateral dysmetria in 
the finger-nose test, atactic gait without any side preference and a 
positive Romberg sign. There was no primary position, nor gaze-
evoked nystagmus. The rest of the examination was unremarkable. 

Diagnostic assessment
Blood and urine tests, X-ray of the cervical spine, duplex ul-
trasound of carotid and vertebral arteries, transcranial Doppler 
sonography, electromyoneurography (EMNG) of upper and lower 
extremities was performed and revealed normal results. 
Neuroradiological imaging using computed tomography and 
magnetic resonance of the brain did not show any significant in-
tracranial pathology, while the fundoscopy revealed initial bilateral 
papilledema. Pure tone audiometry produced a slight hearing loss 
that was age-appropriate, but the caloric test detected bilateral 
unresponsiveness of the vestibular nerves (Figures 1 and 2).

Figure 1. Audiometry findings 

Figure 2. Caloric test 
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Cytological examination of the cerebrospinal fluid (CSF) showed 
an abundance of atypical cells with the morphological character-
istics of the adenocarcinoma (Figure 3). Biochemical analysis of 
the CSF showed elevated protein level (637 mg/L) and decreased 
glucose level (1,4 mmol/L).

Therapeutic intervention, Follow-up and Out-
comes
The patient was initially admitted to the Department of Neurol-
ogy of our hospital where the diagnostic evaluation was made 
and the patient was treated with antiemetics, benzodiazepines, 
infusion solutions and other symptomatic therapy. After the final 
diagnosis was made, the patient was transferred to the Depart-
ment of Oncology at University Hospital for Tumors to continue 
specific, oncological treatment. In total, two cycles of intrathecal 
chemotherapy (carmustine, cisplatin) were administered, shortly 
after which the patient died.  

Discussion
Leptomeningeal carcinomatosis is one of the most challenging 
complications of systemic tumors. In most cases, symptoms of 
leptomeningeal carcinomatosis arise in patients with a known 
malignancy, although the symptoms sometimes may precede the 
diagnosis of the primary tumor 8,10. 
Leptomeningeal carcinomatosis can be variable in its presenta-
tion since any aspect of the nervous system can be affected; it 
may present with cerebral or cranial nerve dysfunction, and af-
fection of the spinal cord and roots, or any combination of these 
symptoms 2. Multiple cranial nerve involvement isn’t rare, with 
most commonly affected third, fifth and seventh cranial nerve 
5,10. 

In our case, the patient presented with the symptoms of isolated 
vestibular dysfunction with preserved cochlear part of the nerve. 
In the recent literature, a bilateral hearing loss is described as a 
rare and unusual presentation of leptomeningeal carcinomatosis 
3,4,5,9, while an isolated lesion of the vestibular nerves has not yet 
been described.
There are several possible routes of spreading of malignant cells 
to meninges, as they may occur either directly from an adjacent 
tumor or the distal tumor by hematogenous spread or perivas-
cular of perivenous lymphatics 7. From subarachnoid space, 
the cells can extend into the temporal bone to the point of the 
geniculate ganglion where the subarachnoid space terminates, 
but can penetrate the cribriform area of the labyrinth 7.
Our patient was diagnosed with cancer of the breast nine months 
before the symptoms of carcinomatosis arose. The CSF analysis 
confirmed the infiltration of the nervous system, revealing an 
abundance of metastatic adenocarcinoma cells (Figure 3) with an 
increased CSF protein and decreased glucose levels. The cerebro-
spinal fluid examination is usually the most valuable aid for the 
diagnosis of leptomeningeal carcinomatosis. Although, in our case 
the first test revealed positive cytology, sometimes several lumbar 
punctures are required to avoid false-negative results 2,8.

Conclusion
Leptomeningeal carcinomatosis can start with a wide variety of 
symptoms and often represent a challenge for clinicians since it 
can affect any aspect of the neuroaxis and therefore mimic vari-
ous conditions 1,3,5,9. 
Although extremely rare, and to our knowledge not yet pub-
lished, an isolated bilateral vestibular dysfunction can be a mani-
festation of leptomeningeal carcinomatosis, as a consequence of 
the propagation of malignant cells from leptomeningeal space via 
endolymphatic ductus into the inner ear. 
This can be explained by the possible way of propagation of ma-
lignant cells via endolymphatic ductus into the inner ear, which 
can lead to consecutive vestibular dysfunction. Since ductus 
reuniens, connecting sacculus with the membranous cochlea, is 
usually obliterated in adults, the cochlear part of the labyrinth is 
not necessarily affected, and vice versa.

Figure 3. Cerebrospinal fluid – cytological examination 
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Summary

Introduction: Anomalous innervations of the extremities are common and influence the interpreta-
tion of electrophysiologic studies in normal subjects and those with peripheral nerve lesions. The aim 
of this study was to describe the most common innervation anomalies in upper and lower extremities 
and to point out their clinical repercussions. Methods: Article has an analytical character and review of 
literature, including some personal articles. Results and Discussion: Double innervation and com-
munications among nerves are causes of anomalies of innervation of the skin and muscles. The fact of 
communications of fibers among nerves is better called “nerve communication” than “nerve anastomo-
sis”. Anomalous innervations of the upper and lower extremities are, therefore, common and influence 
on the interpretation of neurophysiological parameters during electromyoneurography. Namely, in the 
course of an electrodiagnostic investigation of a peripheral nerve lesion, the examiner may be confront-
ed with unexpected findings in contradiction with the clinical picture. In this review, a description is 
given of the most common innervation anomalies in upper and lower extremities: median to ulnar 
nerve communication (Martin-Gruber anastomosis); ulnar to median nerve communication (Mari-
nacci anastomosis/MA); variations in the innervation of intrinsic muscles of the hand (Riche-Cannieu 
anastomosis; Berrettini anastomosis); accessory deep peroneal nerve; and tibial to peroneal nerve 
communication. Conclusion: As anomalous innervations of the extremities are common and influence 
the interpretation of electrophysiological studies in normal subjests and those with peripheral nerve 
lesions, detailed anatomical knowledge is essential for accurate interpretation of physical examination, 
electrophysiological findings, diagnosis, prognosis and reducing the risk of iatrogenic injuries during 
surgical procedures. If these variations are not given due regard, errors and other consequences will be 
inevitable.

Keywords: Variation in innervation – Upper and lower extremities – Electromyoneurography – 
Diagnosis – Prognosis 

Sažetak
Neurofiziološki i klinički aspekti komunukacije između živaca na gornjim i donjim ekstremitetima
Anatomske varijacije u inervaciji na ekstremitetima su česte i utječu na tumačenje elektrofizioloških 
analiza, kako u zdravih ispitianika tako isto i onih s lezijama perifernih živaca. Cilj ovog članka je 
bio opisati najčešće anatomske varijacije u inervaciji gornjih i donjih ekstremiteta i ukazati na njihov 
klinički značaj. Metode: Članak ima analitički karakter i pregled literature, uključujući neke osobne 
članke. Rezultati i Diskusija: Dvostruke inervacije i komunikacije između živaca uzrokuju anom-
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alne inervacije kože i mišićia. Terminološki, komunikaciju vlakana među živicima bolje je nazvati 
„komunikacija među živcima“ nego živčana anastomoza“. Anomalne inervacije na gornjim i donjim 
ekstremitetima su, dakle česte i utječu na tumačenje neurofizioloških parametara u tijeku elektormi-
oneurografije. Naime, tijekom elektrodijagnostičkog ispitivanja lezije perifernog živca, ispitivač se može 
suočiti s neočekivanim nalazima koji mogu biti u suprotnosti s prezentiranom kliničkom slikom. U 
ovom preglednom članku dan je opis najčešćih anomalija u inervaciji gornjih i donjih ekstremiteta: 
komunikacija između medijanusa i ulnarisa (Martin-Gruberova anastomoza); komunikacija koja ide 
od ulnarnog prema medijalnom živcu (Marinacci-jeva anastomoza); varijacija u inervaciji intrizičkih 
mišića šake (Riche-Cannieu-ova anastomoza; Berrettini-jeva anastomoza); akcesorni duboki peronelani 
živac i komunikacija između tibijalnog i peronelanog živca. Zaključak: Kako su anatomske varijacije 
u inervaciji ekstremiteta česte i utječu na interpretaciju elektrofizioloških analiza, kako u zdravih 
subjekata, tako isto i u onih s lezijma perifernih živaca, detaljna anatomska znanja su ključna za točnu 
interpretaciju fizikalnog pregleda, elektrofizioloških anliza, dijagnostičkog zaključka, progonoze i sman-
jenja rizika od nastanka jatrogenog oštećenja tijekom kirurških zahvata. Ako se ove varijacije ne uzmu 
u obzir, pogreške i druge posljedice bit će neizbježne.

Ključne riječi: Varijacije u inervaciji – Gornji i donji ekstremiteti – Elektormioneurografija – 
Dijagnoza - Progonoza

Introduction
Double innervation, abnormal innervation and communica-
tions among nerves are causes of anomalies of innervation. The 
fact of communications of fibers among nerves is better called 
“nerve communication” than “nerve anastomosis”. The different 
anatomical anomalies of peripheral nerves occur with various 
frequencies in the population 1-2. The most widely recognized are 
Martin-Gruber anastomosis (MGA), accessory deep peroneal 
nerve (ADPN), and complete innervations of the intrinsic hand 
muscles by the ulnar nerve (“all ulnar hand”).
Anomalous innervations of the upper and lower extremities are 
common and influence the interpretation of neurophysiologi-
cal studies in normal subjects and clinical features of those with 
peripheral nerve lesions 3. Namely, in the course of an electrodi-
agnostic investigation of a peripheral nerve lesion, the examiner 
may be confronted with unexpected findings in contradiction 
with the clinical picture. Awareness of such anomalies may be 
important in order to avoid misdiagnoses during electrophysi-
ological study, such as a conduction block involving the ulnar 
nerve or carpal tunnel syndrome or axonal lesion of the peroneal 
nerve 1-6.
On the upper limb, it was described several communicat-
ing branches between median and ulnar nerve. Anastomosis 
in which the branch anastomotic originates proximally in the 
median nerve and unites distally in the ulnar nerve is known as 
median - ulnar anastomosis type or Martin-Gruber anastomosis 
(MGA). Martin, a Swedish anatomist in 1763. was the first one 
to consider the possibility of connection between the fascicles 
of the median to ulnar nerves in the forearm 7, and than in 
1870. Gruber dissected 250 forearms and found 38 connections 
(15.2%) 8. 

Anatomic studies have estimated its frequency from 10.5-44% 

4, and electrophysiological studies demonstrating the connection 
in 14-34% 9. Reversed Martin-Gruber anastomosis, ulnar - to 
- median nerve anastomosis, known as Marinacci comunica-
tion (MA), rises from ulnar nerve, and join the median nerve, 
also in the forearm. Marinacci (in 1964) first reported patient 
who, following trauma of the median nerve, at the forearm, had 
preservation of median nerve innervated hand muscle despite 
denervation of forearm flexors 10-11. Occurence frequency for MA 
was reported as 1.3%, by Kimura et al. 12, 4% by Sundaram et al. 

13 but in recent meta-analysis by Roy et al. 15 the overall pooled 
prevalence of this anastomosis was 0.7%, and for MGA the 
overall pooled prevalence was 19.5%. This study included a total 
58 articles. 
On the lower limb the most widely recognized is accessory deep 
peroneal nerve (ADPN)16. ADPN was reported initially by Ruge 
in 1878, and the first anatomical description was provided by 
Bryce (1891, 1901). Winckler published in 1934 a more detailed 
analysis of this nerve and reported a more frequent occurrence in 
man (7 of 19 legs) 17. From the late 1960s, this anomalous varia-
tion has been reported to occur in as many as 28% of people 18-19. 
This anomaly has an autosomal dominant pattern of inheritance 
in man 19-21.

Martin-Gruber Anastomosis
The anatomy of the upper limbs is very complex. In addition to 
the complexity of the format of the brachial plexus and the exist-
ence of specific anatomical zones such as the ulnar, carpal and 
Guyon canal, anomalous nerve branches can be found. These 
may form anastomoses in particular sites that have clinical and 
functional importance 22.
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Figure 1. Types of nerve communications (anatomical variations) between the median and ulnar nerve

The innervation pattern that is most often in relation to the intrin-
sic muscles that act in relation to fine movements of the hand is 
that the opposing short abductor muscle, the superficial portion of 
the short flexor muscle and the first and second lumbrical muscles 
receive innervation from the median nerve. The deep portion of 
the short flexor muscle, the adductor muscle of the thumb, the 
muscles of the hypothenar region, the dorsal and palmar inter-
osseous muscles and the fourth and fifth lumbrical muscles are 
innervated by the ulnar nerve 22. But, as we already mantained, the 
great variety of the different anatomical anomalies of peripheral 
nerves occur with various frequencies in the population 6. Clini-
cally, variations of the innervation of these small muscles are very 
important, in that even if the median or ulnar nerve is completely 
damaged, some of these muscles may not necessarily be paralyzed. 
This could lead to the wrong conclusion that the nerve had not 
become damaged 3, 22-23.
Reports on clinical cases have often suggested that double in-
nervation of these muscles exists 5, 11. Nerve communication 
(anatomical variations) between the median and ulnar nerves 
may occur in the forearm, usually in the proximal third of the 
forearm (Martin-Gruber anastomosis), between the thenar mo-
tor branch of the median nerve and the deep motor branch of 
the ulnar nerve in the palm of the hand (Cannieu and Riché 
anastomosis) or between the sensory branches of the two nerves, 
also in the palm of the hand (Berretini anastomosis or superficial 
sensory communicating branch). Thus, the variety of clinical 
conditions observed in cases of isolated lesions of the median 
and ulnar nerves disagrees with the classical innervation pattern 
of these muscles that is suggested by classical anatomical studies. 

Furthermore, better knowledge of the anatomical variations in 
the innervation of these muscles is important with regard to 
diagnosing nerve injuries 3,6,11,23.
A variety of anomalous interconnections exist between the 
median and ulnar nerves in the forearm and hand. Some reports 
in the literature have differentiated three types of Martin-Gruber 
communication. In types I and II, anomalous innervation of the 
abductor muscles of the little finger and the first dorsal interos-
seous muscle, respectively, are observed. In type III, there is 
anomalous innervation of the short abductor of the thumb. In 
types I and II, nerve fascicles head from the median to the ulnar 
nerve, while in type III (Cannieu and Riché anastomosis) they 
head from the ulnar to the median 22-24 (Figure 1).Furthermore, 
we can also talk about the four major types of anomalous inter-
connections between the median and ulnar nerves in the forearm 
and hand: Martin-Gruber anastomosis (MGA), Marinacci 
anastomosis (MA), Riche-Cannieu anastomosis (RCA), and Ber-
rettini anastomosis (BA), with the former two occurring in the 
forearm and the latter two arising in the hand 25.
MGA is considered to follow an autosomal dominant pattern 
of inheritance 17, 26-27 and has been linked to Trisomy 21 with 
bilateral presentation 28. However,  in already mentioned recent 
meta-analysis by Roy et al. 15 MGA was more commonly found 
unilaterally (66.8%), on the right side (15.7%), following an 
oblique course (84.8%), and originating from the anterior 
interosseous nerve with a prevalence of 57.6%. It is probably 
the most well known of the anastomotic anomalies that occur 
at various levels between the median and ulnar nerves 5, 11, 15 
(Figure 2).
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The electrophysiological recognition of these anomalies and the 
manner in which they affect the interpretation of electrodiagnos-
tic studies in various conditions is very important 3. It is formed 
by motor axons from the median nerve or its branch anterior 
interosseous nerve that cross in the upper forearm to join the 
ulnar nerve. Anatomic studies have estimated its frequency from 
10.5-44% 29, and electrophysiological studies demonstrating the 
connection in 14-34% 30-31. It may be unilateral or often bilateral 

26. Roy et al. 14 showed that MGA is more commonly unilateral 
and on the right side, in agreement with other studies 32-34. This 
anastomosis predominantly consists of motor axons, with rare 
sensory contribution, which may follow different distribution 

35. Simonetti 36 wrote that although anatomical studies have 
shown that a crossover of sensory fibers is not rare in forearm 
Martin-Gruber median-ulnar anastomosis; however it has been 
electrophysiologically described only in rare subjects.According 
to the recent anatomical study of Diz-Díaz et al. 37 almost a third 
of specimens were found to have MGA connections composed of 
motor and sensory fibers. In one our study we have demostrated 
the high incidence of sensory fibers (30.9% of 113 subject with 
motor form of MGA)38.
While MGA is most frequently associated with the ulnar artery, 
it is important to note that it has also been related to the anterior 
ulnar recurrent artery. Awareness of this variation during open re-
duction and internal fixation of a radius/ulnar shaft fracture may 
be significant in minimizing iatrogenic damage 14, 24, 28.
The clinical implications of MGA are incomprehensible. Riech-
ers et al. 39 quote this anastomosis as the main factor causing or 
inducing complications during surgical procedures. In addition to 
cases involving the anterior ulnar recurrent artery, iatrogenic dam-
age is possible in the management of ulnar artery reconstruction, 
wrist drop, and ulnar nerve transposition 14,40-41. 
Complication of diagnosis of carpal tunnel syndrome, cubital 
tunnel syndrome, peripheral lesions, and neuropathies may 
also result in the presence of MGA. For example, in the case of 
carpal tunnel syndrome, there may be partial or total sparing 
of thenar muscles, atypical as well as unusual findings insensi-
tive innervations of the fingers and evoked muscle potentials 20, 

24, 40, 42-43. Conversely, a patient may present with symptoms of 
carpal tunnel syndrome, but show negative findings with regard 
to Tinel and Phalen tests, due to ulnar nerve compression at the 
elbow 44. 

Marinacci anastomosis
The ulnar to median nerve anastomosis (Marinacci anastomosis/
MA), also known as reverse MGA, in the forearm is a rare oc-
curance 11. MA, like MGA, is mainly comprised of motor fibers, 
with few accounts of afferents only 45. Resende et al. 46 suspected 
on this diagnosis on electrophysiological study when CMAP 
of the abductor pollicis brevis muscle obtained by maximal 
stimulation of the median nerve at the elbow, was lower than 

 

Figure 2. Martin – Gruber anastomosis by electrodiagnostical investigation or electro-
neurography – plurisegmental analysis of ulnar nerve

(a)Compound muscle action potential (CMAP) recorded by stimulation of ulnar 
nerve at wrist 
(b) CMAP recorded by stimulation of ulnar nerve below elbow; 
(c) CMAP recorded by stimulation of ulnar nerve above elbow; 
(d) CMAP recorded by stimulation of median nerve at elbow

obtained at the wrist. The diagnosis was confirmed by stimula-
tion of the ulnar nerve at the elbow, which evoked a CMAP of 
the same muscle with a clear negative initial deflection. Presence 
of MA should be suspected if ulnar nerve stimulation, during 
electroneurography, at the elbow yields compaund muscle action 
CMAPs with larger amplitudes than with stimulation at the wrist 
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24. Knowledge of this anosotmosis can prevent interpretation of 
changes over the median nerve as neuropraxia (24)
Knowledge of the anastomosis between these nerves is important 
for clinical practice. Brandsma et al. 47 reported that the clinical 
importance of this anastomosis is that an isolated ulnar nerve 
lesion at the elbow may produce an unusual pattern of intrin-
sic muscle paralysis. On the other side, the presence of MGA 
causing a decline in ulnar CMAP amplitude across the elbow 
segment, and could mimic a partial conduction block, which 
would suggest ulnar neuropathy at the elbow 48. Dogan et al. 49 
described the case of a patient with a condition of compressive 
neuropathy of the ulnar nerve who presented altered sensitivity 
in the ring finger and little finger, but with atrophy of the short 
abductor muscle of the thumb. They attributed this finding to an 
anomaly of innervation of the short abductor. Scelsa 50 reported 
an ulnar-median anastomosis (MA) in the forearm in a patient 
with clinical and electrophysiological evidence of ulnar neuropa-
thy at the elbow and unexpected fibrillations in the abductor 
pollicis brevis muscle. So, unexpected finding of these fibrilla-
tions should raise the possibility of the MA. Therefore, the clini-
cal implications of MA are important, and a lack of attention 
to the changes in amplitude in the CMAPs upon proximal and 
distal ulnar nerve stimulation can lead to changes over the me-
dian nerve being interpreted as neuropraxia 24, 51. Median nerve 
injuries at the elbow may not result in clinically significant effects 
on the thenar muscles, and ulnar nerve injuries at the elbow may 
be accompained by denervation changes over median-innervated 
thenar muscles 24,51.

The accessory deep peroneal nerve 
According to standard textbooks of anatomy the peroneal nerve 
is derivate from the L4-S1 nerve roots, which travel from the 
lumbosacral plexus and eventually the sciatic nerve. Within the 
sciatic nerve, the fibers forming the peroneal nerve run separately 
from those that become the tibial nerve. More distally, the sciatic 
nerve bifurcates above the popliteal fosse into the common pero-
neal and tibial nerves. The common peroneal nerve first gives rise 
to the lateral cutaneous nerve of the knee, and divides into the 
deep and superficial peroneal nerves. 
The deep peroneal nerve innervates the peroneus tertius muscle 
and the dorsiflexors of the ankle and toes, including the tibialis 
anterior muscle, extensor digitorum longus and extensor hallucis 
longus, and extensor digitorum brevis 2, 52-53.
The accessory deep peroneal nerve has been regarded as an 
anomalous nerve derived from the superficial peroneal nerve or 
its branch and supplies motor innervations for extensor digito-
rum brevis (EDB) and sensory innervations for the lateral part of 
the ankle and foot regions 54. ADPN arises from the superficial 
peroneal nerve on the lateral aspects of the leg, descends along 
the posterior border of the peroneus brevis muscle near to the 
Achilles tendon and sural nerve and winds around the lateral 
malleolus (Figure 3)5,55. 

ADPN was reported initially by Ruge in 1878, and the first 
anatomical description was provided by Bryce (1891, 1901). 
Winckler published in 1934 a more detailed analysis of this 
nerve and reported a more frequent occurrence in man (7 of 19 
legs) 54. From the late 1960s, this anomalous variation has been 
reported to occur in as many as 28% of people 54-56. This anomaly 
has an autosomal dominant pattern of inheritance in man 20, 57.
The EDB is usually innervated exclusively by the deep peroneal 
nerve, however, in some cases, one or both of the EDB muscles 
are innervated by the ADPN nerve (partially or exclusively), and 
could be detected by nerve conduction studies (Figure 4 i 5) 53, 57. 
It was reported that ADPN was present in 12–35% of the popula-

Figure 3. The accessory deep peroneal nerve
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a) action potential evoked when stimulating the deep peroneal nerve at the ankle; 
b) action potential evoked when stimulating the common peroneal at the knee; 
c) action potential evoked when stimulating the accessory deep peroneal nerve

Figure 4. Muscle extensor digitorum brevis partially innervated by accessory deep peroneal nerve 

a) no action potential when stimulating the deep peroneal nerve at the ankle; 
b) action potential evoked when stimulating the common peroneal at the knee; 
c) action potential evoked when stimulating the accessory deep peroneal nerve

Figure 5. Muscle extensor digitorum brevis exclusively innervated by accessory deep peroneal nerve 
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tion 58. It was found that there is a wide variation of prevalence of 
ADPN among different studies 58-63. One a meta-analysis study 
assessed the overall pooled ADPN prevalence of 18.8%, the 
electrophysiological pooled ADPN prevalence of 13.6%, and the 
anatomical pooled prevalence of 39.3% 63. This could be explained 
by the differences between studies regarding the studied popula-
tion and the techniques used in the assessment of ADPN, whether 
anatomical or electrophysiological studies 57, 58,63. 
The ADPN has more than one clinical importance 54, 57, 58, 63-64. 
Studying the ADPN can complicate the clinical picture and 
disturb the interpretation of the electrophysiological studies of 
common peroneal, deep peroneal, and superficial peroneal nerves 
lesions and injuries, as well as, ADPN neuropathy 54, 57. Namely, 
superficial peroneal nerve and its branches (including ADPN) are 
risk for iatrogenic damage while performing arthroscopy, local 
anesthetic block, surgical approach to the fibula, open reduction 
and internal fixation of lateral malleolar fractures, application of 
external fixators, elevation of a fasciocutaneous or fibular flaps 
for grafting, surgical decompression of neurovascular structures, 
or miscellaneous surgery on leg, foot and ankle 57, 59.

Tibial-to-peroneal nerve communication 
Phillips and Morgan in 1993 66 described the findings in a case of 
tibial-peroneal nerve communication on the basis of intraopera-
tive nerve conduction studies. Stimulation of the tibia1 nerve 
produced a contraction from the peroneus longus muscle and 
a nerve action potential in the distal peroneal nerve 5, 66. A prior 
tibial-peroneal communication was reported but no details given 
5,67. Linden and Berlit 68 this nerve communications named „all 
tibial foot“, and this raer anomalous innervation were described 

in several other case reports 69-71. Yamashita et al. 71 emphasized 
that this communication between the tibial and deep peroenela 
nerves include sensory fibers. Swerdloff and Stewart in their 
recently paper 72 reported frequency of this anomalous as 11% 
(8 cases out of 72 subjects), and communication was present in 
both legs in half of the subjects.

Conclusion
Anomalous innervations of the upper and lower extremities are 
common and influence the interpretation of neurophysiologi-
cal studies in normal subjects and clinical features of those with 
peripheral nerve lesions. Namely, in the course of an electrodi-
agnostic investigation of a peripheral nerve lesion, the examiner 
may be confronted with unexpected findings in contradiction 
with the clinical picture. The most common innervation anoma-
lies in upper and lower extremities are: median to ulnar nerve 
communication (Martin-Gruber anastomosis/MGA) and acces-
sory deep peroneal nerve (ADPN), then ulnar to median nerve 
communication (Marinacci anastomosis/MA); variations in the 
innervation of intrinsic muscles of the hand (RicheCannieu 
anastomosis/RCA; Berrettini anastomosis) and tibial to peroneal 
nerve communication (TP). 
As anomalous innervations of the extremities are common and 
influence the interpretation of electrophysiological studies in 
normal subjects and those with peripheral nerve lesions, detailed 
anatomical knowledge is essential for accurate interpretation of 
physical examination, electrophysiological findings, diagnosis, 
prognosis and reducing the risk of iatrogenic injuries during 
surgical procedures. If these variations are not given enough at-
tention, errors and other consequences will be inevitable.
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Abstract:
The legacy of the Croatian neurologist Sergije Dogan is preserved in two institutions of the Croatian 
Academy of Sciences and Arts, the Croatian Museum of Medicine and Pharmacy and the Division 
for the History of Medical Sciences. Dogan’s legacy became part of the holdings of these institutions 
in 2019 thanks to his daughter Branka Marinović, head of the Clinic for Dermatovenerology at the 
Rebro Clinical Hospital Centre in Zagreb. The donated material is a rare example of preserved material 
evidence of one doctor’s entire course of education, his clinical, scientific and teaching work, as well 
as his broader social activities. In this paper, we bring a preliminary statement on the content of the 
legacy, while the entire legacy will be presented in full at the exhibition due in 2021 and in the book 
within the publishing series Discussions and Materials for the History of Science of the Croatian Academy 
of Sciences and Arts.  

Ključne riječi: Sergije Dogan – legacy; history of medicine; neurology; Croatia; 20th century

Sažetak: 
Donacija iz ostavštine Sergija Dogana u zbirkama Hrvatske akademije znanosti i umjetnosti
U dvjema ustanovama Hrvatske akademije znanosti i umjetnosti, Hrvatskom muzeju medicine i 
farmacije i Odsjeku za povijest medicinskih znanosti, čuva se ostavština hrvatskog neurologa Ser-
gija Dogana. Ostavština Dogan postala je dijelom fundusa ovih ustanova 2019. godine zahvaljujući 
njegovoj kćeri Branki Marinović, predstojnici Klinike za dermatovenerologiju Kliničkoga bolničkog 
centra u Zagrebu. Darovana građa predstavlja rijedak primjer sačuvanoga materijalnog svjedočanstva o 
cjelokupnom tijeku obrazovanja, kliničkog, znanstvenog i nastavnog rada jednoga liječnika i o njegovu 
širem društvenom djelovanju. U ovom radu donosimo preliminarno priopćenje o sadržaju ostavštine, 
dok će se sveukupna ostavština u cijelosti predstaviti na izložbi koja će biti postavljena 2021. i u knjizi 
unutar nakladničkog niza Rasprave i građa za povijest znanosti Hrvatske akademije znanosti i umjet-
nosti koja se predviđa za 2022. godinu.  

Ključne riječi: Sergije Dogan – ostavština; povijest medicine; neurologija; Hrvatska; 20. stoljeće
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Introduction
Among its numerous activities, the Division for the History of 
Medical Sciences of the Institute of History and Philosophy of 
Science at the Croatian Academy of Sciences and Arts, has been 
collecting various materials for the history of biomedical sciences 
and has been preserving them for decades. This gradually turned 
into a collection of the Museum of the History of Medicine and 
Pharmacy, at the core of which are integrated collections from 
the Institute of the History of Pharmacy and the Museum of the 
History of Health Care within the Croatian Medical Associa-
tion.1,2 For many years, the department took care of this valuable 
material, used it in university teaching for the subjects related 
to the history of medicine and pharmacy, and occasionally 
presented it to the public at exhibitions and in various publica-
tions, until the idea matured that a specialized museum should 
be established, which would deal with the collection, protection, 
documentation and communication of Croatian medical and 
pharmaceutical heritage. This proposal, made by the Head of the 
Division Stella Fatović-Ferenčić, was first referred to the Manage-
ment Board of the Academy in 2006, and was then supported by 
the Department of Medical Sciences. Finally, on May 16, 2011 
the Initial Committee for the Establishment of the Croatian 
Museum of the History of Medicine and Pharmacy, headed by 
Member of the Academy Marko Pećina, the then Secretary of the 
Department, held a meeting and a final decision was made to 
launch the Museum project.3,4

The Croatian Museum of Medicine and Pharmacy was established 
following a decision of the Ministry of Culture of the Republic of 
Croatia on July 7, 2014, and began operating on March 2, 2015 
when the senior curator and director Silvija Brkić Midžić took over 
its management. New donations of museum material soon began 
to arrive, and during the first marketing, promotional, exhibition 
and publishing activities, a wide circle of Museum friends were 
brought together – institutions, companies and individuals who 
contributed to the development of the project in various ways.5 
Thanks to the support of professional, scientific and broader soci-
ety, in the first five years of its operation, the Museum produced 
complete project documentation for the reconstruction and reno-
vation of the former printing house with an area of about 350 m² 
on the ground floor of the Academy building in 24 Gundulićeva 
Street in Zagreb, as well as the arrangement for a permanent 
exhibition. Based on the approved museological concept, the 
permanent exhibition scenario was prepared in which a brief over-
view of the history of Croatian medicine and pharmacy was to be 
interpreted, emphasizing certain topics, persons and subjects, and 
containing four separate units: a room for occasional exhibitions 
about prominent Croatian doctors and pharmacists; a room for 
exhibiting old pharmacy furniture with pharmaceutical items and 
equipment, and a room intended for various branches of medi-
cine, which would be reorganised every few years. Furthermore, 
the plan is also to set up a multimedia research room. Considering 
the given spatial framework, the Museum’s permanent exhibition 

was to include a small part of the material, while other museum 
items would be presented in occasional exhibitions, publications 
and other media.6
According to the census concluded on March 20, 2020, the Mu-
seum’s holdings now contain 5,028 items, of which 3,149 were 
taken from the Division for the History of Medical Sciences, 
while 1,879 items were collected through donations between 
March 1, 2015 and March 20, 2020.7 In addition to the col-
lection of the Otorhinolaryngology Clinic in Šalata, which was 
donated to the Museum by the Zagreb School of Medicine, there 
have been several donations from various medical institutions 
and individual items of medical and pharmaceutical heritage, but 
mostly these are donations from personal collections or family 
legacies of Croatian doctors and pharmacists, such as Hrvoje 
Tartalja8, Gustav Porschinsky, Pavao Primorac, Lujo Naletilić, 
Goran Ivanišević, Bosiljka Cvetnić; the Kallay-Matković family 
of dentists, Vladimir Milas, Vladimir Dugački, the Ilakovac-
Efendić family of pharmacists9, Drago Novak, Ivo Padovan, 
Ranko Mladina, Svetko Fatović, Sergije Dogan, and others. The 
Division’s archives already contain the legacies of prominent 
Croatian pharmacists and doctors; for example, the legacy of 
the Croatian Pharmaceutical Society includes the collections 
of Hinko Brodjovin, Julije Domac, the family of Eugen Vik-
tor Feller, and others. Medical legacies include donations from 
the families of doctors Dürrigl, Durst, Kogoj, Dogan, Špišić, 
Florschütz, and others.10

We know from the history of pharmacy that in Croatia it was 
almost a rule for several generations of the same family to be 
engaged in pharmacy, which yielded the emergence of something 
like “pharmacy dynasties”, such as the families Panac, Seitz, Csil-
lagh, Krauterblüth-Krajanski, Pečić, Vouk, Deszathy,11 Kubanyi-
Renaldy-Barković12, and others. However, not many people 
know that there are also numerous families who produced two 
or more generations of doctors each. Among them is the Dogan 
Family. Sergije Dogan (1916 - 1979) (Figure 1) was married to 
pediatrician Kate Dogan-Librenjak (1923 - 1979) (Figure 2) and 
they had a daughter Branka, married name Marinović, today 
head of the Clinic for Dermatovenerology of the Clinical Hospi-
tal Centre in Zagreb (Figure 3).
The memorial collection of the Dogan Family became part of the 
collection of the Croatian Museum of Medicine and Pharmacy 
thanks to a donation from Branka Marinović, who on Febru-
ary 25, 2019 donated 74 items from the legacy of her father, 
neuropsychiatrist Sergije Dogan and her mother, pediatrician 
Kate Dogan-Librenjak. These are personal documents – school 
textbooks, student records, various documents and cards (19 
items), diplomas and charters (34 items), as well as medals and 
plaques (21 items), of which 72 come are from Sergije Dogan, 
and two diplomas belonged to Kate Dogan-Librenjak.
Kate Dogan-Librenjak was born in 1923 in Dubrovnik and she 
graduated from the Zagreb School of Medicine in 1948. She 
specialized in pediatrics at the Clinical Hospital Centre Rebro, 
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Figure 1. Sergije Dogan, photo taken in 1976, Di-
vision for the History of Medical Sciences, CASA

Figure 4. School records for Sergije Dogan’s first grade of public school, Trogir, 
1926/27, Croatian Museum of Medicine and Pharmacy, CASA

Figure 5. School records for Sergije Dogan as a graduate of the Classical Grammar 
School, Šibenik, 1933/34, Croatian Museum of Medicine and Pharmacy, CASA

Figure 2. Kate Dogan-Librenjak, pediatrician, wife of 
Sergije Dogan, photo taken in 1961, private archive of 
Branka Marinović

Figure 3. Branka Marinović, the donor of the Dogan 
Legacy

where she started working as a specialist for children. In 1960 
she went to study in the USA, where she met Sergije Dogan and 
where they got married. Upon her return to Zagreb, she went 
on maternity leave and after that worked at the Hospital “Dr. 
Mladen Stojanović” (today Hospital of the Sisters of Charity), 
where she mostly dealt with pediatric gastroenterology, especially 
cystic fibrosis, which she had studied in the United States. She 
became the chief physician and head of the pediatric gastroen-
terology department of the said hospital. She died of cancer in 
1979, a few months before her husband.
The donated material is a rare example of preserved material 
evidence of the entire course of education, clinical, scientific and 
teaching work of one doctor and his broader social activities. 
In addition to items from Dogan’s legacy, which belong to the 
Museum, the Division for the History of Medical Sciences of the 
Croatian Academy of Sciences and Arts has preserved a collec-
tion of his offprints and other publications, his habilitation thesis, 
doctoral dissertation, some personal documentation related to 

the Zagreb School of Medicine and the Neurology Clinic, as well 
as a collection of newspaper clippings, also a gift from Branka 
Marinović. The overall legacy of this deserving Croatian doctor 
will be presented in full at the exhibition included in the Muse-
um’s program for 2021 and in the accompanying catalogue, while 
his role and contribution to the development of Croatian medi-
cal sciences will be presented in a book of the publishing series 
Discussions and Materials for the History of Science of the Croatian 
Academy of Sciences and Arts, which is scheduled for 2022.
Neuropsychiatrist Sergije Dogan was born in 1916 in Šibenik. 
He attended primary school in Trogir, which he started in 
1926/27. (Figure 4) He attended the State Classical Grammar 
School in Split and finished it in Šibenik, where he graduated 
on June 21, 1934. (Figure 5) He then left his home county and 
went to study medicine in Zagreb, where he graduated in 1940. 
(Figure 6) While still studying medicine, he enrolled in the psy-
chology course at the Zagreb University Faculty of Philosophy, 
where he studied in the period from 1939 to 1941. (Figure 7) 
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From 1941 he worked at the Clinic for Nervous and Mental Dis-
eases in Zagreb, initially as a volunteer, where he specialized in 
neuropsychiatry and progressed from the title of assistant to head 
of department and then head of the neurology departments. Fol-
lowing a decision of the Ministry of Public Health of the Republic 
of Croatia, on 3 February 1949 he became a specialist in neurol-
ogy and psychiatry. After receiving a scholarship from the World 
Health Organization, he trained at the Queen Square Institute 
of Neurology in London and the Karolinska University Hospital 
in Stockholm (1948-1949). There he was introduced with the 
development of new tendencies in clinical neurophysiology and, 
inspired by these novelties, he acquired the first electroencephalog-
raphy machine in Croatia, which he began using in 1952. Such an 
innovative environment supported a surge of dynamic activity in 
the field of epilepsy, and at Dogan‘s initiative, an EEG device was 
constructed in Croatia, which soon began to be mass-produced so 
as to be available to other clinical centres in the country. Therefore, 
we consider Dogan to be the founder of Croatian clinical neuro-
physiology and the Epilepsy Station. In an effort to emphasize the 
historiographical accuracy of the founding of the Station, later the 
Centre for Epilepsy of the Neurology Clinic, Croatian neurolo-
gist and long-time associate of Sergije Dogan, Anica Jušić, said the 
following: “At this point I would like to emphasise several facts 
which have been neglected in recent historiography. It has been 
stated that the Centre for Epilepsy of the Neurology Clinic was 
founded in 1956, and Franjo Hajnšek is mentioned as its found-
er.13 The fact is that in 1956 Franjo Hajnšek had just completed 
his specialisation in neuropsychiatry and was appointed head of 
the EEG laboratory. It is also a fact that before him, the Station 
for Epilepsy was run by Vlado Rogina, aside from a lot of other 
work he was doing. He became a teaching assistant at university 
at the same time as Franjo Hajnšek and myself, except that I am 
two years younger than them, so they had already completed their 
specialization. The Station had already obtained the first EEG de-
vice, donated by UNRAE in 1952. Sergije Dogan and Petar Erak, 
a pediatrician, taught about epilepsy in 1953 as part of the then 
promoted popularization of science. I listened to them as a medi-

cal trainee. Thanks to Andrija Štampar, Sergije Dogan received 
scholarships in England and Sweden. In particular, he maintained 
contact with epileptologist Denis Williams from the Queen Square 
National Hospital in London. He successfully fought for the local 
production of EEG devices and definitely founded the Station by 
appointing the neuropsychiatry specialist Franjo Hajnšek as its 
chief. Therefore, the founder of the Station is undoubtedly Sergije 
Dogan.”14

In addition to working at the clinic, Dogan was actively involved 
in teaching. He compiled a neurology script for medical students 
(1950, 1951, 1954, 1961) and students of defectology (1969, 
1971, 1975). Undoubtedly, he knew how to obtain quality com-
munication with students, which was confirmed by the diploma 
of the Student Union of the Zagreb School of Medicine, awarded 
to him as a token of successful cooperation. (Figure 8)

Figure 6. Sergije Dogan’s University records, Zagreb, 1934, Croatian Museum of 
Medicine and Pharmacy, CASA

Figure 7. Sergije Dogan’s University records for the psychology course, Zagreb, 1939, 
Croatian Museum of Medicine and Pharmacy, CASA

Figure 8. Sergije Dogan, neurology textbook, Zagreb, 1950, Division for the History 
of Medical Sciences, CASA
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Dogan became a private assistant professor at the Zagreb School 
of Medicine in 1952, and his habilitation thesis, which is kept at 
the Division for the History of Medical Sciences of the Croatian 
Academy of Sciences and Arts, is entitled Clinical significance 
of congenital anomalies in the area of the craniovertebral junction. 
Two years later, he was appointed assistant professor at the De-
partment of Neurology and Psychiatry, then in 1958 an associate 
professor, and in 1965 a full-time professor. Interest in teach-
ing, working with students and efforts to improve the quality of 
medical studies are reflected in the fact that from 1964 to 1966 
he was the vice dean, and from 1966 to 1970 dean of the Zagreb 
School of Medicine, and twice president of the School’s Council.
Dogan was also an active member of the Croatian Medical 
Association, and in the period between 1958 and 1960 he was 
its president. He actively participated in the work of profes-
sional societies; he was the president of the Neurology Section 
of the Croatian Medical Association, the president of the League 
Against Epilepsy in Croatia and a member of the Academy of the 
Medical Association.
From 1960 to 1962 he trained at the University of Pennsylvania 
in Philadelphia, USA. In Philadelphia he worked with neurolo-
gist Solomon D. Erulkar and neurosurgeon Peter Jannet, and 
the results of their collaboration were published in the Journal of 
Neurophysiology in 1966.15 In 1967 he was invited by the French 
government to work in France, after which he went to Denmark 

and Sweden. Furthermore, he continued his work in England 
and West Germany in 1971 through the World Health Organi-
zation funding, and in 1972 he returned to France.
Dogan ran the Neuropsychiatry Clinic in Zagreb from 1967 to 
1971. For the sake of precision, it should be noted that in Dogan’s 
time, neuropsychiatry was a unique kind of specialization, and 
the experts of the older generation were given the title specialist of 
neuropsychiatry. As the volume of knowledge of both specializa-
tions increased, they were separated in 1971, so that two clinics 
were formed at Rebro Hospital: the Clinic of Neurology within 
the Zagreb School of Medicine and the Clinical Hospital Centre 
in Zagreb, whose first chief was Sergije Dogan, and the Clinic of 
Psychiatry, whose first chief was Nikola Peršić.16,17 Under Dogan’s 
leadership, the Clinic was reorganized so that functional depart-
ments, centres and specialised laboratories were formed. Dogan 
also founded and managed the Nervous System Research Unit.
He obtained his doctorate in 1978 with a dissertation entitled 
Chronic Non-Progressive Hemiplegia in Children.18 For many years 
he was preoccupied with the problems of childhood neurology 
and was accordingly an advisor at the Department of Special 
Education and Rehabilitation and a teacher at the College of 
Special Education and Rehabilitation. In addition to specialised 
departments and laboratories, he encouraged and developed 
medical work related to extrapyramidal diseases, headaches and 
head trauma.19

Figure 9. Diploma of the Zagreb School of Medicine Student Association to Sergije 
Dogan, 1969, Croatian Museum of Medicine and Pharmacy, CASA

Figure 10. Sergije Dogan’s docoral thesis, Zagreb, 1977, Division for the History of 
Medical Sciences, CASA
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He gathered around him a number of associates and encouraged 
the organization of the Symposium on Cerebrovascular Diseases, 
which, according to his colleague Nenad Grčević, played a major 
role in our region in raising the standards of diagnosis, therapy and 
scientific research in this important area.19

As the head of the Department of Neurology, he initiated a post-
graduate study in neurology. He was one of the founders of the 
Institute for the Rehabilitation of Children with Cerebral Palsy at 
Goljak Hospital in Zagreb and the president of the Rehabilitation 
Committee of the State Secretariat for Health and Social Welfare 
of Croatia. He was the president of the publishing board of the 
journal Neurology, a permanent contributor to the Medical Ency-
clopedia, a corresponding member of the American Academy of 

Cerebral Palsy, an honorary member of the French Neurology So-
ciety and winner of numerous awards and recognitions, of which 
we would like to emphasise the City of Zagreb Award. (Figure 
9) In 1977 he was appointed external member of the Yugoslav 
Academy of Sciences and Arts (JAZU).20 (Figure 10)
He died unexpectedly in a car accident on April 17, 1979. Long 
after his death, his work continued to live in quotations of new 
generations of neurologists, in the memories of many of his as-
sociates, and thus it remained inscribed in the development and 
history of our eminent institutions. Finally, his legacy, which is 
today preserved in two of Academy’s institutions, will certainly be 
positive motivation for future research, exhibitions, presentation 
and evaluation of the role of this prominent Croatian doctor.

Figure 11. The Charter of the City of Zagreb Award to Sergije Dogan, 1967, 
Croatian Museum of Medicine and Pharmacy, CASA

Figure 12. The Charter awarded to Sergije Dogan as an external member of the 
Yugoslav Academy of Sciences and Arts, JAZU, Zagreb, 1977, Croatian Museum of 
Medicine and Pharmacy, CASA
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This book is the second, supplemented edition authored by Emer. 
Professor DSc Predrag Keros and Professor Marko Pećina, Fellow 
of the Croatian Academy of Sciences and Arts, modernised and 
completed with additional material in comparison with the first 
edition, which was published by the same publisher in 2006. Im-
mediately after its publication, the first edition induced major in-
terest and received many acknowledgements. Inter alia, the book 
was awarded the Josip Juraj Strossmayer Award, and the fact that 
the edition was sold out proves the value of the book.
In this new, supplemented edition, individual chapters have been 
amended and two entirely new chapters added. The chapter on 
human gait analysis will be of particular interest and significance 
both to medical experts and clinical kinesiologists. The author of 
this new chapter is physiotherapist Nikolino Žura, Head of the 
Chair of Kinesiology at the University of Applied Health Sciences 
in Zagreb. The fundaments of radiological anatomy, in the sense 
of the options offered by the latest technologies (MRI images) in 
presenting anatomical structures – joints in particular, have been 
analysed by Professor DSc Igor Borić, eminent radiologist special-
ising in locomotor system and sports injuries.
The book consists of seven chapters and numbers 585 pages, 
including the Glossary of Latin / Greek / Croatian anatomical 
terms, literature, and fifteen tables in colour. The book further-
more contains more than 300 images and drawings. The reader 
will find the comprehensive Index very helpful in understanding 
the multitude of anatomical terms.
This comprehensive volume tackles – from the viewpoints of com-
petent experts in anatomy, orthopaedics, surgery, radiology and 
physiotherapy – issues related to the anatomy of human muscu-
loskeletal system based on objective professional and scientific 
knowledge. The authors’ clinical experience, included in the book 
in order to offer anatomical basis for the etiology and diagnostics 
of clinical syndromes, is particularly valuable.
In general, this is an excellent anatomy textbook treating the struc-
ture, function and functional characteristics of human locomotor 
system. Taking into account its scope and content, the book is first 
and foremost intended for postgraduate and graduate students of 
medicine and kinesiology, as well as for students of the University 
of Applied Health Sciences. It is moreover of great importance for 
specialists in orthopaedics and traumatology, physical medicine 
and rehabilitation, and rheumatology. It is furthermore useful for 
neurologists, radiologists, and specialists in sports medicine. The 
book contains relevant information and data, analysed by the au-
thors in a highly logical and approachable manner.
This book has been accepted as official textbook both at the Uni-
versity of Zagreb and at the University of Applied Health Sciences 
in Zagreb.

Book review: 
Functional anatomy of  the locomotor system

Publisher: ljevak Zagreb, 2020
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The new book „Clinical psychoneuroendocrinoimmuno-
logy“ edited by Vida Demarin and Sanja Toljan, published 
by Crotian Academy of Sciences and Arts, Department of 
Medical Sciences and Orlando Medicus, Zagreb, Decem-
ber 2020. is presenting the new concept of the impact of 
stress on health by emphasizing the closeness between the 
psyche, brain, and body systems, being the basis a new 
discipline Psychoneuroendocrinoimmunology (PNEI). 
The idea of the interconnectedness of organs and organ 
systems is neither new nor revolutionary, moreover, it is 
very experientially achievable. Over the years, it has been 
necessary to publish the results of hundreds of thousands 
of scientific studies in order for this idea to be scientifical-
ly grounded. Researchers, mostly of the basic natural sci-
ences, have found themselves on this path, whose results 
have been successfully incorporated, but mostly are still 
awaiting translation into everyday clinical practice. Some 
of them left a deeper mark and accelerated the process of 
adopting the paradigm shift. 
In this book, we can find data that Psychoneuroendocri-
noimmunology, which was first described in 1936, is the 
study of the interactions between the psyche, neural and 
endocrine functions and immune responses. The aim of 
PNEI is to apply medical knowledge to the treatment of 
different allergic, immune, autoimmune, rheumatic, en-
docrine, cardiovascular, neurologic and dental patholo-
gies, among other disorders. Epigenetic factors and major 
stresses from different types of stimuli acting through dis-
tinct pathways and neurotransmitters are highly involved 
in altering the psychoneuroendocrinoimmune  axis, resulting in 
the emergence of disease. 
The authors point out the fact that along with the nervous and the 
endocrine systems, the immune system is one of the three major 
integrative systems in higher organisms. Growing evidence dem-
onstrates an intimate relationship between the immune system 
and the endocrine and nervous systems: The psychoneuroendo-
crine system can influence the immune response and thereby the 
capacity of the organism to cope with the illness, and vice-versa 
the immune system can have an impact on neuroendocrine func-
tions. Such cross-talk among systems is dependent upon feedback 
loops working to maintain homeostatic equilibrium.
This book is a comprehensive source of recent knowledge in this 
field. It is well organized comprising of more than 20 chapters, 
from global concept and its historical development to empha-
sizing its translation into clinical practice of several medical dis-
ciplines. Written by the experts in their fields (32 authors), the 
content of the book is the reliable source of many possible PNEI 

approaches in different medical fields. Each chapter ends with 
the list of  recent references. As the PNEI axis comprises several 
disease-producing mechanisms in which different disciplines of 
medicine interact, the authors propose the need for an  integrative 
approach. The science of PNEI must go hand in hand with health 
education and the promotion of healthy lifestyles in order to at-
tain patient health.
The reader can find  more new facts of how diseases are the result 
of an alteration at the bio-psycho-social level that can indicate 
lifestyle changes that should be made in addition to appropriate 
medical management and treatment. Emotions and stress signifi-
cantly affect health and one’s susceptibility to a pathology, as well 
as one’s ability to recover from an illness. PNEI provides knowl-
edge about the biological dynamics of conventional medicine and 
of importance of lifestyle changes for fighting disease.
The editors were  attracted with this exeptional new approach, 
what was the reason to invite  their co-authors from various 
parts of medicine, thus creating the fresh and innovative tool for 

Book review: 
Clinical Psychoneuroendocrinoimmunology
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spreading the new knowledge and implenting it in everyday clini-
cal pratice to the benefit of our patients and even more so, to pre-
vent them becoming the patients. 
This idea is the embodiment of new physiology in clinical practice. 
Professor Bottaccioli is the originator of a new paradigm of healing, 
as he transfers knowledge to practicing physicians, making it easy to 
understand. He is the link between science and the profession, what 
we need today, Professor Bottaccioli wrote the following:
We are experiencing a general crisis in the biomedical model that 
has been dominant for the last 2 centuries. The response to the 
crisis in medicine could be through PNEI, an interdisciplinary 
field that the human body considers a structured and networked 
entity where biological and psychological systems interact with 
each other reciprocally. Such a vision forms the basis of a new 
integrated approach in prevention and therapy and at the same 
time opens the possibility of removing the historical and philo-

sophical opposition between mind and body, as well as medicine 
and psychology.
The root of PNEI lies in the study of stress, from Hans Selye to the 
present day. It is possible to unite 2 great traditions (biological and 
psychological) in the study of stress with the aim of reconstructing 
the balance of health and disease. What we need is a new science 
that will remove the narrow-mindedness of 20th century scientific 
culture, whose roots in reciprocal reductionism have dominated 
psychology and biomedicine. ”

We are sure that this completely new literature in the world of 
medical publishing in the Republic of Croatia will be a useful 
read for all those who nurture an interdisciplinary and holistic 
approach to the patient. Our thanks and congratulations go to all 
authors of this exceptionally inspirative book.
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The traditional symposium 4th Rijeka Forum on Neurodegenera-
tive Diseases titled “Neurodegenerative Diseases and COVID-19 
pandemic” was held online on the 10th and 11th of December un-
der the patronage of the Department of Biomedical Sciences in 
Rijeka of the Croatian Academy of Sciences and Arts, the Clinical 
Hospital Center Rijeka, the Medical Faculty of the University of 
Rijeka, the Croatian Neurological Society and the Rijeka branch 
of the Croatian Medical Association.  The symposium has also 
gained a full endorsement by the European Academy of Neurol-
ogy (EAN). It has proven that the Rijeka forums, now held annu-
ally, have become a tradition, and was not stopped by the current 
challenges we face from the pandemic of COVID-19. Moreover, 
the Program of the 4th Rijeka Forum attracted attention of par-
ticipants from many countries.
This year thirteen lecturers from six countries, experts in the field 
of neurodegenerative diseases, delivered  timely  lectures focusing 
on the effect of COVID-19 pandemic on the neurodegenerative 
diseases, as well as  some new findings in general regarding the 
diagnosis and biomarkers of neurodegenerative diseases. The sym-
posium had free registration online and attracted a wide audience 
(more than 200 registered participants) from graduate and post-
graduate students, to basic and clinical medicine scientists. 

The symposium was opened with introductory talks of the presi-
dent of the scientific committee, Daniel Rukavina, full member of 
Croatian Academy of Sciences and Arts and the Head of the De-
partment of Biomedical Sciences in Rijeka of the Croatian Acad-
emy of Sciences and Arts and president of the organizing commit-
tee Vladimira Vuletić, Head of the Department of Neurology at 
the Faculty of Medicine Rijeka and Head of the Clinic of Neurol-
ogy at the Clinical Hospital Center Rijeka. Furthermore, welcome 
addresses to all lecturers and participants were given by Zdravka 
Poljaković, President of the Croatian Neurological Society, Alen 
Ružić, Head of the Clinical Hospital Centre Rijeka  and Goran 
Hauser, Dean of the Medical Faculty of the University of Rijeka. 
The symposium was split into  two  main topics, first encom-
passed  current knowledge we have about the effects of COV-
ID-19  in  neurodegenerative diseases. This was followed by  the 
clinical experience and state of art on the 2nd day of the sympo-
sium. The opening lecture of  the first topic was held by the es-
teemed professor Elena Moro, director of the Movement disorders 
unit at the University Hospital of Grenoble, who spoke about the 
neurological  manifestations in patients with COVID-19.   Al-
though the most severe symptoms of SARS-CoV-2 virus (COV-
ID-19) are respiratory and are the most important cause of death, 
neurological symptoms and more severe neurological disorders are 
frequent and present in all the stages of the infection.  Nenad 

Bogdanović (Karolinska Institutet) following the broad discussion 
on various potential pathways of virus entry in nervous system 
concluded that it is a high  possibility that SARS-CoV-2 infec-
tion could promote or enhance susceptibility to different forms 
of CNS changes that may lead to neurodegeneration as a long-
term effect. Zvezdan  Pirtošek  (University Medical Centre, Lju-
bljana) gave very interesting historical talk comparing Spanish flu 
to COVID-19 from a neurologist perspective. The SARS-CoV-2 
virus of the ongoing COVID-19 pandemics and the A/H1N1 in-
fluenza virus of the 1918–19 pandemics share several common 
properties but also some essential differences. Fundamental differ-
ences between the biology of both viruses and very different medi-
cal and technological settings make it hard to chart the future of 
COVID-19 based on what happened a hundred years ago. An 
update on current blood biomarkers for A/T/N pathophysiology 
in Alzheimer’s disease was given  by  Kaj  Blennow  (Gothenburg 
University). The lectures of the first day and main topic were fin-
ished by interesting talks of   Maja Trošt (University Medical Cen-
tre Ljubljana), who spoke about the current knowledge about the 
effect of COVID-19 on Parkinson’s disease, and by Tomislav 
Babić (Neuroscience Franchise Worldwide Clinical Trials, Lon-
don), who spoke about the management of clinical trials on neu-
rodegenerative diseases in the COVID-19 pandemic. 

The second day of the symposium was reserved for  the lec-
tures covering the clinical experience and state of the art regarding 
neurodegenerative diseases and COVID-19 pandemic. The open-
ing lecture by John Hardy (UCL Institute of Neurology, London, 
UK) was very interesting showing the results of early genetic find-
ings in covid disease analyses and postencephalitic 
diseases. Robert Živadinov  (Clinical Translational Science Insti-
tute, Buffalo, USA) covered the  imaging biomarkers for disease 
progression in patients with multiple sclerosis. The  influence of 
the COVID-19 pandemic on multiple sclerosis was the topic of 
the lecture by  Mario Habek (University Hospital Centre Zagreb). 
Multiple disease-modifying therapies (DMT) have been approved 
for the treatment of relapsing-remitting form of MS (RRMS). 
However, any decision to initiate DMTs during the COVID-19 
pandemic will need to be carefully made and will depend on the 
state of the COVID-19 pandemic. In doing so, care should be 
taken to take a proactive approach to MS treatment, focus on the 
person with MS at all stages of the disease in order to minimize 
the effects of the disease and maximize quality of life. Paolo Man-
ganotti (Ospedali di Cattinara, Trieste) contributed with his lec-
ture on peripheral neurological complications in the COVID-19 
pandemic.  Furthermore,    Nataša Klepac (University Hospital 
Centre Zagreb) spoke about cognitive training in the COVID-19 
pandemic time. To be effective, cognitive training programs must 
be intensive and prolonged over time. However, the current 
COVID-19 containment measures are hampering their imple-
mentation. Vladimira Vuletić held a lecture on the management 

The 4th Rijeka Forum on Neurodegenerative Diseases:  
„Neurodegenerative Diseases and COVID-19 Pandemic“ 
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of deep brain stimulation patients in movement disorders dur-
ing the COVID-19 pandemic. Deep brain stimulation (DBS) is a 
well-established, safe and effective treatment for the management 
of patients with advanced Parkinson’s disease and other movement 
disorders. In the lecture Vladimira Vuletić gave an overview of 
challenging experiences on management of DBS implanted pa-
tients for movement disorders in COVID-19 pandemic time. 
At the end of the Program  Slavica Kovačić (Clinical Hospital 
Center, Rijeka) spoke about the management of neuroimaging for 
movement disorders and dementia in the current pandemic. The 

symposium was finished by an interesting round table discussion 
moderated by  Vladimira Vuletić. 
Overall, the 4th Rijeka Forum on Neurodegenerative Diseases had 
very interesting and timely talks, which were valuable for all par-
ticipants. Importantly, it presented as a great occasion for young 
students and researchers to discuss these important topics with 
the leading international experts in an online setting and opened 
the door for next Forums. The fifth Symposium will be held next 
year in a similar period, hopefully in Rijeka when the current pan-
demic subsides. 
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The scientific community, alongside other social stakeholders, 
is currently centered on finding the solution for the global cri-
sis caused by the COVID-19 coronavirus pandemic. Current 
research focuses primarily on biomedicine, healthcare, and the 
natural sciences, where scientists endeavor not only to understand 
the nature of the virus, and to develop a vaccine but to explore 
public healthcare’s value and future role of in preventing disease 
and protecting citizens. No less mobilized are researchers in other 
branches of science. Experts in the social sciences are examining 
the social consequences of this global shock, especially concerning 
the field of education, which has undergone an unprecedented 
technological transformation. Comparable activities can be ob-
served in the areas of legal, economic, and sociological scholar-
ship, in political science, and in the humanities, which are now 
reflecting upon the threats, challenges, and opportunities linked 

with building the new world order. For experts in the technical 
sciences, this crisis has posed the critical questions of the future 
development of informational-communication technologies, ar-
tificial intelligence, and cybernetic security. Research in energet-
ics and sustainable development is pushing new frontiers. Emer-
gency communication in the world of social networks, and trust 
in experts, institutions, and leaders, have emerged as the most 
important of topics. It seems as if the absolute social shock that 
has struck the world requires new and exhaustive research that 
transcends strict disciplinary boundaries, and, more urgently than 
ever, demands a multi-disciplinary or inter-disciplinary approach, 
alongside intense global collaboration. 
Inspired by these opinions and controversies, the University of 
Rijeka and the Academy Department of Biomedical Sciences in 
Rijeka decided to organize a cycle of five one-day international 
conferences under the common title COVID-19 MESSAGES 
I–V, which were held from September to November 2020. The 
conferences were held in a hybrid form, including onsite and on-
line lectures, and the working language was English. The concept 

Covid-19 messages: on the pandemic from five perspectives 

Figure 1. Co-chairmen of the Program Committee of COVID-19 MESSAGES symposia Daniel Rukavina and Snježana Prijić Samaržija
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of the program and profiles of the symposia were carefully dis-
cussed and prepared by the Program committee, consisting of 
Co-chairmen Snježana Prijić Smaržija and Daniel Rukavina and 
members Alen Ružić, Marta Žuvić, Senka Mačešić, Elvio Bacca-
rini, and Tea Dimnjašević. 
Each meeting was dedicated to scientific research from one of four 
different areas – biomedicine, education, technology, and social 
sciences and humanities – as well as students’ perspective on the 
pandemic’s consequences. Finally, following the end of the cycle, 
we prepared a document titled COVID-19 UNIRI MESSAGES, 
which contain our conclusions about the direction and impor-
tance of further scientific research and social agency. By publish-
ing COVID-19 UNIRI MESSAGES we wish to contribute to 
the exchange of ideas that aims to make us more apt to tackle 
the COVID-19 pandemic, and to stress the University’s and the 
whole academic community devotion to our public mission of 
social responsibility.

COVID-19 MESSAGES I
Advancement in Virology Research – an Opportunity to Improve 
the University of Rijeka’s International Impact

In the Introduction, Daniel Rukavina (Scientific committee, pres-
ident) pointed out that the epidemiological dynamics of COVID 
19 are fascinating. In a brief period, it became a pandemic and 
spread all across the world. This rapid spread should be under-
stood as an example of how fast any new type of virus of unknown 
characteristics (like SARS-Cov2) could travel in the future. Pre-
sent scientific knowledge should prepare us to react immediately, 
not only epidemiologically but also by detecting their viral biol-
ogy characteristics, finding their weak points, and working on vac-
cines. This potential could be of enormous value for the country 
and the University’s future development and international recog-
nition.  

The symposium, organized by Stipan Jonjić from the Faculty of 
Medicine, attracted a broad audience of more than 330 registered 
participants, ranging from graduate and postgraduate students to 
basic and clinical medical scientists from across Croatia. Organ-
izers devoted the first conference on virology as the University of 
Rijeka is home to Croatia’s leading group of virologists and immu-
nologists. This fact is of enormous value not only for responding 
to the present SARS-COV2 pandemic but particularly for future 
activities. The keynote speaker was Ivan Đikić, our prominent sci-
entist working in Germany (Goethe University and Max-Planck 
Institute for Biophysics. Frankfurt) and a member of the Univer-
sity of Rijeka›s International council. Đikić, whose recent achieve-
ments in SARS-CoV-2 research are broadly recognized, presented 
results showing that papain-like protease regulates SARS–COV-
2›s viral spread and innate immunity, and explained how a thera-
peutic targeting of COV-2 ‹s papain-like protease could suppress 
the infection and promote antiviral immunity. Stipan Jonjić pre-
sented the Faculty of Medicine›s recent scientific achievements 
and global impact regarding virology and viral immunology. 
These impressive results attracted considerable international rec-
ognition and opened a door for broad international collaboration. 
Bojan Polić from the Faculty of Medicine described their efforts 
to develop and build the Center for translational medical research 
(TransMedRi) as a prerequisite for virology and immunology›s 
successful development in Croatia. TransMedRi is conceived as 
a joint research institute shared by the University of Rijeka, the 
Faculty of Medicine, and the Clinical Hospital Center Rijeka. 
Its research will focus on mechanisms of surveilling dangerous 
pathogens (i.e., SARS-CoV-2) and developing vaccines, cancer 
immunotherapy, inflammation mechanisms, and the develop-
ment of different immunotherapeutics. While Pero Lučin from 
the Faculty of Medicine explained the cellular physiology of viral 
infection, Igor Jurak from the Department of Biotechnology dis-

Figure 2. Daniel Rukavina, Snježana Prijić Samaržija, Ivan Đikić and Stipan Jonjić Figure 3. Participants of the Meeting at the Lecture Hall in the  Campus of the  
University of Rijeka
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cussed his constituency›s emergency response to the COVID-19 
pandemic. Also from the Faculty of Medicine, Tomislav Rukavina 
spoke about the epidemiological features of the SARS-CoV-2 in-
fection, Vanda Juranić Lisnić presented their efforts on promptly 
transforming their research laboratory into a clinic in the early 
days of SARS-CoV-2. Đurđica Cekinović Grbeša from the Fac-
ulty of Medicine presented clinical experience in the disease›s de-
velopment and outcome at the Clinical Hospital Center Rijeka. 
The previous period›s achievements and accumulated knowledge 
were instrumental in opening new avenues of research into SARS-
Cov-2 and Covid 19 in Rijeka when the pandemic had started. 
This feat was also recognized by the Croatian Science Foundation, 
which decided to financially support the University of Rijeka›s 
five research projects, from the eleven accepted for financing al-
together. Those five projects were presented shortly at this confer-
ence by Principal investigators: Ilija Brizić, Astrid Krmpotić and 
Felix M. Wensveen from the Faculty of Medicine, Ana Meštrović 
from the Department of Informatics, and Dalida Ritossa from the 
Faculty of Law.  

COVID-19 MESSAGES II
Higher Education in the COVID-19 Crisis: Challenges and 
Opportunities 

The second conference was organized by Marta Žuvić, vice-rector 
for studies and students at the University of Rijeka, here acting 
as the Scientific committee president. The invited speakers were 
Wim Van Petegem from Catholic University Leuven, Michael 
Gaebel from the European University Association, Higher Educa-
tion Policy Unit, Sandra Kučina Softić from the University Com-
puting Centre – SRCE, and Ulf-Daniel Ehlers from Baden-Wurt-
temberg State University, while the remaining six speakers and 
participants at the panel were from the University of Rijeka and 
University Pompeu Fabra, Barcelona, Spain: Nataša Hoić Božić 
(Department for Informatics), Vanja Smokvina (Faculty of Law), 
Nelide Črnjarić – Žic (Faculty of Engineering), Vedrana Mikulić 
Crnković (Department of Mathematics), Manel Jimenez Morales 
(University Pompeu Fabra, Barcelona, Spain) and Snježana Prijić 
Samaržija, rector of the University of Rijeka. 
The participants concluded that the COVID-19 crisis has trans-
formed the educational space almost overnight. While it has 
brought up diverse challenges in adapting to the organizational 
and logistic issues of online delivery, it has also provided an op-
portunity to rethink the future of higher education and act upon 
it. The conference’s central message is that the change we under-
went along the transformation of higher education facilitated by 
the COVID-19 crisis is irreversible. In this sense, change is not 
only an opportunity but a necessity. In designing the future of 
higher education, we should consider a combination of bottom-
up and top-down approaches, aiming to develop agile digital 
scholars, equipped and competent for teaching in the digital age. 
While bottom-up approaches should value and use ‘learn-from-

colleagues’ principles, top-down approaches should continu-
ously oversee human resources’ professional development in the 
academic environment. We should promote the values which the 
digital transformation of higher education has brought to society. 
They are significant both for rethinking and designing the future 
of higher education and for ensuring the future quality of life. 
While university managements should be farsighted, they should 
act on a short-term basis; after all, COVID-19 has taught us con-
ditions can change rapidly. Our systems, therefore, must become 
far more flexible. Universities of the future are institutions that 
are continually learning how to adapt and plan for the future. 
Likewise, the student journey of tomorrow should be a person-
alized study experience. Through physical and virtual mobility, 
we should allow students to build networks and communities of 
practice. With the support of their academic environment and by 
assuming responsibility for their personal development, students 
should acquire the basic set of skills needed for the future: au-
tonomous learning, self-organization, creativity, and innovation, 
as well as intercultural competencies.  

COVID-19 MESSAGES III 
STEM for human species survival

The third conference was organized and moderated by Senka 
Maćešić, vice-rector for organization and informatization at the 
University of Rijeka, acting as Scientific committee president. Igor 
Mezić from University of California, Santa Barbara was invited 
speaker. The remaining ten participants were the most prominent 
scientists in the domain of computing sciences, informatics, phys-
ics, and energy systems from the University of Rijeka, Univer-
sity of Trieste, and University of Zagreb: Marin Karuza (Depart-
ment of Physics), Ana Meštrović (Depertment of Informatics), 
Igor Štajduhar (Faculty of Engineering), Jonatan Lerga (Faculty 
of Engineering), Kristijan Lenac (Faculty of Engineering), Goran 
Mauša (Faculty of Engineering), Edgar Roldan (University of 
Trieste, International Centre for Theoretical Physics),  and Ne-
ven Duić, (Faculty of Mechanical Engineering and Naval Archi-
tecture, University of Zagreb), as well as representatives of the 
stakeholders from the private Information and Communication 
Technology sector: Mislav Malenica (Mindsmiths, Zagreb) and 
Mladen Pejković (Atlantic group, Zagreb).   
COVID – 19 Messages III’s primary task was to find answers to 
how STEM has helped us confront the pandemic, what scientists 
and engineers can do in the future, and how science and tech-
nology will evolve under new challenges. Their deeper intention 
was to offer a much broader perspective. Rather than only from 
the STEM standpoint, Messages III took an anthropological per-
spective and stressed that science and technology are our most 
powerful survival tools – tools for manipulating whatever condi-
tions we get into, and tools that allow us to improve our existence 
and ensure our survival through millennia. Messages III’s lecturers 
and participants surpassed even this broader intention, giving us 
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encouraging information and ideas. One of them is that we must 
transform our industry and economy to preserve our precious 
planet. As sustainable energy is already cheaper than fossil fuels, 
we need economic and political measures to help the petroleum 
industry transform into a sector that builds its power plants on 
renewable energy sources. Other paths for preserving the Earth, 
like pauperizing the population or slowing down technological 
development, are not acceptable. Also, we learned that AI could 
be used in many ways that significantly improve our everyday life: 
Artificial Intelligence can act as health assistants, blockchain tech-
nologies provide greater security, Machine Learning algorithms 
separate accurate from false news, and Information Technology 
tools can free us from repetitive and tedious jobs. Real threats 
lie in possible violations of human rights and privacy and the 
unequal availability of innovations, not in some army of super-
intelligent enemy robots that still exist only in movies. STEM is 
vital because it enhances our ultimate survival skill - prediction. 
The brain is essentially a prediction machine, and science only 
improves that skill. Today, new mathematical and computational 
algorithms and increased computer power bring those skills to an 
entirely new level. Applications of new algorithms in virology and 
epidemiology help us fight COVID-19 and similar challenges in 
remarkable new ways. Computer simulations of possible realities 
and outcomes give us the answers needed to make the right deci-
sions for a better future.  

COVID-19 MESSAGES IV 
Brave New World: Democracy, Rights, and Justice in COVID-19 
Era

The Scientific committee presidents of the fourth conference were 
Snježana Prijić Samaržija, rector of the University of Rijeka, Alen 
Ružić, director of the Clinical Hospital Centre and deputy rector 
for science and arts at the University of Rijeka, and Elvio Bacca-
rini, deputy rector for ethics and academic integrity at the Univer-
sity of Rijeka. The keynote speaker was the rector Snježana Prijić 
Samaržija, while the two invited speakers were Massimo Reichlin 
from University San Raffaele, Milan, Italy and John MacMillan 
from the University of Otago, New Zealand. Five speakers from 
the University of Rijeka discussed the topics of public health-care 
management, law, economics, ethics and politics: Alen Ružić 
(Medical Faculty and Clinical Hospital Centre), Sanja Barić (Fac-
ulty of Law), Saša Drezgić (Faculty of Economics), Elvio Baccarini 
(Faculty of Humanities and Social Sciences), and Nabojša Zelič 
(Faculty of Humanities and Social Sciences). The final session’s 
seven participants, scientific journalists and scientists, discussed 
the specificity and efficacy of scientific communication during the 
COVID-19 crisis: Vedrana Simičević (science journalist, Univer-
sity of Rijeka), Luca Nicotra, (data analyst at Avaaz, New York, 
United States), Mićo Tatalović (news editor at Research Fortnight, 
London, United Kingdom), Tanja Rudež (science journalist at Ju-
tarnji list), Nenad Jarić Dauenhauer (science journalist at Index) 

and Alen Protić (Head of the Clinic of Anaesthesiology and Inten-
sive Care, Vice-dean at the Medical Faculty, University of Rijeka).   
Scientists in the social sciences and humanities are equally engaged 
in reflecting the global shock caused by the pandemic, the ways 
it has struck society, and its possible consequences. Although the 
pandemic caused by the coronavirus has emerged as an unprec-
edented biomedical challenge to public health, the conference›s 
main conclusion is that scientists in the social sciences and hu-
manities must be actively involved in reflecting upon the crisis and 
avenues of recovery. Namely, we are confronted by many ethical, 
political, economic, legal, sociological, psychological, and com-
municational challenges. The pandemic has proven to be a rea-
gent that has sped up changes that were already underway, such as 
the digital transformation of education and healthcare, the energy 
transition, artificial intelligence, and algorithmic predictions de-
rived from big data. Far removed from the futuristic concerns, 
these topics have become urgent challenges of the new normal. Si-
multaneously, the pandemic has cast light on social problems that 
have been eroding democratic values for decades, threatening long 
acquired freedoms and human rights, and jeopardizing the rule of 
law. Economic consequences in the form of an expected recession 
and psychological traumas related to existential uncertainty make 
the situation more complex and solutions more challenging. The 
participants concluded that times of crisis that accentuate society›s 
fragility must also be times when those who know the most have 
a particular duty to divulge valuable long-time solutions and cre-
ate a genuinely brave new world. However, scientists, confronted 
with a crisis further encouraged by a culture of ignorance, have 
found themselves in circumstances of increasing distrust towards 
science, scientists, and the scientific method. We concluded that 
there is no alternative to science and education, that universities 
must promote the idea of enlightenment. Scientists› main task is 
to rebuild trust in science, strengthen responsible scientific com-
munication, and encourage an interdisciplinary, problem-orient-
ed scientific approach that supports civic wellbeing.

COVID-19 MESSAGES V
From the Student Perspective: Impact, Analysis, and 
Recommendations

The final fifth conference was organized by Tea Dimnjašević, Uni-
versity of Rijeka’s representative in the YUFE (Young Universities 
for Future of Europe) Student Forum. The invited speakers were 
Blaženka Divjak (Faculty of Organization and Informatics, Uni-
versity of Zagreb) and Ivanka Živčić – Bećirević (University of Ri-
jeka Student Counselling Centre and Faculty of Humanities and 
Social Sciences). The following students’ representatives partici-
pated at the conference with presentations: Jessica Winter (YUFE, 
The University of Bremen, Germany), Jens Matthens (YUFE, 
The University of Antwerp, Belgium), Sven Sušanj (YUFE, The 
University of Rijeka), Nina de Winter (European Student Union, 
Brussels), Luka Delak (Student Council of University of Rijeka), 
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Tea Dimnjašević (YUFE, Student Council of University of Ri-
jeka) and Leopold Mandić, (Student Council of University of 
Rijeka). At the final panel, rector Snježana Prijić Samaržija and 
former minister Blaženka Divjak joined the discussion about stu-
dent perspective. 
The goal of COVID-19 Messages› fifth part was to provide a 
broader student perspective and introduce students throughout 
Europe, emphasizing students from the YUFE (Young Univer-
sities for Future of Europe) Alliance. Society has recently faced 
challenging and unprecedented times, and history teaches us that 
one can overcome difficult and tasking circumstances only when 
cooperating and respecting others. We aimed to single out various 
positive practices carried out by students and staff during the pan-
demic and highlight the most significant challenges we face. The 
hybrid model of teaching or the blended teaching and learning 
process proved to answer our search for a future model of high-
quality and innovative education. Although e-learning or distance 
learning cannot wholly replace onsite interactive teaching, further 

development and investment in e-infrastructure and virtual cam-
puses would provide students with numerous opportunities to 
individualize their study program and to experience virtual inter-
national mobility. During the pandemic, students engaged in vol-
unteer activities to help those in need and those most affected by 
the pandemic: health professionals, vulnerable and at-risk groups, 
and citizens who sought precise information about epidemiologi-
cal procedures. At universities and beyond, we should encourage 
and nurture various forms of community engagement as irreplace-
able tools for cultivating humanity, solidarity, and inclusion and 
developing democratic competencies. Finally, research conducted 
during the COVID-19 pandemic indicated that existential un-
certainty intensified students› mental health challenges, such as 
anxiety, depression, and panic. Regular and structured commu-
nication between students› representatives and university deci-
sion-making bodies, alongside appropriate support by university 
counseling services, have proven to be of utmost importance for 
students› perception of wellbeing.  
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Under the auspices of the Department of Medical Sciences of the 
Croatian Academy of Sciences and Arts, ther Croatian Thyroid So-
ciety and the Croatian Head and Neck Society organized a digi-
tal conference entitled Thyroid Cancer on November 20th.2020 in 
Zagreb. Articles that had been prepared for oral presentations at 
the Conference have been published as a supplement to the Acta 
Clinica Croatica. Thanks to the support of the Central State Office 
for the Development of the Digital Society, this virtual conference 
demonstrated how even small countries like Croatia can initiate and 
lead digital dialogues among experts on this topic in order to im-
prove the prevention treatment of thyroid cancer even in the midst 
of this pandemic. If it had not been for the coronavirus pandemic, 
this gathering of the most eminent Croatian experts in this field 
would have been held at the Renaissance Hall of the National Hall 
of the Croatian Academy of Sciences and Arts, which had been the 
first seat of the Croatian Academy of Sciences and Arts before the 
Zrinjevac palace was built.
On behalf of the patron of the event – the Croatian Academy of 
Sciences and Arts, Professor Vida Demarin, Fellow of the Acad-
emy, sent a strong and valuable message during her introductory 
speech about the significance of this conference despite the pan-
demic. She emphasized our mission to fight cancer, to improve 
treatment outcomes, and to invest in the prevention. The Croa-
tian Academy of Sciences and Arts has always supported scientific 
projects and research.
In recent years, there has been a major increase in the incidence 
of malignant thyroid tumors worldwide. Croatia recorded a con-
siderable increase in the number of new cases of thyroid cancer in 
the past 15 years, from 308 patients in 2001 to over 600 a year in 
the recent years. The main reasons are the improvement and avail-
ability of diagnostic procedures such as ultrasound and fine needle 
aspiration cytology (FNAC), which have become gold standard 
in diagnostics; increased health awareness among patients; and 
longer life expectancy.

At the same time, there have been significant changes in the 
treatment of thyroid disease. The extent of thyroid surgery, the 
management of the clinically negative neck, and indications for 
the use of iodine-131 are procedures that today provoke a lot of 
debate in order to apply more sparing procedures with the best 
possible therapeutic effect.
Major attention was paid to the development of targeted therapies 
in the treatment of more aggressive forms of the disease with a 
poorer prognosis probably due to protein mutations, mainly ty-
rosine kinase enzyme that plays a significant role in tumor growth 
and proliferation. The discovery of new, targeted therapies and 
improved understanding of thyroid carcinogenesis has led to great 
interest in the use of biologically targeted drugs and in the treat-
ment of thyroid cancer, primarily in the treatment of medullary 
thyroid cancer, as well as differentiated thyroid cancer refractory 
to radioactive iodine.
Genetic testing and a personalized approach that takes into ac-
count variability in genetic characteristics, environment and 
lifestyle are increasingly present in the treatment of tumors in 
general, and have their place in the treatment of thyroid cancer. 
Optimal treatment of thyroid tumors is possible only by a mul-
tidisciplinary approach that includes a variety of specialists such 
as nuclear medicine specialists, head and neck surgeons, endocri-
nologists, radiologists, oncologists, geneticists, phoniatrics, speech 
therapists, and others.
All of the above reasons encouraged both Professor Zvonko Kusić, 
Fellow of the Academy, as president of the Croatian Thyroid So-
ciety and Professor Drago Prgomet as president of the Croatian 
Head and Neck Society to organize this conference. Regardless of 
different work conditions during this pandemic, it is of utmost 
importance to continue to exchange knowledge and experiences, 
improve treatment methods, educate us, and form guidelines for 
the treatment of patients with head and neck tumors, in this case 
thyroid. In a way, they wanted to send out a message to our pre-
sent and future patients that we continue to conduct research, 
projects, diagnose and operate, and that we continue to care for 
our patients. Our patients with tumors cannot and should not 
wait for health care! 

THYROID CANCER – Digital Conference
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Croatian Society of Vertebrology of the Croatian Medical As-
sociation has a long tradition of organizing symposia related to 
different aspects of spinal conditions (e.g neck pain, back pain, 
inflammatory rheumatic diseases of spine, intervertebral disc de-
generation). Symposia, organized to mark World Spine Day, have 
been held regularly from 2004 onward are always been very well 
accolated. Recognized for its high standards the symposia are held 
under the auspiciy of the Department of Medical Sciences of the 
Croatian Academy of Sciences and Arts, which eas the case of 
this year symposium „Osteporosis of the spine“. Osteoporosis is 
widely acknowledged as silent epidemics with negative impact on 
patients’ health-related quality of life, as well as rising enormous 
direct and indirect costs. Therefore, it is of outmost importance to 
early recognize and treat people with osteoporosis in order to pre-
vent both vertebral and non-vertebral osteoporotic fractures. Due 
to the current epidemiological situation related to COVID19, this 
year’s symposium took place in form of webinar on the 13th Oc-
tober 2020, while majority of invited speakers were present in the 
Hall of the Croatian national revival. The symposium was chaired 
by the president of the Croatian Society for Vertebrology Professor 
Simeon Grazio (Department of Rheumatology, Physical Medicine 
and Rehabilitation, University Hospital Center Sestre Milosrdnice 
Zagreb) and the first vice-president Professor Boris Božić (Depart-
ment of Neurosurgery, University Hospital Center Sestre Milosrdnice 
Zagreb). On behalf of the Department of Medical Sciences of the 
Croatian Academy of Sciences and Arts, Academician Vida De-
marin (Secretary of the Department of Medical Sciences), Academi-
cian Zvonko Kusić (past president of the Croatian Academy of Sci-
ences and Arts and special advisor of the Prime minister of Croatia) 
and Ivan Radić, MD, PhD (on behalf of the Head of the University 
Hospital Center Sestre Milosrdnice Zagreb) gave their official greet-
ings at the beginning of symposium. 
The symposium encompassed a comprehensive review of all im-
portant aspects of osteoporosis from epidemiology and risk factors 
through biomarkers, imaging techiques and both conservative and 
surgical therapeutic approach. The authors of the lectures were 
from the most prominent university hospitals in Croatia (Uni-
versity Hospital Centre Sestre Milosrdnice, University Hospital Cen-
tre Zagreb, and the University Hospital Centre Rijeka), School of 
Medicine in Zagreb, as well as from two special hospitals dealing 
mostly with surgical treatment (Axis, and Arithera). Assistant Prof. 
Frane Grubišić in co-authorship with Hana Skala Kavanagh, MD 
started the symposium with the lecture entitled „Epidemiology 
and risk factors of osteoporosis with special reference to osteopo-
rosis of spine“. Next lecture entitled „Identification of osteopo-
rosis markers – molecular dilemma“ was held by Prof. Lovorka 
Grgurević in co-authorship with Ruđer Novak, PhD. Primarius 
Tatjana Nikolić, MD in co-authorship Marija Punda, MD, PhD 
had a lecture „Densitometry – gold standard for diagnosis of os-

teoporosis“. Next lecture entitled „Radiographic diagnosis of os-
teoporosis and osteoporotic vertebral fractures“ was presented by 
radiologists Primarius Petra Margetić, MD, PhD in co-authorship 
with Ivana Župetić, MD and Prof. Dijana Zadravec, MD, PhD. 
Assistant Prof. Nadica Laktašić Žerjavić. MD, PhD presented a 
lecture „Osteoporosis of spine in inflammatory rheumatic diseas-
es“. Prof. Simeon Grazio, MD, PhD in co-authorship with Prof. 
Tea Schnurrer Luke Vrbanić held a lecture „Systemic pharmaco-
logical treatment of osteoporosis – guidelines and practice”. The 
topic „Upcoming medications and perspectives of pharmacologi-
cal treatment of osteoporosis“ was presented by Assistant Prof. 
Velimir Altabas, MD, PhD. 

Symposium „Osteoporosis of  the spine“
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Second part of the symposium covered three areas – surgical ap-
proach, orthopoedic devices and rehabilitation approach to pa-
tients with osteoporosis of spine. Primarius Darko Perović, MD, 
PhD and Associate Prof. Karlo Houra, MD, PhD had a lecture 
entitled „Surgical treatment of osteoporotic vertebral fractures 
– augmentation“. It was followed by a lecture entitled „Surgical 
stabilization of osteoporotic vertebral fractures“ presented by a 
group of authors, Zoran Dokuzović, MD, PhD, Vide Bilić, MD, 
PhD, Dražen Kvesić, MD, MSc and Associate Prof. Boris Božić. 
Primarius Neven Kauzlarić, MD, MSc in co-authorship with Du-
bravka Šalić Herjavec, MD and Ivana Orbanić, MD had a lec-

ture „Orthotics in osteoporotic vertebral fractures“. Last lecture 
entitled „Physical and rehabilitation methods in patients with 
osteporosis and osteoporotic vertebral fractures“ was presented 
by Primarius Diana Balen, MD, MSc and Primarius Tomislav 
Nemčić, MD, PhD. Interactive discussion was followed after all 
lectures with many questions/comments/suggestions. In spite of 
web-based form, this year’s symposium gathered 120 participants 
who watched its live stream, and the recordings were available on 
demand for one month thereafter. We are looking forward to new 
symposia in the coming years, supported and under auspicy of the 
Croatian Academy of Sciences and Arts. 
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On 26th November 2020 a virtual symposium was held, entitled 
“Sars-CoV-2 within the One Health concept”, organized by the 
Committee of Animal and Comparative Pathology of the Depart-
ment of Medical Sciences of the Croatian Academy of Sciences 
and Arts (HAZU), with more than one hundred participants, and 
with the technical and organizational support of the Faculty of 
Veterinary Medicine of the University of Zagreb.  
In this symposium, the organizers brought together and presented 
to the professional community the latest insights into the corona-
viruses, with the primary emphasis on Sars-CoV-2, with reference 
to its zoonotic origin, and the importance and the role of the vet-
erinary profession in the COVID-19 pandemic. 
In line with the One Health initiative, which implies interdisci-
plinary and international cooperation, the lecturers were experts 
from the field of veterinary and human medicine, including guests 
from Slovenia and Serbia. 
At the beginning of the symposium, the participants were welcomed 
by the Fellow of the Croatian Academy Vida Demarin, secretary of 
the Department of Medical Sciences of the Croatian Academy of Sci-
ences and Arts, and the Fellow of the Croatian Academy Josip Madić, 
chairman of the Committee of Animal and Comparative Pathology, 
and also chairman of the Organizing Committee.  
At the beginning of the working part of the symposium, the char-
acteristics of the coronaviruses in mammals were presented by the 
Fellow of the Croatian Academy Josip Madić, and the character-
istics of the same virus group in birds, as well as experience in the 
implementation of vaccination were shared with the participants 
by Assistant Professor Vladimir Savić, PhD, who works at the 
Croatian Veterinary Institute. After this, Professor Ljubo Barbić, 
PhD, from the Faculty of Veterinary Medicine of the University 
of Zagreb, and an associate member of HAZU, spoke about the 
zoonotic coronaviruses emergency. 

The symposium continued with a presentation of the basic char-
acteristics of COVID-19 and the seroprevalence of the disease and 
experiences in diagnostics, by Assistant Professor Tatjana Vilibić 
Čavlek, PhD, and Irena Tabain, PhD, who work at the Croatian 
Institute of Public Health. 
The characteristics of the pandemic and the work of the veterinary 
service in combating it in neighbouring states were presented by 
Tamaš Petrović, PhD, from the Scientific Institute in Novi Sad, 
Serbia, and Professor Ivan Toplak, PhD, from the Veterinary Fac-
ulty of the University of Ljubljana.  
Assistant Professor Vladimir Stevanović, PhD, from the Faculty 
of Veterinary Medicine of the University of Zagreb presented the 
latest results of research into the role of pets in the epidemiology 
of COVID-19, and Dragan Brnić, PhD, from the Croatian Vet-
erinary Institute gave an even wider picture of the pandemic by 
showing the results of research into the presence of the causative 
agent in wild animals and the environment.  
The closing presentation on the current situation and the chal-
lenges of the COVID-19 pandemic was given by Professor Alemka 
Markotić, PhD, head of the University Hospital for Infectious Dis-
eases “Dr. Fran Mihaljević”, and associate member of HAZU.
All these presentations aroused exceptional interest in the partici-
pants, and the open and full discussion shed further light on all 
aspects of the current knowledge about the present pandemic.  
All participants in the symposium agreed that, regardless of the ex-
ceptional burden they are bearing in everyday life, the successful 
holding of this symposium was proof that the current situation is 
transient, and research, presentation of scientific truth, collegiality, 
and sincere cooperation are permanent values. This symposium is 
an excellent example and confirmation of the importance of mul-
tidisciplinary and international cooperation, two basic elements of 
the One Health approach. This approach is certainly necessary for 
us in facing the coronavirus pandemic, but also in future challenges 
in preserving the health of people and animals.

Symposium “Sars-CoV-2 within the One Health concept”

Picture 1. The Fellow of the Croatian Academy Vida Demarin, Secretary of the 
Department of Medical Sciences of the Croatian Academy of Sciences and Arts and 
Josip Madić, chairman of the Committee of Animal and Comparative Pathology of 
the Department of Medical Sciences of the Croatian Academy of Sciences and Arts. 

Picture 2. Assistant Professor Vladimir Savić during his presentation, professors Lju-
bo Barbić and Tatjana Vilibić Čavlek (standing), professor Vladimir Stevanović 
(sitting behind) and Josip Madić in the assembly-room of the Faculty of Veterinary 
Medicine of the University of Zagreb during the Online Symposium.
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It started with the welcome word given by academician Vida De-
marin, Head of the Department of Medical Sciences who pointed 
out, that this Symposium continues to spread the knowledge re-
lated to COVID-19 in the series of activities related to COVID- 
19, already organized by the Academy.
The Symposium was organized on behalf of the Department of 
Medical Sciences by academician Davor Miličić and chaired by 
academician Davor Miličić, and academician Slobodan Vukičević. 
The program was very clear, comprising all important relevant 
topics. Lecturers were experts in the field who presented impor-
tant up-to-date topics: Bernard Kaić, MD, PhD: Epidemiology 
and Prevention, Prof. Alemka Markotić, MD, PhD: Laboratory 
Diagnostics, Assist. Prof. Maria Santini, MD, PhD: Clinical pic-
ture, Assist. Prof. Marko Kutleša, MD, PhD: Intensive care, Prof. 
Josip Begovac, MD, PhD: Antiviral therapies,  and Prof. Stipan 
Jonjić, MD, PhD: Immune aspects and vaccines.

Very interesting and vivid discussion followed through online 
platform.
Participants, more than 200,  were enriched with recent data and 
the Symposium perfectly rounded off  this important topic, tes-
tifying the way how our Academy is relevantly involved not only 
in everlasting national and global themes, but also in key current 
problems of the Croatian society. 

COVID-19 - Today and Tomorrow: Medical Aspects



News & Education

RAD 544. Medical Sciences 52-53 (2020) : 122-123                   www.rad-med.com 122 December 2020   -   Vol 544 = 52-53

Author: 
Mirna Šitum

The traditional scientific dermatovenereological symposium, 
which has been held for years on the first Friday in December, 
was this year held on December the 4th in its 17th edition entitled 
Dermoscopy in General and Special Dermatology. In addition to 
the topics of the symposium, which change from year to year in 
accordance with the current scientific and professional moment in 
world dermatology, this year’s December Symposium changed its 
form due to the current epidemiological situation and was held, 
for the first time, in high-quality virtual form. Apart from this 
novelty in the world of education, this year as well we witnessed 
the usual response of a great number of participants who con-
firmed their appreciation for our efforts in scientific and profes-
sional improvement of the dermatovenereology profession in the 
Republic of Croatia, but they also showed that they look forward 
to our collegial and friendly gathering in the atmosphere of the 
upcoming Christmas holidays.

From year to year, the December Dermatovenereological Sym-
posium is organized by the Croatian Academy of Sciences and 
Arts, the Department of Medical Sciences, the Department of 
Dermatology and Venereology of the University Hospital Centre 
Sestre milosrdnice and the Faculty of Dentistry, University of Za-
greb, the Croatian Society of Dermatological Oncology and the 
Croatian Dermatovenereological Society of Croatian Medical As-
sociation. In the practical organization of this year’s symposium, 
the greatest role was played by experts, dermato-oncology spe-
cialists at the Department of Dermatology and Venereology of 
the University Hospital Centre Sestre milosrdnice, who have been 
leading Croatian dermato-oncology for many years and are long-
term leaders of activity in two Referral Centres of The Ministry of 
Health, for melanoma and dermoscopy. Among them, academi-
cian Mirna Šitum, primarius Sanja Poduje, and assistant professor 
Marija Buljan particularly stand out as internationally recognized 
scientists and experts on the topic to which this year’s December 
Symposium was dedicated, and that is, the last almost three dec-
ades of extremely advanced field of profession, dermoscopy. This 
complementary clinical diagnostic method dominates the field of 
dermatological oncology but also increasingly occupies a place in 
other areas of general and special dermatology. The excellence of 
the symposium was also contributed by fellow lecturers from the 
Departments of Dermatovenereology of the University Hospital 
Centre Zagreb and the University Hospital Centre Rijeka, whose 
area of expertise includes this sensitive, specific, and a very de-
manding field of dermatological diagnostics.
Among the discussed topics in dermatological oncology were 
those in which there are significant differential diagnostic difficul-
ties, namely Dermoscopy of atypical but benign changes, Application 
of dermoscopy in the diagnosis and treatment of acral lesions, Features 

of dermoscopy of facial changes, Dermoscopy of melanoma metastases, 
and extremely complex Dermoscopy of congenital nevi.
The diagnostic values of dermoscopy in other areas of general and 
special dermatovenereology were presented among the topics of 
the symposium as well. An excellent lecture entitled The role of 
trichoscopy in the diagnosis of primary scar alopecia demonstrated 
the value of dermoscopy in the diagnosis of scalp diseases. A re-
view lecture supported by personal experience entitled Application 
of dermoscopy in general dermatology presented the possibilities of 
dermoscopy in the diagnosis of psoriasis and other inflamma-
tory dermatoses (inflamoscopy) as well as its diagnostic value in 
parasitic skin diseases such as lice. With an especially useful topic 
named Interesting dermoscopic cases from everyday practice, a very 
valuable expert’s experience from clinical practice was presented.
The 17th December Scientific Symposium took place in an atmos-
phere of exceptional quality that traditionally originates from the 
organizational criteria of the Croatian Academy of Sciences and 
Arts, the Department of Medical Sciences headed by the Head 
of Department of Medical Sciences of the Croatian Academy of 
Sciences and Arts, academician Vida Demarin and academician 
Marko Pećina, a long-time member of the organizational com-
mittee of the Symposium. The December dermatovenereological 
symposia are a prime example of education of friendship and col-
legiality in a medical profession, scientific and professional excel-
lence, and a fruitful discussion that benefits all participants and 
ultimately, all patients who come to seek help in our offices!

 

17th dermatovenerological scientific symposium entitled 
Dermoscopy in General and Special Dermatology  
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Fig. 1. Academician Vida Demarin, the Head of Department of Medical Sciences of the Croatian Academy of 
Sciences and Arts, opened the Symposium.

Fig. 2. The discussion was held by primarius Sanja Poduje, academician Mirna Šitum, professor Branka Marinović, 
primarius Daniela Ledić Drvar, assistant professor Marija Buljan and professor Larisa Prpić Massari.

Fig. 3. The conclusions of the Symposium were held by dr.sc. Ružica Jurakić Tončić, dr.sc. Željana Bolanča, primarius Sanja Poduje, 
primarius Sanja Špoljar and primarius Jaka Radoš.
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CORRESPONDING MEMBERS OF CROATIAN ACADEMY OF SCIENCES AND ARTS

Department of Medical Sciences

Dear Readers,
Starting with the present issue of our periodical, RAD HAZU, we are introducing a new feature enti-
tled „Corresponding Members of Croatian Academy of Sciences and Arts, Department of Medical 
Sciences “.  

This addition will contain a series of interviews, the first of which were conducted by Dr. Ivan 
Damjanov, Emeritus Professor of Pathology, The University of Kansas School of Medicine, Kansas 
City, USA; he is also a Corresponding Member of the Croatian Academy of Sciences and Arts. These 
interviews were produced in cooperation with the editors of “mef.hr”, the official website of the School 
of Medicine, University of Zagreb.  They will appear electronically in Croatian on that website in a 
regular rubric entitled “Illustrissimi alumni”. 

The present series was conceived as a set of informally recorded conversations with the best-known and 
internationally recognized graduates of the School of Medicine, University of Zagreb. The English ver-
sion of these interviews is now being published by HAZU to make them accessible to a wider reader-
ship, including all those who do not understand or read Croatian. 

The primary goal of this series of dialogues in RAD HAZU is to present and recognize the outstanding 
alumni of the School of Medicine who are also Corresponding Members of HAZU. We hope that our 
readers will enjoy reading about the memorable events in the lives of these physician-scientists, their 
achievements, and scientific contributions that made them famous worldwide.  
The emphasis of these discourses will be on the human side of science and medicine. Our goal was to 
give the interviewees a chance to reminisce about their trials and tribulations as well the happiness and 
fun they experienced in their lives. In other words, the objective of the interviews is and will be to give 
our esteemed  interlocutors an opportunity to tell their life story in their own words and show us “how 
they did it” while still keeping their personal and professional lives in balance. 
Finally, it’s a good time to remind you, our readers, of the Latin saying “verba volant scripta manent”, 
which justifies publishing so many written words that otherwise would have been forgotten. By pro-
ducing these pieces, our purpose was to preserve the informal records of the lives and work of featured 
physician-scientists; and by transforming their verbal testimonials into written documents, leave a 
permanent trace of their activities for future generations in the archives of HAZU.

Marko Pećina

ESSAY - INTERVIEWS
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1. Hedvig-- what a wonderful name! I learned from Google that it is composed of two syllabi 
derived from old-Germanic words for “battle and fight”. You seem to have been predestined by 
your parents to be a fighter. Proleptic or maybe there is another story behind your name? 

It’s an interesting question – does your name influence who you become? I’m not sure, but as I look at 
my life, I would say that I have always tried to show courage and perseverance – traits often associated 
with a warrior – and those traits have certainly been essential in my professional career and my private 
life.

2. Where did you grow up?

I am very proud and happy to say that I was born and raised in Zagreb, and I have wonderful memo-
ries of my childhood and my upbringing. I earned my medical degree from the University of Zagreb 
School of Medicine. In the years since my graduation from medical school, science has developed 
vastly and continuously evolved, and therefore, very little of what I practice today is the same as what 
was practiced back then. However, my experience in medical school gave me a solid foundation, on 
which I still draw today. First of all, it gave me a thorough grounding in chemistry, biology, physiol-
ogy and especially anatomy. Furthermore, medical school instilled in me and my fellow students’ great 
discipline and a very strong work ethic. The professors made it clear that they had high expectations 
for their students. There were nights and nights of studying. All that book learning was also balanced 
by laboratory experiments that piqued my curiosity and showed me that I could be a problem solver. 
Clinical rotations filled me with anxiety, but there was no way around them, and I not only got over 
the anxiety but learned to love them. Medical school at the University of Zagreb was challenging and 
rewarding; it gave me a passion for learning and strengthened my determination and persistence in 
overcoming obstacles.

3. How did you decide to become a radiologist?

I was always interested in physics and mathematics, as well as medicine. Radiology is a unique specialty 
combining life science and physical science, and I naturally gravitated to it. 

4. In America you had to start from scratch? How difficult was it? The so called “optimism of 
memory” has probably wiped out all the troubles and all the you remember are the happy 
moments!

When I moved to the US, my son was only 13 months old. I decided to stay home and enjoy being a 
mother. It was a luxury, but it gave me peace of mind. Only after our family adjusted to our new life 
and Peter was 3 years old, I went back and re-started my residency. Before coming to the US, I had 
only finished 9 months of radiology residency in Zagreb at Vinogradska, so the sacrifice was not that 
great. It was not easy but at that stage in your life – you just do it! After my residency I transferred to 
Henry Ford Hospital and continued with my fellowship in ultrasound and CT. After my fellowship I 
stayed at Henry Ford as a faculty member until the end of 1981. My experiences there allowed me to 
further develop my clinical skills and launch my academic career.

Hedvig Hricak Interview

Hedvig Hricak, MD, Sci D, DHCm
Department of Radiology, Memorial 

Sloan-Kettering Cancer Center
1275 York Avenue

New York, NY 10065
E-mail: hricakh@mskcc.org
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5. How important is it for a young physician scientist to have 
a mentor or a role-model? 

Based on my own experience as a mentee, my many years of ex-
perience mentoring trainees and faculty, and my discussions with 
successful men and women in other professions, I would say 
that a strong mentor is indispensable for success in any career. I 
would also like to add that being a mentor has been one of the 
greatest joys of my career. My mentees have challenged me to 
learn about new subjects and opened my eyes to new possibilities 
with their fresh ideas. Many of them became lifelong friends, en-
riching my life with love and care in an extended family stretch-
ing around the globe.

6. Early in your radiology training you were lucky to meet a 
very powerful mentor. 

I have been very lucky in that I have always had trusted and sup-
portive mentors. When I went to Henry Ford Hospital, William 
R. Eyler, MD was the chair of radiology there. He was a wonderful 
radiologist and academic leader – he wholeheartedly believed in 
the importance of teaching, mentoring, and advocating for re-
search, and he was excellent at doing all of those things. As a men-
tor he was demanding, but he was visionary, and he always pushed 
me to go beyond what I perceived as my limits. He encouraged 
me to apply for my first grant. The grant allowed me to conduct 
research in the use of ultrasound to evaluate kidney transplants in 
dogs. It was novel and groundbreaking work, at a time when ultra-
sound technology was just starting to be disseminated and kidney 
transplantation was still quite new. I am proud to say the research 
we conducted is still relevant today. Dr. Eyler’s attitude—that 
everything is possible—shaped my academic personality.

7. Under his tutelage you published you first medical paper, 
at least I assume so. What was its title?

My very first publication was a case report published during my 
residency. My first original research paper (Hricak H, Toledo-
Pereyra LH, Eyler WR, Madrazo BL, Zammit M: The role of 
ultrasound in diagnosis of kidney allograft rejection. Radiology 
1979; 132:667-672) was published under the mentorship of 
Dr. Eyler. It was an experimental basic science study in canines, 
investigating US findings in allograft rejection. Many of the 
findings we described then are still used in clinical practice today. 
Writing it under his tutelage, Dr Eyler taught me invaluable les-
sons about how to design a research study, write up the findings 
and discuss them without repeating the details of the results in 
the discussion section. However, I was also asked to edit/correct 
this paper 21 times – and that was before we had computers! I 
retyped it 21 times. It was the paper that started my academic 
career knowing that work will not be easy, and that perseverance 
and focus on the goals you want to achieve are essential ingredi-
ency of life journey. 

8. From your mentor you learned how to write scientific 
papers. What else did you learn from him?

Dr. Eyler was a quintessential role model. His gentle but firm 
style of leadership, his dedication to every aspect of academic 
medicine--from patient care to education and innovation--has 
helped shape my vision of what a leader should and can be. 

9. You received your scientific doctorate from the Karolinska 
Institute in Stockholm, Sweden. Most academic physicians 
in the US do not have such a doctorate. What was the 
title of your thesis? Why did you decide to go for it? How 
important was the “Swedish experience” for your future 
career?  

You are correct. Starting postdoctoral studies after you are a 
full tenured professor at UCSF is indeed unusual. It was the 
influence of my mother and my background that made me feel 
that a doctorate is a desirable part of a thorough education. I 
decided to go to Radiumhemmet at the Karolinska University 
Hospital. At that point in my career, I was engaged in the fields 
of gynecologic imaging and radiation therapy, and Radiumhem-
met was a recognized center of excellence in the field of radio-
therapy, especially for gynecological cancers. Furthermore, at 
the time I applied, Professor Nina Einhorn, one of the world’s 
most renowned experts in radiation therapy of gynecological 
cancers, was head of the Department of Gynecological Oncology 
at Radiumhemmet – a true role model. Unfortunately, Profes-
sor Einhorn retired right before I arrived! However, professor 
Elisabet Björkholm was the new head of the department, and she 
became yet another wonderful mentor and role model for me. 
The title of my thesis was “Cancer of the uterus: The value of 
MR Imaging in primary and recurrent disease and its potential 
impact on patient management.” Spending time at Karolinska 
and Radiumhemmet was a cherished experience. Among many 
lessons learned, it improved my understanding of the importance 
of multidisciplinary research in cancer care. 

10. Your “big entry” into academic radiology occurred in Cali-
fornia. Could you walk us through those years by pointing 
out a few key events that shaped you for the rest of your life?

I believe that my academic career started when I was at Henry 
Ford Hospital. As a budding academic I had offers from a num-
ber of institutions, including the University of Michigan and 
UCSF. The decision to go to San Francisco was partly influenced 
by my personal life. I was very lucky I made that choice, because 
when I came to UCSF, they had just acquired clinical MRI, and 
I had the chance to engage in the beginning of yet another revo-
lution in radiology. Early on, I was able to conduct pioneering 
research into renal as well as gynecological and prostate MRI that 
helped lay the foundation for their ongoing use today. 
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11. The move to Memorial Sloan Kettering in New York was 
yet another milestone in your carrier, catapulting you to 
the acme of American and international radiology. Modes-
ty aside, could you list for us a few of your most important 
achievements during your New York phase of life?

In my career choices – luck played a big role. As I moved from 
one place to another, my move always coincided with the birth of 
new technology. At MSK it was molecular imaging – and I again 
seized the opportunity. In terms of my own, personal research, I 
am proud to have been able to develop a strong and productive re-
search team in genitourinary—and especially prostate cancer—im-
aging. I also made sure that our research was always grant funded, 
not just because of the funds needed to perform a study, but even 
more importantly because it is important to obtain peer-reviewed 
validation of your ideas. When I came to MSK, I brought with me 
an NIH R01 grant to pursue research into MRI and MR spectro-
scopic imaging (MRSI) of the prostate, which was followed by fur-
ther NIH funding and research into multiparametric MRI of the 
prostate, once again advancing clinical applications of MRI. Most 
recently, we have been fortunate to acquire the technology for 
hyperpolarized (HP) MRI. Performing some of the first studies of 
HP-pyruvate MRI in patients and combining this technique with 
targeted DNA sequencing, we identified a potential link between 
actionable genomic alterations and metabolic information derived 
from HP-pyruvate MRI. I am very grateful to my team – as once 
again we opened a new field of imaging and future research and 
clinical applications.
Outside my own research efforts, I am proud to have been able 
to foster improvements in patient care, research and education. 
As an academician I am very passionate about education – and 

helping to nurture the next generation of physician scientists. 
Again, supported by grant awards, we were able to develop a 
large fellowship and observership program in our department 
that brings physician scientists to MSK from all over the world. 
Extending educational efforts to global communities and always 
including young scientists from under-represented and less fortu-
nate backgrounds has been a hallmark of our program.

12. You have received a lot of awards and recognitions for your 
professional work. Which one means the most to you?

Yes, I have indeed been very fortunate, and I am grateful to have 
received a number of awards. Each and every one has a special 
meaning. It is very difficult to choose a “favored child”. Maybe 
mentioning awards outside my field of Radiology has a different 
implication as it recognizes not only myself but the entire field 
of Radiology. For example, receiving the David Rall Medal from 
the National Academy of Medicine (photo) for my leadership 
in the Academy was special, as it was the very first time that the 
Academy acknowledged a radiologist with that award. Similarly, 
receiving honorary doctorates from Ludwig Maximilian Uni-
versity in Munich (photo) and the University of Toulouse III, 
Paul Sabatier (photo) was an unbelievable honor for a physician 
However, being recognized in your home country is very special, 
special beyond words. I vividly remember the moments when I 
was inducted into the Croatian Academy of Sciences and Arts 
and when I received the Order of the Croatian Morning Star 
of Katarina Zrinska Presidential Award (photo). More recently, 
being recognized at the 100-year anniversary of the University of 
Zagreb was another of the most memorable, emotional high-
lights of my life (photo). 

Figure 1. David Rall Medal received by Hedvig Hricak from the National Academy of Medicine
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Figure 2. Honorary doctorates of the Ludwig Maximilian University, Munich (up) and the Toulouse III, Paul Sabatier University
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Figure 4. Ceremony marking the 100th anniversary of the founding of the Faculty of Medicine of the University of Zagreb, 
2017 – Hedvig Hricak receiving acknowledgement (up); Hedvig Hricak with invited guests at the festive dinner (down)

Figure 3. Stjepan Mesić, President of the Republic of Croatia, decorated Hedvig Hricak 
with the Order of the Croatian Star with the Effigy of Katarina Zrinska
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13. For the 100-anniversary celebration of the founding of the 
Medical Faculty, University of Zagreb, you were honored 
and asked to make a presentation as one of the most suc-
cessful alumni (see photo!). A great honor, congratulation. 
I know that you are a very modest and self-effacing person, 
but nevertheless, please tell us how did it feel?

I was truly touched. I was emotional, which I believe was evident 
in my acceptance speech. The emotions were amplified by my 
memories of being a student at the university and my gratitude 
for what the university gave me. They were also amplified by my 
knowing that my son was in the audience and my mother was 
watching on TV. 

14. In your previous interview for Nacional in 2010 you have 
mentioned a lot of things you have done for Croatian med-
icine. But that was 10 years ago. Are there any additional 
initiatives that you have engaged in to help your Croatian 
colleagues or to advance the practice of medicine here?

Medical School in Zagreb and our country gave me so much - and 
I am delighted that I can give back, or “pay it forward.” I will 
always continue to help our colleagues in Croatia however I can. 
The areas where I can contribute most are education and scholar-
ship. So, one of the ways I contribute is by helping find training 
opportunities for promising clinician-scientists. I also founded and 
continue to help organize an annual oncologic imaging meet-
ing in Dubrovnik. Last year it was interrupted by COVID, but 
we hope to be back next year. I would like to emphasize that the 
opportunities to help and collaborate are not limited to radiology 
but extend to the entire field of oncology. Oncology is a perfect 
example of team science, and its success depends on teamwork 
between radiology, surgery, radiation oncology, medical oncology, 
and many other disciplines. Multidisciplinary collaboration is not 
only essential for patient care, but it also fosters scientific progress 
and is an enriching life experience. 

15. Before my last question allow me to quote a poem by Robert 
Frost, entitled “Stopping by woods on a snowy evening“. 

 I used to recite it to myself while returning home from a 
long day in the hospital.

The woods are lovely, dark and deep,   
But I have promises to keep,   
And miles to go before I sleep,   
And miles to go before I sleep.

 The question for you is: With all those accomplishments 
behind you, how long is the list of promises that you have 
made to yourself, and feet that you still must keep?

It’s a lovely poem reminding us to never get distracted and to 
always find the strength to keep our promises. I believe that 
you should always deliver what you promised and never prom-
ise what you cannot deliver. Furthermore, having a purpose is 
important for continuing to find fulfillment in life. One should 
always find a purpose and remember, “You are only as good as 
your tomorrow.” You must continuously reinvent yourself, learn 
and believe that with your work and experience you will make a 
difference in peoples’ lives. One of the promises I have made to 
myself is to never stop advancing medicine and always help train-
ing and educating the next generation of physician scientists. 
Giving back is an important guiding light in my life journey. As 
cancer is, unfortunately, a global disease, one of my current and 
very exciting projects is leading the Lancet Oncology Commis-
sion on Imaging and Nuclear Medicine. We in economically 
fortunate countries should not stand by and do nothing when 
we know that roughly 80% of the world’s cancer burden is in 
low- and middle-income countries, which have only 5% of the 
world’s resources for dealing with cancer. Therefore, this commis-
sion aims to provide, complete data on the prevalence of imaging 
equipment, personnel and related resources around the world. 
We also performed a health economic analyses showing, in mon-
etary terms as well as in life years saved, the gains that countries 
can make by investing in comprehensive cancer care. We hope 
the results and the recommendations will be used by govern-
ment agencies, foundations and societies to create a roadmap and 
timetable for scaling up needed resources. The commission has 
completed its data collection and health economics analysis and 
is close to publishing a groundbreaking white paper—but that 
is only be the beginning. The next steps will be to communicate 
and disseminate the findings and helping to implement change, 
and I am looking forward to be able to continue to help and 
contribute to so much needed improvements in cancer care. 

Link:
http://info.hazu.hr/en/member_of_academy/personal_pages/hedvig_hricak_en/hedvig_hricak_en_biography/
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1. How did you decide to study medicine?

If you tell a youngster that he cannot do something, for sure,he will try to do it. At the beginning of 
the WW2 when the Germans occupied Zagreb I was kicked out of the high school. The text stated 
“Erased .... based on the laws of racial origin.” All of a sudden i got interested in education . When my 
family “went in to the forest” and joined the partizans twice ,in Glina and in Otochac, i enlisted in the 
local schools ,but again the Germans kicked us out. After the war in Tito’s school in Zagreb had excel-
lent teachers and in two years wecompleted the curriculum of 4 years. In the medical school, beside 
medicine I kept interest in other thing. I published two books (“ The wisdom of our body “and “On 
the nervous basis”) and became the editor of the medical student journal “Medicinar “

2. How did you come to the US?

First time my wife Mara got a stipend from the Ford foundation to study methods of surveys of popu-
lations . Our visas required that after two years we return to the country of origin. Second time I was 
invited by the Medical School of Ann Arbor.

3. Was it at the University of Michigan at Ann Arbor that you developed an interest in arterial 
hypertension?

Yes. At my first visit Professor Hoobler gave me a position in Hypertension Division of the Medical 
School.

4. Did you ever think then that you will still be studying hypertension for the rest of your life and 
even into your nineties?

An interesting question. I knew that prehypertension, its hemodynamics and possibility of prevention 
of established hypertension would interest me forever but had no idea about my longevity. My father 
committed suicide at his seventies . Mother was a heavy smoker which shortened her life. Brother 
who liked to lay on sun died from a melanoma. People frequently ask me how come I lived so long. 
No idea! (Nemam pojma) I guess its my genes. But one thing i know for sure. Do not get obese, don’t 
smoke and try to keep yourself in good shape.

5. Did your first scientific paper published in English deal with hypertension?

Yes.

6. As an academic physician and scientist you were quite productive. How many scientific papers 
did you publish?

345 papers and 73 chapters in books.

Stevo Julius Interview

University of Michigan
Dept. of Internal Medicine

Division of Cardiovascular Medicine
1500 E Medical Center Drive

SPC 5853 Ann Arbor
Michigan

EMAIL: sjulius@umich.med.edu
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Figure 1. Stevo Julius with friends at his 90th birthday celebration at the ESH Congress in Barcelona, 2018

Figure 2. Stevo Julius: Avanture u hipertenziji: uspomene 
medicinskog istraživača /Adventures in Hypertension: 
Memoirs of a Life in Medical Science/, Samobor, A. G. 
Matoš, 2011 

Figure 3. Stevo Julius at the opening of the Congress of the Croatian Hypertension Society and the Central European 
Meeting at the Croatian National Theatre in Zagreb
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7. What is your most important paper?

That s a very difficult question. First let me say that your best 
paper is not necessarily the most frequently cited now. I choose 
one of our earliest papers providing the base for understanding 
of the role of brain in hypertension Julius S, Pascual AV, London 
R: Role of parasympathetic inhibition in the hyperkinetic type of 
borderline hypertension. Circulation 44:413-418, 1971.

8. In your own assessment, what was your most important 
contribution to medicine?

I will here use the terms «we» and «our» to underscore that 84 
scientist from USA, Europe, Australia, Asia and South America 
joined me in this work. We understood that repeated increases 
of blood pressure very early cause damage of the cardiovascular 
system. Therefore investigating early phases of hypertension (pre-
hypertension) are more likely to reflect causes than consequences 
of hypertension. Very early we learned that hemodynamic 
picture of prehypertension (high cardiac output) is different from 
established hypertension (high vascular resistance ). Furthermore 
prehypertension was associated with increased sympathetic tone, 

obesity and insulin resistance. We now understand how increased 
sympathetic tone causes inulin resistance and obesity as well as 
how the high cardiac output changes into high vascular resist-
ance. The overall picture is that prehypertension is a precursor of 
established hypertension that in prehypertension in sympathetic 
tone is increased, that the brain plays an important role in the 
blood pressure increase and that early treatment of prehyperten-
sion may postpone or prevent the established hypertension.

9. You are 92-years-old and you are still giving presentations 
at scientific meetings. How many invitations have you ac-
cepted for this academic year? 

Using the zoom i will respond to invitations from Buenos Aires, 
Vilnius, Timisoara and Ann Arbor.

10. Your autobiographical book «Neither red nor dead» (pub-
lished in 2003) was translated into Croatian. Did Croatian 
readers comment about the events described in your book?

I am impressed to see how many people read, and liked the 
book.

Figure 4. Stevo Julius photographed in front of the Palace of the Croatian Academy of Sciences and Arts, corresponding member of which he has been since 2012
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Figure 5. Dr. Julius receiving acknowledgement at the ceremony marking the 100th anniversary of the founding of the Faculty of Medicine of the University of Zagreb, 2017 

11. Are you still in contact with the academic physicians and 
scientists in Croatia?

Yes and I am delighted whenever i get an invitation. Professor 
Davor Milicic frequently invites me to lecture in Croatia and 
gives me chance to interact with younger colleagues. My friend 
professor Bojan Jelakovic has interesting data from his field 
work in Croatia and we often discuss. On the occasion of 100th 
anniversary of the University of Medicine in Zagreb I received 
a plaque for my «support in knowledge transfer and care for the 
professional advancement of his colleagues in Croatia. About 6 
years ago I came to Croatia with a group of cardiologists from 
Ann Arbor who were quite impressed with the level of medicine 
in Zagreb. They established contact with Croatian colleagues.

Link:
http://info.hazu.hr/en/member_of_academy/personal_pages/sjulius_en/sjulius_biography_en/





Index

RAD 544. Medical Sciences 52-53 (2020) : 137                           www.rad-med.com 137 December 2020   -   Vol 544 = 52-53137 December 2020   -   Vol 544 = 52-53

Author index

RAD 
Croatian Academy of Sciences and Arts - 

Medical Sciences

Keyword index

Arsovska, A 78
Bakić, K 26
Barbić, Lj 120
Barbić, Lj 64
Barić, N 42
Bašić, S 12
Blažević, V 26
Bordukalo Nikšić, T 26
Božić, T 26
Brkić Midžić, S 98
Bubić-Špoljar, J 26
Budinčević, H 84
Crnogaća, K 56
Čepelak, I 18
Demarin, V 8, 107
Dodig, S 18
Erjavec, I 26
Ernoić, M 84
Fatović-Ferenčić, S 98
Franić, M 106
Grgurević, L 26

20th century, 98
alkaptonuria, 56
allograft, 26
Alzheimer’s disease, 42
animals, 64
BMP6, 26
bone mimetic, 26
breast cancer, 84
chronic lumbar back pain, 26
COVID-19, 18
Croatia, 64, 98
diagnosis, 88
diagnostic imaging, 56
disability, 12
distal radial fracture, 26
electromyoneurography, 88

Grubišić, F 118
Ivanjko, N 26
Kadojić, D 12
Kufner, V 26
Kusić, Z 117
Lojkić, I 64
Madić, J 64
Malojčić, B 12
Martinović, S 26
Matić Jelić, I 26
Matičić, D 26
Matoković, D 56
Milešević, M 26
Miličić, D 121
Novak, R 26
Oppermann, H 26
Pećin, M 26
Pećina, M 8, 26, 56, 107, 125
Pehar, S 26
Perić, M 26
Plečko, M 56

endochondral bone formation, 26
ferritin, 18
glymphatic system, 42
high tibial osteotomy, 26
history of medicine, 98
history, 64
hyperferritinemia, 18
Inflammation, 18
iron metabolism, 18
ischaemic stroke, 12
isolated vestibular dysfunction, 84
joint diseases, 56
Legacy, 98
leptomeningeal carcinomatosis, 84
neurology, 98
ochronosis, 56

Popek, I 26
Prgomet, D 117
Prijić Samaržija S, 112
Rogina, L 26
Rukavina, D 110, 112
Rumenović, V 26
Rutović, S 12
Sampath, TK  26
Sičaja, G 84
Sinanović, O 88
Stoković, N 26
Šitum, M 122
Šlaus, N 56
Verbanac, D 26
Vikić-Topić, S 26
Vnuk, D 26
Vučenik, I 18
Vukičević, S 26, 121
Vuletić, V 110
Zukić, S 88
Žulj, B 56

perivascular drainage alterations, 42
posterolateral lumbar spine fusion, 26
posttraumatic stress disorder, 12
prognosis, 88
rabies, 64
recombinant tissue plasminogen activator, 78
recurrent stroke, 78
regenerative medicine, 26
repeated intravenous thrombolysis, 78
Sergije Dogan, 98
TGFβ superfamily, 26
therapeutics, 56
upper and lower extremities, 88
variation in innervation, 88
vasomotion phenomenon, 42








